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EXECUTIVE SUMMARY 

This Feasibility Study (FS) Report for the former Morale, Welfare, and Recreation (MWR) Dry Cleaning 

Facility (Site 45/Solid Waste Management Unit [SWMU] 45), located at the Marine Corps Recruit Depot 

(MCRD) Parris Island, South Carolina, has been prepared by Tetra Tech, Inc. (Tetra Tech) for Naval 

Facilities Engineering Command Southeast (NAVFAC SE) under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) III Program, Contract Number N62467-94-D-0888, Contract Task 

Order (CTO) 0335.  This FS Report describes the formulation and evaluation of remedial alternatives for 

contaminated soil and groundwater at Site 45.   

 

The FS establishes Remedial Action Objectives (RAOs) and cleanup goals; screens remedial 

technologies; and assembles, evaluates, and compares remedial alternatives. 

 

Previous investigations and pilot scale studies completed prior to the development of the FS for Site 45 

have been onging since 1996 and include a wide range of remedial activities. 

 

Remedial investigation (RI) activities were conducted through April 2005 and consisted of membrane 

interface probe (MIP) screening, installation of 15 temporary wells, installation of 29 permanent wells, 

groundwater sampling of 62 wells (existing and newly installed), water-level measurements, data 

collection for vapor intrusion modeling, surveying and investigation-derived waste (IDW) management. 

 

The list of remedial actions and/or pilot/treatability studies stretches back to 1996 and includes an air 

sparging (AS) pilot study (1997), a groundwater pump-and-treat system (1998), an in-situ chemical 

oxidation treatability study (2002), and a field pilot study using EZVI (2006).  The USGS completed 

supplemental groundwater investigation from 2007 to 2009, and GSI Environmental conducted an 

investigation in June and July 2009.  

 

More recently, to assess current groundwater conditions at Site 45, a “baseline” groundwater sampling 

event was conducted in January 2012 at selected monitoring wells across the site.  The purpose of the 

baseline sampling event was to address existing data gaps at the site and provide the most current 

information in preparation for the FS. 

 

Based on the detailed screening of technologies and process options presented in Sections 3.2 and 3.3 

of the FS, the following three remedial alternatives were developed for soil: 

 

• Alternative S-1: No Action 
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• Alternative S-2: Excavation and Off-Site Treatment (to meet LDRs) and Disposal 

 

• Alternative S-3: In-Situ ERH and LUCs 

 

Based on the detailed screening of technologies and process options presented in Sections 3.5 and 3.6, 

the following six remedial alternatives were developed for groundwater: 

 

• Alternative G-1: No Action 

 

• Alternative G-2: In-Situ Enhanced Bioremediation (High-Concentration Areas), Natural Attenuation, 

Monitoring, and LUCs 

 

• Alternative G-3: In-Situ Chemical Oxidation (High-Concentration Areas), Natural Attenuation, 

Monitoring and LUCs 

 

• Alternative G-4: In-Situ Chemical Reduction with EZVI (High-Concentration Areas), Natural 

Attenuation,  Monitoring and LUCs 

 

• Alternative G-5: In-Situ ERH (High-Concentration Areas), Natural Attenuation, Monitoring, and LUCs 

 

Alternative G-6: Monitored Natural Attenuation, Monitoring, and LUCs 

 

A detailed analyses was completed for each of the soil and groundwater remedial alternatives presented 

in this FS followed by a comparative analyses of each set of alternatives. 

 

Table ES-1 summarizes the comparative analysis of the soil remedial alternatives and Table ES-2 

summarizes the comparative analysis of groundwater remedial alternatives. 
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1.0  INTRODUCTION 

1.1 PURPOSE AND ORGANIZATION OF REPORT 

This Feasibility Study (FS) Report for the former Morale, Welfare, and Recreation (MWR) Dry Cleaning 

Facility (Site 45/Solid Waste Management Unit [SWMU] 45), located at the Marine Corps Recruit Depot 

(MCRD) Parris Island, South Carolina, has been prepared by Tetra Tech, Inc. (Tetra Tech) for Naval 

Facilities Engineering Command Southeast (NAVFAC SE) under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) III Program, Contract Number N62467-94-D-0888, Contract Task 

Order (CTO) 0335.  This FS Report describes the formulation and evaluation of remedial alternatives for 

contaminated soil and groundwater at Site 45.   

 

The FS establishes Remedial Action Objectives (RAOs) and cleanup goals; screens remedial 

technologies; and assembles, evaluates, and compares remedial alternatives.  

 

This FS Report has been organized with the intent of meeting the general format requirements specified 

in the Remedial Investigation (RI)/FS Guidance Document (USEPA, 1988).  This report contains the 

following five sections: 

 

• Section 1.0:  Introduction, which summarizes the purpose of the report, provides site background 

information, summarizes findings of the RI, and provides the report outline.   

 

• Section 2.0:  Remedial Action Objectives and General Response Actions, which presents the RAOs, 

identifies applicable or relevant and appropriate requirements (ARARs) and to be considered (TBC) 

criteria, develops groundwater cleanup goals for chemicals of concern (COCs) and associated 

general response actions (GRAs), and provides estimates of the volumes of contaminated soil and 

groundwater to be remediated. 

 

• Section 3.0:  Screening of Remediation Technologies and Process Options, which provides a 

screening of potentially applicable soil, and groundwater remediation technologies and identifies the 

technologies that will be assembled into remedial alternatives.   

 

• Section 4.0:  Assembly and Detailed Analysis of Remedial Alternatives, which assembles the 

remedial technologies retained from the Section 3.0 screening process into multiple soil and 

groundwater remedial alternatives, describes these alternatives, and performs a detailed analysis of 

these alternatives in accordance with seven of the nine Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA) criteria.  
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• Section 5.0:  Comparative Analysis of Remedial Alternatives, which compares the soil and 

groundwater remedial alternatives on a criterion-by-criterion basis, for each of the seven CERCLA 

analysis criteria used in Section 4.0. 

 

Appendix A contains the following: A.1 - United States Geological Survey (USGS) investigation report 

about a portion of the groundwater plume at Site 45; A.2 – Geosyntec Emulsified Zero-Valent Nano-Scale 

Iron (EZVI) pilot study; A.3 – Arizona State University Environmental Security Technology Certification 

Program (ESTCP) pilot study; A.4 – Summary of January 2012 Baseline Groundwater Sampling Event; 

A.5 – Monitored Natural Evaluation (MNA) Evaluation; A.6 – Remedial Alternative Cleanup Time 

Estimates; and A.7 – Site 14 Storm Sewer Outfalls Preliminary Assessment/Site Inspection (PA/SI) 

sediment and storm water sampling results for the Site 45 outfalls and adjacent outfalls. 

     

Appendix B contains contaminant mass calculations.  Appendix C includes information about 

groundwater modeling performed for the FS.  Appendix D includes other calculations and vendor 

information for some of the treatment technologies.  Appendix E contains cost estimates for the remedial 

alternatives. 

 

1.2 SITE BACKGROUND 

The following subsections provide background information about Site 45.  Figure 1-1 provides the general 

site location map, and Figure 1-2 shows the site features.   

 

1.2.1 Site Description 

1.2.1.1 General Description 

Site 45 – MWR Dry Cleaning Facility (Building 193) included a building located in the Main Post area of 

MCRD Parris Island, between Panama Street to the north, Kyushu Street to the south, and Samoa Street 

to the east.  The dates of operation of Building 193 are not known.  The building and associated 

structures were demolished in early 2001, and currently the site is a vacant lot covered with mowed 

grass.  West of the facility are other commercial establishments, including a new dry cleaning facility, 

cobbler, tailor, and coin-operated laundry facility.  There is a parking lot and the former location of a 

temporary lodging facility (Building 200) that was demolished in 2007 to the east.  Approximately 200 feet 

to the south is the Law Offices Building (Building 293). 

 

Four above-ground storage tanks (ASTs) that were removed in 2001 were situated along the northern 

side of the former dry cleaning building.  The capacities of these tanks are not known.  These tanks were 
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installed in 1988 following the removal of an underground storage system where hydrocarbon-based 

cleaning solvents had been stored.  The location and capacity of the underground storage system are not 

known.  The ASTs were located within a concrete catch basin used to contain any overflow during tank 

filling. 

 

Site 45 and the surrounding area are generally flat, with ground surface elevations ranging from 6 to 

9 feet above mean sea level (msl).  The site, as is most of the base, is in the 100-year floodplain.  Storm 

water in the area of the site is collected in catch basins and conveyed by underground storm sewers to 

Ballast Creek to the south. 

 

1.2.1.2 Site Geology  

Geologic conditions at Site 45 were characterized as part of the 2001 and 2005 RI/Resource 

Conservation and Recovery Act (RCRA) Facilities Investigation (RFI) field investigations.  Subsurface 

materials at Site 45 were classified based on visual observations of split-spoon samples collected during 

the drilling of test borings, temporary and permanent monitoring wells, and existing well data.  Geologic 

cross-sections are provided in the RI/RFI report (Tetra Tech, 2004a).    

 

The shallow subsurface lithology at Site 45, to a depth of approximately 17 feet, consists of a 

heterogeneous mixture of Pliocene- to Holocene-age sediments of the Pamplico and Waccamaw 

Formations, consisting primarily of fine sand and silty sand with a few discontinuous clayey sand seams. 

Laboratory sieve analysis of samples from these deposits indicates that the Unified Soil Classification 

System (USCS) description of these sediments is SP (poorly graded sand) to SP/SM (poorly graded sand 

to silty sand).  Thin discontinuous lenses of finer-grained silty clay and clayey sand were also 

encountered within the predominantly sandy sediments.   

 

A thin (less than 1 to 3 feet) layer of peat was encountered below the shallow sandy sediments at depths 

ranging from 17 to 21 feet below ground surface (bgs).  The peat was directly underlain by a 3- to 6-foot-

thick clay unit encountered at depths of approximately 18 to 27 feet bgs.  Beneath this potential confining 

layer formed by peat and clay, four deep well borings, advanced during the RI/RFI, encountered 

unconsolidated deposits consisting primarily of sand, clayey sand, and silty fine sand with traces of shell 

fragments.  Total depths of the deep well borings ranged from 38 to 41 feet bgs.   

 

The Miocene-age Hawthorn Formation, a regional confining unit that separates surficial deposits from the 

underlying Floridan aquifer, reportedly underlies MCRD Parris Island at an average elevation of 30 feet 

below msl.  The Hawthorn Formation is reportedly approximately 25 to 40 feet thick in the area, except 

where it has been eroded by tidal scour and stream erosion.  The deep borings at Site 45 did not confirm 

the presence of this unit locally (Tetra Tech, 2005). 
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1.2.1.3 Site Hydrogeology 

The surficial aquifer underlying Site 45 consists of the sandy Pliocene to Holocene sediments to an 

average depth of approximately 18 feet.  In general, the water table within these heterogeneous 

sediments is shallow and is typically encountered at a depth of 4 to 7 feet bgs at the site.  Groundwater is 

expected to preferentially migrate through the higher permeability sandy sediments within the surficial 

aquifer.  Because of their limited areal extents, the silty/clayey lenses in the surficial aquifer are not 

expected to function as significant confining units; however, localized hydraulic effects due to silt and clay 

were observed during the RI/RFI.  Recharge to the surficial aquifer is likely to occur primarily through 

infiltration of precipitation.  

 

The peat and clayey material underlying surficial aquifer sediments at the site from 17 to 27 feet bgs is 

expected to function locally as a confining unit to groundwater flow.  Based on the results of previous 

laboratory hydraulic conductivity testing of six samples from this unit, the geometric mean vertical 

hydraulic conductivity for this confining unit is 0.00166 feet per day [2.3 x 10-7 inches per second 

(cm/sec)].  This, in combination with an average thickness of 5 to 6 feet, suggests that this unit 

significantly restricts vertical groundwater flow. 

 

The silty sand deposits encountered under the peat/clay layer form a deeper aquifer within the 

Pliocene/Holocene sediments beneath the site.  The thickness of this deeper unit is unknown because 

the Hawthorn Formation, a regional confining unit expected to directly underlie these deposits, was not 

identified in the deep borings drilled at the site during the RI/RFI (Tetra Tech, 2005). 

 

Groundwater flow directions were established based on a round of water-level measurements collected 

April 26, 2005 (Figures 1-3 through 1-5).  Groundwater flow directions in the upper portion of the surficial 

aquifer were evaluated using water-level data from monitoring wells with the suffix “–SU”; water level data 

from wells with the suffix “–SL” were used to evaluate groundwater flow directions in the lower portion of 

the surficial aquifer, and water levels from wells with the suffix “–D” were used to evaluate groundwater 

flow directions in the deep portion of the surficial aquifer at the site.  The April 26, 2005, round of water 

levels was evaluated to identify upper surficial, lower surficial, and deep groundwater flow patterns.  All 

groundwater-level measurements were taken under non-pumping conditions.   

 

For the upper portion of the surficial aquifer, groundwater flow on April 26, 2005, was to the southeast, as 

shown on Figure 1-3.  Using Figure 1-3, an overall groundwater flow gradient of 0.005 was calculated for 

the upper surficial aquifer.  Using this gradient and data from the Site 45 RI/RFI, an upper surficial 

seepage velocity of approximately 48.7 feet per year was calculated. 
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For the lower portion of the surficial aquifer, groundwater flow on April 26, 2005, was also to the 

southeast, as shown on Figure 1-4.  Using Figure 1-4, an overall groundwater flow gradient of 0.006 was 

calculated for the lower surficial aquifer.  Using this gradient and data from the Site 45 RI/RFI, a lower 

surficial seepage velocity of approximately 14.6 feet per year was calculated.  In general, the water levels 

and flow patterns for the upper and lower portions of the surficial aquifer are very similar, indicating a 

strong hydraulic connection. 

 

With few exceptions, vertical gradients at upper/lower surficial aquifer well clusters were minimal, with 

typical differences in water levels of less than 0.1 foot.  A notable exception was at well cluster 6SU/SL, 

where the lower surficial well had a water level approximately 0.4 foot higher than the water level in the 

upper surficial aquifer well.  There was also no apparent overall pattern to the vertical head differentials in 

terms of surficial aquifer versus deep portion of the surficial aquifer; some clusters had consistent upward 

or downward gradients, and others varied.    

 

Overall groundwater flow in the deep portion of the surficial aquifer on April 26, 2005, was to the south-

southwest, as shown on Figure 1-5.  In general, flow patterns for the upper and lower surficial aquifer and 

the deep portion of the surficial aquifer indicate that there is a limited hydraulic connection between the 

two flow systems.  Using Figure 1-5, an overall groundwater flow gradient of 0.004 was calculated for the 

deep portion of the surficial aquifer.  Using this gradient and data from the Site 45 RI/RFI, a deep 

seepage velocity of approximately 4.9 feet per year was calculated (Tetra Tech, 2005). 

 

1.2.2 Previous Site Investigations 

Environmental investigation activities at Building 193 began on March 11, 1994, when one of the above-

ground tanks was overfilled with tetrachloroethene (PCE).  An unknown amount of this solvent overflowed 

into the concrete catch basin.  The PCE overflow was not collected at that time, and heavy rainfall 

subsequently washed the contaminant onto the surrounding soil.  In response to the spill, there have 

been several investigations and responses, as described below.  Additional information is provided in the 

RI Addendum report (Tetra Tech, 2012). 

 

1.2.2.1 Initial Assessment and Soil Remediation 

Three days after the reported 1994 PCE overflow incident, Parris Island personnel collected one sample 

from the water in the concrete catch basin and another from the soil near the discharge pipe of the basin.  

The water sample had a PCE concentration of 2,000,000 micrograms per liter (µg/L), and the soil sample 

had a PCE concentration of 3,000,000 micrograms per kilogram (µg/kg).  After these results were 

received, 17 other soil samples were collected in the vicinity of the above-ground storage tanks and along 

Panama Street north of the tanks.  PCE concentrations in these samples ranged from less than detection 
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limits to 250,000 µg/kg.  After evaluation of the results, Parris Island personnel excavated and drummed 

approximately 51 cubic feet of contaminated soil for disposal at an off-site incineration facility (Tetra Tech, 

2005). 

 

1.2.2.2 Contamination Assessment and Conceptual Corrective Action Plan  

After the soil removal, the MWR contracted S&ME, Inc., to perform a PCE Contamination Assessment 

and Corrective Action Plan (S&ME, 1994).  In April 1994, S&ME initiated the study by installing two 

piezometers to study groundwater flow and direction.  In addition, groundwater samples from various 

intervals to a maximum depth of 12 feet bgs, three hand-augered soil samples, and one catch basin water 

sample were collected.   

 

Sixteen of the 32 groundwater samples that underwent field gas chromatograph (GC) analysis had 

detectable amounts of PCE, with concentrations ranging from 14 to 5,147 µg/L.  Six groundwater samples 

were also sent to a fixed-based laboratory for volatile organic compound (VOC) analysis.  PCE was 

detected in three of these six samples at concentrations ranging from 1.3 to 370 µg/L, and trichloroethene 

(TCE) was detected in three of the six groundwater samples at concentrations ranging from 7.3 to 

840 µg/L.  Also, cis-1,2-dichloroethene (DCE) was detected in five of the six samples at concentrations 

ranging from 2.7 to 9,250 µg/L. 

 

Groundwater samples from the two piezometers (PZ-4 and PZ-5) were also analyzed for petroleum-

based contaminants.  No petroleum-based contaminants were found in groundwater at PZ-4, but were 

detected in the sample from PZ-5. 

 

Of the three soil samples, PCE was detected in only one (PZ-5) at a concentration of 44.1 µg/kg.  High-

molecular weight hydrocarbons were also detected in this sample.   

 

S&ME’s final conclusion was that the soil surrounding the site contained elevated levels of PCE, which 

had begun to migrate into the surficial aquifer.  A pump-and-treat system was proposed to remove PCE-

contaminated water from the aquifer.   

 

1.2.2.3 Technical Memorandum for Groundwater Evaluation and Air Sparging Pilot Study at 
Building 193  

In the summer of 1996, Bechtel Environmental Inc. (Bechtel) conducted a soil and groundwater 

investigation to establish baseline contamination levels and to determine the stratigraphy of Site 45 

(Bechtel, 1997a).  
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Initially, groundwater samples were collected with direct-push technology (DPT) and analyzed with a field 

GC.  Analytical results indicated that a plume of PCE, TCE, 1,2-DCE, and vinyl chloride was present at 

concentrations exceeding regulatory limits.  Based on these results, 16 permanent monitoring wells were 

installed at eight locations surrounding the site using DPT.  The monitoring wells were installed in pairs, 

with one completed to a depth of approximately 7.5 feet bgs and the other to a depth of 15.5 feet bgs.  All 

groundwater samples were analyzed for VOCs, chloride, nitrate, and sulfate.  

 

The results of the analysis confirmed VOC migration to groundwater.  PCE concentrations ranged from 

less than detection limits to 32,000 µg/L in the shallow wells and less than detection limits to 60,000 µg/L 

in the deep wells.  Additionally, TCE was detected in five of the eight shallow wells at concentrations 

ranging from 2.9 to 4,900 µg/L and was also detected in five of eight deep wells at concentrations ranging 

from 0.64 to 15,000 µg/L.  In five shallow monitoring wells, cis-1,2-DCE was detected at concentrations 

ranging from 2.3 to 1,100 µg/L.  The concentrations of cis-1,2-DCE in the deep wells ranged from 3.8 to 

3,800 µg/L.  Two VOCs, trans-1,2-DCE and vinyl chloride, were detected at only one location at 

concentrations of 8.3 µg/L and 170 µg/L, respectively. 

 

During preparation of the 2002 RI report, historical monitoring well location identifications at Site 45 were 

modified to be consistent with basewide nomenclature: 

 

• Building number “193” was changed to Parris Island Site 45 “PAI-45”. 

• Monitoring well “#MW” was changed to “MW-#”. 

• Well depths “S” and “D” were changed to surficial upper "SU" and surficial lower "SL," respectively.    

 

During the drilling of three deep monitoring wells, soil samples were collected at the 1- to 3-foot bgs 

interval and the 5- to 7-foot bgs interval and analyzed for VOCs.  PCE was detected at the 5- to 7-foot 

interval at one location at an estimated concentration of 1,100 µg/kg.  PCE was detected in four other 

samples at levels ranging from 1 to 32 µg/kg.  TCE was detected in five samples at concentrations 

ranging from 0.8 to 80 µg/kg, and cis-1,2-DCE was detected in four samples at concentrations ranging 

from 0.9 to 22 µg/kg.   

 

1.2.2.4 Summary Report for Air Sparging Pilot Test  

In December 1996, Bechtel conducted an air sparging (AS) pilot study at Site 45 to determine whether AS 

was a viable remedial option for site contaminants.  The objectives of the pilot study included determining 

the radius of influence (ROI) of the AS well installed for the study and the optimum air injection rate and 

pressure at this well (Bechtel, 1997b).   
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For the pilot study, one AS well was installed to a depth of 14 feet bgs north of the dry cleaning building in 

a clean area.  Five observation wells were also installed to monitor the pilot study.  Two temporary well 

clusters of two wells each were installed 10 and 20 feet from the AS well.  Each well cluster had two 

wells, one installed to a depth of 7 and the other installed to a depth of 14 ft bgs.  The pilot test concluded 

that AS was effective through the layer of finer material at the 7-foot level.  The study recommended an 

ROI of 15 feet and a design capacity of 5 standard cubic feet per minute (cfm) per well. 

 

1.2.2.5 Engineering Evaluation and Interim Removal Remedial Work Plan  

The Engineering Evaluation and Interim Removal Remedial Work Plan (EE/WP) prepared by Bechtel 

evaluated the results of the AS pilot study and evaluated other technologies for interim remedial action at 

Site 45.  Based on the engineering evaluation, a pump-and-treat system was recommended to prevent 

the migration of groundwater contaminants until a comprehensive RI could take place (Bechtel, 1997c).   

 

The groundwater pump-and-treat system start-up occurred in April 1998.  The system operated through 

early 2000, with increasing downtime for maintenance activity.  Some of the maintenance problems 

included recurring electrical control issues and silt packing in manifolds and pumps.  Finally, following 

removal from operation sometime in early 2000 for maintenance, the system was not restarted.  The total 

volume of water removed by this system was 1,056,410 gallons, based on operation and maintenance 

data.  Four submersible pumps operated at 2 to 5 gallons per minute (gpm) each through variable speed 

controls linked to water-level sensors installed in the sump of each well.  Groundwater was pumped from 

the wells to a multi-tray air stripping unit rated at 6 to 15 gpm.  The system operated in fully automatic 

mode and included remote monitoring and control. 

 

The system consisted of three electric recovery pumps, groundwater discharge piping, fittings, flow 

counters, limit switches, and accessories.  Additionally, the system included a low-profile air stripper for 

removing VOCs from groundwater and a pumping system for discharging the treated groundwater to an 

adjacent sewer manhole for ultimate discharge to the depot’s wastewater treatment facility.  This pump-

and-treat system is not currently in operation, and continued system operation in the future is not 

anticipated at this time.  

 
1.2.2.6 Remedial Investigation/ RCRA Facility Investigation 

From March through December 2001, Tetra Tech performed an RI/RFI at the site to characterize the 

nature and extent of contamination and to evaluate risks to human and ecological receptors (Tetra Tech, 

2004a).   
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DPT with a membrane interface probe (MIP) was used at five borings.  The electrical conductivity logs 

from the MIP showed a sandy sequence underlain by a finer-grained unit at 17 feet bgs.  The analytical 

detectors showed groundwater contaminated with chlorinated compounds from a depth of 10 to 17 feet 

bgs.     

 

Subsurface soil samples were collected from 13 soil borings.  The on-site samples (within about 35 feet of 

the former above-ground tanks) were analyzed for VOCs, semivolatile organic compounds (SVOCs), and 

total organic carbon (TOC) and were subjected to dense non-aqueous-phase liquid (DNAPL) ultraviolet 

light screening.  The off-site samples (40 feet or more from the former above-ground tanks) were 

analyzed for TOC, pH, grain size, and vertical hydraulic conductivity. 

 

A total of 72 temporary wells were installed at 35 locations, including 29 temporary wells installed in the 

upper portion of the shallow surficial aquifer, 29 temporary wells in the lower portion of the shallow 

surficial aquifer, and 14 temporary wells below the peat/clay layer in the deep portion of the shallow 

surficial aquifer.  Groundwater samples were analyzed for VOCs, and selected samples were also 

analyzed for natural attenuation parameters. 

 

Five permanent monitoring wells and three piezometers were installed during the RI/RFI.  The five 

permanent deep monitoring wells were installed below the peat/clay layer at depths of 41 to 43 feet bgs.  

The piezometers were installed to provide observation well information during a short-term pumping test. 

 

Based on the groundwater results, a plume about 140 feet wide and 240 feet long was delineated in the 

surficial aquifer above the peat/clay layer.  The primary contaminants were chlorinated compounds such 

as PCE, TCE, DCE isomers, and vinyl chloride.  Trace concentrations of these contaminants were also 

detected in samples from the deep wells. 

 

1.2.2.7 Fenton's Reagent Treatability Study 

In 2002, an in-situ chemical oxidation treatability study was performed by MECX, Inc., using Fenton's 

Reagent.  Four injection wells were installed in the tank source area near the corner of Panama Street 

and Samoa Street.  Following the injection of the oxidizing chemicals, monitoring wells were sampled and 

analyzed to evaluate the effectiveness of the chemical injection.  The final report and conclusions of the 

test have not been submitted (Tetra Tech, 2004b). 
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1.2.2.8 Remedial Investigation/Resource Conservation and Recovery Act Facility Investigation 
Addendum 

From February through April 2005, Tetra Tech performed additional field work as part of an RI Addendum 

to further characterize the nature and extent of contaminant migration in groundwater and to assess the 

human health risks associated with intrusion of VOCs into buildings.       

 

DPT with an MIP was used to provide vertical profiling of VOC contaminant levels at 49 borings.  MIP/soil 

conductivity (SC) logging was used in conjunction with DPT drilling to collect real-time, continuous, VOC-

related data and soil conductivity data in the vadose and saturated zones.  A single upgradient MIP point 

was advanced and logged to 30 feet bgs through the peat/clay layer to obtain baseline information for the 

site.   

 

The MIP results were used to establish locations for 15 DPT temporary well points for groundwater 

sample collection and analysis.  Continuous soil logging was conducted for the deepest well at each 

cluster to document soil lithology using DPT macro core sampling techniques.  DNAPL screening, using a 

field-screening ultraviolet unit, was performed on selected subsurface soil samples.  No DNAPL was 

detected.   

 

Twenty-nine permanent monitoring wells (25 shallow [surficial upper and lower] and four deep) were 

installed to delineate the plume.  DNAPL screening was performed on selected samples from the tank 

source area (northern portion of the former dry cleaning facility), but no DNAPL was detected.  After 

installation, groundwater samples were collected from the newly installed monitoring wells and 15 existing 

monitoring wells and the samples were analyzed for VOCs.     

 

1.2.2.9 Supplemental Groundwater Studies 

In 2007, the USGS began supplemental investigations of the site (USGS, 2007), including examining the 

impact of sewer lines on groundwater contaminant distribution, delineating groundwater contamination 

near the new dry cleaning facility, and monitoring groundwater contamination and natural attenuation 

aspects of the site.  The results of these investigations are available in the final USGS paper, ‘Vroblesky, 

D.A. et aI, 2009.  Source, Transport, and Fate o/Groundwater Contamination at Site 45, Marine Corps 

Recruit Depot, Parris Island, South Carolina: US. Geological Survey Scientific Investigations Report 

2009-5161, 80 p. which is provided in Appendix A.1. 
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1.2.2.10 Emulsified Zero-Valent Iron Pilot Study 

In June 2006, Geosyntec began a field pilot study using EZVI as part of the Department of Defense (DoD) 

ESTCP.  EZVI was injected in two test plots, one approximately 15 feet by 10 feet and the other 

approximately 8 feet by 8 feet.  Performance monitoring was performed through mid-2007.  A draft interim 

report was issued in September 2007 (ESTCP, 2007), but additional sampling continued through 2009.   

 

The draft interim report identified a downward trend in PCE and TCE concentrations in wells 

downgradient the test plots.  Similarly, increasing concentrations of degradation products, including 

ethene, were observed in these wells.  A decrease in pH and increase in iron concentrations were also 

noted in the test plots.  DNAPL free product was identified in one well prior to the study and in three other 

wells during the study. 

 

1.2.2.11 Baseline Groundwater Sampling Event 

In order to assess current groundwater conditions at Site 45, a “baseline” groundwater sampling event 

was conducted in January 2012 at selected monitoring wells across the site.  This baseline sampling 

event implementation was driven by comments on the Site 45 Draft FS and Partnering Team discussions 

regarding existing data gaps at the site.  

 

The baseline sampling event was conducted from January 11 through January 13, 2012.  Groundwater 

samples were collected from 26 monitoring wells and analyzed for VOCs.  Samples from 16 select 

monitoring wells were also analyzed for various MNA parameters including nitrate, nitrite, sulfate, sulfide, 

chloride, iron, manganese, methane, and total organic carbon (TOC).  The results were used to perform 

the Mann-Kendall tests and MNA evaluation that is presented in Appendix A.5 

 

A summary of the results from the January 2012 baseline groundwater sampling event is discussed in 

Section 1.2.3.2.  Summary tables, analytical data and field log sheets are provided in Appendix A.4.  

 

1.2.2.12 Southern Plume ISCO Treatability Study 

USEPA is planning to conduct a treatability study to address groundwater contamination in the southern 

plume area at Site 45.  This study is scheduled to take place in late summer/early fall 2012 and is to 

involve the use of sodium permanganate (NaMnO4) as the treatment reagent for the ISCO technology.  

The goal of this study will be to assess the ability of NaMnO4 to facilitate oxidative conditions in the 

subsurface that result in the effective and significant transformation or reduction of chlorinated volatile 

organic compounds (cVOCs) in the groundwater at Site 45 (USEPA, 2012). 
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 At the completion of the treatability study, the data and conclusions will be considered in the selection of 

a remedy and preparation of the remedial design for groundwater treatment at Site 45.    

 

1.2.2.13 MCRD Parris Island Site 14 Storm Water Outfalls Investigation  

In October, 2011 an investigation of the storm water outfalls and associated sediment were investigated 

as part of the Site 14 PA/SI.  The objective of the PA/SI investigation was to determine if any impacts to 

facility sediments were occurring at the outfall locations as a result of historic CERCLA site releases.  

Outfall 881 is associated with Site 45 and was identified for purposes of the investigation as a “process 

area outfall”.  Adjacent outfalls 887, 903 and 923, identified as “non-process area outfalls” were also 

sampled during the field event.  The results of the investigation at the described outfalls are presented in 

Appendix A.7.  

 

1.2.3 Nature and Extent of Contamination 

1.2.3.1 Surface and Subsurface Soil 

Surface and subsurface soil samples were collected for analysis during the 2001 RI/RFI.  PCE and other 

chlorinated VOC breakdown products, TCE, DCE, and vinyl chloride, were detected in surface and 

subsurface site soil at concentrations that can continue to impact site groundwater through leaching and 

result in groundwater concentrations greater than maximum contaminant levels (MCLs).  PCE was 

detected at a maximum concentration of 8,000 milligram per kilogram (mg/kg) in one soil sample located 

near the area of the documented 1994 PCE spill.  Field screening tests of site soil for pure solvent found 

some evidence of trace quantities of non-aqueous phase product; however, no free product was found.  

No additional soil samples were collected during the RI Addendum.  

 

Arsenic and polynuclear aromatic hydrocarbons (PAHs) were also detected in soil samples.  The extent 

of arsenic and PAH contamination was not fully delineated.  

 

The horizontal and vertical extent of soil contamination was not delineated.  The RI/RFI samples were 

collected from within the footprint of the former dry cleaning building and the above-ground storage tank 

area.  Nearly all of the soil samples had significant concentrations of PCE and other chlorinated ethenes.   

 

Tables 1-1 and 1-2 summarize the contaminants detected in surface and subsurface soil during the 

RI/RFI, respectively.  Figures 1-6 and 1-7 present analytical results exceeding screening criteria in 

surface and subsurface soil, respectively. 
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1.2.3.2 Groundwater 

Groundwater samples were collected for the RI/RFI, RI Addendum, and a USGS investigation to 

delineate the extent of groundwater contamination.  Two-dimensional visualizations of the groundwater 

contamination were generated using Ctech’s Environmental Visualization System software using the data 

from the RI/RFI and RI Addendum, but the USGS data were not available at the time.  Table 1-3 

summarizes contaminants detected in the groundwater, and Figures 1-8 and 1-9 present groundwater 

chlorinated VOC results from the RI Addendum for upper and lower surficial wells, respectively.  Figures 

1-10 through 1-19 depict the plumes based the visualization software,  Figures 1-20 through 1-24 show 

vertical cross-sections of TCE concentrations.  Figures 1-25 and 1-26 present groundwater chlorinated 

VOC results for upper and lower surficial wells, respectively, from the January 2012 baseline groundwater 

sampling event. 

 

The groundwater chlorinated VOC plume extends toward the south and southeast from the tank source 

area toward Building 293.  The maximum PCE concentration detected over the course of all previous 

investigations in the upper surficial aquifer was 26,000 µg/L and in the lower surficial aquifer was 13,000 

µg/L.  For TCE, maximum concentrations in the upper and lower portions of the surficial aquifer were 

35,000 and 9,700 µg/L, respectively.  For cis-1,2-DCE, maximum concentrations in the upper and lower 

portions of the surficial aquifer were 110,000 and 5,400 µg/L, respectively.  For vinyl chloride, maximum 

concentrations in the upper and lower portions of the surficial aquifer were 3,000 and 1,300 µg/L, 

respectively.  Contaminant concentrations in the deep wells were either less than detection limits or were 

at estimated concentrations less than detection limits.       

 

The RI/RFI results indicated that in addition to the very high concentrations of contaminants in the tank 

source area, there is another area of high contaminant concentrations in the vicinity of wells MW04 and 

MW20 in the southern portion of the plume.  However, the specific reason for this area of higher 

contaminant concentrations in the southern portion of the plume was not determined during the RI 

Addendum.  

 

The USGS conducted additional groundwater investigations east and west of the plume identified in the 

RI/RFI and RI Addendum (Vroblesky et al., 2009).  The USGS installed temporary and permanent 

monitoring wells west of the site, between the former dry cleaning building and the new dry cleaning 

building.  An apparent source of the high concentrations in the southern portion of the of the site was 

identified as the sanitary sewer from the former dry cleaning building, which ran from the southwestern 

corner the former dry cleaning building to the west for about 100 feet and then turned to the south toward 

the Building 293 parking lot.  Based on the USGS monitoring well results, the sanitary sewer appeared to 

have been leaking in the vicinity of the point where the sewer turns to the south.  The location of this 
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source area relative to the high concentrations in the southern portion of the plume described above is 

consistent with the groundwater flow direction. 

 

The USGS investigation also included the installation of monitoring wells near a storm sewer along the 

eastern side of the plume and sampling of the discharge of the storm sewer outfall.  Groundwater 

contours showed groundwater movement toward the storm sewer.  Laboratory analyses of water in the 

storm sewer showed the presence of chlorinated VOCs.  The USGS investigation concluded that the 

storm sewer influences both groundwater flow and contaminant flow.  Groundwater flows into the storm 

sewer and is discharged at an outfall to Ballast Creek, approximately 1,400 feet south of Site 45 at Outfall 

881.  A copy of the USGS Investigation report is included in Appendix A.   

 

PCE concentrations greater than 1 percent of the solubility have been measured, which strongly suggests 

the presence of DNAPL.  In addition, DNAPL was observed in 2007 in a monitoring well used as part of 

the EZVI pilot study.  

 

In January 2012, groundwater concentrations were generally lower across the site than those detected 

during the RI/RFI in 2005.  The maximum PCE concentration detected in the upper surficial aquifer was 

3,700 µg/L and in the lower surficial aquifer was 13,000 µg/L.  For TCE, maximum concentrations in the 

upper and lower portions of the surficial aquifer were 2,800 and 6,600 µg/L, respectively.  For cis-1,2-

DCE, maximum concentrations in the upper and lower portions of the surficial aquifer were 5,100 and 

3,900 µg/L, respectively.  For vinyl chloride, maximum concentrations in the upper and lower portions of 

the surficial aquifer were 330 and 450 µg/L, respectively. 

 

Throughout this FS, the following nomenclature is used in the discussions of the groundwater 

contamination.  Although groundwater contamination based on MCLs and soil screening levels (SSLs) 

covers a large area, there are two sources that create two distinct plumes as indicated by VOC 

concentrations in the general range of 500 to greater than 10,000 µg/L.  The source that appears to 

originate from the spill on the northern side of the former dry cleaners is referred to as the tank source, 

and this source created the tank source or northern plume.  The source that appears to originate from the 

sanitary sewer near the new dry cleaning building is referred to as the sanitary sewer source, and this 

source created the southern plume.  The concentrations of VOCs in the downgradient end of the southern 

plume are significantly higher than the concentrations immediately upgradient, but less than the sanitary 

sewer source area.  This area is referred to as a “high-concentration area.”  This area at the end of the 

southern plume along with the two source areas (or northern plume) are collectively referred as “high-

concentration areas.” 
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1.2.4 Contaminant Fate and Transport 

1.2.4.1 Natural Attenuation 

Natural attenuation of chlorinated VOCs was evaluated in the RI/RFI and was reviewed again during the 

RI Addendum.  In the RI/RFI, a full suite of geochemical analyses were performed on several wells to 

evaluate the site for evidence of natural attenuation.  The results of the RI/RFI suggest limited, to strong 

evidence of anaerobic biodegradation, depending on location within the plume.  The natural attenuation 

parameter data are included in the RI/RFI report (Tetra Tech, 2004a). 

 

In the RI Addendum, monitoring well samples were only analyzed for VOCs.  The results of these 

analyses were compared with data collected in the 1996 Bechtel study to evaluate trends in the 

concentrations of PCE, TCE, cis-1,2-DCE, and vinyl chloride.  This evaluation showed a decrease in 

concentrations of PCE and an increase in concentrations of degradation products such as TCE, 

cis-1,2-DCE, and vinyl chloride.  Dissolved oxygen (DO) concentrations were also measured during well 

sampling, and anaerobic conditions were indicated.  Thus, the conclusion that the groundwater 

environment is conducive to reductive dechlorination was supported.     

 

The USGS investigation (USGS, 2007) also included the analysis of groundwater samples for 

geochemical parameters, and the data indicated biological degradation of chlorinated VOCs. 

 

An updated NA assessment for Site 45 was conducted for this FS using the data collected form the 

January 2012 baseline groundwater sampling event and a weight-of-evidence approach. The primary line 

(or “direct” line) of evidence to support the effectiveness of natural attenuation is a successful 

demonstration that contaminant mass and/or concentrations are decreasing at the site.  The secondary 

line of evidence includes documentation that hydrogeologic, microbiological, and geochemical conditions 

at the site are favorable for the degradation of contaminants.  The third line of evidence, including 

microcosm studies, provides additional evidence that biological destruction of contaminants is occurring. 

 

In summary, the findings of the NA assessment suggest reductive dechlorination is actively and 

effectively reducing cVOC concentrations in both northern and southern plume areas at Site 45.  

However, in the source areas, the elevated parent compounds (i.e., PCE and TCE), which appear to be 

particularly persistent in the southern plume source area, suggest that natural attenuation alone may not 

be sufficient to reduce the contaminant concentrations to the MCLs in a reasonable timeframe. 

 

The NA assessment, data analysis and evaluation are provided in Appendix A. 
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1.2.4.2 Storm Sewer Influence 

The USGS investigation determined that the storm sewer along the eastern side of the plume and the 

storm sewer to the north of the Law Office are often below the water table and affect groundwater flow.  

During the USGS investigation, VOCs were detected in samples of water collected from the storm sewer 

manholes and near the storm sewer outfall.  The storm sewer intercepts and removes a portion of the 

contaminated groundwater plume.   

 

There is potential for contaminants to migrate from Site 45 first in groundwater, then through the storm 

water system and finally the contamination would be discharged to the marsh.  An evaluation of this 

migration pathway was performed using Henry’s Law, which states that the concentration of a gas 

component dissolved in the liquid is directly proportional to the partial pressure of that component in the 

vapor phase at equilibrium with the solution (Khoury, 2000).  In the groundwater at SWMU 45, the soils 

act as a closed container, limiting the exchange of air with the surface.  In these soils, TCE/PCE/DCE/VC 

equilibrium is established between the contaminated groundwater and the pore headspace.  The result is 

a constant contaminant concentration which abides by Henry’s Law.  In surface water (including water 

within the storm water system, the closed container boundary conditions do not exist and equilibrium can’t 

be established because the contaminants are escaping into a gas phase orders of magnitude larger than 

the headspace within soil pores (Bishop).  Therefore, contaminants in the storm water will continue to 

volatilize until depleted from the storm water.   Further, The storm water system at SWMU 45 constitutes 

an agitated system by nature of its flow.  Therefore, TCE, PCE, DCE and VC are not expected to persist 

in the storm water system, or the marsh at Ballast Creek.   

  

 The evaluation of the persistence of volatiles in storm water is further supported by the collection of data 

during the Site 14 PA/SI.  In September 2011 sediment (at the marsh outfall location) and storm water 

discharging from the outfalls were collected from outfalls 881, 887, 903 and 923.  There were no detected 

chlorinated solvents in the storm water or sediment in any of the samples, indicating that although the 

storm sewer line intercepts the northern and southern groundwater plumes, the contamination is not 

being discharged from outfall 881 and impacting sediment in Ballast Creek. 

 

1.2.4.3   Former Pump-and-Treat System 

The groundwater extraction system operated from 1998 through 2000.  During that time, a portion of the 

contaminants in the groundwater were captured and discharged to the base wastewater treatment 

system.  This system has not operated since 2000 and no longer affects groundwater flow and 

contaminant transport.     
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1.2.5 Human Health Risk Assessment 

A baseline human health risk assessment (HHRA) was performed for the RI/RFI.  Chlorinated VOCs, 

arsenic, and PAHs were detected in soil at concentrations greater than background levels and soil 

screening concentrations for direct contact exposure under a residential use scenario.  The highest 

concentrations of VOCs and PAHs in soil were found at the water table.  The maximum detected arsenic 

concentration (2.1 mg/kg) was only slightly greater than the facility background concentration 

(1.44 mg/kg).  The HHRA concluded that site soil does not pose unacceptable risks to current 

maintenance workers, commercial workers, or adult visitors or to potential future residents.  Hazard 

indices (HIs) were less than 1, and incremental lifetime cancer risks (ILCRs) were within the United States 

Environmental Protection Agency (USEPA) range of 1.0 x 10-4 to 1.0 x 10-6.  Risks associated with PCE, 

benzo(a)pyrene equivalents (BaPEqs), and arsenic exceeded the South Carolina Department of Health 

and Environmental Control (SCDHEC) target risk level of 1.0 x 10-6, and were considered COCs (Tetra 

Tech, 2004a).   

 

The HHRA indicated that surficial groundwater consumption resulted in unacceptable excess risk for 

potential future child and adult residents and on-site lifelong residents based on vinyl chloride, TCE, and 

PCE contamination.  The HI for consumption of surficial groundwater by potential future child resident 

(248) and potential future adult resident (224) exceeded the acceptable level of 1. 

 

Chlorinated VOCs were detected in site groundwater at concentrations up to 2,000 times greater than 

drinking water standards (MCLs).  Even though site groundwater is not currently used as a potable water 

source, unacceptable human health risks would occur if it was used in the future for this purpose.  HIs 

were greater than 1, and ILCRs were greater than 1.0 x 10-2.     

 

Vapor intrusion modeling indicated that the risk for hypothetical future residents of a structure located 

above the portions of the Site 45 plume with the highest VOC concentrations would exceed the USEPA 

target risk range of 1.0 x 10-4 to 1.0 x 10-6.  However, it is unlikely that a residence would be constructed 

in this part of the site because the area is used for commercial and industrial purposes.  No buildings are 

currently located over the plume.   

 

A quantitative risk assessment using the 2009 GSI Environmental pilot testing sampling soil gas data and 

indoor air data for the new dry cleaning facility was completed.  For both the soil gas and indoor air risk 

assessments, the cumulative ILCR is less than the USEPA target cancer risk range of 10-6 to 10-4, and 

the total HI for noncarcinogens is less than the target of 1.  These results indicate that soil gas is not 

significantly impacting indoor air concentrations through vapor intrusion.  For the measured indoor air risk 

assessment, the cumulative ILCR is approximately 10-6 and the total HI is less than the target of 1.  The 

results of the indoor air evaluation indicate that a risk management decision is necessary at the new dry 
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cleaning facility because the ILCR is at the lower end of the EPA’s target risk range.  The Navy’s intent to 

remediate soil and groundwater and conduct soil gas monitoring will ensure that risks would not exceed 

EPA’s target risk range. 

 

The nearest building, Building 293, appears to be located sidegradient of the plume, and it is unlikely that 

significant VOC concentrations will migrate beneath this building.  Additional soil gas and groundwater 

data will be collected at this building as part of the remedial design phase of the project.  

 

1.2.6 Ecological Risk Assessment 

No ecological risk assessment was performed during the RI/RFI because the poor habitat, 

urban/industrial nature of the area, and small size of Site 45 result in an exposure pathway that is 

essentially incomplete.  However, because the contaminants are reaching Ballast Creek through the 

storm sewer, the need for an ecological risk assessment may be reconsidered.  

  

1.2.7 Conceptual Site Model 

The Site 45 CSM has been updated based on the recent baseline groundwater sampling results (Jan. 

2012) and all other site information currently available.  The updated graphical CSM is provided as Figure 

1-27. 

 



TABLE 1-1

SUMMARY STATISTICS - SURFACE SOIL
SITE 45 FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

CAS Number Parameter
Frequency 

of 
Detection

Range of 
Positive 
Detects

Range of 
Non-detects

Location of 
Maximum 

Concentration

Average of 
Positive 
Results

Average of 
All Results

Background 
Value

Exceeds 
Background 

(yes/no)

Volatile Organics (µg/kg)
71-55-6 1,1,1-Trichloroethane 1/8 4 5 - 160 PAI-45-SS-05 4 16 NA NA
95-50-1 1,2-Dichlorobenzene 1/8 2 5 - 160 PAI-45-SS-05 2 16 NA NA
75-71-8 Dichlorodifluoromethane 1/8 2 5 - 160 PAI-45-SS-02 2 16 NA NA
127-18-4 Tetrachloroethene 8/8 14 - 7500 0 PAI-45-SS-05 2274 2274 NA NA
156-60-5 trans-1,2-Dichloroethene 2/8 2 - 50 5 - 160 PAI-45-SS-04 22 21 NA NA
79-01-6 Trichloroethene 7/8 3 - 320 6 PAI-45-SS-05 69 60 NA NA
156-59-2 cis-1,2-Sichloroethene 5/8 2 - 730 6 - 140 PAI-45-SS-06 134 93 NA NA
Semivolatile Organics (µg/kg)
83-32-9 Acenaphthene 1/8 25 360 - 430 PAI-45-SS-03 25 175 NA NA
120-12-7 Anthracene 3/8 21 - 290 360 - 430 PAI-45-SS-06 112 164 NA NA
56-55-3 Benzo(a)anthracene 7/8 44 - 150 360 PAI-45-SS-03 92 103 NA NA
50-32-8 Benzo(a)pyrene 7/8 26 - 130 360 PAI-45-SS-02 77 90 NA NA
50-32-8 Benzo(a)pyrene 7/8 26 - 130 360 PAI-45-SS-03 77 90 NA NA
205-99-2 Benzo(b)fluoranthene 7/8 42 - 180 360 PAI-45-SS-03 109 118 NA NA
191-24-2 Benzo(g,h,i)perylene 6/8 36 - 110 360 - 400 PAI-45-SS-02 71 101 NA NA
207-08-9 Benzo(k)fluoranthene 5/8 32 - 64 360 - 400 PAI-45-SS-03 50 104 NA NA
85-68-7 Butyl Benzyl Phthalate 5/8 25 - 900 360 - 430 PAI-45-SS-03 237 223 NA NA
86-74-8 Carbazole 3/8 22 - 44 360 - 430 PAI-45-SS-03 36 135 NA NA
218-01-9 Chrysene 7/8 45 - 170 360 PAI-45-SS-03 97 107 NA NA
53-70-3 Dibenzo(a,h)anthracene 4/8 20 - 29 360 - 430 PAI-45-SS-02 26 112 NA NA
53-70-3 Dibenzo(a,h)anthracene 4/8 20 - 29 360 - 430 PAI-45-SS-05 26 112 NA NA
84-66-2 Diethyl Phthalate 1/8 19 360 - 430 PAI-45-SS-05 19 174 NA NA
206-44-0 Fluoranthene 7/8 42 - 300 360 PAI-45-SS-03 129 135 NA NA
86-73-7 Fluorene 1/8 18 360 - 430 PAI-45-SS-03 18 174 NA NA
193-39-5 Indeno(1,2,3-cd)pyrene 6/8 34 - 120 360 - 400 PAI-45-SS-02 73 103 NA NA
91-20-3 Naphthalene 1/8 22 360 - 430 PAI-45-SS-03 22 175 NA NA
85-01-8 Phenanthrene 7/8 22 - 230 360 PAI-45-SS-03 81 93 NA NA
129-00-0 Pyrene 7/8 52 - 280 360 PAI-45-SS-03 138 143 NA NA
Inorganics (mg/kg)
7429-90-5 Aluminum 8/8 4300 - 9480 0 PAI-45-SS-04 6289 6289 7270 no
7440-38-2 Arsenic 8/8 0.94 - 2.1 0 PAI-45-SS-01 1.45 1.45 1.44 yes
7440-39-3 Barium 8/8 14.2 - 28.6 0 PAI-45-SS-04 20 20 24 no
7440-70-2 Calcium 8/8 724 - 3720 0 PAI-45-SS-03 1612 1612 766 yes
7440-47-3 Chromium 8/8 7 - 9.1 0 PAI-45-SS-03 7.7 7.7 6.23 yes
7440-48-4 Cobalt 5/8 0.57 - 0.8 0.46 - 0.58 PAI-45-SS-08 0.652 0.503 0.363 yes
7440-50-8 Copper 8/8 5 - 48.1 0 PAI-45-SS-01 12 12 1.5 yes
7439-89-6 Iron 8/8 2330 - 3650 0 PAI-45-SS-08 3047 3047 3920 no
7439-92-1 Lead 8/8 6.5 - 50.2 0 PAI-45-SS-05 32 32 13 yes
7439-95-4 Magnesium 8/8 267 - 437 0 PAI-45-SS-04 346 346 515 no
7439-96-5 Manganese 8/8 23.1 - 53.7 0 PAI-45-SS-06 36 36 129 no

7439-97-6 Mercury 8/8 0.03 - 0.06 0 PAI-45-SS-04, PAI-
45-SS-08

0.043 0.043 0.11 no

7440-02-0 Nickel 8/8 2 - 3.2 0 PAI-45-SS-08 2.4 2.4 1.8 yes
7440-09-7 Potassium 8/8 165 - 315 0 PAI-45-SS-04 243 243 313 no
7440-23-5 Sodium 8/8 26 - 75.5 0 PAI-45-SS-04 46 46 241 no
7440-62-2 Vanadium 8/8 5.5 - 8.6 0 PAI-45-SS-04 6.8 6.8 10 no
7440-66-6 Zinc 8/8 21.8 - 338 0 PAI-45-SS-01 90 90 10 yes

See RI/RFI report (TtNUS, 2004a) for additional information about this data. NA = Not applicable.
Sample and duplicate are counted as one sample.
Associated samples:

PAI-45-SS-01-01 PAI-45-SS-05-01
PAI-45-SS-02-01 PAI-45-SS-06-01
PAI-45-SS-03-01 PAI-45-SS-07-01
PAI-45-SS-04-01 PAI-45-SS-08-01
PAI-45-SS-04-01-D PAI-45-SS-08-01-D



TABLE 1-2

SUMMARY STATISTICS - SUBSURFACE SOIL
SITE 45 FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

CAS Parameter
Frequency 

of 
Detection

Range of 
Positive 
Detects

Range of 
Non-

detects

Location of 
Maximum 

Concentration

Average of 
Positive 
Results

Average of 
All Results

Volatile Organics (µg/kg)
71-55-6 1,1,1-Trichloroethane 1/8 210 100 - 240 PAI-45-SB-01-05 210 86
79-00-5 1,1,2-Trichloroethane 1/8 69 100 - 240 PAI-45-SB-07-04 69 69
75-34-3 1,1-Dichloroethane 2/8 28 - 34 100 - 240 PAI-45-SB-05-04 31 60
75-35-4 1,1-Dichloroethene 1/8 43 100 - 240 PAI-45-SB-05-04 43 65
95-50-1 1,2-Dichlorobenzene 1/8 260 100 - 240 PAI-45-SB-03-04 260 93
78-93-3 2-Butanone 1/8 140 100 - 240 PAI-45-SB-03-04 140 78
74-83-9 Bromomethane 2/8 42 - 90 100 - 240 PAI-45-SB-01-05 66 69
108-90-7 Chlorobenzene 3/8 76 - 2000 100 - 240 PAI-45-SB-03-04 718 314
100-41-4 Ethylbenzene 4/8 23 - 1500 100 - 240 PAI-45-SB-03-04 491 282
98-82-8 Isopropylbenzene 4/8 22 - 850 100 - 240 PAI-45-SB-03-04 403 238
127-18-4 Tetrachloroethene 7/8 1900 - 8000000 100 PAI-45-SB-01-05 1150000 1006000
108-88-3 Toluene 1/8 62 100 - 530 PAI-45-SB-05-04 62 113
1330-20-7 Total Xylenes 3/8 100 - 1000 100 - 240 PAI-45-SB-03-04 533 245
156-60-5 trans-1,2-Dichloroethene 6/8 20 - 810 100 - 240 PAI-45-SB-03-04 395 318
79-01-6 Trichloroethene 7/8 65 - 120000 240 PAI-45-SB-05-04 19552 17123
75-01-4 Vinyl Chloride 1/8 30 100 - 240 PAI-45-SB-03-04 30 64
156-59-2 cis-1,2-Dichloroethene 7/8 470 - 40000 240 PAI-45-SB-05-04 14941 13089
Semivolatile Organics (µg/kg)
91-57-6 2-Methylnaphthalene 3/8 94 - 820 400 PAI-45-SB-03-04 345 254
83-32-9 Acenaphthene 1/8 520 400 PAI-45-SB-07-04 360 220
208-96-8 Acenaphthylene 1/8 36 400 PAI-45-SB-07-04 36 180
120-12-7 Anthracene 1/8 2900 400 PAI-45-SB-07-04 1550 369
56-55-3 Benzo(a)anthracene 3/8 17 - 7200 400 PAI-45-SB-07-04 1233 587
50-32-8 Benzo(a)pyrene 2/8 58 - 5800 400 PAI-45-SB-07-04 1529 532
205-99-2 Benzo(b)fluoranthene 3/8 20 - 7100 400 PAI-45-SB-07-04 1254 595
191-24-2 Benzo(g,h,i)perylene 2/8 69 - 3200 400 PAI-45-SB-07-04 885 371
207-08-9 Benzo(k)fluoranthene 2/8 29 - 2200 400 PAI-45-SB-07-04 615 304
117-81-7 bis(2-Ethylhexyl) phthalate 1/8 5500 400 - 760 PAI-45-SB-03-04 5500 874
86-74-8 Carbazole 1/8 360 400 PAI-45-SB-07-04 360 220
218-01-9 Chrysene 2/8 70 - 6200 400 PAI-45-SB-07-04 1635 559
117-84-0 Di-n-octyl phthalate 1/8 290 400 - 760 PAI-45-SB-03-04 290 223
53-70-3 Dibenzo(a,h)anthracene 1/8 780 400 PAI-45-SB-07-04 490 236
132-64-9 Dibenzofuran 1/8 360 400 PAI-45-SB-07-04 280 210
206-44-0 Fluoranthene 3/8 14 - 16000 400 PAI-45-SB-07-04 2708 1140
86-73-7 Fluorene 2/8 16 - 930 400 PAI-45-SB-07-04 291 223
193-39-5 Indeno(1,2,3-cd)pyrene 2/8 75 - 3700 400 PAI-45-SB-07-04 1013 403
91-20-3 Naphthalene 3/8 55 - 4500 400 PAI-45-SB-03-04 1725 772
85-01-8 Phenanthrene 2/8 64 - 9700 400 PAI-45-SB-07-04 2507 777
129-00-0 Pyrene 2/8 120 - 12000 400 PAI-45-SB-07-04 3110 928
Miscellaneous Parameters (mg/kg)
NA Total organic carbon 9/14 3493 - 21700 2500 - 4600 PAI-45-SB-04-04 8890 6322

See RI/RFI report (TtNUS, 2004a) for additional information about this data.
Sample and duplicate are counted as one sample.
NA = Not applicable.
Associated Samples:

PAI-45-SB-01-05 PAI-45-SB-08-04
PAI-45-SB-01-14 PAI-45-SB-08-04-D
PAI-45-SB-02-04 PAI-45-SB-09-14
PAI-45-SB-03-04 PAI-45-SB-10-13
PAI-45-SB-04-04 PAI-45-SB-11-10
PAI-45-SB-05-04 PAI-45-SB-12-10
PAI-45-SB-06-04 PAI-45-SB-13-10
PAI-45-SB-07-04-D



TABLE 1-3

GROUNDWATER SUMMARY STATISTICS
SITE 45 FEASIBILITY STUDY

MCRD PARRIS ISLAND
PARRIS ISLAND, SOUTH CAROLINA

Parameter - 
Region 9 

Tap Water 
Criterion

Federal Maximum 
Contaminant Level 

Average of all 
Positive 

Detections

Average of all 
Values

Frequency 
of Detection

Range of 
Concentrations

Location of the 
Maximum Value

1,1,2-Trichlorotrifluoroethane 59,000 NC 0.75 4.0 2/62 0.5 - 1 PAI-45-GW04-D-02
1,1-Dichloroethane (DCA) 810 NC 19.7 5.2 7/62 0.4 - 97 PAI-45-TW109-SU-08
1,1-Dichloroethene (DCE) 340 7 6.9 5.3 29/62 0.4 - 74 PAI-45-GW24-SU-02
1,2-Dichlorobenzene 370 600 3.7 4.1 2/62 0.4 - 7 PAI-45-TW109-SU-08
1,2-Dichloroethane (DCA) 0.12 5 0.30 4.0 1/62 0.3 PAI-45-GW13-SL-02
1,4-Dichlorobenzene 0.50 75 0.80 4.0 1/62 0.8 PAI-45-TW109-SU-08
2-Butanone 7,000 NC 10.0 5.9 2/32 4 - 16 PAI-45-TW109-SU-08
Acetone 5,500 NC 8.7 8.1 27/30 2 - 65 PAI-45-GW24-SU-02-D
Benzene 0.35 5 2.6 4.0 3/62 0.7 - 5 PAI-45-TW109-SU-08

Carbon Disulfide 1,000 NC 0.93 3.9 7/62 0.4 - 2 PAI-45-GW04-SL-02 and 
PAI-45-GW04-SU-02

Chlorobenzene 110 100 0.97 3.9 6/62 0.4 - 2 PAI-45-GW10-SL-02

Chloroform 0.17 80 1.0 3.8 11/62 0.4 - 2
PAI-45-GW06-D-02; PAI-
45-GW07-D-02; and PAI-

45-GW14-SL-02
Chloromethane 160 NC 0.90 4.0 1/62 0.9 PAI-45-GW06-SU-02
Cis-1,2-Dichloroethene (DCE) 61 70 4,503 3,341 46/62 0.3 - 110,000 PAI-45-TW109-SU-08
Ethylbenzene 1,300 700 10.0 4.2 8/62 0.3 - 54 PAI-45-GW24-SU-02-D
Isopropylbenzene 660 NC 24.5 4.3 3/62 0.9 - 59 PAI-45-GW24-SU-02
M+P-Xylenes NC 10,000 9.4 7.2 9/62 0.5 - 50 PAI-45-TW109-SU-08
Methyl Acetate 6,100 NC 10.0 4.2 1/62 10 PAI-45-GW06-SU-02
Methyl Cyclohexane 5,200 NC 7.3 4.1 1/62 12 PAI-45-TW134-SL-15-D
O-Xylene 210 10,000 7.2 3.8 7/62 0.4 - 38 PAI-45-TW109-SU-08
Tetrachloroethene (PCE) 0.10 5 2,099 1,152 34/62 0.5 - 26,000 PAI-45-GW08-SU-02
Toluene 720 1,000 12.1 7.4 27/62 0.2 - 200 PAI-45-TW109-SU-08
Total 1,2-Dichloroethene (DCE) 61 NC 4,996 3,386 42/62 0.6 - 110,000 PAI-45-TW109-SU-08
Total Xylenes 210 10,000 19.3 11.1 7/62 2 - 88 PAI-45-TW109-SU-08
Trans-1,2-Dichloroethene (DCE) 120 100 188 104 34/62 0.5 - 3,400 PAI-45-TW109-SU-08
Trichloroethene (TCE) 0.03 5 2,786 1,933 43/62 0.3 - 35,000 PAI-45-TW109-SU-08
Vinyl Chloride 0.02 2 311 173 34/62 0.5 - 3,000 PAI-45-TW109-SU-08

NC - No criterion.
See RI/RFI report (TtNUS, 2004a) for additional information about this data.
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Site 32Former Dry-Cleaning Facility (Removed)

192
New Dry-Cleaning Facility
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Museum &

Fitness
Center

293
Legal 

Center

Former 
Temporary

Lodging
(Removed)

PAI-45-MW20-SU

PCE: 2 U

TCE: 11

cDCE: 310

VC: 17

PAI-45-MW04-SU

PCE: 1.3

TCE: 2.4

cDCE: 62

VC: 3.3

PAI-45-MW21-SU

PCE: 53

TCE: 110

cDCE: 1000

VC: 5.5 J

PAI-45-MW06-SU

PCE: 5.4

TCE: 3.9

cDCE: 100

VC: 4.1

PAI-45-MW23-SU

PCE: 5.1 J

TCE: 9.3 J

cDCE: 1600

VC: 160

PAI-45-MW07-SU

PCE: 290

TCE: 1900

cDCE: 5100

VC: 330

PAI-45-MW31-SU

PCE: 3700

TCE: 2800

cDCE: 2100

VC: 320

PAI-45-MW05-SU

PCE: 1 U

TCE: 1 U

cDCE: 14

VC: 1 U

PAI-45-MW19-SU

PCE: 1 U

TCE: 1 U

cDCE: 1.1

VC: 1 U

PAI-45-MW18-SU

PCE: 1 U

TCE: 1 U

cDCE: 0.66 J

VC: 1 U

PAI-45-MW17-SU

PCE: 1 U

TCE: 1 U

cDCE: 4.7

VC: 1 U

PAI-45-MW16-SU

PCE: 1 U

TCE: 1 U

cDCE: 1 U

VC: 1 U

UPPER SURFICIAL

NORTHERN PLUME

UPPER SURFICIAL

SOUTHERN PLUME

ML-2 *

PCE: 500 U

TCE: 230 J

cDCE: 85000

VC: 140000 ³
PGH P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE45_REL_MOLAR_PERCENTAGE_CVOCS_SURFICIAL_UPPER_AQ.MXD 04/23/12  SP

50 500

Feet

DATE

AS NOTED

SCALE

DATECHECKED BY

DRAWN BY

C. TULLEY 03/08/12

M. JAYNES 04/23/12

DATEREVISED BY

S. PAXTON 04/23/12

CONTRACT NUMBER

0

APPROVED BY

REVFIGURE NO.

APPROVED BY

DATE

DATE

___

__ __

CTO NUMBER

____

1 - 25

___ __

CONCENTRATION AND RELATIVE MOLAR PERCENTAGE OF 

VOCs IN GROUNDWATER SURFICIAL UPPER AQUIFER 

JANUARY 2012

SITE 45

MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA

Notes:
- Concentrations are in µg/L.
- Red text in labels indicates 
  exceedance of MCLs.
- J = Estimated Concentration
- U = Not Detected
- Asterisk symbol (*) indicates 
  maximum concentration in
  the multilevel monitoring wells 
  sampled in September 2010.

CHART KEY

VC

PCE

cDCE

TCE

LEGEND

Molar concentration of total PCE + TCE + cDCE + VC

Approximate Extent of Groundwater Contamination
(Includes PCE, TCE, cDCE, and VC)

D Less than 0.5 micromoles per liter

0.5-30 micromoles per liter

Greater than 100 micromoles per liter

31-100 micromoles per liter

Building

Former Building

Road

Sidewalk

Sanitary Sewer

Storm Sewer

Sewer Line 
Below Water Table

Site 32 Boundary



D

D

D

D

D

Site 32Former Dry-Cleaning Facility (Removed)

192
New Dry-Cleaning Facility

111
Museum &

Fitness
Center

293
Legal 

Center

Former 
Temporary

Lodging
(Removed)

PAI-45-MW23-SL

PCE: 15

TCE: 11

cDCE: 39

VC: 4.8

PAI-45-MW19-SL

PCE: 1 U

TCE: 0.71 J

cDCE: 130

VC: 25

PAI-45-MW06-SL

PCE: 5 U

TCE: 2.2 J

cDCE: 790

VC: 4.2 J

PAI-45-MW05-SL

PCE: 1 U

TCE: 1 U

cDCE: 120

VC: 0.49 J

PAI-45-MW04-SL

PCE: 43

TCE: 74

cDCE: 3100

VC: 93

PAI-45-MW20-SL

PCE: 20 U

TCE: 20 U

cDCE: 3400

VC: 57

PAI-45-MW07-SL

PCE: 2300

TCE: 4100

cDCE: 670

VC: 50 U

PAI-45-MW31-SL

PCE: 8000

TCE: 6600

cDCE: 3900

VC: 450

PAI-45-MW25-SL

PCE: 12000

TCE: 4400

cDCE: 850

VC: 150

PAI-45-MW21-SL

PCE: 1.7 

TCE: 4

cDCE: 32

VC: 1 U

PAI-45-MW17-SL

PCE: 0.72 J

TCE: 0.56 J

cDCE: 46

VC: 1 U

PAI-45-MW26-SL

PCE: 1 U

TCE: 1 U

cDCE: 8.2

VC: 0.56 J

PAI-45-MW18-SL

PCE: 1 U

TCE: 1 U

cDCE: 3.2

VC: 1.9

PAI-45-MW16-SL

PCE: 1 U

TCE: 1 U

cDCE: 1.1

VC: 1 U

LOWER SURFICIAL

SOUTHERN PLUME

LOWER SURFICIAL

NORTHERN PLUME

ML-2 * 

PCE: 100000

TCE: 25000

cDCE: 130000

VC: 19000 ³
PGH P:\GIS\PARRISISLAND_MCRD\MAPDOCS\MXD\SITE45_REL_MOLAR_PERCENTAGE_CVOCS_SURFICIAL_LOWER_AQ.MXD 04/23/12  SP
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Feet

DATE

AS NOTED

SCALE

DATECHECKED BY

DRAWN BY

C. TULLEY 03/08/12
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PARRIS ISLAND, SOUTH CAROLINA

Notes:
- Concentrations are in µg/L.
- Red text in labels indicates 
  exceedance of MCLs.
- J = Estimated Concentration
- U = Not Detected
- Asterisk symbol (*) indicates 
  maximum concentration in
  the multilevel monitoring wells 
  sampled in September 2010.
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2.0  REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

This section develops RAOs and presents cleanup goals for contaminated soil and groundwater.  The 

regulatory requirements and guidance (e.g., ARARs) that may potentially govern remedial activities are 

also presented in this section.  In addition, this section presents the COCs identified in Section 1.0 and 

the conceptual pathways through which these chemicals may affect human health and the environment, 

thus defining the environmental media of concern.  The cleanup goals for contaminated media are 

developed in this section, and GRAs that may be suitable to achieve the cleanup goals are presented.  

Finally, this section presents estimates of the volumes of contaminated soil and groundwater. 

 

2.1 MEDIA OF CONCERN 

Based on the discussion in Section 1.0 involving risk assessment for human receptors, the media of 

concern at Site 45 were determined to be surface and subsurface soil and groundwater.  There is also 

potential for exposure to COCs migrating from groundwater to indoor air for a hypothetical residence over 

the plume.  The groundwater contamination has not reached buildings (such as Building 293); however, 

there are areas where the groundwater contamination is within 100 feet of buildings and contamination 

may have reached Building 192 via soil gas and the vapor intrusion (VI) pathway.  Therefore; additional 

soil gas data associated with Building 192 and Building 293 will be provided as part of future remedial 

design phases of the CERCLA process and as called for in the risk management decision pertaining to 

VI. 

 

The groundwater from the surficial aquifer at Site 45 is not suitable for use as drinking water and is not 

currently being used for this purpose.  In the future, it will not be used for any drinking water or irrigation 

purposes. 

 

No ecological receptors of concern for exposure to soil or groundwater were identified. 

 

2.2 CHEMICALS OF CONCERN FOR REMEDIATION 

COCs are based on the risks calculated in the HHRA conducted as part of the RI/RFI (Tetra Tech, 

2004a).  For soil, COCs were selected from the chemicals of potential concern (COPCs) if the ILCRs 

were greater than 1.0 x 10-5 or if the HIs were greater than 1.  For groundwater, COCs were selected from 

COPCs if the ILCRs were greater than 1.0 x 10-5, if concentrations were greater than the MCLs, or if the 

HIs were greater than 1.  
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The nature and extent of soil contamination was summarized in Section 1.0.  Concentrations of 

contaminants detected in surface and subsurface soil exceeded screening levels for direct contact 

exposure and migration to groundwater.  The HHRA estimated that exposure to PCE in soil presents 

potential unacceptable risks to construction workers (based on non-carcinogenic risk and SCDHEC target 

risk level) and that exposure to arsenic and BaPEqs presents potential unacceptable risks to lifelong 

residents (based on the SCDHEC target risk level).  Because of the exceedances of screening levels and 

potential unacceptable human health risks, surface and subsurface soil were retained as media of 

concern.  Soil COCs were identified as PCE, BaPEqs, and arsenic.   

 

The nature and extent of groundwater contamination was summarized in Section 1.0.  Concentrations of 

contaminants detected in groundwater exceeded regulatory screening levels for ingestion, direct contact, 

and inhalation.  The HHRA estimated that exposure to TCE in surficial groundwater presents a potential 

unacceptable risk to construction workers.  For child and adult residents, exposure to PCE, TCE, vinyl 

chloride, 1,1-DCE, and cis-1,2-DCE presents potential unacceptable risks.  For lifelong residents, 

exposure to PCE, TCE, vinyl chloride, and 1,1-DCE presents potential unacceptable risks.  Therefore, 

groundwater was retained as a medium of concern.  In the RI/RFI, groundwater COCs were identified as 

PCE, TCE, 1,1-DCE, cis-1,2-DCE, and vinyl chloride.  Although all concentrations of 1,1-DCE were less 

than its MCL, 1,1-DCE was still retained as a COC for the FS because it is a daughter product of PCE 

and TCE degradation. 

 

For a hypothetical future residence built on a high-concentration area, exposure to PCE, TCE, vinyl 

chloride, and cis-1,2-DCE due to migration from groundwater into indoor air presents potential 

unacceptable risks.  For industrial workers in the new dry cleaning facility, exposure to indoor air 

contaminants attributable to soil gas through vapor intrusion resulted in an ILCR less than EPA’s target 

risk range and an HI less than 1.  However, measured indoor air concentrations resulted in an ILCR to the 

dry cleaning worker approximately equal to 10-6, the lower end of the target risk range, and a HI less than 

1.  PCE was the principal contributor to the ILCR (9 x 10-7).  A risk management decision has been made 

by which soil gas monitoring will be conducted at Building 192 and adjacent to 293 to ensure risks do not 

exceed EPA’s target risk range. 

 

2.3 REMEDIAL ACTION OBJECTIVES 

The purpose of this section is to develop RAOs for Site 45 at MCRD Parris Island.  Development of RAOs 

is an important step in the FS process.  The RAOs are medium-specific goals that define the objectives of 

conducting remedial actions to protect human health and the environment.  The RAOs specify the COCs, 

potential exposure routes and receptors, and acceptable concentrations (i.e., cleanup goals) for the site.  

For the purpose of this document, vapor intrusion into buildings from groundwater or soil contamination 

will be addressed by groundwater and soil remedies.  
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The development of cleanup goals takes into consideration chemical-specific ARARs and TBCs, if any.  

Section 2.3.2 identifies the ARARs and TBCs for Site 45. 

 

2.3.1 Statement of Remedial Action Objectives 

RAOs may be developed to permit consideration of a range of treatment and containment alternatives.  

To protect the public from potential current and future health risks, as well as to protect the environment, 

the following RAOs have been developed: 

 

For soil: 

• Soil RAO No. 1: Prevent unacceptable risks (ILCR greater than 1 x 10-6 and HI greater than 1) 

associated with potential future human exposure (construction worker, industrial worker, and lifelong 

resident) to contaminated soil at Site 45. 

 

• Soil RAO No. 2: Prevent migration of surface and subsurface soil COCs (VOCs, PAHs, and arsenic) 

to groundwater that would result in concentrations greater than acceptable groundwater criteria 

(e.g., MCLs) at Site 45. 
 

For groundwater: 

 

• Groundwater RAO No. 1: Prevent unacceptable risks (ILCR greater than 1 x 10-6 and HI greater 

than 1) associated with potential future human exposure [commercial worker, construction worker and 

resident (child, adult, and lifelong)] to contaminated groundwater at Site 45. 

 

• Groundwater RAO No. 2: Prevent unacceptable risks (ILCR greater than 1 x 10-6 and HI greater 

than 1) associated with potential human exposure [commercial worker and resident (child, adult, and 

lifelong)] to COCs migrating from contaminated groundwater into the indoor air of buildings. 

 

• Groundwater RAO No. 3: Restore groundwater quality at Site 45 to meet SCDHEC Class GB 

groundwater classification.  Class GB includes all groundwaters of the state, unless classified 

otherwise, which meet the SCDHEC definition of underground sources of drinking water (i.e. MCLs or 

other risk based standards must be met).  

 

2.3.2 Applicable or Relevant and Appropriate Requirements and To Be Considered Criteria 

ARARs consist of the following: 
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• Any standard, requirement, criterion, or limitation under federal environmental law. 

• Any promulgated standard, requirement, criterion, or limitation under a state environmental or facility-

siting law that is more stringent than the associated federal standard, requirement, criterion, or 

limitation. 

 

Per 40 Code of Federal Regulations (CFR) 300.400(g)(3), TBCs are nonpromulgated, nonenforceable 

guidelines or criteria that may be useful for developing a remedial action or are necessary for determining 

what is protective to human health and/or the environment.  Examples of TBCs include USEPA Drinking 

Water Health Advisories, Reference Doses (RfDs) and Cancer Slope Factors (CSFs). 

 

According to 40 CFR 300.430(f)(1)(i)(A), overall protection of human health and the environment and 

compliance with ARARs are threshold requirements that each alternative must meet in order to be eligible 

for selection. 

 

2.3.2.1 Definitions 

The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) at 40 CFR 300.5 provides 

the following definitions for ARARs: 

 

• Applicable requirements are those cleanup standards, standards of control, and other substantive 

environmental protection requirements, criteria, or limitations promulgated under federal or state law 

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or 

other circumstance at a CERCLA site. 

 

• Relevant and appropriate requirements are cleanup standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations promulgated under federal 

or state law, while not "applicable" to a hazardous substance, pollutant, contaminant, or remedial 

action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently 

similar to those encountered at the CERCLA site that their use is well suited to the particular site. 

 

Per 40 CFR 300.400(g)(3), other advisories, criteria, or guidance are to be considered for a particular 

release.  The TBC category consists of advisories, criteria, or guidance that were developed by USEPA, 

other federal agencies, or states that may be useful in developing CERCLA remedies. 

 

Under CERCLA Section 121(d)(4), the USEPA may waive compliance with an ARAR if one of the 

following conditions can be demonstrated: 
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• The remedial action selected is only part of a total remedial action that will attain the ARAR level or 

standard of control upon completion. 

 

• Compliance with the requirement will result in greater risk to human health and the environment than 

other alternatives. 

 

• Compliance with the requirement is technically impracticable from an engineering perspective. 

 

• The remedial action selected will attain a standard of performance that is equivalent to that required 

by the ARAR through the use of another method or approach. 

 

• With respect to a state requirement, the state has not consistently applied the ARAR in similar 

circumstances at other remedial actions within the state. 

 

• Compliance with the ARAR will not provide a balance between protecting public health, welfare, and 

the environment at the facility with the availability of Superfund money for response at other facilities 

(fund-balancing).  This condition only applies to Superfund-financed actions. 

 

The USEPA, in various guidance documents, and the NCP, has divided ARARs into three categories to 

facilitate identification.  Chemical-specific and location-specific ARARs are identified early in the process, 

generally during the RI, and action-specific ARARs are normally identified during the FS in the detailed 

analysis of alternatives.  The three types of ARARs are defined as follows: 

 

• Chemical-Specific:  Health- or risk-based numerical values or methodologies that establish 

concentration or discharge limits for particular contaminants.  Examples include MCLs and Clean 

Water Act (CWA) Ambient Water Quality Criteria (AWQCs). 

 

• Location-Specific:  Restrict actions or contaminant concentrations in certain environmentally sensitive 

areas.  Examples of these areas regulated under various federal laws include floodplains, wetlands, 

and locations where endangered species or historically significant cultural resources are present. 

 

• Action-Specific:  Technology- or activity-based requirements, limitations on actions, or conditions 

involving special substances.  Examples of action-specific ARARs are RCRA regulations for 

generation, characterization, and management of hazardous wastes and CWA effluent limitations and 

pre-treatment standards for wastewater discharges. 
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The following section discusses chemical- and location-specific ARARs and TBCs.  Action-specific 

ARARs and TBCs are presented in Section 2.5.2 along with the discussion of GRAs. 

 

2.3.2.2 Chemical-Specific ARARs and TBCs 

Table 2-1 presents federal and State of South Carolina chemical-specific ARARs and TBCs for this FS, 

which provide some medium-specific guidance on “acceptable” or “permissible” concentrations of 

contaminants. 

 

2.3.2.3 Location-Specific ARARs and TBCs 

Table 2-2 presents federal and State of South Carolina location-specific ARARs and TBCs for this FS.  

These ARARs and TBCs place restrictions on concentrations of contaminants or the conduct of activities 

based on the site’s particular characteristics or location. 

 

2.4 CLEANUP GOALS 

A cleanup goal is the target concentration to which a COC must be reduced within a particular medium of 

concern to achieve a particular RAO.  According to the NCP, preliminary remediation goals are developed 

based on readily available information such as chemical-specific ARARs.  The cleanup goals for soil are 

risk-based levels based on the SCDHEC 1.0 x 10-6 target risk level and the USEPA and SCDHEC target 

HI of less than 1.  Soil cleanup goals must also consider the potential for contaminants to leach from the 

soil to the groundwater.  Based on the results of the RI/RFI, several compounds were identified with 

concentrations that were greater than USEPA migration to groundwater soil screening levels (SSLs).  

Site-specific SSLs were calculated for these compounds to be considered as cleanup goals.  Cleanup 

goals for groundwater are MCLs.  If a COC does not have an MCL, a risk-based goal was calculated 

based on SCDHEC’s 1.0 x 10-6 target risk level and HI less than 1.  Cleanup goals for areas affected by 

vapor intrusion are risk-based values generated based on the Johnston-Ettinger model used in the RI 

Addendum.  Table 2-3 lists the soil cleanup goals, and Table 2-4 lists the groundwater cleanup goals for 

both direct exposure and vapor intrusion.  

 

2.5 GENERAL RESPONSE ACTIONS AND ACTION-SPECIFIC APPLICABLE OR RELEVANT 
AND APPROPRIATE REQUIREMENTs 

GRAs are broadly defined remedial approaches that may be used (by themselves or in combination with 

one or more of the others) to attain the RAOs.  Action-specific ARARs and TBCs are those regulations, 

criteria, and guidance that must be complied with or taken into consideration during remedial activities at 

the site. 
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2.5.1 General Response Actions 

GRAs describe categories of actions that could be implemented to satisfy or address a component of the 

RAOs for the site.  Remedial action alternatives are formed using GRAs singly or in combination to meet 

the RAOs.   

 

The following GRAs were considered for soil at Site 45: 

 

• No Action 

• Limited Action (Land Use Controls [LUCs]) 

• Containment 

• Removal 

• In-Situ Treatment 

• Ex-Situ (On-Site) Treatment 

• Disposal 

 

The following GRAs were considered for groundwater at Site 45: 

 

• No Action 

• Limited Action (Natural Attenuation, LUCs, Monitoring) 

• Containment 

• Removal 

• In-Situ Treatment 

• Ex-Situ (On-Site) Treatment 

• Disposal 

 

2.5.2 Action-Specific Applicable or Relevant and Appropriate Requirements 

Action-specific ARARs and TBCs are technology- or activity-based regulatory requirements or guidance 

that would control or restrict remedial action.  Table 2-5 presents the federal and state action-specific 

ARARs and TBCs for this FS. 

 

2.6 ESTIMATED VOLUME OF CONTAMINATED SOIL 

The extent of soil contamination was not delineated during previous investigations.  Eight surface and 

subsurface soil samples were collected during the RI/RFI from within the footprint of the former dry 

cleaning building, and COCs were detected in most of the samples.  However, a boundary of 

uncontaminated and/or low contamination samples was not identified.  For this FS, an area of 
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approximately 7,000 square feet (ft2) was assumed to be contaminated.  This area is based generally on 

the footprint of the former dry cleaning building and groundwater contaminant concentrations.  

Groundwater contaminant concentrations decreased significantly in short distances from the former 

above-ground storage tanks.  If there was extensive soil contamination, a larger area of very high 

groundwater concentrations would likely have been observed.  Figure 2-1 shows the assumed area of 

contaminated soil. 

 

The depth of contaminated soil is assumed to be to the groundwater surface of 4 feet bgs, based on 

water level measurements in 2001 and 2005.  Thus, the total volume of contaminated soil is estimated to 

be 1,040 cubic yards.  Because the PCE contamination is the result of a release of PCE, the 

contaminated soil at the site must be handled as a hazardous waste for PCE. 

 

The mass of COCs in the unsaturated soil was estimated using the existing data (see Appendix B): 

 

Contaminant Mass 
(pounds) 

cis-1,2-DCE 4.5 
PCE 7.9 
trans-1,2-DCE 0.9 
TCE 0.7 
Benzo(a)anthracene 0.7 
Benzo(a)pyrene 0.6 
Arsenic 3.7 

 

2.7 ESTIMATED VOLUME OF CONTAMINATED GROUNDWATER 

2.7.1 Volume of Contaminated Groundwater 

As part of the RI Addendum, a plume with an area of 83,000 ft2 was identified.  The outline of the plumes 

(both northern and southern) is shown on Figures 1-10 through 1-19 and Figures 1-25 and 1-26.  This 

plume is defined by MCLs, 5 µg/L for PCE, 5 µg/L for TCE, and 2 µg/L for vinyl chloride.  The USGS 

investigation of the groundwater indicated an additional area of 7,500 ft2 of contaminated groundwater in 

the vicinity of the new dry cleaning building for a total of 90,500 ft2.  This additional groundwater 

contamination is shown in Appendix A.  The thickness of the plume is approximately 18 feet from the 

water table to the top of the peat layer.  Based on a porosity of 0.3, the estimated volume of contaminated 

groundwater is 2,800,000 gallons.  
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2.7.2 Mass of Contaminants - Dissolved and Sorbed Phases 

The mass of contaminants in groundwater and saturated soil was estimated using the RI/RFI and RI 

Addendum data.  Partition coefficients were obtained from literature, and a default value for organic 

carbon in the soil was used because no site-specific soil fraction organic carbon or TOC data were 

collected.  The masses of COCs are summarized on Table 2-6, and associated calculations are included 

in Appendix B.      

 

2.7.3  Mass of Contaminant – Dense Non-Aqueous Phase Liquid 

The mass of DNAPL is difficult to estimate.  Sufficient data are typically not available, and the quantity is 

estimated empirically.  Specifically, a method by Cohen and Mercer (1993) is used as follows: 

 

Vn = sr*n*Vm 

Where; 

Vn is the volume of DNAPL retained in a volume of medium 

sr is the residual saturation 

n is porosity 

Vm is the volume of the medium 

 

Values of sr vary with the type of DNAPL and medium.  For PCE in saturated sand, a typical range is 0.2 

to 0.3.  For Site 45, the porosity is assumed to be 0.3.   

 

There are two uncertainties in using this approach.  First, the volume of medium contaminated with 

DNAPL must be assumed.  For Site 45, there are relatively few sampling points and they are widely 

scattered.  The only data available that suggest the presence of DNAPL rely on the rule of thumb that if a 

DNAPL-type compound is measured in groundwater at a concentration greater than 1 percent of its 

solubility, DNAPL is likely to be present.  The solubility of PCE is 150 milligrams per liter (mg/L) and 

1 percent of that is 1.5 mg/L or 1,500 µg/L.  In the tank source area, there are only two monitoring well 

pair locations and one temporary well, at which the PCE concentration was greater than or equal to 

1,500 µg/L (MW08SSU/SL, MW24SU, and TW109SL).  These wells are in a line and span a distance of 

50 feet.  Any estimate of the horizontal or vertical extent of DNAPL based on these data would be very 

uncertain.   

 

The situation is similar at the sanitary sewer source area near the new dry cleaning building, where PCE 

concentrations are also greater than 1,500 µg/L.  Although there are a greater number of temporary and 

permanent wells, they are all at a single depth.     
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The second uncertainty is the assumption that the DNAPL concentration (Sr) applies to the entire volume 

of contaminated medium.  In fact, dispersion of the DNAPL through the saturated zone is expected to be 

affected by heterogeneity of the soil, groundwater flow, and the configuration of the original spill.   

 

Taken together, these factors may lead to a significant overestimation of the mass of DNAPL.  An initial 

estimate was made of the DNAPL, as follows.  For the tank source area, it was assumed that there were 

two DNAPL areas, one centered on MW08 and the other centered on TW109.  The area of DNAPL 

around each well was assumed to have a radius of 5 feet.  Using the results of analyses from both the 

upper and lower portions of the surficial aquifer, the thickness of the DNAPL area was assumed to be 

14 feet at MW08 and 5 feet at TW109.  Using these dimensions and an Sr value of 0.2, the overall 

estimated mass of PCE DNAPL in the tank source area is approximately 670 gallons, or 9,000 pounds.  

Based on the history of the site and the size of the spill, this quantity appears too large.  

 

As part of the EZVI pilot study, a significant number of soil samples were collected from the saturated 

zone from several depth intervals and were analyzed for VOCs.  Using these analyses and comparing 

them to the maximum dissolved and sorbed capacity of PCE in groundwater and soil, an estimate based 

on site data rather than empirical data was made and an estimated DNAPL concentration of 0.032 pound 

of PCE per cubic foot of saturated soil was derived.  Using the assumed volume of DNAPL-contaminated 

saturated soil, the estimated mass of PCE DNAPL in the tank source area was approximately 48 pounds, 

or 3.53 gallons. 

 

The quantity of DNAPL associated with the sanitary sewer source is more difficult to evaluate.  A common 

waste from dry cleaning operations known as separator water was saturated with PCE.  The common 

practice was to pour this waste down the drain.  Other wastewaters from dry cleaning operations have 

lower concentrations of PCE.  The disposition of PCE spills (if any), such as during transfer, handling, and 

equipment leaks, is unknown.  If floor drains were present, they would likely have been flushed with water 

that discharged to the sanitary sewer.  Spills cleaned with a mop would also likely have been flushed to 

the sewer as well.   

 

The former dry cleaning operation ceased many years ago, and the current high concentrations of PCE in 

the groundwater near the sewer suggest a continuing source, such as DNAPL.  Thus, as a conservative 

assumption, DNAPL will be assumed to be present at this source area, using the same PCE mass per 

saturated soil volume ratio measured in the tank area.  However, in recognition of the smaller potential 

release area (a crack or leaking joint in a 6-inch diameter pipe) with a relatively continuous water flow 

from the same point, the small diameter area of 10 feet was also assumed.  Over the full thickness of 

14 feet, the estimated mass of PCE in DNAPL-contaminated saturated soil in the sanitary sewer area is 

35 pounds. 
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As noted above, dry cleaning operations often generate wastewater streams with high PCE 

concentrations rather than waste streams of pure solvent.  Thus, the high PCE concentrations (greater 

than 1,500 µg/L) that have been measured in downgradient wells TW138SU, TW138SL, MW20SL, and 

MW04SL are probably attributable to the high-PCE concentration wastewater streams rather than the 

DNAPL flowing to the vicinity of these downgradient wells.  The absence of high concentrations in wells 

between these downgradient wells and the sanitary sewer also supports the presence of a dissolved 

phase only.  Thus, no DNAPL is assumed to be in this downgradient area. 

 

TCE is also present at concentrations greater than 1 percent of its solubility (solubility of 1,000 mg/L) in 

two wells (MW24SU at 20,500 µg/L and TW109SU at 110,000 µg/L).  Typically, these concentrations 

would suggest the presence of TCE as free product.  However, based on site history, only the presence 

of PCE DNAPL was assumed.  The presence of TCE can be attributed to biological and/or abiotic 

degradation of PCE.  The degradation reactions take place in the dissolved phase; therefore, TCE is 

assumed to be in the dissolved phase. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
MCLs were considered in development of 
PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  PRGs would be met 
through a combination of treatment and 
natural attenuation.  Note than none of the 
groundwater COCs have non-zero MCLGs.    

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through a 
combination of removal, treatment, natural 
attenuation, and/or land use controls (LUCs). 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through a combination of removal, 
treatment, natural attenuation, and/or LUCs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through a combination of removal, treatment, 
natural attenuation, and/or LUCs. 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through a combination of removal, 
treatment, natural attenuation, and/or LUCs. 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater. 

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics); 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  
State MCLs were considered in development 
of PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation. 

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish discharge criteria and 
PRGs at storm water outfall. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 
Floodplain 
Management  

Executive Order 
(EO)11988 Section 
2(a)(2) (Floodplain 
Management) 

To Be 
Considered 

Remedial alternatives that may cause 
alteration within a 100-year floodplain 
will be implemented according to 
Executive Order 11988 (Floodplain 
Management).  Requires soliciting 
public comment on any disturbance of 
floodplains.   

Remedial actions will take place in a 
floodplain, so alternatives would be 
considered that avoid, to the extent possible 
adverse effects and incompatible 
development in the floodplain.   
 

Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.11 

Applicable Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.  Federal 
agency shall, in consultation with and 
with the assistance of the Secretary, 
insure that any action authorized, 
funded, or carried out by such agency 
is not likely to jeopardize the 
continued existence of any 
endangered species or threatened 
species or result in the destruction or 
adverse modification of habitat of 
such species which is determined by 
the Secretary of Interior, after 
consultation as appropriate with 
affected States, to be critical, unless 
such agency has been granted an 
exemption for such action by the 
Committee pursuant to subsection (h) 
of this section.    

Appropriate federal agencies will be 
consulted to ensure that remedial activities 
will not impact endangered species or their 
habitat in the vicinity of the outfall.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there.  
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.21(c), 17.31(a), 
and 17,42(a)(2) 

Applicable Makes it unlawful to take threatened 
or endangered wildlife in the United 
States. 

Remedial activities in the vicinity of the outfall 
will be conducted to prevent taking of 
threatened or endangered wildlife.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there. 

State     
 

There are no state location-specific ARARs. 
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SITE 45 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

 

 

Contaminant 

Residential Cleanup Goal1 Industrial Cleanup Goal1 Leachability to 
Groundwater 

Cleanup Goal2 
10-6  
Risk 
Level 

10-5  
Risk 
Level 

10-4  
Risk 
Level 

HQ =1 
10-6  
Risk 
Level 

10-5  
Risk 
Level 

10-4  
Risk Level

HQ =1 

COCs          
PCE 22,000 220,000 2,200,000 86,000 110,000 1,100,000 11,000,000 410,000 48 
Benzo(a)pyrene 
Equivalents 15 150 1,500 NA 210 2,100 21,000 NA 9,800 

Arsenic (mg/kg) 0.39 3.9 39 22 1.6 16 160 260 2.3 
Other Compounds3          
Trichloroethene NA NA NA NA NA NA NA NA 49 
Benzo(a)anthracene NA NA NA NA NA NA NA NA 3,800 
Benzo(a)pyrene NA NA NA NA NA NA NA NA 9,800 
Benzo(b)fluoranthene NA NA NA NA NA NA NA NA 12,000 
Benzo(k)fluoranthene NA NA NA NA NA NA NA NA 12,000 
Dibenzo(ah)anthracene NA NA NA NA NA NA NA NA 36,000 
Indeno(123-cd)pyrene NA NA NA NA NA NA NA NA 33,000 
Carbazole NA NA NA NA NA NA NA NA 700 
cis-1,2-Dichloroethene NA NA NA NA NA NA NA NA 240 
trans-1,2-Dichloroethene NA NA NA NA NA NA NA NA 440 
 
1 – Based on USEPA Regional Screening Levels. 
2 – Based on Dilution Attenuation Factor = 8 and fraction organic carbon = 0.006 (calculations provided in Appendix B) 
3 – The RI/RFI determined that these compounds did not present an unacceptable risk, but are evaluated in the FS because of leachability to 
groundwater. 
COC – Chemical of concern. 
NA – Not applicable, RI determined that there was no risk. 
PCE – Tetrachloroethene. 
All units are µg/kg except where noted. 
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Contaminant Cleanup Goal, µg/L Basis 

Plume except Vapor Intrusion-Affected Areas 
PCE 5 USEPA MCL 
TCE 5 USEPA MCL 

cis-1,2-DCE 70 USEPA MCL 
trans-1,2-DCE 100 USEPA MCL 

1,1-DCE 7 USEPA MCL 
Vinyl chloride 2 USEPA MCL 

Vapor Intrusion-Affected Areas 
PCE 135 1 x 10-6 Target Cancer Risk 
TCE 10 1 x 10-6 Target Cancer Risk 

cis-1,2-DCE NA No Toxicity Criteria Available 
trans-1,2-DCE 708 Target HI = 1 

1,1-DCE 720 Target HI = 1 
Vinyl chloride 1.1 1 x 10-6 Target Cancer Risk 

 
COC – Chemical of concern. 
DCE – Dichloroethene. 
HI – Hazard index. 
MCL – Maximum Contaminant Level. 
PCE – Tetrachlorothene. 
TCE – Trichloroethene. 
USEPA – United States Environmental Protection Agency. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 

 
There are no federal action-specific ARARs. 

 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as excavated soil and drill cuttings) is 
hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as contaminated soil and 
side streams (such as spent GAC from in-
situ ERH treatment). 

Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Remedial actions that involve off-site 
disposal of hazardous waste, such as 
excavated soil or spent GAC, would 
comply with LDRs.  
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Temporary storage 
of solid waste 

SCCR R.61-
107.5(C)(1) 

Relevant and 
Appropriate 

Generation of solid waste for 
temporary storage prior disposal must 
be stored in a manner that prevents 
blowing of particulates, prevents 
erosion and water pollution, and 
prevents accumulation in an unsafe 
manner. 

Soil that is not hazardous will be stockpiled 
according to these regulations prior to 
disposal.  

Injection Control 
Regulations 

SCCR R.61-
87.11 
(Classification 
and 
Regulation); 
.14 (Criteria 
and 
Standards); 
.15 (Plugging 
and 
Abandonment) 

Applicable Establishes a State Underground 
Injection Control Program consistent 
with federal requirements and 
appropriate to the hydrogeology of 
South Carolina.  South Carolina is 
authorized to implement their UIC 
Program. 

These regulations apply to remedial 
actions that involve underground injection, 
such as bioremediation and in-situ 
chemical oxidation. 

Air Pollution Control 
Standards – Toxic 
Air Pollutants 

SCCR R61-
62.5 Standard 
No. 8 

Applicable Establishes requirement to control 
emissions of air toxics from all 
sources. 

Emissions of VOCs associated with a 
thermal alternative would be minimized by 
off-gas treatment. 

Air Pollution Control 
Standards – Control 
of Fugitive 
Particulate Matter - 
Statewide 

SCCR R.61-
62.6 III(d) 

Applicable Establishes requirement to control 
fugitive emissions in a manner that 
does not create an undesirable level 
of air pollution. 

Remedial actions with excavation would be 
required to use dust control. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Well Standards - 
Installation 

SCCR R.61-71 
Section H 1(b), 
2(a), 2(b), 2(d) 

Applicable All monitoring wells shall be drilled, 
constructed, maintained, and/or 
operated to ensure that underground 
sources of drinking water are not 
contaminated.  Describes grouting, 
construction, materials, and 
development of wells. 

Monitoring wells will be installed according 
to these regulations. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Remedial activities that require 
abandonment of monitoring wells will be 
conducted according to these regulations. 

Standards for Storm 
Water Management 
and Sediment 
Reduction 

SCCR R.72-
307H (2) and 
(5)(d) 
(Requirements 
for Land 
Disturbing 
Activities of 2 
Acres or Less) 

Applicable Identifies storm water management 
and sediment control requirements for 
land disturbing activities of 2 acres or 
less.  Plan would require a narrative 
and description of temporary and 
permanent vegetative and structural 
storm water management and 
sediment control measures. 

Soil excavation and backfill activities would 
meet these regulations. 
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COC 
Dissolved 

Phase 
(pounds) 

Sorbed 
Phase 

(pounds) 

DNAPL 
(pounds) 

Total 
(pounds) 

PCE 11.7 82.2 83 167.5 
TCE 10.6 74.6 0 76.8 
DCE (total) 6.3 44.3 0 50.6 
VC 1.1 7.5 0 8.6 
Total 29.7 208.5 83 321.1 

 
COC – Chemical of concern 
DCE – Dichloroethene 
DNAPL – Dense non-aqueous phase liquid 
PCE – Tetrachloroethene 
TCE – Trichloroethene 
VC – Vinyl chloride 
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3.0  SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies, screens, and evaluates the technologies and process options that potentially may 

be applicable to the remedial alternatives for Site 45.  The primary objective of this phase of the FS is to 

develop an appropriate range of remedial technologies and process options that will be used for 

developing the remedial alternatives. 

 

The basis for technology identification and screening began in Section 2.0 with a series of discussions 

that included the following:  

 

• Identification of ARARs 

• Development of RAOs and cleanup goals  

• Identification of GRAs 

• Development of estimated areas and volumes of contaminated soil and groundwater 

 

Technology screening evaluation in this section included the following analytical steps: 

 

• Identification and screening of remedial technologies and process options 

• Evaluation and selection of representative process options 

 

A variety of technologies and process options were identified under each GRA (identified in Section 2.5.1) 

and screened based on the Guidance for Conducting Remedial Investigations/Feasibility Studies under 

CERCLA (USEPA, 1988).  The screening was first conducted at a preliminary level to focus on relevant 

technologies and process options, then the screening was conducted at a more detailed level based on 

certain evaluation criteria.  Finally, process options were selected to represent the technologies that 

passed the detailed evaluation and screening.  

 

The evaluation criteria for detailed screening of technologies and process options retained after the 

preliminary screening were effectiveness, implementability, and cost.  The following are descriptions of 

these evaluation criteria: 

 

• Effectiveness 

- Protection of human health and the environment; reduction in toxicity, mobility, or volume; and 

permanence of the solution. 

- Ability of the technology to address the estimated areas or volumes of the contaminated media. 
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- Ability of the technology to attain the cleanup goals required to meet the RAOs. 

- Technical reliability (innovative versus well-proven) with respect to contaminants and site 

conditions. 

 

• Implementability 

- Overall technical feasibility at the site. 

- Availability of vendors, mobile units, storage and disposal services, etc. 

- Administrative feasibility. 

- Special long-term maintenance and operation requirements. 

 

• Cost (Qualitative) 

- Capital cost. 

- Operation and maintenance (O&M) costs. 

 

Technologies and process options will be identified in the following sections. 

 

3.1 PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies and screens technologies and process options for soil at a preliminary stage based 

on implementation with respect to site conditions and COCs.  Table 3-1 summarizes the preliminary 

screening of technologies and process options applicable to soil.  It presents the GRAs, identifies the 

technologies and process options, and provides a brief description of each process option followed by the 

screening comments.   

 

The following are the soil technology and process options retained after the detailed screening. 

 

General Response 
Action 

Technology Process Options 

No Action None Not applicable 
Limited Action LUCs Site use restrictions 

Monitoring Sampling and analysis 
Removal Excavation Mechanical 
In-Situ Treatment Thermal Electrical resistance heating (ERH) (only as part of 

groundwater treatment) 
Ex-Situ Treatment Solids Processing Size reduction 

Screening 
Thermal Off-site incineration 

Off-site low temperature thermal desorption (LTTD)  
Disposal Off-Site Disposal Hazardous waste landfill 
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3.2 DETAILED SCREENING OF SOIL TREATMENT TECHNOLOGIES AND PROCESS 
OPTIONS 

This section identifies and develops the representative process options, through a detailed screening 

procedure, that will be used in the formulation of remedial alternatives to accomplish the RAOs and meet 

the cleanup goals identified in Section 2. 

 

3.2.1 No Action 

No Action consists of maintaining the status quo at the site.  As required under CERCLA regulations, the 

No Action alternative is carried through the FS to provide a baseline for comparison to other alternatives 

and their effectiveness in mitigating risks posed by site contaminants.   

 

Effectiveness 

No Action would not be effective in meeting the soil RAOs and would not be protective of human health.  

No Action would not actively reduce the toxicity, mobility, or volume of contaminants in soil.  There would 

be no reduction in risk through exposure control or treatment.  Arsenic contamination would remain and, 

although the chlorinated compounds and PAHs may degrade through natural processes over time, this 

would not be verified.   

 

Implementability 

There would be no implementability concerns because no action would be implemented. 

 

Cost 

There would be no costs associated with the No Action alternative. 

 

Conclusion 

No Action is retained because of NCP requirements, although it would not be effective. 

 

3.2.2 Limited Action 

The technologies considered under this GRA were LUCs and monitoring. 
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3.2.2.1 LUCs 

LUCs would be developed to prevent the site from being used in the future for any purpose other than 

commercial or industrial uses.  Because the site would continue to be used for industrial and commercial 

uses, physical restrictions such as signage, fencing, physical barriers, and site security would not 

generally be applicable. 

 

LUC performance objectives and restrictions for Site 45 soil would include the following: 

  

• Prohibit residential, agricultural (specifically growing crops for human consumption), and recreational 

reuse of the site unless prior written approval is obtained from the Navy, USEPA, and SCDHEC.  

Prohibited residential uses shall include, but are not limited to, any form of housing, child-care 

facilities, pre-schools, elementary schools, secondary schools, playgrounds, and convalescent or 

nursing care facilities.  Prohibited recreational activities include, but are not limited to, playgrounds, 

athletic fields, picnic grounds, etc.   

 

• Prohibit the excavation of soil from the site unless prior written approval is obtained from the Navy, 

USEPA, and SCDHEC. 

 

• Maintain the integrity of any existing or future monitoring or remediation system(s) unless prior written 

approval is obtained from the Navy, USEPA, and SCDHEC. 

 

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to USEPA and SCDHEC.  Prior to any 

property conveyance, USEPA and SCDHEC would be notified.        

    

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be developed and 

implemented through a LUC Remedial Design (RD) that would be prepared as a component of the overall 

RD.  LUCs would be implemented by updating existing base documentation, including the Base Master 

Plan (BMP), Base Geographic Information System (GIS), and Base Environmental Management System 

(EMS).  

 

Effectiveness 

LUCs would be protective of human health by preventing exposure to COCs.  LUCs would not reduce the 

toxicity, mobility, or volume of COCs in soil.  Contamination would remain, although VOCs and PAHs may 

degrade through natural processes over time.  Prohibiting future residential development of the site would 
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effectively prevent the occurrence of unacceptable risks to human receptors from direct exposure to 

contaminated soil.   

 

Implementability 

LUCs would be readily implementable and have been implemented at other sites at the MCRD.  The 

implementability of these controls would be more of a concern if the site is transferred to private owners.  

In this case, provisions would be incorporated in property transfer documents to ensure the continued 

implementation of institutional controls.  Resources are readily available for the preparation of a LUC RD. 

 

Cost 

Capital and O&M costs of LUCs would be low. 

 

Conclusion 

LUCs are retained in combination with other process options for the development of soil remedial 

alternatives.  Because several contaminants are present in soil at concentrations that could adversely 

impact groundwater quality through leaching, a LUCs-only alternative for soil will not be evaluated.  

 

3.2.2.2 Monitoring 

Sampling and analysis of soil throughout the area of potential contamination would be used to evaluate 

the potential for contaminant migration to groundwater.  Sampling and analysis would also be performed 

to monitor the progress of active treatment, if any.  Groundwater sampling and analysis would also be 

conducted to determine if contaminant migration from soil to groundwater is occurring. 

 

Effectiveness 

Monitoring alone would not reduce the toxicity, mobility, or volume of contaminants in soil.  However, 

monitoring would allow determination of the potential migration of contaminants and the potential 

reduction in contaminant concentrations through natural attenuation. 

 

Implementability 

A sampling and analysis program could be readily implemented. 

 

Cost 

Capital and O&M costs of monitoring would be low. 
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Conclusion 

Monitoring is retained in combination with other process options for the development of soil remedial 

alternatives. 

 

3.2.3 Removal 

The technology considered under this GRA was excavation. 

 

A variety of equipment such as front-end loaders, backhoes, and grade-alls could be used to perform 

excavation at the site.  The type of equipment selected must take into consideration several factors such 

as the type of material to be removed, the load-bearing capacity of the ground surrounding the removal 

area, the depth and areal extent of removal, the required rate of removal, and the elevation of the 

groundwater table.  Excavation is the technology of choice for removal of well-consolidated material such 

as soil from well-defined areas of ground with significant load-bearing capacity (i.e., greater than 

1,500 pounds per ft2). 

 

The logistics of excavation must take into account the available space for operating the equipment, 

loading and unloading of the excavated material, location of the site, etc.  After excavation is completed, 

the location would be filled and graded with clean fill material or treated soil.   

 

Effectiveness 

Excavation is a well-proven and effective method of removing contaminated material from a site.  Properly 

designed and implemented excavation would remove soil with elevated concentrations of COCs, and the 

remaining soil would not pose an unacceptable risk to human health or the environment. 

 

Implementability 

Excavation of contaminated soil at Site 45 would be implementable.  Excavation equipment is readily 

available from multiple vendors.  This technology is well proven and established in the 

construction/remediation industry.  During excavation, site-specific health and safety procedures and 

Occupational Safety and Health Act (OSHA) regulations would have to be complied with to ensure that 

exposure of workers to COCs is minimized.  The soil is contaminated with a listed hazardous waste 

(PCE), so excavation, stockpiling, and transportation operations must conform to RCRA regulations.  

 

Because the excavation depth at this site would be limited to approximately 4 feet bgs, sloping of the 

sidewalls of the excavation would not excessively increase the footprint of the excavation.  Shoring, if 
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needed, would be limited.  Existing underground concrete structures located at the site would have to be 

removed prior to excavation.  Existing utility lines may need to be supported or rerouted.   

 

Cost 

Costs for excavation would be relatively low.  

 

Conclusion  

Excavation is retained in combination with other process options for the development of soil remedial 

alternatives.  

 

3.2.4 In-Situ Treatment 

The technology considered under this GRA was ERH. 

 

In-situ ERH uses electricity for the resistive heating of soil and groundwater.  This technology would be 

used to treat soil in conjunction with groundwater treatment.  Electricity is transmitted to the ground and 

groundwater using electrodes.  The voltage gradient causes an electrical current to flow through the soil 

and groundwater causing the temperature to rise.  Thermal resistance heats the groundwater to boiling, 

stripping the chlorinated VOCs from the pore spaces.  The volatilized VOCs then permeate up through 

the saturated zone and are collected by an extraction system in the vadose zone.  Based on the thin 

vadose zone at Site 45, a horizontal extraction system with an impermeable cover on the surface would 

most likely be used to capture vapors.  Vapors collected in the extraction system would need to be 

treated with secondary technologies such as vapor-phase granular activated carbon (GAC) adsorption, 

which is discussed in the screening of groundwater remedial technologies. 

 

Effectiveness 

By removing contaminants from the soil, in-situ ERH would be protective of human health and the 

environment.  The use of in-situ ERH to volatilize chlorinated VOCs in soil would reduce the toxicity, 

mobility, and volume of these COCs.  This technology has been demonstrated to be effective for the 

removal of VOCs.  Some PAHs would be removed as well, but arsenic would be unaffected.   

 

At Site 45, the unsaturated zone is relatively thin (4 feet), and ERH cannot be applied economically to a 

layer this thin.  However, if the groundwater is being treated with ERH, treatment of the overlying soil can 

be readily incorporated into the design.       
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Implementability 

Certain implementability concerns are associated with in-situ ERH, although resources and materials are 

available.  Implementability concerns include the availability of equipment and disposal of waste streams 

such as off-gas emissions and condensate.   

 

Equipment needed to implement in-situ ERH may be limited because there are only a few qualified 

contractors offering this technology, and this may impede remedial activities.  The ERH system uses 

relatively high voltage, and it is assumed that power could be obtained from the existing power lines in the 

vicinity on the site.   

 

This technology would be used in conjunction with groundwater treatment.  Large amounts of condensate 

and vapors would be produced during the implementation of in-situ ERH.  This condensate would need to 

be disposed as a hazardous waste at an off-site treatment facility, and the vapors would need to be 

treated by an above-ground treatment system using a secondary technology, such as GAC adsorption.  

 

Cost 

Costs of in-situ ERH would be high.   

 

Conclusion 

Thermal resistance heating is retained primarily because of its effectiveness in treating groundwater 

(discussed in Section 3.5.3.4) in combination with other process options for the development of remedial 

alternatives.  At this site, in-situ ERH of unsaturated soil can only be applied if groundwater is also being 

treated. 

 

3.2.5 Ex-Situ Treatment 

The technologies considered under this GRA were size reduction, screening, off-site incineration, and off-

site low temperature thermal desorption (LTTD).  Incineration and LTTD would only be used if needed to 

meet Land Disposal Restrictions (LDRs) prior to disposal. 

 

3.2.5.1 Size Reduction 

Size reduction would consist of grinding or shredding oversized contaminated debris such as concrete 

fragments or tree stumps so that they would meet the particle size requirements for disposal or 

subsequent treatment processes.  The former dry cleaning building foundation was removed, but some 

concrete may remain, such as the pads of abandoned monitoring wells.  This size reduction would be 
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accomplished by processing the oversized contaminated debris in specialized mechanical equipment 

such as grinders and shredders. 

 

Effectiveness 

Size reduction would not by itself be effective for contaminant removal.  However, it would be effective for 

reducing particle size, which is often required as a pretreatment method to optimize the effectiveness of 

other treatment processes such as LTTD, chemical fixation/stabilization, or soil washing.  Size reduction 

could be performed on site following excavation or at an off-site facility. 

 

During operation, risk to site workers operating the size-reduction equipment could be adequately 

minimized through the use of dust suppression controls, wearing of appropriate personal protective 

equipment (PPE), and compliance with OSHA regulations and site-specific health and safety procedures. 

 

Implementability 

Size reduction would be readily implementable as a pretreatment step.  The equipment and labor to 

operate the associated equipment would be readily available.  Because soil at the site is contaminated 

with a listed hazardous waste, this step would need to be permitted under RCRA.  

 

Cost 

Capital and O&M costs for size reduction would be low.  

 

Conclusion 

Size reduction is retained in combination with other process options for the development of soil remedial 

alternatives. 

 

3.2.5.2 Screening 

Screening would consist of separating excavated material based on particle size.  This technology is 

typically used as a pre-treatment step.  Rotary screens (trammels), tumbler screens, vibrating bar screens 

(grizzlies), etc. are some of the types of mechanical devices available for dry screening applications.  As 

noted above, the foundation of the former dry cleaning building was removed, but some concrete may 

remain. 
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Effectiveness 

Screening would be effective for the separation of oversized material that is typically either much less 

contaminated or non-contaminated.  Screening would also be effective, and is often required, as a pre-

treatment to optimize the effectiveness of other treatment processes such as thermal desorption or soil 

washing.  This would reduce the volume of material to be processed through the downstream treatment 

technology.  Screening would best be performed on site, immediately following excavation. 

 

During operation, risk to site workers operating the screening equipment could be adequately minimized 

through the use of dust suppression controls, wearing of appropriate PPE, air monitoring for VOCs, and 

compliance with OSHA regulations and site-specific health and safety procedures. 

 

Implementability 

On-site screening would be readily implementable.  The equipment and labor to operate the associated 

equipment would be readily available.  Because soil at the site is contaminated with a listed hazardous 

waste, this step would need to be permitted under RCRA. 

 

Cost 

Capital and O&M costs for screening would be low.  

 

Conclusion 

On-site screening is retained in combination with other process options for the development of soil 

remedial alternatives. 

 

3.2.5.3 Off-Site Incineration 

Incineration is a thermal oxidation process that converts organic solids, liquids, and gases to inorganic 

substances at high temperatures in the presence of oxygen.  The technology uses controlled flame 

combustion in an enclosed reactor to decompose organics.  Carbon and hydrogen waste components are 

converted to carbon dioxide and water, respectively.  Other combustion products present in smaller 

quantities may include carbon monoxide, nitrogen oxides, chlorine, fluorine, and trace metals.  If a wet 

scrubber air pollution control system is used, a liquid waste stream could also be generated.  Screening 

of the contaminated material would be required to remove non-combustible waste/debris, which would be 

treated or disposed of by other means, depending on the level of associated contamination.   

 



REVISION 1 
APRIL 2012 

 

081015/P 3-11 CTO 0335  

Rotary kilns are one of the most widely used incinerators for wastes in the form of solids, sludges, liquids, 

and gases.  An integrated system for incineration by rotary kiln includes a solid feed system, a rotary kiln 

and secondary combustion chamber, air pollution control units for particulate and acid gas removal, and 

an exhaust stack.  Such a system employs a refractory-lined rotary kiln operating at high temperatures 

(1,470 to 2,910 degrees Fahrenheit [°F] or 800 to 1,600 degrees Celsius [°C]) to combust wastes in the 

presence of oxygen.  A typical throughput for a transportable rotary kiln is 75 to 200 tons per day.  For 

wastes that have a high heat content, the throughput may be limited by the capacity of the unit to control 

the heat generation rate.  Fixed-based units, such as cement kilns that may be permitted to accept 

contaminated soil, are also available. 

 

Effectiveness 

Incineration would be very effective for destroying the organic COCs in Site 45 soil.  Incineration would 

typically achieve in excess of 99.99 percent destruction of organic contaminants, with the resulting 

formation of inert carbon dioxide and water.  However, incineration would not be effective in the treatment 

of arsenic.   

 

Implementability 

Off-site incineration would be difficult to implement and would require pre-approval of the waste.  

Qualified contractors would be readily available to provide the required services. 

 

Cost 

Costs of off-site incineration would be high to very high. 

 

Conclusion 

Off-site incineration is retained for further consideration but only if required to meet LDRs.   

 

3.2.5.4 Off-Site LTTD 

LTTD uses direct or indirect heating to thermally desorb or volatilize organic contaminants.  The 

temperatures used are contaminant and matrix specific, with a range of approximately 200 to 1,200°F 

(95 to 650°C).  Typically, wastes are processed through an externally fired pug mill or rotary drum system 

equipped with heat-transfer surfaces that are heated by circulating hot oil.  An induced airflow conveys 

the desorbed organic chemicals through a secondary treatment system such as a baghouse/scrubber for 

particulate removal and a vapor-phase GAC adsorption unit, catalytic oxidation unit, or afterburner for 

VOC removal.  However, use of an afterburner for secondary treatment has typically resulted in the 
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thermal desorption unit being considered an incinerator by regulatory agencies.  The off-gas is then 

discharged through a stack.   

 

Effectiveness 

The effectiveness of LTTD is highly contaminant and matrix specific; therefore, a full characterization of 

the waste to be treated would be required, and treatability testing would have to be performed to verify 

the level of effectiveness and to determine the optimum operating temperature and detention time.  

Thermal desorption effectiveness is very sensitive to particle size; therefore, pre-treatment with size 

separation and crushing/grinding/shredding would likely be required. 

 

LTTD would likely be very effective for the removal of VOCs and PAHs from contaminated soil at Site 45, 

although operating temperatures may be close to the high end of the typical range.  Thermal desorption 

would require additional treatment of the volatilized contaminants that would be accomplished through 

treatment of off-gases by such processes as condensation, vapor-phase GAC adsorption, or catalytic 

oxidation.  However, this technology would not be effective for the removal of arsenic contamination. 

 

Implementability 

Off-site LTTD would be relatively easy to implement and would only require pre-approval of the waste.  

Qualified contractors would be readily available to provide the required services. 

 

Cost 

Costs of off-site LTTD are typically moderate to high.  The high water content of Site 45 soil would 

increase the cost of this technology to the high side of this range. 

 

Conclusion 

Off-site LTTD is retained for further consideration but only if required to meet LDRs.   

 

3.2.6 Disposal 

The technology considered under this GRA was off-site landfilling. 

 

Off-site landfilling would consist of transporting excavated soil for burial at an off-site permitted treatment, 

storage, and disposal (TSD) facility.  Because the soil is contaminated with a RCRA-listed hazardous 

waste, all of the excavated soil would have to be disposed in a RCRA Subtitle C hazardous waste landfill.   
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Effectiveness 

Off-site landfilling does not permanently or irreversibly reduce contaminant concentrations.  Although the 

CERCLA preference for treatment relegates landfilling to a less preferable option, this technology can be 

an effective disposal option for contaminated soil.  Off-site landfills are only permitted to operate if they 

meet certain requirements of design and operation governing foundation, liner, leak detection, leachate 

collection and treatment, daily cover, post-closure inspections and monitoring, etc., which ensure the 

effectiveness of these facilities.  The requirements of a RCRA hazardous (Subtitle C) landfill are typically 

more stringent than those of a RCRA non-hazardous (Subtitle D) solid waste landfill.  Prior to disposal, 

the soil may need to be treated to conform to LDRs. 

 

Implementability 

Off-site landfilling would be easily implementable.  Facilities and services are available.  Disposal of soil 

containing PCE and TCE at levels exceeding RCRA-hazardous criteria would require pre-treatment to 

meet LDRs prior to landfilling.  Because the soil contains a listed waste, the treated soil would need to 

disposed in a RCRA Subtitle C (i.e., hazardous) landfill. 

 

Cost 

Costs of off-site landfilling would be moderate. 

 

Conclusion 

Off-site landfilling is retained in combination with other process options for the development of soil 

remedial alternatives. 

 

3.3 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND PROCESS OPTIONS FOR 
SOIL 

The following technologies and process options, under the GRAs as noted, were retained after detailed 

screening for the development of soil remedial alternatives: 

 

• No Action 

• Limited Action: LUCs and Monitoring 

• Removal: Excavation 

• In-Situ Treatment: ERH (only as part of groundwater treatment) 
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• Ex-Situ Treatment: On-Site Screening, On-Site Size Reduction, Off-Site Incineration (only as required 

to meet LDRs), and Off-Site LTTD (only as required to meet LDRs) 

• Disposal: Off-Site RCRA Hazardous (Subtitle C) Landfill 

 

The next step was to select representative process options from each technology to assemble an 

adequate variety of alternatives and to evaluate the alternatives in sufficient detail to aid in the final 

selection process.  The assembled alternatives are presented in Section 4. 

 

3.4 PRELIMINARY SCREENING OF GROUNDWATER TREATMENT TECHNOLOGIES AND 
PROCESS OPTIONS 

This section identifies and screens remediation technologies and process options at a preliminary stage 

based on implementation with respect to site-specific conditions and COCs.  Table 3-2 summarizes the 

results of this preliminary screening process.  It presents the GRAs, identifies the technologies and 

process options, and provides a brief description of each process option followed by comments about the 

results of the screening process.  

 

The following are the groundwater technologies and process options remaining for detailed screening. 

 

General Response 
Action 

Technology 1.1.1.1.1.1.1 Process Options 

No Action None Not applicable 
Limited Action LUCs Groundwater use restrictions, excavation control 

Monitoring Sampling and analysis 
Natural Attenuation Naturally occurring biodegradation and dilution 

In-Situ Treatment Biological Enhanced bioremediation with an electron-donor 
compound  

Physical/Biological Air sparging (AS) or AS/vapor extraction (VE) 
Chemical Chemical oxidation 

Chemical reduction 
Thermal ERH 

 

3.5 DETAILED SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS 
OPTIONS 

3.5.1 No Action 

No Action consists of maintaining the status quo at the site.  As required under CERCLA regulations, the 

No Action alternative is carried through the FS to provide a baseline for comparison to other alternatives 

and their effectiveness in mitigating risks posed by site contaminants.   
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Effectiveness 

No Action would not be effective in meeting the RAOs.  No Action would not be effective in evaluating 

either potential contaminant reduction through natural attenuation or potential contaminant migration off 

site because no monitoring would be performed. 

 

Implementability 

There would be no implementability concerns because no action would be implemented. 

 

Cost 

There would be no costs associated with the No Action alternative. 

 

Conclusion 

No Action is retained because of NCP requirements, although it would not be effective. 

 

3.5.2 Limited Action 

The technologies considered under this GRA were LUCs, monitoring, and natural attenuation. 

 
3.5.2.1 LUCs 

LUCs would be developed to prevent unacceptable risks from exposure to contaminated groundwater.  

These LUCs would be formulated and implemented to prevent use of the surficial aquifer groundwater at 

Site 45 as a source of drinking water. 

 

LUC performance objectives and restrictions for Site 45 groundwater would include the following: 

  

• Prohibit all uses of groundwater from the surficial aquifer underlying the site (including, but not limited 

to, human consumption, dewatering, irrigation, heating/cooling purposes, and industrial processes) 

unless prior written approval is obtained from the Navy, USEPA, and SCDHEC.   

 

• Restrict excavation (to prevent exposure to contaminated groundwater) unless prior written approval 

is obtained from the Navy. 
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• Maintain the integrity of any existing or future monitoring or remediation system(s) unless prior written 

approval is obtained from the Navy, USEPA, and SCDHEC. 

 

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, USEPA and SCDHEC would be notified.        

    

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be developed and 

implemented through a LUC RD that would be prepared as a component of the overall RD.  LUCs would 

be implemented by updating existing base documentation, including the Master BMP, Base GIS, and 

Base EMS.  

 

The LUCs would be maintained for as long as they are required to prevent unacceptable exposure to 

contaminated groundwater and/or to preserve the integrity of the selected remedy. 

 

Effectiveness 

Groundwater use restrictions would be effective in combination with source control activities.  These 

controls would minimize potential human health risks associated with exposure to contaminated 

groundwater.   

 

Implementability 

LUCs would be readily implementable and have been implemented at other sites at the MCRD.  The 

implementability of these controls would be more of a concern if the site is transferred to private owners.  

In this case, provisions would be incorporated in property transfer documents to ensure the continued 

implementation of institutional controls.  Resources are readily available for the preparation of a LUC RD. 

 

Cost 

Costs of LUCs would be low. 

 

Conclusion 

LUCs are retained in combination with other process options for the development of groundwater 

remedial alternatives.  
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3.5.2.2 Monitoring 

Sampling and analysis of groundwater would be used to evaluate migration of COCs.  Monitoring would 

also be used to monitor potential natural attenuation or the progress of active groundwater remediation.  

 

Effectiveness 

Monitoring would not by itself reduce the toxicity, mobility, or volume of COCs in the groundwater, but it 

would allow the evaluation of potential migration of these COCs and the expected reductions in 

concentrations through natural attenuation or active remediation.   

 

Implementability 

A groundwater monitoring program could be readily implemented and is routinely performed at other 

sites.  Local and state permits would be required for monitoring well installation. 

 

Cost 

Capital and O&M costs of monitoring would be low. 

 

Conclusion 

Monitoring is retained in combination with other process options for the development of groundwater 

remedial alternatives. 

 

3.5.2.3 Monitored Natural Attenuation 

Monitored natural attenuation (MNA) would consist of monitoring groundwater quality to determine the 

extent to which naturally occurring processes such as biodegradation, abiotic transformation, dispersion, 

and dilution would reduce concentrations of COCs over time.  For this purpose, new monitoring wells 

would be installed as required, and samples from these new wells and existing wells would be regularly 

collected and analyzed for natural attenuation parameters such as oxidation-reduction potential (ORP), 

DO, pH, alkalinity, temperature, conductivity, TOC, ferrous and total iron, sulfur compounds (sulfides and 

sulfates), nitrogen compounds (nitrites and nitrates), orthophosphate, chloride, and metabolic gases 

(methane, ethane, ethene, and carbon dioxide). 

 

Effectiveness 

Naturally occurring processes could reduce PCE and TCE concentrations in groundwater over the long 

term.  Based on the results of samples collected for the RI/RFI (Tetra Tech, 2004a) and RI Addendum 



REVISION 1 
APRIL 2012 

 

081015/P 3-18 CTO 0335  

(Tetra Tech, 2005), there is substantial evidence that natural attenuation in functioning at the site to 

degrade PCE and daughter products to vinyl chloride.   

 

Groundwater monitoring would provide an effective means of evaluating the concentrations of COCs in 

groundwater and of assessing the rate of decrease of these concentrations.  Monitoring of indicator 

parameters would help to evaluate the potential effectiveness of the reductive dehalogenation process.   

 

Implementability 

MNA would be easy to implement.  Monitoring groundwater quality and periodically reviewing site 

conditions could readily be performed, and the necessary resources are available to provide these 

services. 

 

Cost 

Capital and O&M costs for MNA would be low. 

 

Conclusion 

MNA is retained in combination with other process options for the development of groundwater remedial 

alternatives. 

 

3.5.3 In-Situ Treatment 

The technologies considered under this GRA were enhanced bioremediation, AS or AS/vapor extraction 

(VE), chemical oxidation, chemical reduction, and ERH.  

 

3.5.3.1 In-Situ Enhanced Bioremediation 

In-situ enhanced bioremediation involves the use of microorganisms, primarily bacteria, actinomycetes, 

and fungi, to breakdown hazardous organic compounds into nontoxic or less toxic forms.  In-situ 

enhanced bioremediation includes biostimulation and bioaugmentation.  Biostimulation consists of using 

an electron-donor compound to cause reductive dehalogenation and/or an oxygen-release compound 

(ORC) to enhance the growth of indigenous microorganisms and natural biodegradation processes.  

Bioaugmentation consists of using a bacterial culture to increase the naturally occurring microorganism 

population and to provide organisms specifically targeted to the degradation of COCs. 

 

For Site 45, in-situ biostimulation could be two tiered, with initial use of an electron-donor compound such 

as a lactate or emulsified oil substrate (EOS) to enhance the anaerobic dechlorination of PCE and TCE, 
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followed, if necessary, by use of an ORC such as hydrogen or magnesium peroxide to enhance the 

aerobic biodegradation of PCE and TCE metabolites (DCE and vinyl chloride). 

 

In-situ bioaugmentation could consist of injecting a specialized bacterial culture such as Dehalococcoides 

(DHC) to enhance the dechlorination of PCE and TCE. 

 

The electron-donor compound, ORC (if required), and/or bacterial culture would be injected into the 

contaminant plumes using multiple DPT injection points.  DPT injection is simple to implement and can be 

used over large areas. 

 

Effectiveness 

Biostimulation with an electron-donor compound and bioaugmentation with DHC are fairly well-proven 

technologies for the complete dehalogenation of non-degraded chlorinated solvents (e.g., PCE and TCE) 

from groundwater.  Although increasingly documented, the effectiveness of these technologies still needs 

to be demonstrated through site-specific treatability testing.   

 

Biostimulation with an ORC is a well-proven technology that would be effective for the reduction of TCE 

metabolites.  However, biostimulation would likely not be required if bioaugmentation with the DHC 

bacterial culture is fully effective. 

 

Implementability 

In-situ enhanced bioremediation could be implemented at Site 45.  Many qualified contractors would be 

available for the implementation of this technology.  Because of the relatively small surface area and 

shallow depth of the plume, application of an electron-donor compound, ORC (if required), and bacterial 

culture would best be accomplished through DPT injection.     

 

Cost 

Capital and O&M costs for in-situ enhanced bioremediation would be moderate. 

 

Conclusion 

In-situ enhanced bioremediation is retained in combination with other processes options for the 

development of groundwater remedial alternatives. 
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3.5.3.2 AS or AS/VE 

AS consists of injecting air in the contaminant plume to induce an air current through the groundwater that 

promotes short-term stripping of VOCs and long-term biodegradation of SVOCs and residual VOCs.  Air 

is injected through a network of vertical wells screened at various depths within the contaminant plume.  If 

capture and treatment of vaporized groundwater COCs or treatment of overlying soil (vadose zone) is 

required, a VE system is added.  In this case, a vacuum is applied through a network of wells screened in 

the vadose zone above the contaminant plume, and the extracted vapors are collected and treated either 

through vapor-phase GAC adsorption or another acceptable technology such as thermal oxidation.  

Groundwater samples are regularly collected and analyzed to monitor the progress of the remedial action 

and, if a VE system is used, off-gas samples are collected and analyzed to evaluate its performance and 

to verify compliance with regulatory emission requirements.  

 

Effectiveness 

AS and AS/VE are well-established technologies that could be effective for the reduction of PCE, TCE 

and their metabolites (DCE and vinyl chloride).  Because the COCs at Site 45 are hazardous waste 

constituents, it is anticipated that a VE and off-gas treatment systems would be required.  PCE, TCE, and 

TCE metabolites would be removed primarily through volatilization, and some removal of TCE 

metabolites would also occur through aerobic biodegradation.   

 

The effectiveness of this technology can be significantly impacted by subsurface conditions.  In particular, 

the heterogeneity of the subsurface soil could lead to poor distribution of the air, which would follow the 

path of least resistance through soil with greater permeability.  Also, in areas of high COC concentrations, 

there is the potential for the AS current to mobilize any existing DNAPL and actually promote its off-site 

migration.  Finally, the use of AS results in highly aerobic subsurface conditions, and a significant lag time 

(possibly up to 6 months) is required following application for the subsurface to readjust to anaerobic 

conditions if anoxic/anaerobic reductive natural attenuation is required to complete the remediation 

process as would be the case at Site 45. 

 

Bechtel performed a field pilot study for AS at Site 45 in 1996 (Bechtel, 1997b).  The results of this study 

determined design parameters such as air flow rate and ROI for an AS system. 

 

The effectiveness of AS is also affected by the presence of the confining layer immediately beneath the 

plume.  Air expands out from the sparging wells and rises such that the area affected by the well is larger 

near the surface and relatively small at the base of the well.  The AS wells would not be able to be placed 

at a depth below the plume because of the confining layer, so much of the lowest portions of the plume 

would not be in contact with the air.          
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The unsaturated zone is relatively thin (approximately 4 feet), which would require close spacing of VE 

wells to capture contaminated vapors.  A cover system might also be needed to capture fugitive 

emissions of VOCs.  Horizontal collection wells rather than vertical wells would be required.   

 

Implementability 

AS/VE could be implemented at Site 45.  Many qualified contractors are available for the implementation 

of this technology.  The site is inactive, so an AS/VE system would not disrupt any operations.  

Installation of the VE wells would be affected by the presence of contaminated soil. 

 

Cost 

Capital and O&M costs of AS/VE would be moderate.  VE off-gas treatment costs would be relatively high 

because of disposal costs associated with the GAC and sorbed hazardous waste constituents. 

 

Conclusion 

AS/VE is eliminated from further consideration because of some effectiveness concerns. 

 

3.5.3.3 In-Situ Chemical Oxidation 

In-situ chemical oxidation involves the injection of chemical agents into the contaminant plume.  These 

chemical agents promote the generation of highly reactive hydroxyl radicals that react with COCs, such 

as chlorinated VOCs, and result in the oxidative cleavage of the carbon-to-carbon bond, yielding water, 

carbon dioxide, oxygen, and dilute hydrochloric acid as by-products. 

 

Traditionally, the chemical agents used for this purpose have included powerful oxidants such as iron-

catalyzed hydrogen peroxide (known as Fenton's Reagent), sodium persulfate, or potassium 

permanganate.  More recently, milder oxidants such as catalytically complexed sodium percarbonate 

(marketed as RegenOx™) have also been successfully used.  . 

 

Similar to in-situ biological treatment additives, in-situ chemical oxidation reagents are generally injected 

in the contaminant plumes using multiple DPT injection points. 

 

Effectiveness 

In-situ chemical oxidation with strong oxidants, such as Fenton's Reagent or sodium permanganate, is a 

well-established technology that could be effective for the destruction of PCE and TCE at Site 45.  Use of 
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this technology has been particularly successful where high concentrations of chlorinated VOCs are 

present that could render other in-situ treatment technologies (e.g., biological treatment) ineffective.  

However, the chemical reactions that result from the application of strong oxidizing agents typically 

generate large quantities of heat and high pressure that can drastically alter subsurface characteristics 

and even result in hazardous conditions.   

 

In-situ chemical oxidation with milder oxidants such as catalytically complexed sodium percarbonate 

could also be effective for the destruction of PCE and TCE.  A significant advantage of the milder 

oxidants is that they do not result in the generation of high heat and pressure, which means that they are 

safer and can be used much more easily and in a much more widespread fashion. However, the 

effectiveness of milder oxidants is not as well documented as that of stronger oxidants; therefore, 

treatability testing, preferably of the pilot-scale type, would be highly desirable to confirm effectiveness 

and to determine injection system design criteria.   

 

In-situ chemical oxidation with either strong or mild oxidants may not be cost effective for the removal of 

PCE and TCE to the very low concentrations that are typically required to meet groundwater cleanup 

goals and to restore aquifer quality.  This generally requires dosages of oxidants in excess of 

stoichiometry and/or multiple applications.  Accordingly, in-situ chemical oxidation is generally better 

suited to the treatment of highly concentrated hot spots and source areas rather than to the more diluted 

portions of a plume.   

 

The effectiveness of in-situ chemical oxidation with either strong or mild oxidants can also be impacted by 

heterogeneous subsurface conditions, such as at Site 45, that could result in uneven distribution of the 

injected chemical agents and incomplete contact of these agents with the groundwater COCs.  Similar to 

AS, in-situ chemical oxidation results in aerobic subsurface conditions that require a significant lag time 

following application for the anoxic/anaerobic reductive conditions favorable to natural attenuation to be 

restored. 

 

Implementability 

In-situ chemical oxidation could be implemented at Site 45.  However, the number of qualified contractors 

specializing in the application of this technology is relatively limited.  Because of the relatively small area 

and shallow plume depth, application of an oxidant would best be accomplished through DPT.  The 

results of the 2004 pilot-scale test have been evaluated to determine the feasibility of  this technology and 

an additional pilot study using sodium permanganate is planned for implementation at Site 45 in the near 

future. 
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Cost 

Capital and O&M costs for in-situ chemical oxidation would be moderate to high. 

 

Conclusion 

In-situ chemical oxidation is retained in combination with other technologies and process options for the 

development of remedial alternatives. 

 

3.5.3.4 In-Situ Chemical Reduction 

In-situ chemical reduction involves the injection of reducing agents into the contaminant plume, 

particularly in a source area.  These reducing agents react with PCE and TCE and convert them to 

chloride and ethene.  A common reducing agent is zero-valent iron (ZVI), which is often used in 

permeable reactive barriers (PRBs).  An emulsified version of ZVI (EZVI) has been field tested and has 

been evaluated in a pilot study at Site 45.    The results of the pilot study are presented in Appendix A.2. 

 

EZVI is composed of food-grade surfactant, biodegradable vegetable oil, water, and ZVI particles, either 

nano- or micro-scale.  Each emulsion droplet consists of a ZVI particle surrounded by an oil-liquid 

membrane.  The exterior oil membrane of the droplet has hydrophobic properties similar to DNAPL that 

allow the droplets to be miscible with the DNAPL.  The contact between the droplets and the DNAPL 

allow PCE and TCE to come into contact and react with the ZVI.  The EZVI technology is primarily 

intended for application to DNAPL, but it can also be used for treating dissolved-phase contaminants.   

 

EZVI is injected into the plume using multiple DPT injection points in a similar manner as other injected 

chemicals such as Fenton’s reagent.   

 

Effectiveness 

EZVI has only been demonstrated at a few sites, although there is pilot study in progress at Site 45.  The 

method has been shown to decrease DNAPL mass.  However, like other injected chemicals, distribution 

may be affected by heterogeneous overburden materials that could result in uneven distribution of the 

EZVI and incomplete contact with the groundwater COCs.  In addition to the ZVI reactions, the vegetable 

oil in the EZVI acts as an electron donor for biological anaerobic degradation of PCE and TCE. 
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Implementability 

EZVI injection could be implemented at Site 45, based on the results of the pilot study from 2010 EZVI 

would be fairly implementable at Site 45.  However, the number of qualified contractors specializing in the 

application of this technology is relatively limited.  

 

Cost 

Capital and O&M costs for in-situ chemical reduction would be moderate to high. 

 

Conclusion 

In-situ chemical reduction using EZVI is retained in combination with other technologies and process 

options for the development of groundwater remedial alternatives. 

 

3.5.3.5 In-Situ ERH 

In-situ ERH involves passing alternating current between electrodes in the ground, resulting in heating of 

the material through which the current passes.  This technology can be employed using either three-

phase or six-phase current.  With six-phase heating, six electrodes are placed in a circular array, with 

each connected to a single-phase transformer.  With each electrode at a different voltage phase, each 

conducts electrical current to other electrodes in the array and provides a more uniform heating than with 

three-phase heating.  Typical electrodes consist of steel-cased vertical pipes with iron filings and graphite 

in the annular space.  The heating boils the aquifer resulting in a combination of volatilization and steam 

stripping of contaminants that can then be removed using the electrodes as VE points.  As required and 

similar to AS/VE systems, extracted vapors may be treated with GAC adsorption or other appropriate 

technologies prior to venting to the atmosphere.  If GAC adsorption is selected for vapor treatment, these 

vapors would first need to be dehumidified to maintain the effectiveness of the GAC adsorption.  To 

maximize the recovery of vapors, the site might be covered with an impermeable membrane during 

treatment.   

 

At Site 45, a thin layer of contaminated soil overlies saturated soil.  During groundwater treatment, the 

overlying contaminated soil would also be treated. 

 

Effectiveness 

In-situ ERH is an effective technology to remove PCE and TCE.   Because thermal conductivity is not 

very sensitive to variations in soil characteristics, the effectiveness of ERH is typically less affected than 

that of other in-situ treatment technologies by the presence of heterogeneous subsurface conditions such 
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as those at Site 45.  However, similar to in-situ oxidation with strong chemical oxidants, ERH has proven 

most effective for the treatment of highly contaminated groundwater or soil.  For Site 45, this means that 

the application of ERH should be limited to the high-concentration areas.  The technology would be used 

to remove VOCs from groundwater and soil at the same time.   

 

Although the successful use of both six- and three-phase current has been fairly well documented for the 

removal of TCE, treatability testing, preferably of the pilot-scale type, would still be highly desirable to 

confirm effectiveness and to determine ERH system design criteria. 

 

Implementability 

Although certain implementability concerns are associated with in-situ ERH, the resources and materials 

are available.  Implementability concerns include the availability of equipment and the disposal of waste 

streams such as off-gas emissions and condensate.   

 

Equipment needed to implement in-situ ERH may be limited because there are only a few qualified 

contractors offering this service, and this may affect the scheduling of remedial activities.  The ERH 

system uses relatively high voltage, and it is assumed that power could be obtained from the existing 

power lines in the area.   

 

Large amounts of condensate and vapors would be produced during the implementation of in-situ ERH.  

The condensate would need to be disposed at an off-site RCRA-hazardous waste treatment facility, and 

the vapors would need to be treated by an above-ground treatment system using a secondary technology 

such as GAC adsorption.  

 

Cost 

Capital and O&M costs for in-situ ERH would be moderate to high. 

 

Conclusion 

In-situ ERH is retained in combination with other technologies and process options for the development of 

soil and groundwater remedial alternatives. 

 

3.6 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND PROCESS OPTIONS FOR 
GROUNDWATER 

The following technologies and process options, under the GRAs as noted, were retained for the 

development of groundwater remedial alternatives: 
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• No Action. 

• Limited Action: LUCs and MNA 

• In-Situ Treatment: Enhanced Bioremediation, Chemical Oxidation, Reduction with EZVI, and ERH 

 

The next step was to select representative process options from each technology to assemble an 

adequate variety of alternatives and to evaluate the alternatives in sufficient detail to aid in the final 

selection process.  The assembled alternatives are presented in Section 4. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

No Action None Not Applicable No activities conducted at the site to 
address contamination.   

Required by law.  Retain for baseline 
comparison to other technologies. 

Limited Action Land Use 
Controls 
(LUCs) 

Engineered Controls: 
Physical Barriers/ 
Security Guards 

Fencing, markers, warning signs, and 
monitoring to restrict site access. 

Eliminate.  Site is anticipated to be reused 
for commercial use and must still be 
accessible. 

  Administrative 
Controls:  
Deed or Site Use 
Restrictions 

Administrative action using land use 
prohibitions to restrict future site activities.  
Five-year reviews would be conducted to 
evaluate if additional remedial actions 
would be required. 

Retain.  May be used in conjunction with 
certain remedial alternatives to control 
future development and/or to maintain 
design integrity of containment systems. 

 Monitoring Sampling and 
Analysis 

Sampling and analysis of soil to evaluate if 
additional remedial actions would be 
warranted. 

Retain.  May be used in conjunction with 
other processes to monitor remediation, 
monitor progress of natural attenuation, 
and warn of potential migration of 
contaminants. 

 Natural 
Attenuation 

Naturally Occurring 
Biodegradation and 
Dispersion 

Monitoring of soil to assess reductions in 
concentrations of chemicals of concern 
(COCs) through natural processes. 

Eliminate.  Biological processes that favor 
degradation of chlorinated volatile organic 
compounds (VOCs) are anaerobic, and 
shallow soil is typically aerobic.  Dispersion 
of VOCs downward would further 
contaminate groundwater. 

Containment Cover/Barrier Soil Cover/Multi-
Media Cap 

Use of semipermeable or impermeable 
barriers to minimize direct exposure to 
contaminants and potential migration to 
groundwater. 

Eliminate.  Site is anticipated to be re-used 
and a cover that is part of a permanent 
remedy will restrict options for site re-use. 

 Erosion Control Rip-Rap 
Cover/Vegetation 

Use of gravel/cobbles or dense plant 
growth to minimize migration of 
contaminated soil. 

Eliminate.  Site 45 is relatively flat, and 
erosion is not a concern.   
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

Removal Excavation Mechanical Means for removal of contaminated soil by 
backhoe, bulldozer, loader, etc. 

Retain.  Would be effective to remove 
contaminated soil. 

In-Situ Treatment Thermal Vitrification Use of high-temperature melting to fuse 
inorganic contaminants into a glass matrix 
within the vadose zone or use of moderate-
temperature heating to volatilize 
contaminants and remove them from the 
vadose zone. 

Eliminate because of implementability 
concerns associated with the shallow 
groundwater table.  Vitrified mass would 
impact reuse of site.  Use of this technology 
is typically limited to highly contaminated or 
radioactive materials. 

  Radio Frequency 
Heating 

Use of radio frequency energy to heat soil 
and cause volatilization of contaminants 

Eliminate.  Limited thickness and shallow 
depth of contaminated soil renders this 
technology difficult to implement with 
limited commercially available equipment. 
Not applicable for treatment of arsenic. 

  Electrical Resistance 
Heating 

Use of an electrical blanket or electrical 
heating elements within slotted pipes to 
volatilize contaminants 

Retain.  Although difficult to implement on a 
thin layer of soil, it would be effective in 
conjunction with groundwater treatment. 
Not applicable for treatment of arsenic.   

 Physical/ 
Chemical 

Soil Flushing/ 
Chemical Extraction 

Use of water/solvents to remove 
contaminants from the vadose zone by 
flushing and collecting the contaminated 
wastewater in the saturated zone followed 
by above-ground pump and treat. 

Eliminate. Difficult to recover the circulation 
solution.  Heterogeneity would make 
distribution of solution difficult and would 
also make pumping solution out difficult.    

  Dynamic 
Underground 
Stripping 

Steam injection at the periphery of the 
contaminated area resulting in vaporization 
of volatile compounds bound to soil and 
the movement of contaminants to a 
centrally located extraction well.   

Eliminate.  Difficult to implement due to the 
shallow groundwater table.  Also, difficult to 
pump groundwater from the site.  Not 
applicable for treatment of arsenic. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

In-Situ Treatment 
(Continued) 

Physical/ 
Chemical 
(Continued) 

Soil Vapor Extraction Use of vacuum and possibly air sparging to 
volatilize contaminants. 

Eliminate.  Difficult to apply this technology 
in thin layer of soil (4 feet).  In addition, it is 
not applicable to polynuclear aromatic 
hydrocarbons (PAHs) and arsenic. 

  Chemical Fixation/ 
Solidification 

Mixing of chemical agents in the vadose 
zone to chemically bind, solidify, and 
reduce contaminant mobility (“Soil Mixing”). 

Eliminate.  Not typically used for 
chlorinated VOCs.  The fixed/solidified soil 
would not be suitable for building 
foundations and would limit potential site 
reuse and revegetation. 

 Chemical Chemical Oxidation Injection of an oxidizer such as Fenton’s 
Reagent into vadose zone soil to oxidize 
VOCs and PAHs. 

Eliminate.  Difficult to distribute solution in 
heterogeneous soil.  Thin layer of soil and 
shallow injection depth would also interfere 
with application. 

 Biological Biodegradation Nutrients and amendments are added to 
surface soil to promote biodegradation of 
chlorinated VOCs and PAHs. 

Eliminate.  High potential of aeration during 
mixing, and treatment would inhibit 
anaerobic dechlorination of VOCs.  Not 
effective for  arsenic.  Distribution and 
application issues similar to chemical 
oxidation. 

  Phytoremediation Use of selected plants for enhancement of 
biodegradation of organic contaminants by 
indigenous microorganisms in the root 
zone or transpiration process in trees.   

Eliminate.  Growth and maintenance of 
trees and plants would limit reuse of the 
site for commercial purposes. 
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment 

Physical/ 
Chemical 

Soil Washing/ 
Chemical Extraction 

Use of solubilization and chemical 
(oxidation/reduction/neutralization) 
processes to remove contaminants from 
the solid phase and convert them into more 
concentrated forms or less toxic forms in 
the liquid phase. 

Eliminate.  Excavation and treatment 
operations could impact nearby activities.  
Treatment of soil on site would require a 
Resource Conservation and Recovery Act 
(RCRA) permit.  Off-site disposal would be 
required for hazardous waste. 

  Chemical Fixation/ 
Solidification 

Mixing of chemical agents to bind, solidify, 
and reduce contaminant mobility. 

Eliminate.  Not typically used for 
chlorinated VOCs.  Treatment of soil would 
require RCRA permit.  Off-site disposal 
would be required for hazardous waste. 

 Biological On-Site Landfarming Tilling of contaminated soil and wastes in 
layers of surface soil within a treatment 
bed to aerate and biodegrade organic 
contaminants. 

Eliminate.  Aerobic processes are not 
typically effective for the treatment of 
chlorinated solvents.  Treatment of soil on 
site would require RCRA permit.  Also not 
suitable because of proximity to active 
areas. 

  Bioslurry Treatment Treatment of soil in a slurry reactor under 
controlled conditions using natural or 
cultured microorganisms to biodegrade 
organics. 

Eliminate.  Aerobic processes are not 
typically effective for the treatment of 
chlorinated solvents.  Treatment of soil on 
site would require RCRA permit.   
 

 Thermal Off-Site Incineration Use of high temperatures to pyrolize or 
oxidize organic contaminants into less toxic 
gases. 

Retain.  This technology is retained only as 
required to meet Land Disposal 
Restrictions (LDRs).  Would not affect 
arsenic in the soil.   
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General 
Response 

Action 

Remedial 
Technology 

 
Process Option 

 
Description 

 
Screening Comment 

Ex-Situ 
Treatment 
(continued) 

Thermal 
(continued) 

Off-Site  
Thermal Desorption 

Use of moderate temperatures to volatilize 
contaminants and remove them from the 
solid phase into the gaseous phase. 

Retain.  This technology is retained only as 
required to meet LDRs.  Would not affect 
arsenic in the soil.   

  On-Site Incineration 
or Thermal 
Desorption 

Mobile equipment is brought on site for 
incineration or thermal desorption. 

Eliminate.  Volume of soil to be treated 
(1,000 cubic yards) is too small to be 
economically treated (10,000 cubic yards is 
the minimum). 

 Solids 
Processing 

Size Reduction Crushing/grinding/shredding of wastes as a 
preliminary process to aid in downstream 
treatment prior to disposal. 

Retain.  May need to be used in 
conjunction with excavation and off-site 
treatment, such as thermal desorption. 

  Screening Removal/segregation of material based on 
size as a preliminary process to aid in 
downstream treatment prior to disposal. 

Retain.  May need to be used in 
conjunction with excavation and off-site 
disposal, such as thermal desorption. 

Disposal Off-Site Hazardous Waste 
Landfilling 

Disposal of excavated wastes and 
treatment residuals in a permitted RCRA 
Subtitle C facility. 

Retain.  Concentrations of chlorinated 
VOCs in some soil samples suggest that 
treatment will be needed to meet LDRs.   

 On-Site Consolidation Excavation and relocation of contaminated 
soil to minimize space and closure 
requirements. 

Eliminate.  Soil is a listed hazardous waste 
and must be disposed at a permitted 
facility. 

  Beneficial Reuse Reuse of treated soil as fill material. Eliminate.  Soil is a listed hazardous waste 
and must be disposed at a permitted 
facility. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

No Action None Not Applicable No activities conducted at the site to 
remedy or monitor contamination.   

Required by law.  Retain for baseline 
comparison to other technologies. 

Limited Action Land Use Controls 
(LUCs) 

Active Controls:  
Physical Barriers/ 
Security Guards 

Fencing, markers, and warning signs to 
restrict site access. 

Eliminate.  This technology would not 
minimize exposure to contaminated 
groundwater and would interfere with site 
reuse. 

  Passive Controls:  
Deed and Land 
Use Restrictions 

Administrative action using LUCs to 
restrict future site use and to prohibit use 
of groundwater as a source of drinking 
water.  Deed restrictions would be needed 
if the property was to be transferred. 

Retain.  This technology could effectively 
limit human exposure to contaminated 
groundwater. 

 Monitoring Sampling and 
Analysis 

Periodic sampling and analysis of 
groundwater to track changes in the extent 
of contamination. 

Retain.  This technology could assess 
natural attenuation and/or migration of 
contaminants and evaluate the progress of 
active remediation. 

 Natural 
Attenuation 

Naturally 
Occurring 
Biodegradation 
and Dilution 

Monitoring groundwater to assess 
reductions in concentrations of chemicals 
of concern (COCs) through natural 
processes. 

Retain. This technology would decrease 
concentrations of COCs over time.  Site-
specific data indicate that natural 
attenuation is occurring.  Modeling shows 
that high-concentration area COC 
concentrations are too high to use this 
method without treatment of the high-
concentration areas. 
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

Containment Vertical Barriers Slurry Wall, Sheet 
Piling, Grout 
Curtain, or 
Hydraulic Barrier 

Low-permeability wall formed in a 
perimeter trench to restrict horizontal 
migration of groundwater. 

Eliminate.  This technology would not 
restore groundwater quality and would 
interfere with existing utilizes and roads, 
and with reuse of the site.  Groundwater 
treatment would still be needed. 

 Horizontal Barriers Physical Barrier Injection of bottom-sealing slurry beneath 
source to minimize vertical migration of 
groundwater. 

Eliminate.  Not applicable.  Contaminants 
extend through surficial groundwater to the 
confining unit below.  Confining unit 
prevents further downward migration of 
contaminants.   

Removal Groundwater 
Extraction 

Extraction Wells Series of conventional pumping wells used 
to remove contaminated groundwater. 

Eliminate.  This technology was eliminated 
because of poor performance when 
previously applied at the site.    

  Collection Trench A permeable trench used to intercept and 
collect groundwater. 

Eliminate.  This technology would interfere 
with site reuse and buried utilities.   

In-Situ Treatment Biological Enhanced 
Anaerobic/ 
Aerobic 
Bioeremediation 

Enhancement of biodegradation of 
organics in an anaerobic (oxygen-
deficient) or aerobic (oxygen-rich) 
environment by injection of electron-donor 
compounds or an oxygen source.  
Microorganism cultures may also be 
added. 
 

Retain.  Anaerobic reductive dechlorination 
is effective for removing chlorinated volatile 
organic compounds (VOCs).  
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General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 
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In-Situ Treatment 
(continued) 

Physical/ 
Biological 

Air Sparging (AS) 
or AS/Vapor 
Extraction (VE) 

Volatilization and enhancement of 
biodegradation of organic compounds by 
supply of air with or without capture and 
treatment of volatilized compounds. 

Eliminate. AS/VE is eliminated from further 
consideration because of some 
effectiveness concerns.. 

  Dynamic 
Underground 
Stripping 

Steam injection at the periphery of the 
contaminated area resulting in the 
vaporization of volatile compounds bound 
to soil and the movement of contaminants 
to a centrally located extraction well.   

Eliminate.  The relative thinness of the 
saturated zone (18 feet) and the aquitard 
limit the ability to distribute steam in the 
aquifer.  The heterogeneity of the surficial 
aquifer would also affect the distribution of 
the steam to all parts of the aquifer. 

 Chemical Permeable 
Reactive Barriers 
(PRBs) 

Use of a permeable barrier, which allows 
the passage of groundwater and reacts 
with the contaminants. 

Eliminate.  Effective placement of the PRB 
and related barriers would be limited by 
existing buried utilities, surface features, 
such as roads and buildings, and site reuse.

  Chemical 
Oxidation 

Chemical destruction of COCs through 
oxidation with hydrogen peroxide and 
ferrous iron (Fenton’s Reagent), catalyzed 
percarbonate (RegenOx™), or potassium 
permanganate. 

Retain.  This technology could remove the 
chlorinated VOCs, although subsurface 
heterogeneity would affect the distribution 
of the chemical.  A pilot study is typically 
needed. 

  Chemical 
Reduction 

Chemical destruction of chlorinated 
hydrocarbons in the high-concentration 
areas through reduction using zero-valent 
iron (ZVI). 

Retain.  This technology could remove the 
chlorinated VOCs, although subsurface 
heterogeneity would affect the distribution 
of the chemical.  A pilot study is in progress. 



TABLE 3-2 
 

PRELIMINARY SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS FOR GROUNDWATER 
SITE 45 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 4 OF 4 
 

General 
Response 

Action 

 
Technology 

 
Process Options 

 
Description 

 
Screening Comment 

In-Situ Treatment 
(continued) 

Thermal Electrical 
Resistance 
Heating (ERH) 

Volatilization of organic COCs through 
groundwater and soil heating with 
electrical electrodes in combination with 
vacuum extraction of volatilized material. 

Retain. This technology could remove 
chlorinated VOCs.  Contaminants in the 
vadose zone would be coincidentally 
removed. 

Ex-Situ 
Treatment 

All All Not applicable Because extraction processes have been 
eliminated, no ex-situ treatment processes 
were evaluated.   

Discharge/ 
Disposal 

All All Not applicable Because extraction processes have been 
eliminated, no discharge/disposal 
processes were evaluated.   
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4.0  ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

4.1 INTRODUCTION 

This section presents an evaluation of each remedial alternative with respect to the criteria of the NCP 

(40 CFR Part 300).  These criteria and their relative importance are described in the following 

subsections. 

 

4.1.1 Evaluation Criteria 

In accordance with the NCP (40 CFR Part 300.430), the following nine criteria are used for the evaluation 

of remedial alternatives: 

 

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs 

• Long-Term Effectiveness and Permanence 

• Reduction of Toxicity, Mobility, or Volume through Treatment 

• Short-Term Effectiveness 

• Implementability 

• Cost 

• State Acceptance 

• Community Acceptance 

 

4.1.1.1 Overall Protection of Human Health and the Environment 

Alternatives must be assessed for adequate protection of human health and the environment, in both the 

short and long term, from unacceptable risks posed by hazardous substances or contaminants present at 

the site by eliminating, reducing, or controlling exposure to levels exceeding cleanup goals.  Overall 

protection draws on the assessments of other evaluation criteria, especially long-term effectiveness and 

permanence, short-term effectiveness, and compliance with ARARs. 

 

4.1.1.2 Compliance with ARARs 

Alternatives must be assessed to determine whether they attain ARARs under federal environmental laws 

and state environmental or facility siting laws.  CERCLA Section 121(d) specifies in part that remedial 

actions for cleanup of hazardous substances must comply with requirements and standards under federal 

or more stringent state environmental laws and regulations that are applicable or relevant and appropriate 

(i.e., ARARs) to the hazardous substances or particular circumstances at a site or a waiver must be 
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obtained [see also 40 CFR 300.430(f)(1)(ii)(B)].  ARARs include only federal and state environmental or 

facility siting laws/regulations and do not include occupational safety or worker protection requirements.  

In addition, per 40 CFR 300.405(g)(3), other advisories, criteria, or guidance may be considered in 

determining remedies (TBCs). 

 

4.1.1.3 Long-Term Effectiveness and Permanence 

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along with the 

degree of certainty that the alternative will prove successful.  Factors that are considered, as appropriate, 

include the following: 

 

• Magnitude of Residual Risk - Risk posed by untreated waste or treatment residuals at the conclusion 

of remedial activities.  The characteristics of residuals should be considered to the degree that they 

remain hazardous, taking into account their volume, toxicity, mobility, and propensity to 

bioaccumulate. 

 

• Adequacy and Reliability of Controls - Controls such as containment systems and LUCs that are 

necessary to manage treatment residuals and untreated waste must be shown to be reliable.  In 

particular, the uncertainties associated with land disposal for providing long-term protection from 

residuals; the assessment of the potential need to replace technical components of the alternative 

such as a cap, slurry wall, or treatment system; and the potential exposure pathways and risks posed 

if the remedial action needs replacement. 

 

4.1.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The degree to which the alternative employs recycling or treatment that reduces the toxicity, mobility, or 

volume shall be assessed, including how treatment is used to address the principal threats posed by the 

site.  Factors that are considered, as appropriate, include the following: 

 

• The treatment or recycling processes the alternative employs and the materials that they will treat. 

 

• The amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or 

recycled. 

 

• The degree of expected reduction in toxicity, mobility, or volume of waste due to treatment or 

recycling and the specification of which reduction(s) is occurring. 

 

• The degree to which the treatment is irreversible. 
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• The type and quantity of residuals that will remain following treatment considering the persistence, 

toxicity, mobility, and propensity to bioaccumulate of such hazardous substances and their 

constituents. 

 

• The degree to which treatment reduces the inherent hazards posed by principal threats at the site. 

 

4.1.1.5 Short-Term Effectiveness 

The short-term impacts of each alternative are assessed considering the following: 

 

• Short-term risks that might be posed to the community during implementation. 

 

• Potential impacts on workers during remedial action and the effectiveness and reliability of protective 

measures. 

 

• Potential environmental impacts of the remedial action and the effectiveness and reliability of 

mitigative measures during implementation. 

 

• Time until protection is achieved. 

 

4.1.1.6 Implementability 

The ease or difficulty of implementing the alternatives is assessed by considering the following types of 

factors, as appropriate:   

 

• Technical feasibility, including technical difficulties and unknowns associated with the construction 

and operation of a technology, the reliability of the technology, ease of undertaking additional 

remedial actions, and the ability to monitor the effectiveness of the remedy. 

 

• Administrative feasibility, including activities needed to coordinate with other offices and agencies and 

the ability and time required to obtain any necessary approvals and permits from other agencies (for 

off-site actions). 

 

• Availability of services and materials, including the availability of adequate off-site treatment capacity, 

storage capacity, and disposal capacity and services; the availability of necessary equipment and 

specialists and provisions to ensure necessary additional resources; the availability of services and 

materials; and the availability of prospective technologies. 
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4.1.1.7 Cost 

Capital costs including both direct and indirect costs, annual O&M costs, and net present worth value of 

the capital and O&M costs will be provided.  Typically, the cost estimate accuracy range is plus 

50 percent to minus 30 percent. 

 

4.1.1.8 State Acceptance 

The state’s concerns that must be assessed include the following: 

 

• The state’s position and key concerns related to the preferred alternative and other alternatives. 

• State comments on ARARs or the proposed use of waivers. 

 

These concerns cannot be evaluated until the state has reviewed and commented on the FS.  These 

concerns will be discussed, to the extent possible, in the Proposed Plan to be issued for public comment. 

 

4.1.1.9 Community Acceptance 

This assessment consists of responses of the community to the Proposed Plan and includes determining 

which components of the alternatives interested people in the community support, have reservations 

about, or oppose.  This assessment can be conducted after comments on the Proposed Plan are 

received from the public. 

 

4.1.2 Relative Importance of Criteria 

Among the nine criteria, the following are considered the threshold criteria: 

 

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs (excluding those that may be waived) 

 

The threshold criteria must be satisfied for an alternative to be eligible for selection. 

 

Among the remaining criteria, the following five criteria are considered to be the primary balancing 

criteria: 

 

• Long-Term Effectiveness and Permanence 

• Reduction of Toxicity, Mobility, or Volume through Treatment 
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• Short-Term Effectiveness 

• Implementability 

• Cost 

 

The balancing criteria are used to weigh the relative merits of the alternatives. 

 

The remaining two of the nine criteria, State Acceptance and Community Acceptance, are considered to 

be modifying criteria that must be considered during remedy selection.  These last two criteria can be 

evaluated after the FS has been reviewed by the State of South Carolina and the Proposed Plan has 

been discussed at a public meeting, if required and requested.  Therefore, this FS addresses only seven 

of the nine criteria. 

 

4.1.3 Selection of Remedy 

The selection of a remedy is a two-step process.  The first step consists of identification of a preferred 

alternative and presentation of the alternative in a Proposed Plan to the community for review and 

comment.  The preferred alternative must meet the following criteria: 

 

• Protection of human health and the environment. 

• Compliance with ARARs, unless a waiver is justified. 

• Cost effectiveness in protecting human health and environment and in complying with ARARs. 

• Utilization of permanent solutions and alternate treatment technologies or resource recovery 

technologies to the maximum extent practicable. 

 

The second step consists of a review of comments by the public received on the Proposed Plan and 

determination of whether the preferred alternative continues to be the most appropriate remedial action 

for the site, in consultation with the State of South Carolina. 

 

4.2 ASSEMBLY AND DETAILED ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 

Based on the detailed screening of technologies and process options presented in Sections 3.2 and 3.3, 

the following three remedial alternatives were developed: 

 

• Alternative S-1: No Action 

• Alternative S-2: Excavation and Off-Site Treatment (to meet LDRs) and Disposal 

• Alternative S-3: In-Situ ERH and LUCs 
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Alternative S-1 was analyzed to serve as a baseline for other alternatives, as required by CERCLA and 

the NCP.  Alternative S-2 was developed and analyzed to evaluate a conventional action.  Alternative S-3 

was developed and analyzed to evaluate an in-situ remediation approach.  A description and detailed 

analysis of each of these alternatives are presented in the following sections. 

 

A LUCs-only alternative was not developed because several contaminants are present in soil at 

concentrations that could adversely impact groundwater quality through leaching. 

 

4.2.1 Alternative S-1: No Action 

4.2.1.1 Description 

No Action consists of maintaining the status quo at the site.  The No Action alternative is included to 

provide a baseline for comparison to other alternatives and their effectiveness in mitigating risks posed by 

site contaminants.  Because no remedial actions are taken under this alternative, there are no reductions 

in risk through exposure control or treatment and no associated costs.  Organic contaminant 

concentrations would eventually be reduced by natural attenuation processes, but these reductions would 

not be monitored. 

 

4.2.1.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-1 would not provide protection of human health and the environment.  Under the current 

commercial/industrial land use, there could be unacceptable risks to human health from exposure to 

contaminated soil.  COCs in site soil would continue to be a source of contamination to groundwater as 

rainfall percolates through the soil.  Because no monitoring would be performed, potential migration of 

COCs from soil to groundwater would not be detected. 

 

Compliance with ARARs and TBCs 

Alternative S-1 would not comply with chemical-specific ARARs or TBCs because no action would be 

taken to reduce contaminant concentrations.  Compliance with location-specific ARARs or TBCs would be 

purely incidental.  Action-specific ARARs or TBCs are not applicable.  ARARs tables specific to 

Alternative S-1 are provided in Appendix E. 
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Long-Term Effectiveness and Permanence 

Alternative S-1 would have no long-term effectiveness and permanence because contaminated soil would 

remain on site.  Because there would be no LUCs to restrict the future use of the site, potential human 

receptors could be exposed to soil with contaminant concentrations that would result in unacceptable risk.  

Because there would be no groundwater monitoring, potential migration of soil COCs to groundwater and 

potential off-site migration of soil by erosion COCs would not be detected.  Although COC concentrations 

might eventually decrease to cleanup goals through natural attenuation, no monitoring would verify this. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-1 would not reduce the toxicity, mobility, or volume of soil COCs through treatment because 

no treatment would occur.  Some reduction of the toxicity and volume of COCs might occur through 

natural dispersion, dilution, or other attenuation processes, but no monitoring would be performed to 

verify this.   

 

Short-Term Effectiveness 

Because no action would occur, implementation of Alternative S-1 would not pose any risks to on-site 

workers or result in short-term adverse impact to the local community or the environment.  Alternative S-1 

would never achieve the RAOs and, although the cleanup goals might eventually be achieved through 

natural attenuation, this would not be verified through monitoring. 

 

Implementability 

Because no action would occur, Alternative S-1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

administrative measures is not applicable because no such measures would be taken. 

 

Cost 

There would be no costs associated with the No Action alternative. 

 

4.2.2  Alternative S-2: Excavation and Off-Site Treatment (to meet Land Disposal Restrictions) 
and Disposal 

4.2.2.1 Description 

Alternative S-2 would consist of two major components: (1) excavation and (2) off-site treatment (to meet 

LDRs) and disposal. 
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Component 1:  Excavation 

Soil contaminated with concentrations of COCs greater than cleanup levels would be excavated using 

conventional excavation equipment.  Pre-excavation soil sampling would be conducted to verify the exact 

extent of the contamination.  The area of contaminated soil is estimated to be 70 feet by 100 feet, and the 

depth of unsaturated soil is 4 feet, as shown on Figure 4-1.  This corresponds to a volume of 

approximately 1,040 cubic yards of excavated material.  Following excavation, the excavated areas would 

be backfilled with clean fill and regraded to achieve desired surface elevations.  Because of the shallow 

excavation depth, sloping of the side walls would not significantly increase the area of the excavation 

footprint.  Little, if any, shoring would be required.  Only soil in the unsaturated zone would be excavated, 

so no dewatering of the excavation would be required.     

 

Component 2:  Off-Site Treatment and Disposal 

Based on the data from the RI/RFI, several soil samples had PCE and/or TCE concentrations greater 

than universal treatment standards (UTSs).  Therefore, it is assumed for the purpose of this FS that the 

excavated soil would have to be treated prior to disposal to meet LDRs.  Treatment would be performed 

off-site at a RCRA treatment facility and would be included as part of the overall disposal process.  

Because VOCs are the hazardous constituent in the soil, the treatment process would most likely be 

LTTD or incineration.     

 

The excavated soil would be transported off-site and treated by LTTD or incineration to remove organic 

COCs and meet LDRs.  LTTD would remove organic contaminants through volatilization and subsequent 

treatment and destruction of these volatilized contaminants.  Similarly, incineration would remove organic 

contaminants through volatilization and subsequent combustion.  Samples of the excavated material 

would be collected and analyzed to provide a waste profile to the off-site treatment facility.  Prior to 

transportation and treatment, excavated soil would be pre-treated, if required, by size separation and/or 

crushing-grinding-shredding to meet size requirements for feeding the treatment unit.  

 

The treated soil would be disposed at an off-site RCRA Subtitle C permitted hazardous waste disposal 

facility.  The soil is contaminated with a listed hazardous waste, and the treated soil would remain a listed 

hazardous waste unless the treated soil is determined to no longer contain the listed waste.   

 

4.2.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-2 would be protective of human health and the environment.  Excavation of soil 

contaminated with COCs at concentrations greater than cleanup levels would eliminate unacceptable 
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risks from exposure to contaminated soil and would prevent the migration of soil COCs to groundwater.  

Off-site treatment and disposal of the excavated soil would further protect human health and the 

environment. 

 

Compliance with ARARs and TBCs 

Alternative S-2 would comply with all chemical-, location-, and action-specific ARARs and TBCs.  ARARs 

tables specific to Alternative S-2 are provided in Appendix E. 

 

Long-Term Effectiveness and Permanence 

Alternative S-2 would provide long-term effectiveness and permanence. 

 

Excavation of contaminated soil would effectively and permanently prevent unacceptable risk from 

exposure to contaminated soil and migration of soil COCs to groundwater.  Treatment would effectively 

and permanently remove COCs from the soil. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-2 would reduce the toxicity, mobility, and volume of some of the soil COCs through 

treatment.  An estimated 14 pounds of chlorinated VOCs would be removed by this alternative, and 

approximately 12 pounds of chlorinated VOCs removed would be treated to meet LDRs.  In addition, a 

portion of the 1.4 pounds of PAHs would also be destroyed by thermal treatment.  Although 3.7 pounds of 

arsenic will be removed from the site, none will be treated. 

 

Short-Term Effectiveness 

Implementation of the excavation and off-site treatment and disposal components of Alternative S-2 could 

expose construction workers to contaminated soil.  This potential for exposure would be minimized by the 

implementation of engineering controls such as dust suppression and air quality monitoring.  The 

potential for worker exposure would be further reduced by the wearing of appropriate PPE and 

compliance with applicable OSHA regulations and proper site-specific health and safety procedures.   

 

Implementation of the excavation and off-site treatment and disposal components would create a slight 

risk to the surrounding community and the environment because of the increase in truck traffic to 

transport the contaminated soil off-site.  However, measures such as spill prevention and containment, 

erosion and sedimentation control, and perimeter air monitoring would be taken to ensure that the impact 

remains acceptable. 
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Alternative S-2 could be completed in approximately 3 months and would achieve the RAOs and attain 

the soil cleanup levels at completion. 

 

Implementability 

Alternative S-2 would be easily implementable. 

 

The excavation component of this alternative could be performed with normal construction equipment, 

resources, and materials that would be readily available for this purpose.  Because the excavation would 

be limited to 4 feet bgs, the need for shoring would be limited and no dewatering would be required.  

Existing site structures such as sewers and sidewalks would be removed or moved and restored after 

excavation.  

 

Off-site treatment and disposal facilities are available, which would make implementation of this 

alternative relatively easy.   

 

The administrative aspects of Alternative S-2 would be relatively simple to implement.  Off-site 

transportation, treatment, and disposal of the excavated soil would require the completion of numerous 

administrative procedures which, while constituting a significant effort, could readily be accomplished.   

 

Cost 

The estimated costs for Alternative S-2 are as follows: 

 

Capital Cost:        $934,000 

Net Present Worth (NPW) of O&M and Monitoring Costs:             $0 

NPW:         $934,000 

 

The above cost figures have been rounded to the nearest $1,000 to reflect the preliminary nature of these 

estimates.  A detailed breakdown of estimated costs for this alternative is provided in Appendix E. 

 

4.2.3 Alternative S-3: In-Situ Electrical Resistance Heating and Land Use Controls 

4.2.3.1 Description 

Alternative S-3 would consist of two major components: (1) in-situ ERH and (2) LUCs. 
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Component 1: In-Situ ERH 

Alternative S-3 would only be implemented if ERH is selected for groundwater treatment.  The 

contaminated soil layer is too thin to be economically feasible to be treated alone by this method.   

 

Alternative S-3 would involve using ERH to elevate the temperature of the unsaturated soil to volatilize 

the chlorinated VOCs.  Volatilized VOCs would be captured by vapor-phase GAC.  The ERH array would 

be installed in the contaminated soil area from approximately 2 to 4 feet bgs.  Figure 4-2 shows a process 

flow diagram of a typical ERH system and Figure 4-3 shows the locations of the ERH electrodes and 

vapor recovery wells for soil and groundwater treatment.   

 

As the ERH array increases the temperature of the contaminated soil, steam and chlorinated VOC vapors 

would be generated.  As the steam and chlorinated VOC vapors rise through the unsaturated zone, they 

would be collected in a vapor extraction system and would then be treated above ground by moisture 

separation followed by GAC adsorption.  Condensate and spent GAC would be disposed off-site.  

Because of the high temperatures, existing polyvinyl chloride (PVC) wells within the treatment zone would 

have to be abandoned. 

 

The ERH treatment system is further described in Alternative G-5, Section 4.3.5.  Soil samples would be 

collected periodically to monitor the progress of treatment.  It is assumed that the system would operate 

for approximately 4 months. 

 

Component 2: LUCs 

Following ERH, LUCs would be necessary because arsenic and most of the PAHs would remain in soil at 

concentrations that pose an unacceptable risk under unrestricted site uses.  LUCs would be developed to 

prevent unacceptable risks from exposure to contaminated soil.  These LUCs would have the following 

performance objectives: 

   

• Prohibit residential use of the site unless prior written approval is obtained from the Navy, USEPA, 

and SCDHEC.  Prohibited residential uses shall include, but are not limited to, any form of housing, 

child-care facilities, pre-schools, elementary schools, secondary schools, playgrounds, or 

convalescent or nursing care facilities.   

 

• Prohibit the excavation of soil from the site unless prior written approval is obtained from the Navy, 

USEPA, and SCDHEC. 
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Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, the USEPA and SCDHEC would be notified. 

    

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be implemented through a 

LUC RD that would be prepared as a component of the overall RD.  LUCs would be implemented by 

updating existing base documentation, including the Base BMP, GIS, and EMS.  

 

4.2.3.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative S-3 would be protective of human health and the environment.  Removal of the VOCs at 

concentrations greater than cleanup levels would eliminate most of the risks to exposure and would 

prevent the migration of the soil contaminants to groundwater.  Off-site treatment and disposal of the 

condensate and GAC would protect human health and the environment.  LUCs would prevent any other 

exposure to contaminants by prohibiting residential uses of the site and by controlling excavation at the 

site.  

 

Compliance with ARARs and TBCs 

Alternative S-3 would comply with all chemical-, location-, and action-specific ARARs and TBCs.  LUCs 

would eliminate the exposure pathways to PAHs and arsenic in soil.  ARARs tables specific to Alternative 

S-3 are provided in Appendix E. 

 

Long-Term Effectiveness and Permanence 

Alternative S-3 would provide long-term effectiveness and permanence. 

 

Removal of VOCs would effectively and permanently prevent exposure and VOC contaminant migration 

to groundwater and would effectively and permanently remove VOCs from the soil.  LUCs would prevent 

exposure to PAHs and arsenic. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-3 would reduce toxicity, mobility, and volume of chlorinated VOCs.  An estimated 14 pounds 

of chlorinated VOCs and approximately 0.3 pound of PAHs would be removed by this alternative.  The 

removed PCE would be contained in the condensate and spent GAC that would be disposed offsite.  

Depending on the method of disposal, this may include treatment.   
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Short-Term Effectiveness 

Implementation of the in-situ ERH and disposal components of Alternative S-3 could expose construction 

workers to contaminated soil.  Exposure of workers to contamination during electrode installation, 

installation of new monitoring wells, site inspection, and soil sampling would be minimized by compliance 

with OSHA requirements including wearing of appropriate PPE and adherence to site-specific health and 

safety procedures.  There are no chemical additives that must be transported to or used at the site.  The 

transport and disposal of wastes from the site is minimal and limited to condensate and GAC.         

 

Implementation of the in-situ ERH component would create a slight risk to the surrounding community 

and the environment because of the increase in truck traffic to transport the spent GAC off-site.  However, 

measures such as spill prevention and containment, erosion and sedimentation control, and perimeter air 

monitoring would be taken to ensure that the impact remains acceptable.  Buried utility piping may need 

to be rerouted or protected during treatment. 

 

Alternative S-3 could be completed in approximately 6 to 12 months and would achieve the RAOs and 

attain the soil cleanup levels for VOCs at completion.   

 

Implementability 

Alternative S-3 would be implementable. 

 

In-situ ERH has been used at a number of sites; however, as noted above, this process cannot be 

applied to Site 45 soil alone because of the insufficient thickness of soil to be treated and would need to 

be applied to groundwater at the same time.  The number of qualified contractors offering this technology 

is limited, and this may affect the scheduling of remedial activities.  An operator would be required to 

oversee the heating system over the course of treatment.  A source of high-voltage electricity would be 

needed, but there are existing power lines in the vicinity.   

 

The use of the site would be limited to approximately 1 year because of the electrodes, vapor recovery 

wells, and interconnecting piping and wire. 

 

The administrative and permitting aspects of Alternative S-3 would be relatively simple to implement.  

Permits for installing new wells and electrodes would be required.  Because the PCE is a listed 

hazardous waste, condensate and spent GAC would need to be handled as hazardous wastes.     
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Cost 

The contaminated soil cannot be treated separately, so the cost for treatment cannot be directly 

calculated.  The portion of the groundwater treatment cost that corresponds to soil is assumed to be 

based on the mass loading.  The cost associated with soil treatment is based on the ratio of the mass of 

contaminants in soil to the total mass of contaminants in soil and groundwater.  The estimated costs for 

Alternative S-3 are as follows: 

 

Capital Cost:        $307,000 

NPW of O&M and Monitoring Costs:                $0 

NPW:         $307,000 

 

A detailed breakdown of estimated costs for this alternative is provided in Appendix E. 

 

4.3 ASSEMBLY AND DETAILED ANALYSIS OF GROUNDWATER REMEDIAL 
ALTERNATIVES 

Based on the detailed screening of technologies and process options presented in Sections 3.5 and 3.6, 

the following six remedial alternatives were developed: 

 

• Alternative G-1: No Action 

 

• Alternative G-2: In-Situ Enhanced Bioremediation (High-Concentration Areas), Natural Attenuation, 

Monitoring, and LUCs 

 

• Alternative G-3: In-Situ Chemical Oxidation (High-Concentration Areas), Natural Attenuation, 

Monitoring and LUCs 

 

• Alternative G-4: In-Situ Chemical Reduction with EZVI (High-Concentration Areas), Natural 

Attenuation,  Monitoring and LUCs 

 

• Alternative G-5: In-Situ ERH (High-Concentration Areas), Natural Attenuation, Monitoring, and LUCs 

 

• Alternative G-6: Monitored Natural Attenuation,  Monitoring, and LUCs 

 

Alternative G-1 was developed and analyzed to serve as a baseline for other alternatives, as required by 

CERCLA and the NCP.  Alternatives G-2 through G-5 were developed and analyzed to evaluate active 

remediation of the areas with the most contaminated groundwater in both the northern plume (tank 
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source area) and the southern plume (includes the sanitary sewer plume and the MW31 plume) areas.  

The high-concentration area treatment in Alternative G-2 will last an extended period of time.  Alternatives 

G-3 through G-5 will accomplish mass reduction in high-concentration areas in a relatively short period of 

time.  Alternative G-5 also provides for remediation of the unsaturated zone soil (previously discussed in 

Section 4.2.3 – Alternative S-3).  Alternative G-6 involves MNA and LUCs for the entire site including both 

the northern and southern plume areas.  Modeling through that use of NAS to estimate the time required 

for site-wide groundwater to meet Groundwater RAO No. 3 and attain the groundwater cleanup goals 

through natural attenuation under each alternative was conducted (See Appendix A.6).  For Alternatives 

G-2 through G-5, the NAS estimated cleanup time is the time for natural attenuation after mass reduction 

has been achieved through active treatment of the source areas.  A description and detailed analysis of 

each of these alternatives are presented in the following sections. 

 

The approach to the conceptual design of groundwater remediation was to define a concentration contour 

for treatment.  To determine the areas to be actively treated, the outlines for the high-concentrations 

areas were estimated from the two-dimensional visualizations of the groundwater contamination prepared 

in the RI Addendum.  Isoconcentration contours for 100 µg/L, 1,000 µg/L, and 10,000 µg/L for each 

contaminant (PCE, TCE, total DCE, and VC) were drawn for both the upper and lower portions of the 

surficial aquifer.  The size and shape of the 1,000 µg/L isoconcentration contours of each contaminant in 

each portion of the surficial aquifer were compared so that a simplified area for treatment could be 

determined.  For example, within the upper portion of the surficial aquifer, the 1,000 µg/L isoconcentration 

contours for each of the four contaminants were drawn on a common figure, and the largest isocontour 

was selected, providing a conservatively sized area.  Thus, the selected 1,000 µg/L contour will enclose 

the 1,000 µg/L contours for all four contaminants.  For each high-concentration area, the 1,000 µg/L 

contour was based on either TCE or PCE.  Figure 4-4 shows the groundwater areas to be treated based 

on these 1,000 µg/L contours. 

 

To allow for the flexibility to utilize a combination of different active remedies at each plume area, if 

needed, Alternatives G-2 through G-5 are separated into “Part A” for the northern plume area and “Part 

B” for the southern plume area for cleanup time and cost estimating evaluation purposes based on the 

number of injection wells (Alternative G-2 through G-4) or electrodes (Alternative G-5) in each plume area 

according to the preliminary design calculations presented in Appendix D.   

 

4.3.1 Alternative G-1: No Action 

4.3.1.1 Description 

The No Action alternative maintains the site as is.  This alternative does not address site groundwater 

contamination and is retained to provide a baseline for comparison to other alternatives.  There would be 
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no reduction in toxicity, mobility, or volume of the contaminants other than what would result from natural 

dispersion, dilution, biodegradation, and other attenuating factors.  Existing monitoring programs and 

LUCs would be discontinued, and the site would be available for unrestricted use. 

 

4.3.1.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-1 would not provide protection of human health and the environment.  Under the current 

commercial/industrial land use, there could be unacceptable risks to human health from exposure to 

contaminated groundwater, and this potential for unacceptable risk would increase if Site 45 is further 

developed.  Groundwater contamination might migrate off site, but because no monitoring would be 

performed, potential migration of COCs would not be detected.  

 

Compliance with ARARs and TBCs 

Alternative G-1 would not comply with chemical-specific ARARs or TBCs because no action would be 

taken to reduce contaminant concentrations.  Compliance with location-specific ARARs or TBCs would be 

purely incidental.  Action-specific ARARs or TBCs are not applicable. ARARs tables specific to Alternative 

G-1 are provided in Appendix E. 

 

Long-Term Effectiveness and Permanence 

Alternative G-1 would have no long-term effectiveness or permanence because contaminated 

groundwater would remain on site.  Because there would be no LUCs to restrict the future use of the site, 

potential human receptors could be exposed to surficial groundwater with contaminant concentrations 

that would result in unacceptable risk.  Because there would be no groundwater monitoring, potential off-

site migration of COCs would not be detected.  Although COC concentrations might eventually decrease 

to cleanup goals through natural attenuation, no monitoring would verify this. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-1 would not reduce the toxicity, mobility, or volume of contaminants through treatment 

because no treatment would occur.  Some reduction of the toxicity and volume of COCs might occur 

through natural dispersion, dilution, or other attenuation processes, but no monitoring would be performed 

to verify this.   
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Short-Term Effectiveness 

Because no action would occur, implementation of Alternative G-1 would not pose any risks to on-site 

workers or result in short-term adverse impact to the local community or the environment.  Alternative G-1 

would never achieve the RAOs and, although the cleanup goals might eventually be achieved through 

natural attenuation, this would not be verified through monitoring. 

 

Implementability 

Because no action would occur, Alternative G-1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

administrative measures is not applicable because no such measures would be taken. 

 

Cost 

There would be no costs associated with the No Action alternative. 

 
4.3.2  Alternative G-2: In-Situ Enhanced Bioremediation (High-Concentration Areas), Natural 

Attenuation,  Monitoring, and Land Use Controls 

4.3.2.1 Description 

Alternative G-2 would consist of four major components: (1) in-situ enhanced bioremediation (2) natural 

attenuation, (3) monitoring, and (4) LUCs. 

 

Component 1: In-Situ Enhanced Bioremediation 

Prior to implementing this alternative, groundwater samples would be collected from the high-

concentration areas to confirm that there are no significant changes in contaminant concentrations.  

Under this alternative, a buffered EOS would be injected into the subsurface of the high-concentration 

areas.  Buffering would be required to maintain the pH in the neutral range for optimum biological activity.  

The buffered EOS would be injected using a DPT rig.  Rods would be pushed to the bottom of the 

contaminated saturated zone (approximately 20 feet bgs) and then the EOS would be injected as the rods 

are withdrawn.  The recommended rod size is 1.25 inches (outer diameter) because larger diameter rods 

may smear saturated soil.  A high-pressure pump capable of pumping at a rate of 5 to 10 gpm would be 

necessary to ensure the proper application of EOS and to minimize application time.  

 

EOS would be injected into the subsurface following a grid with 15-foot spacing (see Figure 4-5).  

Approximately 100 injection points would be needed and 7,150 gallons of buffered EOS plus dilution 
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water (approximately 71,500 gallons) would be injected.  A single injection event is assumed to be 

sufficient for treatment to reduce PCE and TCE concentrations within the 1,000 µg/L contours to 

500 µg/L.  For cost estimating purposes, a second injection of EOS identical to the first injection has been 

assumed to be applied in 5 years.  Appendix D presents cost information provided by EOS Remediation, 

Inc.  Monitoring (baseline, 1 month after injection, and quarterly for 1 year) would be performed to 

evaluate the progress of remediation.   

 

Component 2: Monitored Natural Attenuation 

Natural attenuation would rely on naturally occurring processes within the aquifer to reduce the 

concentrations of COCs.  Contaminant concentrations would be reduced through biological activity, 

dispersion, and dilution through aquifer movement and adsorption on soil particles.  Aquifer conditions 

would be continually monitored to ensure that concentrations are being adequately reduced through 

natural processes. 

 

Monitoring would be conducted to assess the effectiveness of natural attenuation.  Groundwater samples 

would be collected and analyzed for chlorinated VOCs and natural attenuation parameters such as ORP, 

DO, pH, alkalinity, temperature, conductivity, TOC, ferrous and total iron, sulfur compounds (sulfate and 

sulfide), nitrogen compounds (nitrate and nitrite), orthophosphate, chloride, and metabolic gases 

(methane, ethane, ethene, and carbon dioxide).  Wells would be selected upgradient of the source areas, 

within the source areas, within the plumes, and near the downgradient edges of the plumes.  Wells would 

be selected from both the upper and lower portions of the surficial aquifer.  Three additional wells would 

be installed as part of the monitoring program, The following existing and proposed monitoring wells 

would be sampled: 

 

• MW01-SU (upgradient) 

• MW01-SL (upgradient) 

• MW25-SU (proposed) (sanitary sewer source area) 

• MW25-SL (sanitary sewer source area) 

• MW20-SU (southern plume) 

• MW20-SL (southern plume) 

• MW26-SU (proposed) (southern plume edge) 

• MW26-SL (southern plume edge) 

• MW08-SU (tank source area) 

• MW24-SL (proposed) (northern plume, tank source area) 

• MW06-SU (northern plume, tank source area) 

• MW06-SL (northern plume, tank source area) 
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• MW05-SU (northern plume, tank source plume edge) 

• MW05-SL (northern plume, tank source plume edge) 

 

Natural attenuation monitoring would be conducted quarterly for the first 2 years to establish baseline 

conditions and to evaluate the effectiveness of natural attenuation.  After the second year, monitoring 

would occur annually and continue until acceptable levels are achieved.  All monitoring events would use 

low-flow groundwater sampling techniques.  The locations of the existing and new monitoring wells 

proposed for inclusion in the natural attenuation monitoring program are shown on Figure 4-6. 

 

Component 3: Monitoring 

Additional monitoring would be conducted to evaluate trends in COC concentrations, to assess potential 

migration of COCs through groundwater, and to evaluate the potential vapor intrusion into buildings 

downgradient of Site 45.  The following wells would be monitored:   

 

• MW18-SU (for vapor intrusion at Law Offices, Building 293)  

• MW18-SL (for vapor intrusion at Law Offices, Building 293)  

• MW07-D (monitor vertical migration at tank source area)  

 

Samples from these wells would be analyzed for VOCs.  Sampling would be performed annually.  All 

monitoring events would use low-flow groundwater sampling techniques.  Well locations are shown on 

Figure 4-6. 

 

Component 4: LUCs 

LUCs would be necessary because of the long period of time required to reduce the concentrations of 

chlorinated VOCs in groundwater to acceptable levels.  LUCs would be developed to prevent 

unacceptable risks from exposure to contaminated groundwater and would have the following 

performance objectives: 

   

• Prohibit all uses of groundwater from the surficial aquifer (to a depth of 18 feet bgs) underlying Site 45 

(including, but not limited to, human consumption, dewatering, irrigation, heating/cooling purposes, 

and industrial processes) unless prior written approval is obtained from the Navy, USEPA, and 

SCDHEC. 

 

• Maintain the integrity of any existing or future monitoring or remediation system(s) unless prior written 

approval is obtained from the Navy, USEPA, and SCDHEC. 
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• Require that the design and construction of any occupied structures over the plume include features 

that will mitigate or eliminate risks associated with vapor intrusion of VOCs. 

 

Annual inspections of the site would be conducted to confirm compliance with LUC objectives, and an 

annual compliance certificate would be prepared and provided to the USEPA and SCDHEC.  Prior to any 

property conveyance, the USEPA and SCDHEC would be notified. 

    

The LUCs, in accordance with the Navy LUC Principles (DoD, 2003), would be implemented through a 

LUC RD that would be prepared as a component of the overall RD.  LUCs would be implemented by 

updating existing base documentation, including the BMP, GIS, and EMS.  

 

4.3.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-2 would be protective of human health and the environment. 

 

By actively reducing the high-concentration areas, in-situ enhanced bioremediation would significantly 

reduce the expansion of the plume and permanently remove COCs.  This would significantly reduce the 

risk from exposure to contaminated groundwater and would provide protection to future human receptors 

that might be exposed during intrusive activities.  Contaminant concentrations would also be reduced by 

natural attenuation. 

 

Monitoring would be protective by evaluating the effectiveness of the in-situ treatment, monitoring the 

progress of natural attenuation processes, and detecting potential migration of groundwater COCs. 

 

LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

 

Compliance with ARARs and TBCs 

Alternative G-2 would eventually comply with chemical-specific ARARs and TBCs through a combination 

of biological treatment and natural attenuation.  Alternative G-2 would also comply with location- and 

action-specific ARARs and TBCs.  ARARs tables specific to Alternative G-2 are provided in Appendix E. 

 



REVISION 1 
APRIL 2012 

 

081015/P 4-21 CTO 0335 

Long-Term Effectiveness and Permanence 

Alternative G-2 would provide long-term effectiveness and permanence. 

 

In-situ enhanced bioremediation would effectively remove contaminants in the groundwater.  This would 

accelerate the remediation process and reduce expansion of the plume.  In-situ enhanced bioremediation 

is a relatively well-established technology, but its effectiveness for the treatment of Site 45 groundwater 

must be verified through a pilot-scale treatability study.  

 

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that 

no migration of COCs is occurring. 

 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until the 

cleanup goals are met. 

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-2 would reduce the toxicity, mobility, and volume of the groundwater COCs.  In-situ 

enhanced bioremediation would permanently and irreversibly remove an estimated 238 pounds of COCs 

(148 pounds of PCE, 59 pounds of TCE, and 31 pounds of cis-1,2-DCE) from groundwater.  No treatment 

residues would be generated by this alternative. 

 

Short-Term Effectiveness 

Alternative G-2 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of groundwater injection 

wells, EOS injection, and groundwater sampling would be minimized by compliance with OSHA 

requirements including wearing of appropriate PPE and adherence to site-specific health and safety 

procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.   

 

Groundwater RAO Nos. 1 and 2 would be achieved immediately upon implementation of LUCs and 

monitoring.  Based on operating experience with similar systems, it is anticipated that Alternative G-2 

would treat the high-concentration areas within approximately 3 years.  Based on the cleanup time 

estimate and modeling (calculations provided in Appendix A.6) and groundwater modeling (presented in 

Appendix C), it is estimated that the time required for Alternative G-2 to meet Groundwater RAO No. 3 
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and attain the groundwater cleanup goals through natural attenuation is approximately 27 years in the 

northern plume (Part A) and 9 years in the southern plume (Part B) after mass reduction has been 

achieved through active treatment in the source areas. 

 

Implementability 

Alternative G-2 would be readily implementable. 

 

The DPT injection system could be readily installed and operated for in-situ enhanced bioremediation 

treatment.  Many qualified contractors can implement this technology.  Sampling and maintenance of 

existing monitoring wells and performance of 5-year reviews could readily be accomplished.  The 

resources, equipment, and materials required for these activities are readily available. 

 

The administrative and permitting aspects of Alternative G-2 would be relatively simple to implement.  The 

LUCs would be incorporated into existing base land use programs.  Permits for installing new wells and 

injection points would be required.  Permits for the injection of biostimulation chemicals are commonly 

granted.  No other permits, such as air or RCRA treatment or disposal, are required.     

 

Cost 

The estimated costs for Alternative G-2 are as follows: 

 

Part A – Northern Plume 
Capital Cost (Year 1):       $595,000 

Capital Cost (Year 5):       $470,000 

30-Year NPW of O&M and Monitoring Costs:    $766,000 

30-Year NPW:     $1,831,000 

 

Part B – Southern Plume 
Capital Cost (Year 1):       $255,000 

Capital Cost (Year 5):       $202,000 

30-Year NPW of O&M and Monitoring Costs:    $328,000 

30-Year NPW:        $785,000 

 

Total Estimated NPW for Alternative G-2: $2,616,000 

 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 
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4.3.3 Alternative G-3: In-Situ Chemical Oxidation (High-Concentration Areas), Natural 
Attenuation,  Monitoring, and Land Use Controls 

4.3.3.1 Description 

Alternative G-3 would consist of four major components: (1) in-situ chemical oxidation (2) natural 

attenuation, (3) monitoring, and (4) LUCs. 

 

Component 1: In-Situ Chemical Oxidation 

Prior to implementing this alternative, groundwater samples would be collected from the high-

concentration areas to confirm that there are no significant changes in contaminant concentrations.  A 

sodium permanganate (NaMnO4) solution would be injected into the subsurface at the high-concentration 

areas using a DPT rig.  At each injection location, screens would be advanced to one of two depth 

intervals: 4 to 9 feet bgs (upper) and 9 to 18 feet bgs (lower).  Approximately 31,000 pounds of NaMnO4 

(40% solution) will be required, producing approximately 27,000 gallons of a 5.3% NaMnO4 solution which 

would then be injected or pumped into the subsurface at a rate of 1 to 1.5 gpm, over the full depth (4 to 

18 feet bgs) at each injection location across the targeted high-concentration areas.  

 

The injection locations would be placed on a grid with a lateral spacing of 10 feet between points, as shown 

on Figure 4-7.  Approximately 114 injection locations would be needed to address the four targeted areas, 

each with two injection depth intervals per location.  The injection system can be designed to inject 

simultaneously at four (4) locations allowing for approximately 2,880 gallons of NaMnO4 solution to be 

injected per day.  This approach would require approximately 12 days to complete the injection event.   

Following the initial injection event, a follow-up injection event may be needed (based on groundwater 

monitoring results) using a similar grid and injection point layout.  For the purposes of this FS, one 

additional injection event, at the same level of effort of the initial injection event is assumed to be 

required. Monitoring (baseline and quarterly for 1 year) would be performed to evaluate the initial 

effectiveness and progress of remediation.   

 

Component 2: Monitored Natural Attenuation 

This component would be identical to Component 2 of Alternative G-2. 

 

Component 3: Monitoring 

This component would be identical to Component 3 of Alternative G-2. 
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Component 4: LUCs 

This component would be identical to Component 4 of Alternative G-2. 

 

4.3.3.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-3 would be protective of human health and the environment. 

 

By actively reducing the high-concentration areas, in-situ chemical oxidation would significantly reduce 

expansion of the plume and permanently remove COCs.  This would significantly reduce the risk from 

exposure to contaminated groundwater and would provide protection to future human receptors that may 

be exposed during intrusive activities.  Contaminant concentrations would also be reduced by natural 

attenuation. 

 

Monitoring would be protective by evaluating the effectiveness of in-situ chemical oxidation, evaluating 

the progress of natural attenuation processes, and detecting potential migration of groundwater COCs. 

 

LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

 

Compliance with ARARs and TBCs 

Alternative G-3 would comply with chemical-specific ARARs and TBCs through a combination of chemical 

treatment and natural attenuation.  Alternative G-3 would also comply with location- and action-specific 

ARARs and TBCs.  ARARs tables specific to Alternative G-3 are provided in Appendix E. 

 

Long-Term Effectiveness and Permanence 

Alternative G-3 would provide long-term effectiveness and permanence. 

 

In-situ chemical oxidation would effectively and permanently remove contaminants in the groundwater.  

This would accelerate the remediation process and reduce expansion of the plume.  In-situ chemical 

oxidation is a relatively well-established technology, but its effectiveness for the treatment of the Site 45 

groundwater must be verified through a pilot-scale treatability study (planned to be conducted at Site 45 

by USEPA in the near future).  
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Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that 

no migration of COCs is occurring. 

 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until 

cleanup goals are met. 

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-3 would reduce the toxicity, mobility, and volume of groundwater COCs.  In-situ chemical 

oxidation would permanently and irreversibly remove an estimated 238 pounds of COCs (148 pounds of 

PCE, 59 pounds of TCE, and 31 pounds of cis-1,2-DCE) from groundwater.  No treatment residues would 

be generated by this alternative. 

 

Short-Term Effectiveness 

Alternative G-3 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of injection points, 

NaMnO4 injection, and groundwater sampling would be minimized by compliance with OSHA 

requirements including wearing of appropriate PPE and adherence to site-specific health and safety 

procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.   

 

Groundwater RAO Nos. 1 and 2 would be achieved immediately upon implementation of LUCs and 

monitoring.  Based on experience with similar treatments, it is anticipated that Alternative G-3 would treat 

the high-concentration areas within approximately 2 years.  Based on the cleanup time estimate 

(calculations provided in Appendix A.6) and groundwater modeling (presented in Appendix C), it is 

estimated that the time required for Alternative G-3 to meet Groundwater RAO No. 3 and attain the 

groundwater cleanup goals through natural attenuation is approximately 32 years in the northern plume 

area (Part A) and 16 years in the southern plume area (Part B) after mass reduction has been achieved 

through active treatment in the source areas. 

 

Implementability 

Alternative G-3 would be readily implementable. 
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The DPT injection system could be readily applied for in-situ chemical oxidation treatment.  The number 

of qualified contractors is somewhat limited but not overly restrictive.  Sampling and maintenance of 

existing monitoring wells and performance of 5-year reviews could readily be accomplished.  The 

resources, equipment, and materials required for these activities are readily available. 

 

The administrative and permitting aspects of Alternative G-3 would be relatively simple to implement.  The 

LUCs would be incorporated into existing base land use programs.  Permits for installing new wells and 

injection points would be required.  Permits for the injection of chemical oxidation chemicals are 

commonly granted.  No other permits, such as air or RCRA treatment or disposal, are required.     

 

Cost 

The estimated costs for Alternative G-3 are as follows: 

 
Part A – Northern Plume 

Capital Cost:        $998,000 

30-Year NPW of O&M and Monitoring Costs:     $821,000 

30-Year NPW:     $1,819,000 

 

Part B – Southern Plume 
Capital Cost:        $407,000 

30-Year NPW of O&M and Monitoring Costs:    $337,000 

30-Year NPW:        $743,000 

 

Total Estimated NPW for Alternative G-3: $2,562,000 

 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 

 

4.3.4 Alternative G-4: In-Situ Reduction with Emulsified Zero-Valent Nano-Scale Iron (High-
Concentration Areas), Natural Attenuation, Monitoring, and Land Use Controls 

4.3.4.1 Description 

Alternative G-4 would consist of four major components: (1) in-situ chemical reduction, (2) natural 

attenuation, (3) monitoring, and (4) LUCs. 
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Component 1: In-Situ Reduction 

Prior to implementing this alternative, groundwater samples would be collected from the high-

concentration areas to confirm that there are no significant changes in contaminant concentrations.  An 

EZVI slurry would be injected into the subsurface at the high-concentration areas using a DPT rig.  At 

each injection location, the slurry would be injected over the entire depth of the saturated zone, and would 

be injected in rows to create treatment barriers to intercept the contaminated plume (see Figure 4-8).  

Additional EZVI would be injected at the locations of DNAPL, and approximately 750 gallons of EZVI 

slurry would be injected at each injection point.  

 

The injection locations would be spaced 10 feet apart.  Approximately 55 injection locations spaced 10 feet 

apart would be needed.  All of the EZVI, an estimated 41,000 gallons, would be injected in a single event.  

Monitoring (baseline and quarterly for 1 year) would be performed to evaluate the progress of 

remediation.   

 

Component 2: Monitored Natural Attenuation 

This component would be identical to Component 2 of Alternative G-2. 

 

Component 3: Monitoring 

This component would be identical to Component 3 of Alternative G-2. 

 

Component 4: LUCs 

This component would be identical to Component 4 of Alternative G-2. 

 

4.3.4.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-4 would be protective of human health and the environment. 

 

By actively reducing the high-concentration areas, in-situ chemical reduction would significantly reduce 

the expansion of the plume and permanently remove COCs.  This would significantly reduce the risk from 

exposure to contaminated groundwater and would provide protection to future human receptors that may 

be exposed during intrusive activities.  Contaminant concentrations would also be reduced by natural 

attenuation. 
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Monitoring would be protective by evaluating the effectiveness of the in-situ treatment, monitoring the 

progress of natural attenuation processes, and detecting potential migration of groundwater COCs. 

 

LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

 

Compliance with ARARs and TBCs 

Alternative G-4 would eventually comply with chemical-specific ARARs and TBCs through a combination 

of chemical treatment and natural attenuation.  Alternative G-4 would also comply with location- and 

action-specific ARARs and TBCs.  ARARs tables specific to Alternative G-4 are provided in Appendix E. 

 

Long-Term Effectiveness and Permanence 

Alternative G-4 would provide long-term effectiveness and permanence. 

 

In-situ chemical reduction would effectively and permanently remove contaminants in the groundwater.  

Contaminants in the vicinity of the direct injection would be treated in a relatively short time.  The 

contaminants in the dissolved phase would be treated over a longer period as the plume passes through 

the barriers.  This would accelerate the remediation process and reduce the expansion of the plume.  In-

situ chemical reduction is a relatively new technology, and its effectiveness for the treatment of the Site 

45 is being verified through a pilot-scale treatability study.  

 

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that 

no migration of COCs is occurring. 

 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until 

cleanup goals are met. 

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-4 would reduce the toxicity, mobility, and volume of groundwater COCs.  In-situ chemical 

reduction would permanently and irreversibly remove an estimated 238 pounds of COCs (148 pounds of 
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PCE, 59 pounds of TCE, and 31 pounds of cis-1,2-DCE) from groundwater.  No treatment residues would 

be generated by this alternative. 

 

Short-Term Effectiveness 

Alternative G-4 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of groundwater injection 

wells, EZVI injection, and groundwater sampling would be minimized by compliance with OSHA 

requirements including wearing of appropriate PPE and adherence to site-specific health and safety 

procedures.  Implementation of LUCs and monitoring would not adversely impact the surrounding 

community or the environment.   

 

Groundwater RAO Nos. 1 and 2 would be achieved immediately upon implementation of LUCs and 

monitoring.  Based on operating experience with similar systems, it is anticipated that Alternative G-4 

would treat the high-concentration areas within approximately 2 years.  Based on the cleanup time 

estimate (calculations provided in Appendix A.6) and groundwater modeling (presented in Appendix C), it 

is estimated that the time required for Alternative G-4 to meet Groundwater RAO No. 3 and attain the 

groundwater cleanup goals through natural attenuation is approximately 27 years in the northern plume 

area (Part A) and 9 years in the southern plume area (Part B) after mass reduction has been achieved 

through active treatment in the source areas. 

 

Implementability 

Alternative G-4 would be readily implementable. 

 

DPT injection system could be readily applied for in-situ chemical reduction treatment.  The number of 

qualified contractors with EZVI injection experience is somewhat limited.  Sampling and maintenance of 

existing monitoring wells and performance of 5-year reviews could readily be accomplished.  The 

resources, equipment, and materials required for these activities are readily available. 

 

A pilot-scale treatability study is being performed at Site 45 to confirm the effectiveness of this technology 

at the site.   

 

The administrative and permitting aspects of Alternative G-4 would be relatively simple to implement.  The 

LUCs would be incorporated into existing base land use programs.  Permits for installing new wells and 

injection points would be required.  Permits for the injection of chemical reduction chemicals are 

commonly granted.  No other permits, such as air or RCRA treatment or disposal, are required.     
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Cost 

The estimated costs for Alternative G-4 are as follows: 

 

Part A – Northern Plume 

Capital Cost:     $2,310,000 

30-Year NPW of O&M and Monitoring Costs:     $741,000 

30-Year NPW:     $3,051,000 

 

Part B – Southern Plume 
Capital Cost:     $1,230,000 

30-Year NPW of O&M and Monitoring Costs:    $486,000 

30-Year NPW:     $1,716,000 

 
Total Estimated NPW for Alternative G-4: $4,767,000 

 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 

 

4.3.5 Alternative G-5: In-Situ Electric Resistance Heating (High-Concentration Areas), Natural 
Attenuation, Monitoring, and Land Use Controls 

4.3.5.1 Description 

Alternative G-5 would consist of four major components: (1) in-situ ERH (high-concentration areas), 

(2) natural attenuation, (3) monitoring, and (4) LUCs. 

 

Component 1: In-Situ ERH 

Prior to implementing this alternative, groundwater samples would be collected from the high-

concentration areas to confirm that there are no significant changes in contaminant concentrations.  This 

alternative would involve using in-situ ERH to elevate the temperature of groundwater and unsaturated 

soil to volatilize the chlorinated VOCs.  Volatilized VOCs would then be captured by vapor-phase GAC 

adsorption.  The ERH electrode arrays would be installed in the high-concentration areas from 

approximately 2 to 18 feet bgs.  Figure 4-2 shows a process flow diagram of a typical ERH system, and 

Figure 4-3 shows the locations of the ERH electrodes and vapor recovery wells for groundwater and soil 

treatment. 

 

As the ERH electrode array increases the temperature of contaminated groundwater and soil, steam and 

chlorinated VOC vapors would be generated.  As the steam and chlorinated VOC vapors rise through the 
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saturated zone and into the vadose zone, they would be collected by a system of vertical vapor extraction 

wells.  The steam and vapors collected in the extraction system would then be treated above ground by 

moisture separation followed by GAC adsorption.  Because of the high temperatures, existing PVC wells 

within the treatment zone would be abandoned. 

 

The ERH array would consist of approximately 85 electrodes installed throughout the high-concentration 

areas.  A 2,000-kilowatt power supply would be needed and the power supply would require a 12- to 

14-kilovolt three-phase electrical power.  Groundwater samples would be collected periodically to monitor 

the progress of treatment.  The system is assumed to operate for approximately 4 months. 

 

Component 2: Monitored Natural Attenuation 

This component would be identical to Component 2 of Alternative G-2. 

 

Component 3: Monitoring 

This component would be identical to Component 3 of Alternative G-2. 

 

Component 4: LUCs 

This component would be identical to Component 4 of Alternative G-2. 

 

4.3.5.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-5 would be protective of human health and the environment. 

 

By actively reducing the high-concentration areas, in-situ ERH would significantly reduce expansion of the 

plume and permanently remove COCs.  This would significantly reduce the risk from exposure to 

contaminated groundwater and would provide protection to future human receptors that may be exposed 

during intrusive activities.  Off-site treatment and disposal of the condensate and spent GAC would further 

protect human health and the environment.  In addition, residual concentrations of COCs would be further 

reduced by natural attenuation. 

 

Monitoring would be protective by evaluating the effectiveness of the in-situ treatment, monitoring the 

progress of natural attenuation processes, and detecting potential migration of groundwater COCs. 
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LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

 

Compliance with ARARs and TBCs 

Alternative G-5 would eventually comply with chemical-specific ARARs and TBCs through a combination 

of physical treatment and natural attenuation.  Alternative G-5 would also comply with location- and 

action-specific ARARs and TBCs.  ARARs tables specific to Alternative G-5 are provided in Appendix E. 

Long-Term Effectiveness and Permanence 

Alternative G-5 would provide long-term effectiveness and permanence. 

 

In-situ ERH would effectively and permanently remove contaminants in the groundwater and the 

unsaturated zone.  This would accelerate the remediation process and reduce the expansion of the 

plume.  ERH is a relatively new technology, and its effectiveness for the treatment of the Site 45 must be 

verified through a pilot-scale treatability study.  

 

Long-term monitoring would be an effective means to evaluate the progress of remediation and verify that 

no migration of COCs is occurring. 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until 

cleanup goals are met. 

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-5 would reduce the toxicity, mobility, and volume of groundwater and soil COCs.  In-situ 

ERH would permanently and irreversibly remove an estimated 238 pounds of COCs (148 pounds of PCE, 

59 pounds of TCE, and 31 pounds of cis-1,2-DCE) from groundwater.  An additional 14 pounds of VOCs 

will also be removed from soil, as described in Alternative S-3.  Contaminated condensate and GAC 

would need to be disposed off-site.  Depending on the method of disposal, this may include treatment.   

 

Short-Term Effectiveness 

Alternative G-5 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during installation of electrodes and 

groundwater sampling would be minimized by compliance with OSHA requirements including wearing of 
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appropriate PPE and adherence to site-specific health and safety procedures.  Implementation of LUCs 

and monitoring would not adversely impact the surrounding community or the environment.  There would 

be a slight risk to the surrounding community and the environment because of the increase in truck traffic 

to transport the condensate and spent GAC off-site.  Buried utility piping may need to be rerouted or 

protected during treatment. 

  

Groundwater RAO Nos. 1 and 2 would be achieved immediately upon implementation of LUCs and 

monitoring.  Based on operating experience with similar systems, it is anticipated that Alternative G-5 

would treat the high-concentration areas within approximately 1 year.  Based on the cleanup time 

estimate (calculations provided in Appendix A.6) and groundwater modeling (presented in Appendix C), it 

is estimated that the time required for Alternative G-5 to meet Groundwater RAO No. 3 and attain the 

groundwater cleanup goals through natural attenuation is approximately 24 years in the northern plume 

area (Part A) and 6 years in the southern plume area (Part B) after mass reduction has been achieved 

through active treatment in the source areas. 

 

Implementability 

Alternative G-5 would be readily implementable. 

 

In-situ ERH has been used at many sites for groundwater remediation; however, as noted above, this 

process would be applied to the overlying unsaturated soil at the same time.  The number of qualified 

contractors offering this technology is limited, and this may affect the scheduling of remedial activities.  An 

operator would be required to oversee the heating system during the treatment.  A source of high-voltage 

electricity would be needed, but there are existing power lines in the vicinity.  

 

The administrative and permitting aspects of Alternative G-5 would be relatively simple to implement.  

Permits for installing new wells and electrodes would be required.  Because PCE is a listed hazardous 

waste, condensate and spent GAC would need to be handled as hazardous wastes.       

 

Cost 

The estimated costs for Alternative G-5 (including the cost to treat the overlying contaminated soil) are as 

follows: 

 

Part A – Northern Plume 

Capital Cost:     $4,048,000 

30-Year NPW of O&M and Monitoring Costs:     $764,000 

30-Year NPW:     $4,812,000 
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Part B – Southern Plume 
Capital Cost:     $2,085,000 

30-Year NPW of O&M and Monitoring Costs:    $394,000 

30-Year NPW:     $2,479,000 

 

Total Estimated NPW for Alternative G-5: $7,291,000 

 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 

 

4.3.6 Alternative G-6: Monitored Natural Attenuation, Monitoring, and Land Use Controls 

4.3.6.1 Description 

Alternative G-6 would consist of three major components: (1) natural attenuation, (2) monitoring, and 

(3) LUCs. 

 

Component 1: Monitored Natural Attenuation 

This component would be identical to Component 2 of Alternative G-2.  However, unlike the other 

alternatives, MNA is applied to the high-concentration areas.   

 

Component 2: Monitoring 

This component would be identical to Component 3 of Alternative G-2. 

 

Component 3: LUCs 

This component would be identical to Component 4 of Alternative G-2. 

 

4.3.6.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative G-6 would be protective of human health and the environment. 

 

Contaminant concentrations would be reduced by natural attenuation, and the risk from exposure to 

contaminants in groundwater would be reduced.   
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Monitoring would be protective by monitoring the progress of natural attenuation processes, and detecting 

potential migration of groundwater COCs. 

 

LUCs would be protective of human health and the environment during the remedial period until cleanup 

goals are met.  Restricting the use of surficial aquifer groundwater would be protective of human health 

and the environment by avoiding unacceptable risks associated with exposure to contaminated 

groundwater. 

 

Compliance with ARARs and TBCs 

Alternative G-6 would eventually comply with chemical-specific ARARs and TBCs through natural 

attenuation.  Alternative G-6 would also comply with location- and action-specific ARARs and TBCs.  

ARARs tables specific to Alternative G-6 are provided in Appendix E. 

 

Long-Term Effectiveness and Permanence 

Alternative G-6 would provide long-term effectiveness and permanence. 

 

Monitoring would be an effective means to evaluate the progress of natural attenuation and verify that no 

migration of COCs is occurring. 

 

Groundwater use restrictions would effectively prevent the use of surficial aquifer groundwater until the 

cleanup goals are met. 

 

The controls proposed in this alternative are considered reliable. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-6 would reduce the toxicity, mobility, and volume of groundwater COCs.  The mass of 

contaminants that would be permanently removed through biotic and abiotic reactions is uncertain.  

However, the quantity is anticipated to be on the same order of magnitude as the active treatment 

alternatives.  No treatment residues would be generated by this alternative. 

 

Short-Term Effectiveness 

Alternative G-6 would reduce human health risks in the short term because groundwater use restrictions 

would be implemented.  Exposure of workers to contamination during groundwater sampling would be 

minimized by compliance with OSHA requirements including wearing of appropriate PPE and adherence 
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to site-specific health and safety procedures.  Implementation of LUCs and monitoring would not 

adversely impact the surrounding community or the environment.   

 

Groundwater RAO Nos. 1 and 2 would be achieved immediately upon implementation of LUCs and 

monitoring.  Based on the cleanup time estimate (calculations provided in Appendix A.6) and groundwater 

modeling (presented in Appendix C), it is estimated that the time required for Alternative G-6 to meet 

Groundwater RAO No. 3 and attain the groundwater cleanup goals through natural attenuation would be 

approximately 50 years in the northern plume area (Part A) and 42 years in the southern plume area (Part 

B). 

 

Implementability 

Alternative G-6 would be readily implementable. 

 

Sampling and maintenance of existing monitoring wells and performance of 5-year reviews could readily 

be accomplished.  The resources, equipment, and materials required for these activities are readily 

available. 

 

The administrative and permitting aspects of Alternative G-2 would be relatively simple to implement.  The 

LUCs would be incorporated into existing base land use programs.  Permits for installing new wells would 

be required.  No other permits, such as air or RCRA treatment or disposal, are required.     

 

Cost 

The estimated costs for Alternative G-6 are as follows: 

 

Capital Cost:          $22,000 

30-Year NPW of O&M and Monitoring Costs: $1,157,000 

30-Year NPW:     $1,179,000 

 

A detailed breakdown of the estimated costs for this alternative is provided in Appendix E. 
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5.0  COMPARATIVE ANALYSIS OF ALTERNATIVES 

This section compares the analyses for each of the soil and groundwater remedial alternatives presented 

in Section 4.0 of this FS.  The criteria for comparison are identical to those used for the detailed analysis 

of individual alternatives. 

 

5.1 COMPARISON OF SOIL REMEDIAL ALTERNATIVES BY CRITERIA 

The following remedial alternatives for Site 45 soil are being compared in this section: 

 

• Alternative S-1: No Action 

• Alternative S-2: Excavation and Off-Site Treatment (to meet LDRs) and Disposal 

• Alternative S-3: In-Situ ERH and LUCs 

 

5.1.1 Overall Protection of Human Health and the Environment 

Alternative S-1 would not protect human health and the environment because nothing would prevent 

exposure to contaminated soil that could result in unacceptable risk to human receptors.  Also under this 

alternative, COCs in unsaturated soil would continue to leach into groundwater. 

 

Alternatives S-2 and S-3 would be protective of human health and the environment.  In Alternative S-2, 

COCs in soil would be removed from the site, thus eliminating risks from exposure and preventing the 

migration of contaminants to groundwater.  In Alternative S-3, VOCs would be removed from soil, thus 

eliminating risks from exposure and preventing the migration of VOCs to groundwater.  LUCs would 

prevent unacceptable exposure to arsenic and PAHs in soil. 

 

5.1.2 Compliance with Applicable or Relevant and Appropriate Requirements and To Be 
Considered Criteria 

Alternative S-1 would not comply with chemical- and location-specific ARARs.  Action-specific ARARs 

and TBCs would not apply. 

 

Alternatives S-2 and S-3 would comply with all chemical-, location-, and action-specific ARARs and TBCs.  
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5.1.3 Long-Term Effectiveness and Permanence 

Alternative S-1 would have no long-term effectiveness and permanence.  Because there would be no 

restrictions to site use and exposure of human receptors, the potential would exist for unacceptable 

human health risk.   

 

Alternatives S-2 and S-3 would provide long-term effectiveness and permanence.  Alternatives S-2 and 

S-3 offer remedies that remove most of the COCs from the site.  Alternative S-2 would be significantly 

more effective than Alternative S-3 because all of the soil COCs would be completely removed by 

excavation, and LUCs would not be required to restrict certain future site uses.      

 

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative S-1 would not achieve any reduction of toxicity, mobility, or volume of COCs through 

treatment.  Some reduction of contaminant toxicity and volume may be achieved through natural 

attenuation; however, under Alternative S-1, this reduction would neither be verified nor quantified.  

 

Alternatives S-2 and S-3 would achieve reductions in COC toxicity and volume through treatment.  In 

Alternative S-2, the excavated soil would be treated off-site to meet LDRs.  This treatment process is 

likely to include a vapor phase treatment, such as thermal oxidation, in which COCs are destroyed or 

adsorbed onto GAC.  Subsequent disposal of the spent GAC would likely include a thermal oxidation 

step.  In Alternative S-3, COCs would be adsorbed onto GAC, and spent GAC would also likely be 

disposed by a thermal oxidation process.   

 

In both alternatives, approximately 14 pounds of VOCs would be destroyed.  Alternative S-2 would 

remove 1.4 pounds of PAHs and 3.7 pounds of arsenic from the site.  Under Alternative S-3, 

approximately 0.3 pound of PAHs would be removed, but all of the arsenic would remain.      

 

No residues would be generated on site under Alternative S-2.  In Alternative S-3, residues that would be 

generated include a contaminated condensate and spent GAC with sorbed COCs. 

 

5.1.5 Short-Term Effectiveness 

Implementation of Alternative S-1 would not result in risks to site workers or adversely impact the 

surrounding community or environment because no remedial activities would be performed.   
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Implementation of Alternatives S-2 and S-3 could expose construction workers to contaminated soil.  This 

potential for exposure would be minimized by the implementation of engineering controls, such as dust 

suppression, and air quality monitoring.  The potential for worker exposure would be further reduced by 

the wearing of appropriate PPE and compliance with applicable OSHA regulations and proper site-

specific health and safety procedures. 

 

Implementation of Alternatives S-2 and S-3 would both create a slight risk to the surrounding community 

and the environment by transport of waste from the site.  However, measures such as spill prevention 

and containment, erosion and sedimentation control, and perimeter air monitoring would be taken to 

ensure that the impact remains acceptable. 

  

Alternative S-2 would be expected to be completed in approximately 3 months, and Alternative S-3 would 

be expected to be completed in 6 to 12 months. 

 

Both Alternatives would meet the soil RAOs.  Alternative S-2 would meet the soil cleanup goals.  In 

Alternative S-3, arsenic and PAHs would be present in soil at concentrations greater than the cleanup 

goals, but LUCs will restrict site use and eliminate potentially unacceptable exposure. 

 

5.1.6 Implementability 

Alternative 1 would be easiest to implement because there would be no activities to implement. 

 

Alternative S-2 would be slightly easier to implement than Alterative S-3.  Alternative S-2 would use 

common excavation equipment that is readily available.  Existing structures such as sidewalks and utility 

piping would need to be replaced after excavation.  Alternative S-3 would use technology that is available 

from a limited number of qualified contractors.  Alternative S-3 would also require a high-voltage electrical 

source, protection of underground utilities, and removal of PVC monitoring wells because of the heat 

generated by the ERH process.  The administrative implementation of Alternatives S-2 and S-3 would be 

straightforward.   

 

5.1.7 Cost 

The capital and O&M costs and NPW of the soil alternatives are as follows.  Note that the in-situ ERH of 

Alternative S-3 cannot be applied to unsaturated soil alone.  The cost shown is the estimated portion of 

the total cost of treating groundwater and overlying soil that is applicable to soil. 
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 Alternative Capital NPW of O&M NPW 
S-1 $0 $0 $0 
S-2 $953,000 $0 $953,000  
S-3 $307,000 $0 $307,000  

 

Detailed cost estimates are provided in Appendix E. 

 

5.2 SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 

Table 5-1 summarizes the comparative analysis of the soil remedial alternatives.   

 

5.3 COMPARISON OF GROUNDWATER REMEDIAL ALTERNATIVES BY CRITERIA 

The following remedial alternatives for Site 45 groundwater are being compared in this section: 

 

• Alternative G-1: No Action 

 

• Alternative G-2: In-Situ Enhanced Bioremediation (High-Concentration Areas), Natural Attenuation, 

Monitoring, and  LUCs 

 

• Alternative G-3: In-Situ Chemical Oxidation (High-Concentration Areas), Natural Attenuation, 

Monitoring, and LUCs 

 

• Alternative G-4: In-Situ Chemical Reduction with EZVI (High-Concentration Areas), Natural 

Attenuation,  Monitoring, and LUCs 

 

• Alternative G-5: In-Situ ERH (High-Concentration Areas), Natural Attenuation, Monitoring, and LUCs 

 

• Alternative G-6: Monitored Natural Attenuation, Monitoring, and LUCs 

 

5.3.1 Overall Protection of Human Health and the Environment 

Alternative G-1 would not protect human health and the environment because nothing would prevent 

exposure to contaminated groundwater that could result in unacceptable risk to human receptors.  Also 

under this alternative, no warning would be provided of the potential future migration of COCs because no 

monitoring would be performed. 

 

Alternative G-6 would be somewhat less protective than Alternatives G-2 through G-5 because of the 

length of time to remove the contamination.   
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Alternatives G-3, G-4, and G-5 would be slightly more protective than Alternative G-2 because they would 

remove the high concentrations of contaminants in the groundwater in a shorter time frame.  Alternatives 

G-2, G-3, G-4, and G-5 each provide active remediation of the high-concentration areas that would 

significantly reduce expansion of the plumes and permanently remove some of the contaminants.  Natural 

attenuation would further reduce contaminant concentrations.  This would significantly reduce risk from 

exposure to contaminated groundwater.  Monitoring would be effective in detecting potential migration of 

the plumes.  LUCs would provide protection of human health until cleanup goals are met by restricting the 

use of groundwater.       

 

5.3.2  Compliance with Applicable or Relevant and Appropriate Requirements and To Be 
Considered Criteria 

Alternative G-1 would not comply with chemical- and location-specific ARARs.  Action-specific ARARs 

and TBCs would not apply. 

 

Alternatives G-2, G-3, G-4, G-5, and G-6 would comply with location- and action-specific ARARs and 

TBCs.  

 

Alternatives G-2, G-3, G-4, G-5, and G-6 would not immediately comply with chemical-specific ARARs 

and TBCs, but these alternatives would eventually achieve compliance as they attain cleanup goals 

through a combination of active treatment and natural attenuation, or natural attenuation alone with 

Alternative G-6.   

 

5.3.3 Long-Term Effectiveness and Permanence 

Alternative G-1 would have no long-term effectiveness and permanence.  Because there would be no 

restriction of groundwater use and/or site development, human receptors could be exposed to 

contaminated groundwater.  Because there would be no monitoring, the progress of natural attenuation 

would not be assessed, and there would be no warning of potential future migration of COCs. 

 

Alternatives G-2, G-3, G-4, G-5, and G-6 would provide long-term effectiveness and permanence.  

Alternative G-6 would be the least effective of these five alternatives because no active treatment is used.  

The amount of contaminants permanently destroyed through biological and abiotic processes is 

uncertain. 

 

Alternatives G-3, G-4, and G-5 would be slightly more effective than Alternative G-2 because they would 

remove the high concentrations of contaminants in the groundwater in a shorter time frame.  Alternatives 
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G-2, G-3, G-4, and G-5 would provide long-term effectiveness and permanence because each alternative 

includes an active treatment process of the high-concentration areas and natural attenuation in the 

balance of the plume areas.  Alternatives G-2, G-3, and G-4 would provide permanent destruction of 

COCs through biological or chemical means.  Alternative G-4 would provide permanent removal of COCs 

from the high-concentration areas.  Active treatment would be accomplished in a shorter time in 

Alternatives G-3, G-4, and G-5 compared to Alternative G-2 because the biological reactions proceed at a 

slower rate than the physical and chemical processes in the other alternatives.   

 

For Alternatives G-2, G-3, G-4, G-5, and G-6, LUCs could be implemented and enforced by the Navy 

because the site is owned by the Navy.        

 

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative G-1 would not achieve any reduction of toxicity, mobility, or volume of COCs through 

treatment.  Reduction of contaminant toxicity and volume through natural attenuation may be achieved; 

however, under Alternative G-1, this reduction would neither be verified nor quantified.  

 

Alternative G-6 would achieve reductions in COC toxicity and volume through natural attenuation 

processes.  Alternatives G-2, G-3, and G-4 would achieve reductions in COC toxicity and volume through 

treatment.  Alternative G-5 would achieve reductions in COC volume assuming that the spent vapor 

phase GAC is regenerated or destroyed by an off-site thermal process.  Additional reductions of 

contaminant toxicity and volume would also occur through natural attenuation. 

 

Alternative G-2 would permanently and irreversibly remove an estimated 238 pounds of COCs 

(148 pounds of PCE, 59 pounds of TCE, and 31 pounds of cis-1,2-DCE) through enhanced 

bioremediation.  Alternative G-3 would permanently and irreversibly remove the same amount of COCs 

as Alternative G-2 through in-situ chemical oxidation.  Alternative G-4 would permanently and irreversibly 

remove the same amount of COCs as Alternative G-2 through in-situ reduction with ZVI.  Alternative G-5 

would permanently and irreversibly remove the same amount of COCs as the other groundwater 

alternatives plus an additional 14 pounds of VOCs from the soil through ERH by way of off-site treatment 

of GAC.  The quantity of COCs permanently and irreversibly removed through biological and abiotic MNA 

processes is uncertain, but is expected to be comparable to source treatment.   

 

Alternatives G-2, G-3, G-4, and G-6 would not generate treatment residues.  Alternative G-5 would 

generate used GAC and condensate that require off-site disposal. 
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5.3.5 Short-Term Effectiveness 

Implementation of Alternative G-1 would not result in risks to site workers or adversely impact the 

surrounding community or environment because no remedial activities would be performed.  Alternative 

G-1 would not achieve the RAOs, and although the cleanup goals might eventually be attained through 

natural processes, this would not be verified. 

Implementation of Alternative G-6 would result in a slight possibility of exposing site workers to 

contaminated groundwater during sampling of monitoring wells.  Implementation of Alternatives G-2, G-3, 

G-4, and G-5 would result in a slight possibility of exposing site workers to contaminated groundwater 

during the installation, maintenance, and sampling of new and existing monitoring wells, during the 

injection of chemical reagents in Alternatives G-2, G-3, and G-4, and the installation of electrodes in 

Alternative G-5.  During Alternative G-3, workers would have to handle a strong oxidizer, and during 

Alternative G-5, the work environment would include high voltage equipment.  However, these risks of 

exposure would be effectively controlled by wearing appropriate PPE and compliance with proper site-

specific health and safety procedures.  Implementation of Alternatives G-2, G-3, G-4, and G-6 would not 

adversely impact the surrounding community or environment.  Implementation of Alternative G-5 would 

both create a slight risk to the surrounding community and the environment from transport of condensate 

and spent GAC.   

 

Alternatives G-2, G-3, G-4, G-5, and G-6 would achieve Groundwater RAO Nos. 1 and 2 immediately 

upon implementation of LUCs and monitoring.  Groundwater RAO No. 3 would be attained after various 

periods of time depending on the specific remedy  Based on cleanup time estimates (Appendix A.6), the 

following table summarizes the attainment of Groundwater RAO No. 3 (in each plume area) by the 

Groundwater Alternatives being evaluated in this FS.  For Alternatives G-2 through G-5, the estimated 

cleanup time is the time for natural attenuation after mass reduction has been achieved through active 

treatment in the source areas.   

 

Alternative 
 

Attainment of GW RAO No. 3 
(in years) 

Part A 
(Northern Plume Area) 

Part B 
(Southern Plume Area) 

 

G-2 27 9  
G-3 32 16  
G-4 27 9  
G-5 24 6  
G-6 50 42  
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5.3.6 Implementability 

Alternative G-1 would be easiest to implement because there would be no activities to implement. 

 

Technical implementation of the various components of Alternatives G-2, G-3, G-5, and G-6 would be 

relatively simple.  Alternative G-4 is somewhat more difficult to implement because of the difficulties in 

subsurface distribution of EZVI.    

 

The technical implementation of the natural attenuation and LUCs components of Alternatives G-2, G-3, 

G-4, G-5, and G-6 would not be difficult.  The resources, equipment, and material required for the 

activities associated with these components are readily available.  

 

Alternative G-6 has the simplest technical implementation because there is no active treatment process.  

The technical implementation of Alternative G-5 would be somewhat more difficult than that of 

Alternatives G-2 and G-3 because there are fewer ERH contractors compared to companies with 

chemical injection capabilities.  Similarly, the technical implementation of Alternative G-4 would be 

somewhat more difficult than that of Alternatives G-2 and G-3 because there are fewer EZVI contractors 

compared to companies with chemical injection capabilities.  A pilot-scale study to demonstrate the 

effectiveness of Alternative G-4 is in progress.  Pilot-scale treatability studies would have to be performed 

to confirm the site-specific effectiveness and conceptual design of Alternatives G-2, G-3, and G-5.   

 

Administrative implementation of the various components of Alternatives G-2, G-3, G-4, G-5, and G-6 

would be relatively simple.  LUCs have already been implemented at MCRD Parris Island.  

 

The administrative implementation of Alternative G-5 would be slightly more difficult than that of 

Alternatives G-2, G-3, G-4, and G-6 because of the handling of RCRA-hazardous waste, such as spent 

GAC and condensate.    

 

5.3.7 Cost 

The capital and O&M costs and NPW of the groundwater alternatives are as follows. The ERH cost 

includes the treatment of the unsaturated soil.   

 

Alternative Capital NPW of O&M NPW 
G-1 $0 
G-2 $2,616,000 (30-Year) 

Part A $1,065,000 $766,000 (30-Year) $1,831,000 (30-Year) 
Part B $457,000 $328,000 (30-Year) $785,000 (30-Year) 
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Alternative Capital NPW of O&M NPW 
G-3 $2,562,000 (30-Year) 

Part A $998,000 $821,000 (30-Year) $1,819,000 (30-Year) 
Part B $407,000 $336,000 (30-Year) $743,000 (30-Year) 

G-4 $4,767,000 (30-Year) 
Part A $2,310,000 $741,000 (30-Year) $3,051,000 (30-Year) 
Part B $1,230,000 $486,000 (30-Year) $1,716,000 (30-Year) 

G-5 $7,291,000 (30-Year) 
Part A $4,048,000 $764,000 (30-Year) $4,812,000 (30-Year) 
Part B $2,085,000 $394,000 (30-Year) $2,479,000 (30-Year) 

G-6 $1,179,000 (30-Year) 
 

Detailed cost estimates are provided in Appendix E. 

 

5.4 SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL 
ALTERNATIVES 

Table 5-2 summarizes the comparative analysis of groundwater remedial alternatives.   

 

 



TABLE 5-1 
 

SUMMARY OF COMPARATIVE ANALYSIS OF SOIL REMEDIAL ALTERNATIVES 
SITE 45 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 2 
 

Evaluation 
Criterion 

Alternative S-1:  No 
Action 

Alternative S-2: Excavation 
and Off-Site Treatment and 

Disposal 

Alternative S-3: ERH and 
LUCs 

Overall Protection 
of Human Health 
and Environment 

Not protective.  Would be more protective 
than Alternative S-3. 

Would be protective. 

Compliance with 
ARARs and TBCs 
   Chemical-Specific 
   Location-Specific 
   Action-Specific 

 
 
Would not comply 
Would not comply 
Not applicable 

 
 
Would comply 
Would comply 
Would comply 

 
 
Would comply 
Would comply 
Would comply 

Long-Term 
Effectiveness and 
Permanence 

Not effective Would be effective in the long 
term and permanent.  Would 
be more effective than 
Alternative S-3 because all 
COCs would be removed. 

Would be effective in the 
long term and permanent.   

Reduction of 
Contaminant 
Toxicity, Mobility, or 
Volume through 
Treatment 

None 14 pounds of VOCs would be 
removed and approximately 
12 pounds destroyed.   PAHs 
and arsenic would be 
removed from site. 

14 pounds of VOCs would 
be removed and 
approximately 12 pounds 
destroyed.  Some PAHs 
would be removed, but all 
of arsenic would remain on 
site.    

Short-Term 
Effectiveness 

No short-term risks 
because no action would 
occur.  RAOs and 
cleanup goals would not 
be met. 

Exposure of remedial workers 
would be controlled by safety 
procedures.  There would be 
a slight risk to the community 
from transport of 
contaminated soil.  Action 
would be completed in 6 
months.  RAOs and cleanup 
goals would be met. 

Exposure of remedial 
workers would be controlled 
by safety procedures.  
There would be a slight risk 
to the community from 
transport of condensate 
and spent GAC.  Action 
would be completed in 12 
months.  RAOs would be 
met.  Arsenic and PAH 
concentrations would 
exceed cleanup goals, but 
LUCs would eliminate 
potentially unacceptable 
exposure.  

Implementability Nothing to implement. Easy to implement. Somewhat difficult to 
implement.  Specialty 
contractor required.  Use of 
site and vicinity would be 
impacted for about 12 
months. 

Costs: 
   Capital 
   NPW of O&M 
   NPW 

$0
$0
$0

 
$934,000 

$0 
$934,000 

$307,000
$0

$307,000
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ARARs  Applicable or Relevant and Appropriate Requirements 
COCs  Contaminants of Concern    
ERH  Electrical resistance heating 
LUCs  Land use controls        
NPW  Net present worth        
O&M  Operation and maintenance 
PAHs  Polynuclear aromatic hydrocarbons      
PPE  Personal protection equipment 
RAO  Remedial Action Objective 
TBCs  To Be Considered 
VOC  Volatile organic compound 
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Evaluation Criterion Alternative G-1: No 
Action 

Alternative G-2: In-Situ 
Enhanced Bioremediation, 

Natural Attenuation, 
Monitoring, and LUCs  

Alternative G-3:  In-Situ 
Chemical Oxidation, Natural 
Attenuation, Monitoring, and 

LUCs  

Alternative G-4: In-Situ 
Chemical Reduction (EZVI), 

Natural Attenuation, 
Monitoring, and LUCs  

Alternative G-5: In-Situ ERH, 
Natural Attenuation, 

Monitoring, and LUCs  
Alternative G-6: MNA, 
Monitoring, and LUCs 

Overall Protection of 
Human Health and 
Environment 

Would not be protective of 
human health and the 
environment because no 
action would occur.  
Migration of COCs would 
continue and remain 
undetected. 

Would be slightly less 
protective of human health and 
the environment than 
Alternatives G-3, G-4, and G-5 
because it has a longer 
remediation time, although it 
would provide active treatment 
of the high-concentration 
areas.  LUCs would prevent 
exposure to the balance of the 
plume.   

Would be as protective of 
human health and the 
environment as Alternatives G-
4 and G-5 because it would 
provide active treatment of the 
high-concentration areas.  
Would be slightly more 
protective than Alternative G-2 
because of shorter remediation 
time.  LUCs would prevent 
exposure to the balance of the 
plume.   

Would be as protective of 
human health and the 
environment as Alternatives G-
3 and G-5 because it would 
provide active treatment of the 
high-concentration areas.  
Would be slightly more 
protective than Alternative G-2 
because of shorter remediation 
time.  LUCs would prevent 
exposure to the balance of the 
plume.   

Would be as protective of 
human health and the 
environment as Alternatives G-
3 and G-4 because it would 
provide active treatment of the 
high-concentration areas.  
Would be slightly more 
protective than Alternative G-2 
because of shorter remediation 
time.  LUCs would prevent 
exposure to the balance of the 
plume.   

Would be less protective of 
human health and the 
environment than Alternatives 
G-2 through G-5 because 
there would be no active 
treatment of the high-
concentration areas and 
because this alternative has 
the highest remediation time. 
LUCs would prevent exposure 
to the plume.  

Compliance with ARARs 
and TBCs:  

      

    Chemical-Specific Would not comply Would eventually comply Would eventually comply Would eventually comply Would eventually comply Would eventually comply 
    Location-Specific Would not comply Would comply Would comply Would comply Would comply Would comply 
    Action-Specific Not applicable Would comply Would comply Would comply Would comply Would comply 
Long-Term Effectiveness 
and Permanence 

Would have very limited 
long-term effectiveness 
and permanence because 
no action would occur.  
Contaminant reduction or 
migration would remain 
undetected because no 
monitoring would occur. 

Would be as permanent as 
and slightly less effective than 
Alternatives G-3, G-4, and G-5 
because it has a longer 
remediation time.  
Biodegradation would reduce 
COCs in high-concentration 
areas, and LUCs would 
prevent exposure elsewhere.  

Would be as permanent and 
effective as Alternatives G-4 
and G-5.  Would be slightly 
more effective than Alternative 
G-2 because of shorter 
remediation time.  Chemical 
oxidation would reduce COCs 
in high-concentration areas, 
and LUCs would prevent 
exposure elsewhere.  

Would be as permanent and 
effective as Alternatives G-3 
and G-5. Would be slightly 
more effective than Alternative 
G-2 because of shorter 
remediation time. Chemical 
reduction would reduce COCs 
in high-concentration areas, 
and LUCs would prevent 
exposure elsewhere. 

Would be as permanent and 
effective as Alternatives G-3 
and G-4.  Would be slightly 
more effective than Alternative 
G-2 because of shorter 
remediation time.  Removal 
would reduce COCs in high-
concentration areas, and LUCs 
would prevent exposure 
elsewhere. 

Would be less permanent and 
effective as Alternatives G-3 
through G-5 because of the 
long remediation time.  LUCs 
would be required to prevent 
exposure throughout the 
plume.   

Reduction of Toxicity, 
Mobility, or Volume 
through Treatment 

Would not reduce toxicity, 
mobility, or volume through 
treatment because no 
treatment would occur.   

Would irreversibly and 
permanently reduce toxicity, 
mobility, and volume by 
removing an estimated 238 
pounds of COCs through in-
situ biological treatment. 

Would irreversibly and 
permanently reduce toxicity, 
mobility, and volume by 
removing an estimated 238 
pounds of COCs through in-
situ chemical oxidation. 

Would irreversibly and 
permanently reduce toxicity, 
mobility, and volume by 
removing an estimated 238 
pounds of COCs through in-
situ chemical reduction. 

Would irreversibly and 
permanently reduce toxicity, 
mobility, and volume by 
removing an estimated 252 
pounds of COCs through in-
situ ERH and off-site disposal 
of spent GAC. 

Would irreversibly and 
permanently reduce toxicity 
and volume by removing an 
uncertain mass of COCs 
through biological and abiotic 
MNA processes.   
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Evaluation Criterion Alternative G-1: No 
Action 

Alternative G-2: In-Situ 
Enhanced Bioremediation, 

Natural Attenuation, 
Monitoring, and LUCs  

Alternative G-3:  In-Situ 
Chemical Oxidation, Natural 
Attenuation, Monitoring, and 

LUCs  

Alternative G-4: In-Situ 
Chemical Reduction (EZVI), 

Natural Attenuation, 
Monitoring, and LUCs  

Alternative G-5: In-Situ ERH, 
Natural Attenuation, 

Monitoring, and LUCs  
Alternative G-6: MNA, 
Monitoring, and LUCs 

Short-Term Effectiveness Would not result in any 
short-term risk to site 
workers or adversely 
impact the surrounding 
community or environment 
because no action would 
occur.  The RAOs would 
never be achieved. 

Would result in a possibility of 
exposing site workers to 
contaminated groundwater 
during the injection of the 
electron donor and monitoring 
activities. This risk would be 
reduced through compliance 
with appropriate site-specific 
health and safety procedures.  
There would be no risk to the 
surrounding community and 
environment.  Groundwater 
RAO Nos. 1 and 2 would be 
achieved immediately upon 
implementation of LUCs and 
monitoring.  Approximately 27 
and 9 years would be required 
to meet Groundwater RAO No. 
3 and the cleanup goals in the 
northern plume and the 
southern plume, respectively, 
after mass reduction has been 
achieved through active 
treatment in the source areas. 

Would result in a possibility of 
exposing site workers to 
contaminated groundwater 
during the injection of the 
oxidizer and monitoring 
activities. This risk would be 
reduced through compliance 
with appropriate site-specific 
health and safety procedures.  
There would be no risk to the 
surrounding community and 
environment.  Groundwater 
RAO Nos. 1 and 2 would be 
achieved immediately upon 
implementation of LUCs and 
monitoring.  Approximately 32 
and 16 years would be 
required to meet Groundwater 
RAO No. 3 and cleanup goals 
in the northern plume and the 
southern plume, respectively, 
after mass reduction has been 
achieved through active 
treatment in the source areas. 

Would result in a possibility of 
exposing site workers to 
contaminated groundwater 
during the injection of the EZVI 
and monitoring activities. This 
risk would be reduced through 
compliance with appropriate 
site-specific health and safety 
procedures.  There would be 
no risk to the surrounding 
community and environment.  
Groundwater RAO Nos. 1 and 
2 would be achieved 
immediately upon 
implementation of LUCs and 
monitoring.  Approximately 27 
and 9 years would be required 
to meet Groundwater RAO No. 
3 and cleanup goals in the 
northern plume and the 
southern plume, respectively, 
after mass reduction has been 
achieved through active 
treatment in the source areas. 

Would result in a possibility of 
exposing site workers to 
contaminated groundwater 
during electrode installation, 
O&M, and monitoring activities. 
This risk would be reduced 
through compliance with 
appropriate site-specific health 
and safety procedures.  There 
would be a slight risk to the 
community from transport of 
condensate and spent GAC. 
Groundwater RAO Nos. 1 and 
2 would be achieved 
immediately upon 
implementation of LUCs and 
monitoring.  Approximately 24 
and 6 years would be required 
to meet Groundwater RAO No. 
3 and cleanup goals in the 
northern plume and the 
southern plume, respectively, 
after mass reduction has been 
achieved through active 
treatment in the source areas. 

Would result in a possibility of 
exposing site workers to 
contaminated groundwater 
during monitoring activities. 
This risk would be reduced 
through compliance with 
appropriate site-specific health 
and safety procedures.  There 
would be a slight risk to the 
community from transport of 
condensate and spent GAC. 
Groundwater RAO Nos. 1 and 
2 would be achieved 
immediately upon 
implementation of LUCs and 
monitoring.  Approximately 50 
and 42 years would be 
required to meet Groundwater 
RAO No. 3 and cleanup goals 
in the northern plume and the 
southern plume, respectively. 

Implementability Technical and 
administrative 
implementation would be 
extremely simple because 
there would be no action to 
implement. 

Technical implementability of 
in-situ biological treatment 
would be similar to Alternative 
G-3 and easier than 
Alternatives G-4, and G-5.  
Pilot-scale treatability testing 
would be required.  Technical 
implementability of 
groundwater monitoring would 
be simple. 
 
Administrative implementation 
of LUCs would be simple.   

Technical implementability of 
in-situ chemical oxidation 
would be similar to Alternative 
G-2 and easier than 
Alternatives G-4, and G-5.  
Pilot-scale treatability testing 
would be required.  Technical 
implementability of 
groundwater monitoring would 
be simple. 
 
Administrative implementation 
of LUCs would be simple.   

Technical implementability of 
in-situ chemical oxidation 
would be similar to Alternative 
G-5 and more difficult than 
Alternatives G-2, and G-3.  
Technical implementability of 
groundwater monitoring would 
be simple. 
 
Administrative implementation 
of the LUCs would be simple.  .

Technical implementability of 
in-situ ERH would be similar to 
Alternative G-4 and more 
difficult than Alternatives G-2, 
and G-3.  Technical 
implementability of 
groundwater monitoring would 
be simple.  Site use would be 
impacted for about 1 year 
during treatment. 
 
Administrative implementation 
of LUCs would be simple.   

Would be the technically 
easiest alternative to 
implement.   
 
Administrative implementation 
of LUCs would be simple.   
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Evaluation Criterion Alternative G-1: No 
Action 

Alternative G-2: In-Situ 
Enhanced Bioremediation, 

Natural Attenuation, 
Monitoring, and LUCs  

Alternative G-3:  In-Situ 
Chemical Oxidation, Natural 
Attenuation, Monitoring, and 

LUCs  

Alternative G-4: In-Situ 
Chemical Reduction (EZVI), 

Natural Attenuation, 
Monitoring, and LUCs  

Alternative G-5: In-Situ ERH, 
Natural Attenuation, 

Monitoring, and LUCs  
Alternative G-6: MNA, 
Monitoring, and LUCs 

Costs: 
 
Total NPW Cost: 
 
Part A - Northern Plume 
    Capital 
    NPW of O&M 
    NPW 
 
Part B - Southern Plume 
    Capital 
    NPW of O&M 
    NPW 
 

 
 

$0 
 
 
 

NA 
 
 
 
 

NA 

 $2,616,000 (30-Year)

$1,065,000
$766,000 (30-Year)

$1,831,000 (30-Year)

$457,000
$328,000 (30-Year)
$785,000 (30-Year)

$2,562,000 (30-Year)

$998,000
$821,000 (30-Year)

$1,819,000 (30-Year)

$407,000
$336,000 (30-Year)
$743,000 (30-Year)

$4,767,000 (30-Year)

$2,310,000
$741,000 (30-Year)

$3,051,000 (30-Year)

$1,230,000
$486,000 (30-Year)

$1,716,000 (30-Year)

 
 

$7,291,000 (30-Year) 
 
 

$4,048,000 
$764,000 (30-Year) 

$4,812,000 (30-Year) 
 
 

$2,085,000 
$394,000 (30-Year) 

$2,479,000 (30-Year) 

$1,179,000 (30-Year)

NA

NA

 
ARARs Applicable or Relevant and Appropriate Requirements 
COCs Chemicals of concern 
ERH Electrical resistance heating 
EZVI Emulsified zero-valent iron 
LUCs Land use controls 
NA Not Applicable 
NPW Net present worth 
RAO Remedial Action Objective 
TBC To Be Considered  
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Conversion Factors
Inch/Pound to SI

Multiply By To obtain
Length

inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Volume
gallon (gal)  3.785 liter (L) 
gallon (gal)  0.003785 cubic meter (m3) 
gallon (gal) 3.785 cubic decimeter (dm3) 
cubic inch (in3) 0.01639 liter (L)
cubic foot (ft3) 28.32 cubic decimeter (dm3) 
cubic foot (ft3)  0.02832 cubic meter (m3) 

Flow rate
foot per day (ft/d) 0.3048 meter per day (m/d)
foot per minute (ft/min)  0.3048 meter per minute (m/min)
foot per year (ft/yr) 0.3048 meter per year (m/yr)

Hydraulic conductivity
foot per day (ft/d)  0.3048 meter per day (m/d)

Hydraulic gradient
foot per mile (ft/mi)  0.1894 meter per kilometer (m/km)
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SI to Inch/Pound
Multiply By To obtain

Length
centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft) 
kilometer (km) 0.6214 mile (mi)

Volume
liter (L) 0.2642 gallon (gal)
cubic meter (m3) 264.2 gallon (gal) 
cubic decimeter (dm3) 0.2642 gallon (gal) 
liter (L) 61.02 cubic inch (in3) 
cubic decimeter (dm3) 0.03531 cubic foot (ft3) 
cubic meter (m3) 35.31 cubic foot (ft3)

Flow rate
meter per minute (m/min) 3.281 foot per minute (ft/min) 
meter per day (m/d) 3.281 foot per day (ft/d)
meter per year (m/yr) 3.281 foot per year ft/yr) 

Mass
gram (g) 0.03527 ounce, avoirdupois (oz)
kilogram (kg) 2.205 pound avoirdupois (lb)
megagram (Mg) 1.102 ton, short (2,000 lb)
megagram (Mg) 0.9842 ton, long (2,240 lb)
metric ton per day 1.102 ton per day (ton/d) 
megagram per day (Mg/d) 1.102 ton per day (ton/d) 
megagram per day per square 

kilometer [(Mg/d)/km2]
2.8547 ton per day per square mile  

[(ton/d)/mi2]
megagram per year (Mg/yr) 1.102 ton per year (ton/yr)
metric ton per year 1.102 ton per year (ton/yr) 

Hydraulic conductivity
meter per day (m/d) 3.281 foot per day (ft/d) 

Hydraulic gradient
meter per kilometer (m/km) 5.27983 foot per mile (ft/mi) 

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F–32)/1.8

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius  
(µS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) 
or micrograms per liter (µg/L).
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Abbreviations
‰ per mil: a unit expressing the ratio of stable isotope 

abundance of an element in a sample to those of 
a standard material. Per mil units are equivalent to 
parts per thousand.

12C carbon 12 isotope
13C carbon 13 isotope
16S rRNA 16S ribosomal ribonucleic acid
BLS below land surface
BVC functional gene associated with vinyl 

 chloride  reductase 
bvcA reductase gene in Dehalococcoides strain BAV1
cDCE cis-1,2-dichloroethene
cm/d centimeters per day
CSIA compound-specific isotope analysis
DNA deoxyribose nucleic acid
DNAPL dense nonaqueous-phase liquid
DO dissolved oxygen
DSR functional gene associated with  

sulfate-reducing bacteria
ECD electron-capture detector
foc fraction organic carbon
ft/d feet per day
ft/yr feet per year
H2 molecular hydrogen
I.D. inside diameter
IDW investigation-derived waste
K hydraulic conductivity
Kd distribution coefficient between water and sediment
Koc organic carbon sorption coefficient
log Koc soil absorption coefficient for organic carbon
MBT molecular biological tool
MCL maximum contaminant level
MCRD Marine Corps Recruit Depot

mg/kg milligrams per kilogram
mg/mL milligrams per milliliter
MIP Membrane Interface Probe
mRNA messenger ribonucleic acid
mS/M millisiemens per meter
nM nanomoles per liter
PCE tetrachloroethene
ppm parts per million
PVC polyvinyl chloride
qDHB DNA or 16SrRNA associated with Dehalobacter sp.
qDHC DNA or 16SrRNA associated with Dehalococcoides sp.
qDSM DNA or 16SrRNA associated with Desulfuromonas sp.
qEBAC DNA or 16SrRNA associated with Eubacteria
qMGN DNA or 16SrRNA associated with  

methanogenic bacteria
RNA ribonucleic nucleic acid
TCE trichloroethene
TceA trichloroethene reductase gene
t  DCE trans-1,2-dichloroethene
TEAP terminal electron accepting process
TOC total organic carbon
USEPA U.S. Environmental Protection Agency
USGS U.S. Geological Survey
VC vinyl chloride
VcrA vinyl chloride reductase gene 
VOA volatile organic analysis
VOC volatile organic compound
δ13C ratio of 13C/12C relative to a reference standard of the 

Vienna Pee Dee Belemnite
µS/cm microsiemens per centimeter
µV microvolts



Abstract
Groundwater contamination by tetrachloroethene and its 

dechlorination products is present in two partially intermin-
gled plumes in the surficial aquifer near a former dry-cleaning 
facility at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina. The northern plume originates from the vicin-
ity of former above-ground storage tanks. Free-phase tetra-
chloroethene from activities in this area entered the ground-
water and the storm sewer. The southern plume originates 
at a nearby new dry-cleaning facility, but probably was the 
result of contamination released to the aquifer from a leak-
ing sanitary sewer line from the former dry-cleaning facility. 
Discharge of dissolved groundwater contamination is primar-
ily to leaking storm sewers below the water table. Extensive 
biodegradation of the contamination takes place in the surficial 
aquifer; however, the biodegradation is insufficient to reduce 
trichloroethene to less than milligram-per-liter concentrations 
prior to discharging into the storm sewers. The groundwater 
volatile organic compounds entering the storm sewers are 
substantially diluted by tidal flushing upon entry and are sub-
ject to volatilization as they are transported through the storm 
sewer to a discharge point in a tributary to Ballast Creek. TCE 
concentrations of about 2–6 micrograms per liter were pres-
ent in storm-sewer water near the discharge point (sampled 
at manhole STS26). On three out of four sampling events at 
manhole STS14, the storm-sewer water contained no vinyl 
chloride. During a time of relatively high groundwater levels, 
however, 20 micrograms per liter of vinyl chloride was pres-
ent in STS14 storm-sewer water. Because groundwater leaks 
into that storm sewer and because the storm sewer upgradi-
ent from manhole STS14 is adjacent to part of the aquifer 
where 2,290 micrograms per liter of vinyl chloride have 
been detected, there is a potential for substantially increased 
concentrations of vinyl chloride to discharge at the storm-
sewer outfall under conditions of high groundwater levels and 
low tidal flushing. In addition, the observation that free-phase 
tetrachloroethene may have entered the storm-sewer system 
during the 1994 discharge means that dense nonaqueous phase 
liquid tetrachloroethene could have leaked from various parts 
of the storm sewer or discharged to surface water at the storm-
sewer outfall.

Introduction
Marine Corps Recruit Depot (MCRD), Parris Island, is 

in the southeastern part of South Carolina (fig. 1). Site 45 is 
a former dry-cleaning facility and the surrounding area near 
the intersections of Panama Street, Samoa Street, and Kyushu 
Street (fig. 2). The area includes a new dry-cleaning facility. 
Groundwater contamination is present at the site, consist-
ing primarily of tetrachloroethene (PCE) and its dechlorina-
tion products trichloroethene (TCE), cis-1,2-dichloroethene 
(cDCE), and vinyl chloride (VC). 

The former dry-cleaning facility began operations in the 
1950s. In 1988, above-ground storage tanks were installed in 
an overflow catch basin (fig. 2). On March 11, 1994, one of 
the above-ground tanks was overfilled with PCE, and PCE 
spilled into the catch basin. The PCE was released from the 
catch basin to the surrounding soil when the containment 
basin was drained following heavy rains (S&ME, Inc., 1994). 
PCE may have entered the storm drains during this event. 
Evidence for entry of PCE to the storm drain was that when 
the site was investigated in the days after the spill, there was 
a wedge-shaped area of dead vegetation widening away from 
the spill area and intersecting Panama Street (James Clark, 
Environmental Officer, Parris Island, oral commun., 2008). A 
storm drain was present on Panama Street within a few tens 
of feet from the area where the wedge intersected the street.   
Multiple solvent releases were reported in 1995 (James Clark, 
Environmental Officer, Parris Island, oral commun., 2008), 
and the field investigation associated with the 1994 release 
concluded that additional solvent releases of lesser magni-
tude occurred over time predating the 1994 spill (S&ME, 
Inc., 1994). Underground storage tanks, possibly containing 
 petroleum-based solvents, also were present at the site and 
were removed prior to construction of the above-ground stor-
age tanks (S&ME, Inc., 1994). The former dry-cleaning facil-
ity was demolished, and related structures were removed from 
the site in early 2001 (Tetra Tech NUS, Inc., 2004). Ground-
water contamination in the vicinity of and downgradient from 
the area of former above-ground storage tanks is designated as 
the northern plume in this report (fig. 2).

In late 1997, the dry-cleaning operations were moved to 
a new facility, approximately 130 feet (ft) west of the former 
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Figure 2. Location of above-ground storage tanks and approximate boundary of groundwater contamination, Site 45, Marine 
Corps Recruit Depot, Parris Island, South Carolina.

dry-cleaning building (fig. 2). With the move to a new facility, 
the dry-cleaning operation switched from using PCE as the 
cleaning solvent to using a non-hazardous hydrocarbon-based 
cleaner (ExxonMobil DF-2000®) that contains no chlorinated 
solvents, and the equipment was replaced with refrigeration 
for recirculation and recovery of the solvent (Center for Waste 
Minimization, 2000). Investigations in 2005 and 2006 showed 
the presence of a second groundwater contamination plume of 
chlorinated solvents, hereafter known as the southern plume, 

south and southwest of the former dry-cleaning facility (fig. 2), 
appearing to originate from the new dry-cleaning facility (Tetra 
Tech NUS, Inc., 2005; Mark Sladic, Tetra Tech NUS, Inc., writ-
ten commun., 2006). Groundwater flow directions were to the 
southeast, making it improbable that the contamination at the 
new dry-cleaning facility was caused by groundwater transport 
from the documented spill at the former dry-cleaning facility. 

Prior to initiation of the present investigation, the 
U.S. Geological Survey (USGS) conducted groundwater 



4  Source, Transport, and Fate of Groundwater Contamination at Site 45, Marine Corps Recruit Depot, Parris Island, SC

investigations at Site 45 beginning in 2005 to examine issues 
related to the influence of in-well convection on groundwa-
ter sample quality (Vroblesky and others, 2007). The USGS 
initiated the present investigation in 2007 for several reasons. 
(1) Measurements made by the USGS indicated that several 
storm-sewer lines intersecting the site were below the water 
table, and information was needed on whether those sewer 
lines influenced contaminant movement. (2) Further delin-
eation of the southern plume was needed. (3) Additional 
information was needed on the fate and transport of the 
southern plume.

The purposes of this report are (1) to examine the role 
that sewer lines play in contaminant source, distribution, 
attenuation, and transport in both the northern and southern 
plumes, (2) to present data further delineating the main body 
of contamination in the southern plume and on the potential for 
contaminant movement to the deeper aquifer system, and (3) to 
examine natural attenuation aspects of groundwater contamina-
tion in the southern plume. The investigation involved exami-
nation of historical records and engineering drawings of build-
ings, video imaging of storm sewers, water-level monitoring 
by synoptic measurements in wells and by use of continuous 
data loggers, installation and sampling of temporary wells, and 
water and sediment sampling. The water sampling included 
wells, storm drains, and surface water. Water samples were col-
lected from 23 permanent wells in the target aquifer, several of 
which were sampled on multiple occasions. Five of these wells 
were installed during this investigation. The wells were located 
predominantly in the southern plume. Samples were analyzed 
for volatile organic compounds (VOCs) and water chemistry. 
Selected groundwater samples were analyzed for molecular 
biological tools (MBTs) and for compound- specific stable car-
bon isotopes. Groundwater samples also were collected from 
four wells screened deeper than the known contamination, 
three of which were installed during this investigation. Water 
samples were collected from 96 temporary wells installed 
during this investigation. Membrane Interface Probe (MIP) 
logs were collected at seven borings in the southern plume. 
Additional water samples for VOC analysis were collected 
from storm sewers and from surface water at the sewer outfall. 
Sediment was collected for VOC analysis at the storm-sewer 
outfall. Aquifer core samples were analyzed for total organic 
carbon. This report contains several appendixes, which include 
well-construction and lithologic information, water and sedi-
ment chemistry, and synoptic water-level data.

Methods
This investigation involved monitoring existing perma-

nent wells and installation and monitoring of additional per-
manent and temporary wells (figs. 3 and 4). Monitoring also 
involved determination of groundwater levels by collecting 
synoptic and continuous water-level data from wells and storm 
sewers. Subsurface sewer lines were mapped, sampled, and 
subjected to a dye test to measure transport times. Sediment 

samples and surface-water samples were collected and ana-
lyzed. Water-level data and well samples were not collected 
from wells with the prefix PFM (originally used for a pas-
sive flux-meter investigation) because the 15-ft well screens 
were substantially longer than in the other monitoring wells 
(4–5 ft) in the surficial aquifer (fig. 3). One of the PFM wells 
was used, however, to obtain a vertical distribution of specific 
conductance in the surficial aquifer.

Well Installation

Temporary borings were installed using direct-push tech-
nology. MIP logs run in the temporary borings at seven loca-
tions in the southern plume provided information on the depth 
of the contamination (fig. 5). An MIP is a semi-quantitative 
field-screening device that typically is advanced into the soil 
and sediment by push technology and detects volatile organic 
compounds by heating and capturing vapor from the soil and 
transporting it to the surface for onsite analysis (U.S. Environ-
mental Protection Agency, 2005).

Other temporary borings functioned as wells for water 
sampling or as sources for analysis of sediment cores. Tempo-
rary wells were constructed by advancing a stainless-steel well 
screen with a retractable cover to the target depth. Retracting 
the cover at the target depth exposed 4 ft of screen. The depth 
of investigation at each site was based primarily on vertical 
profiling using MIPs during this investigation and a previ-
ous investigation (Tetra Tech NUS, Inc., 2005). The depth of 
maximum electron-capture-detector (ECD) response on the 
MIP logs in areas outside the 1994 PCE spill area varied from 
about 9.5 to 14 ft. Therefore, the targeted depth for exposing 
the 4-ft screened interval of investigation was within the range 
of 5 to 15 ft depth, with the site-specific depth depending on 
nearby MIP data. 

At some temporary-well locations, water samples were 
collected from multiple depths. On the east side of the facil-
ity at wells PAI-45-USGS-TW9 and PAI-45-USGS-TW20, 
multiple depths were sampled by sampling in two different 
boreholes, each with its own well name (PAI-45-USGS-TW18 
and PAI-45-USGS-TW21, respectively). Near the new dry-
cleaning facility, multiple depths were obtained by advancing 
the retractable well point to a shallow depth, sampling the 
well, removing and cleaning the equipment, and using the 
same borehole to advance the retractable well point to a deeper 
depth for sampling. The temporary wells and MIP borings 
installed as part of this investigation were filled in by grouting 
with Portland® cement within 24 hours of sampling.

A South Carolina certified well driller installed all perma-
nent wells. The permanent wells in the surficial aquifer were 
installed using hollow-stem augers. The wells were 2-inch 
inside diameter (ID) polyvinyl chloride (PVC) flush-threaded 
casing with 5-ft screen lengths having 0.010-inch openings. 
The filter pack consisted of clean silica #1 sand installed adja-
cent to the screen from approximately 3–6 inches below the 
bottom of the well to approximately 2 ft above the well screen. 
The seal overlying the sand pack consisted of a minimum 
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Figure 3. Locations of monitoring wells used in the U.S. Geological Survey investigation, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina.
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Figure 4. Locations of temporary wells installed and sampled as part of the U.S. Geological Survey investigation, Site 45, 
Marine Corps Recruit Depot, Parris Island, South Carolina.
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Figure 5. Locations of Membrane Interface Probe borings installed during the U.S. Geological Survey investigation, Site 45, 
Marine Corps Recruit Depot, Parris Island, South Carolina.
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2-ft-thick layer of 100 percent sodium bentonite pellets that 
were allowed to hydrate for 1 hour or longer before grout-
ing. Portland cement (100 percent) grout filled the remaining 
annular space above the bentonite seal to a point at least 2 ft 
below ground surface. The wells were flush mounted with 
at-grade protective steel casings equipped with sealing, lock-
ing caps, at-grade covers, and concrete pads at the well heads. 
All monitoring wells were developed by pumping to remove 
formation cuttings and residual fluids from drilling prior to 
initial sampling.

The three wells beneath the surficial aquifer were installed 
using hollow-stem augers and mud rotary. The driller used 
 hollow-stem augers to set 6-inch-diameter Schedule-40 PVC 
outer casing from land surface to within the clay confining unit 
at the base of the surficial aquifer at a depth of approximately 
19 to 20 ft. After grouting the surface casing in place with 
Portland® cement, the casing grout cured for approximately 
24 hours. The driller then used a 5- to 5-5/8-inch-diameter 
roller cone bit with mud rotary to drill through the grouted 
bottom of the surface casing to a total depth of approximately 
34–35 ft. The well constructed within the surface casing 
consisted of 2-inch ID PVC flush-threaded casing with 10-ft 
screen length having 0.010-inch openings. The primary filter 
pack consisted of clean silica #1 sand from approximately 
3–6 inches below the bottom of the well to approximately 2 ft 
above the well screen. The overlying seal consisted of a mini-
mum 2-ft-thick seal of 100 percent sodium bentonite pellets 
installed directly above the primary filter pack and allowed to 
hydrate for 1 hour or longer before grouting. Portland® cement 
(100 percent) grout filled the remaining annular space above 
the bentonite seal to a point at least 2 ft below ground surface. 
The wells were flush mounted with at-grade protective steel 
casings equipped with sealing, locking caps, at-grade cov-
ers, and concrete pad at the well heads. The monitoring wells 
were developed by pumping to remove formation cuttings and 
residual fluids from drilling prior to initial sampling.

On July 3, 2008, measurements of wells PAI-45-MW26-
SL and PAI-45-MW27-SL showed that fine-grained sand had 
filled the screened interval, apparently as a result of the driller 
using a sand pack that was too coarse for the aquifer mate-
rial. The driller returned to the site and modified the wells by 
removing the sand and constructing a 1-inch ID PVC well 
within each of the existing 2-inch diameter casings. The driller 
filled the remaining annular space of about 3/8 inch with sand. 
Subsequent examination of the wells showed that the modi-
fication was adequate to prevent further infilling with sand. 
A private surveying company, Andrews and Burgess, Inc., 
determined new vertical datums for the modified wells.

Water-Level Measurements

Water-level measurements in monitoring wells at Site 45 
provided information to determine groundwater flow direc-
tions. Continuous water-level data from the storm sewers and 

the aquifer indicated that water levels increase in both during 
high tide. Before the data loggers provided information on 
the tidal influence, a synoptic water-level measurement on 
April 14, 2007, resulted in data that were not reproducible, 
with groundwater depths changing over the course of minutes 
in some wells. Therefore, subsequent synoptic water-level 
measurements were made at low tide, when water levels 
changed little over the course of hours. The measurements 
involved opening the caps on all of the wells and allowing the 
water levels to stabilize for at least 30 minutes, then deploying 
multiple people to measure water levels using electric tapes 
in a time period of less than about 30 minutes. To ensure that 
the water levels were corrected to a uniform datum, Andrews 
and Burgess, Inc., remeasured the altitudes of all of the wells 
in 2008. The water-level measurements provided synoptic data 
for six dates in the surficial aquifer and five dates in the deeper 
aquifer. Solinst Leveloggers provided continuous water-level 
monitoring in several wells and selected storm sewers. 

Sewer Mapping

This investigation used a variety of approaches to map 
and investigate the sanitary and storm sewers at Site 45 
(fig. 6). In the initial stages of this investigation, the direc-
tion of transport in an abandoned sanitary sewer that drained 
the former dry-cleaning facility was determined by pouring 
water into the manhole. Scanned images of historical as-built 
engineering drawings of buildings and sewer lines imported 
into a geographic information system map of the site, includ-
ing surveyed locations of manholes, provided the framework 
for generating the map of sanitary- and storm-sewer locations. 
A commercial in-line sewer camera, used in the sanitary sewer 
from the former dry-cleaning facility and in several of the 
storm sewers, provided information on sewer integrity and 
confirmed connections between manholes. The altitudes of the 
sewer inverts (bottom of the pipe entering a manhole) were 
determined by comparing surveyed altitudes of manholes to 
field tape-down measurements. The nomenclature for man-
holes and storm-sewer drains in this report includes a prefix of 
“SAS” for sanitary sewer or “STS” for storm sewer, followed 
by a numeric identifier. 

The USGS conducted a dye test on August 30, 2007, to 
verify the location of the storm-sewer discharge and to deter-
mine the time-of-transport for water in the storm sewer to reach 
the discharge location from Site 45. The test involved inserting 
1 liter of Red 25 dye (KingsCote Chemicals®) into manhole 
STS06 at 12:51, 12 minutes after high tide (fig. 6). Monitoring 
of the dye transport with the outgoing tide took place in two 
manholes along the storm sewer and at the outfall to a tributary 
to Ballast Creek. A chlorophyll fluorometric sensor in manhole 
STS25 (fig. 7A) detected the arrival of the dye pulse. 
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Figure 6. Storm sewers and sanitary sewers at Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.
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Figure 7. Locations of (A) storm sewers and (B) surface-water and sediment samples collected at the storm-sewer discharge from 
Site 45 to Ballast Creek, Marine Corps Recruit Depot, Parris Island, South Carolina, June 16–17, 2008.

Sediment Sampling

This investigation included collection of sediment sam-
ples from the tributary to Ballast Creek in the vicinity of the 
storm-sewer outfall at high tide using a 424-B40 hand corer 
(Wildlife Supply Company) (fig. 7B). Field personnel used the 
corer to collect the sediment in cellulose acetate liners, and 
then they extruded the sediment from the acetate liners into 
sampling syringes. The syringes were part of a U.S. Envi-
ronmental Protection Agency (USEPA) Method 5035 O2SI 
Sample Smart Field Preservation Kit for sediment sampling 
(O2SI Smart Solutions, P.O. Box 30712, Charleston, SC). This 
kit consists of preserved syringes that allow a 14-day holding 
time for VOCs and analysis of moisture content. Sediment 
sample depths were 0.5 and 1 ft below the bed surface at each 
of four locations (fig. 7). Samples were analyzed for VOC 
content and percentage of moisture. 

A limited number of sediment samples from the aquifer and 
confining material were analyzed for total organic carbon (TOC) 
content by method SW846-9060 (U.S. Environmental Protection 
Agency, 1999). A split-spoon sampler provided the core mate-
rial from well PAI-45-MW28-D, and a direct-push technology 
method provided the core material from temporary well PAI-45-
USGS-TW96. The sediment sample from well PAI-45-MW26-
SL consisted of fine-grained sand that infiltrated the well screen 
after the well was completed, and, therefore, was skewed toward 
material fine enough to pass the well screen.

Selected core samples were analyzed onsite by the AQR 
Color-Tec® method (Kelso, 2005). This method consisted of 
collecting sediment by push technology and placing the sedi-
ment in a volatile organic analysis (VOA) vial with deionized 
water to make a slurry. The slurry was aerated by bubbling to 
collect the dissolved gas, which was passed through a colori-
metric indicator tube. The colorimetric response is a relative 
response of total chlorinated VOC concentration.
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Surface-Water and Storm-Drain Sampling

Water samples from surface water and storm drains 
were collected by means of a peristaltic pump attached to 
clean polyethylene tubing. The tubing was inserted through 
the center of a piece of rigid PVC pipe and extended to the 
sampling location. The tubing was then extended to beneath 
the water surface, and a water sample was collected by means 
of the peristaltic pump. Water samples were collected from the 
storm sewers at or soon after low tide while storm-sewer water 
was still moving toward Ballast Creek. An exception was on 
June 25, 2007, when a sample was collected during high tide 
from storm drain STS21 to measure pH, specific conductance, 
and temperature of incoming water (fig. 6). 

Well Sampling

Water samples from the temporary wells were collected 
immediately after well installation by extending tubing to 
the screened interval and removing water with a peristaltic 
pump until the apparent turbidity diminished. Stabilization to 
field properties was not done because the wells were sampled 
immediately after opening the retractable well-screen cover, 
and, therefore, no stagnant casing water should have been in 
the borehole. The water samples were analyzed for VOCs. 

Permanent wells at Site 45 were sampled by a variety 
of methods. The sampling approaches included low-flow 
methodology, diffusion-sampler methodology, and multiple 
casing-volume purges prior to sampling. 

Prior to September 2007, all of the pumped water 
samples from wells were obtained by using low-flow meth-
odology (Barcelona and others, 1994; Shanklin and others, 
1995). Low-flow sampling, however, proved difficult and 
raised questions about sample quality because of tidal effects 
and the presence of vertically stratified specific conductance. 
The proximity of the well screens to specific-conductivity 
stratification sometimes resulted in continuous changes in spe-
cific conductance during low-flow stabilization that were more 
related to induced movement of low-conductivity or high-
conductivity water toward the well rather than to well purg-
ing. For example, in July 2006, well PAI-45-MW20-SL was 
pumped by low-flow methodology for 2 hours and 17 minutes 
in an attempt to stabilize field properties so that low-flow 
samples could be collected. At that point, specific conduc-
tance was still slowly decreasing; however, the samples were 
collected because of concern that continued pumping would 
result in samples that no longer represented groundwater in the 
immediate vicinity of the well screen. In addition, recent work 
has shown that in-well convection cells can develop during the 
winter, resulting in a mixing of water during low-flow sam-
pling that can substantially increase equilibration times, can 
cause false stabilization of indicator properties, can give false 
indications of the redox state, and can provide microbiologi-
cal data that are not representative of the aquifer conditions 
(Vroblesky and others, 2007). 

To reconcile these low-flow sampling issues, all of the 
wells except the deep well (PAI-45-MW-04D) were sampled 
in September 2007 by first evacuating three casing volumes 
of water from the top of the well casing and then lowering the 
sampling tubing to the screened interval and collecting the 
water samples. This was done to simplify the sampling process 
and to produce samples thought to be more representative of 
the immediate vicinity of the screened interval. The wells were 
purged by peristaltic pump from the top of the water column, 
and the intake tubing followed the water column down if 
drawdowns occurred. After three casing volumes were purged, 
the peristaltic tubing was lowered to the top of the screened 
interval, and approximately 0.5 to 1 gallon was purged, fol-
lowed by field parameter measurement and sample collection. 
Stabilization to field properties was not done because the 
change in properties with continued pumping would reflect 
movement of conductivity interfaces in the aquifer rather than 
being related to the reliability of the well purge. In general, 
water levels were not allowed to drop into the screened inter-
val during the three-casing-volume purge. 

Low-flow sampling of wells continued to be used in 
wells where the static water level was within the screened 
interval of the well. In those cases, it was advisable to limit 
the amount of drawdown during pumping so as to avoid 
contaminant volatilization as water cascaded down the well 
screen. During low-flow sampling, the wells were purged at 
120–250  milliliters per minute (mL/min), until the tempera-
ture, pH, dissolved oxygen (DO), and specific conductuctiv-
ity stabilized and no additional water-level drawdowns were 
observed. Stabilization of temperature, pH, dissolved oxygen, 
and specific conductance was observed by passing the water 
through a flow-through cell containing field-calibrated sensors. 
The field properties were considered to be stabilized when the 
observed changes over three 3-minute intervals were within 
±3 percent for temperature and specific conductance, within 
±0.1 unit for pH, and within ±10 percent for dissolved oxygen. 
VOCs and dissolved gases were collected with no headspace 
in 40-mL vials preserved by hydrochloric acid, and were 
analyzed by USEPA method 8260B at General Engineering 
Lab in Charleston, SC. Samples for dissolved metals were 
preserved with nitric acid, samples for dissolved total organic 
carbon were preserved with sulfuric acid, and anions were 
preserved by chilling. Molecular hydrogen samples were col-
lected by a bubble-strip method and analyzed by Microseeps, 
Inc. Samples for molecular analysis were obtained by filtering 
water and sending the filters to Microbial Insights for analysis.

A vertical profile of specific conductance was measured 
in well PFM02, which is fully screened across the saturated 
zone from about 4 to about 20 ft below land surface. The 
profile was accomplished by using a YSI XLM conductivity 
sonde on June 14, 2007. The sonde was lowered into the well 
to a depth of about 2.7 ft. The readings of temperature, specific 
conductance, dissolved oxygen, and pH were allowed to 
stabilize, which generally took about 7 or 8 minutes. Readings 
were recorded and the sonde was lowered to the next measure-
ment depth. Measurements were made at depth intervals of 
3.28 ft, moving from the shallowest to the deepest depth. 
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Compound-Specific Isotope Analysis

Selected water samples were collected for compound-
specific isotope analysis (CSIA) using carbon in the chlori-
nated solvents. CSIA can be used to examine biodegradation 
of contaminants. The two stable isotopes of carbon are 12C 
and 13C, of which 12C is the lighter, more abundant, and more 
readily biodegraded. The ratio of 13C/12C relative to a refer-
ence standard of the Vienna Pee Dee Belemnite (δ13C) usually 
is reported in units of parts per thousand, or per mil (‰). 
Because the lighter isotope is more readily biodegraded, the 
resulting fractionation, or change in the δ13C , can indicate 
biodegradation. As the reaction proceeds, the reactant that 
remains becomes enriched in the heavier isotope, and the δ13C 
value becomes progressively less negative (Hunkeler and 
others, 1999). Carbon isotope fractionation is not significant 
(for example, <0.5 ‰) for non-degradative processes such as 
sorption, but can be on the order of tens of ‰ for degradative 
processes (Dempster and others, 1997; Harrington and others, 
1999; Poulson and Drever, 1999; Slater and others, 1999, 
2000). The use of isotope ratio measurements of carbon in 
both parent and daughter compounds, therefore, can comple-
ment the conventional approach to monitoring of chlorinated-
solvent concentrations and site geochemistry (Hunkeler and 
others, 1999; Sherwood Lollar and others, 1999, 2001; Song 
and others, 2002; Vieth and others, 2003). 

Investigation-Derived Waste
Investigation-dervived waste (IDW) generated during this 

investigation included waste sediment cuttings from drilling 
operations and wastewater from well development, purging, 
and sampling. All IDW was containerized. The drilling con-
tractor removed all IDW associated with drilling operations. In 
2007, removal of the IDW from the site was the responsibility 
of the Navy. In 2008, removal of IDW from USGS operations 
was the responsibility of the USGS. The USGS containerized 
all surplus water from well sampling during 2008 in 55-gallon 
drums, and Fenn Vac, Inc., removed the waste from the site on 
September 29, 2008. 

Site Description

MCRD, Parris Island, is a military training site sur-
rounded by the Broad River to the west, the Beaufort River to 
the east, the confluence of those two rivers to the south, and 
Archers Creek to the north (fig. 1). The island is interfingered 
by several tidal creeks. Site 45 is relatively flat lying and is 
approximately 6 to 9 ft above North American Vertical Datum 
of 1988 (NAVD 88). 

Movement of groundwater contamination at Site 45 
is controlled by site hydrology. The site hydrology is influ-
enced by a complex mixture of hydrogeologic aspects and by 
exchange of groundwater and surface water from leakage at 
storm sewers. 

Hydrogeology

The surficial aquifer at Site 45 consists of sand inter-
spersed with discontinuous beds of clay, silty clay, silty clayey 
sand, and clayey silt and extends to a depth of about 18 ft 
below land surface (BLS) (Tetra Tech NUS, Inc., 2004). Moni-
toring wells in this undifferentiated zone are referred to as SU 
wells if they are screened predominantly shallower than about 
11 ft BLS and are referred to as SL wells if they are screened 
predominantly deeper than about 10 ft BLS. 

A peat layer, which is a few feet thick, has been reported 
at depths of about 17 to 27 ft BLS overlying a clay layer that 
functions as a confining bed (Tetra Tech NUS, Inc., 2004). 
The part of the aquifer below this clay is considered to be the 
“D” horizon. Core samples collected during this investigation 
showed the peat layer to be a complex mixture of sand, silt, 
and clay with a substantial amount of black to brown organic 
material. The layer was encountered at a depth of 17.8 ft BLS 
in well PAI-45-MW28-D and 18.7 to 18.8 ft BLS at wells PAI-
45-MW29-D and PAI-45-MW30-D. Sediment that probably 
was the top part of the layer was encountered at a depth of 
15.2 ft BLS at well PAI-45-USGS-TW96. 

The thickness of the clay at the base of the surficial 
aquifer was about 5 to 8 ft in wells drilled during a previous 
investigation (Tetra Tech NUS, Inc., 2004). During the present 
investigation, descriptions on the clay layer are based partly 
on split-spoon samples (top part of the clay) and partly on 
cuttings from mud-rotary drilling (bottom part of the clay). 
Thus, there is some uncertainty about the thickness of the clay. 
The clay layer at well PAI-45-MW28-D appeared to be about 
3.5 ft thick at well PAI-45-MW28-D and between 2 and 3 ft 
thick at well PAI-45-MW30-D. At well PAI-45-MW29-D, an 
organic rich silt was encountered at a depth of 18.8 ft BLS. 
Mud-rotary cuttings below a depth of 19.6 ft BLS in well PAI-
45-MW19-D showed a thin layer of sand, possibly at a depth 
of about 20–21 ft BLS, underlain by about 7.5 ft of clay.

The surficial aquifer at well PAI-45-MW28-D consists of 
silty sand with a zone of fine-grained very loose sand between 
about 6 and 11.4 ft BLS. The loose-sand zone probably con-
stitutes the most permeable part of the surficial aquifer at well 
PAI-45-MW28-D. In the midpart of the plume at temporary 
well PAI-45-USGS-TW96 (near wells PAI-45-MW31-SL and 
PAI-45-MW31-SU), the sediment between depths of 4 and 
16 ft BLS is sandiest between depths of 8 and 15.3 ft BLS, 
with fine-grained, loose sand at a depth of 8–10 ft BLS. The 
8- to 10-ft zone probably constitutes the most permeable part 
of the surficial aquifer at well PAI-45-USGS-TW96. These 
findings are consistent with a previous passive-flux study 
showing a zone of relatively high Darcy flux between depths 
of about 9.5 and 11 ft BLS near the midpart of the southern 
plume at wells PFM-02 and PFM-03 (EnviroFlux, LLC, 
2007). The lithologic and passive-flux data indicate that the 
most permeable part of the surficial aquifer in the southern 
plume beneath Kyushu Street probably is in the range of 
6–11.4 ft BLS near the new dry-cleaning facility and about 
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8–10 ft BLS in the approximate midpart of the plume near 
wells PAI-45-MW31-SL and PAI-45-MW31-SU. 

In the downgradient part of the plume near well clusters 
PAI-45-MW04 and PAI-45-MW20, passive-flux tests from 
the previous investigation showed a higher Darcy flux in the 
SU wells relative to the SL wells (EnviroFlux, LLC, 2007; 
Hackett and others, 2008). These findings are consistent with 
previously published slug-test data showing that the geometric 
mean of hydraulic conductivity (K) calculated from upper sur-
ficial aquifer wells [8 feet per day (ft/d)] was slightly greater 
than that calculated from the lower surficial aquifer wells 
(2 ft/d) (Tetra Tech, NUS, Inc., 2004).

A broad range of groundwater flow rates can be calcu-
lated from previously reported well tests at Site 45. Typical 
Darcy velocities estimated from passive-flux meter tests were 
about 0.027 ft/d [0.82 centimeter per day (cm/d)] at well 
MW10SL and about 0.020 to 0.095 ft/d (0.6 to 2.9 cm/d) at 
well PFM-01 (Enviroflux, LLC, 2007). At wells PFM-02 and 
PFM-03, the Darcy velocities ranged from about 0.033 to 
0.164 ft/d (1 to 5 cm/d) at depths below 10 ft. Using a geologi-
cally reasonable porosity of 0.3 to 0.45, the calculated seepage 
velocity (Darcy velocity divided by porosity) ranges from 
about 16 to 199.5 feet per year (ft/yr).

Slug tests in the lower surficial aquifer by Tetra Tech 
NUS, Inc. (2004) showed a geometric mean K of about 2 ft/d. 
The hydraulic gradients between wells PAI-45-MW25-SL 
and PAI-45-MW31-SL and between wells PAI-45-MW31-SL 
and PAI-45-MW20-SL are about 0.0052 to 0.0053, based on 
the average of instantaneous gradients measured at 15-minute 
intervals between September 10 and September 29, 2008, 
during the present investigation. Using an assumed range of 
porosity of about 0.3–0.45, the seepage velocity [(K × hydrau-
lic gradient)/porosity] can be calculated to be about 9–13 ft/yr.

Aquifer tests from a previous investigation gave an over-
all average K for the surficial aquifer of about 15.3 ft/d (Tetra 
Tech NUS, Inc., 2004). Using a hydraulic gradient of about 
0.0052–0.0053 and a range of porosity of about 0.3–0.45, the 
calculated seepage velocity is about 65–97 ft/yr.

The variety of calculated seepage velocities in the previ-
ous discussion illustrates the uncertainty with calculations 
of groundwater velocity. The actual groundwater velocity 
almost certainly varies across the site with aquifer heteroge-
neity. Based strictly on aquifer tests (Tetra Tech NUS, Inc., 
2004), the mean groundwater velocity in the southern plume is 
between the end values of about 9 and 97 ft/yr.

The surficial aquifer at Site 45 is unconfined. Depth to 
water is about 2–6 ft. Groundwater is recharged primarily 
from rainfall infiltration in non-paved areas. Some amount of 
recharge also may take place during rainfall events through 
partially collapsed storm sewers. For example, on June 4, 
2008, repairs were done on partially collapsed storm sewer 
STS01 (fig. 6). Prior to the repairs, runoff from Kyushu Street 
south of the new dry cleaner collected and flowed into the 
asphalt cracks adjacent to the storm drain rather than into 
the storm drain. Thus, rainfall-derived runoff flowed into a 

focused part of the aquifer rather than being diverted offsite 
by the storm-sewer system. Because partially collapsed storm 
sewers are not always obvious from a casual surface inspec-
tion, there is the possibility that such localized rainfall infiltra-
tion is or has been influential in other parts of the site. 

A primary discharge path for groundwater at Site 45 
appears to be to storm sewers. The inverts (bottoms) of some 
sections of the storm-sewer system at Site 45 are below the 
high-tide level and below the groundwater levels (figs. 8 
and 9). At the downgradient part of the southern plume, the 
bottoms of manholes STS05 and STS06 are at altitudes of 0.86 
and 0.45 ft relative to NAVD 88 (about 5.5 and 5.4 ft BLS) 
and about 1.2 and 2.4 ft below the water table, respectively 
(fig. 8). At the downgradient part of the northern plume, the 
bottoms of manholes STS13 and STS21 are at altitudes of 2.1 
and 1.07 ft relative to NAVD 88 (about 4.3 to 4.6 ft BLS) and 
about 0.3 to 1.3 ft below the water table, respectively (fig. 8). 

Groundwater in both the SU and SL wells shows a 
general movement from the northwest to the southeast (figs. 8 
and 9). The groundwater contours in the SU wells show strong 
curvature toward some of the storm sewers where the inverts 
of the sewers are deeper than the water table (fig. 8). These 
data indicate that groundwater discharges to the storm-sewer 
system in those areas. Curvature of the groundwater contours 
is less pronounced for the SL wells than for the SU wells, 
possibly reflecting a diminished hydraulic influence from the 
storm sewers on the deeper part of the surficial aquifer (fig. 9). 

Infiltration of groundwater into sewers is not unusual 
when the sewers are below the water table, and in some 
municipal systems, infiltration of groundwater to sewer 
systems can be widespread and overwhelming (Wolf and 
others, 2003; Jamison, 2007). Discharge of groundwater 
to storm sewers at Navy bases may be more common than 
currently recognized considering the low altitude of many 
Navy bases and a previous report of groundwater discharge to 
storm sewers at U.S. Naval Air Station, Jacksonville, Florida 
(Davis, 2003). 

Because the storm-sewer system connects to tidally 
influenced Ballast Creek, tidal water enters the storm drains 
through an open drain approximately 1,400 ft south of Site 45 
during incoming tides. Incoming tidal water moves inland 
through the sewer system at least as far as to Site 45. A water-
level logger recorded tidally induced water-level increases of 
more than 3 ft in the storm sewer at manhole STS06 (fig. 10). 
Surficial aquifer groundwater levels in the vicinity of the 
storm sewers also rise and fall in response to tidal cycles. In 
general, where the invert of the storm sewer is below the water 
table, groundwater levels tend to be higher than water levels in 
the storm sewer at low tide and lower than in the storm sewer 
about 1 to 2 hours preceding and following high tide. The 
higher water levels in the storm sewers than in the ground-
water about 1 to 2 hours preceding and following high tide 
indicate a short-term potential for movement of tidal water 
from the storm sewers to the aquifer. 
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Figure 8. Groundwater levels in the SU wells in the surficial aquifer, Marine Corps Recruit Depot, Parris Island, South Carolina, 
June 27, 2008.
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Figure 9. Groundwater levels in the SL wells in the surficial aquifer, Marine Corps Recruit Depot, Parris Island, South Carolina, 
June 27, 2008.
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A groundwater map for the “D”-horizon wells is not 
shown because groundwater levels across the site on June 27, 
2008, differed by only 0.16 ft or less, with the exception of 
well PAI-45-MW11-D. In general, the slight hydraulic gradi-
ent was from the northwest to the southeast. In contrast, the 
groundwater level in well PAI-45-MW11-D typically showed 
a marked dissimilarity from the other D-horizon wells. For 
example, on June 27, 2008, the groundwater level in well PAI-
45-MW11-D was more than 1 ft lower than the groundwater 
level in any other D-horizon well and appeared to be more 
sensitive to tidal fluctuations than the remaining D-horizon 
wells. Water levels in well PAI-45-MW11-D were more than 
2 ft lower than in wells in the overlying SL horizon. Relevel-
ing of the well measuring point revealed no significant datum 
error. The reason for the anomalous water levels in well PAI-
45-MW11-D was not investigated further.

Groundwater Chemistry

The surfical aquifer at Site 45 is anaerobic at most loca-
tions, with DO concentrations less than 0.3 milligram per liter 
(mg/L) and sometimes less than 0.025 mg/L. Although aerobic 
groundwater conditions in the shallow part of the surficial 
aquifer were observed during two events at well PAI-45-MW-
20-SU (September 29, 2006, and September 10, 2007) and 
during one event at well PAI-45-MW-05-SU (September 8, 
2008), anaerobic conditions also prevailed in groundwater 
from these wells on other sampling dates. Thus, the dominant 
redox reactions in the contaminated aquifer are anaerobic.

The specific terminal electron accepting process (TEAP) 
probably varies spatially in the study area. The patchy brown 

coloring of the sand in some shallow parts of the surficial 
aquifer (less than about 6–8 ft BLS) indicates that iron 
reduction probably is an active electron accepting activity in 
the shallowest sediment (lithologic logs from wells PAI-45-
MW28-D and PAI-45-USGS-TW96). The USEPA reported 
an increase in acid-extractable iron from sediment cores with 
depth from about 8.4 to 16 ft BLS in the upgradient part of the 
southern plume (Scott Huling, U.S. Environmental Protection 
Agency, written commun., 2009). These data may mean that 
iron reduction continues to be a predominant TEAP to a depth 
of at least 16 ft BLS; however, it also is possible that the acid-
extractable iron does not represent bioavailable ferric iron. 
Data from the present investigation indicate that the dominant 
TEAP in groundwater from some of the SL wells is more 
reducing than iron reduction. 

The sediment is predominantly gray at depths below 
about 8 ft in parts of the southern plume, indicating less of a 
potential for iron reduction at depth than in shallower sedi-
ment. When ferric iron is unavailable and sulfate is present 
in an anaerobic aquifer, sulfate reduction is commonly the 
predominant TEAP. Sulfate concentrations in groundwater 
in the vicinity of the southern-plume source area are about 
40 to 50 mg/L (well PAI-45-MW25-SL). In the downgradient 
part of the southern plume at well PAI-45-MW20-SL, sulfate 
concentrations in the groundwater are about 112 to 130 mg/L. 
In anaerobic aquifers lacking more efficient electron acceptors, 
such as ferric iron, these concentrations are sufficient to allow 
sulfate reduction to outcompete methanogenesis (Vroblesky 
and others, 1996). If the gray sediment at depths below 8 ft 
indicates that there is insufficient bioavailable ferric iron to 
support iron reduction, then it is likely that sulfate reduc-
tion is the predominant TEAP in much of the contaminated 
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aquifer of the southern plume. Although sulfide typically was 
not detected in the wells, 0.28 to 0.47 mg/L of sulfide was 
detected in groundwater at well PAI-45-MW20-SU during 
2008. In addition, molecular hydrogen (H2) measurements 
ranged from 1.1 to 3.4 nanomoles per liter (nM) in six out of 
the seven tested wells in the surficial aquifer. H2 concentra-
tions in anaerobic systems can be classified as follows: less 
than 0.1 nM, characteristic of denitrification; 0.2–0.8 nM, 
characteristic of iron reduction; 1–4 nM, characteristic of 
sulfate reduction; and greater than 5 nM, characteristic of 
methanogenesis, with in-between ranges being not diagnostic 
(Chapelle and others, 1997). Thus, most of the measured H2 
concentrations were in the range of sulfate reduction. The H2 
concentration in one out of the seven tested wells was in the 
range characteristic of methanogenesis.

The methane concentrations in groundwater from the 
source-area well of the southern plume (PAI-45-MW25-SL) 
are relatively low [180–754 micrograms per liter (μg/L)]; 
however, methane concentrations in groundwater from a 
number of other wells in the southern plume are greater than 
1,000 μg/L. The elevated methane concentrations may partly 
represent methane from probable methanogenic degrada-
tion in the organic-rich layer (peat zone) at the base of the 
surficial aquifer, below the screened intervals of the moni-
toring wells. The presence of paved areas has the potential 
to trap some methane otherwise released from groundwater 
to the atmosphere, possibly explaining why methane con-
centrations are higher in the shallower SU wells than in the 
deeper SL well beneath Kyushu Street at well clusters PAI-
45-MW10 and PAI-45-MW31. Low concentrations of acetic 
acid (0.11–0.33 mg/L) are present in groundwater from a 
number of wells in the southern plume, however, indicat-
ing that part of the methane probably represents localized 
pockets of methanogenesis in the surficial aquifer at or near 
the screened intervals of wells. Support of this hypothesis is 
that the H2 value of groundwater at well PAI-45-MW31-SL 
was 31 nM on September 9, 2008, which is in the range of 
methanogenic conditions.

Groundwater in the SL wells had a greater specific 
conductance and greater chloride concentration than ground-
water in the SU wells. The contrast is most pronounced at 
well  cluster PAI-45-MW17, where the specific conductance 
of water was 622–942 microsiemens per centimeter (μS/cm) 
from the SU well and 4,264–5,917 μS/cm from the SL well. 
Chloride concentrations ranged from about 68 to 162 mg/L 
in groundwater at the SU screen and from about 1,160 to 
1,750 mg/L in groundwater at the SL screen. Because this well 
cluster is near a storm sewer that is more than 1 ft below the 
water table, the conductivity contrast may represent density 
stratification from leakage of saltwater from the storm sewer 
at high tide. Although not as pronounced as at well cluster 
PAI-45-MW17, the elevated specific conductance, chloride, 
and sodium concentrations in SL wells (compared with the SU 
wells) at other tested well clusters indicates some degree of 
vertical density stratification elsewhere in the surficial aquifer. 
Additional evidence for conductivity stratification can be 

seen at well PFM-02 (fig. 3) in the central part of the southern 
plume, where the specific conductance substantially increases 
with depths greater than 15 ft BLS (fig. 11).

In the three D-horizon wells tested below the surfi-
cial aquifer in this investigation (wells PAI-45-MW28-D, 
-MW29-D, and -MW30-D), the chloride and specific conduc-
tance were substantially greater than in the surficial aquifer. 
Chloride concentrations ranged from 1,940 to 5,520 mg/L, 
and specific conductance ranged from 7,050 to 17,714 μS/cm. 
Salinity measured in well PAI-45-MW29-D [8.1 milligrams 
per milliliter (mg/mL)] indicated that water in the D horizon 
is brackish. 

Low levels of non-chlorinated-solvent constituents are 
present in groundwater in the surficial aquifer at concen-
trations exceeding USEPA maximum contaminant levels 
(MCLs). In September 2008, six wells in the surficial aquifer 
were sampled for dissolved arsenic. Of these six wells, two 
were SU wells, and neither contained arsenic at a detection 
limit of 0.005 mg/L. The four remaining wells were SL wells; 
three out of the four of these wells contained dissolved arsenic 
concentrations in the range of 0.13 to 0.22 mg/L, which is 
greater than the USEPA MCL of 0.01 mg/L (U.S. Environ-
mental Protection Agency, 2002).

Finally, low concentrations of petroleum hydrocarbons 
were present in well PAI-45-MW27-SL near the former tem-
porary lodging facility (table 1, fig. 3). The petroleum hydro-
carbons were detected at similar concentrations in the sample 
and in a duplicate, and the anomalously low sulfate concen-
tration (2.63–2.94 mg/L) and high methane concentration 
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Figure 11. Vertical profile of specific 
conductance at well PFM-02, Marine Corps 
Recruit Depot, Parris Island, South Carolina, 
June 14, 2007.
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from the southeastern corner of the new dry-cleaning facil-
ity to approximately the intersection of Samoa Street and the 
entrance to the Building 293 driveway. Because the northern 
plume has been studied extensively in previous investigations 
(Tetra Tech NUS, Inc., 2004, 2005), the present investigation 
concentrated on the southern plume and the downgradient 
part of the northern plume. The distribution of groundwater 
contamination shown in figures 12–15 represents data from 
multiple sampling events during an approximate 2-year period. 
In the southern plume, the data include groundwater samples 
from temporary wells installed for this investigation on mul-
tiple dates, from temporary wells installed during a previous 
investigation in 2006 (Mark Sladic, Tetra Tech NUS, Inc., 
written commun., 2006), and from permanent wells that were 
sampled in 2008. Thus, the mapped configurations of individ-
ual constituents represent generalized distributions rather than 
snapshots in time. The data from the northern plume represent 
samples collected primarily during a single event (June 2007), 
but include data from a monitoring well sampled in June 2008. 

The downgradient part of the northern plume extends 
southeastward to the storm drain connected to storm drain 
STS21 (fig. 6). No detectable groundwater contamination 
was found in temporary or permanent wells east of that storm 
drain beneath the former temporary lodging parking lot 
(figs. 12–15).

The main part of groundwater contamination in the 
southern plume extends from the southeastern corner of the 
new dry-cleaning facility southeastward toward well PAI-
45-MW20-SL (figs. 3 and 12). PCE concentrations in the 
southern plume were greatest in the source area at the south-
eastern corner of the new dry-cleaning facility (62,400 μg/L) 
and were greater than 10,000 μg/L in the middle part of the 

Table 1. Concentrations of total organic carbon in sediment cores, Site 45, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2008.

[J, estimated value; <, less than; MCL, maximum contaminant level for drinking water established by the U.S. Environ-
mental Protection Agency, accessed on June 18, 2009, at http://www.epa.gov/safewater/contaminants/index.html#mcls]

Well identifier Date

Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Xylenes 
(total)

Naphthalene

PAI-45-MW27-SL September 11, 2007 6.01 1.55J 5.14 8.44 606

PAI-45-MW27-SL 
duplicate

September 11, 2007 5.94 1.38J 4.94J 8.49 555

PAI-45-USGS-TW21 June 25, 2007 0.952J <0.25 <0.25 <0.25 6.98

PAI-45-USGS-TW26 June 25, 2007 1.71 <0.25 <0.25 <0.25 <0.25

PAI-45-USGS-TW36 June 25, 2007 4.17 <0.5 1.21J 1.97J 81.9

PAI-45-USGS-TW65 June 28, 2007 5.36 <1.25 3.81J 6.55 397

PAI-45-USGS-TW71 August 29, 2007 2.66 0.759J 0.759J 0.773J 119

MCL Not applicable 5 1,000 700 10,000 Not estab-
lished

(7,310–7,630 μg/L) are consistent with a shift from sulfate 
reduction to methanogenesis, as is common when petroleum 
hydrocarbons are present in an aquifer. Low concentrations of 
petroleum hydrocarbons also were detected in temporary wells 
drilled near the former temporary lodging facility in June and 
August 2007 (table 1, fig. 4). The source of the petroleum 
hydrocarbons is not known. Some of the benzene detections 
were slightly greater than the 5-µg/L MCL established by the 
USEPA (U.S. Environmental Protection Agency, 2008). 

Distribution of Chlorinated-Solvent 
Groundwater Contamination

This investigation examined aspects related to areal and 
vertical distribution of the groundwater contamination. Data 
related to the areal distribution of groundwater contamination 
were collected for the southern plume and the downgradient 
part of the northern plume. Data related to the vertical distri-
bution of groundwater contamination were collected only for 
the southern plume.

Areal Distribution of Groundwater 
Contamination

Groundwater contamination by chlorinated solvents 
at Site 45 is present in two lobes with some probable inter-
mingling in downgradient parts (figs. 12–15). The northern 
plume extends southeastward from the northern part of the 
former dry-cleaning facility. The southern plume extends 
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Figure 13. Generalized distribution of trichloroethene in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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Figure 14. Generalized distribution of cis-1,2-dichloroethene in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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Figure 15. Generalized distribution of vinyl chloride in groundwater at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2006–2008.
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plume beneath Kyushu Street (fig. 12). Concentrations of TCE 
were relatively uniform along the axis of the southern plume 
(fig. 13). cDCE was most concentrated (1,100–2,180 μg/L) 
near the middle part of the plume between temporary wells 
PAI-45-USGS-TW48 and PAI-45-USGS-TW53 (figs. 4 
and 14). In general, VC also was most concentrated in the 
central part of the plume (greater than 100 μg/L) (fig. 15). 
An exception, however, is a temporary well (PAI-USGS-
TW44) near the new dry cleaner where a VC concentration of 
201 μg/L was found in the groundwater (fig. 15). 

Vertical Distribution of 
Groundwater Contamination

A variety of lines of evidence contribute to the interpreta-
tion of the vertical distribution of groundwater contamination 
at Site 45. The data include lithologic descriptions, ECD logs 
from MIP investigations, sediment analysis from core samples, 
and groundwater samples from temporary and permanent 
wells (fig. 16).

Although well PAI-45-MW28-D is screened below the 
surficial aquifer, lithologic data collected during the well 
installation provide information on the nature of the surficial 
aquifer at that well. Based only on lithologic considerations 
from drilling cores at well PAI-45-MW28-D, the most perme-
able part of the surficial aquifer near the new dry-cleaning 
facility probably is at a depth of about 6.5 to 11.4 ft BLS (alti-
tude of about –1 to –5.9 ft relative to NAVD 88). That horizon 
consisted of loose, wet sand (fig. 17A). The zone beneath the 
sand was siltier and, therefore, less permeable, indicating that 
a depth of about 11.4 ft probably is the base of the zone trans-
mitting most of the groundwater in the surficial aquifer at well 
PAI-45-MW28-D. This horizon probably is a few feet deeper 
at the southeastern corner of the new dry-cleaning facility 
because of the slight rise in altitude relative to Kyushu Street.

The ECD log indicates that at MIP7, near the new 
dry-cleaning facility, the VOC contamination begins at a 
depth of about 8 ft BLS (altitude of about –2.7 ft relative to 
NAVD 88), with a greater VOC concentration beginning at 
a depth of about 10–11 ft (altitude of –4.7 to –5.7 ft) below 
Kyushu Street (fig. 17B). At MIP2, also near the new dry-
cleaning facility, but at a slightly higher altitude, a spike in the 
ECD log indicates a sharp increase in VOC contamination at 
a depth of about 12 ft BLS (altitude of about –5.3 ft relative 
to NAVD 88). The sharp increase in VOC contamination of 
MIP2 corresponds to the zone of increased VOC contamina-
tion at MIP7. The top of the zone of increased VOC contami-
nation in MIP2 and MIP7 corresponds to the lowermost foot 
or so of loose sand at the probable base of the predominant 
flow regime in the surficial aquifer. 

Temporary wells sampled near the new dry-cleaning 
facility at depths of 7–11 ft BLS had lower concentrations of 
VOCs than at 11–15-ft BLS (fig. 17C, table 2). Thus, VOC 
concentrations are greater near the base of the loose sand than 
near the top. Because the 11–15-ft temporary wells appear 

to be partly screened in the loose sand and partly screened 
in the underlying less permeable material, most of the water 
sampled from the 11–15-ft temporary wells likely was derived 
from the loose sand in the top part of the screened interval 
rather than from the underlying less permeable material. This 
interpretation is consistent with the soil-core data indicating a 
sharp decrease in contaminant concentrations at depths greater 
than 12 ft BLS relative to shallower depths (fig. 17D) (Scott 
Huling, U.S. Environmental Protection Agency, written com-
mun, 2009). Thus, it is likely that contamination near the new 
dry-cleaning facility is present from a few feet depth to about 
11.5 ft BLS, most of the contamination is at a depth of about 
8 to 11.5 ft. BLS, and the greatest concentrations are at the 
base of the 8–11.5 ft interval.

Further support for this hypothesis is that while tempo-
rary wells PAI-45-USGS-TW39 (upgradient part of the south-
ern plume) and PAI-45-USGS-TW48 (midpart of the southern 
plume) were screened at depths of 10–14 and 10.5–14.5 ft 
BLS, respectively, and contained about 5,000 to 10,000 μg/L 
of PCE, several temporary wells between these two wells were 
screened at depths of 11–15 ft BLS and contained relatively 
little contamination (less than 250 μg/L and in most cases less 
than 50 μg/L of PCE). These wells included PAI-45-USGS-
TW73, -TW74, -TW83, -TW87, -TW88, -TW90, -TW91, 
-TW92, and -TW93 (fig. 4). The data are consistent with the 
interpretation that 11- to 15-ft-deep wells with comparatively 
little contamination were screened below the major contami-
nation depth; therefore,wells PAI-45-USGS-TW73, -TW74, 
-TW83, -TW87, -TW88, -TW90, -TW91, -TW92, and -TW93 
are not included in figures 12–15. The depths of these wells 
were selected based on the MIP-log response showing rela-
tively high ECD indications at depths from about 10 or 12 ft 
to about 15 ft (fig. 17B). It is likely, however, that as the MIP 
probe progressed downward, the most reliable reading was at 
the first encounters with contamination and the deeper ECD 
responses reflect some level of carry-over. Thus, in the area 
between temporary wells PAI-45-USGS-TW39 and PAI-45-
USGS-TW48, there appears to be comparatively little con-
tamination at depths greater than 11 ft BLS.

In the midpart of the southern plume at temporary well 
PAI-45-USGS-TW96, the most permeable zone appears to 
be a loose sand layer from about 8 to 10 ft BLS (figs. 16 
and 18A). The shallowest sharp increase in ECD-log response 
was just above the base of this layer (fig. 18B), and great-
est concentrations of VOCs detected in field measurements 
from this well were in the same layer (figs. 18C and 18E). 
Relatively high VOC concentrations also were detected at 
depths below 11 ft (figs. 18C and 18D). The VOC concentra-
tions at temporary well PAI-45-USGS-TW96 decreased with 
depth below about 13 ft BLS (figs. 18C and 18E) and were 
not detectable (less than 0.2 parts per million) at depths of 
14–14.8 ft directly above the organic-rich silt layer and at 
15.2–16 ft in the organic-rich silt layer (fig. 18C). The less 
porous nature of the organic-rich layer relative to the overly-
ing sand and the downward decrease in VOC concentrations 
in sediment immediately above the organic-rich layer indicates 
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that the organic-rich layer is not a major contaminant-transport 
pathway at well PAI-45-USGS-TW96. These data indicate 
that the probable depth of contamination in the midpart of the 
southern plume at well cluster PAI-45-MW31 is about 6–14 ft 
BLS, with most of the contamination between about 8 and 
11 or 12 ft BLS and the largest potential for lateral transport 
between about 8 and 10 ft BLS. 

Wells PAI-45-MW28-D, PAI-45-MW29-D, and PAI-
45-MW30-D (fig. 3) were installed below the clay layer at 
the base of the surficial aquifer to gain further information on 
water levels and water quality below the surficial aquifer. It 
cannot be stated with certainty that no VOC contamination is 
in the D horizon underlying the clay that defines the base of 
the surficial unit because the wells in the D horizon near the 
new dry-cleaning facility were installed slightly offset from 
the main body of contamination in the surfical aquifer to avoid 
the risk of inadvertent downward transport of possible free 
product from the surficial to the deeper aquifer during drilling. 
Groundwater levels in the D-horizon wells are lower than lev-
els in the surficial aquifer wells, indicating that if there were a 
discontinuity in the clay layer, it is likely that there would be 
downward flow from the surficial to the deeper aquifers. Con-
tamination, however, is unlikely to be present in the brackish 
D-horizon aquifer for several reasons. No evidence of ground-
water contamination by VOCs was found in ground water 
samples collected from D-horizon wells PAI-45-MW28-D, 
-29-D, and -30-D on June 7, 2008, and well PAI-45-MW28-
D was near the main body of contamination. Water samples 
from the wells contained less than 0.25 µg/L of PCE and TCE, 
less than 0.3 µg/L of cDCE, and less than 0.5 µg/L of VC. By 
virtue of its nearness to the main body of contamination in the 
southern plume and the probable slight hydraulic gradient to 
the southeast, it is likely that contamination would have been 

detected at well PAI-45-MW28-D if substantial contamina-
tion were present in the aquifer beneath the surficial aquifer. 
In addition, there are substantially lower VOC concentrations 
near the base of the surficial aquifer than in the vertical midpart 
of the surficial aquifer, indicating a low potential for downward 
transport through the base of the surficial aquifer. Finally, the 
organic-rich peat at the base of the surficial aquifer provides a 
substantial sorptive buffer for VOCs. 

Source of Chlorinated-Solvent 
Groundwater Contamination  
in the Southern Plume

Although the southern plume spatially originates from 
the new dry-cleaning facility, it is unlikely that the new dry-
cleaning facility is the source of the contamination. From the 
beginning of its operation, the new dry-cleaning facility used 
ExxonMobil DF-2000 fluid as the cleaning solvent; this is a 
petroleum-based solvent and would not be a viable source of 
chlorinated-solvent contamination in the aquifer. 

Several lines of evidence indicate that the contaminant 
source in the southern plume was a leak from a sanitary sewer 
in the vicinity of the new dry-cleaning facility. In the initial 
stages of the present investigation, the USGS uncovered 
manhole SAS01 and determined it to be an abandoned sanitary 
sewer system shallower than the water table. When water 
was poured into the manhole, the water exited the manhole in 
the direction leading to the new dry-cleaning facility (fig. 6). 
Examination of engineering blueprints of historic and existing 
structures at Site 45 showed that the system was the sanitary 

Table 2. Concentrations of chlorinated volatile organic compounds in shallow and deeper 
temporary-well groundwater samples near the new dry cleaning facility, March 5, 2008.

[ft NAVD 88, feet relative to the North American Vertical Datum of 1988; ft BLS, feet below land surface; PCE, tetra-
chloroethene; TCE, trichloroethene; cDCE, cis-1,2-dichloroethene; VC, vinyl chloride; <, less than; J, estimated value; 
B, target analyte was detected in the associated blank]

Well identifier

Ground-
surface 
altitude  

(ft NAVD 88)

Screen 
interval  

(ft NAVD 88)

Screen 
interval  
(ft BLS)

PCE TCE cDCE VC

PAI-45-USGS-TW77 7.33 0.33  7–11 0.351J 20.5 47.9 <0.3
–3.67  11–15 454 3,470 365 <15

PAI-45-USGS-TW78 7.34 0.34  7–11 10.1 45.5 117 <0.3
–3.66  11–15 <12.5 3,200 761 <15

PAI-45-USGS-TW80 5.54 –1.46  7–11 366 732 82.6 <3
–5.46  11–15 6,170 2,160 112 <30

PAI-45-USGS-TW81 7.67 0.67  7–11 <0.25 19.9 107 <0.3
–3.33  11–15 14.0J 1,510 573 <7.5

PAI-45-USGS-TW94 6.6 0.67  7–11 331 863 213 <0.3
–3.33  11–15 754B 5,020 323 2.07
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Figure 18. (A) Lithologic log, (B) electron-capture-detector (ECD) log from Membrane Interface Probe (MIP) investigation, 
(C ) field analysis of volatile organic compounds in sediment cores, (D) trichloroethene concentrations in water from 
multiple depths in temporary wells, and (E ) total chlorinated volatile organic compounds in sediment from cores near the 
southeastern corner of the new dry-cleaning facility, Site 45, Marine Corps Recruit Depot, Parris Island, 2008.
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sewer for the former dry-cleaning facility. The original sani-
tary sewer line, in place since the mid-1950s, appears to have 
extended to beneath what is now the southeastern corner of 
the new dry-cleaning facility and then turned about 90 degrees 
southward. The corner of the former sanitary sewer line that 
extended beneath the new dry-cleaning facility was replaced 
by a diagonal section of pipe extending from manhole SAS02 
to SAS03 sometime in the mid- to late-1990s. 

The sanitary sewer line was constructed of vitrified clay. 
A sewer-inspection camera was used to examine the integrity 
of the sewer line in 2007. The camera revealed that although 
the existing pipe between the former and new dry-cleaning 
facilities contained no collapsed sections, it contained many 
cracks, and grass roots extended into the pipe. Thus, it is 
highly probable that the abandoned sanitary sewer is leaky. 

The aquifer at the southeastern corner of the new dry-
cleaning facility, where the section of the sanitary sewer was 
removed, contained the greatest PCE concentrations, the 
greatest PCE/daughter-product ratios, and the lightest PCE 
CSIA values in the southern plume. The direction of ground-
water flow is to the southeast and the chemical data indicate 
that the area where the sanitary sewer was removed contains 
the most concentrated and least degraded parent compound in 
the southern plume. The southeastern corner of the new dry 
cleaning facility is, therefore, the likely source area for the 
southern plume. 

The coincidence of the southern plume source area 
with a removed section of sanitary sewer that was part of a 
cracked sanitary sewer system, the existence of documented 
and potentially undocumented PCE spills in the former dry-
cleaning facility connected to that sanitary sewer, and the lack 
of a viable source for the PCE spill at the new dry-cleaning 
facility indicate that the probable source of the contamination 
at that location was leakage from the sanitary sewer system. 
In general, sewer leaks (exfiltration) have been recognized 
as potential contamination sources for many years (Amick 
and Burgess, 2000; Wakida and Lerner, 2004; Wolf and oth-
ers, 2004; Rutsch and others, 2005; Held and others, 2006; 
 Reynolds and Barrett, 2007). Leaking sewer lines have pro-
duced groundwater VOC contamination elsewhere (Squillace 
and others, 2004), including PCE contamination from dry-
cleaning operations (State of Wisconsin, 1996).

An additional underground pipe was encountered during 
this investigation in a boring near well PAI-45-MW31-SU. 
This unmarked and unused pipe was not found on site blue-
prints. Therefore, other unidentified subsurface utilities may 
influence groundwater or contaminant transport.

Transport and Fate of 
Chlorinated Solvents

Groundwater contamination at Site 45 is subject to a 
variety of influences. One of the most important influences is 
site hydraulics, which are affected by the storm sewers. Other 
important influences include biodegradation and sorption. 

Storm-Sewer Influences on Transport

Data indicate that groundwater contamination in the 
northern plume discharges to the storm sewer containing storm 
grate STS21 and possibly to the section of storm sewer near 
manholes STS13 and STS14. These sections of storm drains 
are below the water table, and VOCs have been detected in the 
storm sewer at STS13, STS14, and STS21 (fig. 6 and table 3). 
In addition, the curvature of water-table contours around the 
storm sewer downgradient from storm grate STS21 indicates 
movement of groundwater to the storm drain from both sides 
(figs. 8 and 9). 

Data from temporary wells sampled during this investiga-
tion at the downgradient edge of the northern plume provide 
further evidence indicating an influence from the storm-
sewer system on the groundwater-contamination distribution. 
Groundwater from temporary wells PAI-45-USGS-TW4, 
-TW6, -TW8, and -TW10 immediately west of the storm 
sewer containing storm grate STS21 had more than 1,000 µg/L 
of cDCE at the 7–11 or 7.5–11.5 ft BLS (figs. 4, 6, and 14). 
In contrast, wells PAI-45-USGS-TW7 (screened at 7–11 ft 
BLS) and adjacent wells PAI-45-USGS-TW9 and PAI-45-
USGS-TW18 (screened at 7.5–11.5 ft BLS and 12–14.5 ft 
BLS, respectively) on the eastern side of the storm drain did 
not contain detectable VOCs (figs. 4, 6, and 12–15). The depth 
to water in that area was 3.24 to 3.75 ft (based on wells PAI-
45-MW14-SU and PAI-45-MW23-SU, respectively), and the 
depth of the storm drain containing manhole STS21 is about 
4.6 ft or greater. Thus, it is unlikely that the wells east of the 
storm sewer vertically missed the contamination beneath the 
former temporary lodging parking lot. The hydraulic gradients 
and lack of detectable VOCs east of the storm drain indicate 
that the storm-sewer system probably is a main discharge zone 
for the northern plume and effectively limits further expansion 
of the main axis of contamination in the northern plume. 

In the downgradient part of the northern plume near 
the entrance to the former temporary lodging parking lot, 
the storm sewer containing manholes STS13 and STS14 is 
shallower than the storm drain containing storm grate STS21 
(fig. 8). Thus, much of the groundwater contamination in the 
northern plume appears to underflow the western storm drain 
(containing STS14) and move toward the deeper storm drain 
farther east (containing STS21) (figs. 12–15). It is clear that 
some groundwater contamination discharges to the western 
storm sewer because TCE and cDCE were found in water 
at manhole STS14 on most of the sampling dates (table 3). 
During three out of the four sampling events at manhole 
STS14, groundwater levels were relatively low, compared 
with measurements in nearby well PAI-45-MW23-SU (2.54 
to 2.66 ft relative to NAVD 88). On those dates, TCE concen-
trations in water from manhole STS14 ranged from less than 
0.25 to 3.86 µg/L, and cDCE concentrations ranged from an 
estimated value of 0.937 to 4.78 µg/L. On September 8, 2007, 
however, the measured water level in well PAI-45-MW23-SU 
was 3.54, about a foot higher than on the previous sampling 
dates. The following day (September 9, 2008) a water sample 
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from manhole STS14 contained substantially greater VOC 
concentrations than on previous dates (183 µg/L of TCE and 
387 µg/L of cDCE). Most importantly, water from manhole 
STS14 contained 20.1 µg/L of VC. The western storm drain 
containing STS14 is a receptor of groundwater contamination 
from the northern plume and is more important as a recep-
tor during periods of high groundwater levels than during 
periods of low groundwater levels. This is important because 
temporary well PAI-45-USGS-TW15 (fig. 4) had ground-
water contamination containing 2,290 µg/L of VC (June 25, 
2007) and is immediately adjacent to that storm sewer (figs. 4 
and 15). Thus, at high groundwater levels, there is the poten-
tial for increased amounts of VC to enter the storm sewer. If 
such an event occurs at a time when tidal flushing is low, then 
increased concentrations of VC could discharge at the storm-
sewer outfall. The MCL for VC in drinking water established 
by the USEPA is 2 µg/L, and VC has been associated with 
potential increased risk of cancer in adults (U.S. Environmen-
tal Protection Agency, 2008). 

During times of low groundwater levels, relatively 
low concentrations of VOCs in the southernmost part of the 
northern plume may move southeastward beneath storm drain 
STS14. Based on this consideration and on groundwater flow 
directions (figs. 8 and 9), such movement may account for 
some of the low concentrations of TCE and cDCE detected in 
groundwater immediately west of the former temporary lodg-
ing (figs. 13 and 14). 

Data indicate that storm sewers also intercept con-
tamination in the southern plume. Chlorinated solvents were 
detected in water from STS05 (30 μg/L of PCE, 100 μg/L of 
trichloroethene [TCE], 70 μg/L of cDCE, and 7 μg/L of VC in 
June 2007) (table 3, fig. 6). Well PAI-45-MW20-SL, a few feet 
north of the storm drain containing manhole STS05, contained 
more than 1,000 μg/L of TCE, while TCE in most of the 
temporary wells on the opposite of the storm drain contained 
less than 5 μg/L of TCE (fig. 13). Thus, it appears that the 
storm drain below the water table near well PAI-45-MW20-SL 
is a discharge zone for groundwater contamination. Manholes 
STS05 and STS06 are near each other and are about the same 
depth (fig. 8); therefore, the hydrology of the two manholes 
probably is similar. Because the groundwater levels in SL 
wells near these manholes is usually more than 2 ft higher 
than the water levels in the manholes (fig. 10), there probably 
is movement of contaminated water from parts of the aquifer 
deeper than the manholes upward toward the manholes, storm 
sewer, and the granular base material below the storm sewer.

 The presence of VOCs in water from manhole STS05 
and the sharp decline in contaminant concentrations from 
one side of the storm sewer to the other side indicate that a 
substantial part of the southern plume is captured by the storm 
sewer. The presence of VOCs in some temporary wells on 
the downgradient side of the storm sewers, however, indi-
cates that some of the contamination in the southern plume 
bypasses the storm sewers. For example, 110–339 μg/L of 
cDCE was detected in groundwater on the downgradient side 
of the storm drain at temporary wells PAI-45-USGS-TW27, 

PAI-45-USGS-TW28, and PAI-45-USGS-TW64, and 155 
μg/L of TCE was detected in groundwater at well PAI-45-
USGS-TW27 (figs. 4, 13, and 14). 

Relatively low concentrations of groundwater contami-
nation bypass the storm sewers at Site 45, as evidenced by 
concentrations of cDCE of about 5–7 μg/L in temporary wells 
between the storm sewer and the former temporary lodging 
(fig. 14). Based on site hydrology and the relatively leaky 
nature of the storm sewers, the groundwater contaminants 
probably are captured eventually by discharge to a deep storm 
sewer. Potential receptors include the storm sewers near man-
holes STS06, STS07, and STS22 (fig. 6).

Once in the storm-sewer system, VOCs are subject 
to a variety of contaminant-reduction influences. The larg-
est influence is tidal action. The storm sewers at Site 45 
range in diameter from 12 to 36 inches; thus, a tidal change 
of greater than 3 ft in some of the storm sewers at Site 45 
represents a substantial amount of marsh water entering and 
exiting the pipes relative to the comparatively small amount 
of groundwater leaking into them. The tidal exchange dilutes 
the VOC  concentrations in the storm sewers. Volatilization 
probably also removes some of the VOC contamination in the 
storm sewers.

During outgoing tides, the diluted contamination in the 
storm sewer is transported southward and discharges to Bal-
last Creek. Based on a dye test, the contaminant-transport 
time through approximately 1,400 ft of storm sewer from 
Site 45 to Ballast Creek during outgoing tides is a little more 
than 1 hour (fig. 19). A sample from manhole STS26 in the 
storm sewer approximately 320 ft from the Ballast Creek 
discharge contained PCE, TCE, and cDCE concentrations of 
0.69 (estimated), 4.26, and 2.53 µg/L, respectively, at low tide 
and concentrations of 1.06, 5.63, and 3.48 µg/L, respectively, 
1 hour after low tide. At 1 hour after low tide, water at man-
hole STS26 was moving in the storm sewer toward the creek. 
Because no additional storm-sewer pipes appear to enter the 
main storm sewer between STS26 and Ballast Creek, there is 
no additional dilution between STS26 and Ballast Creek, and 
the detected contaminant concentrations at STS26 represent 
VOC concentrations from Site 45 being discharged to Bal-
last Creek. Maximum detected VOC concentrations detected 
in storm-sewer water at STS26 during three sampling events 
(on two different dates) were 1.06 µg/L of PCE, 5.63 µg/L 
of TCE, 3.48 µg/L of cDCE, and less than 0.5 µg/L of VC 
( September 10, 2007, 1 hour after low tide) (table 3).

The above data indicate that the storm sewers function 
as discharge points for the major parts of both the northern 
and southern plumes. Part of the groundwater contamination 
may bypass some of the storm sewers below the water table; 
however, the bypassing concentrations are relatively low. 
Although substantial concentrations of VOCs are present in 
the groundwater near the storm sewers (more than 1,000 μg/L 
of TCE in the southern plume and more than 1,000 μg/L of 
cDCE in the northern plume), the groundwater that leaks into 
the storm sewers is subjected to dilution and volatilization 
effects that result in low concentrations of VOCs in water 
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from the sampled manholes (maximum detection of 387 μg/L 
of cDCE and 183 μg/L of TCE; table 3) and at the discharge 
point. Thus, the storm sewers appear to be preventing substan-
tial additional expansion of the plumes and usually discharg-
ing relatively low concentrations of VOCs (less than about 
10 μg/L of total VOCs to Ballast Creek).

Finally, in an interview during this investigation, the 
Parris Island environmental officer who investigated the 1994 
solvent spill at the above-ground storage tanks stated that there 
was evidence that PCE may have entered the storm drains 
during this event (James Clark, Environmental Officer, Parris 
Island, oral commun., 2008). Because a substantial amount of 
PCE was released to the environment, PCE entering the storm 
drain would have been transported through the storm-sewer 
system. The most probable receptors would have been storm 
drains STS01 or STS16 (fig. 6). Both of these storm drains 
connect to the same storm sewer and ultimately discharge to 
the Ballast Creek tributary at STS27 (fig. 19). Few data are 
available on the nature of a historic storm sewer extending 
from beneath the former above-ground storage-tank area 
southeastward to storm grate STS08 (fig. 6) except that 
video imaging of that section of the sewer during this inves-
tigation showed it to be presently occluded by a concrete 
plug approximately 94 ft northeast of STS08. If the historic 
sewer line had been a receptor, then it would have connected 
to the same storm sewer that drains STS01 and STS16. 

The potential historical presence of free-phase PCE in 
the storm sewer is important for several reasons. The previ-
ously discussed leaky nature of parts of the storm sewer 
means that the dense nonaqueous phase liquid (DNAPL) 
could have leaked from various parts of the storm sewer 
in route to the Ballast Creek discharge. If DNAPL was 
transported all the way to the Ballast Creek discharge point 
at STS27, then it likely would have sorbed to and sunk 
into the sediments not far from STS27. A reconnaissance 
survey of shallow sediment collected near the STS27 outfall 
during this investigation showed no detectable chlorinated-
solvent contamination at depths of 0.5 and 1 ft below the 
sediment surface (fig. 7); however, due to a laboratory 
error, the sediment sample from 1-ft depth at the outfall 
(PAI-SWSED1, June 17, 2008) had unusually high detec-
tion limits [32 to 81 milligrams per kilogram (mg/kg)]. Low 
concentrations of toluene were detected in sediment from 
PAI-SWSED1, 0.5 ft depth (estimated 0.67 mg/kg), and 
at PAI-SWSED3, 1.0 ft depth (3.96 mg/kg). The lack of 
detectable chlorinated-solvent contamination in the sedi-
ment does not eliminate the possibility of deeper contamina-
tion because reworking of the shallow sediment could have 
destroyed the shallow signature. Examination of deeper 
sediment and a search for potential PCE leaks from the 
storm sewer outside of Site 45 were beyond the scope of the 
present investigation. 

Historical contamination could have exited the storm 
sewer east of STS26 through the eastern storm sewer 
that now contains numerous collapse features (fig. 19). 
This eastern storm sewer and the storm sewer containing 

sewer-outfall point STS27 are now connected at manhole 
STS25. The connection at STS25 probably was made to facili-
tate drainage of the storm sewer that extended from approxi-
mately beneath the former temporary lodging parking lot to a 
tributary to Ballast Creek after the collapse features occluded 
the pipe near the outfall point. Evidence that the occlusions 
limit or prevent direct discharge from the eastern storm sewer 
to Ballast Creek can be seen in the directions of water flow in 
the sewers. During an outgoing tide, water drains into manhole 
STS25 (fig. 19) from both the northern and southern sections 
of the eastern storm sewer. Water then flows laterally to the 
western storm sewer and then moves southward toward Bal-
last Creek. The flow directions reverse during an incoming 
tide, with water moving from the western storm sewer through 
manhole STS25 and into both the northern and southern sec-
tions of the eastern storm sewer. Thus, it appears that there is 
no significant exit or entrance for the eastern storm sewer at 
Ballast Creek. 

Figure 19. Movement of dye tracer and arrival times in the storm 
sewer from Site 45 to the Ballast Creek tributary, Marine Corps Recruit 
Depot, Parris Island, South Carolina, August 30, 2007.
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If the spill occurred during a period when the eastern 
and western storm drains were connected, then some level 
of contaminant could have been transported in the eastern 
storm drain. Such transport, however, seems less likely than 
transport in the storm sewer containing discharge point STS27 
because the storm sewer containing STS27 is more directly 
connected to the probable receptor drains for the spill and 
because of predominance of flow at the STS27 discharge point 
relative to the occluded sewers.

It is unlikely that substantial DNAPL from the original 
spill is still present in the storm sewers because of substantial 
flushing by daily tides and by rainfall events, including hur-
ricanes. It also is unlikely that the VOCs detected during this 
investigation in the storm sewers are simply a measurement of 
remnant DNAPL because the presence of TCE, cDCE, and VC 
in the storm sewer indicates that the PCE has been degraded 
by reductive dechlorination (table 3), a process unlikely to 
occur in an aerobic storm sewer. In addition, the δ13C of 
PCE in water from manhole STS05 (–20.51 ‰) reflected a 
substantial amount of degradation relative to manufactured 
PCE (–27.0 to –37.2 ‰: van Warmerdam and others, 1995; 
Jendrejewski and others, 2001), but was similar to the δ13C 
of PCE in groundwater from nearby well PAI-45-MW20-SL 

(–20.8 ‰) (table 4). Thus, the chlorinated solvents presently in 
the storm-sewer water are from groundwater. 

Biodegradation

Several lines of evidence indicate the presence of VOC 
biodegradation in the aquifer at the southern plume. These data 
include microbial considerations, chlorinated-solvent parent/
daughter–product ratios, and stable carbon isotopes. Despite a 
substantial decrease in the total mass of chlorinated solvents 
from the upgradient source area near the new dry-cleaning 
facility to downgradient well PAI-45-MW20-SL, however, 
a substantial concentration of TCE (3,500–5,840 μg/L) is 
still present in the aquifer at well PAI-45-MW20-SL near a 
storm drain (STS05) known to be a recipient of groundwater 
contamination. Thus, biodegradation alone is not sufficient to 
decrease TCE concentrations to values less than milligram-
per-liter levels prior to discharge to the storm sewers.

Molecular analysis as part of this investigation indi-
cated the presence of Dehalococcoides sp. and Dehalobacter 
sp., which are microbes known to degrade chlorinated 
solvents (table 5). A variety of microorganisms are capable 

Table 4. Concentrations of compound-specific stable carbon isotope analysis on water from wells and a storm sewer, Site 45, 
Marine Corps Recruit Depot, Parris Island, South Carolina, 2007–2008.

[1,1-DCE, 1,1-dichloroethylene; PCE, tetrachloroethylene; TCE, trichloroethylene; cDCE, cis-1,2-dichloroethylene; tDCE, trans-1,2-dichloroethylene; 
VC, vinyl chloride; DIC, dissolved inorganic carbon as carbon dioxide; R, laboratory rerun of a sample at a later date than the original analysis; D, duplicate 
sample; —, not analyzed or not reliable due to low concentrations; all concentrations are per mil units of the 13C/12C ratio from a reference standard of the 
Vienna Pee Dee Belemnite]

Site identifier
Sample date  

(month/day/year)
1,1-DCE PCE TCE cDCE t DCE VC DIC

PAI-45-MW04-SL 8/25/2005 –36.60 –25.10 –29.20 –30.30  —  — –12.0
PAI-45-MW20-SL 8/25/2005 –38.80 –20.80 –29.20 –30.30  —  — –11.9
PAI-45-USGS-TW44 6/27/2007 –22.10 –26.01 –31.03 –30.76 –41.53 –22.57  —
PAI-45-USGS-TW39 6/27/2007  — –29.49 –30.19 –31.61  — –20.25  —
PAI-45-USGS-TW48 6/27/2007 –33.06 –27.22 –30.24 –29.79 –39.54 –19.21  —
PAI-45-USGS-TW48 R 6/27/2007  —  —  — –29.71 –39.70 –18.76  —
PAI-45-USGS-TW53 6/27/2007 –32.70 –26.16 –30.43 –30.56 –38.56 –18.22  —
PAI-45-USGS-TW53 D 6/27/2007  — –25.84  — –30.42 –37.39 –17.91  —
PAI-45-USGS-TW63 6/28/2007 –35.88 –26.07 –26.61 –33.82 –50.92 –6.17  —
PAI-45-USGS-TW63 R 6/28/2007 –35.22  — –26.52 –33.60 –50.65 –4.98  —
STS05 (storm sewer) 6/27/2007  — –20.51 –27.99 –31.03  — –20.25  —
PAI-45-USGS-TW3 6/25/2007  —  — 5.64 –27.81  — –19.62  —
PAI-45-USGS-TW12 6/25/2007  — –15.39 –21.69 –27.50  — –23.37  —
PAI-45-USGS-TW12 R 6/25/2007  — –14.98 –21.26 –27.25  — –24.09  —
PAI-45-USGS-TW43 6/27/2007  —  — –23.78 –28.60  — –3.07  —
PAI-45-MW25-SL 6/19/2008  — –29.16 –30.93 –32.71  — –22.58  —
PAI-45-MW31-SL 6/18/2008  — –25.51 –29.76 –30.35  — –21.41  —
PAI-45-MW31-SU 6/18/2008  — –25.55 –29.32 –29.76  — –24.11  —
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Table 5. Molecular analysis of phylogenic groups and functional genes in groundwater samples from the southern plume at Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2005–2006.

[DNA, deoxyribose nucleic acid; RNA, ribonucleic acid; 16s rRNA, 16S ribosomal RNA; mRNA, messenger RNA; BVC, vinyl chloride reductase associated with Dehalococcoides sp. Strain BAV1; DSR, sulfate-
reducing bacteria; sMMO, methane monooxygenase; TceA, trichloroethene reductase; VcrA, vinyl chloride reductase; c/mL, cells per milliliter; <, less than; —, data not collected; gc/mL, gene copies per milliliter; 
E, scientific notation; J, estimated value]

Well identifier

Date 
(month/ 

day/ 
year)

DNA or 
RNA

Units

Phylogenic groups Functional genes

Percent 
recovery

DNA or 16s rRNA DNA or mRNA

Eubacteria 
Dehalo- 

bacter sp. 

Dehalo- 
coccoides 

sp. 

Methano-
genic 

bacteria 

Desulfuro- 
monas sp. 

Type 1  
methano-

trophic 
bacteria 

Type 2  
methano-

trophic 
bacteria 

BVC DSR sMMO TceA VcrA

PAI-45-MW04-SL 8/25/2005 RNA gc/mL 3.59E+07 5.38E+04 2.30E+03 <1.00E+00 <1.00E+00 1.05E+08 1.22E+05 <5E–01 9.69E+06 4.43E+06 <5E–01 <5E–01  —

PAI-45-MW04-SL 9/28/2006 RNA gc/mL 5.66E+05 8.35E+00 4.07E+01  —  —  —  — <5E–01  —  — <5E–01 <5E–01 65.53

PAI-45-MW04-SL 9/28/2006 RNA gc/mL 2.27E+04  — 6.64E+01  —  —  —  — <5E–01  —  — <5E–01 <5E–01 98.24

PAI-45-MW04-SL 10/10/2006 DNA c/mL 8.29E+05 2.34E+03 1.14E+05  —  —  —  — 6.67E–03(J)  —  — <5E–01 1.18E+05 98.72

PAI-45-MW04-SL 10/10/2006 RNA gc/mL 3.97E+05 <1E+0 <5E–01  —  —  —  — <5E–01  —  — <5E–01 <5E–01 42.03

PAI-45-MW20-SL 8/25/2005 RNA gc/mL 2.09E+07 3.68E+04 6.40E+02 <1.00E+00 4.16E+00 9.25E+07 3.73E+04 <5E–01 1.38E+07 3.08E+06 <5E–01 <5E–01  —

PAI-45-MW20-SL 9/26/2006 DNA c/mL 1.85E+06 1.09E+02 2.88E+02  —  —  —  — 4.47E–02(J)  —  — <5E–01 <5E–01 76.48

PAI-45-MW20-SL 9/26/2006 RNA gc/mL 7.32E+02  — <5E–01  —  —  —  — <5E–01  —  — <5E–01 <5E–01 38.18

PAI-45-MW20-SL 10/10/2006 DNA c/mL 2.12E+06 2.18E+03 1.22E+02  —  —  —  — 2.23E–01(J)  —  — <5E–01 <5E–01 71.99

PAI-45-MW20-SL 10/10/2006 RNA gc/mL 2.89E+05 3.37E+00 <5E–01  —  —  —  — <5E–01  —  — <5E-01 <5E–01 36.38

PAI-45-MW20-SU 9/26/2006 DNA c/mL 1.11E+06 1.23E+01 1.47E+04  —  —  —  — 2.53E+01  —  — 5.37E+00 7.36E–01 93.43

PAI-45-MW20-SU 9/26/2006 RNA gc/mL 2.33E+04  — 1.61E+04  —  —  —  — <5E–01  —  — <5E–01 1.3E–02J 47.01

PAI-45-MW20-SU 10/10/2006 DNA c/mL 2.15E+06 4.61E+03 7.01E+02  —  —  —  — 6.30E–1  —  — 2.05E–01 <5E–01 58.53

PAI-45-MW20-SU 10/10/2006 RNA gc/mL 1.98E+05 4.78E+00 <5E–01  —  —  —  — <5E–01  —  — <5E–01 <5E–01 62.22
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of dechlorinating PCE and TCE; however, only microorgan-
isms associated with the genus Dehalococcoides are known 
to dehalorespire cDCE and VC to ethylene (Hendrickson and 
others, 2002; Cupples and others, 2003; He and others, 2003a, 
2003b; Schmidt and de Vos, 2004). The species Dehalococcoi-
des etheneogenes is capable of complete sequential dechlori-
nation of PCE to ethylene (Maymo-Gatell and others, 1999). 
Dehalobacter sp. also has been identified as bacteria associ-
ated with dechlorination of chloroethenes (Holliger and others, 
1998; Maymo-Gatell and others, 1997). In nature, anaerobic 
dechlorination typically is carried out by mixed cultures of 
dechlorinators (Bradley, 2003), and complete dechlorination 
of PCE to ethylene has been observed in a mixed culture that 
did not contain the Dehalococcoides sp. (Flynn and others, 
2000). Thus, the absence of Dehalococcoides sp. and Deha-
lobacter sp. does not necessarily preclude complete dechlo-
rination. Their presence in groundwater at Site 45, however, 
indicates a strong probability of microbial dechlorination of 
the contamination. 

In areas where the dominant driver of biodegradation is 
Dehalococcoides sp., the rate of biodegradation appears to be 
related to the cell density. Dennis (2005) detected ethylene 
production from dechlorination in 78 percent of the ground-
water samples where the density of Dehalococcoides sp. was 
between 1 × 104 and 9.9 × 105 cells per liter and in 83 percent 
of the samples where the density was between 1 × 106 and 
9.9 × 107 cells per liter. In general, a density of 1 × 107 cells 
per liter is considered to be necessary to produce a useful rate 
of natural attenuation (Lu and others, 2006; Dennis, 2009). At 
Site 45, multiple groundwater samples contained Dehalococ-
coides sp. at greater than 104 cells per milliliter (107 cells per 
liter), indicating that sufficient quantities of Dehalococcoides 
sp. are present to produce robust biodegradation of chlorinated 
solvents to ethylene. 

An additional way to examine microbial activity in 
groundwater is to examine enzymes. The enzymes responsible 
for reductive dehalogenation in Dehalococcoides are reduc-
tive dehalogenases, or reductases (Krajmalnik-Brown and 
others, 2004). Microbial analysis of enzymes in groundwater 
from the southern plume showed the presence of BVC, which 
is the functional gene of vinyl chloride reductase associated 
with Dehalococcoides sp. strain BAV1 (table 5). The reductase 
gene (bvcA) in Dehalococcoides strain BAV1 grows using all 
dichloroethene (DCE) isomers and VC as electron acceptors 
and cometabolizes PCE and TCE, efficiently converting these 
compounds to ethylene and inorganic chloride (He and others 
2003b; Krajmalnik-Brown and others, 2004). 

The reductase associated with VC degradation in Dehalo-
coccoides strain VS and other strains is VcrA (Magnuson and 
others, 2000; Muller and others, 2004). VcrA was detected in 
groundwater from wells PAI-45-MW4-SL and PAI-45-MW20-
SU in the southern plume during some sampling events 
(table 5). The reductase responsible for trichloroethene reduc-
tion is TceA in Dehalococcoides strain 195 and other strains. 
TceA was detected in DNA in groundwater in the southern 
plume at well PAI-45-MW20-SU during one sampling event. 

The presence of these enzymes supports the finding that 
microbial degradation of the chlorinated solvents is occurring 
in the southern plume.

The pH of water in the surficial aquifer containing greater 
than 1 micromole per liter of chlorinated solvents averaged 
5.77 pH units (standard deviation of 0.32) in monitoring wells 
and 6.03 pH units (standard deviation of 0.25) in temporary 
wells. In general, maximum microbial reductive dechlorina-
tion has been observed between pH values of about 6.8 to 7.6 
with diminished reduction at lower pH values (Hollinger and 
others, 1993; Zhuang and Pavlostathis, 1995; Wiedemeier 
and others, 1996; Cirpka and others, 1999; Fennell and Gos-
sett, 2003). Although the pH in contaminated groundwater at 
Site 45 is slightly below the optimum level, the presence of 
chlorinated-solvent reductive dechlorination daughter products 
indicates that the pH is not low enough to prohibit reductive 
dechlorination. Reductive dechlorination of chlorinated sol-
vents in a low-pH environment (2–4 range) has been reported 
elsewhere in a Fenton’s reagent treatment area (Bradley and 
others, 2007).

Contaminant Concentration Changes in the 
Direction of Transport

Total chlorinated-solvent concentrations decrease in the 
southern plume along the transport path from the source area 
to well PAI-45-MW04-SL (fig. 20A). A variety of lines of evi-
dence in addition to the previously discussed microbial consid-
eration indicate that the decrease is partly due to contaminant 
biodegradation.

PCE is degrading to TCE in the southern plume. The 
PCE concentrations substantially decrease from upgradient to 
downgradient areas (fig. 20B). The PCE/TCE ratio decreases 
from PAI-45-MW25-SL to PAI-45-MW31-SL to PAI-45-
MW04-SL, indicating a decrease of PCE relative to TCE 
(fig. 20C). In general, the upgradient parts of the southern 
plume tend to be dominated by PCE, while more downgradi-
ent parts of the plume tend to be dominated by TCE or cDCE 
reflecting dechlorination activity (fig. 21). In addition, the δ13C 
of PCE in groundwater indicates a shift from isotopically light 
(negative) to isotopically heavier (more positive) from the 
source area to well PAI-45-MW20-SL (fig. 20D), indicating 
a depletion in the PCE mass of the more readily degradable, 
lighter isotopes. 

Although PCE is the dominant VOC in the source area 
at the southeastern corner of the new dry-cleaning facility, the 
presence of TCE indicates some degree of near-source-area 
PCE degradation. Additional evidence indicating PCE degra-
dation near the source area can be seen in the δ13C data. The 
δ13C of manufactured PCE can vary depending on the manu-
facturer and the timeframe of production, with values ranging 
from –27.0 to –37.2 ‰ (Jendrejewski and others, 2001; van 
Warmerdam and others, 1995). These values are consistent 
with the δ13C of PCE in the source area at well PAI-45-MW-
5-SL (–29.16 ‰) and in temporary well PAI-45-USGS-TW39 
(–29.49 ‰), approximately 30 ft downgradient from the 
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Figure 20. (A) Total chlorinated solvents, (B) individual chlorinated solvents, (C) parent/daughter ratios, 
and (D) compound-specific stable carbon isotopes (δ13C) in wells along the axis of contamination in the 
southern plume, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, September 2008, 
unless otherwise noted.
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source area (table 4), possibly indicating little degradation or 
proximity to free product (Morrill and others, 2003). In tempo-
rary well PAI-45-USGS-TW44, which is nearer to the source 
area than PAI-45-USGS-TW30, the δ13C of PCE in ground-
water was substantially enriched (–26.01 ‰), indicating 
dechlorination of the PCE. This temporary well also contained 
a substantially higher VC concentration (201 μg/L; figs. 4 
and 15) than in nearby wells, further attesting to dechlorina-
tion activity. Thus, there is sufficient dechlorination activity 
to produce VC in parts of the surficial aquifer near the source 
area at the southeastern corner of the new dry-cleaning facility.

There also is evidence that TCE is dechlorinating to 
cDCE in groundwater in the southern plume. The most com-
pelling evidence is the sharp decrease in the TCE/cDCE ratio 
between the source area and mid-plume well PAI-45-MW31-
SL (fig. 20C), despite the observation that the TCE concentra-
tion increased over that interval. The change in ratio indicates 
a gain of cDCE relative to TCE. 

Direct evidence indicating TCE biodegradation between 
the midpart of the southern plume at well PAI-45-MW31-
SL and the downgradient axis of the plume at well PAI-45-
MW20-SL is limited because there is almost no change in 
the TCE/cDCE ratio or in the δ13C of TCE in this part of the 
plume (figs. 20C and 20D), despite a slight decrease in TCE 
concentration (about 25–35 percent). TCE biodegradation, 
however, can occur under all anaerobic conditions; it occurs 
most efficiently under sulfate-reducing and methanogenic con-
ditions (Yang and McCarty, 1998; Bradley, 2003). Because the 
aquifer is anaerobic and the most contaminated part probably 
is dominated by sulfate-reducing conditions with probable 
pockets of methanogenesis, the TEAP conditions are condu-
cive to TCE degradation. 

Because H2 appears to be the most important donor for 
anaerobic dechlorination of chlorinated VOCs (Fennell and 
Gossett, 1998), the competition between sulfate-reducing 
bacteria (SRB) and chlorinated-VOC-degrading bacteria has 
the potential to limit dechlorination activity; however, in one 
laboratory study of microcosms containing Dehalococcoides 
sp., high sulfate concentrations (400 to 1,100 mg/L) under 
limiting electron donor conditions significantly inhibited TCE 
reduction, but had a negligible effect at 30 mg/L compared 
to the zero-sulfate case (Panagiotakis and others, 2008). At 
the comparatively low sulfate concentrations in the south-
ern plume (about 23 to 143 mg/L), sulfate is not expected to 
inhibit dechlorination activity.

Thus, it is likely that TCE dechlorination to cDCE is tak-
ing place in the downgradient part of the southern plume. The 
relative lack of degradation signature in the TCE/cDCE ratio 
or in the δ13C of TCE may be due to a combination of simul-
taneous production and degradation of TCE, the relatively 
small δ13C fractionation factor associated with TCE to cDCE 
degradation (Song and others, 2002), and slow degradation 
rates associated with natural attenuation. 

It is clear that some level of cDCE dechlorination takes 
place in the aquifer simply because of the presence of VC, a 
daughter product of cDCE reduction. VC is more concentrated 

in the central part of the southern plume near well PAI-45-
MW31-SL (about 120 to 420 μg/L) than in most wells near 
the source area (about 5 to 50 μg/L) (figs. 15 and 20B). This 
indicates that production of VC by dechlorination of cDCE 
takes place as the contamination is transported, at least in 
the upgradient half of the plume. An exception is temporary 
well PAI-45-USGS-TW44 near the new dry cleaner that had 
201 μg/L of VC in groundwater, indicating that substantial 
dechlorination has taken place in at least some parts of the 
aquifer in or near the source area. 

Reduction of VOCs under the iron- and sulfate-reducing 
conditions that appear to prevail in the aquifer at Site 45 is 
substantially less favorable for VC than for PCE and TCE. VC 
dechlorination can take place under these conditions, how-
ever, and has taken place at Site 45, as evidenced by elevated 
ethylene concentrations (13–150 μg/L) in groundwater along 
the axis of the southern plume relative to groundwater in wells 
outside of the main axis of the plume (less than 10 μg/L at 
most wells). Oxidation of VC under iron- and sulfate-reducing 
conditions is more favorable than reduction and probably is 
taking place in the aquifer at Site 45. The increases in δ13C for 
VC from –22.57 ‰ at temporary well PAI-45-USGS-TW44 
to –18.76 to –19.21 ‰ at PAI-45-USGS-TW48 and –17.91 to 
–18.22 ‰ at PAI-45-USGS-TW53 indicate biodegradation of 
VC as it is transported along the flowpath (table 4). Further 
evidence for VC biodegradation can be seen at temporary well 
PAI-45-USGS-TW63, where only a small amount of VC was 
present (estimated 30 μg/L) and the δ13C was enriched (–4.98 
to –6.17 ‰). The isotopic fractionation of VC during bio-
degradation can be larger than the fractionation of its parent 
compounds because the fractionation factor for VC is larger 
than for the parent compounds (Hunkeler and others, 1999; 
Bloom and others, 2000; Slater and others, 2001) and because 
while TCE and cDCE are being biodegraded, they also may be 
produced by reductive dehalogenation of parent compounds.

Supporting evidence for VC degradation can be seen in 
the fact that cDCE/VC ratios substantially increase along the 
transport pathway in the southern plume (fig. 20D). Based 
on the isotopic evidence for VC degradation, the increase in 
cDCE/VC ratios probably reflects VC degradation.

Although this investigation mostly focused on the 
southern plume, part of the northern plume approximately 
100 to 160 ft downgradient from the tank-spill area also was 
investigated using temporary wells. In some of those wells, 
VC constituted a larger percentage of the VOC contamination 
than in the southern plume, indicating a more advanced state 
of degradation. The difference between the chemistry in the 
northern and southern plumes may be partly because the north-
ern plume has been the focus of a variety of treatment pilot 
studies. An air-sparging pilot study took place in the northern 
plume in December 1996 (Bechtel Environmental, Inc., 1997). 
A groundwater pump-and-treat system was in operation from 
1998 to 2000, removing an estimated 1,056,410 gallons of 
water from the northern plume (Tetra Tech NUS, Inc., 2004). 
Emulsified zero-valent iron was injected into the aquifer as a 
treatment in the vicinity of the former above-ground storage 
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tanks in late 2006 (Suzanne O’Hara, Geosyntec Consultants, 
written commun., 2008). In contrast, the southern plume has 
not yet been subjected to engineered remediation. The larger 
amount of VC in the northern plume than in the southern 
plume also may be a consequence of probable historic releases 
of petroleum-based solvents at the former dry cleaning facility 
(S&ME, Inc., 1994), which could have produced highly reduc-
ing conditions conducive to enhanced VC production in parts 
of what is now the northern plume.

Other Influences
Some degree of sorption of the VOCs is expected to take 

place in the aquifer. In temporary well PAI-45-USGS-TW96, 
the total organic carbon (TOC) concentration in a composite 
sediment sample was 440 mg/kg (0.044 fraction organic car-
bon [foc] as percent) at a depth of 8–10 ft and was 2,120 mg/kg 
(0.212 foc) at a depth of 12–13 ft (table 6). These values are 
consistent with TOC analyses of sediment from the southern 
plume collected by the USEPA for a separate investigation 
(Scott Huling, U.S. Environmental Protection Agency, written 
commun., 2009). 

The distribution coefficient between water and sediment 
(Kd) can be calculated from the equation Kd = Koc × foc, where 
Koc is the organic carbon sorption coefficient. For PCE, which 
has a log Koc of about 2.42 (Solutions IES, Inc., and others, 
2007), these values produce distribution coefficient between 
water and sediment (Kd) of about 0.11–0.56. For TCE (log 
Koc of about 2.03, Solutions IES, Inc., and others, 2007), the 
calculated Kd is 0.04–0.23. For cDCE (log Koc of about 1.65, 
Solutions IES, Inc., and others, 2007), the calculated Kd is 
about 0.02–0.06. For VC (log Koc of about 1.23, Solutions IES, 
Inc., and others, 2007), the calculated Kd is about 0.007–0.036. 

The Kd values can be used to calculate a retardation 
coefficient {1+ [(bulk density)(Kd)]/porosity} for a range of 
porosities from 0.25 to 0.45 (Freeze and Cherry, 1979). Using 
an estimated bulk density of 1.65 grams per cubic centimeter 
(Mercer and others, 1982), the calculated retardation fac-
tors are about 1.4–4.7 for PCE, 1.2–2.5 for TCE, 1.1–1.6 for 
cDCE, and 1.0–1.2 for VC. Thus, PCE has the potential to 
travel 1.4–4.7 times more slowly than water in the aquifer due 
to sorption, whereas VC is subject to little or no sorption. 

Dispersion is an additional factor affecting contaminant 
concentrations. Dispersion of contamination in the southern 
plume may be somewhat enhanced by tidal fluctuations and 
diversion of flow paths toward multiple leaking storm drains. 

Summary and Conclusions
Site 45 is a former dry-cleaning facility and the surround-

ing area near the intersections of Panama Street, Samoa Street, 
and Kyushu Street. The area includes a new dry-cleaning 
 facility. Groundwater contamination is present at the site, con-
sisting primarily of PCE, TCE, cDCE, and VC. Two plumes of 
groundwater contamination are present, probably with some 
degree of intermingling in downgradient areas. The northern 
plume consists of groundwater contamination in the vicinity of 
and downgradient (southeast) from an area of former above-
ground storage tanks north of the former dry-cleaning facility. 
The southern plume consists of groundwater contamination 
extending southeastward from the southeastern corner of the 
new dry-cleaning facility to about the intersection of Samoa 
Street and the driveway into the parking lot for Building 293. 
The USGS, in cooperation with the Naval Facilities Engi-
neering Command Southeast, began investigations at the site 
to (1) examine the role that sewer lines play in contaminant 
source, distribution, attenuation, and transport in both the 
northern and southern plumes; (2) further delineate contami-
nation in the southern plume; and (3) examine natural attenu-
ation aspects of groundwater contamination in the southern 
plume. The investigation involved examination of historical 
records and engineering drawings of buildings, video imaging 
of storm sewers, water-level monitoring by synoptic measure-
ments in wells and by use of continuous data loggers, instal-
lation and sampling of temporary wells, sampling of wells, 
storm sewers, surface water, and sediment, and the use of 
an MIP.

The northern plume appears to have originated from 
releases of PCE from the former dry-cleaning facility opera-
tion, including a documented spill on March 11, 1994. This 
spill also resulted in discharge of free-phase PCE into the 
storm-sewer system. Once in the storm-sewer system, the 
free-phase PCE probably was transported to a discharge point 

Table 6. Concentrations of total organic carbon in soil borings, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, 2008.

[ft BLS, feet below land surface; mg/kg, milligrams per kilogram]

Site identifier
Date  

(month/day/year)
Depth  

(ft BLS)

Total organic 
carbon  
(mg/kg)

Lithology

PAI-45-MW26-SL 6/27/2008  10–15 128 Sand, fine-grained 

PAI-45-MW28-D 8/26/2008 18 155,000 Clay, organic-rich

PAI-45-USGS-TW96 4/30/2008  8–10 440 Sand, grayish-tan, fine-grained, loose

PAI-45-USGS-TW96 4/30/2008  12–13 2,120 Sand, black fine-grained
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near Ballast Creek. Some PCE also may have leaked from the 
storm sewer along the way.

In late 1997, the dry-cleaning operations were moved 
to a nearby new facility, and the new operation used a 
 hydrocarbon-based cleaner that did not contain chlorinated 
solvents. Nevertheless, investigations identified a southern 
plume, which appeared to originate in the vicinity of the new 
dry-cleaning facility. The present investigation, however, indi-
cates that the southern plume was associated with activities at 
the former dry-cleaning facility.

The unconfined surficial aquifer at Site 45 consists of 
sand interspersed with discontinuous beds of clay, silty clay, 
silty clayey sand, and clayey silt and extends to a depth of 
about 18 ft BLS. Monitoring wells in this undifferentiated 
zone are referred to as SU wells if they are screened predomi-
nantly shallower than about 11 ft BLS and are referred to 
as SL wells if they are screened predominantly deeper than 
about 10 ft BLS. A peat layer, which is a few feet thick, has 
been reported at depths of about 17 to 27 ft BLS overlying a 
clay layer of variable thickness (possibly about 2 to 8 ft) that 
functions as a confining bed. The part of the aquifer below this 
clay is considered to be the D horizon. 

Groundwater in the surficial aquifer moves in a gener-
ally southeastward direction with strong curvature of flow 
lines toward some of the storm sewers that are deeper than 
the water table. The groundwater surface in the D-horizon 
wells was comparatively flat-lying, with an overall trend 
toward the southeast. The most permeable part of the surficial 
aquifer near the new dry-cleaning facility and the midpart of 
the southern plume probably is the loose sand unit, which is 
at a depth of about 6–11.4 ft BLS at well PAI-45-MW28-D 
and at a depth of about 8–10 ft BLS at temporary well 
PAI-45-USGS-TW96.

The surfical aquifer at Site 45 is anaerobic at most loca-
tions, with the predominant TEAP being iron reduction in the 
shallowest sediment. In deeper sediment containing the main 
body of contamination, the predominant TEAP appears to be 
sulfate or iron reduction; however, the presence of methane, 
the high degree of contaminant dechlorination, and an H2 
value (31 nM) in the range of methanogenesis at one well 
indicates that methanogenic zones probably also are present. 
In the deepest part of the surficial aquifer, near the peat layer, 
the predominant TEAP probably is methanogenesis, by virtue 
of the abundant available natural organic matter. 

Storm sewers that are below the water table appear to 
have an important influence on groundwater and contaminant 
movement. The curvature of groundwater flow lines toward 
the storm sewers and the presence of chlorinated solvents in 
water from the storm sewers indicate some level of leakage 
from the contaminated aquifer into the storm sewers. Although 
there is some contaminant underflow past the storm sewers in 
the southern plume and possibly in the southernmost part of 
the northern plume, leakage into the storm sewers appears to 
intercept and contain the main body of groundwater contami-
nation in both plumes. Thus, the storm sewers are collection 
points for the dissolved groundwater contamination. 

Most of the groundwater contamination near the new 
dry-cleaning facility is present from a few feet BLS to about 
11.5 ft BLS. Within that interval, most of the contamina-
tion is at a depth of about 8 to 11.5 ft BLS, with the greatest 
concentrations near the bottom of that interval. In the middle 
part of the southern plume at temporary well PAI-45-USGS-
TW96, the most contaminated zone appears to be in a loose 
sand layer about 8 to 11 ft BLS, although relatively high 
VOC concentrations also were found to a depth of about 14 ft 
BLS. The VOC concentrations at temporary well PAI-45-
USGS-TW96 decreased with depth below about 13 ft BLS 
and were not detectable (less than 0.2 parts per million) at 
depths of 14–14.8 ft directly above the organic-rich layer and 
at 15.2–16 ft in the organic-rich layer. The less porous nature 
of the organic-rich silt layer relative to the overlying sand and 
the downward decrease in VOC concentrations in sediment 
immediately above the organic-rich silt layer indicates that 
the organic-rich layer is not a major contaminant-transport 
pathway at well PAI-45-USGS-TW96. 

Although it cannot be stated with certainty that no VOC 
contamination is in the brackish-water D horizon underly-
ing the clay that defines the base of the surficial unit, such 
contamination is unlikely for several reasons. The uncertainty 
arises because the wells in the D horizon were installed 
slightly offset from the main body of contamination in the 
surfical aquifer so as to avoid the risk of inadvertent trans-
port of possible free product from the surficial to the deeper 
aquifer during drilling and because groundwater levels in the 
D-horizon wells are lower than the levels in the surficial aqui-
fer. Thus, if there were a discontinuity in the clay layer, it is 
likely that there would be downward flow from the surficial to 
the deeper aquifers. It seems unlikely that there is contamina-
tion in the D-horizon aquifer also because (1) no VOCs were 
detected in any of the D wells despite the fact that at least well 
PAI-45-MW28-D was near the main body of contamination; 
(2) substantially lower VOC concentrations were detected near 
the base of the surficial aquifer than in the vertical midpart of 
the surficial aquifer, indicating a low potential for downward 
transport through the base of the surficial aquifer; and (3) the 
organic-rich peat at the base of the surficial aquifer provides a 
substantial sorptive buffer for VOCs. 

Although the southern plume spatially originates from the 
new dry-cleaning facility, the new dry-cleaning facility is not 
likely the source of the contamination. Engineering blueprints, 
flow testing, and video imaging of sanitary sewers at the site, 
as well as the lack of a viable contaminant source at the new 
dry-cleaning facility, indicate that the contaminant source in 
the southern plume was a leak from a sanitary sewer in the 
vicinity of the new dry-cleaning facility. 

Once in the aquifer, contamination in both the northern 
and southern plumes is transported southeastward, where 
most of the dissolved contamination is intercepted by leaky 
storm sewers. Because the storm sewers at Site 45 range in 
diameter from 12 to 36 inches and a tidal change of greater 
than 3 ft takes place in some of the storm sewers at Site 45, the 
VOCs entering the storm sewers are substantially diluted upon 
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entry. Volatilization probably also removes some of the VOC 
contamination in the storm sewers. During outgoing tides, 
the diluted contamination in the storm sewer is transported 
southward and discharges to Ballast Creek. A sample from 
a manhole STS26 in the storm sewer approximately 320 ft 
from the Ballast Creek discharge contained PCE, TCE, and 
cDCE concentrations of 0.69 (estimated), 4.26, and 2.53 µg/L, 
respectively, at low tide and concentrations of 1.06, 5.63, and 
3.48 µg/L, respectively, 1 hour after low tide. No chlorinated-
solvent contamination was detected in shallow sediment 
samples in the vicinity of the outfall to Ballast Creek; how-
ever, due to a laboratory error, the sediment sample from 1-ft 
depth at the outfall (PAI-SWSED1, June 17, 2008) had unusu-
ally high detection limits (32 to 81 mg/kg). 

Despite the low VOC concentrations discharging to 
Ballast Creek, increases in VOC concentrations potentially 
are possible in the storm sewers during a time of relatively 
high groundwater levels and low amounts of tidal flushing. 
Water from manhole STS14 contained 20 µg/L of VC at a time 
of relatively high groundwater levels (September 9, 2008). 
Because manhole STS14 is downstream from the contami-
nant source along a storm-sewer line that is adjacent to part 
of the aquifer where 2,290 µg/L of VC was detected (June 25, 
2007), there is a potential for substantially increased concen-
trations of VC to discharge at the storm-sewer outfall under 
conditions of high groundwater levels and low tidal flushing. 
In addition, the observation that free-phase PCE may have 
entered the storm-sewer system during the 1994 overflow 
means that DNAPL PCE could have leaked from various parts 
of the storm sewer in route to the Ballast Creek discharge. If 
the DNAPL was transported all the way to the Ballast Creek 
discharge point at STS27, then it likely would have sorbed to 
and sunk into the sediments not far from STS27.

Contaminant concentrations in the aquifer are subject to 
several influences. Microbes known to degrade chlorinated 
solvents and enzymes associated with dechlorination are 
present in the aquifer. The total mass of chlorinated solvents 
decreases from upgradient to downgradient parts of the 
southern plume. Parent/daughter–product ratios, stable carbon 
isotopes, the presence of VC, and higher ethylene concentra-
tions in groundwater along the axis of the southern plume 
relative to nearby wells indicate extensive dechlorination 
activity. Oxidation of VC likely is taking place in the aquifer 
along the southern plume, based on the probable presence of 
sulfate reduction. Some degree of sorption of the VOCs is 
expected to take place in the aquifer, with the largest influence 
being on PCE. Dispersion also may decrease concentrations 
along the transport pathway. Although biodegradation and 
other attenuation processes are active in the southern plume, 
the processes are not sufficient to lower TCE concentrations 
to less than milligram-per-liter levels prior to intercepting the 
storm-sewer system.
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Appendix 1. Monitoring-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988]

Site identifier
Well 

diameter 
(inches)

Depth to  
top of 

screen  
(feet  

below  
land  

surface)

Depth to  
bottom of 

screen  
(feet  

below  
land  

surface)

Northing Easting

Top of riser  
datum 

NAVD 88 
(Surveyed by 
Andrews and 
Burgess, Inc., 

in 2008)

Surveyor and date  
(month/day/year)  

of survey for  
Northing and Easting

PAI-45-MW01-D 2 30 40 187465.456 2099311.961 6.60 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW01-SL 2 11.6 14 187466.139 2099316.097 6.52 Doolan, Inc., 2005 (month and day 
unvailable)

PAI-45-MW01-SU 2 3 7 187467.026 2099306.621 6.54 Doolan, Inc., 2005 (month and day 
unvailable)

PAI-45-MW02-SL 2 9 14 187351.015 2099211.018 6.22 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW02-SU 2 3 7 187354.829 2099212.934 6.12 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW03-SL 2 9 14 187268.683 2099249.515 6.54 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW03-SU 2 3 7 187267.674 2099253.593 6.59 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW04-D 2 31 41 187166.810 2099265.215 5.78 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW04-SL 2 9 14 187159.374 2099262.953 5.91 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW04-SU 2 3 7 187160.950 2099259.013 5.93 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW05-D 2 34 44 187197.820 2099386.421 7.63 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW05-SL 2 9 14 187202.721 2099386.456 7.24 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW05-SU 2 3 7 187197.962 2099386.971 7.59 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW06-D 2 30 40 187282.019 2099309.350 6.44 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW06-SL 2 9 14 187287.357 2099305.627 6.48 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW06-SU 2 3 7 187283.229 2099304.531 6.52 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW07-D 2 30 40 187339.823 2099306.986 6.63 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW07-SL 2 9 14 187338.979 2099302.924 6.68 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW07-SU 2 3 7 187336.809 2099304.945 6.63 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW08-SL 2 9 14 187401.386 2099328.184 6.50 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW08-SU 2 3 7 187397.064 2099327.899 6.57 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW09-D 2 31 41 187100.747 2099353.889 6.24 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW10-D 2 31 41 187415.892 2099229.520 6.25 Data from Mark Sladic, Tetra Tech 
NUS, Inc., written commun., 2008

PAI-45-MW10-SL 2 11 16 187227.568 2099257.425 5.85 Andrews & Burgess, Inc. 3/26/08  

PAI-45-MW10-SU 2 3 8 187226.768 2099261.530 5.90 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW11-D           2 31 41 187188.732 2099166.370 5.43 Andrews & Burgess, Inc. 6/16/08  

PAI-45-MW13-SL           2 11 16 187190.163 2099307.653 6.39 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW13-SU           2 4 9 187184.776 2099306.465 6.48 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW14-SL 2 10 15 187334.096 2099445.045 5.76 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW14-SU 2 4 9 187338.682 2099445.653 5.84 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW15-SL 2 13 18 187265.544 2099457.147 8.13 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW15-SU 2 4 9 187266.012 2099452.700 8.32 Andrews & Burgess, Inc. 4/2/08  
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[NAVD 88, North American Vertical Datum of 1988]

Site identifier
Well 

diameter 
(inches)

Depth to  
top of 

screen  
(feet  

below  
land  

surface)

Depth to  
bottom of 

screen  
(feet  

below  
land  

surface)

Northing Easting

Top of riser  
datum 

NAVD 88 
(Surveyed by 
Andrews and 
Burgess, Inc., 

in 2008)

Surveyor and date  
(month/day/year)  

of survey for  
Northing and Easting

PAI-45-MW16-SL 2 13 18 187234.892 2099433.936 9.17 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW16-SU 2 4 9 187234.935 2099429.243 9.14 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW17-SL 2 10 15 187067.734 2099344.179 5.96 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW17-SU 2 4 9 187075.099 2099346.330 6.17 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW18-SL 2 11 16 187107.267 2099205.285 6.98 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW18-SU 2 4 9 187105.786 2099210.709 6.99 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW19-SL 2 11 16 187178.241 2099196.676 5.64 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW19-SU 2 3 8 187176.220 2099201.993 5.64 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW20-SL 2 11 16 187129.003 2099270.471 6.67 Andrews & Burgess, Inc. 3/26/08  

PAI-45-MW20-SU 2 4 9 187129.327 2099264.864 6.72 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW21-SL 2 10 15 187345.345 2099245.914 6.27 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW21-SU 2 3 8 187339.024 2099245.269 6.37 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW21-D 2 27 37 187340.975 2099246.902 6.27 Andrews & Burgess, Inc. 9/16/08  

PAI-45-MW22-SL 2 10 15 187397.664 2099263.094 6.43 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW22-SU 2 3 8 187392.941 2099266.426 6.51 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW23-SL 2 10 15 187278.133 2099390.679 6.28 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW23-SU 2 3 10 187283.155 2099392.057 6.37 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW24-SU 2 3 8 187373.509 2099284.908 6.62 Andrews & Burgess, Inc. 4/2/08  

PAI-45-MW25-SL 2 10 15 187302.168 2099111.404 6.64 Andrews & Burgess, Inc. 3/26/08  

PAI-45-MW26-SL 1 10 15 187087.084 2099286.783 5.61 Andrews & Burgess, Inc. 9/16/08  

PAI-45-MW27-SL 1 10 15 187088.779 2099392.332 6.58 Andrews & Burgess, Inc. 9/16/08  

PAI-45-MW28-D 2 23.7 33.7 187263.583 2099121.183 5.48 Andrews & Burgess, Inc. 6/17/08  

PAI-45-MW29-D 2 23.1 33.1 187284.392 2099087.798 5.18 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW30-D 2 25 35 187323.614 2099133.512 8.05 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW31-SL 2 10 15 187230.214 2099198.181 5.49 Andrews & Burgess, Inc. 6/11/08  

PAI-45-MW31-SU 2 5 10 187232.003 2099195.065 5.57 Andrews & Burgess, Inc. 6/11/08  
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Appendix 2. Temporary-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988; —, data not available]

Well name
Installation date 

(month/day/
year)

Sample depth 
(feet below land 

surface)
Northing Easting

Land surface datum NAVD 88 
(Surveyed by Andrews and 

Burgess, Inc., in 2008)

PAI-45-USGS-TW1 6/25/2007  8–11 187360.27 2099409.50 6.59

PAI-45-USGS-TW2 6/25/2007  7–11 187343.36 2099429.00 6.13

PAI-45-USGS-TW3 6/25/2007  7–11 187326.55 2099422.00 6.03

PAI-45-USGS-TW4 6/25/2007  7–11 187323.50 2099404.50 6.54

PAI-45-USGS-TW5 6/25/2007  6–10.5 187314.65 2099435.85 5.88

PAI-45-USGS-TW6 6/25/2007  7–11 187301.52 2099408.25 6.33

PAI-45-USGS-TW7 6/25/2007  7–11 187279.92 2099428.61 6.35

PAI-45-USGS-TW8 6/25/2007 7.5–11.5 187266.28 2099410.01 6.85

PAI-45-USGS-TW9 6/25/2007 7.5–11.5 187257.22 2099423.55 7.55

PAI-45-USGS-TW10 6/25/2007  0–10 187254.39 2099401.62 7.18

PAI-45-USGS-TW11 6/25/2007  7.75–11.75 187366.61 2099389.75 6.77

PAI-45-USGS-TW12 6/25/2007  7.5–10.5 187348.06 2099387.50 6.93

PAI-45-USGS-TW13 6/25/2007  6–10 187331.98 2099384.50 6.84

PAI-45-USGS-TW14 6/25/2007  6–10 187308.06 2099378.75 6.94

PAI-45-USGS-TW15 6/25/2007  6–10 187282.89 2099371.50 6.93

PAI-45-USGS-TW16 6/25/2007  6–10 187245.86 2099364.08 6.15

PAI-45-USGS-TW17 6/25/2007  6.5–10.5 187232.94 2099363.75 6.54

PAI-45-USGS-TW18 6/25/2007  12–14.5 187258.84 2099423.52 7.43

PAI-45-USGS-TW19 6/25/2007  8–12 187189.27 2099397.75 7.83

PAI-45-USGS-TW20 6/25/2007  8–12 187183.31 2099411.00 8.39

PAI-45-USGS-TW21 6/25/2007  11–15 187185.06 2099411.75 8.49

PAI-45-USGS-TW22 6/25/2007  6–10 187201.98 2099356.50 6.9

PAI-45-USGS-TW23 6/25/2007  6–10 187176.92 2099350.50 6.69

PAI-45-USGS-TW24 6/25/2007  11.5–15.5 187122.83 2099374.50 6.95

PAI-45-USGS-TW25 6/25/2007  11.5–15.5 187139.01 2099328.13 6.14

PAI-45-USGS-TW26 6/25/2007  11.5–15.5 187072.66 2099372.77 5.96

PAI-45-USGS-TW27 6/25/2007  11.5–15.5 187110.40 2099310.81 6.33

PAI-45-USGS-TW28 6/25/2007  11.5–15.5 187113.94 2099298.75 5.94

PAI-45-USGS-TW29 6/27/2007  11.5–15.5 187094.61 2099274.29 6.32

PAI-45-USGS-TW30 6/25/2007  11.5–15.5 187102.36 2099356.75 6.76

PAI-45-USGS-TW31 6/27/2007  11.5–15.5 187127.72 2099232.59 6.95

PAI-45-USGS-TW32 6/27/2007  11.5–15.5 187142.73 2099217.73 6.98

PAI-45-USGS-TW33 6/25/2007  11.5–15.5 187107.59 2099330.16 5.83

PAI-45-USGS-TW34 6/25/2007  11.5–15.5 187093.87 2099328.33 5.78
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Appendix 2. Temporary-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988; —, data not available]

Well name
Installation date 

(month/day/
year)

Sample depth 
(feet below land 

surface)
Northing Easting

Land surface datum NAVD 88 
(Surveyed by Andrews and 

Burgess, Inc., in 2008)

PAI-45-USGS-TW35 6/25/2007  11.5–15.5 187070.40 2099318.86 5.77

PAI-45-USGS-TW36 6/25/2007  11.5–15.5 187096.98 2099397.75 7.22

PAI-45-USGS-TW37 6/27/2007  11.5–15.5 187167.73 2099175.75 6.47

PAI-45-USGS-TW38 6/27/2007  10–14 187251.48 2099137.50 5.34

PAI-45-USGS-TW39 6/27/2007  10–14 187283.45 2099131.22 5.83

PAI-45-USGS-TW40 6/27/2007  10–14 187234.53 2099123.25 5.29

PAI-45-USGS-TW41 6/27/2007  10–14 187316.97 2099133.25 7.95

PAI-45-USGS-TW42 6/27/2007  10–14 187272.82 2099106.84 5.57

PAI-45-USGS-TW43 6/27/2007  10–14 187202.56 2099108.50  —

PAI-45-USGS-TW44 6/27/2007  10–14 187296.06 2099126.50 7.16

PAI-45-USGS-TW45 6/27/2007  10.5–14.5 187171.89 2099107.00 6.76

PAI-45-USGS-TW46 6/27/2007  10.5–14.5 187218.25 2099078.75 5.86

PAI-45-USGS-TW47 6/27/2007  10.5–14.5 187301.52 2099109.50 7.25

PAI-45-USGS-TW48 6/27/2007  10.5–14.5 187234.42 2099192.59 5.64

PAI-45-USGS-TW49 6/27/2007  10–14 187298.99 2099087.18 6.3

PAI-45-USGS-TW50 6/27/2007  11–15 187276.06 2099198.35 6.47

PAI-45-USGS-TW51 6/27/2007  10.5–14.5 187286.09 2099176.36 6.61

PAI-45-USGS-TW52 6/27/2007  11–15 187210.67 2099246.72 6

PAI-45-USGS-TW53 6/27/2007  11–15 187188.90 2099234.92 6.06

PAI-45-USGS-TW54 6/27/2007  11–15 187169.28 2099226.16 5.97

PAI-45-USGS-TW55 6/28/2007  11–15 187292.91 2099206.75 6.63

PAI-45-USGS-TW56 6/28/2007  11–15 187254.19 2099207.20 5.75

PAI-45-USGS-TW57 6/28/2007  11–15 187206.84 2099183.50 5.97

PAI-45-USGS-TW58 6/28/2007  11–15 187130.32 2099144.04 6.92

PAI-45-USGS-TW59 6/28/2007  11–15 187096.29 2099247.02 6.92

PAI-45-USGS-TW60 6/28/2007  10–14 187283.61 2099230.42 6.82

PAI-45-USGS-TW61 6/28/2007  11–15 187244.46 2099262.61 6.21

PAI-45-USGS-TW62 6/28/2007  11.5–15.5 187224.64 2099306.74 6.26

PAI-45-USGS-TW63 6/28/2007  11.5–15.5 187149.34 2099277.79 6.57

PAI-45-USGS-TW64 6/28/2007  11.5–15.5 187114.10 2099279.61 5.97

PAI-45-USGS-TW65 6/28/2007  11.5–15.5 187135.36 2099411.25 6.53

PAI-45-USGS-TW66 6/28/2007  11.5–15.5 187258.48 2099242.97  —

PAI-45-USGS-TW67 6/28/2007  11–15 187277.23 2099251.25 7

PAI-45-USGS-TW68 6/28/2007  11–15 187287.06 2099253.50 6.94
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Appendix 2. Temporary-well information, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina.—Continued

[NAVD 88, North American Vertical Datum of 1988; —, data not available]

Well name
Installation date 

(month/day/
year)

Sample depth 
(feet below land 

surface)
Northing Easting

Land surface datum NAVD 88 
(Surveyed by Andrews and 

Burgess, Inc., in 2008)

PAI-45-USGS-TW69 6/28/2007  11–15 187258.16 2099079.12 5.21

PAI-45-USGS-TW70 6/28/2007  11–15 187254.18 2099103.20 5.2

PAI-45-USGS-TW71 8/29/2007  8–12 187211.46 2099416.85 10.04

PAI-45-USGS-TW72 8/29/2007  11–15 187284.76 2099119.48 5.04

PAI-45-USGS-TW73 8/29/2007  11–15 187266.94 2099152.55 5.6

PAI-45-USGS-TW74 8/29/2007  11–15 187249.54 2099172.17 5.56

PAI-45-USGS-TW75 8/29/2007  1–14 187191.45 2099277.80 6.09

PAI-45-USGS-TW76 8/29/2007  11–15 187127.76 2099283.83 6.88

PAI-45-USGS-TW77 3/5/2008  7–11 and 11–15 187311.01 2099116.30 7.33

PAI-45-USGS-TW78 3/5/2008  7–11 and 11–15 187306.62 2099122.83 7.34

PAI-45-USGS-TW79 3/5/2008  11–15 187294.99 2099121.60 6.31

PAI-45-USGS-TW80 3/5/2008  7–11 and 11–15 187291.03 2099106.77 5.54

PAI-45-USGS-TW81 3/5/2008  7–11 and 11–15 187304.55 2099132.91 7.67

PAI-45-USGS-TW82 3/4/2008  11–15 187291.12 2099140.97 6.72

PAI-45-USGS-TW83 3/5/2008  11–15 187273.63 2099135.31 5.38

PAI-45-USGS-TW84 3/5/2008  11–15 187269.15 2099123.28 5.58

PAI-45-USGS-TW85 3/5/2008  11–15 187281.50 2099096.44 5.35

PAI-45-USGS-TW86 3/5/2008  11–15 187279.37 2099108.35 5.32

PAI-45-USGS-TW87 3/4/2008  11–15 187266.53 2099154.00 5.54

PAI-45-USGS-TW88 3/4/2008  11–15 187260.98 2099146.37 5.58

PAI-45-USGS-TW89 3/4/2008  11–15 187263.54 2099179.96 5.6

PAI-45-USGS-TW90 3/4/2008  11–15 187255.87 2099167.90 5.66

PAI-45-USGS-TW91 3/5/2008  11–15 187248.20 2099157.66 5.51

PAI-45-USGS-TW92 3/4/2008  11–15 187247.59 2099194.75 5.72

PAI-45-USGS-TW93 3/4/2008  7–11 and 11–15 187238.34 2099187.03 5.6

PAI-45-USGS-TW94 3/5/2008  7–11 and 11–15 187293.68 2099135.13 6.6

PAI-45-USGS-TW95 3/5/2008  11–15 187320.82 2099118.61 7.52

PAI-45-USGS-TW96 4/30/2008 Core 4–16 187232.55 2099193.41 5.67
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Appendix 3. Concentrations of volatile organic compounds in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2005–2008. —Continued

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; TCE, trichloroethene; 
Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate sample; —, not analyzed; H, sample out of holding time; J, estimated concentration; 
all concentrations are in micrograms per liter]

Site identifier
Date 

(month/day/
year)

1,1-DCE 1,2-DCE Benzene CB cDCE EB Napht PCE TCE Tol t DCE VC Xyl

PAI-45-MW03-SL 7/23/2007 <3 750 <3 <2.5 750 <2.5 <2.5 <2.5 54 <2.5 <3 31.5 <2.5

PAI-45-MW03-SL 9/10/2007 <3 1,080 <3 <2.5 1,070 <2.5 <2.5 <2.5 11 <2.5 <3 14.3 <2.5

PAI-45-MW04-D 9/10/2007 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW04-SL 8/25/2005 6.51 1,290 <0.3 0.52J 1,290 0.28J <0.25 4,460 5,390 2.71 — 155J —

PAI-45-MW04-SL 3/7/2006 <100 796 <100 <100 796 <100 26.6J 5,370 4,760 <100 <100 135 <100

PAI-45-MW04-SLR 3/7/2006 <100 787 <100 <100 787 <100 32.7J 5,270 4,770 <100 <100 137 <100

PAI-45-MW04-SL 9/26/2006 <6.8 — <10 <11 830 <10 <16 3,700 5,100 <8.5 12J 200 —

PAI-45-MW04-SL 7/24/2007 <15 701 <15 <12.5 701 <12.5 <12.5 1,290 4,010 <12.5 <15 113 <12.5

PAI-45-MW04-SL 9/10/2007 3.45 808 <0.3 1.13 1,010H <0.25 <0.25 1,840H 5,860H 1.41 13.2 145H 0.50J

PAI-45-MW04-SL 6/18/2008 3.97 1,070 <0.3 1.2 1,450H <0.25 <0.25 1,030H 3,440H 1.16 15.4 >100 0.46J

PAI-45-MW04-SL 9/9/2008 <15 2,260 <15 <12.5 2,260 <12.5 <12.5 326 2,280 <12.5 <15 101 <12.5

PAI-45-MW04-SU 7/24/2007 <1.2 45.9 <1.2 <1 45.9 <1 <1 67.4 245 <1 <1.2 10.4 <1

PAI-45-MW04-SU 9/10/2007 <0.3 53.4 <0.3 <0.25 52.6 <0.25 <0.25 80.6 277 <0.25 0.82J 12.5 <0.25

PAI-45-MW05-SL 7/23/2007 <0.3 55 <0.3 <0.25 55 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW05-SL 9/11/2007 <0.3 27.7 <0.3 <0.25 27.7 <0.25 <0.25 <0.25 <0.25 0.311J <0.3 <0.5 <0.25

PAI-45-MW05-SL 6/19/2008 <0.6 126 <0.6 <0.5 126 <0.5 1.03J <0.5 <0.5 <0.5 <0.6 <1 <0.5

PAI-45-MW05-SL 9/8/2008 <0.3 63.2 <0.3 <0.25 62.6 <0.25 <0.25 <0.25 0.94J <0.25 0.6J 0.6J <0.25

PAI-45-MW05-SU 7/23/2007 <0.3 23.7 <0.3 <0.25 23.7 <0.25 <0.25 <0.25 0.47J <0.25 <0.3 <0.5 <0.25

PAI-45-MW05-SU 6/19/2008 <0.3 13 <0.3 <0.25 13 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW05-SU 9/8/2008 <0.3 4.04 <0.3 <0.25 4.04 <0.25 <0.25 <0.25 1.44 <0.25 <0.3 <0.5 <0.25
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Appendix 3. Concentrations of volatile organic compounds in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2005–2008. —Continued

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; TCE, trichloroethene; 
Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate sample; —, not analyzed; H, sample out of holding time; J, estimated concentration; 
all concentrations are in micrograms per liter]

Site identifier
Date 

(month/day/
year)

1,1-DCE 1,2-DCE Benzene CB cDCE EB Napht PCE TCE Tol t DCE VC Xyl

PAI-45-MW10-SL 7/23/2007 <3 504 <3 <2.5 504 <2.5 <2.5 <2.5 153 <2.5 <3 <5 <2.5

PAI-45-MW10-SL 9/10/2007 <1.5 525 <1.5 <1.25 563 <1.25 <1.25 <1.25 263 <1.25 2.59J 4.53J <1.25

PAI-45-MW10-SL 6/18/2008 <0.3 417 <0.3 0.81J 406 <0.25 <0.25 1.3 50.4 <0.25 3.54 8.87 <0.25

PAI-45-MW10-SL 9/9/2008 0.51J 457 <0.3 <0.25 454 <0.25 <0.25 <0.45 13.7 <0.25 2.91 8.32 <0.6

PAI-45-MW10-SU 7/23/2007 0.5J 123 <0.3 <0.25 120 <0.25 <0.25 <0.25 <0.25 <0.25 1.84 9.03 <0.25

PAI-45-MW10-SU 9/10/2007 0.7J 147 <0.3 0.387J 168 <0.25 <0.25 <0.25 <0.25 <0.25 2.07 9.79 <0.25

PAI-45-MW10-SU 6/18/2008 <0.3 59.8 <0.3 <0.25 58.4 <0.25 <0.25 <0.25 <0.25 <0.25 1.34 9.65 <0.25

PAI-45-MW10-SU 9/9/2008 <0.3 66 <0.3 <0.25 64.7 <0.25 0.49J 8.98 2.4 <0.25 1.26 18.3 <0.6

PAI-45-MW13-SL 7/23/2007 <0.6 201 <0.6 3.43 189 <0.5 <0.5 <0.5 <0.5 <0.5 <0.6 4.03 <0.5

PAI-45-MW13-SL 9/11/2007 <1.5 334 <1.5 3.22J 334 <1.25 <1.25 <1.25 <1.25 <1.25 <1.5 <2.5 1.38J

PAI-45-MW13-SL 6/17/2008 <0.3 171 <0.3 3.61 144 <0.25 <0.25 11.5 6.32 <0.25 0.7J 5.52 <0.25

PAI-45-MW13-SL 9/9/2008 <0.6 154 <0.6 4.04 153 <0.5 <0.5 <0.5 <0.5 <0.5 0.7J 3.34 <0.5

PAI-45-MW16-SL 7/24/2007 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW16-SU 7/24/2007 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW17-SL 7/24/2007 <0.3 1.04 <0.3 <0.25 1.04 <0.25 <0.25 <0.25 0.27J <0.25 <0.3 <0.5 <0.25

PAI-45-MW17-SL 9/11/2007 <0.3 0.61J <0.3 <0.25 0.61J <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW17-SL 6/17/2008 <0.3 2.48 <0.3 <0.25 2.48 <0.25 <0.25 <0.25 1.67 <0.25 <0.3 <0.5 <0.25

PAI-45-MW17-SL 9/8/2008 <0.3 0.35J <0.3 <0.25 0.35J <0.25 <0.25 <0.25 0.25J <0.25 <0.3 <0.5 <0.25

PAI-45-MW17SU 6/17/2008 <0.3 9.71 <0.3 <0.25 9.71 <0.25 <0.25 <0.25 8.83 <0.25 <0.3 1.41 <0.25

PAI-45-MW17-SU 7/24/2007 <0.3 5.34 <0.3 <0.25 5.34 <0.25 <0.25 <0.25 5.74 <0.25 <0.3 <0.5 <0.25

PAI-45-MW17-SU 9/11/2007 <0.3 7.9 <0.3 <0.25 7.9 <0.25 <0.25 <0.25 9.04 <0.25 <0.3 0.87J <0.25

PAI-45-MW17-SU 9/8/2008 <0.3 7.62 <0.3 <0.25 7.62 <0.25 <0.25 <0.25 4.69 <0.25 <0.3 <0.5 <0.25
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Appendix 3. Concentrations of volatile organic compounds in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2005–2008. —Continued

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; TCE, trichloroethene; 
Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate sample; —, not analyzed; H, sample out of holding time; J, estimated concentration; 
all concentrations are in micrograms per liter]

Site identifier
Date 

(month/day/
year)

1,1-DCE 1,2-DCE Benzene CB cDCE EB Napht PCE TCE Tol t DCE VC Xyl

PAI-45-MW18-SL 9/9/2008 <0.3 3.75 <0.3 <0.25 3.75 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW18-SU 9/9/2008 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW19-SL 7/24/2007 <0.6 141 <0.6 <0.5 141 <0.5 <0.5 <0.5 7.63 <0.5 <0.6 31.7 <0.5

PAI-45-MW19-SLR 7/24/2007 <0.6 136 <0.6 <0.5 135 <0.5 <0.5 <0.5 6.55 <0.5 0.84J 30.2 <0.5

PAI-45-MW19-SL 9/11/2007 <0.3 107 <0.3 <0.25 127 <0.25 <0.25 <0.25 5.46 <0.25 0.97J 23.5 <0.25

PAI-45-MW19-SL 6/19/2008 <0.3 100 <0.3 <0.25 99.8 <0.25 <0.25 <0.25 1.48 <0.25 0.68J 24.8 <0.25

PAI-45-MW19-SL 9/10/2008 <0.3 127 <0.3 <0.25 111 <0.25 <0.25 6.87 2.27 <0.25 1.05 30.3 <0.6

PAI-45-MW20-SL 8/25/2005 3.85 900 <0.3 <0.25 900 <0.25 <0.25 1,100 3,950 1.47 — <100 —

PAI-45-MW20-SL 3/7/2006 <100 905 <100 <100 905 <100 <100 782 5,840 <100 <100 117 <100

PAI-45-MW20-SL 9/26/2006 <6.8 — <10 <11 920 <10 <16 430 5,600 <8.5 15J 120 —

PAI-45-MW20-SL 7/24/2007 <15 904 <15 <12.5 904 <12.5 <12.5 731 4,940 <12.5 <15 94.6 <12.5

PAI-45-MW20-SLR 7/24/2007 <15 896 <15 <12.5 896 <12.5 <12.5 740 4,840 <12.5 <15 99.6 <12.5

PAI-45-MW20-SL 9/10/2007 3.2 779 <0.3 0.58J 955H <0.25 <0.25 661H 5,460H 1.36 12.6 97.7 0.48J

PAI-45-MW20-SL 6/19/2008 2.64 926 <0.3 0.67J 983 <0.25 <0.25 358 3,270 1.11 15.1 92 0.4J

PAI-45-MW20-SL 9/8/2008 4.16 1,700 <0.3 <0.25 2510 <0.25 <0.25 265 3,560 1.06 23.3 81.7 <0.6

PAI-45-MW20-SU 9/26/2006 <6.8 — <10 <11 340 <10 <16 700 1,500 <8.5 <10 84 —

PAI-45-MW20-SU 7/24/2007 <7.5 993 <7.5 <6.25 993 <6.25 <6.25 1,260 2,350 <6.25 <7.5 188 <6.25

PAI-45-MW20-SU 9/10/2007 <0.3 66.4 <0.3 <0.25 65.5 <0.25 <0.25 32.6B 287H 0.26J 0.95J 19.1 <0.25

PAI-45-MW20-SU 9/8/2008 0.75J 295 <0.3 <0.25 283 <0.25 <0.25 43.3 233 <0.25 2.84 38 <0.25

PAI-45-MW23-SL 7/23/2007 <0.3 26.2 <0.3 <0.25 25.9 <0.25 <0.25 <0.25 0.32J <0.25 0.37J 2.3 <0.25

PAI-45-MW23-SL 9/11/2007 <0.3 15.1 <0.3 <0.25 15.1 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 0.95J <0.25
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Appendix 3. Concentrations of volatile organic compounds in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2005–2008. —Continued

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; TCE, trichloroethene; 
Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate sample; —, not analyzed; H, sample out of holding time; J, estimated concentration; 
all concentrations are in micrograms per liter]

Site identifier
Date 

(month/day/
year)

1,1-DCE 1,2-DCE Benzene CB cDCE EB Napht PCE TCE Tol t DCE VC Xyl

PAI-45-MW23-SU 7/23/2007 <6 1,030 <6 <5 1,010 <5 <5 7.26J 276 <5 23.1 183 <5

PAI-45-MW25-SL 9/11/2007 <75 796 <75 <62.5 796 <62.5 <62.5 17,200 4,330 <62.5 <75 <125 <62.5

PAI-45-MW25-SLR 9/11/2007 <75 746 <75 <62.5 746 <62.5 <62.5 17,200 3,960 <62.5 <75 <125 <62.5

PAI-45-MW25-SL 6/19/2008 3.53 413 <0.3 2.22 362 0.72J <0.25 20,400 4,210 2.02 6.69 46.5 3.14

PAI-45-MW25-SL 9/9/2008 1.51 447 <0.3 2.06 447 0.44J <0.25 20,600 3,920 1.1 5.93 60.3 2.04

PAI-45-MW26-SL 9/11/2007 <0.3 11.8 <0.3 <0.25 11.8 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW26-SL 6/19/2008 <0.3 3.32 <0.3 <0.25 3.32 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW26-SL 9/9/2008 <0.3 17.5 <0.3 <0.25 17.5 <0.25 <0.25 <0.45 0.501J <0.25 <0.3 1.62 <0.6

PAI-45-MW27-SL 9/11/2007 <1.5 5.85 6.01 <1.25 5.85 5.14 606 <1.25 <1.25 1.55J <1.5 <2.5 8.44

PAI-45-MW27-SLR 9/11/2007 <1.5 5.83 5.94 <1.25 5.83 4.94J 555 <1.25 <1.25 1.38J <1.5 <2.5 8.49

PAI-45-MW27-SL 6/19/2008 <0.3H 5.38H 3.35H <0.25H 5.38H 2.05H 281 <0.25H <0.25H 0.34HJ <0.3H <0.5H 2.84H

PAI-45-MW27-SL 9/9/2008 <0.3 7.61 4.59 <0.25 7.61 3.27 219 <0.45 <0.25 0.420J <0.3 <0.5 4.92

PAI-45-MW28D 6/17/2008 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW29D 6/17/2008 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW30D 6/17/2008 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-45-MW31-SL 6/18/2008 4.96 1,180 <0.3 1.11 1,350 0.46J <0.25 7,240 4,380 2.57 20 120 1.98

PAI-45-MW31-SLR 6/18/2008 5.9 1,220 <0.3 1.12 1,310 0.45J <0.25 7,450 4,560 2.72 22 170 1.99

PAI-45-MW31-SL 9/9/2008 <30 3,270 <30 <25 3,270 <25 <25 7,840 4,670 <25 <30 228 <60

PAI-45-MW31-SLR 9/9/2008 <30 2,810 <30 <25 2,810 <25 <25 8,720 5,560 <25 <30 259 <60

PAI-45-MW31-SU 6/18/2008 2.83 925 <0.3 <0.25 945 <0.25 <0.25 2,060 1,480 1.26 19.5 144 <0.25

PAI-45-MW31-SUR 6/18/2008 3.23 920 <0.3 <0.25 1,010 <0.25 <0.25 2,160 1,550 1.13 18 148 <0.25

PAI-45-MW31-SU 9/9/2008 <7.5 1,150 <7.5 <6.25 1,140 <6.25 <6.25 2,770 1,860 <6.25 12.0J 205 <15

PAI-45-MW31-SUR 9/9/2008 3.69 1,050 <0.3 <0.25 1,230 <0.25 <0.25 3,000 2,090 1.45 13.7 263 <0.6
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Appendix 4. Concentrations of inorganic constituents, dissolved gases, and total organic carbon in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2005–2008.—Continued

[H2, molecular hydrogen; HIBA, 2-hydroxyisobutyric acid; TOC, total organic carbon; Mg, magnesium; Mn, manganese; mg/L, milligrams per liter; nM, nanomoles per liter; μg/L, micrograms per liter; mg/mL, 
milligrams per milliliter; <, less than; R, duplicate sample;  —, not analyzed; J, estimated concentration; B, target analyte was detected in the associated blank]

Site identifier
Date 

(month/
day/year)

Acetic 
acid

(mg/L)

Arsenic
(mg/L)

Calcium
(μg/L)

Chloride
(mg/L)

Ethane
(μg/L)

Ethene
(μg/L)

H2

(nM)

Lactic 
acid and 

HIBA
(mg/L)

Mg
(μg/L)

Mn
(μg/L)

Methane
(μg/L)

Nitrate
(mg/L)

Salinity
(mg/mL)

Sodium
(μg/L)

Sulfate
(mg/L)

TOC
(mg/L)

PAI-45-MW03-SL 7/23/2007 0.11 — — 143 <2 4.6J 1.1 — — — 423 — — — 110 34

PAI-45-MW03-SL 9/10/2007 0.19 — — 241 <10 20J — <0.1 — — 1,970 — — — 111 17

PAI-45-MW04-SL 8/25/2005 — — — 185 <2 97 — — — — 1,510 — — — 53 —

PAI-45-MW04-SL 9/26/2006 — — — — <0.4 25 — — — — 440 — — — — 24

PAI-45-MW04-SL 7/24/2007 <0.07 — — 146 <10 55J 1.1 0.15 — — 1,410 — — — 51 21

PAI-45-MW04-SL 9/10/2007 0.12 — — 260 <20 84J — <0.1 — — 2,740 — — — 64 17

PAI-45-MW04-SL 6/18/2008 — — 7,550 153 28BJ 45J — — 7,920 18.4 2,390B <0.033 — 122,000 52 20

PAI-45-MW04-SL 9/9/2008 — — 8,020 157 0.56 43 1.6 — 7,870 16.4 1,800 — — 124,000 54 21

PAI-45-MW04-SU 7/24/2007 — — — 17.9 <4 6.1J — — — — 358 — — — 38 —

PAI-45-MW04-SU 9/10/2007 — — — 19.5 <10 10J — — — — 588 — — — 34 —

PAI-45-MW05-SL 7/23/2007 — — — 371 <20 <20 — — — — 3,640 — — — 13 —

PAI-45-MW05-SL 9/11/2007 — — — 379 <40 <40 — — — — 5,170 — — — 2.9 —

PAI-45-MW05-SL 6/19/2008 — — 52,000 418 21J <20 — — 22,800 394 685B — — 226,000 65 9.8

PAI-45-MW05-SL 9/8/2008 — < 0.0050 56,000 369 0.06 0.25 — — 19,700 413 3,300 — — 178,000 14 7

PAI-45-MW05-SU 7/23/2007 — — — 91.3 <2 <2 — — — — 93.6 — — — 14 —

PAI-45-MW05-SU 6/19/2008 — — — 46.6 3BJ <2 — — — — 155B — — — 19 12

PAI-45-MW05-SU 9/8/2008 — < 0.0050 — 16.4 < 0.03 < 0.02 — — — — 11 — — — 28 15

PAI-45-MW10-SL 7/23/2007 — — — 259 <2 4.J 2.2 — — — 190 — — — 140 16

PAI-45-MW10-SL 9/10/2007 — — — 243 <4 8.2J — — — — 363 — — — 110 —

PAI-45-MW10-SL 6/18/2008 — — 23,300 223 3BJ 3.7J — 14,000 65.9 164B — — 183,000 120 17

PAI-45-MW10-SL 9/9/2008 — — 24,100 222 0.04 5.3 2.1 — 15,900 63.5 170 — — 190,000 120 16

PAI-45-MW10-SU 7/23/2007 — — — 109 <20 <20 — — — — 942 — — — 54 —

PAI-45-MW10-SU 9/10/2007 — — — 114 <10 <10 — — — — 958 — — — 74 13

PAI-45-MW10-SU 6/18/2008 — — — 99.6 <10 <10 — — — — 679B — — — 47 50

PAI-45-MW10-SU 9/9/2008 — — — 103 0.1 9.3 — — — — 1100 — — — 49 33



56 
 

Source, Transport, and Fate of Groundw
ater Contam

ination at Site 45, M
arine Corps Recruit Depot, Parris Island, SC

Appendix 4. Concentrations of inorganic constituents, dissolved gases, and total organic carbon in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2005–2008.—Continued

[H2, molecular hydrogen; HIBA, 2-hydroxyisobutyric acid; TOC, total organic carbon; Mg, magnesium; Mn, manganese; mg/L, milligrams per liter; nM, nanomoles per liter; μg/L, micrograms per liter; mg/mL, 
milligrams per milliliter; <, less than; R, duplicate sample;  —, not analyzed; J, estimated concentration; B, target analyte was detected in the associated blank]

Site identifier
Date 

(month/
day/year)

Acetic 
acid

(mg/L)

Arsenic
(mg/L)

Calcium
(μg/L)

Chloride
(mg/L)

Ethane
(μg/L)

Ethene
(μg/L)

H2

(nM)

Lactic 
acid and 

HIBA
(mg/L)

Mg
(μg/L)

Mn
(μg/L)

Methane
(μg/L)

Nitrate
(mg/L)

Salinity
(mg/mL)

Sodium
(μg/L)

Sulfate
(mg/L)

TOC
(mg/L)

PAI-45-MW13-SL 7/23/2007 0.14 — — 153 <4 <4 — 0.15 — — 425 — — — 120 15

PAI-45-MW13-SL 9/11/2007 <0.07 — — 203 <4 <4 — <0.1 — — 600 — — — 130 14

PAI-45-MW13-SL 6/17/2008 — — 24,700 140 — — — — 13,700 69.6 — — — 143,000 87 16

PAI-45-MW13-SL 9/9/2008 — — 28,300 131 0.19 1 — — 15,100 73.9 870 — — 131,000 100 15

PAI-45-MW16-SL 7/24/2007 — — — 24.3 <20 <20 — — — — 3,840 — — — 0.7 —

PAI-45-MW16-SU 7/24/2007 — — — 4.5 <2 <2 — — — — 36.5 — — — 9.4 —

PAI-45-MW17-SL 7/24/2007 — — — 1,480 <4 <4 — — — — 294 — — — 200 —

PAI-45-MW17-SL 9/11/2007 — — — 1,500 <4 <4 — — — — 385 — — — 200 —

PAI-45-MW17-SL 6/17/2008 — — 72,200 1,750 2.8BJ <2 — — 128,000 172 269B — — 890,000 250 9

PAI-45-MW17-SL 9/8/2008 — — 46,600 1,160 — — — 80,900 152 — — — 646,000 130 8

PAI-45-MW17SU 6/17/2008 — — 19,400 86 3.BJ <2 — — 7,750 23.2 250B — — 87,500 10 54

PAI-45-MW17-SU 7/24/2007 — — — 162 <4 <4 — — — — 476 — — — 15 —

PAI-45-MW17-SU 9/11/2007 — — — 141 <4 <4 — — — — 876 — — — 14 —

PAI-45-MW17-SU 9/8/2008 — — 21,500 68.5 — — — — 8,570 23.8 — — — 60,700 7.8 19

PAI-45-MW18-SL 9/9/2008 — 0.013 — — — — — — — — — — — — —

PAI-45-MW18-SU 9/9/2008 — < 0.0050 — — — — — — — — — — — — —

PAI-45-MW19-SL 7/24/2007 — — — 332 5.1J <4 — — — — 614 — — — 36 31

PAI-45-MW19-SLR 7/24/2007 — — — 357 <4 <4 — — — — 569 — — — 36 —

PAI-45-MW19-SL 9/11/2007 0.33 — — 303 <4 <4 — <0.1 — — 742 — — — 29 33

PAI-45-MW19-SL 6/19/2008 — — — 311 <10 <10 — — — — 203B — <1 — 32 30

PAI-45-MW19-SL 9/10/2008 — — — 334 1.8 1.4 — — — — 510 — — — 33 33
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Appendix 4. Concentrations of inorganic constituents, dissolved gases, and total organic carbon in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2005–2008.—Continued

[H2, molecular hydrogen; HIBA, 2-hydroxyisobutyric acid; TOC, total organic carbon; Mg, magnesium; Mn, manganese; mg/L, milligrams per liter; nM, nanomoles per liter; μg/L, micrograms per liter; mg/mL, 
milligrams per milliliter; <, less than; R, duplicate sample;  —, not analyzed; J, estimated concentration; B, target analyte was detected in the associated blank]

Site identifier
Date 

(month/
day/year)

Acetic 
acid

(mg/L)

Arsenic
(mg/L)

Calcium
(μg/L)

Chloride
(mg/L)

Ethane
(μg/L)

Ethene
(μg/L)

H2

(nM)

Lactic 
acid and 

HIBA
(mg/L)

Mg
(μg/L)

Mn
(μg/L)

Methane
(μg/L)

Nitrate
(mg/L)

Salinity
(mg/mL)

Sodium
(μg/L)

Sulfate
(mg/L)

TOC
(mg/L)

PAI-45-MW20-SL 8/25/2005 — — — 678 <2 35 — — — — 1,060 — — — 130 —

PAI-45-MW20-SL 9/26/2006 — — — — <0.4 13 — — — — 200 — — — — —

PAI-45-MW20-SL 7/24/2007 0.26 — — 478 <40 74J 2.9 0.42 — — 1,680 — — — 110 19

PAI-45-MW20-SLR 7/24/2007 0.21 — — 476 <40 66J — 0.29 — — 1,820 — — — 120 19

PAI-45-MW20-SL 9/10/2007 0.13 — — 587 <20 64J — <0.1 — — 1,970 — — — 130 16

PAI-45-MW20-SL 6/19/2008 — — 31,100 — 16BJ 36J — — 21,300 68.5 1230B 0.132 — 267,000 — 16

PAI-45-MW20-SL 9/8/2008 — — 43,700 473 0.51 35 2 — 27,700 91.9 1400 — — 318,000 110 16

PAI-45-MW20-SU 9/26/2006 — — — — <0.4 7.7 — — — — 190 — — —  — —

PAI-45-MW20-SU 7/24/2007 — — — 85 <10 45J — — — — 1,350 — — — 38 14

PAI-45-MW20-SU 9/10/2007 0.08 — — 261 <4 9.3J — 0.18 — — 865 — — — 53 12

PAI-45-MW20-SU 6/19/2008 — — 4,800 99.2 <10 22J — — 8,570 22.2 709B — — 91,600 44 22

PAI-45-MW20-SU 9/8/2008 — — 4,250 101 0.14 8.2 — — 7,310 9.89J 870 — — 85,500 38 12

PAI-45-MW23-SL 7/23/2007 0.23 — — 161 <40 <40 — 0.23 — — 5,440 — — — 0.6 7

PAI-45-MW23-SL 9/11/2007 <0.07 — — 174 <100 <100 — 0.7 — — 11,500 — — — <0.1 <5

PAI-45-MW23-SU 7/23/2007 — — — 79.9 <10 95J — — — — 632 — — — 52 —

PAI-45-MW25-SL 9/11/2007 <0.07 — — 90.4 <20 200J — 1.4 — — 754 — — — 45 8

PAI-45-MW25-SLR 9/11/2007 <0.07 — — 82.7 <4 160 — 1.1 — — 581 — — — 45 7

PAI-45-MW25-SL 6/19/2008 — — 15,600 135 2.6BJ 28 — — 7,340 38.6 203B 0.087J — 106,000 50 10

PAI-45-MW25-SL 9/9/2008 — 0.018 8,310 62.4 0.53 45 1.8 — 4,840 18.2 180 — — 62,200 43 11

PAI-45-MW26-SL 9/11/2007 0.28 — — 341 <4 <4 — <0.1 — — 701 — — — 58 16

PAI-45-MW26-SL 6/19/2008 — — 72,500 381 3.2BJ <2 — — 23,100 101 394B — — 286,000 65 18

PAI-45-MW26-SL 9/9/2008 — — 69,500 574 0.21 0.67 — — 30,600 108 390 — — 432,000 68 19
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Appendix 4. Concentrations of inorganic constituents, dissolved gases, and total organic carbon in monitoring wells, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2005–2008.—Continued

[H2, molecular hydrogen; HIBA, 2-hydroxyisobutyric acid; TOC, total organic carbon; Mg, magnesium; Mn, manganese; mg/L, milligrams per liter; nM, nanomoles per liter; μg/L, micrograms per liter; mg/mL, 
milligrams per milliliter; <, less than; R, duplicate sample;  —, not analyzed; J, estimated concentration; B, target analyte was detected in the associated blank]

Site identifier
Date 

(month/
day/year)

Acetic 
acid

(mg/L)

Arsenic
(mg/L)

Calcium
(μg/L)

Chloride
(mg/L)

Ethane
(μg/L)

Ethene
(μg/L)

H2

(nM)

Lactic 
acid and 

HIBA
(mg/L)

Mg
(μg/L)

Mn
(μg/L)

Methane
(μg/L)

Nitrate
(mg/L)

Salinity
(mg/mL)

Sodium
(μg/L)

Sulfate
(mg/L)

TOC
(mg/L)

PAI-45-MW27-SL 9/11/2007 — — — 138 <40 <40 — — — — 7,630 — — — 2.9 <5

PAI-45-MW27-SLR 9/11/2007 — — — 135 <40 <40 — — — — 7,310 — — — 2.6 —

PAI-45-MW27-SL 6/19/2008 — — 11,000 126 <40 <40 — — 11,000 61.4 3210B — <1 76,200 0.6 6

PAI-45-MW27-SL 9/9/2008 — — 9,610 120 0.23 0.18 — — 10,100 57.2 7200 — — 72,000 0.2J 5

PAI-45-MW28D 6/17/2008 — — — 5,520 <2 <2 — — — — 17.3BJ — — — 950 4

PAI-45-MW29D 6/17/2008 — — — 4,160 3.1BJ <2 — — — — 20.6BJ — 8.1 — 660 4

PAI-45-MW30D 6/17/2008 — — — 1,940 3.2BJ <2 — — — — 29.8B — — — 260 6

PAI-45-MW31-SL 6/18/2008 — — 13,300 214 14BJ 130 — — 10,400 54.5 1,650B <0.033 144,000 62 14

PAI-45-MW31-SLR 6/18/2008 — — 13,400 213 14BJ 140 — — 10,400 56.1 2,140B — — 145,000 62 14

PAI-45-MW31-SL 9/9/2008 — 0.022 22,500 208 2.2 150 31 — 16,500 102 2,700 — — 227,000 54 12

PAI-45-MW31-SLR 9/9/2008 — — 18,500 208 2.3 140 — — 14,200 79.5 2400 — — 176,000 53 12

PAI-45-MW31-SU 6/18/2008 — — 3,330 125 65BJ 77J — 3,080 21.2 4,420B <0.033H — 122,000 76 29

PAI-45-MW31-SUR 6/18/2008 — — 3,360 129 51BJ 49J — — 3,080 21.9 2,770B — — 125,000 72 26

PAI-45-MW31-SU 9/9/2008 — — 3,270 121 0.59 87 3.4 — 3,190 16.2 4,400 — — 113,000 63 34

PAI-45-MW31-SUR 9/9/2008 — — — 120 0.78 74 — — — — 5,400 — — — 63 34
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Appendix 5. Concentrations of field-measured constituents in groundwater from monitoring wells, Site 45, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2005–2008.—Continued

[Alk, total alkalinity as calcium carbonate; CO2, carbon dioxide; DO, dissolved oxygen; Fe, ferrous iron; SC, specific conductance; Temp., temperature; <, less 
than; —, not analyzed; mg/L, milligrams per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; 
>, greater than]

Site identifier
Date

(month/day/
year)

Alk
(mg/L)

CO2 
(mg/L)

DO
(mg/L)

Fe
(mg/L)

pH
(S.U.)

SC
(μS/cm at 

25 °C)

Sulfide
(mg/L)

Temp.
°C

PAI-45-MW03-SL 7/23/2007 — —  — — 6.01 1,030 — 23.92
PAI-45-MW03-SL 9/10/2007 55 50 <0.03 — 5.81 985 — 25.00
PAI-45-MW04-D 9/10/2007 200 50 0.05 — 6.35 12,700 <0.05 24.67
PAI-45-MW04-D 9/10/2007 200 50 0.05 — 6.35 12,700 <0.05 —
PAI-45-MW04-SL 8/25/2005 35 150 <0.03 17.5 5.71 1,040 <0.05 25.35
PAI-45-MW04-SL 3/7/2006 — — — — 5.69 710 — 17.76
PAI-45-MW04-SL 9/26/2006 25 180 <0.03 5.55 5.55 784 <0.05 25.15
PAI-45-MW04-SL 7/24/2007 60 175 0.1 5.17 5.58 745 <0.05 24.18
PAI-45-MW04-SL 9/10/2007 35 100 0.05 — 5.83 632 — 25.40
PAI-45-MW04-SL 6/18/2008 20 170 0.15 5.32 5.58 773 <0.2 21.21
PAI-45-MW04-SL 9/9/2008 35 190 <0.03 5.36 5.63 785 <0.2 25.26
PAI-45-MW04-SU 7/24/2007 <10 100 0.1 1.55 4.99 191 <0.05 25.93
PAI-45-MW04-SU 9/10/2007 –10 125 0.02 — 5.16 211 <0.05 26.81
PAI-45-MW05-SL 7/23/2007 — — — — 5.81 1,449 — 26.53
PAI-45-MW05-SL 9/11/2007 >1,000 50 <0.025 — 5.58 1,740 0.1 27.22
PAI-45-MW05-SL 6/19/2008 22 180 0.3 18.2 5.5 1,737 <0.2 25.02
PAI-45-MW05-SL 9/8/2008 45 30 0.1 27 5.76 1,464 0.18 27.57
PAI-45-MW05-SU 7/23/2007 100 70 0.7 2.8 6.31 568 <0.05 27.74
PAI-45-MW05-SU 6/19/2008 120 65 0.6 <0.2 6.41 480 <0.2 26.19
PAI-45-MW05-SU 9/8/2008 70 17 2 1.18 — 509 0.08 29.38
PAI-45-MW10-SL 7/23/2007 — — — — 5.97 1,390 — 27.51
PAI-45-MW10-SL 9/10/2007 55 80 0.1 — 5.61 1,190 — 29.55
PAI-45-MW10-SL 6/18/2008 60 40 0.1 9.59 5.73 1,230 <0.2 25.54
PAI-45-MW10-SL 9/9/2008 70 45 <0.03 9.73 5.67 1,260 <0.2 30.08
PAI-45-MW10-SU 7/23/2007 — — — — 6.3 975 — 29.52
PAI-45-MW10-SU 9/10/2007 150 70 <0.03 — 5.86 981 <0.05 30.80
PAI-45-MW10-SU 6/18/2008 170 35 0.05 13.7 6.23 960 <0.2 27.71
PAI-45-MW10-SU 9/9/2008 225 40 0.05 16.4 6.18 978 <0.2 30.76
PAI-45-MW13-SL 7/23/2007 — — — — 6.08 1,030 — 28.43
PAI-45-MW13-SL 9/11/2007 110 40 0.05 — — 1,000 <0.05 29.55
PAI-45-MW13-SL 6/17/2008 125 200 0.25 4.66 5.94 992 <0.2 25.11
PAI-45-MW13-SL 9/9/2008 100 200 0.05 4.97 5.96 1,010 <0.2 29.28
PAI-45-MW16-SL 7/24/2007 — — — — 6.2 313 — 25.81
PAI-45-MW16-SU 7/24/2007 — — — — 5.69 103 — 28.54
PAI-45-MW17-SL 7/24/2007 — — — — 5.77 4,960 — 26.84
PAI-45-MW17-SL 9/11/2007 65 50 0.05 — 5.61 5,310 <.05 27.96
PAI-45-MW17-SL 6/17/2008 75 60 0.05 28.8 5.83 5,920 0.2 24.66
PAI-45-MW17-SL 9/8/2008 40 105 0.05 14.3 5.55 4,260 <0.2 27.82

PAI-45-MW17-SU 7/24/2007 — — — — 6.63 942 28.15
PAI-45-MW17-SU 9/11/2007 150 35 0.05 — 6.43 874 <0.05 29.29
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Appendix 5. Concentrations of field-measured constituents in groundwater from monitoring wells, Site 45, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2005–2008.—Continued

[Alk, total alkalinity as calcium carbonate; CO2, carbon dioxide; DO, dissolved oxygen; Fe, ferrous iron; SC, specific conductance; Temp., temperature; <, less 
than; —, not analyzed; mg/L, milligrams per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; 
>, greater than]

Site identifier
Date

(month/day/
year)

Alk
(mg/L)

CO2 
(mg/L)

DO
(mg/L)

Fe
(mg/L)

pH
(S.U.)

SC
(μS/cm at 

25 °C)

Sulfide
(mg/L)

Temp.
°C

PAI-45-MW17-SU           6/17/2008 140 25 <0.03 12.8 6.62 622 <0.2 26.81
PAI-45-MW17-SU 9/8/2008 110 80 <0.03 14.2 6.42 631 <0.2 28.51
PAI-45-MW18-SL 9/9/2008 180 25 0.1 2.27 6.67 3,030 <0.2 25.92
PAI-45-MW18-SU 9/9/2008 175 60 0.075 7.47 6.73 437 <0.2 28.01
PAI-45-MW19-SL 7/24/2007 — — — — 5.72 1,560 — 23.02
PAI-45-MW19-SL 9/11/2007 65 45 0.05 — 5.75 1,350 <0.05 25.08
PAI-45-MW19-SL 6/19/2008 65 160 0.07 9.45 5.93 1,360 <0.2 20.87
PAI-45-MW19-SL 9/10/2008 60 170 <0.03 9.21 — — <0.2 —
PAI-45-MW20-SL 8/25/2005 50 70 0.15 12.5 5.92 — <0.05 —
PAI-45-MW20-SL 3/7/2006 — — — 2.5 6.07 3,990 — 19.55
PAI-45-MW20-SL 9/26/2006 70 170 0.05 3.95 5.87 4,270 <0.05 25.90
PAI-45-MW20-SL 9/29/2006 — — — — — — — —
PAI-45-MW20-SL 7/24/2007 90 165 0.1 6.01 5.8 2,250 <0.05 25.38
PAI-45-MW20-SL 9/10/2007 55 50 0.05 — 5.83 1,640 — 26.01
PAI-45-MW20-SL 6/19/2008 50 28 0.1 5.15 6.01 1,950 <0.2 23.10
PAI-45-MW20-SL 9/8/2008 45 155 <0.03 6.9 5.85 2,590 <0.2 26.12
PAI-45-MW20-SU 9/26/2006 37 180 0.1 3 5.5 579 <0.05 26.94
PAI-45-MW20-SU 9/29/2006 50 40 >1 — 6.44 1,540 <0.05 27.49
PAI-45-MW20-SU 7/24/2007 50 160 0.15 2.1 5.59 448 <0.05 27.54
PAI-45-MW20-SU 9/10/2007 50 40 >1 — 6.44 1,540 <0.05 27.49
PAI-45-MW20-SU 9/8/2008 40 160 0.25 2.72 — — 0.28 —
PAI-45-MW20-SU           6/18/2008 35 50 0.6 4.43 5.58 591 0.47 26.20
PAI-45-MW23-SL 7/23/2007 250 105 <0.025 14.12 6.75 1,070 <0.05 28.23
PAI-45-MW23-SL 9/11/2007 100 40 0.1 — 6.48 1,040 — 28.66
PAI-45-MW25-SL 9/11/2007 35 25 0.2 — 5.58 427 — —
PAI-45-MW25-SL 6/19/2008 30 30 0.05 — 5.6 751 <0.2 26.24
PAI-45-MW25-SL 9/9/2008 18 180 0.1 3.75 5.51 436 <0.2 29.18
PAI-45-MW26-SL 9/11/2007 200 40 0.1 — 6.35 1,770 — 28.97
PAI-45-MW26-SL 6/19/2008 200 35 0.2 10 6.56 2,010 <0.2 24.34
PAI-45-MW26-SL 9/9/2008 250 120 <0.025 12 6.54 2,790 <0.2 28.23
PAI-45-MW27-SL 9/11/2007 <10 45 0.05 — 5.68 613 — 27.96
PAI-45-MW27-SL 6/19/2008 40 135 <0.025 5.97 5.71 575 <0.2 25.40
PAI-45-MW27-SL 9/9/2008 40 145 <0.025 5.22 5.69 547 <0.2 27.49
PAI-45-MW28-D 6/17/2008 225 250 <0.025 92.2 6.21 17,700 <0.2 26.29
PAI-45-MW29-D        6/17/2008 240 35 0.1 0.94 7 13,900 0.14 26.72
PAI-45-MW30-D 6/17/2008 250 80 0.05 2.41 6.75 7,050 <0.2 25.07
PAI-45-MW31-SL 6/18/2008 18 140 0.075 5.52 5.66 1,000 <0.2 25.89
PAI-45-MW31-SL 9/9/2008 40 45 <0.025 11.8 5.73 1,110 <0.2 30.26
PAI-45-MW31-SU 6/18/2008 <10 200 0.075 4.14 5.1 708 <0.2 28.98
PAI-45-MW31-SU 9/9/2008 <10 70 0.1 5.77 5.27 679 <0.2 31.47
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Appendix 6. Concentrations of groundwater constituents in temporary wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008. —Continued

[ft BLS, feet below land surface; 1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; 
TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; SC, specific conductance at 25 °C; TOC, total organic carbon; <, less than; R, duplicate sample; —, not 
analyzed; J, estimated concentration; μg/L, micrograms per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, Celsius; *, analysis was done by Microseeps, Inc, and is an 
approximation only.  All other analyses were done by General Engineering Laboratory]

Well name
Date

(month/
day/year)

Depth
(ft BLS)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

pH
(S.U.)

SC
(μS/cm 
at 25 °C

Temp.
(°C)

PAI-45-USGS-TW1 6/25/2007  8–11 <0.3 1.3 <0.3 <0.25 1.3 <0.25 <0.25 0.401J 1.5 <0.25 <0.3 <0.5 <0.25 5.73 1,470 29.8

PAI-45-USGS-TW2 6/25/2007  7–11 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.12 1,350 29.78

PAI-45-USGS-TW3 6/25/2007  7–11 <1.5 268 <1.5 <1.25 268 <1.25 <1.25 <1.25 26.2 <1.25 <1.5 5.83 <1.25 6.15 2,010 30.75

PAI-45-USGS-TW4 6/25/2007  7–11 <7.5 1,150 <7.5 <6.25 1,140 <6.25 <6.25 157 2,160 <6.25 13.2J 37.3 <6.25 6.05 823 31.22

PAI-45-USGS-TW5 6/25/2007  6–10.5 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.31 315 30.48

PAI-45-USGS-TW6 6/25/2007  7–11 <7.5 1,450 <7.5 <6.25 1,420 <6.25 <6.25 114 1,760 <6.25 28.1 189 <6.25 6.08 810 30.11

PAI-45-USGS-TW7 6/25/2007  7–11 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.31 284 29.56

PAI-45-USGS-TW8 6/25/2007 7.5–11.5 <6 1,030 <6 <5 1,010 <5 <5 <5 226 <5 23.4 212 <5 6.04 918 29.59

PAI-45-USGS-TW9 6/25/2007 7.5–11.5 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.38 303 29.16

PAI-45-USGS-TW10 6/25/2007  0–10 <15 3,000 <15 <12.5 2,960 <12.5 <12.5 <12.5 898 <12.5 41.6J 362 <12.5 6.29 822 30.87

PAI-45-USGS-TW11 6/25/2007  7.75–
11.75

<0.3 41.6 <0.3 <0.25 41.6 <0.25 <0.25 <0.25 4.22 <0.25 <0.3 <0.5 <0.25 6.74 1,030 28.26

PAI-45-USGS-TW12 6/25/2007  7.5–10.5 <0.6 144 <0.6 <0.5 142 <0.5 <0.5 31.8 195 <0.5 2.25 4.07 <0.5 5.94 750 28.56

PAI-45-USGS-TW13 6/25/2007  6–10 <15 1,180 <15 <12.5 1,180 <12.5 <12.5 315 2,760 <12.5 <15 <25 <12.5 5.75 1,300 27.98

PAI-45-USGS-TW14 6/25/2007  6–10 <7.5 2,240 <7.5 <6.25 2,190 <6.25 <6.25 149 1,720 <6.25 53.7 356 <6.25 5.72 563 28.65

PAI-45-USGS-TW15 6/25/2007  6–10 <30 8,570 <30 <25 8,380 <25 <25 3,480 8,700 <25 196 2,290 <25 6.82 829 28.93

PAI-45-USGS-TW16 6/25/2007  6–10 <6 1,180 <6 <5 1,160 <5 <5 <5 557 <5 23.7 <10 <5 5.74 9,000 29.06

PAI-45-USGS-TW17 6/25/2007  6.5–10.5 <3 830 <3 <2.5 815 <2.5 <2.5 <2.5 176 <2.5 15.5 <5 <2.5 6.1 2,100 27.46

PAI-45-USGS-TW18 6/25/2007  12–14.5 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.59 460 27.45

PAI-45-USGS-TW19 6/25/2007  8–12 <0.3 37.5 <0.3 <0.25 37.1 <0.25 <0.25 0.26J 1.94 <0.25 0.42J 0.68J <0.25 6.06 289 26.05

PAI-45-USGS-TW20 6/25/2007  8–12 <0.3 0.4J <0.3 <0.25 0.4J <0.25 0.404J <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 5.92 232 24.8
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Appendix 6. Concentrations of groundwater constituents in temporary wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008. —Continued

[ft BLS, feet below land surface; 1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; 
TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; SC, specific conductance at 25 °C; TOC, total organic carbon; <, less than; R, duplicate sample; —, not 
analyzed; J, estimated concentration; μg/L, micrograms per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, Celsius; *, analysis was done by Microseeps, Inc, and is an 
approximation only.  All other analyses were done by General Engineering Laboratory]

Well name
Date

(month/
day/year)

Depth
(ft BLS)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

pH
(S.U.)

SC
(μS/cm 
at 25 °C

Temp.
(°C)

PAI-45-USGS-TW21 6/25/2007  11–15 <0.3 5.23 0.95J <0.25 5.23 <0.25 6.98 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 5.83 357 24.79

PAI-45-USGS-TW22 6/25/2007  6–10 <1.5 262 <1.5 <1.25 260 <1.25 <1.25 <1.25 38.3 <1.25 2.36J 3.01J <1.25 5.82 1,350 27.31

PAI-45-USGS-TW23 6/25/2007  6–10 <0.6 176 <0.6 <0.5 174 <0.5 <0.5 <0.5 23.9 <0.5 1.91J 5.48 <0.5 5.84 1,730 27.07

PAI-45-USGS-TW24 6/25/2007  11.5–15.5 <0.3 10.6 <0.3 <0.25 10.6 <0.25 <0.25 <0.25 17.6 <0.25 <0.3 0.75J <0.25 6.42 777 25.53

PAI-45-USGS-TW25 6/25/2007  11.5–15.5 <1.5 241 <1.5 <1.25 239 <1.25 <1.25 3.45J 231 <1.25 2.17J <2.5 <1.25 5.84 1,830 27.03

PAI-45-USGS-TW26 6/25/2007  11.5–15.5 <0.3 1.89 1.71 <0.25 1.89 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.02 2,090 27.8

PAI-45-USGS-TW27 6/25/2007  11.5–15.5 <1.5 342 <1.5 <1.25 339 <1.25 <1.25 <1.25 155 <1.25 2.15J <2.5 <1.25 5.91 1,820 29.35

PAI-45-USGS-TW28 6/25/2007  11.5–15.5 <1.5 214 <1.5 <1.25 214 <1.25 <1.25 <1.25 <1.25 <1.25 <1.5 4.11J <1.25 — — —

PAI-45-USGS-TW29 6/27/2007  11.5–15.5 <0.3 3.71 <0.3 <0.25 3.71 <0.25 <0.25 4.95 1.34 <0.25 <0.3 <0.5 <0.25 6.4 2,490 24.22

PAI-45-USGS-TW30 6/25/2007  11.5–15.5 <0.3 14.1 <0.3 <0.25 14.1 <0.25 <0.25 <0.25 6.95 <0.25 <0.3 0.99J <0.25 5.99 1,010 26.45

PAI-45-USGS-TW31 6/27/2007  11.5–15.5 <0.3 14.1 <0.3 <0.25 13.8 <0.25 <0.25 2.12 16.4 <0.25 0.36J 6.48 <0.25 6.16 2,540 25.91

PAI-45-USGS-TW32 6/27/2007  11.5–15.5 <0.3 11.9 <0.3 <0.25 11.9 <0.25 <0.25 1.57 19 <0.25 <0.3 6.87 <0.25 6.11 2,160 24.66

PAI-45-USGS-TW33 6/25/2007  11.5–15.5 <0.6 79.3 <0.6 <0.5 79.3 <0.5 1.32J 21.4 177 <0.5 <0.6 <1 <0.5 5.84 1,900 27.22

PAI-45-USGS-TW34 6/25/2007  11.5–15.5 <0.3 5.34 <0.3 <0.25 5.34 <0.25 <0.25 1.49 3.3 <0.25 <0.3 <0.5 <0.25 5.89 1,790 28.2

PAI-45-USGS-TW35 6/25/2007  11.5–15.5 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.14 2,810 29.49

PAI-45-USGS-TW36 6/25/2007  11.5–15.5 <0.6 7.68 4.17 <0.5 7.68 1.21J 81.9 <0.5 <0.5 <0.5 <0.6 <1 1.97J 6.02 857 27.24

PAI-45-USGS-TW37 6/27/2007  11.5–15.5 <0.3 3.5 <0.3 <0.25 3.5 <0.25 <0.25 1.43 3.27 <0.25 <0.3 1.41 <0.25 5.86 7,200 23.79

PAI-45-USGS-TW37R 6/27/2007  11.5–15.5 <0.3 3.26 <0.3 <0.25 3.26 <0.25 <0.25 1.33 3.17 <0.25 <0.3 1.18 <0.25 — — —

PAI-45-USGS-TW38 6/27/2007  10–14 <0.3 9.51 <0.3 <0.25 9.51 <0.25 <0.25 93.9 21.3 <0.25 <0.3 <0.5 <0.25 5.95 4,040 28.4

PAI-45-USGS-TW38R 6/27/2007  10–14 <0.3 10.5 <0.3 <0.25 10.5 <0.25 <0.25 105 23.2 <0.25 <0.3 0.51J <0.25 — — —

PAI-45-USGS-TW39 6/27/2007  10–14 <30 628 <30 <25 628 <25 <25 5,240 7,600 <25 <30 <50 
(200*)

<25 6.16 2,260 26.95

PAI-45-USGS-TW39R 6/27/2007  10–14 <30 604 <30 <25 604 <25 <25 5,050 7,210 <25 <30 <50 <25 — — —

PAI-45-USGS-TW40 6/27/2007  10–14 <0.3 14.3 <0.3 <0.25 14.3 <0.25 <0.25 0.26J 6.44 <0.25 <0.3 4.75 <0.25 5.91 3,370 28.84

PAI-45-USGS-TW41 6/27/2007  10–14 <0.3 2.62 <0.3 2.87 2.62 <0.25 <0.25 0.798J 0.36J <0.25 <0.3 <0.5 <0.25 584 483 26.92
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Appendix 6. Concentrations of groundwater constituents in temporary wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008. —Continued

[ft BLS, feet below land surface; 1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; 
TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; SC, specific conductance at 25 °C; TOC, total organic carbon; <, less than; R, duplicate sample; —, not 
analyzed; J, estimated concentration; μg/L, micrograms per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, Celsius; *, analysis was done by Microseeps, Inc, and is an 
approximation only.  All other analyses were done by General Engineering Laboratory]

Well name
Date

(month/
day/year)

Depth
(ft BLS)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

pH
(S.U.)

SC
(μS/cm 
at 25 °C

Temp.
(°C)

PAI-45-USGS-TW42 6/27/2007  10–14 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 5.7 7,410 28.84

PAI-45-USGS-TW43 6/27/2007  10–14 <0.3 9.28 <0.3 <0.25 8.95 <0.25 <0.25 <0.25 6.72 <0.25 0.32J 3.13 <0.25 5.94 8,240 25.71

PAI-45-USGS-TW44 6/27/2007  10–14 <30 760 <30 <25 760 <25 <25 17,100 6,100 <25 <30 201 <25 6.63 635 27.62

PAI-45-USGS-TW45 6/27/2007  10.5–14.5 <0.3 6.05 <0.3 <0.25 6.05 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.44 3,540 25.59

PAI-45-USGS-TW46 6/27/2007  10.5–14.5 <0.3 0.52J <0.3 <0.25 0.52J <0.25 <0.25 1.69 0.26J <0.25 <0.3 0.58J <0.25 5.74 14,800 26.1

PAI-45-USGS-TW47 6/27/2007  10.5–14.5 <300 <300 <300 <250 <300 <250 <250 62,400 4,020 <250 <300 <500 <250 6.26 797 27.23

PAI-45-USGS-TW48 6/27/2007  10.5–14.5 <30 2,180 <30 <25 2,180 <25 <25 10,200 7,590 <25 <30 342 <25 6.08 1,330 28.74

PAI-45-USGS-TW49 6/27/2007  10–14 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 6.22 911 27.42

PAI-45-USGS-TW50 6/27/2007  11–15 <1.2 180 <1.2 1.26J 180 <1 <1 <1 22.2 <1 <1.2 3.72J <1 5.74 1,040 25.24

PAI-45-USGS-TW51 6/27/2007  10.5–14.5 <12 147 <12 <10 147 <10 <10 315 2,270 <10 <12 <20 <10 5.71 916 24.21

PAI-45-USGS-TW52 6/27/2007  11–15 <30 472 <30 <25 472 <25 <25 <25 5,530 <25 <30 <50 <25 5.87 1,330 27.17

PAI-45-USGS-TW53 6/27/2007  11–15 <30 1,640 <30 <25 1,640 <25 <25 4,780 7,360 <25 <30 377 <25 6 1,890 24.68

PAI-45-USGS-TW54 6/27/2007  11–15 <3 776 <3 <2.5 771 <2.5 <2.5 <2.5 3.59J <2.5 5.71J 70.8 <2.5 6.04 3,560 23.99

PAI-45-USGS-TW55 6/28/2007  11–15 <0.3 <0.3 <0.3 0.62J <0.3 <0.25 <0.25 0.27J 0.69J <0.25 <0.3 <0.5 <0.25 5.69 982 23.65

PAI-45-USGS-TW56 6/28/2007  11–15 <7.5 1,240 <7.5 <6.25 1,240 <6.25 <6.25 526 2,110 <6.25 <7.5 14.4J <6.25 5.84 862 27.74

PAI-45-USGS-TW57 6/28/2007  11–15 <3 800 <3 <2.5 800 <2.5 <2.5 <2.5 <2.5 <2.5 <3 133 <2.5 6.03 1,170 26.12

PAI-45-USGS-TW58 6/28/2007  11–15 <0.3 9.71 <0.3 <0.25 9.71 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 3.09 <0.25 6.83 3,810 27.58

PAI-45-USGS-TW58R 6/28/2007  11–15 <0.3 9.14 <0.3 <0.25 9.14 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 2.77 <0.25 — — —

PAI-45-USGS-TW59 6/28/2007  11–15 <0.3 5.12 <0.3 <0.25 5.12 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 1.29 <0.25 6.61 2,090 24.61

PAI-45-USGS-TW60 6/28/2007  10–14 <0.3 10.2 <0.3 1.16 10.2 <0.25 <0.25 0.359J 5.24 <0.25 <0.3 4.43 0.29J 5.85 888 24.49

PAI-45-USGS-TW61 6/28/2007  11–15 <3 511 <3 <2.5 511 <2.5 <2.5 <2.5 11.9 <2.5 <3 10.3 <2.5 5.95 1,410 27.27

PAI-45-USGS-TW61R 6/28/2007  11.5–15.5 <3 511 <3 <2.5 511 <2.5 <2.5 <2.5 12.7 <2.5 <3 <5 <2.5 — — —

PAI-45-USGS-TW62 6/28/2007  11.5–15.5 <0.3 52.8 <0.3 0.82J 52.1 <0.25 <0.25 <0.25 0.75J <0.25 0.72J 7.31 <0.25 6.36 5,310 29.22

PAI-45-USGS-TW63 6/28/2007  11.5–15.5 <15 783 <15 <12.5 750 <12.5 <12.5 <12.5 4,100 <12.5 32.4J 30J <12.5 6.27 1,260 25.7

PAI-45-USGS-TW63R 6/28/2007  11.5–15.5 <15 769 <15 <12.5 738 <12.5 <12.5 <12.5 3,960 <12.5 30.5J <25 <12.5 — — —
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Appendix 6. Concentrations of groundwater constituents in temporary wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008. —Continued

[ft BLS, feet below land surface; 1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; 
TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; SC, specific conductance at 25 °C; TOC, total organic carbon; <, less than; R, duplicate sample; —, not 
analyzed; J, estimated concentration; μg/L, micrograms per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, Celsius; *, analysis was done by Microseeps, Inc, and is an 
approximation only.  All other analyses were done by General Engineering Laboratory]

Well name
Date

(month/
day/year)

Depth
(ft BLS)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

pH
(S.U.)

SC
(μS/cm 
at 25 °C

Temp.
(°C)

PAI-45-USGS-TW64 6/28/2007  11.5–15.5 <0.6 110 <0.6 <0.5 110 <0.5 <0.5 <0.5 0.89J <0.5 <0.6 <1 <0.5 6.38 2,840 28.78

PAI-45-USGS-TW65 6/28/2007  11.5–15.5 <1.5 6.2 5.36 <1.25 6.2 3.81J 397 <1.25 <1.25 <1.25 <1.5 <2.5 6.55 6.83 367 24.5

PAI-45-USGS-TW66 6/28/2007  11.5–15.5 <3 833 <3 <2.5 833 <2.5 <2.5 <2.5 183 <2.5 <3 15 <2.5 5.97 2,040 26.44

PAI-45-USGS-TW67 6/28/2007  11–15 <0.3 8.88 <0.3 2.62 8.88 <0.25 <0.25 <0.25 19.4 <0.25 <0.3 <0.5 <0.25 6 1,000 25.36

PAI-45-USGS-TW68 6/28/2007  11–15 <0.3 <0.3 <0.3 4.76 <0.3 <0.25 <0.25 <0.25 1.04 <0.25 <0.3 <0.5 <0.25 6.01 946 25.18

PAI-45-USGS-TW68R 6/28/2007  11–15 <0.3 <0.3 <0.3 4.76 <0.3 <0.25 <0.25 <0.25 1 <0.25 <0.3 <0.5 <0.25 — — —

PAI-45-USGS-TW69 6/28/2007  11–15 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 5.76 28,500 28.43

PAI-45-USGS-TW70 6/28/2007  11–15 <0.3 4.21 <0.3 <0.25 4.21 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25 5.82 10,600 28.66

PAI-45-USGS-TW71 8/29/2007  8–12 <0.3 0.5J 2.66 <0.25 0.5J <0.25 119 <0.25 <0.25 0.759J <0.3 <0.5 0.77J — — —

PAI-45-USGS-TW72 8/29/2007  11–15 <6 39.7 <6 <5 39.7 <5 <5 2,380 1,180 <5 <6 <10 <5 — — —

PAI-45-USGS-TW74 8/29/2007  11–15 <0.3 16.7 <0.3 <0.25 16.7 <0.25 <0.25 7.73 35.3 <0.25 <0.3 1.35 <0.25 — — —

PAI-45-USGS-TW75 8/29/2007  1–14 <3 653 <3 <2.5 653 <2.5 5.94J <2.5 21.1 <2.5 <3 6.24J <2.5 — — —

PAI-45-USGS-TW76 8/29/2007  11–15 <3 526 <3 <2.5 526 <2.5 7.55J <2.5 <2.5 <2.5 <3 24.2 <2.5 — — —

PAI-45-USGS-TW77 3/5/2008  7–11 <0.3 50.1 <0.3 1.55 47.9 <0.25 <0.25 0.35J 20.5 <12.5 <0.25 <0.3 <0.25 — 523 20.88

PAI-45-USGS-TW77 3/5/2008  11–15 <15 381 <15 <12.5 365 <12.5 <12.5 454 3,470 <0.25 <12.5 <15 <12.5 — 1,650 21.64

PAI-45-USGS-TW77R 3/5/2008  11–15 <15 460 <15 <12.5 440 <12.5 <12.5 408 3,530 <12.5 <12.5 <15 <12.5 — — —

PAI-45-USGS-TW78 3/5/2008  7–11 <0.3 118 <0.3 1.97 117 <0.25 <0.25 10.1 45.5 <12.5 <0.25 <0.3 <0.25 — 446 20.63

PAI-45-USGS-TW78 3/5/2008  11–15 <15 795 <15 <12.5 761 <12.5 <12.5 <12.5 3,200 <0.25 <12.5 <15 <12.5 — 1,970 21.48

PAI-45-USGS-TW79 3/5/2008  11–15 14.2 409 <0.3 <0.25 562 0.88J <0.25 23,000B 7,160 3.63 3.63 2.56 1.34 — 4,910 22.71

PAI-45-USGS-TW80 3/5/2008  7–11 <3 82.6 <3 <2.5 82.6 <2.5 <2.5 366 732 <25 <2.5 <3 <2.5 — 444 20.4

PAI-45-USGS-TW80 3/5/2008  11–15 <30 112 <30 <25 112 <25 <25 6,170B 2,160 <2.5 <25 <30 <25 — 6,620 22.15

PAI-45-USGS-TW81 3/5/2008  7–11 <0.3 117 <0.3 2.43 107 <0.25 <0.25 <0.25 19.9 <6.25 <0.25 <0.3 <0.25 — 453 20.72

PAI-45-USGS-TW81 3/5/2008  11–15 <7.5 599 <7.5 <6.25 573 <6.25 <6.25 14.0J 1,510 <0.25 <6.25 <7.5 <6.25 — 1,710 21.15

PAI-45-USGS-TW81R 3/5/2008  11–15 <7.5 583 <7.5 <6.25 558 <6.25 <6.25 12.5J 1,510 <6.25 <6.25 <7.5 <6.25 — — —

PAI-45-USGS-TW82 3/4/2008  11–15 <15 411 <15 <12.5 411 <12.5 <12.5 53.7 2720 <12.5 <12.5 <15 <12.5 — 3,710 20.85



Appendix 6 
 

65
Appendix 6. Concentrations of groundwater constituents in temporary wells, Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2006–2008. —Continued

[ft BLS, feet below land surface; 1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; PCE, tetrachloroethene; 
TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; SC, specific conductance at 25 °C; TOC, total organic carbon; <, less than; R, duplicate sample; —, not 
analyzed; J, estimated concentration; μg/L, micrograms per liter; S.U., standard units; μS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; °C, Celsius; *, analysis was done by Microseeps, Inc, and is an 
approximation only.  All other analyses were done by General Engineering Laboratory]

Well name
Date

(month/
day/year)

Depth
(ft BLS)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

pH
(S.U.)

SC
(μS/cm 
at 25 °C

Temp.
(°C)

PAI-45-USGS-TW83 3/5/2008  11–15 <0.3 57.5 <0.3 <0.25 55 <0.25 <0.25 29.2 415 <0.25 <0.25 <0.3 <0.25 — 3,970 20.03

PAI-45-USGS-TW84 3/5/2008  11–15 <0.3 18.4 <0.3 <0.25 17.6 <0.25 <0.25 361 63.3 <0.25 <0.25 <0.3 <0.25 — 4,700 19.73

PAI-45-USGS-TW85 3/5/2008  11–15 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 1.88B 0.97J <0.25 <0.25 <0.3 <0.25 — 12,200 22.51

PAI-45-USGS-TW86 3/5/2008  11–15 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 7.29B 2.12 <0.25 <0.25 <0.3 <0.25 — 9,040 21.8

PAI-45-USGS-TW87 3/4/2008  11–15 <0.3 146 <0.3 <0.25 158 <0.25 <0.25 17.2 420 <0.25 <0.25 1 <0.25 — 2,870 21.31

PAI-45-USGS-TW88 3/4/2008  11–15 <0.3 20.8 <0.3 <0.25 19.9 <0.25 <0.25 18.5 56.7 <0.25 <0.25 <0.3 <0.25 — 3,560 21.29

PAI-45-USGS-TW89 3/4/2008  11–15 <0.3 268 <0.3 <0.25 257 <0.25 <0.25 83.6 406 <0.25 <0.25 1.24 <0.25 — 2,180 21.42

PAI-45-USGS-TW90 3/4/2008  11–15 <0.3 154 <0.3 <0.25 164 <0.25 <0.25 37 342 <0.25 <0.25 0.72J <0.25 — 2,860 21.85

PAI-45-USGS-TW91 3/5/2008  11–15 <0.3 20.2 <0.3 <0.25 19.3 <0.25 <0.25 24.7 47.4 <0.25 <0.25 <0.3 <0.25 — 3,630 18.9

PAI-45-USGS-TW92 3/4/2008  11–15 <6 1,330 <6 <5 1,270 <5 <5 201 796 <5 <5 <6 <5 — 2,340 22.64

PAI-45-USGS-TW93 3/4/2008  4.5–8 <0.3 88.3 <0.3 <0.25 83.3 <0.25 <0.25 34.7 67.7 <0.25 0.28J 1.29 <0.25 — — —

PAI-45-USGS-TW93 3/4/2008  11–15 <0.3 97.5 <0.3 <0.25 93.3 <0.25 <0.25 22.8 191 0.28J <0.25 <0.3 <0.25 — 4,120 23.15

PAI-45-USGS-TW94 3/5/2008  7–11 <0.3 213 <0.3 1.69 254 <0.25 <0.25 331 863 1.05 <0.25 <0.3 <0.25 — 424 20.43

PAI-45-USGS-TW94 3/5/2008  11–15 3.51 323 <0.3 <0.25 413 <0.25 <0.25 754B 5,020 <0.25 1.05 2.07 <0.25 — 4,960 21.59

PAI-45-USGS-TW95 3/5/2008  11–15 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.25 — 915 22.05
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Appendix 7. Concentrations of selected volatile organic compounds in soil borings from temporary well PAI-45-USGS-TW7, Marine Corps Recruit Depot, Parris Island, 
South Carolina, 2008.

[ft BLS, feet below land surface; 1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; 
PCE, tetrachloroethene; TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate sample; J, estimated concentration; 
μg/kg, micrograms per kilogram; all data are dry-weight corrected]

Site identifier
Date

(month/
day/year)

Depth
(ft BLS)

Percent 
moisture

1,1-DCE
(μg/kg)

1,2-DCE
(μg/kg)

Benzene
(μg/kg)

CB
(μg/kg)

cDCE
(μg/kg)

EB
(μg/kg)

Napht
(μg/kg)

PCE
(μg/kg)

TCE
(μg/kg)

Tol
(μg/kg)

tDCE
(μg/kg)

VC
(μg/kg)

Xyl
(μg/kg)

PAI-45-USGS-TW96 4/30/2008  10–12 25.5 0.75J 211 <0.65 <0.39 411 <0.39 <0.39 1,990 4,640 0.59J 3.22 15.1 1.08J
PAI-45-USGS-TW96R 4/30/2008  10–12 24.3 1.1J 248 <0.38 <0.23 330 0.30J <0.23 1,750 3,560 1.01J 4.09 22.3 1.14J
PAI-45-USGS-TW96 4/30/2008  15–16 27.6 <0.27 <0.27 <0.27 <0.18 <0.27 <0.18 <0.18 0.46J <0.22 <0.26 <0.27 <0.45 0.5J
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Appendix 8. Concentrations of total organic carbon in soil borings, Marine Corps Recruit 
Depot, Parris Island, South Carolina, 2008.

[ft BLS, feet below land surface; mg/kg, milligrams per kilogram]

Site identifier
Date 

(month/day/
year)

Depth  
(ft BLS)

Total organic 
carbon  
(mg/kg)

Lithology

PAI-45-MW26-SL 6/27/2008  10–15 128 Fine-grained sand
PAI-45-MW28-D 8/26/2008 18 155,000 Organic-rich clay
PAI-45-USGS-TW96 4/30/2008  8–10 440 Grayish-tan, fine-grained 

heaving sand
PAI-45-USGS-TW96 4/30/2008  12–13 2,120 Black fine-grained sand

Appendix 9. Concentrations of selected volatile organic compounds in surface water near the outfall to Ballast Creek, Site 45, 
Marine Corps Recruit Depot, Parris Island, South Carolina, June 17, 2008.

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; 
PCE, tetrachloroethene; TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; <, less than; R, duplicate 
sample; J, estimated concentration; μg/L, micrograms per liter]

Site  
identifier

Date 
(month/

day/year)

Time
(minutes 

before 
low tide)

1,1-DCE
(μg/L)

1,2-DCE
(μg/L)

Benzene
(μg/L)

CB
(μg/L)

cDCE
(μg/L)

EB
(μg/L)

Napht
(μg/L)

PCE
(μg/L)

TCE
(μg/L)

Tol
(μg/L)

t DCE
(μg/L)

VC
(μg/L)

Xyl
(μg/L)

PAI-SW1 6/16/2008 30 <0.3 1.6 <0.3 <0.25 1.6 <0.25 0.33J 0.44J 1.29 <0.25 <0.3 <0.5 <0.25

PAI-SW1-R 6/16/2008 30 <0.3 1.7 <0.3 <0.25 1.7 <0.25 <0.25 0.48J 1.34 <0.25 <0.3 <0.5 <0.25

PAI-SW2 6/16/2008 5 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25

PAI-SW3 6/16/2008 6 <0.3 0.7J <0.3 <0.25 0.73J <0.25 <0.25 <0.25 0.6J <0.25 <0.3 <0.5 <0.25

PAI-SW4 6/16/2008 22 <0.3 <0.3 <0.3 <0.25 <0.3 <0.25 <0.25 <0.25 <0.25 <0.25 <0.3 <0.5 <0.25
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Appendix 10. Concentrations of selected volatile organic compounds in sediment near the outfall to Ballast Creek, 
Site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, June 17, 2008.

[1,1-DCE, 1,1-dichloroethene; 1,2-DCE, total 1,2-dichloroethene; CB, chlorobenzene; cDCE, cis-1,2-dichloroethene; EB, ethylbenzene; Napht, naphthalene; 
PCE, tetrachloroethene; TCE, trichloroethene; Tol, toluene; tDCE, trans-1,2-dichloroethene; VC, vinyl chloride; Xyl, total xylenes; mg/kg, milligrams per 
kilogram; <, less than; J, estimated concentration; all data are reported as dry-weight corrected]

Site identifier
Date 

(month/
day/year)

Depth 
below  

sediment/
water 

interface
(feet)

Moisture
(percent)

1,1-DCE
(mg/kg)

Benzene
(mg/kg)

CB
(mg/kg)

cDCE
(mg/kg)

EB
(mg/kg)

PCE
(mg/kg)

TCE
(mg/kg)

Tol
(mg/kg)

t DCE
(mg/kg)

VC
(mg/kg)

Xyl
(mg/kg)

PAI-SWSED1 6/17/2008 0.5 68.5 <0.68 <0.75 <0.45 <0.68 <0.45 <0.45 <0.57 0.67J <0.68 <1.13 <0.45

PAI-SWSED1 6/17/2008 1 57.2 <49 <54 <32 <49 <32 <32 <41 <47 <49 <81 <32

PAI-SWSED2 6/17/2008 0.5 57.7 <0.57 <0.63 <0.38 <0.57 <0.38 <0.38 <0.48 <0.55 <0.57 <0.95 <0.38

PAI-SWSED2 6/17/2008 1 58 <0.45 <0.5 <0.30 <0.45 <0.3 <0.30 <0.38 <0.44 <0.45 <0.75 <0.3

PA-ISWSED3 6/17/2008 0.5 73.3 <0.86 <0.95 <0.58 <0.86 <0.58 <0.58 <0.72 <0.83 <0.86 <1.44 <0.58

PAI-SWSED3 6/17/2008 1 71 <0.59 <0.65 <0.4 <0.59 0.75J <0.4 <0.49 3.96 <0.59 <0.99 <0.4

PAI-SWSED4 6/17/2008 0.5 60.2 <0.74 <0.81 <0.49 <0.74 <0.49 <0.49 <0.62 <0.71 <0.74 <1.23 <0.49

PAI-SWSED4 6/17/2008 1 61.6 <0.54 <0.6 <0.36 <0.54 <0.36 <0.36 <0.45 <0.52 <0.54 <0.9 <0.36
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Appendix 11. Synoptic water-level measurements at approximately low tide in monitoring wells, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, 2007–2008.—Continued

[MP, measuring point altitude in feet relative to North American Vertical Datum of 1988; —, data not collected; all top-of-casing altitudes were determined by 
Andrews and Burgess, Inc., in 2008; *, Datum was changed on these wells.  Prior to July 3, 2008, the datum was 5.33 feet for well PAI-45-MW26-SL and 6.405 
feet for well PAI-45-MW27-SL]

Well identifier MP
Water-level altitude, in feet relative to North American Vertical Datum of 1988

April 30, 2007 August 7, 2007 August 29, 2007 June 16, 2008 June 27, 2008 July 25, 2008

PAI-45-MW01-D 6.60 1.72 — 2.03 1.31 1.20 1.83

PAI-45-MW01-SL 6.52 3.15 — 3.54 3.60 3.46 —

PAI-45-MW01-SU 6.54 3.12 — 3.57 3.57 3.45 —

PAI-45-MW02-SL 6.22 2.96 4.34 3.39 3.17 3.01 —

PAI-45-MW02-SU 6.12 2.67 4.31 3.12 2.66 2.73 —

PAI-45-MW03-SL 6.54 2.75 3.97 3.12 2.87 2.70 —

PAI-45-MW03-SU 6.59 2.52 4.39 3.12 2.57 2.58 —

PAI-45-MW04-D 5.78 1.59 — 1.92 1.21 1.09 1.71

PAI-45-MW04-SL 5.91 2.45 3.57 2.73 2.45 2.32 —

PAI-45-MW04-SU 5.93 2.45 3.59 2.74 2.47 2.34 —

PAI-45-MW05-D 7.63 1.61 — 1.93 1.19 1.07 1.69

PAI-45-MW05-SL 7.24 2.45 3.36 2.84 2.45 2.32 —

PAI-45-MW05-SU 7.59 2.42 3.33 2.71 2.42 2.29 —

PAI-45-MW06-D 6.44 1.64 — 1.96 1.23 1.09 1.74

PAI-45-MW06-SL 6.48 2.73 3.91 3.11 2.87 2.70 —

PAI-45-MW06-SU 6.52 2.87 3.44 3.12 2.90 2.85 —

PAI-45-MW07-D 6.63 1.66 — 1.97 1.25 1.12 1.75

PAI-45-MW07-SL 6.68 2.80 4.04 3.17 2.97 2.82 —

PAI-45-MW07-SU 6.63 2.79 4.04 3.15 2.95 2.80 —

PAI-45-MW08-SL 6.50 2.90 4.16 3.30 4.19 3.05 —

PAI-45-MW08-SU 6.57 2.81 4.15 3.29 3.17 3.02 —

PAI-45-MW09-D 6.24 1.60 — 1.89 1.15 1.04 1.67

PAI-45-MW10-D 6.25 — — — — 1.18 1.81

PAI-45-MW10-SL 5.85 2.69 3.98 3.03 2.76 2.62 —

PAI-45-MW10-SU 5.90 2.67 3.86 3.02 2.78 2.61 —

PAI-45-MW11-D           5.43 1.36 — 1.37 1.67 -0.13 0.77

PAI-45-MW13-SL           6.39 2.57 3.68 2.87 2.61 2.46 —

PAI-45-MW13-SU           6.48 2.53 4.01 2.87 2.62 2.43 —

PAI-45-MW14-SL 5.76 2.73 3.67 3.08 2.84 2.71 —

PAI-45-MW14-SU 5.84 2.59 3.41 2.83 2.60 2.50 —
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Appendix 11. Synoptic water-level measurements at approximately low tide in monitoring wells, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, 2007–2008.—Continued

[MP, measuring point altitude in feet relative to North American Vertical Datum of 1988; —, data not collected; all top-of-casing altitudes were determined by 
Andrews and Burgess, Inc., in 2008; *, Datum was changed on these wells.  Prior to July 3, 2008, the datum was 5.33 feet for well PAI-45-MW26-SL and 6.405 
feet for well PAI-45-MW27-SL]

Well identifier MP
Water-level altitude, in feet relative to North American Vertical Datum of 1988

April 30, 2007 August 7, 2007 August 29, 2007 June 16, 2008 June 27, 2008 July 25, 2008

PAI-45-MW15-SL 8.13 2.72 3.72 3.03 2.68 2.56 —

PAI-45-MW15-SU 8.32 2.71 3.70 2.99 2.66 2.53 —

PAI-45-MW16-SL 9.17 2.44 3.35 2.75 2.38 2.29 —

PAI-45-MW16-SU 9.14 2.35 3.28 2.64 2.29 2.18 —

PAI-45-MW17-SL 5.96 2.68 3.11 2.32 2.10 1.97 —

PAI-45-MW17-SU 6.17 2.25 3.12 2.35 2.12 1.98 —

PAI-45-MW18-SL 6.98 2.53 3.53 2.71 2.43 2.30 —

PAI-45-MW18-SU 6.99 3.01 3.77 3.06 2.84 2.72 —

PAI-45-MW19-SL 5.64 2.68 3.82 2.98 2.71 2.55 —

PAI-45-MW19-SU 5.64 2.60 3.77 2.91 2.62 2.48 —

PAI-45-MW20-SL 6.67 2.23 3.29 2.49 2.21 2.11 —

PAI-45-MW20-SU 6.72 2.25 3.29 2.46 2.22 2.11 —

PAI-45-MW21-D 6.27 1.67 — 1.98 1.24 1.15 1.77

PAI-45-MW21-SL 6.27 2.88 — 3.28 3.06 2.93 —

PAI-45-MW21-SU 6.37 2.86 4.30 3.28 3.05 2.90 —

PAI-45-MW22-SL 6.43 2.99 4.37 3.42 3.30 3.17 —

PAI-45-MW22-SU 6.51 3.65 4.28 3.37 3.23 3.09 —

PAI-45-MW23-SL 6.28 2.64 3.43 3.05 2.64 2.67 —

PAI-45-MW23-SU 6.37 2.65 3.59 2.98 2.72 2.62 —

PAI-45-MW24-SU 6.62 2.93 3.91 3.30 3.11 2.97 —

PAI-45-MW25-SL 6.64 — — — 3.40 3.22 —

PAI-45-MW26-SL* 5.61 — — — 2.14 2.05 —

PAI-45-MW27-SL* 6.58 — — — 2.24 2.10 —

PAI-45-MW28-D 5.48 — — — 1.24 1.14 1.78

PAI-45-MW29-D 5.18 — — — 1.22 1.14 1.81

PAI-45-MW30-D 8.05 — — — 1.23 1.14 1.77

PAI-45-MW31-SL 5.49 — — — 2.91 2.74 —

PAI-45-MW31-SU 5.57 — — — 2.93 2.76 —
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Appendix 12. Lithologic logs for permanent wells at site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2008.

[ft, feet; BLS, below land surface; USGS, U.S. Geological Survey]

Permanent well PAI-45-MW28-D
Date: June 2–4, 2008

Method: Hollow-stem auger to 19 ft BLS, Mud-rotary below 19 ft.
Driller: EarthCon
Core Description: Don Vroblesky, USGS
Split spoons
June 2, 2008

Core interval (ft BLS) Recovery (ft) Depth (ft BLS) Description
 2–4 2  2.0–2.6 Silty clay, black

2.6–4.0 Sand, fine-grained, brown
 4–6 2  4.0–5.3 Silty sand, fine-grained, gray with patches of brown silty sand, 

 possibly burrow fills
 5.3–6.0 Silty sand, fine-grained, fewer brown patches than above

 6–8 1.5  6.0–6.5 Sand, fine-grained, gray with patches of brown fine-grained sand
 6.5–7.5 Sand, fine-grained, gray, loose
 7.5–8.0 Missing

 8–10 2  8.0–10.0 Sand, fine-grained, very loose, very wet, grayish-tan
 10–12 2  10.0–11.4 Sand, fine-grained, very loose, very wet, grayish-tan

 11.4–12.0 Silty sand, fine-grained, dark gray
 12–14 2 12.0–14.0 Silty sand, fine-grained, dark gray
 16–18 2  16.0–17.8 Silty sand, fine-grained, dark gray

 17.8–18.0 Clay, organic-rich, dark gray
 18–19 1  18.0–18.8 Clay, organic-rich, dark gray

 18.8–19.0 Sandy clay, dark gray
Stopped at 19 ft to set outer casing.  Grouted from 18.6 ft BLS to land surface

General description from mud-rotary cuttings
June 4, 2008

Interval (ft BLS)   Description
 19–21.5 Clay
 21.5–32 Sand, fine-grained
 32–33.5 Shelly material in fine-grained sand
 33.5–34   Hard drilling, still looks like shelly material

Set screen 23.7 to 33.7 ft BLS.  Grouted from 18.5 ft BLS to land surface.

Permanent well PAI-45-MW29-D
Date: June 3, 2008

Method: Hollow-stem auger to 19 ft BLS, Mud-rotary below 19 ft.
Driller: EarthCon
Core Description: Don Vroblesky, USGS
Split spoons
June 2, 2008

Core interval (ft BLS) Recovery (ft) Depth (ft BLS) Description
 15–17 2 15–17 Sand, very loose, fine-grained, gray, wet 
17–18.8 1.8  17–18.8 Same as above
18.8–19 0.2  18.8–19 Silt, organic rich

Stopped at 19 ft BLS to set outer casing.  Final casing set at 19.6 ft BLS.  Grouted 19.6 ft to land surface.
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Permanent well PAI-45-MW29-D —Continued
General description from mud-rotary cuttings
June 4, 2008

Interval (ft BLS)   Description
20(?)–21 Sand, fine-grained, gray
21–28.5 Clay
28.5–29 Shelly material in fine-grained to silty sand
30–33   Sand, fine-grained to silty, with shells

Set screen 23.1 to 33.1 ft BLS.  Grouted from 17 ft BLS to land surface.

Permanent well PAI-45-MW30-D
Date: June 4–5, 2008

Method: Hollow-stem auger to 20 ft BLS, Mud-rotary below 20 ft.
Driller: EarthCon
Core Description: Don Vroblesky, USGS
Split spoons
June 4, 2008

Core interval (ft BLS) Recovery (ft) Depth (ft BLS) Description
0–15   No split spoons
15–17 2  15.0–17.0 Silty sand, fine-grained
 17–19 2  17.0–17.8 Silty sand, fine-grained

 17.8–18.7 Clay, loose, with thin (0.05 inch) of fine-grained gray sand
 18.7–18.9 Clay, gray with abundant shell fragments
 18.9–19.0 Organic-rich clay, sharp upper contact

 19–20 1  19.0–19.9 Organic-rich clay  
 19.9–20.0 Organic-rich clay, very tight

Stopped at 20 ft BLS to set outer casing.  Grouted from 20 ft BLS to land surface.

General description from mud-rotary cuttings
June 5, 2008

Interval (ft BLS)   Description
20.5–22 Sand  
22–23 Hard drilling 

 23–23.5 Silty sand, wood that does not appear to be from the auger plug
23.5–27 Sand, fine-grained
27–30 Silty sand 
 30–34 Clay
 34–35   Hard drilling, shelly material in silty sand

Set screen 25–35 ft BLS. Grouted from 20 ft BLS to land surface.

Appendix 12. Lithologic logs for permanent wells at site 45, Marine Corps Recruit Depot, Parris Island, South Carolina, 2008. —Continued

[ft, feet; BLS, below land surface; USGS, U.S. Geological Survey]
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Appendix 13. Lithologic log for temporary well PAI-45-USGS-TW96, Site 45, Marine Corps Recruit Depot, 
Parris Island, South Carolina, April 30, 2008.

[ft, feet; BLS, below land surface; USGS, U.S. Geological Survey; ppm, parts per million; <, less than; >, greater than]

Date: April 30, 2008

Method: Geoprobe
Driller: James Landmeyer, USGS
Core Description: Don Vroblesky, USGS

Core interval 
(ft BLS)

Recovery 
(ft)

Depth  
(ft BLS)

Description

Reading on 
ColorTek 

vapor  
analyzer 

(ppm)

 4–5 0.85  4.0–4.8 Silty sand, fine-grained, gray.  Exact depth uncertain. <0.2

 6–8 1.8  6.0–6.9 Sandy clay, gray 2

6.9–7.2 Clayey sand, gray  

7.2–7.8 Silty sand, fine-grained, brown  

7.8–8.0 Silty sand, fine-grained, gray >4

 8–10 1.2 8.0–10.0 Sand, fine-grained, heaving, grayish tan >25

 10–12 1.6  10.4–10.8 Sand, fine-grained, grayish tan  

 10.8–12 Sand, fine-grained, black 30

 12–14 1.7  12.3–12.8 Sand, fine-grained, black 40

 12.8–14.0 Sand, fine- to very fine-grained, grayish-brown 10

 14–16 2  14.0–14.8 Sand, fine-grained, gray <0.2

  14.8–15.2 Sand, medium-grained, gray  

 15.2–16.0 Silt, with brownish material that appears to be plant matter <0.2
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Appendix 14–1. Membrane Interface Probe (MIP) logs for boring MIP1, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–2. Membrane Interface Probe (MIP) logs for boring MIP2, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–3. Membrane Interface Probe (MIP) logs for boring MIP3, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.



Appendix 14  77

Appendix 14–4. Membrane Interface Probe (MIP) logs for boring MIP4, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–5. Membrane Interface Probe (MIP) logs for boring MIP5, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–6. Membrane Interface Probe (MIP) logs for boring MIP6, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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Appendix 14–7. Membrane Interface Probe (MIP) logs for boring MIP7, Site 45, Marine Corps Recruit Depot, Parris Island, 
South Carolina, June 22, 2008.
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1 INTRODUCTION 

This Performance Monitoring 2010 Technical Report (Technical Report) has been 
prepared to summarize the results of the 2010 performance monitoring sampling event 
at Site 45, Parris Island Marine Corps Recruit Depot (MCRD) in South Carolina (the 
“Site”).  Geosyntec Consultants (Geosyntec) in collaboration with Black & Veatch 
Special Projects Corporation (Black & Veatch) has prepared this Technical Report for 
the United States Environmental Protection Agency (EPA), Region 4 in accordance 
with the Statement of Work under Contract No. EP-S4-09-02, Task Order No. 045-
TCTA-04NY and the Parris Island Technical Assistance Work Plan (Work Plan; Black 
& Veatch, 2010).   

The remainder of this Technical Report describes the following in detail:  (i) project 
background; (ii) an overview of the emulsified zero-valent iron (EZVI) technology; (iii) 
a summary of the field activities completed during the 2010 performance monitoring 
event at the Site; (iv) analytical methods used to analyze groundwater samples collected 
during this event; (v) a discussion of analytical results; (v) and an interpretation of the 
results in relation to the technology performance. 

1.1 Background. 

The EPA requested contractor support for technical assistance to continue performance 
monitoring of a technology demonstration that was conducted to evaluate the 
performance of nano-scale EZVI to remediate a shallow (<20 feet) tetrachloroethene 
(PCE) dense non-aqueous phase liquid (DNAPL) source area at the Parris Island 
MCRD in South Carolina (Figure 1-1).  The EZVI technology demonstration started in 
March 2005 as an Environmental Securities Technology Certification Program 
(ESTCP)-funded project lead by Geosyntec with NASA, the United States Naval 
Facilities Engineering Command's Engineering Service Center (NAVFAC ESC), and 
EPA collaboration.  Soil and groundwater samples were collected from the site in June 
2005 to assess contaminant distribution within the treatment area, and a network of 
performance monitoring wells was installed at the site by EPA in June 2006 (Figure 1-
2).  EZVI was injected into the treatment area in October 2006, after which point 
performance monitoring was initiated and conducted periodically until March 2009 
when a final set of groundwater and soil samples were collected to establish post-
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demonstration conditions.  The ESTCP funding ended in 2009, but EPA decided to 
continue performance monitoring for an additional two and a half years. 

1.2 Technology Overview 

Chlorinated solvents are present in groundwater at an overwhelming number of 
Department of Defense (DoD), Department of Energy (DoE), and related contractor 
sites.  A significant number of these sites have volatile organic compounds (VOCs) 
present as free-phase DNAPLs that will act as a long-term source of VOCs to 
groundwater.  Due to the slow dissolution of solvents from residual or pooled DNAPL 
source areas, conventional treatments such as pump-and-treat serve solely as 
containment technologies and require long operational periods (i.e., decades or longer) 
to satisfy the need for protection of human health and the environment, incurring high 
operation and maintenance (O&M) costs over that period.  However, significant 
attention has been devoted in the past few years to research and field applications of 
alternate source treatment technologies, as they have the potential to lower the overall 
cost and time required for remediation of contaminated aquifers. 

Significant laboratory and field research has demonstrated that zero-valent metals will 
reductively dehalogenate dissolved chlorinated solvents such as PCE and TCE to 
ethene.  Permeable reactive barriers (PRBs) containing ZVI as the reactive material 
have been shown to be effective in treating plumes of dissolved chlorinated solvents.  
PRB technology is passive and requires no energy; however, it still relies on DNAPL 
dissolution and transport of dissolved chlorinated solvents to the barrier for treatment, 
and therefore PRBs do little to reduce the clean up time for the site. 

EZVI can be used to enhance the destruction of chlorinated DNAPL in source zones by 
creating intimate contact between the DNAPL and the ZVI particles.  The EZVI is 
composed of food-grade surfactant, biodegradable oil, water, and ZVI particles (either 
nano- or micro-scale iron), which form emulsion particles.  Each emulsion particle or 
droplet contains ZVI particles in water surrounded by an oil-liquid membrane.  Since 
the exterior oil membrane of the emulsion droplet has hydrophobic properties similar to 
that of DNAPL, the droplets are miscible with DNAPL.  It is believed that as the oil 
emulsion droplets combine with DNAPL trichloroethene (TCE), for example, the TCE 
is sequestered in the oil and then dissolves into the aqueous droplet containing ZVI that 
was within the oil emulsion droplet.  It is also believed that the final degradation by-
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products from the dechlorination reaction are driven by the increase in concentration 
inside the aqueous emulsion droplet to diffusion into the non-aqueous phase (oil and 
TCE) then out into the surrounding aqueous phase.  While the ZVI in the aqueous 
emulsion droplet remains reactive, the chlorinated compounds are continually degraded 
within the aqueous emulsion droplets, thus maintaining a concentration gradient across 
the oil membrane and establishing a driving force for additional TCE migration into the 
aqueous emulsion droplet where additional degradation can occur. 

The primary application of the EZVI technology is treatment of DNAPL source zones 
but it is also capable of treating dissolved-phase chemicals.  EZVI that is located near 
DNAPL will also degrade the dissolved-phase chemicals that it comes in contact with.  
The reduction in concentration of dissolved-phase chemicals in the vicinity of the 
DNAPL will enhance mass dissolution from the DNAPL. 

In addition to the abiotic degradation associated with the ZVI, the injection of EZVI 
containing vegetable oil and surfactant will result in sequestration of the chlorinated 
ethenes into the oil and biodegradation of dissolved chlorinated ethenes.  Chlorinated 
solvents will preferentially dissolve into the oil component of the EZVI thereby 
reducing the aqueous phase concentrations.  The chlorinated solvents may then be 
degraded by the ZVI in the EZVI.  The vegetable oil and surfactant can also act as 
electron donors to promote anaerobic biodegradation of the chlorinated solvents.  
Abiotic degradation resulting from the ZVI in the EZVI was shown to be a very fast 
process in laboratory studies conducted at the University of Central Florida (Quinn et 
al. 2005).  If the amount of ZVI is not sufficient to completely degrade the TCE to 
ethene then the vegetable oil and surfactant can act as a slow release electron donor for 
biodegradation processes at the site (Major et al. 2002). 

Another potential benefit of EZVI over ZVI for environmental applications is that the 
hydrophobic membrane surrounding the ZVI protects it from other groundwater 
constituents, such as some inorganic compounds, that might otherwise react with the 
ZVI.  While the oil membrane of the EZVI will allow organic constituents (TCE and 
other ethenes) to diffuse through the liquid membrane and contact the ZVI, it may 
inhibit diffusion of other ionic constituents that may passivate the ZVI surface and limit 
their contact with the ZVI.  This mechanism potentially reduces the mass of ZVI 
required for treatment relative to unprotected ZVI. 
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2 FIELD AND ANALYTICAL METHODS 

For the Performance Monitoring 2010 event, the Black & Veatch and Geosyntec project 
team provided on-site support to assist EPA with collection of groundwater samples for 
analysis of chlorinated VOCs and dissolved hydrocarbon gases (DHGs) from 48 
monitoring wells, and of volatile fatty acids (VFAs) from 23 monitoring wells.  
Samples were collected using the same sampling protocols that were used during the 
ESTCP EZVI technology demonstration, as discussed in the Work Plan (Black & 
Veatch, 2010).  Details of specific field activities for this event are described in the 
sections below, with the exception of field calibration procedures, quality assurance 
sampling, decontamination practices, and sample documentation which are described in 
Appendix B of the Work Plan (Black & Veatch, 2010).   

2.1 Performance Monitoring Groundwater Sampling 

In September 2010, groundwater samples were collected from each of the fully 
screened and multilevel monitoring wells used during the ESTCP EZVI technology 
demonstration, and samples were submitted to Columbia Analytical Services, Inc. 
(CAS) of Rochester, NY, for analysis of the following specific parameters: 

• VOCs (including PCE, TCE, cis-1,2-dichloroethene [cDCE], trans-1,2-
dichloroethene [tDCE], 1,1-dichloroethene [1,1-DCE], vinyl chloride [VC]); 

• DHGs (including acetylene, methane, ethane, ethene); and 

• VFAs (including acetic acid, butyric acid, lactic acid, propionic acid, pyruvic 
acid). 

During well purging, measurements of field parameters (dissolved oxygen [DO], 
oxidation-reduction potential [ORP], pH, conductivity, temperature, turbidity, sulfide, 
ferrous iron) were also recorded.  Containers for the samples indicated above were 
provided by CAS.  Groundwater samples were also collected by the EPA for analysis of 
general geochemical indicators, including total organic carbon (TOC) and total 
inorganic carbon (TIC), anions, and total dissolved metals.  Samples were collected by 
Geosyntec and EPA personnel using sampling protocols outlined in the Work Plan 
(Black & Veatch, 2010). 
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2.2 Groundwater Elevation Monitoring 

During the September 2010 sampling event at the Site, a set of groundwater elevations 
were measured using select water table wells in the area of the test plots.  These data 
were used to evaluate groundwater flow direction and gradient, and calculate 
groundwater velocity at the time of sampling.  The groundwater velocity was used to 
estimate the mass flux estimate for this sampling event, as was done during the ESTCP 
EZVI technology demonstration.  Groundwater elevation data are presented in 
Appendix A.  Groundwater velocity calculations and mass flux estimates will be 
presented in the final report, which will be prepared in 2012. 

2.3 Disposal of IDW 

Investigation Derived Waste (IDW) for this event, which consisted of well purge water 
and decontamination fluids generated during equipment cleaning, was containerized by 
the sampling personnel in approved Department of Transportation (DOT) 55-gal drums.  
The drums were sealed, labeled and transported to a designated storage area on the base 
as directed by MCRD.  A waste disposal contractor was then contracted to remove the 
IDW drums from the Site and transport them to an approved disposal facility.  All other 
common, non-hazardous trash associated with the demonstration was disposed of 
according to MCRD protocols. 

2.4 Analytical Methods 

The analytical methods used to analyze groundwater samples submitted to CAS are 
presented in Table 2-1.  Information pertaining to calibration of analytical equipment, 
quality assurance, decontamination, and sample documentation can be found in 
Appendix B. 
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3 SAMPLING RESULTS 

In the following sections, the analytical results are summarized.  Water level elevation 
data can be found in Section 3.1, field parameters in Section 3.2, geochemical 
parameters in Section 3.3, and VOC data in Section 3.4.  A complete compilation of the 
analytical data, along with summary tables of data collected by the EPA, can be found 
in Appendix C.  VOC, DHG, and VFA data were validated using EPA data qualifiers 
for organic and inorganic data (EPA 540-R-08-01 and 540-R-04-004).  A summary of 
the data validation results and findings is presented in Appendix D. 

It should be noted that while Geosyntec assisted with the collection of groundwater 
samples for analysis of TOC, TIC, anions, and total dissolved metals, these samples 
were analyzed by the EPA are were not the focus of the on-site support provided by the 
Black & Veatch and Geosyntec project team during the September 2010 sampling event 
at the Site.  The results of these analyses have been provided in Appendix C, but an 
interpretation of these results will not be provided in this Technical Report. 

3.1 Water Level Elevation Data   

The gradient at the Site is very flat, as was observed during the ESTCP EZVI 
technology demonstration.  A complete compilation of measured water level elevations 
is presented in Appendix A. 

3.2 Field Parameters 

During the September 2010 sampling event at the Site, groundwater field parameters 
were collected during sampling.  A summary of the field parameter data is provided in 
Appendix C (Table C-1).  The data collected in March 2009 (Table C-1a) are included 
for comparison.  In general the groundwater field parameters are similar to those 
measured in March 2009.  During the September 2010 sampling event at the Site, 
groundwater field parameters were collected during sampling. A summary of the field 
parameter data is provided in Appendix C (Table C-1). The data collected in March 
2009 (Table C-1a) are included for comparison. In general the groundwater field 
parameters are similar to those measured in March 2009.  ORPs are negative in all 
wells, which indicates that reducing conditions favorable for VOC degradation are still 
present at the Site, although in general the ORP values measured in September 2010 are 
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a bit higher than those measured in 2009. However, most wells exhibited a large degree 
of variability and fluctuation in groundwater ORP throughout the demonstration, thus 
making it difficult to assess areas where a true reduction in ORP was achieved. 
Multilevel wells exhibited some decrease in ORP following EZVI injection; but by the 
post-demonstration sampling event in March 2009, ORP measurements had rebounded 
to near baseline levels in these wells and the values measured in 2010 reflect that 
rebound to baseline levels. Dissolved oxygen concentrations were low before EZVI 
injection and remained relatively constant over the demonstration period, with most 
wells exhibiting DO concentrations below 2 mg/L.  In the September 2010 event DO 
values remained low with many values below 1 mg/L.  These DO values are consistent 
with the observed ORP values discussed above, and support the conclusion that 
conditions favorable for VOC degradation are still present at the Site.  Measurements of 
pH, specific conductance (conductivity), and turbidity during the September 2010 event 
were generally similar to measurements observed during the 2009 sampling event.  pH 
measurements were still as much as 1 pH unit lower than the pre-injection levels in 
many of the downgradient monitoring wells.  Groundwater temperatures observed 
during the September 2010 event were typical for the time of year.   

3.3 Geochemical Parameters 

A summary of the geochemical parameter data, which include results of alkalinity, 
DHG and VFA samples, is provided in Appendix C (Tables C-2, C-4 and C-5).  Results 
of TOC/TIC, anions, and total dissolved metals samples, which were analyzed by the 
EPA, are also provided in Appendix C.  Following EZVI injection into the Pneumatic 
Injection test plot, significant increases in groundwater VFA concentrations (primarily 
acetic, butyric and propionic acids) were observed in the downgradient multilevel wells 
and in fully screened wells PMW-5 and PMW-6 (Geosyntec 2010).  These increases 
were expected as degradation of the vegetable oil would have produced the VFAs 
within and downgradient of the test plot.  The concentrations of the VFAs have 
decreased since March 2009 as the vegetable oil continues to degrade but there are still 
significant concentrations of VFAs present, especially acetic acid, in PMW-5, and ML-
3, ML-5, ML-6, and ML-7.  Relatively little change in groundwater alkalinity was 
observed in any of the wells.  Generally, methane concentrations in September 2010 
were similar to those measured in July 2008 although down slightly from March 2009 
in upgradient well ML-1, PMW-2, PMW-6 and in the downgradient multilevel wells. In 
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the fully screened wells PMW-1 and PMW-4 concentrations decreased slightly from 
those seen in 2008 and 2009.  For the other wells (ML-2, PMW-3, and PWM-5), 
methane concentrations have increased from 2009, suggesting that methanogenesis  is 
ocurring within these areas and that the increase in methanogenesis may be due to a 
lowering of bacteria inhibition due to a decrease in the VOC concentrations. 
Concentrations of ethene and ethane increased in the upgradient wells ML-2 and ML-1 
(ethane only), and in all fully screened wells except for PMW-1 and PMW-2 (ethene 
only), but have decreased from March 2009 in most of the downgradient multilevel 
wells, (Figures 3-1 to 3-6 ethene data).  These results are not surprising given the 
continued presence of elevated VOC concentrations in the upgradient and internal wells 
(for which ongoing biodegradation of the VOCs would result in continued formation of 
degradation products), and lower concentrations of VOCs in the downgradient wells 
(for which concentrations of ethene/ethane are also expected to be lower given the 
reduced parent compound concentrations).  

3.4 Volatile Organic Compound Data 

The VOC data trends are shown graphically on Figures 3-1 through 3-6 and the data are 
included in Table C-5. For ease of comparison, the VOC and ethene concentrations in 
Figures 3-1 through 3-6 have been converted to units of mmol/L.  As such, the 
following general unit conversions should be used when comparing data presented in 
these figures to the tabulated data in Appendix C: 

• 10,000 μg/L of PCE is equivalent to 0.060 mmol/L of PCE. 

• 10,000 μg/L of TCE is equivalent to 0.076 mmol/L of TCE. 

• 10,000 μg/L of cDCE is equivalent to 0.10 mmol/L cDCE. 

• 10 μg/L of VC is equivalent to 0.00016 mmol/L of VC. 

• 1,000 μg/L of ethene is equivalent to 0.035 mmol/L of ethene. 

In general, the data trends for upgradient multilevel wells ML-1 and ML-2 (Figure 3-1; 
Table C-5) where little to no EZVI impact was expected continue to be the same as 
observed in March 2009.  The trends show little to no concentration changes for any 
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VOCs in these wells although there are some increases in cDCE, VC and ethene in the 
ML-2 wells in 2010. In multilevel well ML-3, there are slight increases in cDCE and 
VC in September 2010 for many of the multilevel points but a significant increase in 
ML-3-7 which showed an increase in all VOCs in March 2009 that continues in 
September 2010 with the highest concentrations measured to date at this location 
(Figure 3-2; Table C-5). At ML-4, ML-5, ML-6, and ML-7 and fully screened wells 
PMW-6, PMW-2 and PMW-3, concentrations in 2010 are similar to or lower than those 
in 2009 with steady or decreasing trends continuing (Figures 3-2 through 3-5; Table C-
5).   

Prior to EZVI injections, soil core VOC data suggested that DNAPL was present within 
the areas of SC-1 (6-8 feet below ground surface [ft bgs]), SC-3 (4-6 ft bgs), SC-7 (4-10 
ft bgs and 12-16 ft bgs), and SC-8 (12-16 ft bgs) (see Figure 1-2 for soil core locations). 
Groundwater VOC data also suggested that DNAPL was located very near well ML-2-5 
and PMW-5 which had baseline groundwater PCE concentrations near saturation and 
DNAPL was actually pumped out of ML-2-5 before EZVI was injected. Wells PMW- 
4, PMW-6, ML2-7, ML-7-5 and ML-6-5 also had very high PCE concentrations 
indicating the presence of nearby DNAPL.   

After the injection of EZVI into the Pneumatic Injection plot, DNAPL was still being 
pumped from ML-2-5 but was also being pumped from wells PMW-4, PMW-5, and 
ML-2-7 where a separate DNAPL was not seen prior to injection. This indicates that 
DNAPL moved in the subsurface during or soon after EZVI injection. DNAPL was 
pumped from these same wells in the September 2010 event. 

The groundwater VOC concentrations in PMW-4, located outside of the target 
treatment area of the Pneumatic Injection test plot where little to no EZVI should have 
been delivered, did not change significantly after the injections, despite a small amount 
of non-aqueous phase now being present in the well (Figure 3-5 and Table C-5 in 
Appendix C). This would appear to indicate that if DNAPL was mobilized into this well 
during injection it must have been in close proximity to the well prior to injection 
activities. It is possible that the EZVI injection actually pushed DNAPL into this well or 
that the injection activities created fractures or preferential pathways that allowed 
DNAPL to migrate to this well post-injection. The September 2010 data indicate that 
there are slight decreases in concentrations of the chlorinated VOCs at PMW-4 from 
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March 2009 and an increase in the ethene concentration (Figure 3-5 and Table C-3 and 
C-5 in Appendix C). 

Well PMW-5 within the Pneumatic Injection test plot actually had a slight decrease in 
PCE concentrations and a corresponding increase in cDCE after injection of EZVI 
(Figure 3-5 and Table C-5 in Appendix C), but during each sampling event, including  
the September 2010 event, a DNAPL was pumped from this well. The increase in cDCE 
would have lowered the saturation concentration of PCE which may account for some 
of the decrease in PCE concentrations despite the presence of a DNAPL phase.  The 
DNAPL pumped from ML-2-5 during the pre- and post-injection sampling was very 
dark brown to black in color and the DNAPL pumped from PMW-5 was similar and 
may have consisted of PCE mixed with EZVI. Although DNAPL was being pumped 
from PMW-5 and PCE and other VOC concentrations remained elevated, there was 
significant ethene production measured (Figure 3-5 and Table C-3 in Appendix C) in 
this well with an increase from 5.6 micrograms per liter (μg/L) just prior to EZVI 
injections to 3,900 μg/L in September 2010 up from 2,800 μg/L during the March 2009 
post-demonstration sampling event, indicating that degradation is ongoing in this area 
(the maximum ethene concentration observed in this well was 7,200 μg/L in January 
2008).   

ML-2-7 (18.5 ft bgs) did have an increase in PCE concentrations after injection of EZVI 
(Figure 3-1 and Table C-5 in Appendix C) and DNAPL was present in this point in 
post-injection sampling events including the September 2010 event. DNAPL was 
present near this point prior to EZVI injection as it was being pumped out of ML-2-5 
(13.5 ft bgs), and the injection activities appear to have either pushed the DNAPL to 
this location or provided a fracture or preferential flow path that allowed DNAPL to 
migrate to this screened interval. The September 2010 data indicate that concentrations 
of PCE have decreased in this well and DCE and VC and ethene concentrations have 
increased indicating that degradation has been occurring in this location since the 
March 2009 sampling event. 

In the Direct Injection test plot, PMW-1 exhibited slight decreases in PCE and TCE 
concentrations following injection of EZVI and both compounds were non-detect in 
September 2010, with a moderate increase in the concentration of degradation products 
(Figure 3-6) immediately after EZVI injection and which have continued to decrease as 
seen in the September 2010 data. 
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4  SUMMARY 

The data collected in September 2010 support the conclusion that VOCs in groundwater 
at the Site continue to degrade due to the injection of EZVI in the pilot test areas with 
the exception of the data from ML-3-7 which indicate increasing concentrations in that 
downgradient area of the Pneumatic Injection test plot at the 19 ft bgs depth interval.   

A final set of data will be collected in the spring of 2012 which will include soil core 
data from four cores collected adjacent to the cores collected in March 2009 and 
groundwater data from an integral pump test conducted on PMW-3. The data from the 
integral pump test as well as the other groundwater data collected in 2012 will be used 
to calculate mass flux data for the pneumatic test plot. The final report, prepared in 
2012, will include a more detailed comparison of the data collected in 2010 and 2012 to 
the historic data from the site. 
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TABLES 



TABLE 2-1: SUMMARY OF SAMPLE HANDLING AND LABORATORY ANALYTICAL DETAILS
Parris Island, South Carolina

Geosyntec Consultants

Parameter Analytical Method Method Analytical Reporting Sample Preservative Holding
Number Laboratory Limit Container Time

Field Parameters (DO, ORP, pH, 
temperature, conductivity, 
turbidity, sulfide, ferrous iron)

Multiprobe System,
Field Kits

Field NA NA NA NA NA

VOCs (PCE, TCE, cis-1,2-DCE, 
trans-1,2-DCE, 1,1-DCE, vinyl 
chloride)

Gas Chromatography /Mass 
Spectrometry

EPA 8260B CAS as low as 1 µg/L 3 x 40 mL VOA hydrochloric acid to 
pH<2, cool to 4°C

14 days

Dissolved Hydrocarbon Gases 
(methane, ethane, ethene, 
acetylene)

Gas Chromatography/ 
Flame Ionizing Detector

RSK-175 CAS as low as
0.002 mg/L

3 x 40 mL VOA hydrochloric acid to 
pH<2, cool to 4°C

14 days

VFAs (acetic acid, butyric acid, 
lactic acid, propionic acid, pyruvic 
acid)

High Performance Liquid 
Chromatography

NA CAS as low as
0.5 mg/L

250 mL plastic cool to 4°C 14 days

Notes:
NA - Not Applicable
CAS - Columbia Analytical Services, Inc.

GR4683\Table 2-1 - analytical methods
January 2010
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Figure
3-2

VOC Trends in Downgradient Wells (ML-3 and ML-4)
Site 45, Parris Island MCRD, Parris Island, SC 
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Figure
3-3

VOC Trends in Downgradient Wells (ML-5 and ML-6)
Site 45, Parris Island MCRD, Parris Island, SC 
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Figure
3-4

VOC Trends in Downgradient Wells (ML-7)
Site 45, Parris Island MCRD, Parris Island, SC 
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Figure
3-5

VOC Trends for  PMW-2 to PMW-6 
Site 45, Parris Island MCRD, Parris Island, SC 
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Figure
3-6

VOC Trends for  PMW-1 
Site 45, Parris Island MCRD, Parris Island, SC 
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APPENDIX A 
 

WATER LEVEL ELEVATION TABLES 



TABLE A-1: SEPTEMBER 2010 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 14-Sep-10 11:22 3.20 6.77 7.09 3.570 3.52
PMW-2 14-Sep-10 11:27 3.31 6.76 7.14 3.450 3.69
PMW-3 14-Sep-10 11:33 2.80 6.79 7.14 3.990 3.15
PMW-4 14-Sep-10 11:37 2.72 6.71 7.08 3.990 3.09
PMW-5 14-Sep-10 11:43 2.75 6.75 7.17 4.000 3.17
PMW-6 14-Sep-10 11:46 3.55 6.69 7.08 3.140 3.94 Product visible on probe - brown/oily

MW-06 SU 14-Sep-10 14:00 3.08 6.65 - 3.570 - Product visible on probe - orange/thick
MW-06 SL 14-Sep-10 14:05 2.88 6.61 - 3.730 -
MW-07 SU 14-Sep-10 14:10 2.98 6.80 - 3.820 -
MW-07 SL 14-Sep-10 14:15 3.06 6.85 - 3.790 -
MW-08 SU 14-Sep-10 11:53 2.78 6.74 - 3.960 -
MW-08 SL 14-Sep-10 11:57 2.67 6.67 - 4.000 -
MW-21 SU 14-Sep-10 13:42 2.37 6.53 - 4.160 -
MW-21 SL 14-Sep-10 13:37 2.37 6.44 - 4.070 -
MW-22 SU 14-Sep-10 12:05 2.55 6.66 - 4.110 -
MW-22 SL 14-Sep-10 12:07 2.89 6.59 - 3.700 -
MW-24 SU 14-Sep-10 11:40 2.78 6.63 - 3.850 -

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level

GR4683\Table A-1 - Sampling event water levels Page 1 of 1
12.13.2010
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SAMPLING PROCEDURES 

1. INTRODUCTION 

This document describes the procedures used to measure water levels, collect and analyze 
groundwater and soil core samples, and decontaminate non-dedicated sampling equipment.  
Sampling activities described in this section were conducted in accordance with the site-specific 
Health and Safety Plan. 

1.1 Procedures for Measuring Water Levels 

Water level measurements were obtained using a battery-operated water level tape marked 
at 0.01 foot intervals, at a minimum.  The probe used to measure water levels consisted of a 
stainless steel electrode with a circuit-insulating gap.  The circuit is completed when the probe 
contacts water and a buzzer is activated.  The procedure used for measuring water levels is 
provided below. 

 
• Clean the water level tape according to the standard operation procedure (see Equipment 

Decontamination Procedures). 

• Switch on and lower the weighted electric tape slowly into the well until the buzzer indicates 
a closed circuit. 

• Note the length of tape that corresponds to the top of the well casing (i.e., reference point 
marked on casing). 

• In the field records, record the resultant value to the nearest 0.01 of a foot as the water level 
below the top of the casing. 

• Repeat the measurement to verify the initial measurement. 

1.2 Procedures for Purging Fully Screened Monitoring Wells 

Prior to collecting groundwater samples for chemical analysis, the stagnant water in the well 
casing was evacuated (“purged”) to allow sampling of groundwater that is representative of 
aquifer conditions.  Fully screened monitoring wells were purged using a peristaltic pump with 
dedicated tubing.  The tubing inlet was placed at the mid-point of the well screen, and the well 
will be pumped at a rate of <1 liters per minute (Lpm).  The water level in the well was measured 
immediately before purging started.  The dissolved oxygen (DO), oxidation reduction potential 
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(ORP), pH, temperature, conductivity, turbidity, and the total volume of water withdrawn from 
the well were recorded using the field sampling forms. 

1.3 Procedures for Purging Multilevel Wells 

Prior to collecting groundwater samples for chemical analysis, the stagnant water in the 
multilevel well sampling channel was evacuated (“purged”) to allow sampling of groundwater 
that is representative of aquifer conditions.  Multilevel well sampling channels were purged 
using a peristaltic pump with dedicated tubing.  The tubing inlet was placed at the bottom of the 
sampling channel during purging and pumped at a rate of <0.5 Lpm.  The DO, ORP, pH, 
temperature, conductivity, turbidity, and the total volume of water withdrawn from the sampling 
channel were recorded using the field sampling forms. 

1.4 Procedures for Measurement of Field Parameters 

Groundwater DO, ORP, pH, temperature, conductivity, turbidity and volumetric flow rate 
were continuously measured during well purging.  The DO, ORP, pH, temperature, conductivity, 
and turbidity measurements were made by placing electrodes into a flow-through chamber (flow 
cell) and pumping a continuous flow of groundwater across them, allowing the chamber to 
discharge into a 5-gallon pail.  Turbulence in the chamber was minimized to the extent possible.  
Values were recorded following each well (or sample channel) purge volume.  Three well 
volumes were purged from the fully screened wells prior to sampling the well.  For the 
multilevel wells, the following volumes were purged before sampling the channel: 

Channel 2: 260 milliliters (mL) 
Channel 3: 560 mL 
Channel 4: 860 mL 
Channel 5: 1160 mL 
Channel 6: 1460 mL 
Channel 7: 1360 mL 
 
Measurements of sulfide and ferrous iron were made using field kits provided by the EPA. 

1.5 Groundwater Sample Collection and Preservation Procedures 

Following well purging, groundwater samples collected for laboratory analysis were 
transferred directly from the pump tubing into the sample containers provided by the laboratory 
performing the analyses. 
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Sample containers (40-mL glass volatile organic analysis [VOA] vials) for VOCs and DHGs 
contained concentrated hydrochloric acid (pre-added to sample vials by the laboratory to produce 
a sample pH <2) and filled with minimal turbulence and with zero headspace in the container.  
Sample containers (250 mL or less) for the analysis of VFAs were not preserved. 

After the samples were collected, all non-dedicated sampling equipment that was to be re-
used was cleaned using the procedures outlined in Section 1.6. 

1.6 Sampling Equipment Decontamination Procedures 

Non-dedicated sampling equipment (e.g., water level tape, peristaltic pumps, beakers) was 
manually cleaned prior to initial use, after each use, and at the completion of sampling activities 
according to the following procedure. 

• Manually scrub with a phosphate-free (e.g., Alconox™) soap solution. 

• Rinse with distilled water. 

• Rinse with reagent-grade isopropanol. 

• Rinse thoroughly with distilled water. 

• Allow equipment to air dry. 
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TABLE C-1: SEPTEMBER 2010 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
PMW-1 16-Sep-10 3.20 8:54 AM -- -- -- -- -- -- --

8:57 AM 0.370 27.1 5.67 723 1.34 -92.5 6.6
9:08 AM 0.370 27.5 5.87 784 0.97 -121.6 19.4
9:17 AM 0.370 27.0 5.97 864 1.00 -108.8 11.4
9:28 AM 0.370 26.7 6.03 794 0.68 -97.4 7.1
9:40 AM 0.370 26.5 6.05 771 0.81 -93.2 4.9
9:50 AM 0.370 26.6 6.03 789 1.09 -80.7 2.9

PMW-2 15-Sep-10 3.31 4:00 PM -- -- -- -- -- -- --
4:03 PM 0.400 27.9 6.29 1039 0.36 -83.0 3.6
4:20 PM 0.400 26.6 6.37 947 0.00 -162.0 1.9
4:45 PM 0.400 26.2 6.37 867 0.00 -194.5 1.3
5:02 PM 0.400 26.0 6.35 821 0.00 -196.0 1.4
5:20 PM 0.400 25.8 6.33 794 0.00 -190.6 1.6

PMW-3 15-Sep-10 2.80 2:04 PM -- -- -- -- -- -- --
2:06 PM 0.400 27.6 5.62 756 0.62 -194.5 4.0
2:30 PM 0.400 25.3 5.72 592 0.01 -236.3 3.6
2:45 PM 0.400 25.2 5.72 562 0.00 -243.4 2.6
3:00 PM 0.400 25.1 5.72 541 0.00 -244.5 1.6
3:15 PM 0.400 25.1 5.74 551 0.00 -238.4 1.2

PMW-4 16-Sep-10 2.72 3:48 PM -- -- -- -- -- -- --
3:51 PM 0.400 25.4 5.84 546 0.13 -82.1 2.7
4:11 PM 0.400 26.0 5.85 532 0.00 -100.5 2.6
4:34 PM 0.400 25.8 5.83 521 0.00 -98.8 2.4
4:57 PM 0.400 25.8 5.83 514 0.00 -99.4 1.6
5:18 PM 0.400 25.7 5.83 512 0.00 -100.8 1.3

PMW-5 16-Sep-10 2.75 2:07 PM -- -- -- -- -- -- --
2:09 PM 0.400 26.1 5.29 1772 0.97 -34.6 5.7
2:27 PM 0.400 25.6 5.39 1448 0.15 -65.4 1.7
2:45 PM 0.400 25.5 5.37 1386 0.10 -82.9 1.9
3:03 PM 0.400 25.4 5.37 1341 0.13 -102.5 1.4
3:21 PM 0.400 25.4 5.39 1316 0.36 -108.2 0.8

PMW-6 16-Sep-10 3.55 10:22 AM -- -- -- -- -- -- --
10:25 AM 0.375 26.4 5.98 810 0.17 -91.4 5.4
10:43 AM 0.375 25.7 6.18 675 0.00 -127.1 5.9
11:06 AM 0.375 25.5 6.14 629 0.00 -114.4 4.5
11:25 AM 0.375 25.5 6.11 592 0.00 -119.6 3.2
11:43 AM 0.375 25.4 6.11 599 0.00 -120.9 3.6

 ML1-2 17-Sep-10 -- 8:50 AM -- -- -- -- -- -- --
9:15 AM -- 27.1 6.09 929 1.34 73.5 103.0
9:25 AM -- 27.6 6.11 914 0.93 69.2 70.6
9:35 AM -- 28.2 6.15 903 0.66 24.5 44.7

 ML1-3 17-Sep-10 -- 10:24 AM -- -- -- -- -- -- --
10:51 AM -- 28.9 6.22 579 0.44 -87.7 8.7

 11:01 AM -- 28.9 6.24 576 0.20 -94.5 3.1
11:11 AM -- 29.1 6.24 582 0.14 -96.8 4.0

 ML1-4 17-Sep-10 -- 1:06 PM -- -- -- -- -- -- --
1:10 PM 0.150 27.2 6.11 527 0.14 -91.4 0.9
1:15 PM 0.150 26.5 6.13 493 0.02 -90.1 1.6
1:20 PM 0.150 26.4 6.13 489 0.00 -91.5 1.2

ML 1-5 17-Sep-10 -- 1:49 PM -- -- -- -- -- -- --
1:52 PM 0.150 27.0 6.23 523 0.57 -68.0 4.6
1:57 PM 0.150 26.7 6.27 474 0.00 -85.9 6.6
2:02 PM 0.150 26.3 6.27 450 0.00 -90.4 2.9

 ML1-6 17-Sep-10 -- 2:41 PM -- -- -- -- -- -- --
2:43 PM 0.150 26.6 6.14 353 0.20 -73.9 2.9
2:53 PM 0.150 25.7 6.14 550 0.00 -73.1 3.1
3:00 PM 0.000 -- -- -- -- -- --
3:43 PM 0.150 25.6 6.14 495 0.00 -80.9 2.7

 ML1-7 18-Sep-10 -- 8:45 AM -- -- -- -- -- -- --
9:15 AM -- 26.9 6.12 897 1.05 -23.3 2.2
9:45 AM -- 27.7 6.22 887 0.87 -31.7 1.9

10:15 AM -- 29.5 6.22 887 0.71 -53.8 2.6
ML 2-2 18-Sep-10 -- 11:40 AM -- -- -- -- -- -- --

12:28 PM -- 31.5 5.68 1155 0.44 -45.1 38.2
12:33 PM -- 31.5 5.68 1109 0.34 -48.2 26.4
12:38 PM -- 31.5 5.68 1082 0.30 -49.6 24.3

ML 2-3 18-Sep-10 -- 1:44 PM -- -- -- -- -- -- --
2:30 PM -- 31.5 5.56 225 0.71 -1.0 18.2
2:35 PM -- 31.3 5.56 269 0.56 -11.4 14.3
2:40 PM -- 31.4 5.56 320 0.69 -16.3 14.9

ML 2-4 18-Sep-10 -- 5:10 PM -- -- -- -- -- -- --
5:26 PM 0.030 29.4 5.92 453 0.33 -37.2 4.3
5:36 PM 0.030 28.9 5.92 523 0.08 -53.0 1.3
5:46 PM 0.030 29.1 5.92 559 0.03 -69.6 1.1

 ML2-5 18-Sep-10 -- 6:15 PM -- -- -- -- -- -- --
6:30 PM 0.020 28.5 6.02 333 0.88 -19.4 7.0
6:45 PM 0.020 27.8 6.04 338 0.07 -38.9 1.1
7:00 PM 0.020 27.2 6.04 346 0.12 -39.7 0.7
7:15 PM 0.020 26.8 6.04 348 0.00 -36.4 0.4

ML 2-6 20-Sep-10 -- 8:41 AM -- -- -- -- -- -- --
9:00 AM 0.022 26.1 5.86 590 1.64 -30.1 0.8
9:20 AM 0.022 26.1 5.92 573 1.07 -29.1 1.0
9:40 AM 0.022 26.2 5.97 577 0.94 -30.1 0.5

10:00 AM 0.022 26.6 5.99 571 0.65 -29.3 0.7
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TABLE C-1: SEPTEMBER 2010 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
 ML2-7 20-Sep-10 -- 10:43 AM -- -- -- -- -- -- --

10:54 AM 0.020 27.4 5.85 1438 1.43 -2.2 3.9
11:09 AM 0.020 27.7 5.89 1411 0.29 -18.6 2.3
11:24 AM 0.020 28.0 5.89 1365 0.14 -22.1 2.7
11:39 AM 0.020 28.4 5.85 1340 0.21 -25.2 3.4
11:54 AM 0.020 28.7 5.89 1338 0.20 -27.9 3.3

ML 3-2 25-Sep-10 -- 8:37 AM -- -- -- -- -- -- --
1:17 PM -- 33.1 7.12 2730 2.35 14.3 156.0
1:32 PM -- 32.9 7.12 2730 1.90 -13.9 162.0
1:47 PM -- 33.1 7.12 2730 1.88 -6.6 169.0

 ML3-3 27-Sep-10 -- 9:04 AM -- -- -- -- -- -- --
11:18 AM 0.005 29.7 6.30 1404 0.13 -86.0 174.0
11:28 AM 0.005 29.7 6.32 1434 0.18 -88.8 123.0
11:38 AM -- 28.8 6.32 1393 0.13 -86.2 160.0

ML 3-4 28-Sep-10 -- 1:23 PM -- -- -- -- -- -- --
1:35 PM 0.041 26.7 5.63 741 0.99 5.6 6.9
1:45 PM 0.041 26.6 5.73 760 0.30 -13.2 2.3
1:55 PM 0.041 26.7 5.79 757 0.12 -24.5 1.3

ML 3-5 28-Sep-10 -- 2:25 PM -- -- -- -- -- -- --
2:36 PM 0.021 26.9 6.20 937 0.58 -64.5 18.2
2:51 PM 0.021 26.7 6.26 924 0.29 -75.4 5.9
3:06 PM 0.021 26.9 6.30 922 0.20 -77.7 5.6
3:21 PM 0.021 26.9 6.30 917 0.15 -77.8 4.9

ML 3-6 28-Sep-10 -- 4:08 PM -- -- -- -- -- -- --
4:47 PM 0.012 27.9 6.25 936 0.22 -95.6 203.0
5:07 PM 0.012 27.9 6.29 953 0.26 -97.0 45.8
5:27 PM 0.012 27.1 6.29 944 0.38 -97.4 35.5
5:47 PM 0.012 26.3 6.29 921 0.10 -96.9 30.8
6:07 PM 0.012 25.8 6.29 931 0.07 -95.9 23.2

ML 3-7 29-Sep-10 -- 8:13 AM -- -- -- -- -- -- --
9:00 AM 0.010 22.3 5.91 847 2.60 -11.6 14.9
9:20 AM 0.010 22.3 5.94 837 1.73 -17.1 11.6
9:40 AM 0.010 22.6 5.96 830 1.55 -14.1 10.6

10:00 AM 0.010 22.9 5.98 826 1.50 -11.7 10.8
10:20 AM 0.010 23.2 5.98 823 1.30 -11.9 9.0
10:35 AM 0.010 23.5 5.98 821 1.16 -11.4 9.7

ML 4 -2 23-Sep-10 -- 4:30 PM -- -- -- -- -- -- --
5:03 PM 0.012 29.1 6.36 1966 0.00 -116.0 383.0
5:13 PM 0.012 29.0 6.36 1992 0.00 -118.4 64.7
5:23 PM 0.012 29.1 6.36 2010 0.00 -120.0 45.8

ML 4-3 24-Sep-10 -- 10:05 AM -- -- -- -- -- -- --
10:29 AM 0.055 29.0 5.93 1149 0.83 -80.3 11.2
10:36 AM 0.055 28.5 6.01 1140 0.81 -76.8 7.4
10:41 AM 0.055 28.1 6.03 1151 0.54 -78.3 3.9

ML 4-4 24-Sep-10 -- 11:14 AM -- -- -- -- -- -- --
11:25 AM 0.040 28.0 5.88 627 0.74 -58.0 4.8
11:35 AM 0.040 27.4 5.92 598 0.35 -68.8 1.2
11:45 AM 0.040 27.4 5.90 586 0.29 -69.8 1.1

ML 4-5 24-Sep-10 -- 1:10 PM -- -- -- -- -- -- --
1:22 PM 0.036 28.9 5.91 599 0.81 -46.6 3.0
1:32 PM 0.036 28.3 5.93 601 0.35 -47.1 1.0
1:42 PM 0.036 28.0 5.95 594 0.11 -48.2 0.6
1:52 PM 0.036 27.9 5.95 591 0.04 -49.4 0.5

ML 4-6 24-Sep-10 -- 2:33 PM -- -- -- -- -- -- --
2:44 PM 0.026 28.4 5.90 614 0.58 -34.5 1.3
2:59 PM 0.026 27.9 5.92 611 0.10 -37.7 0.4
3:14 PM 0.026 27.8 5.92 604 0.03 -39.9 0.3
3:29 PM 0.026 27.8 5.94 603 0.02 -41.6 0.3

ML 4-7 24-Sep-10 -- 4:11 PM -- -- -- -- -- -- --
4:23 PM 0.038 28.3 5.99 793 0.40 -40.0 2.4
4:35 PM 0.038 27.6 6.03 794 0.22 -40.5 2.2
4:47 PM 0.038 27.4 6.05 785 0.12 -45.4 2.7
4:59 PM 0.038 27.4 6.06 776 0.08 -49.2 2.5

 ML5-2 22-Sep-10 -- 4:54 PM -- -- -- -- -- -- --
5:37 PM -- 29.2 6.05 2070 0.17 -60.5 176.0
5:42 PM -- 29.4 6.05 2100 0.14 -60.7 83.2
5:47 PM -- 29.7 6.05 2100 0.13 -62.5 26.2

 ML5-3 23-Sep-10 -- 9:04 AM -- -- -- -- -- -- --
9:20 AM 0.025 26.4 6.01 1974 1.20 -56.0 3.2
9:30 AM 0.025 26.4 6.05 1958 0.80 -67.5 10.2
9:40 AM 0.025 26.4 6.07 1952 0.46 -64.1 7.7

 ML5-4 23-Sep-10 -- 10:25 AM -- -- -- -- -- -- --
10:36 AM 0.034 26.7 5.92 487 1.46 -76.3 4.0
10:46 AM 0.034 26.7 5.92 476 0.36 -73.1 1.5
10:56 AM 0.034 26.8 5.90 480 0.02 -67.2 1.3

 ML5-5 23-Sep-10 -- 12:23 PM -- -- -- -- -- -- --
12:35 PM 0.034 28.1 5.94 618 0.55 -66.8 11.6
12:45 PM 0.034 28.0 5.92 619 0.00 -75.4 3.2
12:55 PM 0.034 27.9 5.92 611 0.00 -81.2 2.2
1:05 PM 0.034 28.0 5.90 608 0.00 -85.3 2.0

ML 5-6 23-Sep-10 -- 1:44 PM -- -- -- -- -- -- --
1:55 PM 0.031 29.0 6.04 826 0.40 -49.6 2.2
2:07 PM 0.031 28.1 6.06 862 0.00 -53.0 1.7
2:19 PM 0.031 27.9 6.06 853 0.00 -55.4 1.4
2:31 PM 0.031 27.7 6.08 840 0.00 -57.4 1.4
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TABLE C-1: SEPTEMBER 2010 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
  ML5-7 23-Sep-10 -- 2:59 PM -- -- -- -- -- -- --

3:12 PM 0.034 28.7 6.19 984 0.45 -39.9 3.5
3:24 PM 0.034 28.2 6.19 983 0.04 -47.2 1.9
3:36 PM 0.034 27.9 6.19 972 0.00 -48.1 2.0
3:48 PM 0.034 27.9 6.19 961 0.00 -50.2 2.1

ML 6-2 21-Sep-10 -- 4:42 PM -- -- -- -- -- -- --
5:24 PM -- 30.1 6.09 2060 0.17 -74.5 260.0
5:29 PM -- 30.1 6.11 2050 0.11 -77.0 137.0
5:34 PM -- 30.3 6.11 2050 0.00 -79.2 58.1

 ML6-3 22-Sep-10 -- 8:46 AM -- -- -- -- -- -- --
9:16 AM -- 28.0 6.08 1943 0.48 -73.5 163.0
9:31 AM -- 28.0 6.10 1979 0.28 -77.3 22.4
9:46 AM -- 28.1 6.12 1988 0.18 -74.5 15.7

  ML6-4 22-Sep-10 -- 10:41 AM -- -- -- -- -- -- --
10:59 AM 0.030 28.1 6.03 591 0.77 -47.5 7.1
11:09 AM 0.030 27.8 6.01 605 0.35 -71.7 5.6
11:19 AM 0.030 27.8 5.99 613 0.07 -86.0 3.1

ML 6-5 22-Sep-10 -- 12:46 PM -- -- -- -- -- -- --
12:58 PM 0.038 28.8 5.45 988 0.34 -18.4 1.6
1:08 PM 0.036 28.2 5.41 1016 0.02 -38.2 0.8
1:18 PM 0.032 28.4 5.39 1026 0.00 -42.9 0.6

ML 6-6 22-Sep-10 -- 2:21 PM -- -- -- -- -- -- --
2:33 PM 0.037 28.7 5.68 1085 0.74 -4.4 1.9
2:43 PM 0.037 28.2 5.68 1061 0.08 -22.7 1.4
2:53 PM 0.037 28.0 5.68 1052 0.00 -32.8 2.0
3:03 PM 0.037 28.1 5.68 1048 0.00 -39.7 1.3

ML 6-7 22-Sep-10 -- 3:32 PM -- -- -- -- -- -- --
3:45 PM 0.031 28.8 6.06 1123 0.33 -23.3 8.4
3:57 PM 0.028 28.2 6.10 1119 0.00 -36.4 7.3
4:09 PM 0.028 28.0 6.10 1097 0.00 -43.4 7.5
4:21 PM 0.028 27.9 6.10 1087 0.00 -48.4 8.8

ML 7-2 20-Sep-10 -- 12:45 PM -- -- -- -- -- -- --
2:03 PM -- 34.0 5.58 1066 0.03 -245.0 241.0
2:13 PM -- 34.1 5.58 995 0.00 -21.3 240.0
2:23 PM -- 34.0 5.58 924 0.00 -26.4 250.0

ML 7-3 20-Sep-10 -- 4:10 PM -- -- -- -- -- -- --
4:43 PM -- 32.3 5.69 372 0.67 -9.9 26.7
4:53 PM -- 31.8 5.71 375 0.13 -26.2 25.5
5:03 PM -- 31.5 5.71 380 0.00 -38.0 17.4

 ML7-4 21-Sep-10 -- 8:41 AM -- -- -- -- -- -- --
9:01 AM -- 27.4 5.60 1064 0.71 -6.0 1.6
9:21 AM -- 27.6 5.67 976 0.23 -34.5 0.8
9:41 AM -- 27.6 5.69 966 0.24 -45.5 0.9

ML 7-5 21-Sep-10 -- 10:15 AM -- -- -- -- -- -- --
10:32 AM -- 28.1 5.46 1477 0.63 14.8 2.5
10:43 AM -- 27.9 5.48 1502 0.27 -20.1 1.1
10:54 AM -- 27.9 5.48 1507 0.10 -37.2 1.1
11:05 AM -- 27.9 5.50 1498 0.02 -45.4 1.1

ML 7-6 21-Sep-10 -- 12:26 PM -- -- -- -- -- -- --
12:38 PM 0.027 29.3 6.27 1267 1.33 -54.4 43.9
12:49 PM 0.027 28.9 6.28 1462 0.09 -68.7 14.4
1:00 PM 0.027 28.9 6.28 1525 0.02 -74.7 14.1
1:11 PM 0.027 29.0 6.26 1563 0.00 -78.2 12.4
1:22 PM 0.027 28.9 6.22 1600 0.00 -79.9 10.5

ML 7-7 21-Sep-10 -- 2:50 PM -- -- -- -- -- -- --
3:09 PM -- 30.2 6.40 1064 0.89 -61.9 46.7
3:24 PM -- 29.6 6.36 1134 0.36 -69.8 39.2
3:39 PM -- 29.6 6.36 1173 0.23 -74.1 45.9
3:54 PM -- 29.6 6.34 1201 0.11 -75.8 51.8
4:09 PM -- 29.7 6.34 1226 0.08 -81.5 59.0

Notes:
ft btoc -  feet below top of casing
Lpm - liters per minute
ºC - degree Celsius
µS/cm - micro Siemens per centimeter
mg/L - micrograms per Liter
mV - mill volts
NTU - Nephelometric Turbidity Units
-- - not recorded/measured
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TABLE C-1a: MARCH 2009 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
PMW-1 4-Mar-09 2.82 2:43 PM -- -- -- -- -- -- --

2:46 PM 0.380 17.8 6.13 852 2.15 -61.7 32.5
3:00 PM 17.6 6.19 1015 1.61 -84.4 24.20
3:21 PM 0.210 17.8 6.27 930 1.08 -106.0 6.70
3:47 PM 0.150 17.6 6.25 839 0.83 -116.6 4.30
4:30 PM 16.9 6.25 867 0.42 -128.4 2.60

PMW-2 4-Mar-09 2.65 1:48 AM -- -- -- -- -- -- --
12:51 PM 0.380 19.4 6.37 510 0.44 -93.6 3.40
1:10 PM 18.9 6.36 448 0.27 -119.9 1.44
1:29 PM 19.0 6.30 384 0.54 -138.8 0.80
1:50 PM 19.0 6.28 380 0.31 -149.4 0.60

PMW-3 4-Mar-09 2.71 9:19 AM -- -- -- -- -- -- --
9:22 AM 0.360 15.8 5.75 466 1.57 -246.6 5.47
9:51 AM 17.7 5.79 370 0.76 -245.4 2.79

10:12 AM 17.9 5.80 352 0.63 -242.5 1.67
10:37 AM 18.0 5.82 343 0.58 -233.9 1.27
11:01 AM 18.5 5.82 330 0.52 -243.4 1.47

PMW-4 5-Mar-09 -- 10:31 AM -- -- -- -- -- -- --
10:33 AM 0.400 18.7 5.82 721.0 1.09 -91.8 4.28
10:54 AM 18.6 5.82 617.0 0.26 -103.1 1.46
11:08 AM 18.6 5.84 576.0 0.27 -96.6 1.09
11:25 AM 18.7 5.84 552.0 0.27 -101.5 0.71
11:40 AM 18.6 5.86 532 0.31 -95.8 0.55

PMW-5 5-Mar-09 -- 8:33 AM -- -- -- -- -- -- --
8:36 AM 0.410 17.8 5.37 1261 1.18 -71.0 2.16
8:55 AM 18.3 5.47 992 0.59 -118.6 1.37
9:16 AM 18.7 5.47 924 0.59 -144.7 0.76
9:32 AM 18.7 5.47 846 0.55 -156.1 0.61
9:53 AM 18.8 5.47 861 0.51 -166.6 0.46

PMW-6 4-Mar-09 2.92 5:02 PM -- -- -- -- -- -- --
5:06 PM 0.400 18.1 6.27 656 1.08 -95.5 11.20
5:31 PM 18.4 6.20 454 0.17 -118.7 5.30
5:44 PM 18.2 6.16 415 0.21 -127.9 4.90
6:08 PM 18.4 6.14 425 0.22 -154.6 3.5
6:27 PM 18.5 6.12 433 0.24 -173.0 3.4

 ML1-2 7-Mar-09 -- 1:12 PM -- -- -- -- -- -- --
1:45 PM 0.040 25.7 6.45 999 0.77 -111.8 103.0
1:50 PM 25.1 6.45 996 0.69 -113.0 68.5
1:55 PM 24.8 6.45 995 0.64 -114.4 53.8

 ML1-3 7-Mar-09 -- 3:04 PM -- -- -- -- -- -- --
3:33 PM 24.9 6.46 800 1.00 -86.00 4.36

 3:44 PM 24.3 6.44 791 0.8 -97.80 3.38
 ML1-4 9-Mar-09 -- 8:38 AM -- -- -- -- -- -- --

8:43 AM 0.140 17.9 6.00 485.0 0.42 -152.9 3.84
8:49 AM 18.0 6.08 483.0 0.56 -170.9 1.85
8:54 AM 18.2 6.12 483 0.54 -178.8 1.44

ML 1-5 9-Mar-09 -- 9:27 AM -- -- -- -- -- -- --
9:31 AM 0.140 19.0 6.41 569 0.14 -123.9 14.10
9:36 AM 19.2 6.43 550 0.33 -157.9 5.78
9:41 AM 19.3 6.45 528 0.33 -178.9 3.14

 ML1-6 9-Mar-09 -- 10:30 AM -- -- -- -- -- -- --
10:37 AM 0.120 20.1 6.30 668.0 0.36 -147.4 8.79
10:43 AM 19.8 6.30 670.0 0.40 -153.2 6.24
10:49 AM 20.3 6.30 668.0 0.44 -162.6 5.22

 ML1-7 9-Mar-09 -- 11:31 AM -- -- -- -- -- -- --
11:35 AM 0.130 22.0 6.41 837 0.26 -109.4 1.92
11:41 AM 22.1 6.39 828 0.42 -138.9 1.57
11:46 AM 22.2 6.37 815 0.39 -151.7 1.65

ML 2-2 5-Mar-09 -- 1:46 PM -- -- -- -- -- -- --
2:23 PM 0.006 22.9 5.61 3130 1.14 -72.7 -0.5
2:30 PM 22.4 5.61 3170 1.31 -77.7 9.6
2:37 PM 22.2 5.61 3210 1.2 -77.7 8.75

ML 2-3 5-Mar-09 -- 4:17 PM -- -- -- -- -- -- --
4:34 PM 17.2 5.92 1166.0 1.46 -46.0 1.95
4:40 PM 17.0 5.96 1160.0 1.06 -52.4 0.82
4:49 PM 16.7 5.96 1158.0 0.76 -57.8 0.67

ML 2-4 6-Mar-09 -- 8:43 AM -- -- -- -- -- -- --
8:50 AM 0.120 17.4 5.81 900 1.08 -2.8 5.02
9:00 AM 17.6 5.84 894 0.88 -14.5 0.87
9:05 AM 17.7 5.82 877 0.81 -19.5 0.51
9:08 AM 17.8 5.82 856 0.73 -22.3 0.42

 ML2-5 6-Mar-09 -- 9:30 AM -- -- -- -- -- -- --
9:35 AM 0.120 18.6 5.88 376.0 0.68 -74.5 4.97
9:40 AM 18.9 6.00 372.0 0.51 -55.7 2.53
9:45 AM 19.1 6.04 351.0 0.4 -45.0 0.74

ML 2-6 6-Mar-09 -- 10:50 AM -- -- -- -- -- -- --
10:55 AM 0.130 20.2 6.20 527.0 0.37 68.2 4.35
11:00 AM 20.5 6.18 492.0 0.40 -74.5 2.44

 ML2-7 6-Mar-09 -- 11:30 AM -- -- -- -- -- -- --
11:35 AM 0.180 21.5 6.26 1008.0 0.49 -85.7 7.04
11:40 AM 21.8 6.26 928.0 0.31 -62.6 20.50
11:46 AM 21.8 6.34 907 0.27 -60.6 23.60
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TABLE C-1a: MARCH 2009 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
ML 3-2 12-Mar-09 -- 1:58 PM -- -- -- -- -- -- --

3:35 PM 0.010 23.9 6.85 3520 1.8 -130.2 562.00
4:00 PM 0.008 22.3 6.85 3520 1.29 -128.2 622.00

 ML3-3 13-Mar-09 -- 4:30 PM -- -- -- -- -- -- --
5:57 PM 0.030 17.0 6.21 2160 1.16 -63.5 13.20
6:02 PM 16.9 6.21 2600 1.07 -62.8 12.40
6:07 PM 16.7 6.21 2570 1.16 -63.0 9.97

ML 3-4 14-Mar-09 -- 8:53 AM -- -- -- -- -- -- --
8:57 AM 0.120 15.9 5.50 664.0 0.76 2.4 9.97
9:02 AM 16.1 5.56 670.0 0.80 -3.1 5.87
9:07 AM 16.40 5.60 673 0.8 -52.7 3.54

ML 3-5 14-Mar-09 -- 9:35 AM -- -- -- -- -- -- --
9:40 AM 0.080 15.8 6.37 1083 0.87 -103.6 19.60
9:50 AM 14.4 6.43 1034 1.15 97.4 16.30
9:55 AM 13.5 6.43 999 1.27 93.9 15.50

ML 3-6 14-Mar-09 -- 11:17 AM -- -- -- -- -- -- --
12:05 PM 0.080 15.0 6.27 835 1.00 -71.2 21.80
12:20 PM 0.070 15.5 6.27 856 1.38 -75.2 23.50
12:35 PM 16.0 6.29 876 1.02 -70.0 20.80

ML 3-7 14-Mar-09 -- 1:54 PM -- -- -- -- -- -- --
2:30 PM 0.045 16.1 6.11 684 1.61 -38.3 10.20
3:00 PM 15.7 6.15 686 1.46 -39.7 4.53
3:30 PM 16.4 6.15 677 1.18 -39.7 4.08

ML 4 -2 11-Mar-09 -- 1:47 PM -- -- -- -- -- -- --
2:25 PM 0.060 25.3 6.53 2150 0.62 -137.1 230
2:33 PM 24.8 6.53 2170 0.58 -139.4 126
2:39 PM 24.5 6.51 2170 0.58 -139.6 91.80

ML 4-3 11-Mar-09 -- 3:52 PM -- -- -- -- -- -- --
4:29 PM 0.080 22.0 6.33 1162 0.67 -100.3 35.20
4:36 PM 21.8 6.33 1146 0.46 -101.9 9.57
4:42 PM 21.7 6.33 1131 0.40 -102.2 9.08

ML 4-4 12-Mar-09 -- 8:48 AM -- -- -- -- -- -- --
8:55 AM 0.120 18.1 6.12 503 0.60 -133.8 7.58
9:00 AM 18.6 6.14 486 0.50 -136.3 7.25
9:05 AM 18.8 6.14 471 0.49 -140.60 4.93

ML 4-5 12-Mar-09 -- 9:36 AM -- -- -- -- -- -- --
9:42 AM 0.110 19.1 6.18 543 0.32 -102.1 6.46
9:47 AM 19.3 6.18 542 0.41 -99.6 4.31
9:52 AM 19.1 6.16 534 0.43 -98.5 1.21

ML 4-6 12-Mar-09 -- 10:31 AM -- -- -- -- -- -- --
10:36 AM 0.130 19.6 6.19 518 0.43 -83.5 1.22
10:41 AM 19.9 6.17 527 0.43 -88.1 0.86
10:46 AM 19.9 6.17 531 0.37 -86.7 1.13

ML 4-7 12-Mar-09 -- 11:20 AM -- -- -- -- -- -- --
11:25 AM 0.120 20.1 6.29 709 0.75 -66.9 8.94
11:30 AM 20.2 6.25 701 0.58 -71.4 10.50
11:35 AM 20.2 6.25 692 0.47 -75.4 6.17

 ML5-2 6-Mar-09 -- 1:29 PM -- -- -- -- -- -- --
2:17 PM 0.040 27.8 5.77 1328 0.73 -13.4 41.90
2:22 PM 27.7 5.77 1320 0.68 -14.7 39.40
2:27 PM 27.4 5.8 1339 0.62 -19.6 33.10

 ML5-3 6-Mar-09 -- 4:01 PM -- -- -- -- -- -- --
4:20 PM 0.056 20.8 5.92 1451.0 0.60 -26.80 5.74
4:25 PM 20.6 5.93 1451.0 0.34 -74.8 5.11
4:30 PM 20.3 5.93 1438 0.22 -102.1 4.81

 ML5-4 7-Mar-09 -- 8:36 AM -- -- -- -- -- -- --
3:20 PM 0.110 17.6 5.6 322 0.13 -141.8 32.0
8:47 AM 17.6 5.7 324 0.45 -195.5 5.77
8:54 AM 17.8 5.69 332 0.43 -207.0 3.47

 ML5-5 7-Mar-09 -- 9:24 AM -- -- -- -- -- -- --
9:28 AM 0.130 18.7 5.83 449 0.11 -175.4 63.70
9:33 AM 18.9 5.83 449 0.34 -185.6 9.59
9:38 AM 19.0 5.83 460 0.34 -188.5 4.90

ML 5-6 7-Mar-09 -- 10:39 AM -- -- -- -- -- -- --
10:42 AM 0.120 20.8 6.02 497 0.17 -142.8 17.30
10:47 AM 20.8 6.00 495 0.33 -161.5 3.13
10:55 AM 20.9 6 494 0.29 -176.1 2.7

  ML5-7 7-Mar-09 -- 11:25 AM -- -- -- -- -- -- --
11:30 AM 0.110 21.7 6.30 809 0.35 -110.6 8.0
11:35 AM 21.5 6.30 781 0.35 -121.3 8.3
11:44 AM 21.7 6.24 755 0.29 -141.4 5.01

ML 6-2 10-Mar-09 -- 2:07 PM -- -- -- -- -- -- --
2:42 PM 0.060 22.8 6.22 2320 0.73 -85.5 41
2:47 PM 22.6 6.22 2330 0.71 -85.9 33.1
2:52 PM 22.3 6.24 2340 0.60 -85.6 22.3

 ML6-3 10-Mar-09 -- 4:05 PM -- -- -- -- -- -- --
4:37 PM 0.080 20.4 6.30 1667 0.68 -88.0 33.90
4:49 PM 20.1 6.31 1634 0.63 -96.3 4.85
4:57 PM 19.9 6.31 1612 0.48 -101.7 4.42

  ML6-4 11-Mar-09 -- 8:45 AM -- -- -- -- -- -- --
8:50 AM 0.140 17.3 5.84 388 0.77 -143.9 75.80
8:56 AM 0.110 17.7 5.90 422 0.65 -173.7 30.80
9:02 AM 17.8 5.92 426 0.60 -189.1 17.60
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TABLE C-1a: MARCH 2009 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
ML 6-5 11-Mar-09 -- 9:35 AM -- -- -- -- -- -- --

9:40 AM 0.110 18.3 5.49 893 0.57 -150.1 4.19
9:45 AM 18.6 5.37 992 0.57 -155.4 2.03
9:50 AM 18.8 5.37 1007 0.55 -160.1 1.41

ML 6-6 11-Mar-09 -- 10:40 AM -- -- -- -- -- -- --
10:45 AM 0.110 19.4 5.71 811 0.50 -145.6 2.07
10:50 AM 19.8 5.71 816 0.42 -159.7 1.28
10:56 AM 19.8 5.71 808 0.41 -169.5 0.47

ML 6-7 11-Mar-09 -- 11:45 AM -- -- -- -- -- -- --
11:50 AM 0.120 20.4 6.17 984 0.20 -137.6 1.20
11:55 AM 20.8 6.15 1007 0.09 -163.9 0.55
12:00 PM 21.0 6.15 996 0.06 -174.2 1.07

ML 7-2 9-Mar-09 -- 1:47 PM -- -- -- -- -- -- --
2:47 PM 0.060/0.050 33.8 5.8 3430 0.63 -66.0 397
2:54 PM 33.7 5.86 3430 0.41 -41.6 297
3:00 PM 33.4 5.86 3410 0.42 -76.4 260.00

ML 7-3 9-Mar-09 -- 4:28 PM -- -- -- -- -- -- --
4:44 PM 0.170 20.9 5.82 2810 0.4 63.0 3.93
4:50 PM 20.4 5.84 2850 0.30 53.9 1.49
4:56 PM 20.3 5.86 2840 0.15 35.8 0.96

 ML7-4 10-Mar-09 -- 8:35 AM -- -- -- -- -- -- --
8:40 AM 0.110 18.2 5.46 950 0.90 -125.9 10.70
8:45 AM 18.3 5.50 950 0.66 -161.2 0.90
8:50 AM 18.4 5.5 958 0.59 -174.4 1.01

ML 7-5 10-Mar-09 -- 9:28 AM -- -- -- -- -- -- --
9:32 AM 0.120 18.7 5.27 1236 0.56 -136.4 2.45
9:37 AM 18.8 5.29 1263 0.40 -153.4 1.22
9:42 AM 18.9 5.29 1262 0.30 -162.2 0.89

ML 7-6 10-Mar-09 -- 10:30 AM -- -- -- -- -- -- --
10:35 AM 0.115 19.4 5.91 1422 0.91 -132.4 3.52
10:40 AM 20.0 5.91 1401 0.43 -167.1 1.49
10:45 AM 19.8 5.91 1397 0.30 -183.7 1.03

ML 7-7 10-Mar-09 -- 11:30 AM -- -- -- -- -- -- --
11:35 AM 0.080 21.0 6.45 1183 0.82 -123.1 49.90
11:40 AM 20.9 6.45 1199 0.61 -135.0 31.00
11:45 AM 21.4 6.43 1261 0.55 -156.0 21.8

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
* - value after cleaning probe

Table c-1a 2009 purge data Page 3 of 3 April 2010



TABLE C-2: SEPTEMBER 2010 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Date Duplicate
PMW-1 16-Sep-10 27.50 172 202
PMW-2 15-Sep-10 6.90 266 102
PMW-3 15-Sep-10 12.00 80 468
PMW-3 15-Sep-10 Duplicate 11.50 84 503
PMW-4 16-Sep-10 8.40 85 8
PMW-5 16-Sep-10 62.00 47 3850
PMW-6 16-Sep-10 11.90 152 446
PMW-6 16-Sep-10 Duplicate 9.50 150 468
ML1-2 17-Sep-10 37.00 286 32
ML1-3 17-Sep-10 7.40 235 54
ML1-4 17-Sep-10 8.20 160 56
ML1-5 17-Sep-10 4.35 192 84
ML1-6 17-Sep-10 3.28 175 37
ML1-7 18-Sep-10 4.48 244 85
ML2-2 18-Sep-10 146.00 180 39
ML2-3 18-Sep-10 64.25 185 35
ML2-4 18-Sep-10 21.50 159 373
ML2-5 18-Sep-10 1.64 86 155
ML2-6 20-Sep-10 3.85 112 98
ML2-7 20-Sep-10 10.60 188 174
ML3-2 25-Sep-10 14.00 500 22.5
ML3-3 27-Sep-10 86.00 250 9
ML3-4 28-Sep-10 73.00 179 53
ML3-5 28-Sep-10 50.50 471 25
ML3-6 28-Sep-10 47.00 480 24
ML3-7 29-Sep-10 9.70 204 37
ML4-2 23-Sep-10 82.00 404 62
ML4-3 24-Sep-10 72.50 244 139
ML4-4 24-Sep-10 9.75 177 235
ML4-5 24-Sep-10 6.05 182 50
ML4-6 24-Sep-10 6.70 177 58
ML4-7 24-Sep-10 7.05 253 132
ML5-2 22-Sep-10 103.00 205 38
ML 5-3 23-Sep-10 79.00 276 133
ML5-4 23-Sep-10 2.25 82 957.5
ML5-5 23-Sep-10 705.00 92 1392.5
ML5-6 23-Sep-10 7.60 153 180
ML5-7 23-Sep-10 6.10 211 106
ML6-2 21-Sep-10 167.00 292 14
ML6-3 22-Sep-10 58.50 287 79
ML6-4 22-Sep-10 5.20 115 1750
ML6-5 22-Sep-10 38.75 35 1370
ML6-5 22-Sep-10 Duplicate 72.50 37 1410
ML6-6 22-Sep-10 40.50 77 497.5
ML6-7 22-Sep-10 14.10 175 200
ML7-2 20-Sep-10 482.50 250 35
ML7-3 20-Sep-10 330.00 234 92
ML7-4 21-Sep-10 26.75 85 615
ML7-5 21-Sep-10 50.50 74 454
ML7-6 21-Sep-10 32.25 276 146
ML7-7 21-Sep-10 11.20 362 228

Notes:
mg/L  - milligrams per litre
µg/L - micrograms per litre

Well I.D.

Hach
Fe2+

 (mg/L)

Alkalinity 
(CaCO3)
(mg/L)

Hach
S2-

(µg/L)
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TABLE C3
GW DHG Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-1-2 04-Oct-06 -- 0.003 U 0.001 U 1.4 2.0
20-Jan-07 -- 0.003 U 0.001 U 1.8 2.2
12-Jul-07 -- 0.003 U 0.001 U 1.3 2.1
17-Jan-08 -- 0.003 U 0.001 U 1.3 7.3
17-Jul-08 -- 0.003 U 0.001 U 1.1 10
07-Mar-09 -- 0.002 U 0.011 1.7 17
17-Sep-10 -- 0.002 U 0.0058 0.84 9.4

ML-1-3 27-Jun-06 -- NA 0.00035 U 0.20 0.79
04-Oct-06 -- 0.003 U 0.001 U 0.82 1.5
30-Nov-06 -- 0.003 U 0.001 U 1.7 1.5
24-Mar-07 -- 0.003 U 0.001 U 1.2 1.5
18-Jan-08 -- 0.003 U 0.001 U 1.1 8.7
22-Jul-08 -- 0.003 U 0.001 U 0.69 9.5
07-Mar-09 -- 0.002 U 0.0080 1.2 16
17-Sep-10 -- 0.002 U 0.0046 0.42 9.9

ML-1-4 21-Aug-06 -- NA 0.01 U 0.22 0.84
20-Jan-07 -- 0.003 U 0.001 U 1.0 1.2
12-Jul-07 -- 0.003 U 0.001 U 0.41 2.1
18-Jan-08 -- 0.003 U 0.001 U 0.49 9.0
17-Jul-08 -- 0.003 U 0.001 U 0.15 J 12
09-Mar-09 -- 0.002 U 0.0038 0.38 15
17-Sep-10 -- 0.002 U 0.0047 0.17 12

ML-1-5 04-Oct-06 -- 0.003 U 0.001 U 0.34 0.16
30-Nov-06 -- 0.003 U 0.001 U 0.26 0.12
24-Mar-07 -- 0.003 U 0.001 U 0.37 0.59
12-Jul-07 -- 0.003 U 0.001 U 0.40 2.6
18-Jan-08 -- 0.003 U 0.001 U 0.19 8.5
22-Jul-08 -- 0.003 U 0.001 U 0.49 16
09-Mar-09 -- 0.002 U 0.0038 0.24 18
17-Sep-10 -- 0.002 U 0.0071 0.24 16

ML-1-6 21-Aug-06 -- NA 0.002 U 0.0079 0.16
20-Jan-07 -- 0.003 U 0.001 U 0.0070 0.028
12-Jul-07 -- 0.003 U 0.001 U 0.0070 0.75
17-Jul-08 -- 0.003 U 0.0019 0.026 4.2
09-Mar-09 -- 0.002 U 0.0023 0.028 17
17-Sep-10 -- 0.002 U 0.0019 0.033 7.8

ML-1-7 04-Oct-06 -- 0.003 U 0.001 U 0.0029 1.0
30-Nov-06 -- 0.003 U 0.001 U 0.027 0.85
24-Mar-07 -- 0.003 U 0.001 U 0.0083 1.3
13-Jul-07 -- 0.003 U 0.00021 J 0.011 4.1
18-Jan-08 -- 0.003 U 0.0021 0.018 7.7
09-Mar-09 -- 0.002 U 0.026 0.017 11
18-Sep-10 -- 0.002 U 0.023 0.026 9.1

ML-2-2 22-Aug-06 -- NA 0.005 U 0.17 0.44
20-Jan-07 -- 0.003 U 0.46 1.7 0.79
12-Jul-07 -- 0.0056 1.8 5.4 0.72
22-Jul-08 -- 0.003 U 1.9 12 0.57
05-Mar-09 -- 0.017 2.0 16 0.41
18-Sep-10 -- 0.002 U 1.1 19 1.6

ML-2-3 22-Aug-06 -- NA 0.01 U 0.091 0.72
05-Oct-06 -- 0.003 U 0.00054 J 0.21 1.1
01-Dec-06 -- 0.11 J 0.34 1.8 0.12
20-Jan-07 -- 0.058 0.57 2.6 0.090
21-Mar-07 -- 0.029 0.74 3.4 0.079
18-Jan-08 -- 0.037 0.74 4.7 0.052
17-Jul-08 -- 0.036 0.79 5.0 0.072
05-Mar-09 -- 0.002 U 0.61 6.1 0.49
18-Sep-10 -- 0.014 1.8 J 13 J 1.1 J

ML-2-4 21-Aug-06 -- NA 0.01 U 0.11 0.73
21-Jan-07 -- 0.003 U 0.048 0.37 0.47
13-Jul-07 -- 0.003 U 0.21 1.5 0.41
20-Jan-08 -- 0.003 U 0.72 7.3 0.57
21-Jul-08 -- 0.003 U 0.72 5.5 0.62
21-Jul-08 Duplicate 0.003 U 0.67 4.8 0.54
06-Mar-09 -- 0.002 U 0.70 4.6 0.63
18-Sep-10 -- 0.002 U 0.8 9.1 0.8
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TABLE C3
GW DHG Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-2-5 22-Aug-06 -- NA 0.001 U 0.0053 0.074
05-Oct-06 -- 0.003 U 0.001 U 0.0023 0.061
01-Dec-06 -- 0.003 U 0.0018 0.0057 0.063
21-Jan-07 -- 0.003 U 0.013 0.022 0.053
22-Mar-07 -- 0.003 U 0.016 0.033 0.048
13-Jul-07 -- 0.003 U 0.014 0.033 0.053
20-Jan-08 -- 0.003 U 0.016 0.17 0.044
17-Jul-08 -- 0.003 U 0.058 0.61 0.081
06-Mar-09 -- 0.002 U 0.038 0.16 0.092
18-Sep-10 -- 0.002 U 0.060 0.39 0.11

ML-2-6 21-Aug-06 -- NA 0.002 U 0.0042 0.11
21-Jan-07 -- 0.003 U 0.017 0.056 0.064
13-Jul-07 -- 0.003 U 0.021 0.041 0.076
20-Jan-08 -- 0.003 U 0.019 0.097 0.070
17-Jul-08 -- 0.003 U 0.025 0.14 0.073
06-Mar-09 -- 0.002 U 0.052 0.37 0.096
20-Sep-10 -- 0.002 U 0.044 0.33 0.11

ML-2-7 05-Oct-06 -- 0.003 U 0.001 U 0.0033 0.29
02-Dec-06 -- 0.003 U 0.0083 0.047 0.24
22-Mar-07 -- 0.003 U 0.015 0.038 0.17
13-Jul-07 -- 0.003 U 0.022 0.061 0.28
20-Jan-08 -- 0.003 U 0.021 0.11 0.34
17-Jul-08 -- 0.003 U 0.039 0.25 0.36
06-Mar-09 -- 0.002 U 0.049 0.31 0.50
20-Sep-10 -- 0.002 U 0.054 0.51 0.48

ML-3-2 22-Aug-06 -- NA 0.025 U 2.2 2.2
21-Jan-07 -- 0.003 U 0.092 0.32 2.3
13-Jul-07 -- 0.003 U 0.16 0.53 8.1
17-Jul-08 -- 0.003 U 0.0019 0.012 3.0
13-Mar-09 -- 0.002 U 0.0014 0.017 16
25-Sep-10 -- 0.002 U 0.00026 J 0.0024 5.6

ML-3-3 22-Aug-06 -- NA 0.05 U 2.7 2.7
04-Dec-06 -- 0.003 U 0.047 0.28 1.3
21-Jan-07 -- 0.003 U 0.074 0.32 5.4
26-Mar-07 -- 0.003 U 0.056 0.18 5.0
20-Jan-08 -- 0.003 U 0.024 0.086 14
13-Mar-09 -- 0.002 U 0.0016 0.014 22
28-Sep-10 -- 0.002 U 0.00045 J 0.0046 9

ML-3-4 22-Aug-06 -- NA 0.01 U 0.49 0.74
21-Jan-07 -- 0.003 U 0.0039 0.038 7.5
14-Jul-07 -- 0.003 U 0.0026 0.0091 10
21-Jan-08 -- 0.003 U 0.00047 J 0.0013 12
18-Jul-08 -- 0.003 U 0.001 U 0.026 13
14-Mar-09 -- 0.002 U 0.0015 0.0075 23
28-Sep-10 -- 0.002 U 0.00063 J 0.0041 11

ML-3-5 22-Aug-06 -- NA 0.002 U 0.096 0.18
04-Oct-06 -- 0.003 U 0.001 U 0.058 0.18
04-Dec-06 -- 0.003 U 0.0030 0.026 1.0
27-Mar-07 -- 0.003 U 0.00088 J 0.0061 12
14-Jul-07 -- 0.003 U 0.001 U 0.001 U 7.8
21-Jan-08 -- 0.003 U 0.001 U 0.001 U 12
14-Mar-09 -- 0.002 U 0.001 U 0.0028 19
28-Sep-10 -- 0.002 U 0.00085 J 0.0044 7.8

ML-3-6 22-Aug-06 -- NA 0.005 U 0.30 0.46
21-Jan-07 -- 0.003 U 0.0020 0.0047 9.7
14-Jul-07 -- 0.003 U 0.001 U 0.001 U 7.5
18-Jul-08 -- 0.003 U 0.001 U 0.001 U 7.8
14-Mar-09 -- 0.002 U 0.001 U 0.0017 12
28-Sep-10 -- 0.002 U 0.00036 J 0.0046 8.3

ML-3-7 27-Jun-06 Duplicate 0.0122 U 0.0019 U 0.0026 U 0.81
04-Oct-06 -- 0.003 U 0.001 U 0.063 0.49
04-Dec-06 -- 0.003 U 0.001 U 0.067 4.7
22-Jan-07 -- 0.003 U 0.001 U 0.032 9.6
27-Mar-07 -- 0.003 U 0.001 U 0.010 8.8
14-Jul-07 -- 0.003 U 0.00085 J 0.030 6.4
21-Jan-08 -- 0.003 U 0.0072 0.0042 12
14-Mar-09 -- 0.002 U 0.075 0.10 13
28-Sep-10 -- 0.002 U 0.0036 0.092 8.5
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TABLE C3
GW DHG Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-4-2 22-Aug-06 -- NA 0.02 U 0.48 1.1
22-Jan-07 -- 0.003 U 0.39 6.7 0.83
14-Jul-07 -- 0.003 U 0.37 9.5 2.3
21-Jan-08 -- 0.003 U 0.12 J 17 11
11-Mar-09 -- 0.002 U 0.016 2.1 18
23-Sep-10 -- 0.002 U 0.054 0.88 9.3

ML-4-3 04-Oct-06 -- 0.003 U 0.001 U 1.0 1.8
29-Nov-06 -- 0.003 U 0.001 U 0.70 0.83
22-Mar-07 -- 0.003 U 0.027 2.0 2.3
22-Jan-08 -- 0.003 U 0.1 U 4.2 6.0
21-Jul-08 -- 0.003 U 0.098 3.2 11
11-Mar-09 -- 0.002 U 0.043 2.9 17
24-Sep-10 -- 0.002 U 0.027 1.6 8.3

ML-4-4 24-Aug-06 -- NA 0.02 U 0.50 0.99
23-Jan-07 -- 0.003 U 0.0020 0.65 0.99
16-Jul-07 -- 0.003 U 0.0047 1.4 4.4
12-Mar-09 -- 0.002 U 0.032 0.34 14
24-Sep-10 -- 0.002 U 0.018 0.33 12

ML-4-5 04-Oct-06 -- 0.003 U 0.001 U 0.049 0.21
29-Nov-06 -- 0.003 U 0.0013 0.045 0.49
23-Mar-07 -- 0.003 U 0.0062 0.43 3.2
16-Jul-07 -- 0.003 U 0.0043 1.4 5.4
16-Jul-07 Duplicate 0.003 U 0.0051 1.4 5.2
22-Jan-08 -- 0.003 U 0.0020 0.78 9.1
21-Jul-08 -- 0.003 U 0.12 J 0.61 16
12-Mar-09 -- 0.002 U 0.064 0.36 18
24-Sep-10 -- 0.002 U 0.044 0.38 14

ML-4-6 24-Aug-06 -- NA 0.005 U 0.034 0.40
23-Jan-07 -- 0.003 U 0.0011 0.13 1.2
16-Jul-07 -- 0.003 U 0.0017 1.2 10
22-Jan-08 -- 0.003 U 0.016 0.89 13
12-Mar-09 -- 0.002 U 0.061 0.40 20
24-Sep-10 -- 0.002 U 0.043 0.32 12

ML-4-7 28-Jun-06 -- NA 0.00035 U 0.0019 0.69
04-Oct-06 -- 0.003 U 0.001 U 0.0095 1.4
30-Nov-06 -- 0.003 U 0.001 U 0.097 1.6
23-Mar-07 -- 0.003 U 0.001 U 0.54 2.5
16-Jul-07 -- 0.003 U 0.001 U 1.5 4.8
22-Jan-08 -- 0.003 U 0.013 0.66 11
12-Mar-09 -- 0.002 U 0.27 0.13 J 19
24-Sep-10 -- 0.002 U 0.19 J 0.14 J 12

ML-5-2 23-Aug-06 -- NA 0.005 U 0.058 0.48
23-Jan-07 -- 0.003 U 0.092 1.8 0.40
16-Jul-07 -- 0.003 U 0.045 14 0.48 J
22-Jan-08 -- 0.003 U 0.26 J 25 2.6
22-Jul-08 -- 0.003 U 0.16 J 18 2.6
06-Mar-09 -- 0.002 U 0.43 E 16 3.2
22-Sep-10 -- 0.002 U 0.15 J 7.9 6.6

ML-5-3 23-Aug-06 -- NA 0.02 U 0.69 1.2
05-Oct-06 -- 0.003 U 0.015 0.31 1.2
29-Nov-06 -- 0.003 U 0.030 0.47 0.90
23-Mar-07 -- 0.003 U 0.091 1.6 0.88
22-Jan-08 -- 0.003 U 0.21 8.7 1.7
18-Jul-08 -- 0.003 U 0.24 J 13 2.7
06-Mar-09 -- 0.002 U 0.52 29 5.6
06-Mar-09 Duplicate 0.002 U 0.36 20 3.7
23-Sep-10 -- 0.002 U 0.22 11 6.5

ML-5-4 23-Aug-06 -- NA 0.005 U 0.055 0.36
23-Jan-07 -- 0.003 U 0.072 0.28 5.3
23-Jan-07 Duplicate 0.003 U 0.068 0.26 3.9
16-Jul-07 -- 0.003 U 0.081 0.59 2.6
18-Jul-08 -- 0.003 U 0.043 0.40 1.7
07-Mar-09 -- 0.002 U 0.16 0.98 7.2
23-Sep-10 -- 0.002 U 0.040 0.49 3.1
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TABLE C3
GW DHG Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-5-5 23-Aug-06 -- NA 0.002 U 0.014 0.15
05-Oct-06 -- 0.003 U 0.00053 J 0.027 0.29
29-Nov-06 -- 0.003 U 0.010 0.053 0.34
29-Nov-06 Duplicate 0.003 U 0.010 0.055 0.30
23-Mar-07 -- 0.003 U 0.11 0.55 2.2
16-Jul-07 -- 0.003 U 0.11 1.2 1.8
22-Jan-08 -- 0.003 U 0.54 1.8 7.2
18-Jul-08 -- 0.003 U 0.043 0.44 1.2
07-Mar-09 -- 0.002 U 0.26 2.0 11
23-Sep-10 -- 0.002 U 0.13 J 3.9 8.8

ML-5-6 23-Aug-06 -- NA 0.005 U 0.0078 0.26
24-Aug-06 Duplicate NA 0.005 U 0.0075 0.24
23-Jan-07 -- 0.003 U 0.050 0.80 3.3
16-Jul-07 -- 0.003 U 0.045 2.6 1.4
23-Jan-08 -- 0.003 U 0.39 5.0 5.9
18-Jul-08 -- 0.003 U 0.13 J 5.0 11
07-Mar-09 -- 0.002 U 0.15 J 4.4 10
23-Sep-10 -- 0.002 U 0.092 5.1 7

ML-5-7 23-Aug-06 -- NA 0.01 U 0.01 U 0.69
29-Nov-06 -- 0.003 U 0.0072 0.047 0.56
23-Mar-07 -- 0.003 U 0.089 1.3 1.7
16-Jul-07 -- 0.003 U 0.0083 3.5 1.5
23-Jan-08 -- 0.003 U 0.080 J 2.8 6.9
18-Jul-08 -- 0.003 U 0.089 2.3 7.2
07-Mar-09 -- 0.002 U 0.057 4.0 11
23-Sep-10 -- 0.002 U 0.022 1.8 6.7

ML-6-2 24-Aug-06 -- NA 0.0058 0.018 0.14
23-Jan-07 -- 0.003 U 0.050 0.66 0.34
17-Jul-07 -- 0.003 U 0.022 12 0.43
23-Jul-08 -- 0.003 U 0.32 14 1.5
10-Mar-09 -- 0.002 U 1.0 34 5.3
21-Sep-10 -- 0.002 U 0.38 J 11 4.3

ML-6-3 28-Jun-06 -- NA 0.012 0.24 1.3
05-Oct-06 -- 0.003 U 0.00087 J 0.016 0.086
29-Nov-06 -- 0.003 U 0.0058 0.041 0.41
27-Mar-07 -- 0.003 U 0.024 0.50 0.36
23-Jan-08 -- 0.003 U 0.48 13 1.7
19-Jul-08 -- 0.003 U 0.51 5.1 2.2
10-Mar-09 -- 0.002 U 0.74 23 4.0
22-Sep-10 -- 0.002 U 0.32 9.9 5.6

ML-6-4 24-Aug-06 -- NA 0.002 U 0.016 0.18
24-Jan-07 -- 0.003 U 0.14 0.32 0.13
17-Jul-07 -- 0.003 U 0.96 4.2 0.76
23-Jan-08 -- 0.003 U 1.0 4.4 1.4
23-Jan-08 Duplicate 0.003 U 1.0 4.5 1.3
19-Jul-08 -- 0.003 U 0.64 2.2 5.8
11-Mar-09 -- 0.002 U 0.32 1.6 6.0
22-Sep-10 -- 0.002 U 0.14 J 1.5 11

ML-6-5 05-Oct-06 -- 0.003 U 0.001 U 0.0012 0.085
05-Oct-06 Duplicate 0.003 U 0.001 U 0.0017 0.082
29-Nov-06 -- 0.033 J 0.012 0.036 0.086
26-Mar-07 Duplicate 0.012 0.46 1.6 0.14
27-Mar-07 -- 0.015 0.50 1.8 0.15
17-Jul-07 -- 0.0082 1.8 6.8 0.52
23-Jan-08 -- 0.018 2.0 8.2 0.62
19-Jul-08 -- 0.003 U 1.4 5.0 2.9
11-Mar-09 -- 0.002 U 2.0 7.4 4.9
22-Sep-10 -- 0.002 U 0.73 2.5 6.8
22-Sep-10 Duplicate 0.002 U 0.77 2.6 6.3

ML-6-6 24-Aug-06 -- NA 0.005 U 0.005 U 0.25
24-Jan-07 -- 0.003 U 0.063 0.25 0.17
17-Jul-07 -- 0.0047 1.0 4.4 0.41
23-Jan-08 -- 0.012 1.2 7.0 0.58
19-Jul-08 -- 0.003 U 1.3 7.1 2.3
11-Mar-09 -- 0.002 U 1.3 8.9 3.6
22-Sep-10 -- 0.002 U 0.39 5.6 6.8
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TABLE C3
GW DHG Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-6-7 28-Jun-06 -- NA 0.00035 U 0.00036 0.34
05-Oct-06 -- 0.003 U 0.001 U 0.00075 J 0.98
29-Nov-06 -- 0.003 U 0.001 U 0.0046 0.70
28-Mar-07 -- 0.0020 J 0.13 0.95 0.40
17-Jul-07 -- 0.003 U 0.19 3.3 0.70
23-Jan-08 -- 0.003 U 0.40 4.8 0.67
19-Jul-08 -- 0.003 U 0.40 6.3 1.0
11-Mar-09 -- 0.002 U 0.50 9.9 2.0
22-Sep-10 -- 0.002 U 0.085 2.6 4.6

ML-7-2 23-Aug-06 -- NA 0.005 U 0.088 0.36
24-Jan-07 -- 0.003 U 0.054 4.8 0.20
17-Jul-07 -- 0.003 U 0.42 3.4 1.1
23-Jul-08 -- 0.003 U 1.1 5.4 4.1
09-Mar-09 -- 0.002 U 0.87 6.8 15
20-Sep-10 -- 0.002 U 0.59 8.3 8.4

ML-7-3 29-Jun-06 -- NA 0.0033 0.11 1.8
23-Aug-06 -- NA 0.01 U 0.047 0.64
05-Oct-06 -- 0.003 U 0.0015 0.075 0.83
02-Dec-06 -- 0.003 U 0.045 0.68 0.29
24-Jan-07 -- 0.003 U 0.16 2.5 0.34
28-Mar-07 -- 0.003 U 0.41 4.7 0.46
23-Jan-08 -- 0.003 U 1.2 6.9 2.2
09-Mar-09 -- 0.002 U 2.0 12 11
20-Sep-10 -- 0.002 U 0.57 5.2 12

ML-7-4 23-Aug-06 -- NA 0.005 U 0.011 0.24
24-Jan-07 -- 0.003 U 0.084 2.0 1.6
18-Jul-07 -- 0.003 U 0.52 4.6 2.2
23-Jan-08 -- 0.003 U 1.4 5.4 4.3
19-Jul-08 -- 0.003 U 1.2 4.7 4.1
10-Mar-09 -- 0.002 U 1.9 6.0 11
21-Sep-10 -- 0.002 U 0.32 2.4 7

ML-7-5 23-Aug-06 -- NA 0.0016 0.0045 0.085
05-Oct-06 -- 0.003 U 0.001 U 0.00088 J 0.054
04-Dec-06 -- 0.003 U 0.010 0.045 0.041
25-Jan-07 -- 0.003 U 0.094 0.74 0.97
28-Mar-07 -- 0.003 U 0.12 0.58 1.4
18-Jul-07 -- 0.003 U 0.88 2.3 2.6
24-Jan-08 -- 0.003 U 1.3 3.4 3.3
10-Mar-09 -- 0.0033 3.3 8.1 12
21-Sep-10 -- 0.002 U 0.83 5.1 15

ML-7-6 24-Aug-06 -- NA 0.002 U 0.0027 0.13
25-Jan-07 -- 0.003 U 0.018 5.0 0.54
18-Jul-07 -- 0.003 U 0.45 4.9 1.7
24-Jan-08 -- 0.003 U 1.1 5.8 4.4
19-Jul-08 -- 0.003 U 0.86 6.8 13
10-Mar-09 -- 0.002 U 0.58 7.3 18
21-Sep-10 -- 0.002 U 0.025 1.5 8.4

ML-7-7 24-Aug-06 -- NA 0.005 U 0.005 U 0.44
04-Dec-06 -- 0.003 U 0.0095 0.088 0.28
25-Jan-07 -- 0.003 U 0.014 4.0 0.45
29-Mar-07 -- 0.003 U 0.087 2.3 0.81
18-Jul-07 -- 0.003 U 0.26 5.1 1.4
24-Jan-08 -- 0.003 U 0.66 5.4 4.3
10-Mar-09 -- 0.002 U 0.031 1.3 15
21-Sep-10 -- 0.002 U 0.0077 0.39 5.9

PMW-1 04-Oct-06 -- 0.003 U 0.001 U 0.049 0.42
30-Nov-06 -- 0.003 U 0.0056 0.20 1.6
19-Jan-07 -- 0.003 U 0.023 0.31 3.0
26-Mar-07 -- 0.003 U 0.017 0.27 3.2
11-Jul-07 -- 0.003 U 0.022 1.5 5.4
16-Jan-08 -- 0.003 U 0.0021 0.67 6.8
16-Jul-08 -- 0.003 U 0.001 U 0.56 8.2
04-Mar-09 -- 0.002 U 0.0033 0.41 9.2
04-Mar-09 Duplicate 0.002 U 0.0039 0.43 8.6
16-Sep-10 -- 0.002 U 0.0014 0.15 5.3
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TABLE C3
GW DHG Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

PMW-2 04-Oct-06 -- 0.003 U 0.001 U 0.18 0.65
30-Nov-06 -- 0.003 U 0.001 U 0.24 0.77
26-Mar-07 -- 0.003 U 0.001 U 0.27 0.69
11-Jul-07 -- 0.003 U 0.00070 J 0.14 1.2
16-Jan-08 -- 0.003 U 0.00044 J 0.33 2.8
16-Jul-08 -- 0.003 U 0.0029 0.089 3.6
04-Mar-09 -- 0.002 U 0.0026 0.19 4.1
15-Sep-10 -- 0.002 U 0.0030 0.033 3.8

PMW-3 21-Aug-06 -- NA 0.005 U 0.14 0.48
10-Oct-06 -- 0.003 U 0.0014 0.11 0.44
10-Oct-06 Duplicate 0.003 U 0.0015 0.11 0.44
12-Oct-06 -- 0.003 U 0.001 U 0.078 0.28
29-Nov-06 -- 0.003 U 0.0030 0.023 0.13
19-Jan-07 -- 0.003 U 0.031 0.12 2.1
21-Mar-07 -- 0.003 U 0.11 0.37 2.6
11-Jul-07 -- 0.003 U 0.057 0.26 1.0
11-Jul-07 Duplicate 0.003 U 0.057 0.33 1.3
16-Jan-08 -- 0.003 U 0.55 1.9 6.7
16-Jan-08 Duplicate 0.003 U 0.52 1.8 6.4
16-Jul-08 -- 0.003 U 0.084 0.77 9.0
16-Jul-08 Duplicate 0.003 U 0.090 0.54 6.4
04-Mar-09 -- 0.002 U 0.11 1.3 5.0
15-Sep-10 -- 0.002 U 0.089 1.9 9.2
15-Sep-10 Duplicate 0.002 U 0.081 1.8 8.4

PMW-4 04-Oct-06 -- 0.003 U 0.001 U 0.001 U 0.026
01-Dec-06 -- 0.003 U 0.0012 0.0012 0.26
21-Mar-07 -- 0.003 U 0.0016 0.0028 0.33
12-Jul-07 -- 0.003 U 0.00093 J 0.0017 0.20
17-Jan-08 -- 0.003 U 0.0027 0.0069 0.38
16-Jul-08 -- 0.003 U 0.0022 0.0091 0.18
05-Mar-09 -- 0.002 U 0.0059 0.021 0.35
16-Sep-10 -- 0.002 U 0.0068 0.028 0.21

PMW-5 27-Jun-06 -- NA 0.0024 0.0096 0.15
21-Aug-06 -- NA 0.0023 0.0062 0.12
21-Aug-06 Duplicate NA 0.0021 0.0057 0.10
05-Oct-06 -- 0.003 U 0.0024 0.0056 0.12
02-Dec-06 -- 0.11 J 0.14 0.54 0.056
02-Dec-06 Duplicate 0.10 J 0.15 0.55 0.053
19-Jan-07 -- 0.049 0.29 1.1 0.23
21-Mar-07 -- 0.039 0.65 2.3 0.43
21-Mar-07 Duplicate 0.031 0.58 2.0 0.40
12-Jul-07 -- 0.035 1.1 3.8 0.39
17-Jan-08 -- 0.044 2.0 7.2 1.3
16-Jul-08 -- 0.098 1.3 4.0 1.3
05-Mar-09 -- 0.014 0.83 3.1 1.6
05-Mar-09 Duplicate 0.017 0.82 2.8 1.5
16-Sep-10 -- 0.011 0.77 3.9 3.8

PMW-6 26-Jun-06 -- NA 0.00035 U 0.37 0.87
21-Aug-06 -- NA 0.005 U 0.35 0.47
04-Oct-06 -- 0.003 U 0.001 U 0.10 0.23
02-Dec-06 -- 0.003 U 0.010 0.067 0.19
19-Jan-07 -- 0.003 U 0.021 0.23 0.37
19-Jan-07 Duplicate 0.003 U 0.020 0.22 0.34
21-Mar-07 -- 0.003 U 0.026 0.53 0.95
12-Jul-07 -- 0.003 U 0.034 0.51 3.0
17-Jan-08 -- 0.003 U 0.0052 0.51 5.3
17-Jan-08 Duplicate 0.003 U 0.0047 0.61 5.9
16-Jul-08 -- 0.003 U 0.090 0.075 J 12
04-Mar-09 -- 0.002 U 0.084 0.15 5.3
16-Sep-10 -- 0.002 U 0.067 0.21 10
16-Sep-10 Duplicate 0.2 U 0.065 0.2 9

Notes:
mg/L - milligrams per liter
NA - not analyzed
"J" - estimated result
"U" - not detected (reported at detection limit)
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TABLE C4
GW VFA Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetic Acid Butyric Acid Lactic Acid Propionic Acid Pyruvic Acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

ML-1-3 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
07-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
17-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-1-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
09-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
17-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-1-7 27-Jun-06 -- 1.4 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
09-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-2-3 27-Jun-06 -- 0.87 0.50 U 10 U 0.50 U NA
01-Dec-06 -- 490 47 1.0 U 580 0.50 U
21-Mar-07 -- 630 230 10 U 760 5.0 U
18-Jan-08 -- 290 190 1.0 U 460 0.50 U
05-Mar-09 -- 76 11 1.0 U 69 0.50 U
18-Sep-10 -- 380 J 120 J 5.0 UJ 790 J 2.5 UJ

ML-2-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
01-Dec-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
22-Mar-07 -- 1.0 U 2.0 U 1.0 U 2.5 0.50 U
20-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
06-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-2-7 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
02-Dec-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
22-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
20-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
06-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
20-Sep-10 -- 5.1 2.0 U 1.0 U 1.0 U 0.50 U

ML-3-3 27-Jun-06 -- 0.78 0.50 U 10 U 0.50 U NA
21-Jan-07 -- 1,100 220 1.0 U 1,400 0.50 U
26-Mar-07 -- 1,000 420 20 U 1,700 10 U
20-Jan-08 -- 1,300 370 1.0 U 1,500 1.0
13-Mar-09 -- 660 100 1.0 U 770 0.50 U
27-Sep-10 -- 490 70 5.0 U 87 2.5 U

ML-3-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
04-Dec-06 -- 250 62 1.0 U 450 0.50 U
27-Mar-07 -- 190 110 10 U 1,000 5.0 U
21-Jan-08 -- 140 30 1.0 U 710 0.50 U
14-Mar-09 -- 150 16 1.0 U 31 0.50 U
28-Sep-10 -- 150 6.8 1.0 U 2.7 0.50 U

ML-3-7 27-Jun-06 -- 4.9 1.3 10 U 0.50 U NA
22-Jan-07 -- 370 110 1.0 U 460 0.50 U
27-Mar-07 -- 53 33 2.0 U 220 1.0 U
21-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
14-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
28-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-4-3 28-Jun-06 -- 0.50 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 6.4 2.0 U 1.0 U 3.0 0.50 U
22-Mar-07 -- 45 2.0 U 1.0 U 15 0.50 U
22-Jan-08 -- 110 7.4 1.0 U 15 0.50 U
11-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
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TABLE C4
GW VFA Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetic Acid Butyric Acid Lactic Acid Propionic Acid Pyruvic Acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

ML-4-5 28-Jun-06 -- 0.57 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
23-Mar-07 -- 47 2.0 U 1.0 U 5.6 0.50 U
22-Jan-08 -- 10 2.0 U 1.0 U 1.2 0.50 U
12-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-4-7 28-Jun-06 -- 0.85 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 25 2.0 U 1.0 U 5.7 0.50 U
23-Mar-07 -- 55 3.7 1.0 U 5.2 0.50 U
22-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
12-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-5-3 28-Jun-06 -- 0.74 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 10 2.0 U 1.0 U 11 0.50 U
23-Mar-07 -- 44 8.6 1.0 U 30 0.50 U
22-Jan-08 -- 120 6.0 1.0 U 16 0.50 U
22-Jan-08 Duplicate 76 2.0 U 1.0 U 3.4 0.50 U
06-Mar-09 -- 170 5.1 1.0 U 24 0.50 U
06-Mar-09 Duplicate 170 6.1 1.0 U 24 0.50 U
23-Sep-10 -- 310 24 2.0 U 95 1.0 U

ML-5-5 28-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 65 6.2 1.0 U 110 0.50 U
29-Nov-06 Duplicate 66 8.2 1.0 U 110 0.50 U
23-Mar-07 -- 86 23 10 U 210 5.0 U
22-Jan-08 -- 160 56 1.0 U 140 0.50 U
07-Mar-09 -- 33 4.4 1.0 U 14 0.50 U
23-Sep-10 -- 13 2.0 U 1.0 U 1.0 U 0.50 U

ML-5-7 28-Jun-06 -- 1.0 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 46 3.9 1.0 U 74 0.50 U
23-Mar-07 -- 80 17 5.0 U 180 2.5 U
23-Jan-08 -- 39 5.9 1.0 U 53 0.50 U
07-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.1 0.50 U
23-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-6-3 28-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
27-Mar-07 -- 5.8 3.7 1.0 U 4.5 0.50 U
23-Jan-08 -- 69 2.0 U 1.0 U 11 0.50 U
10-Mar-09 -- 220 24 1.0 U 100 0.50 U
22-Sep-10 -- 460 51 5.0 U 190 2.5 U

ML-6-5 28-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 20 2.9 1.0 U 28 0.50 U
26-Mar-07 Duplicate 62 6.2 1.0 U 78 0.50 U
27-Mar-07 -- 62 6.3 1.0 U 79 0.50 U
23-Jan-08 -- 150 46 1.0 U 110 0.50 U
11-Mar-09 -- 110 20 1.0 U 97 0.50 U
22-Sep-10 -- 180 27 1.0 U 110 0.50 U
22-Sep-10 Duplicate 180 27 1.0 U 110 0.50 U

ML-6-7 28-Jun-06 -- 0.65 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 10 2.0 U 1.0 U 14 0.50 U
28-Mar-07 -- 41 3.9 1.0 U 40 0.50 U
23-Jan-08 -- 57 5.6 1.0 U 18 0.50 U
11-Mar-09 -- 71 4.9 1.0 U 36 0.50 U
22-Sep-10 -- 12 2.0 U 1.0 U 6.9 0.50 U

ML-7-2 29-Jun-06 -- 0.99 0.50 U 10 U 0.50 U NA
ML-7-3 29-Jun-06 -- 1.3 0.50 U 10 U 0.50 U NA

24-Jan-07 -- 190 2.0 U 1.0 U 170 0.50 U
28-Mar-07 -- 310 22 5.0 U 370 2.5 U
23-Jan-08 -- 830 180 1.0 U 510 0.50 U
09-Mar-09 -- 760 220 1.0 U 530 0.50 U
20-Sep-10 -- 930 J 190 J 5.0 UJ 450 J 2.5 UJ

Tables C2 - C4-GW Tables Dec10 Page 2 of 3 Dec 2010



TABLE C4
GW VFA Concentrations from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetic Acid Butyric Acid Lactic Acid Propionic Acid Pyruvic Acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

ML-7-5 29-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
04-Dec-06 -- 68 2.0 U 1.0 U 130 0.50 U
28-Mar-07 -- 100 20 5.0 U 210 2.5 U
24-Jan-08 -- 180 97 1.0 U 190 0.50 U
10-Mar-09 -- 180 60 1.0 U 170 0.50 U
21-Sep-10 -- 250 J 49 J 2.0 UJ 170J 1.0 UJ

ML-7-7 29-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
25-Jan-07 -- 89 9.1 1.0 U 130 0.50 U
25-Jan-07 Duplicate 94 11 1.0 U 140 0.50 U
29-Mar-07 -- 100 12 1.0 U 160 0.50 U
24-Jan-08 -- 170 61 1.0 U 160 0.50 U
10-Mar-09 -- 56 13 1.0 U 100 0.50 U
21-Sep-10 -- 3.8 2.0 U 1.0 U 1.1 0.50 U

PMW-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
02-Dec-06 -- 48 3.1 1.0 U 71 0.50 U
21-Mar-07 -- 100 33 10 U 160 5.0 U
21-Mar-07 Duplicate 100 36 1.0 U 160 0.50 U
17-Jan-08 -- 230 100 1.0 U 180 0.50 U
05-Mar-09 -- 110 30 1.0 U 71 0.50 U
05-Mar-09 Duplicate 110 30 1.0 U 72 0.50 U
16-Sep-10 -- 120 19 1.0 U 68 0.50 U

PMW-6 26-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
02-Dec-06 -- 61 2.5 1.0 U 9.9 0.50 U
21-Mar-07 -- 49 4.4 1.0 U 13 0.50 U
17-Jan-08 -- 12 2.0 U 1.0 U 1.4 0.50 U
17-Jan-08 Duplicate 12 2.0 U 1.0 U 1.4 0.50 U
04-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
16-Sep-10 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
16-Sep-10 Duplicate 1.0 U NA 1.0 U 1.0 U 0.50 U

Notes:
mg/L - milligrams per liter
NA - not analyzed
"U" - not detected (reported at detection limit)
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TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chloride
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

ML-1-2 04-Oct-06 -- 50 U 23,000 50 U 810 50 U 9,900
20-Jan-07 -- 200 U 86,000 200 U 2,000 1,200 13,000
12-Jul-07 -- 200 U 33,000 200 U 1,200 200 U 16,000
17-Jan-08 -- 52 J 81,000 200 U 2,300 2,200 15,000
17-Jul-08 -- 100 U 20,000 100 U 1,000 100 U 13,000

07-Mar-09 -- 500 U 70,000 500 U 1,700 500 U 12,000
17-Sep-10 -- 250 U 31,000 250 U 1,100 130 J 8,300

ML-1-3 27-Jun-06 -- 150 U 4,100 150 U 180 230 810
04-Oct-06 -- 50 U 3,400 50 U 410 78 6,700
30-Nov-06 -- 50 U 13,000 50 U 920 50 U 18,000
24-Mar-07 -- 200 U 23,000 200 U 1,300 200 U 16,000
18-Jan-08 -- 100 U 14,000 100 U 980 43 J 12,000
22-Jul-08 -- 50 U 7,200 50 U 500 50 U 6,700
07-Mar-09 -- 100 U 16,000 100 U 790 100 U 6,900
17-Sep-10 -- 100 U 14,000 100 U 600 100 U 5,700

ML-1-4 21-Aug-06 -- 10 U 4,300 10 U 140 10 U 870
20-Jan-07 -- 40 U 11,000 40 U 630 100 12,000
12-Jul-07 -- 20 U 3,200 20 U 220 20 U 2,900
18-Jan-08 -- 4.0 J 3,500 20 U 240 20 U 2,900
17-Jul-08 -- 25 U 3,900 25 U 190 25 U 1,500

09-Mar-09 -- 20 U 3,000 20 U 200 20 U 2,000
17-Sep-10 -- 20 U 5,000 20 U 250 20 U 2,400

ML-1-5 04-Oct-06 -- 1 U 14 11 18 1 U 120
13-Oct-06 -- 2 U 80 22 40 15 670
30-Nov-06 -- 1.4 1,500 1.8 110 27 2,300
24-Mar-07 -- 50 U 7,400 210 440 50 U 8,400
12-Jul-07 -- 20 U 1,200 20 U 110 20 U 2,000
18-Jan-08 -- 20 U 2,100 20 U 150 6.0 J 1,800
22-Jul-08 -- 10 U 1,500 10 U 95 10 U 1,300
09-Mar-09 -- 10 U 1,900 10 U 120 10 U 1,200
17-Sep-10 -- 20 U 3,200 20 U 160 20 U 1,600

ML-1-6 21-Aug-06 -- 2.5 U 440 2.5 15 2.8 65
20-Jan-07 -- 2 U 320 2.8 27 2.9 290
12-Jul-07 -- 2 U 510 1.4 J 28 2.7 220
17-Jul-08 -- 25 U 2,700 25 U 93 5.2 J 380

09-Mar-09 -- 25 U 3,100 25 U 57 43 280
17-Sep-10 -- 10 U 1,500 10 U 38 10 U 270

ML-1-7 04-Oct-06 -- 1 U 100 10 4.0 1 U 43
30-Nov-06 -- 5 U 1,100 5 U 32 5 U 400
24-Mar-07 -- 1 U 170 1 U 13 1 U 210
13-Jul-07 -- 5 U 980 5 U 30 5 U 340
18-Jan-08 -- 2 U 330 2 U 17 0.54 J 150
09-Mar-09 -- 1 U 170 1 U 8.2 4.5 65
18-Sep-10 -- 1 U 250 1 U 10 0.54 J 58

ML-2-2 22-Aug-06 -- 500 U 160,000 6,500 850 9,800 1,200
20-Jan-07 -- 1000 U 100,000 1000 U 1000 U 1000 U 4,700
12-Jul-07 -- 1000 U 150,000 1000 U 550 J 1,700 26,000
22-Jul-08 -- 500 U 130,000 240 J 820 630 100,000

05-Mar-09 -- 500 U 66,000 510 500 U 500 U 35,000
18-Sep-10 -- 500 U 85,000 500 U 1,100 190 J 140,000

ML-2-3 22-Aug-06 -- 500 U 92,000 7,300 500 11,000 500 U
05-Oct-06 -- 250 U 130,000 16,000 930 20,000 1,000
01-Dec-06 -- 500 U 78,000 1,600 500 U 2,700 600
20-Jan-07 -- 500 U 120,000 2,000 500 U 1,500 2,600
21-Mar-07 -- 1000 U 140,000 1000 U 1000 U 1000 U 11,000
18-Jan-08 -- 500 U 69,000 240 J 200 J 540 30,000
17-Jul-08 -- 500 U 54,000 500 U 180 J 120 J 22,000

05-Mar-09 -- 250 U 59,000 250 U 330 250 U 25,000
18-Sep-10 -- 500 U 74,000 500 U 550 230 J 48,000

ML-2-4 21-Aug-06 -- 250 U 23,000 49,000 320 36,000 460
21-Jan-07 -- 400 U 110,000 9,400 660 11,000 5,700
13-Jul-07 -- 1000 U 120,000 1,300 970 J 15,000 43,000
20-Jan-08 -- 120 J 69,000 240 J 520 2,900 42,000
21-Jul-08 -- 500 U 72,000 500 U 420 J 1,000 32,000
21-Jul-08 Duplicate 500 U 77,000 500 U 440 J 1,100 34,000
06-Mar-09 -- 250 U 59,000 250 U 360 580 19,000
18-Sep-10 -- 250 U 46,000 250 U 440 250 U 49,000

Date
Sampled
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TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chlorideDate
ML-2-5 22-Aug-06 -- 500 U 3,100 180,000 500 U 4,700 500 U

05-Oct-06 -- 500 U 9,200 89,000 500 U 10,000 500 U
13-Oct-06 -- 500 U 8,500 100,000 500 U 8,700 500 U
01-Dec-06 -- 500 U 5,900 190,000 500 U 3,900 500 U
21-Jan-07 -- 1000 U 8,100 J 840,000 J 1000 U 7,700 J 1000 U
22-Mar-07 -- 1000 U 7,700 190,000 1000 U 6,900 1000 U
13-Jul-07 -- 1000 U 9,600 150,000 1000 U 7,700 1,100
20-Jan-08 -- 1000 U 6,100 150,000 1000 U 8,100 1,400
17-Jul-08 -- 1000 U 7,000 100,000 1000 U 7,100 2,400

06-Mar-09 -- 1000 U 12,000 110,000 1000 U 29,000 1,700
18-Sep-10 -- 500 U 17,000 57,000 500 U 25,000 2,200

ML-2-6 21-Aug-06 -- 500 U 5,200 46,000 500 U 21,000 500 U
21-Jan-07 -- 400 U 6,100 120,000 400 U 6,900 400 U
13-Jul-07 -- 1000 U 7,900 110,000 1000 U 6,400 900 J
20-Jan-08 -- 1000 U 10,000 130,000 1000 U 7,200 830 J
17-Jul-08 -- 1000 U 15,000 130,000 1000 U 8,800 1,100

06-Mar-09 -- 1300 U 22,000 130,000 1300 U 10,000 2,000
20-Sep-10 -- 500 U 59,000 100,000 280 J 15,000 2,300

ML-2-7 05-Oct-06 -- 500 U 38,000 82,000 500 U 12,000 500 U
02-Dec-06 -- 500 U 29,000 130,000 500 U 14,000 740
22-Mar-07 -- 1000 U 14,000 180,000 1000 U 4,700 310 J
13-Jul-07 -- 2000 U 16,000 180,000 2000 U 5,800 2000 U
20-Jan-08 -- 2000 U 27,000 190,000 2000 U 10,000 940 J
17-Jul-08 -- 2000 U 27,000 230,000 2000 U 9,600 1,400 J

06-Mar-09 -- 1300 U 33,000 180,000 1300 U 13,000 1300 U
20-Sep-10 -- 1000 U 130,000 100,000 1000 U 17,000 19,000

ML-3-2 22-Aug-06 -- 50 U 4,800 50 U 500 50 U 12,000
21-Jan-07 -- 2 U 180 J 67 J 12 J 9.5 J 240 J
13-Jul-07 -- 1 U 87 11 7.1 2.2 160
17-Jul-08 -- 1 U 5.5 0.41 J 0.22 J 1 U 1.3

12-Mar-09 -- 1 U 1 U 1 U 1.2 1 U 1.8
25-Sep-10 -- 5 U 2.6 J 5 U 5 U 5 U 3.4 J

ML-3-3 22-Aug-06 -- 50 U 4,800 50 U 650 50 U 9,600
04-Dec-06 -- 2 U 40 66 11 19 210
21-Jan-07 -- 1 U 21 7.6 12 2.6 70
26-Mar-07 -- 1 U 23 1.7 9.3 1 U 46
20-Jan-08 -- 1 U 0.72 J 0.33 J 1.3 1 U 17
13-Mar-09 -- 1 U 1 U 1 U 3.3 1 U 2.8
28-Sep-10 -- 1 U 8.6 0.47 J 4.7 1.2 11

ML-3-4 22-Aug-06 -- 10 U 1,100 10 U 110 10 U 1,800
21-Jan-07 -- 5 U 650 12 24 5 U 280
14-Jul-07 -- 1 U 58 3.3 U 4.3 2.4 79
21-Jan-08 -- 1 U 11 1.4 U 1.0 1.1 25
18-Jul-08 -- 1 U 4.4 0.45 J 1.2 0.46 J 21

14-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 2.8
28-Sep-10 -- 1 U 43 0.82 J 1.8 2.0 17

ML-3-5 27-Jun-06 -- 50 U 310 1,000 50 U 50 U 56
22-Aug-06 -- 2 U 330 2 U 26 3.2 330
04-Oct-06 -- 2 U 380 11 29 16 250
13-Oct-06 -- 2 U 200 20 13 6.9 89
04-Dec-06 -- 1 U 140 37 7.3 17 J 95
27-Mar-07 -- 2 U 68 3.4 3.9 2 U 110
14-Jul-07 -- 1 U 37 1.1 U 2.0 1 U 56
21-Jan-08 -- 1 U 4.3 0.47 J 0.59 J 0.61 J 8.9
14-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 1.4
28-Sep-10 -- 1 U 3.9 1 U 0.34 J 0.24 J 8.4

ML-3-6 22-Aug-06 -- 5 U 450 5 U 46 5 U 910
21-Jan-07 -- 5 U 22 16 5 U 5 U 8.9
14-Jul-07 -- 1 U 5.3 1 U 1 U 1 U 2.0
18-Jul-08 -- 1 U 2.3 0.77 J 1 U 0.21 J 2.1

14-Mar-09 -- 1 U 2.3 1 U 1 U 1 U 1.9
28-Sep-10 -- 5 U 12 5 U 5 U 5 U 15

ML-3-7 04-Oct-06 -- 2 U 130 13 18 2.1 230
04-Dec-06 -- 2 U 16 14 7.4 2.6 J 64
22-Jan-07 -- 2 U 10 2 U 5.0 2 U 30
27-Mar-07 -- 1 U 6.2 1 U 3.8 1 U 20
14-Jul-07 -- 1 U 2.0 1 U 2.8 1 U 25
21-Jan-08 -- 1 U 0.28 J 0.52 J 2.2 1 U 5.5
14-Mar-09 -- 7.2 2,000 13,000 18 2,200 260
28-Sep-10 -- 250 U 23,000 52,000 120 J 12,000 3,300
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TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chlorideDate
ML-4-2 22-Aug-06 -- 200 U 58,000 200 U 1,500 200 U 9,200

22-Jan-07 -- 250 U 2,000 250 U 880 250 U 35,000
14-Jul-07 -- 50 U 50 U 50 U 240 50 U 13,000
21-Jan-08 -- 20 U 23 20 U 20 U 20 U 2,300
11-Mar-09 -- 2.5 U 68 2.5 U 33 2.5 U 490
23-Sep-10 -- 1 U 6.8 1 U 4.7 1 U 32

ML-4-3 04-Oct-06 -- 100 U 49,000 100 U 2,000 1,400 7,200
29-Nov-06 -- 250 U 38,000 250 U 1,700 400 9,000
22-Mar-07 -- 200 U 40,000 770 2,500 330 27,000
22-Jan-08 -- 100 U 7,300 100 U 960 100 U 11,000
21-Jul-08 -- 25 U 1,400 13 J 400 25 U 3,900
11-Mar-09 -- 50 U 7,200 50 U 690 50 U 8,600
24-Sep-10 -- 5 U 3.6 J 5 U 69 5 U 890

ML-4-4 24-Aug-06 -- 200 U 31,000 200 U 910 200 U 3,700
23-Jan-07 -- 100 U 12,000 540 770 1,600 13,000
16-Jul-07 -- 20 U 120 20 U 200 20 U 3,500
12-Mar-09 -- 5 U 530 5 U 69 5 U 970
24-Sep-10 -- 2.5 U 24 2.5 U 21 2.5 U 330

ML-4-5 04-Oct-06 -- 25 U 8,800 2,800 140 3,100 1,200
13-Oct-06 -- 50 U 9,800 1,500 120 2,000 970
29-Nov-06 -- 100 U 3,400 10,000 100 U 4,600 1,100
23-Mar-07 -- 100 U 16,000 2,500 140 1,200 6,000
16-Jul-07 -- 20 U 810 20 U 22 20 U 3,300
16-Jul-07 Duplicate 20 U 890 20 U 19 J 20 U 3,800
22-Jan-08 -- 5.0 J 1,900 20 U 22 170 2,000
21-Jul-08 -- 10 U 470 10 U 14 10 U 1,400
12-Mar-09 -- 5 U 800 5 U 29 63 740
24-Sep-10 -- 10 U 700 10 U 12 2.3 J 1,200 J

ML-4-6 24-Aug-06 -- 50 U 5,100 50 U 64 50 U 280
23-Jan-07 -- 50 U 12,000 2,400 110 2,500 3,000
16-Jul-07 -- 50 U 140 50 U 54 50 U 6,400
22-Jan-08 -- 20 U 790 20 U 18 J 61 2,000
12-Mar-09 -- 5 U 480 5 U 21 13 1,200
24-Sep-10 -- 20 U 280 20 U 15 J 20 U 2,200

ML-4-7 28-Jun-06 -- 5 U 240 9.4 14 12 36
04-Oct-06 -- 5 U 990 6.8 19 5 U 200
30-Nov-06 -- 10 U 2,000 1,600 51 1,700 1,200
23-Mar-07 -- 50 U 6,600 50 U 76 50 U 4,700
16-Jul-07 -- 10 U 97 10 U 11 10 U 2,600
22-Jan-08 -- 10 U 18 10 U 11 10 U 930
12-Mar-09 -- 2.5 U 10 2.5 U 3.7 2.5 U 330
24-Sep-10 -- 1 U 0.79 J 1 U 4.4 1 U 21

ML-5-2 23-Aug-06 -- 250 U 100,000 380 1,700 250 U 1,300
23-Jan-07 -- 500 U 37,000 500 U 1,900 500 U 59,000
16-Jul-07 -- 400 U 130 J 400 U 510 400 U 43,000
22-Jan-08 -- 100 U 160 100 U 170 100 U 17,000
22-Jul-08 -- 50 U 260 50 U 84 50 U 9,600
06-Mar-09 -- 100 U 100 U 100 U 110 100 U 12,000
22-Sep-10 -- 5 U 5 U 5 U 10 5 U 400

ML-5-3 23-Aug-06 -- 500 U 130,000 1,300 4,100 500 U 5,700
05-Oct-06 -- 250 U 110,000 250 U 4,600 2,700 3,300
29-Nov-06 -- 1000 U 100,000 1000 U 3,800 2,000 10,000
23-Mar-07 -- 500 U 100,000 500 U 3,600 1,700 29,000
22-Jan-08 -- 500 U 46,000 500 U 2,300 500 U 32,000
18-Jul-08 -- 250 U 28,000 250 U 1,800 250 U 48,000

06-Mar-09 -- 200 U 4,200 200 U 720 200 U 15,000
06-Mar-09 Duplicate 100 U 3,700 100 U 700 100 U 17,000
23-Sep-10 -- 10 U 410 10 U 270 10 U 2,100

ML-5-4 23-Aug-06 -- 200 U 31,000 340 440 960 400
23-Jan-07 -- 100 U 16,000 100 U 180 130 2,800
23-Jan-07 Duplicate 100 U 16,000 100 U 180 150 2,700
16-Jul-07 -- 100 U 19,000 100 U 130 100 U 4,200
18-Jul-08 -- 25 U 4,400 25 U 86 25 U 1,700
07-Mar-09 -- 25 U 13,000 25 U 120 25 U 4,900
23-Sep-10 -- 25 U 1,500 25 U 52 25 U 4,500
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TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chlorideDate
ML-5-5 23-Aug-06 -- 100 U 34,000 140 270 350 160

05-Oct-06 -- 200 U 25,000 4,900 360 3,200 430
13-Oct-06 -- 100 U 22,000 7,300 200 2,700 330
29-Nov-06 -- 200 U 21,000 7,600 200 3,800 1,000
29-Nov-06 Duplicate 100 U 21,000 7,300 220 3,600 1,200
23-Mar-07 -- 200 U 30,000 200 U 210 200 U 6,200
16-Jul-07 -- 200 U 32,000 200 U 150 J 200 U 7,400
22-Jan-08 -- 44 J 31,000 200 U 160 J 200 U 5,000
18-Jul-08 -- 200 U 25,000 200 U 100 J 200 U 6,700

07-Mar-09 -- 200 U 25,000 200 U 200 U 200 U 10,000
23-Sep-10 -- 100 U 930 100 U 100 U 100 U 11,000

ML-5-6 23-Aug-06 -- 50 U 11,000 50 U 120 50 U 110
24-Aug-06 Duplicate 100 U 12,000 100 U 120 100 U 100
23-Jan-07 -- 100 U 4,000 100 U 140 100 U 14,000
16-Jul-07 -- 100 U 11,000 100 U 110 100 U 11,000
23-Jan-08 -- 100 U 9,600 100 U 100 100 U 13,000
18-Jul-08 -- 100 U 9,800 100 U 75 J 100 U 9,000

07-Mar-09 -- 50 U 8,300 50 U 76 50 U 7,900
23-Sep-10 -- 10 U 10 U 10 U 2.4 J 10 U 1,600

ML-5-7 23-Aug-06 -- 10 U 1,800 10 U 28 10 U 30
29-Nov-06 -- 23 12,000 4,100 140 1,400 1,800
23-Mar-07 -- 50 U 9,800 1,000 94 120 7,800
16-Jul-07 -- 9.5 J 4,300 1,200 43 210 4,000
23-Jan-08 -- 50 U 4,900 3,600 50 J 550 6,200
18-Jul-08 -- 9.0 J 1,300 3,300 16 J 750 1,600

07-Mar-09 -- 25 U 1,400 3,400 25 U 680 2,100
23-Sep-10 -- 19 J 2,700 5,700 21 J 1,700 1,900

ML-6-2 24-Aug-06 -- 500 U 90,000 500 U 1,300 500 U 760
23-Jan-07 -- 500 U 66,000 500 U 1,600 500 U 35,000
17-Jul-07 -- 50 U 120 50 U 59 50 U 9,000
23-Jul-08 -- 10 U 21 10 U 16 10 U 1,000
10-Mar-09 -- 10 U 33 10 U 30 10 U 980
21-Sep-10 -- 5 U 5 U 5 U 21 5 U 730

ML-6-3 28-Jun-06 -- 4000 U 91,000 4000 U 4000 U 11,000 4000 U
05-Oct-06 -- 250 U 71,000 3,500 2,200 10,000 1,900
29-Nov-06 -- 500 U 75,000 1,700 2,000 8,600 3,600
27-Mar-07 -- 200 U 75,000 200 U 2,600 200 U 22,000
23-Jan-08 -- 250 U 20,000 250 U 1,900 250 U 43,000
19-Jul-08 -- 200 U 36,000 200 U 1,000 200 U 33,000

10-Mar-09 -- 100 U 14,000 100 U 910 100 U 12,000
22-Sep-10 -- 50 U 1,100 50 U 430 50 U 9,500

ML-6-4 24-Aug-06 -- 200 U 26,000 210 260 2,200 200 U
24-Jan-07 -- 200 U 38,000 200 U 290 200 U 6,200
17-Jul-07 -- 200 U 28,000 200 U 190 J 200 U 12,000
23-Jan-08 -- 82 J 57,000 200 U 350 440 13,000
23-Jan-08 Duplicate 500 U 54,000 500 U 320 J 360 J 13,000
19-Jul-08 -- 100 U 12,000 100 U 95 J 100 U 6,200

11-Mar-09 -- 80 U 10,000 80 U 110 80 U 5,500
22-Sep-10 -- 25 U 3,300 25 U 43 25 U 4,500

ML-6-5 05-Oct-06 -- 250 U 15,000 39,000 250 U 6,900 250 U
05-Oct-06 Duplicate 500 U 16,000 48,000 500 U 8,400 500 U
13-Oct-06 -- 200 U 13,000 42,000 200 U 6,200 200 U
29-Nov-06 -- 250 U 28,000 16,000 250 U 5,700 440
26-Mar-07 Duplicate 200 U 77,000 200 U 350 3,700 8,400
27-Mar-07 -- 400 U 73,000 400 U 430 3,400 10,000
17-Jul-07 -- 400 U 69,000 400 U 350 J 400 U 14,000
23-Jan-08 -- 140 J 83,000 280 J 480 J 4,400 11,000
19-Jul-08 -- 500 U 53,000 500 U 260 J 500 U 13,000

11-Mar-09 -- 500 U 72,000 500 U 500 U 500 U 6,900
22-Sep-10 -- 200 U 65,000 200 U 430 200 U 13,000
22-Sep-10 Duplicate 200 U 67,000 200 U 450 200 U 13,000

ML-6-6 24-Aug-06 -- 100 U 12,000 100 U 110 280 100 U
24-Jan-07 -- 100 U 59,000 100 U 260 100 U 4,200
17-Jul-07 -- 400 U 46,000 400 U 270 J 400 U 18,000
23-Jan-08 -- 500 U 46,000 500 U 280 J 780 17,000
19-Jul-08 -- 200 U 20,000 200 U 130 J 200 U 25,000

11-Mar-09 -- 250 U 28,000 250 U 250 U 250 U 19,000
22-Sep-10 -- 100 U 16,000 100 U 180 100 U 30,000
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TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chlorideDate
ML-6-7 28-Jun-06 -- 10 U 480 26 15 10 U 10 U

05-Oct-06 -- 10 U 2,200 10 U 41 10 U 68
29-Nov-06 -- 25 U 8,100 1,200 75 990 620
28-Mar-07 -- 100 U 25,000 1,500 170 170 14,000
17-Jul-07 -- 100 U 3,200 1,800 69 J 270 12,000
23-Jan-08 -- 22 J 9,600 2,200 87 J 320 12,000
19-Jul-08 -- 50 U 5,100 2,600 46 J 560 8,800

11-Mar-09 -- 50 U 6,900 2,300 70 1,100 9,300
22-Sep-10 -- 200 U 26,000 970 200 U 4,100 9,400

ML-7-2 23-Aug-06 -- 250 U 73,000 250 U 1,800 250 U 8,700
24-Jan-07 -- 100 U 580 100 U 170 100 U 12,000
17-Jul-07 -- 50 U 240 50 U 87 50 U 7,900
23-Jul-08 -- 50 U 100 50 U 39 J 50 U 8,600

09-Mar-09 -- 50 U 230 50 U 50 U 50 U 7,900
20-Sep-10 -- 20 U 83 20 U 16 J 20 U 3,400

ML-7-3 29-Jun-06 -- 4000 U 100,000 4000 U 4000 U 4,200 6,600
23-Aug-06 -- 250 U 110,000 250 U 2,900 250 U 8,200
05-Oct-06 -- 200 U 100,000 200 U 3,500 200 U 13,000
02-Dec-06 -- 250 U 47,000 250 U 1,700 250 U 32,000
24-Jan-07 -- 250 U 34,000 250 U 1,400 250 U 42,000
28-Mar-07 -- 200 U 10,000 200 U 1,300 200 U 58,000
23-Jan-08 -- 100 U 7,800 100 U 640 100 U 13,000
09-Mar-09 -- 40 U 7,500 40 U 360 40 U 5,900
20-Sep-10 -- 50 U 7,600 61 150 31 J 3,600

ML-7-4 23-Aug-06 -- 200 U 55,000 200 U 750 2,000 760
24-Jan-07 -- 50 U 3,800 50 U 90 50 U 5,600
18-Jul-07 -- 50 U 6,000 50 U 110 50 U 17,000
23-Jan-08 -- 16 J 15,000 50 U 77 J 50 U 10,000
19-Jul-08 -- 48 J 34,000 100 U 200 100 U 24,000
10-Mar-09 -- 200 U 32,000 200 U 200 U 200 U 13,000
21-Sep-10 -- 200 U 21,000 200 U 140 J 200 U 17,000

ML-7-5 23-Aug-06 -- 200 U 28,000 28,000 200 12,000 200 U
05-Oct-06 -- 500 U 11,000 65,000 500 U 10,000 500 U
13-Oct-06 -- 500 U 3,800 78,000 500 U 8,400 500 U
04-Dec-06 -- 200 U 33,000 1,800 200 U 6,000 J 4,200
25-Jan-07 -- 100 U 14,000 100 U 100 U 570 2,600
28-Mar-07 -- 200 U 30,000 200 U 200 U 200 U 2,800
18-Jul-07 -- 200 U 50,000 200 U 110 J 200 U 4,700
24-Jan-08 -- 40 J 43,000 100 U 100 J 100 U 3,400
10-Mar-09 -- 500 U 64,000 500 U 500 U 500 U 2,800
21-Sep-10 -- 500 U 65,000 500 U 260 J 500 U 12,000

ML-7-6 24-Aug-06 -- 200 U 27,000 270 200 U 790 200 U
25-Jan-07 -- 50 U 7,500 50 U 72 50 U 9,600
18-Jul-07 -- 50 U 3,200 50 U 63 50 U 19,000
24-Jan-08 -- 12 J 14,000 50 U 56 J 50 U 16,000
19-Jul-08 -- 100 U 14,000 100 U 79 J 100 U 24,000
10-Mar-09 -- 100 U 11,000 100 U 100 U 100 U 17,000
21-Sep-10 -- 25 U 2,500 25 U 25 U 25 U 6,800 J

ML-7-7 24-Aug-06 -- 50 U 7,200 50 U 51 50 U 50 U
04-Dec-06 -- 50 U 18,000 66 140 330 6,700
25-Jan-07 -- 50 U 230 50 U 50 U 50 U 10,000
29-Mar-07 -- 50 U 1,200 50 U 56 50 U 12,000
18-Jul-07 -- 50 U 4,900 50 U 38 J 50 U 7,200
24-Jan-08 -- 100 U 7,100 100 U 34 J 100 U 10,000
10-Mar-09 -- 5 U 89 5 U 5 U 5 U 770
21-Sep-10 -- 1 U 44 1.7 1 U 5.3 65

MW-08 SU 12-Jun-05 -- 2,700 19,000 5,400 200 U
MW-22 SU 12-Jun-05 -- 10,000 200 U 200 3,100
PMW-1 04-Oct-06 -- 10 U 4,900 310 75 210 390

30-Nov-06 -- 25 U 17,000 320 280 610 2,000
19-Jan-07 -- 50 U 22,000 190 390 330 5,800
26-Mar-07 -- 100 U 14,000 300 170 180 5,800
11-Jul-07 -- 50 U 4,800 170 100 180 6,000
16-Jan-08 -- 20 U 2,500 390 41 320 2,100
16-Jul-08 -- 0.68 J 1,000 31 17 33 430

04-Mar-09 -- 10 U 1,800 76 36 86 780
04-Mar-09 Duplicate 10 U 1,600 68 36 81 660
16-Sep-10 -- 2 U 92 2 U 4.6 2 U 210

Tables C2 - C4-GW Tables Dec10
Page 5 of 7 Dec 2010



TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chlorideDate
PMW-2 04-Oct-06 -- 2 U 310 2.7 24 2.8 210

30-Nov-06 -- 2 U 460 2 U 37 2 U 330
26-Mar-07 -- 5 U 590 5 U 47 5 U 610
11-Jul-07 -- 4 U 440 4 U 42 4 U 280
16-Jan-08 -- 0.54 J 330 2 U 36 2 U 310
16-Jul-08 -- 2 U 160 2 U 18 2 U 200

04-Mar-09 -- 1 U 200 1 U 25 1 U 200
15-Sep-10 -- 1 U 83 1 U 12 0.44 J 96

PMW-3 21-Aug-06 -- 200 U 44,000 20,000 1,300 3,600 2,700
10-Oct-06 -- 250 U 27,000 22,000 800 5,700 1,200
10-Oct-06 Duplicate 200 U 21,000 33,000 660 6,800 990
12-Oct-06 -- 250 U 28,000 26,000 1,000 12,000 2,000
29-Nov-06 -- 250 U 17,000 43,000 270 13,000 790
19-Jan-07 -- 400 U 40,000 4,900 400 U 1,700 970
21-Mar-07 -- 32 J 41,000 62 J 330 49 J 3,200
11-Jul-07 -- 200 U 25,000 1,200 250 1,800 3,200
11-Jul-07 Duplicate 200 U 22,000 2,100 180 J 3,000 2,500
16-Jan-08 -- 48 J 38,000 520 240 510 4,200
16-Jan-08 Duplicate 50 J 39,000 450 230 470 4,200
16-Jul-08 -- 50 U 8,800 720 100 1,100 2,200
16-Jul-08 Duplicate 12 J 8,900 740 110 1,200 2,600
04-Mar-09 -- 100 U 13,000 890 150 830 5,000
15-Sep-10 -- 25 U 2,900 25 U 52 340 4,700
15-Sep-10 Duplicate 25 U 3,100 25 U 57 280 4,500

PMW3-12H 13-Oct-06 -- 100 U 10,000 19,000 380 7,900 870
20-Mar-09 -- 100 U 23,000 180 160 230 3,000

PMW3-15M 20-Mar-09 -- 100 U 13,000 880 140 940 5,000
PMW3-16H 13-Oct-06 -- 100 U 10,000 19,000 310 7,400 850

21-Mar-09 -- 100 U 24,000 160 180 220 3,100
PMW3-1H 12-Oct-06 -- 200 U 17,000 20,000 570 9,200 1,200

20-Mar-09 -- 100 U 15,000 570 140 640 3,900
PMW3-2H 12-Oct-06 -- 200 U 15,000 20,000 410 8,900 1,200

20-Mar-09 -- 100 U 14,000 380 140 490 3,100
PMW3-30M 12-Oct-06 -- 200 U 19,000 19,000 640 8,900 1,300

20-Mar-09 -- 100 U 14,000 790 140 810 4,200
PMW3-4H 12-Oct-06 -- 100 U 14,000 19,000 470 8,800 1,000

20-Mar-09 -- 100 U 15,000 260 140 350 3,100
PMW3-8H 12-Oct-06 -- 500 U 13,000 20,000 500 U 8,500 1,100

20-Mar-09 -- 100 U 19,000 220 190 300 3,700
PMW-4 04-Oct-06 -- 200 U 15,000 59,000 710 14,000 200 U

01-Dec-06 -- 500 U 20,000 59,000 1,000 17,000 500 U
21-Mar-07 -- 500 U 27,000 56,000 1,200 18,000 160 J
12-Jul-07 -- 500 U 18,000 72,000 820 17,000 500 U
17-Jan-08 -- 500 U 30,000 68,000 1,200 22,000 220 J
16-Jul-08 -- 250 U 6,100 35,000 210 J 10,000 250 U

05-Mar-09 -- 500 U 38,000 74,000 1,400 27,000 500 U
16-Sep-10 -- 250 U 9,100 30,000 300 9,900 120 J

PMW-5 27-Jun-06 -- 5000 U 17,000 180,000 5000 U 21,000 5000 U
21-Aug-06 -- 500 U 19,000 76,000 500 U 21,000 500 U
21-Aug-06 Duplicate 500 U 20,000 78,000 500 U 22,000 500 U
05-Oct-06 -- 500 U 26,000 76,000 500 U 17,000 500 U
13-Oct-06 -- 500 U 50,000 57,000 500 26,000 500 U
02-Dec-06 -- 250 U 47,000 32,000 250 U 17,000 J 250 U
02-Dec-06 Duplicate 500 U 58,000 40,000 500 U 20,000 J 500 U
19-Jan-07 -- 500 U 59,000 30,000 500 U 12,000 500 U
21-Mar-07 -- 500 U 56,000 32,000 280 J 18,000 170 J
21-Mar-07 Duplicate 200 U 65,000 33,000 270 18,000 190 J
12-Jul-07 -- 500 U 82,000 24,000 420 J 14,000 930
17-Jan-08 -- 140 J 82,000 27,000 400 J 14,000 2,500
16-Jul-08 -- 120 J 82,000 28,000 360 J 17,000 1,500

05-Mar-09 -- 500 U 81,000 33,000 500 U 18,000 4,200
05-Mar-09 Duplicate 500 U 89,000 35,000 500 U 18,000 4,600
16-Sep-10 -- 500 U 120,000 16,000 700 17,000 8,600
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TABLE -C5
GW VOC Concentration from Demonstration Wells

Parris Island, South Carolina

Geosyntec Consultants

Location Duplicate 1,1-Dichloroethene cis-1,2-Dichloroethene Tetrachloroethene trans-1,2-Dichloroethene Trichloroethene Vinyl chlorideDate
PMW-6 26-Jun-06 -- 710 U 13,000 810 710 U 2,500 2,500

21-Aug-06 -- 100 U 9,400 300 370 570 1,400
04-Oct-06 -- 20 U 8,500 310 290 620 730
13-Oct-06 -- 20 U 8,300 180 290 490 710
02-Dec-06 -- 50 U 5,600 760 130 600 J 780
19-Jan-07 -- 40 U 4,300 2,300 130 1,000 3,000
19-Jan-07 Duplicate 40 U 4,200 2,300 110 1,000 3,000
21-Mar-07 -- 20 U 3,000 1,800 110 510 3,500
12-Jul-07 -- 10 U 840 52 48 120 1,400
17-Jan-08 -- 2.0 J 860 51 82 170 780
17-Jan-08 Duplicate 1.9 J 800 55 62 180 720
16-Jul-08 -- 1 U 150 1 U 18 1 U 160

04-Mar-09 -- 2 U 180 J 2 U 19 J 18 J 230 J
16-Sep-10 -- 1 U 160 1 U 15 2.1 200
16-Sep-10 Duplicate 1 U 170 1 U 14 2.5 160

TW-1 11-Jun-05 -- NA 100 110 NA 340 7.5
11-Jun-05 -- NA 13 2.5 NA 6.8 6.1
11-Jun-05 -- NA 68,000 8,400 NA 29,000 13,000

TW-2 12-Jun-05 -- NA 560 J 71,000 NA 2,600 1,000 U
12-Jun-05 -- NA 100 U 6,700 NA 130 100 U
12-Jun-05 -- NA 29,000 53,000 NA 38,000 2,000

TW-3 12-Jun-05 -- NA 44 19 NA 0.79 J 1.7
12-Jun-05 Duplicate NA 50 21 NA 0.72 J 2.2
12-Jun-05 -- NA 85 62 NA 0.91 J 17

TW-4 12-Jun-05 -- NA 200 U 8,800 NA 440 3.4
12-Jun-05 -- NA 29 180 NA 36 11
12-Jun-05 -- NA 5,600 12,000 NA 6,700 200 U

TRIP BLANK 29-Jun-06 -- 1 U 1 U 1 U 1 U 1 U 1 U
29-Nov-06 -- 1 U 1 U 1 U 1 U 1 U 1 U
19-Jan-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
23-Jan-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
24-Jan-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
21-Mar-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
24-Mar-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
26-Mar-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
11-Jul-07 -- 1 U 1 U 1 U 1 U 1 U 1 U
13-Jul-07 -- 1 U 1 U 1.0 1 U 1 U 1 U
18-Jul-07 -- 1 U 0.30 J 0.50 J 1 U 1 U 1 U
20-Jan-08 -- 1 U 1 U 0.29 J 1 U 1 U 1 U
22-Jan-08 -- 1 U 1 U 1 U 1 U 1 U 1 U
16-Jul-08 -- 1 U 1 U 1 U 1 U 1 U 1 U
18-Jul-08 -- 1 U 1 U 1 U 1 U 1 U 1 U
22-Jul-08 -- 1 U 1 U 1 U 1 U 1 U 1 U

04-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 1 U
06-Mar-09 -- 1 U 1.5 1 U 1 U 1 U 1 U
09-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 1 U
10-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 1 U
13-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 1 U
20-Mar-09 -- 1 U 1 U 1 U 1 U 1 U 1 U
15-Sep-10 -- 1 U 1 U 1 U 1 U 1 U 1 U
17-Sep-10 -- 1 U 1 U 1 U 1 U 1 U 1 U
21-Sep-10 -- 1 U 1 U 1 U 1 U 1 U 1 U
24-Sep-10 -- 1 U 1 U 1 U 1 U 1 U 1 U

Notes:

NA - not analyzed
"U" - not detected (reported at detection limit)
"J" - estimated result

All results in µg/L
µg/L - micrograms per liter
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Laboratory: Report Date: Page  1  of   10

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.045 0.149 ND 1 BQL(0.070) 1 BQL(0.070) (RPD=NA) 1 BQL(0.070) 1 BQL(0.062) 1 BQL(0.077) 1

7440-38-2 mg/L 0.015 0.051 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-42-8 mg/L 0.006 0.018 ND 1 0.148 1 0.150 (RPD=1.34) 1 0.150 1 0.157 1 0.068 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.032 1 0.032 (RPD=0.00) 1 0.032 1 0.037 1 0.052 1

7440-41-7 mg/L 0.001 0.004 BQL(0.001) 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 BQL(0.001) 1 BQL(0.001) 1 BQL(0.002) 1

7440-70-2 mg/L 0.007 0.023 ND 1 19.8 1 19.8 (RPD=0.00) 1 20.0 1 94.9 1 50.7 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.001) 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.003 0.009 ND 1 BQL(0.006) 1 BQL(0.006) (RPD=NA) 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.008) 1

7439-89-6 mg/L 0.019 0.063 ND 1 15.1 1 15.1 (RPD=0.00) 1 15.5 1 5.76 1 33.2 1

7440-09-7 mg/L 0.038 0.127 ND 1 2.29 1 2.31 (RPD=0.87) 1 2.34 1 8.18 1 1.86 1

7439-95-4 mg/L 0.015 0.049 ND 1 6.69 1 6.74 (RPD=0.74) 1 6.82 1 7.10 1 6.82 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.099 1 0.099 (RPD=0.00) 1 0.100 1 0.259 1 0.218 1

7439-98-7 mg/L 0.002 0.007 ND 1 0.010 1 0.009 (RPD=10.53) 1 0.009 1 0.024 1 0.017 1

7440-23-5 mg/L 0.040 0.134 ND 1 54.0 1 53.9 (RPD=0.19) 1 54.6 1 37.1 1 42.1 1

7440-02-0 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.003 0.011 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-36-0 mg/L 0.006 0.019 ND 1 BQL(0.015) 1 BQL(0.009) (RPD=NA) 1 BQL(0.012) 1 0.028 1 0.024 1

7782-49-2 mg/L 0.005 0.016 BQL(0.009) 1 ND 1 BQL(0.015) (RPD=NA) 1 BQL(0.010) 1 0.018 1 BQL(0.006) 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.118 1 0.117 (RPD=0.85) 1 0.119 1 0.278 1 0.200 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.011 0.037 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-62-2 mg/L 0.002 0.007 ND 1 BQL(0.002) 1 ND (RPD=NA) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) 1

7440-66-6 mg/L 0.007 0.024 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-21-3 mg/L 0.037 0.122 ND 1 16.2 1 16.2 (RPD=0.00) 1 16.2 1 10.7 1 11.6 1

7704-34-9 mg/L 0.121 0.403 ND 1 29.0 1 29.0 (RPD=0.00) 1 27.3 1 17.1 1 3.42 1

7723-14-0 mg/L 0.004 0.014 BQL(0.005) 1 1.39 1 1.39 (RPD=0.00) 1 1.40 1 0.514 1 0.809 1

7440-61-1 mg/L 0.004 0.013 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.005) 1 0.014 1 ND 1

Comments: 

Notes:

5744-05

Field Blank PMW-1PMW-3 PMW-3 DUP 1 PMW-2

Sample Results (1, 2)

9/15/10 9/15/10 9/15/10

5744-02

9/15/10

5744-03

9/15/10 9/16/10

5744-04

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

5744-01 5744-02 Lab Dup.

Aluminum (Al)

Arsenic (As)

9/30/10

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit

Beryllium (Be)

DF DataDF Data DF Data

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

9/30/10 9/30/10

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

9/30/10 9/30/109/30/10

Iron (Fe)

DF Data DF

Silver (Ag)

DF Data



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)

Page  2  of   10

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.061) 1 BQL(0.076) 1 BQL(0.085) 1 BQL(0.083) 1 BQL(0.086) 1 BQL(0.082) (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.115 1 0.116 1 ND 1 0.166 1 0.044 1 0.043 (RPD=2.30) 1

0.034 1 0.034 1 0.133 1 0.048 1 0.273 1 0.276 (RPD=1.09) 1

BQL(0.001) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1

38.3 1 39.0 1 63.4 1 16.4 1 78.0 1 78.6 (RPD=0.77) 1

ND 1 ND 1 BQL(0.004) 1 ND 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1

ND 1 ND 1 BQL(0.002) 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.006) 1 BQL(0.006) 1 0.018 1 0.010 1 0.017 1 0.016 (RPD=6.06) 1

11.5 1 11.9 1 111 1 14.6 1 62.7 1 62.6 (RPD=0.16) 1

2.19 1 2.21 1 5.93 1 1.75 1 4.01 1 4.02 (RPD=0.25) 1

4.72 1 4.92 1 13.1 1 6.13 1 15.4 1 15.4 (RPD=0.00) 1

0.190 1 0.194 1 0.345 1 0.095 1 0.540 1 0.537 (RPD=0.56) 1

0.014 1 0.014 1 0.017 1 0.010 1 0.021 1 0.016 (RPD=27.03) 1

48.0 1 48.4 1 52.0 1 63.8 1 48.4 1 48.9 (RPD=1.03) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.024 1 0.019 1 0.024 1 BQL(0.012) 1 0.027 1 0.027 (RPD=0.00) 1

BQL(0.013) 1 BQL(0.012) 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.008) 1 ND (RPD=NA) 1

0.135 1 0.138 1 0.341 1 0.101 1 0.605 1 0.610 (RPD=0.82) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) 1 BQL(0.003) 1 ND 1 BQL(0.003) (RPD=NA) 1

ND 1 ND 1 ND 1 BQL(0.013) 1 ND 1 ND (RPD=NA) 1

15.8 1 15.8 1 16.3 1 13.1 1 7.82 1 7.82 (RPD=0.00) 1

8.80 1 8.88 1 38.4 1 17.7 1 ND 1 ND (RPD=NA) 1

1.37 1 1.38 1 1.18 1 0.821 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

9/17/10

5744-10 Lab Dup.

Data DF Data DF Data DF

9/30/10 9/30/10

9/17/10

9/30/10 9/30/10 9/30/10 9/30/10

Data DF Data DFData DF

5744-08

9/16/10 9/16/10 9/16/10

5744-06 5744-07

9/16/10

5744-09

Sample Results (1, 2)

PMW-6 DUP 2 PMW-5 PMW-4 ML 1-2 ML 1-2

5744-10



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.083) 1 BQL(0.076) 1 BQL(0.094) 1 BQL(0.088) 1 BQL(0.085) 1 BQL(0.051) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.110 1 0.151 1 0.160 1 0.168 1 0.135 1 ND 1

0.297 1 0.178 1 0.174 1 0.028 1 0.157 1 0.621 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1

58.4 1 41.8 1 47.7 1 23.7 1 51.2 1 116 1

ND 1 ND 1 ND 1 ND 1 ND 1 0.014 1

ND 1 ND 1 ND 1 ND 1 ND 1 0.005 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.011 1 0.009 1 BQL(0.008) 1 BQL(0.007) 1 BQL(0.007) 1 0.035 1

21.1 1 11.5 1 5.59 1 4.55 1 5.27 1 323 1

5.30 1 1.61 1 1.29 1 1.11 1 1.45 1 2.22 1

14.7 1 9.09 1 5.65 1 4.92 1 6.00 1 60.2 1

0.227 1 0.189 1 0.258 1 0.126 1 0.301 1 0.650 1

0.017 1 0.012 1 0.011 1 0.011 1 0.015 1 0.020 1

53.4 1 55.1 1 54.7 1 116 1 122 1 126 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.004) 1

0.030 1 0.024 1 0.025 1 BQL(0.016) 1 0.029 1 0.028 1

BQL(0.013) 1 BQL(0.006) 1 ND 1 BQL(0.011) 1 ND 1 ND 1

0.681 1 0.528 1 0.651 1 0.138 1 0.431 1 1.37 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.003) 1 ND 1 ND 1 ND 1 BQL(0.003) 1 BQL(0.003) 1

ND 1 ND 1 ND 1 ND 1 ND 1 0.035 1

10.2 1 14.5 1 15.4 1 18.4 1 19.0 1 10.5 1

ND 1 7.17 1 8.18 1 7.04 1 ND 1 ND 1

0.422 1 1.04 1 1.15 1 1.99 1 1.42 1 BQL(0.010) 1

ND 1 BQL(0.005) 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF Data DF

9/30/10 9/30/109/30/10 9/30/10 9/30/10 9/30/10

Data DF Data DFData DF

ML 2-2

5744-155744-11 5744-12 5744-13

9/17/10 9/17/10 9/17/10 9/18/10 9/18/109/17/10

5744-14

Sample Results (1, 2)

ML 1-3 ML 1-4 ML 1-5 ML 1-6 ML 1-7

5744-16



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)
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ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 BQL(0.085) 1 BQL(0.094) 1 BQL(0.088) (RPD=NA) 1 BQL(0.103) 1 BQL(0.107) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 0.121 1 0.145 1 0.144 (RPD=0.69) 1 0.149 1 0.148 1

1.02 1 0.623 1 0.044 1 0.044 (RPD=0.00) 1 0.033 1 0.321 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 BQL(0.002) 1 BQL(0.003) 1

229 1 139 1 30.8 1 30.7 (RPD=0.33) 1 49.3 1 132 1

0.029 1 BQL(0.001) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.020 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.033 1 0.013 1 BQL(0.009) 1 BQL(0.008) (RPD=NA) 1 0.010 1 0.013 1

513 1 38.9 1 1.78 1 1.64 (RPD=8.19) 1 4.23 1 8.97 1

3.82 1 1.46 1 0.760 1 0.770 (RPD=1.31) 1 1.14 1 1.90 1

126 1 24.7 1 3.18 1 3.17 (RPD=0.31) 1 6.02 1 11.0 1

1.04 1 0.692 1 0.168 1 0.166 (RPD=1.20) 1 0.219 1 0.696 1

0.013 1 0.018 1 0.012 1 0.012 (RPD=0.00) 1 0.014 1 0.021 1

90.7 1 58.3 1 46.8 1 46.9 (RPD=0.21) 1 63.5 1 131 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.012 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.029 1 0.041 1 BQL(0.017) 1 BQL(0.016) (RPD=NA) 1 0.022 1 0.038 1

ND 1 BQL(0.006) 1 BQL(0.012) 1 BQL(0.013) (RPD=NA) 1 BQL(0.012) 1 0.020 1

2.79 1 1.51 1 0.220 1 0.219 (RPD=0.46) 1 0.408 1 1.36 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.006) 1 BQL(0.004) 1 ND 1 BQL(0.002) (RPD=NA) 1 ND 1 ND 1

0.086 1 BQL(0.014) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.016) 1

7.64 1 18.5 1 17.7 1 17.7 (RPD=0.00) 1 18.6 1 19.4 1

ND 1 ND 1 9.86 1 9.82 (RPD=0.41) 1 6.39 1 ND 1

0.049 1 0.584 1 1.82 1 1.82 (RPD=0.00) 1 1.33 1 0.581 1

ND 1 BQL(0.004) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.006) 1

Data DF Data DF Data DFData DF Data DF Data DF

9/30/10 9/30/10 9/30/10 9/30/10 9/30/10 9/30/10

9/20/10 9/20/10

5744-17 5744-18 5744-19

9/18/10 9/18/10 9/18/10 9/18/10

5744-19 Lab Dup.

Sample Results (1, 2)

ML 2-3 ML 2-4 ML 2-5 ML 2-5 ML 2-6 ML 2-7

5744-20 5744-21



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)

Page  5  of   10

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.059) 1 BQL(0.087) 1 BQL(0.082) 1 BQL(0.091) 1 ND 1

ND 1 0.081 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 0.070 1 ND 1 ND 1 0.105 1

0.827 1 1.08 1 0.400 1 0.198 1 0.853 1 0.611 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.001) 1

184 1 148 1 81.2 1 96.5 1 175 1 124 1

0.045 1 0.018 1 BQL(0.002) 1 0.008 1 BQL(0.004) 1 BQL(0.001) 1

0.012 1 0.006 1 ND 1 BQL(0.003) 1 BQL(0.001) 1 BQL(0.001) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.030 1 0.021 1 0.011 1 0.018 1 0.011 1 BQL(0.004) 1

732 1 341 1 56.1 1 192 1 95.3 1 24.2 1

6.48 1 3.06 1 1.53 1 2.19 1 1.82 1 1.83 1

79.4 1 96.8 1 21.1 1 22.2 1 28.5 1 17.4 1

0.733 1 0.728 1 0.449 1 0.601 1 1.11 1 0.760 1

0.012 1 0.016 1 0.015 1 0.019 1 0.021 1 0.018 1

121 1 162 1 62.9 1 63.9 1 94.7 1 127 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.016 1 0.012 1 ND 1 BQL(0.004) 1 ND 1 ND 1

BQL(0.017) 1 0.026 1 0.030 1 0.030 1 0.046 1 0.031 1

ND 1 ND 1 BQL(0.009) 1 ND 1 ND 1 BQL(0.006) 1

1.89 1 1.88 1 0.873 1 0.585 1 1.61 1 1.29 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.011 1 BQL(0.006) 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.003) 1

0.085 1 0.042 1 ND 1 BQL(0.019) 1 0.026 1 BQL(0.007) 1

19.6 1 10.1 1 19.9 1 15.5 1 18.8 1 17.9 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 0.053 1 0.548 1 0.297 1 0.312 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.005) 1

9/21/10

5754-01

Data DF Data DF Data DF

9/30/10 10/7/10

9/21/10

9/30/10 9/30/10 9/30/10 9/30/10

Data DF Data DFData DF

5744-22 5744-23 5744-24

9/20/10 9/20/10 9/21/10 9/21/10

5744-25

Sample Results (1, 2)

ML 7-2 ML 7-3 ML 7-4 ML 7-5 ML 7-6 ML 7-7

5744-26



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)
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ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 ND 1 0.228 1 ND 1 ND 1 ND 1

0.105 (RPD=0.00) 1 ND 1 ND 1 0.143 1 BQL(0.009) 1 BQL(0.012) 1

0.605 (RPD=0.99) 1 0.656 1 0.623 1 0.180 1 0.143 1 0.146 1

ND (RPD=NA) 1 BQL(0.001) 1 ND 1 ND 1 ND 1 BQL(0.001) 1

123 (RPD=0.81) 1 176 1 157 1 50.0 1 74.7 1 75.3 1

BQL(0.001) (RPD=NA) 1 0.023 1 0.009 1 ND 1 BQL(0.003) 1 BQL(0.004) 1

ND (RPD=NA) 1 0.008 1 BQL(0.004) 1 ND 1 BQL(0.002) 1 BQL(0.001) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.005) (RPD=NA) 1 0.021 1 0.013 1 BQL(0.003) 1 0.014 1 0.012 1

24.1 (RPD=0.41) 1 407 1 198 1 6.35 1 73.2 1 73.2 1

1.95 (RPD=6.35) 1 5.88 1 2.49 1 1.62 1 2.17 1 2.18 1

17.4 (RPD=0.00) 1 66.9 1 69.6 1 8.45 1 15.5 1 15.6 1

0.760 (RPD=0.00) 1 0.506 1 0.573 1 0.216 1 0.401 1 0.410 1

0.018 (RPD=0.00) 1 0.015 1 0.016 1 0.015 1 0.017 1 0.017 1

126 (RPD=0.79) 1 89.8 1 77.4 1 43.7 1 57.7 1 57.6 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 0.014 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.006) 1 BQL(0.008) 1

0.034 (RPD=9.23) 1 0.019 1 0.029 1 BQL(0.015) 1 0.029 1 0.023 1

BQL(0.009) (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

1.28 (RPD=0.78) 1 1.61 1 1.76 1 0.505 1 0.425 1 0.428 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 0.009 1 BQL(0.005) 1 BQL(0.002) 1 ND 1 BQL(0.003) 1

BQL(0.008) (RPD=NA) 1 0.051 1 0.027 1 ND 1 ND 1 ND 1

17.9 (RPD=0.00) 1 11.3 1 12.2 1 16.6 1 17.3 1 17.3 1

ND (RPD=NA) 1 ND 1 ND 1 1.00 1 1.78 1 1.82 1

0.309 (RPD=0.97) 1 ND 1 0.250 1 1.17 1 0.799 1 0.798 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF Data DF

10/7/10 10/7/1010/7/10 10/7/10 10/7/10 10/7/10

Data DF Data DFData DF

DUP 3

5754-055754-01 Lab Dup. 5754-02 5754-03

9/21/10 9/21/10 9/22/10 9/22/10 9/22/109/22/10

5754-04

Sample Results (1, 2)

ML 7-7 ML 6-2 ML 6-3 ML 6-4 ML 6-5

5754-06



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)
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ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.047) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 0.169 1 ND 1

0.071 1 0.120 1 ND 1 ND (RPD=NA) 1 ND 1 0.155 1

0.130 1 0.279 1 0.320 1 0.320 (RPD=0.00) 1 0.339 1 0.022 1

ND 1 BQL(0.001) 1 BQL(0.001) 1 ND (RPD=NA) 1 ND 1 ND 1

87.6 1 76.6 1 101 1 101 (RPD=0.00) 1 128 1 22.4 1

BQL(0.003) 1 BQL(0.001) 1 0.013 1 0.014 (RPD=7.41) 1 0.009 1 ND 1

BQL(0.002) 1 ND 1 0.005 1 0.006 (RPD=18.18) 1 BQL(0.004) 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.009) 1 BQL(0.006) 1 0.015 1 0.017 (RPD=12.50) 1 0.011 1 ND 1

50.1 1 13.9 1 284 1 284 (RPD=0.00) 1 198 1 2.56 1

1.78 1 1.71 1 2.72 1 2.78 (RPD=2.18) 1 1.58 1 1.07 1

18.4 1 10.3 1 53.6 1 53.6 (RPD=0.00) 1 69.5 1 8.31 1

0.550 1 0.495 1 0.369 1 0.370 (RPD=0.27) 1 0.477 1 0.057 1

0.017 1 0.016 1 0.016 1 0.015 (RPD=6.45) 1 0.016 1 0.008 1

85.1 1 121 1 79.8 1 79.6 (RPD=0.25) 1 59.9 1 47.2 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.007) 1 BQL(0.006) 1 0.011 1 0.011 (RPD=0.00) 1 BQL(0.007) 1 ND 1

0.028 1 0.024 1 0.024 1 BQL(0.017) (RPD=NA) 1 0.027 1 BQL(0.009) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.489 1 0.617 1 0.920 1 0.918 (RPD=0.22) 1 1.26 1 0.159 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.005) 1 BQL(0.004) (RPD=NA) 1 BQL(0.004) 1 ND 1

BQL(0.009) 1 ND 1 0.031 1 0.033 (RPD=6.25) 1 BQL(0.021) 1 ND 1

21.2 1 20.9 1 5.83 1 5.84 (RPD=0.17) 1 9.40 1 15.5 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 7.83 1

0.312 1 0.441 1 BQL(0.012) 1 0.015 (RPD=NA) 1 0.578 1 1.36 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

Data DF Data DF Data DFData DF Data DF Data DF

10/7/10 10/7/10 10/7/10 10/7/10 10/7/10 10/7/10

9/23/10 9/23/10

5754-07 5754-08 5754-09

9/22/10 9/22/10 9/22/10 9/22/10

5754-09 Lab Dup.

Sample Results (1, 2)

ML 6-6 ML 6-7 ML 5-2 ML 5-2 ML 5-3 ML 5-4

5754-10 5754-11



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 BQL(0.042) 1 ND 1

0.135 1 0.139 1 0.128 1 0.033 1 ND 1 0.130 1

0.069 1 0.102 1 0.196 1 0.396 1 0.196 1 0.155 1

ND 1 ND 1 ND 1 BQL(0.001) 1 BQL(0.001) 1 BQL(0.001) 1

31.9 1 48.3 1 55.3 1 78.3 1 55.1 1 36.4 1

ND 1 ND 1 ND 1 0.009 1 BQL(0.004) 1 ND 1

ND 1 ND 1 ND 1 0.004 1 BQL(0.002) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.008) 1 BQL(0.005) 1 ND 1

8.14 1 11.5 1 7.57 1 177 1 83.0 1 15.1 1

1.07 1 1.00 1 1.32 1 7.69 1 1.16 1 1.03 1

6.04 1 9.12 1 7.16 1 41.3 1 31.1 1 8.45 1

0.154 1 0.280 1 0.348 1 0.238 1 0.195 1 0.174 1

0.010 1 0.013 1 0.015 1 0.016 1 0.016 1 0.012 1

49.7 1 77.7 1 113 1 111 1 49.5 1 50.7 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.004) 1 BQL(0.004) 1 0.012 1 BQL(0.004) 1 ND 1

BQL(0.018) 1 0.024 1 0.022 1 0.026 1 BQL(0.019) 1 BQL(0.012) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.239 1 0.380 1 0.487 1 0.853 1 0.518 1 0.293 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.004) 1 BQL(0.003) 1 ND 1

ND 1 ND 1 ND 1 BQL(0.015) 1 ND 1 ND 1

17.2 1 18.3 1 18.3 1 6.35 1 8.59 1 15.3 1

2.38 1 ND 1 ND 1 ND 1 ND 1 ND 1

1.44 1 1.19 1 0.965 1 0.017 1 0.297 1 1.28 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5754-15

Sample Results (1, 2)

ML 5-5 ML 5-6 ML 5-7 ML 4-2 ML 4-3 ML 4-4

5754-16 5754-17

9/23/10 9/23/10 9/23/10 9/23/10 9/24/10 9/24/10

5754-12 5754-13 5754-14

Data DF

10/7/10 10/7/10 10/7/10 10/7/10

Data DF Data DF Data DF Data DF Data DF

10/7/10 10/7/10



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)
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ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.052) 1 0.184 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.118 1 0.122 1 0.121 (RPD=0.82) 1 0.121 1 0.407 1 0.417 1

0.098 1 0.078 1 0.078 (RPD=0.00) 1 0.201 1 0.532 1 0.374 1

ND 1 BQL(0.001) 1 ND (RPD=NA) 1 BQL(0.001) 1 BQL(0.002) 1 BQL(0.002) 1

42.4 1 40.1 1 40.2 (RPD=0.25) 1 60.8 1 103 1 89.5 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1 BQL(0.002) 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

10.3 1 9.53 1 9.49 (RPD=0.42) 1 8.34 1 20.4 1 11.8 1

1.47 1 1.28 1 1.24 (RPD=3.17) 1 1.22 1 166 1 170 1

7.74 1 8.04 1 8.03 (RPD=0.12) 1 7.23 1 18.7 1 16.4 1

0.205 1 0.209 1 0.207 (RPD=0.96) 1 0.379 1 0.056 1 0.041 1

0.011 1 0.012 1 0.012 (RPD=0.00) 1 0.016 1 0.017 1 0.017 1

55.4 1 62.8 1 63.2 (RPD=0.63) 1 82.2 1 417 1 414 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1 ND 1

BQL(0.006) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.006) 1 BQL(0.005) 1

BQL(0.017) 1 BQL(0.018) 1 BQL(0.017) (RPD=NA) 1 0.025 1 0.035 1 0.034 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 0.017 1 ND 1

0.280 1 0.265 1 0.266 (RPD=0.38) 1 0.413 1 1.87 1 1.53 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.001) 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

15.7 1 15.7 1 15.7 (RPD=0.00) 1 16.2 1 11.8 1 12.1 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

1.41 1 1.33 1 1.32 (RPD=0.75) 1 1.13 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.006) 1 BQL(0.007) 1

5754-20

Sample Results (1, 2)

ML 4-5 ML 4-6 ML-4-6 ML 4-7 ML 3-2 ML 3-2 TOTAL

5754-21 5754-22

9/24/10 9/24/10 9/24/10 9/24/10 9/26/10 9/27/10

5754-18 5754-19 5754-19 Lab Dup.

Data DF

10/7/10 10/7/10 10/7/10 10/7/10

Data DF Data DF Data DF Data DF Data DF

10/7/10 10/7/10



Laboratory: Report Date:

Technical Directive:

Analysts:
Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.015 0.051

7429-90-5 mg/L 0.045 0.149

7440-38-2 mg/L 0.015 0.051

7440-42-8 mg/L 0.006 0.018

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.007 0.023

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.009

7439-89-6 mg/L 0.019 0.063

7440-09-7 mg/L 0.038 0.127

7439-95-4 mg/L 0.015 0.049

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.040 0.134

7440-02-0 mg/L 0.001 0.004

7439-92-1 mg/L 0.003 0.011

7440-36-0 mg/L 0.006 0.019

7782-49-2 mg/L 0.005 0.016

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.011 0.037

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.007 0.024

7440-21-3 mg/L 0.037 0.122

7704-34-9 mg/L 0.121 0.403

7723-14-0 mg/L 0.004 0.014

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(4)

S.Markham/A.Greenwood

Metals 10/18/10

7ME695SF

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Beryllium (Be)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Uranium (U)

No problems noted. 

Nickel (Ni)

Selenium (Se)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Iron (Fe)

Silver (Ag)

Page  10  of   10

ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.036 1 BQL(0.015) 1 ND 1 0.069 1

0.371 1 0.167 1 0.310 1 0.065 1 0.157 1

BQL(0.001) 1 BQL(0.001) 1 BQL(0.001) 1 BQL(0.001) 1 ND 1

103 1 60.0 1 83.1 1 59.6 1 43.9 1

0.008 1 0.004 1 BQL(0.003) 1 0.004 1 BQL(0.001) 1

0.006 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.003) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.007) 1 BQL(0.003) 1 ND 1 ND 1 ND 1

172 1 97.9 1 77.4 1 97.3 1 27.6 1

5.62 1 15.6 1 23.0 1 1.86 1 1.57 1

48.0 1 11.1 1 14.5 1 18.2 1 8.18 1

0.147 1 0.137 1 0.357 1 0.388 1 0.337 1

0.016 1 0.013 1 0.018 1 0.018 1 0.014 1

107 1 54.2 1 78.4 1 116 1 112 1

ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.007) 1 BQL(0.005) 1 ND 1 BQL(0.005) 1 BQL(0.006) 1

0.022 1 BQL(0.018) 1 0.028 1 0.021 1 BQL(0.019) 1

ND 1 ND 1 ND 1 ND 1 ND 1

1.31 1 1.03 1 0.874 1 0.480 1 0.351 1

ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.003) 1 BQL(0.003) 1 BQL(0.002) 1 ND 1 ND 1

BQL(0.021) 1 ND 1 BQL(0.010) 1 ND 1 ND 1

9.99 1 12.0 1 8.71 1 11.4 1 19.4 1

ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.441 1 0.454 1 0.111 1 0.960 1

ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF Data DFData DF Data DF Data DF

10/7/10 10/7/10 10/7/10 10/7/10 10/7/10

9/28/10 9/28/10 9/28/10 9/28/10 9/29/10

5754-23 5754-24 5754-25 5754-26

Sample Results (1, 2)

ML 3-3 ML 3-4 ML 3-5 ML 3-6 ML 3-7

5754-27



Laboratory: Report Date: Page  1  of  10

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173 ND 1 7.54 1 7.40 (RPD=1.87) 1 7.63 1 23.0 1 13.0 1

7440-47-3 μg/L 0.008 0.027 BQL(0.025) 1 0.653 1 0.633 (RPD=3.11) 1 0.649 1 0.424 1 0.546 1

7440-50-8 μg/L 0.287 0.957 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 μg/L 0.105 0.350 ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.043 0.143 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7782-49-2 μg/L 0.044 0.147 ND 1 3.57 1 3.52 (RPD=1.41) 1 3.39 1 3.06 1 2.98 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.012 1 0.011 (RPD=8.70) 1 0.012 1 11.1 1 0.052 1

7440-66-6 μg/L 0.072 0.240 BQL(0.090) 1 0.939 1 1.12 (RPD=17.58) 1 0.683 1 0.860 1 1.45 1

7439-97-6 μg/L 0.019 0.064 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments:

Notes:

10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10

9/15/10

5744-02 Lab Dup.

10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10

5744-05

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF DataMDL Data DF Data DF DataQL

5744-02

9/15/10 9/15/10

5744-01

Unit
Analytes

Names 

RSKSOP 257(2)

DF

Field Blank

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

PMW-3

5744-03

9/15/10

Steve Markham

7ME695SF Sample Results (1, 2)

PMW-3

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals 

PMW-1DUP 1

9/16/10

10/11, 10/12, 10/13 & 10/14/10

PMW-2

10/11, 10/12, 10/13 & 10/14/10

5744-04

9/15/10



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  2  of  10

10.2 1 11.0 1 12.2 1 19.4 1 4.99 1 44.9 1

0.510 1 0.516 1 0.832 1 1.70 1 0.302 1 0.238 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 BQL(0.062) 1 ND 1 ND 1

2.74 1 2.77 1 5.71 1 3.70 1 5.70 1 4.70 1

0.709 1 0.788 1 0.009 1 0.044 1 BQL(0.006) 1 0.089 1

1.96 1 BQL(0.154) 1 0.575 1 18.5 1 0.471 1 0.805 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5744-11

9/17/10

10/11, 10/12, 10/13 & 10/14/10

5744-10

9/17/10

10/11, 10/12, 10/13 & 10/14/10

PMW-4

9/16/10 9/16/10 9/16/10 9/16/10

5744-09

ML 1-2

DFDF Data DF Data

Sample Results (1, 2)

PMW-6 DUP 2 PMW-5 ML 1-3

DF

5744-06 5744-07 5744-08

Data

10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10

Data DF DF DataData

10/11, 10/12, 10/13 & 10/14/10



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  3  of  10

44.4 (RPD=1.12) 1 12.6 1 9.46 1 2.06 1 0.552 1 12.3 1

0.243 (RPD=2.08) 1 0.291 1 0.265 1 0.177 1 0.136 1 0.235 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

4.80 (RPD=2.11) 1 4.40 1 3.78 1 3.73 1 3.76 1 8.34 1

0.088 (RPD=1.13) 1 BQL(0.004) 1 BQL(0.007) 1 0.159 1 BQL(0.002) 1 ND 1

0.945 (RPD=16.00) 1 1.06 1 0.760 1 1.31 1 2.45 1 2.56 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10

Data DF Data DF Data DF Data DF

5744-11 Lab Dup. 5744-12

10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10

5744-15 5744-16

9/17/10 9/17/10 9/17/10 9/17/10 9/18/10 9/18/10

Sample Results (1, 2)

ML 1-3 ML 1-4 ML 1-5 ML 1-6 ML 1-7 ML 2-2

5744-13 5744-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  4  of  10

36.3 1 4.21 1 1.12 1 1.55 1 3.02 1 2.99 (RPD=1.00) 1

0.067 1 0.446 1 0.342 1 0.316 1 0.156 1 0.156 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

6.11 1 5.61 1 2.79 1 3.08 1 4.03 1 4.05 (RPD=0.50) 1

ND 1 BQL(0.002) 1 0.015 1 0.025 1 0.317 1 0.314 (RPD=0.95) 1

2.36 1 0.729 1 0.493 1 0.732 1 1.73 1 1.73 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

5744-21 Lab Dup.

9/20/10

5744-20 5744-21

Sample Results (1, 2)

ML 2-3 ML 2-4 ML 2-5 ML 2-6 ML 2-7 ML 2-7

5744-17 5744-18 5744-19

9/18/10 9/18/10 9/18/10

Data DF

10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/10 10/11, 10/12, 10/13 & 10/14/1010/11, 10/12, 10/13 & 10/14/10

Data DF Data DF Data DF Data DF Data DF

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10

9/20/10 9/20/10



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  5  of  10

7.42 1 ⎯ ⎯ 2.40 1 2.72 1 2.87 1 2.20 1

0.329 1 0.434 1 0.504 1 0.314 1 0.185 1 0.100 1

ND 1 BQL(0.288) 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 0.469 1 ND 1 ND 1 ND 1

8.51 1 7.17 1 3.63 1 4.01 1 4.51 1 4.41 1

BQL(0.002) 1 BQL(0.009) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 0.014 1

4.31 1 3.68 1 1.14 1 0.427 1 1.58 1 0.300 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.025) 1

5744-26 5754-01

Sample Results (1, 2)

ML 7-2 ML 7-3 ML 7-4 ML 7-5 ML 7-6 ML 7-7

9/21/10 9/21/10

5744-22 5744-23 5744-24

9/20/10 9/20/10 9/21/10 9/21/10

5744-25

Data DF

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10

Data DF Data DF Data DF Data DF Data DF

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  6  of  10

14.9 1 ⎯ ⎯ 2.70 1 2.75 1 2.79 (RPD=1.44) 1 2.86 1

0.327 1 0.230 1 0.365 1 0.437 1 0.449 RPD=2.71) 1 0.441 1

1.26 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

7.81 1 6.17 1 3.17 1 3.66 1 3.71 (RPD=1.36) 1 3.77 1

BQL(0.003) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.002) (RPD=NA) 1 BQL(0.002) 1

1.48 1 0.642 1 0.699 1 0.531 1 0.484 (RPD=9.26) 1 BQL(0.117) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

Data DF Data DF Data DFData DF Data DF Data DF

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10

9/22/10 9/22/10

5754-02 5754-03 5754-04

9/21/10 9/22/10 9/22/10 9/22/10

5754-05

Sample Results (1, 2)

ML 6-2 ML 6-3 ML 6-4 ML 6-5 ML 6-5 DUP 3

5754-05 Lab Dup. 5754-06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  7  of  10

4.16 1 2.85 1 18.7 1 ⎯ ⎯ 1.27 1 0.954 1

0.402 1 0.215 1 0.452 1 0.238 1 0.329 1 0.368 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.04 1 4.99 1 8.06 1 7.20 1 3.44 1 3.08 1

ND 1 0.018 1 BQL(0.004) 1 ND 1 BQL(0.002) 1 BQL(0.003) 1

0.344 1 0.277 1 1.13 1 BQL(0.237) 1 BQL(0.083) 1 0.329 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

DFData DF

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10

9/23/10 9/23/10

Data DF DataData DF Data DF Data DF

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10

5754-07 5754-08 5754-09

9/22/10 9/22/10 9/22/10 9/23/10

5754-10

Sample Results (1, 2)

ML 6-6 ML 6-7 ML 5-2 ML 5-3 ML 5-4 ML 5-5

5754-11 5754-12



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  8  of  10

1.03 1 0.980 1 27.8 1 27.8 (RPD=0.00) 1 127 5 7.12 1

0.331 1 0.159 1 0.418 1 0.413 (RPD=1.20) 1 0.416 1 0.301 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

4.08 1 4.62 1 6.64 1 6.50 (RPD=2.13) 1 5.31 1 2.81 1

ND 1 0.042 1 0.013 1 0.009 (RPD=36.36) 1 BQL(0.004) 1 BQL(0.004) 1

BQL(0.172) 1 0.441 1 1.02 1 0.938 (RPD=8.38) 1 0.354 1 0.298 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

9/24/10

5754-17

Data DF Data DF Data DF

10/13 & 10/14/10 10/13 & 10/14/10

9/24/10

10/12, 10/13 & 10/14/10 10/12, 10/13 & 10/14/10 10/13 & 10/14/10 10/13 & 10/14/10

Data DF Data DFData DF

5754-165754-13 5754-14 5754-15

9/23/10 9/23/10 9/23/10 9/23/10

5754-15 Lab Dup.

Sample Results (1, 2)

ML 5-6 ML 5-7 ML 4-2 ML 4-2 ML 4-3 ML 4-4



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  9  of  10

1.77 1 1.83 1 1.76 1 61.7 1 58.3 1 88.4 1

0.291 1 0.317 1 0.257 1 0.281 1 0.498 1 0.036 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 BQL(0.132) 1 ND 1

2.35 1 2.79 1 3.01 1 7.05 1 6.84 1 8.22 1

BQL(0.006) 1 BQL(0.003) 1 0.014 1 0.014 1 0.060 1 BQL(0.002) 1

0.830 1 0.851 1 0.664 1 5.23 1 3.22 1 1.65 1

ND 1 ND 1 BQL(0.025) 1 ND 1 ND 1 ND 1

Data DF Data DF Data DF

10/13 & 10/14/10 10/13 & 10/14/1010/13 & 10/14/10 10/13 & 10/14/10 10/13 & 10/14/10 10/13 & 10/14/10

Data DF Data DFData DF

ML 3-3

5754-225754-18 5754-19 5754-20

9/24/10 9/24/10 9/24/10 9/27/10 9/28/109/26/10

5754-21

Sample Results (1, 2)

ML 4-5 ML 4-6 ML 4-7 ML 3-2 ML 3-2 TOTAL

5754-23



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.052 0.173

7440-47-3 μg/L 0.008 0.027

7440-50-8 μg/L 0.287 0.957

7439-89-6 μg/L 0.105 0.350

7439-92-1 μg/L 0.043 0.143

7782-49-2 μg/L 0.044 0.147

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.072 0.240

7439-97-6 μg/L 0.019 0.064

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

7ME695SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

10/19/10Metals Page  10  of  10

1.79 1 1.88 (RPD=4.90) 1 1.35 1 1.34 1 0.924 1

0.092 1 0.097 (RPD=5.29) 1 BQL(0.011) 1 0.087 1 0.052 1

BQL(0.424) 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

3.43 1 3.49 (RPD=1.73) 1 3.78 1 4.65 1 3.71 1

ND 1 ND (RPD=NA) 1 BQL(0.005) 1 ND 1 0.029 1

1.30 1 1.27 (RPD=2.33) 1 0.894 1 1.31 1 1.99 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Data DF Data DF Data DFData DF Data DF Data DF

10/13 & 10/14/10 10/13 & 10/14/10 10/13 & 10/14/10 10/13 & 10/14/10 10/13 & 10/14/10

9/29/10

5754-24 5754-24 Lab Dup. 5754-25

9/28/10 9/28/10 9/28/10 9/28/10

5754-26

Sample Results (1, 2)

ML 3-4 ML 3-4 ML 3-5 ML 3-6 ML 3-7

5754-27



Page 1 of 2

Laboratory: General Parameters Report Date: 10/12/10

Technical Directive: EPAGP204

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF stdev Data DF stdev

FIELD BLANK 5744-1 10/5/2010-10/12/2010 BQL (0.221) 1 0.056 ND (0.035) 1 0.029

PMW-3 5744-2 10/5/2010-10/12/2010 42.2 8 0.338 30.5 10 1.11

DUP1 5744-3 10/5/2010-10/12/2010 45.1 8 0.428 32.2 10 0.849

PMW-2 5744-4 10/5/2010-10/12/2010 86.7 8 0.243 17.7 4 0.038

PMW-1 5744-5 10/5/2010-10/12/2010 69.9 8 0.314 24.0 8 0.167

PMW-6 5744-6 10/5/2010-10/12/2010 61.4 8 0.147 14.3 4 0.028

DUP2 5744-7 10/5/2010-10/12/2010 63.2 8 0.070 14.4 4 0.065

PMW-5 5744-8 10/5/2010-10/12/2010 38.2 8 0.090 149 20 1.60

PMW-4 5744-9 10/5/2010-10/12/2010 50.0 8 0.127 20.7 4 0.094

ML1-2 5744-10 10/5/2010-10/12/2010 92.2 8 0.232 34.5 4 0.250

ML1-2 5744-10 LAB DUP 10/5/2010-10/12/2010 92.3 (RPD=0.108) 8 0.288 - - -

ML1-3 5744-11 10/5/2010-10/12/2010 82.2 8 0.098 30.4 4 0.022

ML1-3 5744-11 LAB DUP 9/17/2010 10/5/2010-10/12/2010 - - - 30.3 (RPD=0.329) 4 2.54

ML1-4 5744-12 9/17/2010 10/5/2010-10/12/2010 67.4 8 0.134 23.0 4 0.146

ML1-5 5744-13 9/17/2010 10/5/2010-10/12/2010 62.4 8 0.150 19.1 4 0.091

ML1-6 5744-14 9/17/2010 10/5/2010-10/12/2010 67.1 8 0.030 8.24 4 0.231

ML1-7 5744-15 9/18/2010 10/5/2010-10/12/2010 87.7 8 0.075 7.72 4 0.042

ML2-2 5744-16 10/5/2010-10/12/2010 98.3 8 0.528 353 50 6.91

ML2-3 5744-17 9/18/2010 10/5/2010-10/12/2010 19.7 8 0.512 1200 100 18.2

ML2-4 5744-18 9/18/2010 10/5/2010-10/12/2010 65.6 8 0.488 182 10 3.79

ML2-5 5744-19 9/18/2010 10/5/2010-10/12/2010 43.3 8 0.503 8.42 4 0.838

ML2-6 5744-20 9/20/2010 10/5/2010-10/12/2010 53.6 8 0.082 8.27 4 0.571

ML2-6 5744-20 LAB DUP 9/20/2010 10/5/2010-10/12/2010 52.5 (RPD=2.07) 8 0.125 - - -

ML2-7 5744-21 9/20/2010 10/5/2010-10/12/2010 104 8 0.342 13.7 4 0.168

ML2-7 5744-21 LAB DUP 9/20/2010 10/5/2010-10/12/2010 - - - 13.8 (RPD=0.727) 4 0.101

ML7-2 5744-22 9/20/2010 10/5/2010-10/12/2010 7.63 2 0.163 1600 100 10.1

ML7-3 5744-23 9/20/2010 10/5/2010-10/12/2010 24.6 4 0.085 1250 100 50.2

ML7-4 5744-24 9/21/2010 10/5/2010-10/12/2010 43.1 4 0.130 205 20 0.184

ML7-5 5744-25 9/21/2010 10/5/2010-10/12/2010 26.7 4 0.100 370 20 3.10

ML7-5 5744-25 LAB DUP 9/21/2010 10/5/2010-10/12/2010 26.9 (RPD=0.746) 4 0.161 - - -

ML7-6 5744-26 9/21/2010 10/5/2010-10/12/2010 76.1 4 0.092 320 20 1.72

ML7-7 5754-1 9/21/2010 10/5/2010-10/12/2010 141 8 0.550 20.4 10 1.77

ML6-2 5754-2 9/21/2010 10/5/2010-10/12/2010 33.4 4 1.96 804 50 4.71

ML6-3 5754-3 9/22/2010 10/5/2010-10/12/2010 53.3 4 0.082 450 40 7.74

ML6-4 5754-4 9/22/2010 10/5/2010-10/12/2010 59.8 10 0.431 52.4 10 2.12

ML6-5 5754-5 9/22/2010 10/5/2010-10/12/2010 37.0 4 0.107 190 10 1.81

EPA - General Parameters

Analytical Results Report

RSKSOP-265 Rev. 3RSKSOP-265 Rev. 3

0.045**

0.500**

mg/L

0.039**

1.00**

9/16/2010

9/17/2010

9/17/2010

9/17/2010

9/15/2010

Date Collected

mg/L

Total Organic Carbon (TOC)

7440-44-0-TOC

9/15/2010

9/15/2010

9/15/2010

9/16/2010

9/16/2010

9/16/2010

9/18/2010

9/16/2010



Page 2 of 2

Laboratory: General Parameters Report Date: 10/12/10

Technical Directive: EPAGP204

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF stdev Data DF stdev

EPA - General Parameters

Analytical Results Report

RSKSOP-265 Rev. 3RSKSOP-265 Rev. 3

0.045**

0.500**

mg/L

0.039**

1.00**
Date Collected

mg/L

Total Organic Carbon (TOC)

7440-44-0-TOC

DUP3 5754-6 9/22/2010 10/5/2010-10/12/2010 34.9 4 0.072 192 10 0.938

ML6-6 5754-7 9/22/2010 10/5/2010-10/12/2010 51.3 4 0.326 161 10 0.122

ML6-7 5754-8 9/22/2010 10/5/2010-10/12/2010 89.7 8 0.384 24.2 10 1.37

ML5-2 5754-9 9/22/2010 10/5/2010-10/12/2010 63.9 8 0.202 253 20 2.82

ML5-3 5754-10 9/23/2010 10/5/2010-10/12/2010 67.9 8 0.046 245 20 1.85

ML5-3 5754-10 LAB DUP 9/23/2010 10/5/2010-10/12/2010 68.7 (RPD=1.17) 8 0.046 242 (RPD=1.23) 20 0.476

ML5-4 5754-11 9/23/2010 10/5/2010-10/12/2010 48.0 8 0.449 16.5 8 2.65

ML5-5 5754-12 9/23/2010 10/5/2010-10/12/2010 50.3 8 0.083 16.7 10 0.152

ML5-6 5754-13 9/23/2010 10/5/2010-10/12/2010 75.6 8 0.128 9.98 10 0.038

ML5-7 5754-14 9/23/2010 10/5/2010-10/12/2010 88.7 8 0.239 7.78 4 0.094

ML4-2 5754-15 9/23/2010 10/5/2010-10/12/2010 125 10 0.174 68.8 10 0.997

ML4-3 5754-16 9/24/2010 10/5/2010-10/12/2010 95.2 8 0.318 35.9 8 0.502

ML4-4 5754-17 9/24/2010 10/5/2010-10/12/2010 79.4 8 0.090 15.8 8 0.606

ML4-5 5754-18 9/24/2010 10/5/2010-10/12/2010 78.6 8 0.280 10.8 4 0.024

ML4-6 5754-19 9/24/2010 10/5/2010-10/12/2010 83.3 8 0.256 11.2 4 0.563

ML4-7 5754-20 9/24/2010 10/5/2010-10/12/2010 88.1 8 0.506 10.5 4 0.020

ML4-7 5754-20 LAB DUP 9/24/2010 10/5/2010-10/12/2010 83.0 (RPD=5.96) 8 0.315 10.5 (RPD=0) 4 0.034

ML3-2 5754-21 9/26/2010 10/5/2010-10/12/2010 251 20 0.558 177 40 0.964

ML3-2 5754-22 9/27/2010 - - - - - - -

ML3-3 5754-23 9/28/2010 10/5/2010-10/12/2010 70.1 10 0.559 437 40 4.52

ML3-4 5754-24 9/28/2010 10/5/2010-10/12/2010 64.7 10 0.385 226 20 2.06

ML3-5 5754-25 9/28/2010 10/5/2010-10/12/2010 138 10 0.429 79.0 10 0.697

ML3-6 5754-26 9/28/2010 10/5/2010-10/12/2010 174 10 0.153 13.5 10 0.746

ML3-6 5754-26 LAB DUP 9/28/2010 10/5/2010-10/12/2010 - - - 13.0 (RPD=3.77) 10 0.067

ML3-7 5754-27 9/29/2010 10/5/2010-10/12/2010 74.8 10 1.46 10.0 4 0.189

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the 
results are corrected with dilution factors ( DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set.   The samples were diluted to accommodate the wide range of 
concentrations in  the sample sets. The data values are reported with the dilution factors applied. MDL studies have been performed for the Phoenix 8000.   The current MDL value is 0.039 mg/L for TIC range 0.1-20 mg/L performed on 1/21/2010, and 0.045 
mg/L for TOC range 0.1-20 mg/L performed on 1/14/2010.   ** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.
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Laboratory: General Parameters

Work Request: EPAGP204

Analyst: Lynda Callaway Analytes

Codes 7726-95-6-BR

Report Date: 10/20/10 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Field Blank 5744-1 9/23 - 9/28/2010 ND 1 ND 1 ND 1 ND 1

PMW-3 5744-2 9/23 - 9/28/2010 68.5 21 BQL (0.566) 1 22.3 1 BQL (0.147) 1

Dup 1 5744-3 9/23 - 9/28/2010 79.1 21 BQL (0.494) 1 22.9 1 BQL (0.108) 1

PMW-2 5744-4 9/23 - 9/28/2010 26.9 1 BQL (0.388) 1 55.3 21 BQL (0.086) 1

PMW-1 5744-5 9/23 - 9/28/2010 58.9 21 BQL (0.215) 1 14.4 1 BQL (0.078) 1

PMW-6 5744-6 9/23 - 9/28/2010 42.1 1 BQL (0.251) 1 26.7 1 BQL (0.108) 1

Dup 2 5744-7 9/23 - 9/28/2010 41.7 1 BQL (0.220) 1 26.6 1 BQL (0.127) 1

PMW-5 5744-8 9/23 - 9/28/2010 256 31 BQL (0.733) 1 ND 1 ND 1

PMW-4 5744-9 9/23 - 9/28/2010 48.7 1 BQL (0.724) 1 59.4 21 ND 1

ML1-2 5744-10 9/23 - 9/28/2010 136 21 BQL (0.682) 1 4.76 1 ND 1

ML1-2 5744-10 Lab dup 9/23 - 9/28/2010 138 (RPD=1.46) 21 BQL (0.642) (RPD=NA) 1 4.69 (RPD=1.48) 1 ND (RPD=NA) 1

ML1-3 5744-11 9/23 - 9/28/2010 70.0 21 BQL (0.505) 1 5.75 1 0.231 1

ML1-4 5744-12 9/23 - 9/28/2010 37.0 1 BQL (0.760) 1 22.3 1 0.248 1

ML1-5 5744-13 9/23 - 9/28/2010 31.6 1 BQL (0.944) 1 21.6 1 0.211 1

ML1-6 5744-14 9/23 - 9/28/2010 79.4 2 BQL (0.498) 1 18.3 1 0.321 1

ML1-7 5744-15 9/23 - 9/28/2010 124 21 BQL (0.622) 1 2.09 1 0.264 1

ML2-2 5744-16 9/23 - 9/28/2010 594 101 BQL (0.334) 1 ** ND 2 ** ND 2

ML2-3 5744-17 9/23 - 9/28/2010 843 101 BQL (0.185) 1 ** ND 2 ** ND 2

ML2-4 5744-18 9/23 - 9/28/2010 214 101 BQL (0.399) 1 ** ND 2  ** BQL (0.198) 2

ML2-5 5744-19 9/23 - 9/28/2010 44.3 2 ND 1 20.3 1  BQL (0.341) 1

ML2-6 5744-20 9/23 - 9/28/2010 95.1 11 BQL (0.877) 1 20.1 1 BQL (0.120) 1

ML2-6 5744-20 Lab dup 9/23 - 9/28/2010 94.0 (RPD=1.16) 11 BQL (0.891) (RPD=NA) 1 21.8 (RPD=8.11) 1 BQL (0.119) (RPD=NA) 1

ML2-7 5744-21 9/23 - 9/28/2010 329 21 BQL (0.358) 1 7.55 1 BQL (0.193) 1

ML7-2 5744-22 9/23 - 9/28/2010 490 101 1.49 1 BQL (0.637) 1 BQL (0.100) 1

ML7-3 5744-23 9/23 - 9/28/2010 283 101 BQL (0.568) 1 BQL (0.318) 1 ND 1

ML7-4 5744-24 9/23 - 9/28/2010 194 101 BQL (0.774) 1 ND 1 ND 1

ML7-5 5744-25 9/23 - 9/28/2010 296 101 BQL (0.607) 1 ND 1 ND 1

ML7-6 5744-26 9/23 - 9/28/2010 286 101 BQL (0.732) 1 ND 1 BQL (0.096) 1

ML7-6 5744-26 Lab dup 9/23 - 9/28/2010 283 (RPD=1.05) 101 BQL (0.842) (RPD=NA) 1 ND (RPD=NA) 1 BQL (0.122) (RPD=NA) 1

ML7-7 5754-1 10/6 & 10/12/2010 198 11 BQL (0.265) 1 ND 1 0.303 1

ML6-2 5754-2 10/6 & 10/12/2010 466 11 BQL (0.999) 1 ND 1 ND 1

ML6-3 5754-3 10/6 & 10/12/2010 341 11 1.17 1 ND 1 0.251 1

ML6-4 5754-4 10/6 & 10/12/2010 67.6 11 BQL (0.495) 1 ND 1 BQL (0.150) 1

ML6-5 5754-5 10/6 & 10/12/2010 209 11 BQL (0.210) 1 ND 1 ND 1

Dup 3 5754-6 10/6 & 10/12/2010 210 11 BQL (0.247) 1 ND 1 ND 19/22/2010

9/21/2010

9/21/2010

9/22/2010

9/22/2010

9/22/2010

9/20/2010

9/20/2010

9/21/2010

9/21/2010

9/21/2010

9/21/2010

9/20/2010

9/20/2010

9/18/2010

9/18/2010

9/18/2010

9/18/2010

9/18/2010

9/16/2010

9/17/2010

9/17/2010

9/17/2010

9/17/2010

9/20/2010

9/15/2010

9/16/2010

9/17/2010

9/17/2010

16887-00-6

Date Collected

9/16/2010

9/16/2010

9/16/2010

9/15/2010

* 0.055

* 0.200

mg/L

9/15/2010

9/15/2010

mg/L

Analytical Results Report

Sample Results for Aqueous Samples

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

RSKSOP-288/2

EPA - General Parameters

mg/L mg/L

* 0.139 0.171

Fluoride (F)

* 0.181

* 1.00* 1.00 1.00

7782-41-4

RSKSOP-288/2RSKSOP-288/2

14808-79-8

RSKSOP-288/2
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Laboratory: General Parameters

Work Request: EPAGP204

Analyst: Lynda Callaway Analytes

Codes 7726-95-6-BR

Report Date: 10/20/10 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

16887-00-6

Date Collected

* 0.055

* 0.200

mg/L mg/L

Analytical Results Report

Sample Results for Aqueous Samples

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

RSKSOP-288/2

EPA - General Parameters

mg/L mg/L

* 0.139 0.171

Fluoride (F)

* 0.181

* 1.00* 1.00 1.00

7782-41-4

RSKSOP-288/2RSKSOP-288/2

14808-79-8

RSKSOP-288/2

ML6-6 5754-7 10/6 & 10/12/2010 246 11 BQL (0.292) 1 ND 1 ND 1

ML6-7 5754-8 10/6 & 10/12/2010 231 11 BQL (0.447) 1 ND 1 BQL (0.197) 1

ML5-2 5754-9 10/6 & 10/12/2010 521 11 1.20 1 ND 1 ND 1

ML5-3 5754-10 10/6 & 10/12/2010 423 11 1.19 1 ND 1 BQL (0.151) 1

ML5-3 5754-10 Lab dup 10/6 & 10/12/2010 426 (RPD=0.707) 11 1.13 (RPD=5.17) 1 ND (RPD=NA) 1 BQL (0.174) (RPD=NA) 1

ML5-4 5754-11 10/6 & 10/12/2010 48.8 1 BQL (0.192) 1 25.6 1 BQL (0.098) 1

ML5-5 5754-12 10/6 & 10/12/2010 80.7 11 BQL (0.422) 1 6.08 1 0.223 1

ML5-6 5754-13 10/6 & 10/12/2010 148 11 ND 1 ND 1 0.258 1

ML5-7 5754-14 10/6 & 10/12/2010 167 11 1.00 1 ND 1 BQL (0.185) 1

ML4-2 5754-15 10/6 & 10/12/2010 392 11 BQL (0.455) 1 ND 1 0.246 1

ML4-3 5754-16 10/6 & 10/12/2010 197 11 BQL (0.424) 1 ND 1 BQL (0.126) 1

ML4-4 5754-17 10/6 & 10/12/2010 49.5 1 BQL (0.268) 1 2.66 1 BQL (0.153) 1

ML4-5 5754-18 10/6 & 10/12/2010 58.0 11 BQL (0.222) 1 ND 1 0.229 1

ML4-6 5754-19 10/6 & 10/12/2010 72.1 11 BQL (0.392) 1 ND 1 ND 1

ML4-7 5754-20 10/6 & 10/12/2010 88.0 11 BQL (0.515) 1 ND 1 BQL (0.155) 1

ML4-7 5754-20 Lab dup 10/6 & 10/12/2010 88.8 (RPD=0.905) 11 BQL (0.520) (RPD=NA) 1 ND (RPD=NA) 1 BQL (0.193) (RPD=NA) 1

ML3-2 5754-21 10/6 & 10/12/2010 116 11 1.78 1 BQL (0.249) 1 0.269 1

ML3-2 5754-22 - - - - - - - - -

ML3-3 5754-23 10/6 & 10/12/2010 90.9 11 1.20 1 BQL (0.208) 1 0.383 1

ML3-4 5754-24 10/6 & 10/12/2010 29.6 1 BQL (0.440) 1 1.15 1 0.251 1

ML3-5 5754-25 10/6 & 10/12/2010 31.8 1 BQL (0.578) 1 ND 1 0.312 1

ML3-6 5754-26 10/6 & 10/12/2010 82.8 11 ND 1 ND 1 0.226 1

ML3-7 5754-27 10/6 & 10/12/2010 181 11 BQL (0.904) 1 BQL (0.929) 1 BQL (0.199) 1

ML3-7 5754-27 Lab dup 10/6 & 10/12/2010 178 (RPD=1.67) 11 BQL (0.970) (RPD=NA) 1 BQL (0.977) (RPD=NA) 1 BQL (0.194) (RPD=NA) 1

Comments:

Notes:

9/23/2010

9/24/2010

9/24/2010

9/24/2010

9/28/2010

9/29/2010

9/24/2010

9/24/2010

9/24/2010

9/26/2010

9/28/2010

9/28/2010

9/28/2010

9/27/2010

9/22/2010

9/23/2010

9/23/2010

9/22/2010

9/22/2010

9/23/2010

9/23/2010

9/23/2010

9/23/2010

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

9/29/2010

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA   means not applicable; NSF   means not sufficient amount for analyses.  All the results 
are corrected with dilution factors (DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set within the calibration ranges.  *MDL and QL should be raised by the 
same factor as the dilution factor for those samples that were diluted.  The MDLs were determined on 9/23/2010.  ** Unable to analyze at a lesser dilution due to large adjacent peaks.  An anions sample was not received for lab sample ID "5754-22".



 

 

APPENDIX D 
 

DATA VALIDATION SUMMARY 



GR4683/Data Validation Summary D.1 12.13.2010 
 

A summary of the data quality evaluation findings is provided below.  All data for VOC, 
DHG, and VFA samples was validated using USEPA data qualifiers for organic and 
inorganic data (540/R-99/008 [USEPA, 1999] and 540-R-04-004 [USEPA, 2004]).  Data 
for samples collected by the USEPA (anions, alkalinity, TOC, cations, dissolved metals) 
was not validated as the data was deemed validated by USEPA. 
 
September 2010 Groundwater Sampling 
 
MS/MSD Samples – For the MS/MSD of samples ML 4-5 and ML 7-6, percent recovery 
of VC in the MS were above acceptable limits.  As such, VC results for samples ML 4-5 
and ML 7-6 were J-qualified as estimated. All other spike recoveries for the six VOC 
analytes were within QA accuracy limits. 
 
Sample Holding Times – Holding time exceeded 14 days for DHG analysis of samples 
ML2-3, ML 7-3, and ML 7-5.  As such, DHG results for these samples were J-qualified 
as estimated. 
 
Other – Methane was detected in method blanks ranging from 0.15 to 0.21 ug/L.  
However, because all sample concentrations were greater than five times this result, no 
qualification is required 
 
References 
 
USEPA.  1999.  USEPA Contract Laboratory Program National Functional Guidelines 
for Organic Data Review.  EPA540/R-99/008.  October 1999. 
 
USEPA.  2004.  USEPA Contract Laboratory Program National Functional Guidelines 
for Inorganic Data Review.  EPA 540-R-04-004.  October 2004. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

Chlorinated solvents are present in groundwater at an overwhelming number of Department 
of Defense (DoD), Department of Energy (DoE), and related contractor sites.  A significant 
number of these sites have VOCs present as free-phase dense non-aqueous phase liquids 
(DNAPLs) that will act as a long-term source of VOCs to groundwater.  Due to the slow 
dissolution of solvents from residual or pooled DNAPL source areas, conventional treatments 
such as pump-and-treat serve solely as containment technologies and require long operational 
periods (i.e., decades or longer) to satisfy the need for protection of human health and the 
environment, incurring high operation and maintenance (O&M) costs over that period. 

Significant attention has been devoted in the past few years to research and field 
applications of source treatment technologies, as they have the potential to lower the overall cost 
and time required for remediation of contaminated aquifers.  Recently, a small-scale field pilot 
test of emulsified zero-valent iron (EZVI) was conducted under the National Aeronautics and 
Space Administration (NASA) Small Business Technology Transfer (STTR) program to assess 
the ability of this technology to treat a Trichloroethene (TCE) DNAPL source zone.  The pilot 
test showed promising results as a method for significantly reducing both mass and flux from 
DNAPL source zones. However, additional field demonstration research is required to improve 
the EZVI delivery approach, clarify the relative degradation contributions of the zero-valent iron 
(ZVI) versus biodegradation promoted by the emulsifying agents (completed laboratory 
evaluation; [Geosyntec, 2006a]), and validate the technology for widespread use for DNAPL 
source zone treatment at DoD and related private sectors sites.  NASA holds the patent for this 
technology and, as a United States Government technology, no fees for the use of EZVI will be 
levied on any federal facility. 

Through funding provided by the Department of Defense’s Environmental Securities 
Technology Certification Program (ESTCP), and with support from the United States 
Environmental Protection Agency (USEPA) National Risk Management Research Laboratory, 
Geosyntec Consultants Inc. (Geosyntec) and NASA conducted a technology demonstration 
program evaluating the use of EZVI, an innovative remediation technology, to remediate 
chlorinated solvent DNAPL source zones.  The field Demonstration/validation (Dem/Val) was 
conducted at the Solid Waste Management Unit (SWMU) 45 (Site 45) – Former Morale, 
Welfare, and Recreation (MWR) Dry Cleaning Facility, Marine Corps Recruit Depot (MCRD), 
Parris Island, South Carolina.  The goal of the program was to evaluate degradation that is 
occurring due to abiotic and biological components as well as demonstrate the efficacy of EZVI 
at a scale that is large enough to generate accurate full-scale design and cost information for 
widespread technology consideration and application at DoD and related sites.  This Final 
Technical Report presents the approach, methodology and results of the EZVI field Dem/Val.  
The laboratory treatability tests conducted to evaluate the biological and abiotic components of 
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degradation are presented in the Final Laboratory Treatability Report For: Emulsified Zero 
Valent Iron Treatment of Chlorinated Solvent DNAPL Source Areas (Geosyntec, 2006a). 

1.2 OBJECTIVES OF THE DEMONSTRATION 

The objectives of the field demonstration were to: 

1. Evaluate the ability of the two most promising injection technologies to evenly distribute 
the EZVI in a controlled manner; 

2. Evaluate the ability of EZVI to significantly reduce the mass flux of dissolved-phase 
VOCs from a DNAPL source zone and to reduce the DNAPL mass in the source; 

3. Provide reliable technical data relevant to field-scale EZVI trials, including documenting 
the benefits of the technology in terms of expected reduction in the duration and cost of 
remediation of DNAPL sites, and develop a Guidance Manual to assist DoD managers 
and practitioners with appropriate selection and implementation of the EZVI technology; 
and 

4. Provide information to the MCRD Partnering Team for use in the Feasibility Study for 
Site 45. 

The field Dem/Val was conducted at SWMU 45 (Site 45) – Former MWR Dry Cleaning 
Facility, MCRD, Parris Island, South Carolina.  This site has a relatively well-characterized 
DNAPL source area (primarily Tetrachloroethene [PCE]), and appropriate site conditions and a 
suitable on-site support network for execution of the Dem/Val.  The rationale for the selection of 
the site is presented in the Draft Site Selection Memorandum For: Emulsified Zero-Valent Nano-
Scale Iron Treatment of Chlorinated Solvent DNAPL Source Areas (Geosyntec, 2005). 

1.3 REGULATORY DRIVERS 

The USEPA maximum contaminant level (MCL) for PCE and TCE in drinking waters is 5 
micrograms per liter (μg/L).  This concentration is considerably less than the concentrations 
present in groundwater at many sites throughout the United States.  The MCLs for vinyl chloride 
(VC) and cis-1,2-dichloroethene (cDCE) are 2 μg/L and 70 μg/L, respectively.  A significant 
number of sites have VOCs present as free-phase DNAPLs that will act as a long-term source of 
VOCs to groundwater.  In situ technologies for treatment of these contaminants often focus on 
the groundwater plume and not the source of the contamination.  Due to the slow dissolution of 
solvents from residual or pooled DNAPL source areas, conventional treatments serve solely as 
containment technologies and require long operational periods to remove significant amounts of 
DNAPL.  Therefore, this demonstration seeks to further improve upon a more cost-effective 
technology that can meet these regulations and remediate DNAPL source areas. 
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2.0 TECHNOLOGY 

The following sections provide a description of the technology (Section 2.1); discuss the 
technology development (Section 2.2); and outline the advantages and limitations of the 
technology (Section 2.3). 

2.1 TECHNOLOGY DESCRIPTION 

Significant laboratory and field research has demonstrated that zero-valent metals will 
reductively dehalogenate dissolved chlorinated solvents such as PCE and TCE to ethene.  
Permeable reactive barriers (PRBs) containing ZVI as the reactive material have been shown to 
be effective in treating plumes of dissolved chlorinated solvents.  PRB technology is passive and 
requires no energy; however, it still relies on DNAPL dissolution and transport of dissolved 
chlorinated solvents to the barrier for treatment, and therefore PRBs do little to reduce the clean 
up time for the site. 

EZVI can be used to enhance the destruction of chlorinated DNAPL in source zones by 
creating intimate contact between the DNAPL and the ZVI particles.  The EZVI is composed of 
food-grade surfactant, biodegradable oil, water, and ZVI particles (either nano- or micro-scale 
iron), which form emulsion particles (Figure 2-1).  Each emulsion particle or droplet contains 
ZVI particles in water surrounded by an oil-liquid membrane.  Since the exterior oil membrane 
of the emulsion droplet has hydrophobic properties similar to that of DNAPL, the droplets are 
miscible with DNAPL.  It is believed that as the oil emulsion droplets combine with DNAPL 
TCE, for example, the TCE is sequestered in the oil and then dissolves into the aqueous droplet 
containing ZVI that was within the oil emulsion droplet.  It is also believed that the final 
degradation by-products from the dechlorination reaction are driven by the increase in 
concentration inside the aqueous emulsion droplet to diffusion into the non-aqueous phase (oil 
and TCE) then out into the surrounding aqueous phase.  While the ZVI in the aqueous emulsion 
droplet remains reactive, the chlorinated compounds are continually degraded within the aqueous 
emulsion droplets, thus maintaining a concentration gradient across the oil membrane and 
establishing a driving force for additional TCE migration into the aqueous emulsion droplet 
where additional degradation can occur. 

The primary application of the EZVI technology is treatment of DNAPL source zones but it 
is also capable of treating dissolved-phase chemicals.  EZVI that is located near DNAPL will 
also degrade the dissolved-phase chemicals that it comes in contact with.  The reduction in 
concentration of dissolved-phase chemicals in the vicinity of the DNAPL will enhance mass 
dissolution from the DNAPL. 

In addition to the abiotic degradation associated with the ZVI, the injection of EZVI 
containing vegetable oil and surfactant will result in sequestration of the chlorinated ethenes into 
the oil and biodegradation of dissolved chlorinated ethenes.  Chlorinated solvents will 
preferentially dissolve into the oil component of the EZVI thereby reducing the aqueous phase 
concentrations.  The chlorinated solvents may then be degraded by the ZVI in the EZVI.  The 
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vegetable oil and surfactant can also act as electron donors to promote anaerobic biodegradation 
of the chlorinated solvents.  Abiotic degradation resulting from the ZVI in the EZVI was shown 
to be a very fast process in laboratory studies conducted at the University of Central Florida 
(Quinn et al. 2005).  If the amount of ZVI is not sufficient to completely degrade the TCE to 
ethene then the vegetable oil and surfactant can act as a slow release electron donor for 
biodegradation processes at the site (Major et al. 2002). 

Another potential benefit of EZVI over ZVI for environmental applications is that the 
hydrophobic membrane surrounding the ZVI protects it from other groundwater constituents, 
such as some inorganic compounds, that might otherwise react with the ZVI.  While the oil 
membrane of the EZVI will allow organic constituents (TCE and other ethenes) to diffuse 
through the liquid membrane and contact the ZVI, it may inhibit diffusion of other ionic 
constituents that may passivate the ZVI surface and limit their contact with the ZVI.  This 
mechanism potentially reduces the mass of ZVI required for treatment relative to unprotected 
ZVI. 

2.2 TECHNOLOGY DEVELOPMENT 

The first field demonstration of EZVI was conducted between 2001 and 2003 to treat a 
chlorinated solvent source zone at NASA’s Launch Complex 34 (LC34) located on the 45th 
Space Wing’s Cape Canaveral Air Force Station.  The demonstration conducted at LC34 
demonstrated that the addition of EZVI into a source area containing free-phase DNAPL could 
reduce the mass flux of dissolved phase TCE from a DNAPL source zone, and reduce the 
amount of free-phase DNAPL mass over time.  Although the field demonstration at LC34 was 
successful in showing a decrease in TCE mass flux and TCE DNAPL mass, there were issues 
with the EZVI injection techniques and in obtaining a uniform distribution of EZVI in the areas 
containing DNAPL.   

NASA holds the patent on the technology and has successfully licensed the technology to 
six companies.  EZVI has been injected at over 16 sites in the U.S. from 2004 until present, in a 
range of geologies including sandy site and fractured rock.     

2.3 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY 

Groundwater remediation approaches at DNAPL sites have historically employed 
groundwater extraction and ex situ treatment (i.e., pump-and-treat [P&T]).  Unfortunately, these 
approaches have been demonstrated to be ineffective in significantly improving groundwater 
quality, even after decades of continuous operation (National Research Council, 1994).  As a 
result, remediation technologies such as EZVI have received significant attention, as government 
and industry struggle to develop remedial approaches for source treatment that are less intrusive, 
more effective, and less costly.  The main advantages of the EZVI technology over other 
treatment technologies include: 
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• Potential for lower overall costs than alternative technologies such as groundwater pump-
and-treat with high O&M costs or thermal technologies with high capital costs; 

• An effective “one-two punch” of rapid abiotic degradation followed by the slower 
biological degradation; 

• Contaminants will be destroyed rather than transferred to another medium; and 

• Ability to treat both DNAPL source zones and dissolved-phase chemicals to contain 
plume migration. 

The main limitations of using the EZVI technology are: 

• Difficulty in effectively distributing the viscous EZVI to all areas impacted with DNAPL; 

• Potential to adversely impact secondary groundwater quality through mobilization of 
metals and production of sulfides or methane if excess electron donor, in the form of the 
vegetable oil, is added; and 

• Injection of EZVI may displace DNAPL away from the injection point; however, this 
limitation can be remedied by strategic placement of the injection points. 
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3.0 PERFORMANCE OBJECTIVES 

The performance objectives are provided in Table 3-1.  Each objective is discussed in detail 
in the following sections. 

3.1 REDUCTION IN MASS FLUX OF VOCs IN DOWNGRADIENT WELLS 

A key performance objective is a reduction in mass flux of dissolved VOCs in downgradient 
monitoring wells for areas in contact with EZVI.  To evaluate this objective, groundwater and 
soil samples were collected both before and after EZVI injection and analyzed by method 
8260B.  Data from the post-demonstration sampling event are compared to data from the pre-
injection (baseline) sampling event.  Successful performance will be >75% decrease in mass flux 
of dissolved VOCs based on groundwater samples from multilevel wells over the baseline 
condition for areas in contact with EZVI. 

This objective was met.  There were significant reductions in the downgradient groundwater 
mass flux values for parent compounds PCE (> 85 %) and TCE (> 85 %) and a significant 
increase in the mass flux of ethene.  These results are discussed further in Section 6.1. 

3.2 REDUCTION IN TOTAL VOC AND DNAPL MASS 

The amount of VOC and DNAPL reduction in the Pneumatic Injection test plot is assessed 
by comparing results of pre-injection (baseline) and post-injection groundwater and soil core 
samples.  A successful performace will be >75% decrease in VOC and DNAPL mass over 
baseline conditions in the Pneumatic Injection test plot. 

This objective was met with a total VOC mass reduction of 81%; an estimated reduction of 
61% reduction in the sorbed and dissolved phases and 91% reduction in the DNAPL mass.  
These results are discussed further in Section 6.2. 

3.3 RADIUS OF INFLUENCE 

The radius of influence (ROI) of each injection technology was assessed through visual 
inspection of soil cores collected post-injection.  For the Pneumatic Injection and Direct Injection 
test plots, success was marked by the presence of EZVI at distances greater than 5 feet (ft) and 1 
ft, respectively. 

This objective was met with measured ROIs of as much as 7 feet with pneumatic injection 
and 2.5 ft with direct injection.  These results are discussed further in Section 6.3. 

3.4 ABILITY TO INJECT EZVI WITHOUT DAMAGING EMULSION STRUCTIRE 

For this performance criterion, the injection technologies will be able to deliver the EZVI 
within the source zone without damage to the emulsion structure.
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This objective was met with both technologies being able to inject the EZVI without damage 
to the emulsion structure.  These results are discussed in greater detail in Section 6.4. 

3.5 ABILITY TO EVENLY DISTRIBUTE EZVI 

The ability of each injection technology to evenly distribute EZVI in a controlled manner 
over an optimum ROI was assessed by collecting groundwater and soil core samples from the 
test plots.  Success was marked by the ability of the injection technology to deliver the EZVI 
within the source zone in a way that will allow some control of the direction of EZVI injection so 
as to evenly distribute the EZVI over the injection interval. 

This objective was partially met.  There were complications with the shallow nature of the 
target injection interval and preferential flow paths created by previous borings in the area 
providing short circuit pathways for the EZVI to surface.  These results are discussed in greater 
detail in Section 6.5. 

3.6 EASE OF IMPLEMENTATION 

The ease of use of this technology was evaluated based on our experience in the field. 

This objective was met with respect to both the ease of making the EZVI up on site and with 
the handling and injection of the EZVI.  These results are discussed in greater detail in Section 
6.6. 

3.7 VERSATILITY 

For this performance criterion, the technology was deemed successful if it could be applied 
in a variety of geological and hydrogeological settings were DNAPL source areas are present. 

This objective was met although there are some restrictions to the depth and geological 
settings in which the injection technologies tested can be applied.  These results are discussed in 
greater detail in Section 6.7. 
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4.0 SITE DESCRIPTION 

The field Dem/Val site selected by the screening process was Site 45 – Former MWR Dry 
Cleaning Facility (Building 193), MCRD, Parris Island, South Carolina (the “Site”) (Figure 4-1).  
The rationale for the selection of this site is presented in the Draft Site Selection Memorandum 
For: Emulsified Zero-Valent Nano-Scale Iron Treatment of Chlorinated Solvent DNAPL Source 
Areas (Geosyntec, 2005). 

In the following sections, the site location and history (Section 4.1), site 
geology/hydrogeology (Section 4.2), and contaminant distribution (Section 4.3) are discussed.  
Information in the following sections is taken directly from the RI/RFI for Site/SWMU 45 report 
(Tetra Tech NUS, 2004a) as well as the Site/SWMU 45 RI/RFI Addendum Work Plan report 
(Tetra Tech NUS, 2004b). 

4.1 SITE LOCATION AND HISTORY 

The Site is located in the Main Post area of MCRD Parris Island, between Panama Street to 
the north, Kyushu Street to the south, and Samoa Street to the east.  The location of the pilot test 
area (PTA) at the Site is shown in Figure 4-2. 

West of the Site are other commercial establishments including a cobbler, a tailor, and a 
coin-operated laundry facility.  Four above ground storage tanks were situated along the northern 
side of former Building 193.  The capacities of these tanks are not known.  These tanks were first 
put into place in 1988 following the removal of an underground storage system where 
hydrocarbon-cleaning solvents were previously stored.  The location and capacity of the 
underground storage system are not known.  The new storage tanks were positioned within a 
concrete catch basin used to contain any overflow during tank filling.  It was reported that on 
March 11, 1994, one of the tanks was overfilled with PCE.  An unknown amount of the 
contaminant flowed into the concrete catch basin.  The PCE overflow was not collected at that 
time, and heavy rainfall subsequently washed the contaminant onto the surrounding soil.  The 
dates of operation of former Building 193 are not known (Tetra Tech NUS, 2004b). 

4.2 SITE GEOLOGY/HYDROGEOLOGY 

Four geological units are present in the area of the Site (Beaufort-Jasper County Area).  
These units from the oldest (Eocene age) to the youngest (Pleistocene age) are the Santee 
Limestone, Cooper Marl, Hawthorn Formation, and Pleistocene sands and clays.  The geology of 
the Site is presented in further detail in the RI/RFI for Site/SWMU 45 report (Tetra Tech NUS, 
2004a). 

Two primary aquifers are present within the Beaufort-Jasper County Area: the surficial 
aquifer and the Floridan Aquifer.  These aquifers are generally separated by the Hawthorn 
Formation and Cooper Marl, which act as confining units to the underlying Floridan Aquifer.  In 
the MCRD Parris Island area, the shallow, unconfined aquifer generally consists of permeable, 
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fine to medium, Pleistocene age sand to a depth of 17 ft.  Surface relief is relatively low.  Thin, 
discontinuous lenses of finer-grained silty clay and clayey sand were also encountered within the 
predominantly sandy sediments.  During the Remedial Investigation/RCRA Facilities 
Investigation (RI/RFI), this layer was further divided into an upper (SU) and lower (SL) portion.  
A 1- to 3- foot thick layer of peat was encountered below the shallow aquifer sediments at depths 
ranging from 17 to 21 feet below ground surface (ft bgs).  The peat was directly underlain by a 3- 
to 6-ft thick clay unit encountered at depths ranging from approximately 18 to 27 ft bgs.  Beneath 
this peat/clay layer, the deep surficial aquifer consisted of unconsolidated deposits of primarily 
sand, clayey sand, and silty fine sand.  The water table was observed at depths ranging from 3 to 
5 ft bgs at monitoring wells during the RI/RFI investigation.  Water-table elevations recorded 
during the RI/RFI investigation ranged from 3 to 4.5 ft above mean sea level (amsl).  The general 
groundwater flow direction in the formation above the peat/clay layer is to the southeast.  
Potentiometric maps for the upper and lower portions of the shallow aquifer are presented in 
Figures 4-3 and 4-4, respectively.  Estimates of the hydraulic gradient, hydraulic conductivity 
and groundwater velocity for the shallow aquifer are 0.0023 to 0.0029 ft/ft, 15.3 ft/day, and 0.15 
to 0.18 ft/day, respectively.  The general groundwater flow direction in the formation below the 
peat/clay layer is to the south-southwest, with a gradient of 0.0021.  During the RI/RFI, the 
vertical gradient between wells in a cluster was observed to be negligible, typically less than 0.1 
ft.  The nearest surface water body is Ballast Creek, which lies approximately 2,000 ft south-
southeast of the MWR Dry Cleaning Facility. 

In the Beaufort-Jasper County Area, the Floridan Aquifer system occurs near land surface, 
and confining beds vary from essentially 0 to more than 150 ft in thickness.  Two hydrogeologic 
zones within the Floridan Aquifer lie beneath the MCRD Parris Island area.  These two 
hydrogeologic units consist of a 200-ft thick Upper Hydrogeologic Unit that contains an upper 
permeable zone and an 800-ft thick Lower Hydrogeologic Unit that has a somewhat lower 
permeability compared to the Upper Unit.  A generalized geologic cross section of the 
subsurface geology at the Site is presented in Figure 4-5. 

4.3 CONTAMINANT DISTRIBUTION 

Based on the Site history, three locations were identified as possible sources of solvent 
contamination in the soils and groundwater.  One location is the secondary containment drain for 
the raw PCE aboveground storage tanks (located north of the tanks).  A documented spill of PCE 
and an interim soil cleanup occurred at this location in 1994.  The second location is in the rear 
(west end) of former Building 193.  Waste solvents may have been handled or accumulated in 
this area.  No documented leaks or spills occurred in this location.  The third location is within 
the northwestern corner of former Building 193, where the dry cleaning process was conducted.  
A concrete floor that would serve as secondary containment was noted in this area prior to 
building demolition.  No documented leaks or spills occurred in this area. 

PCE and its degradation products (TCE, cDCE, and 1, 2-dichloroethene [1,2-DCE] and VC) 
were detected in surface and subsurface soils and groundwater above screening levels in all three 
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identified potential source areas during investigation prior to June 2005.  Polycyclic aromatic 
hydrocarbons (PAHs) were detected in the soil sample locations across the Site but at relatively 
low concentrations compared to human health screening criteria.  Rather subjective analysis by 
ultraviolet light for non-aqueous phase product was conducted for soils.  The evaluation 
indicated possible trace amounts in isolated areas.  However, the presence of pure product was 
not positively identified during site investigation prior to June 2005 and no further conclusions 
were developed.  Results of the field sampling and analytical program suggest that the inorganic 
constituents detected in surface soils were similar to background conditions at MCRD Parris 
Island or at levels below human health screening criteria.  Temporary and permanent monitoring 
well data indicate chlorinated VOC contamination in the surface and subsurface soil at the Site 
has impacted the groundwater (i.e., groundwater contaminant concentrations above screening 
levels) to depths ranging from the upper boundaries of the unconfined aquifer to approximately 
19 ft bgs.  Furthermore, investigations of the underlying deep aquifer found only limited VOC 
contamination, suggesting that the contaminant plume may be contained within the surficial 
aquifer.  In other investigations (natural attenuation), elevated concentrations of some VOCs 
were detected downgradient of the "non-detect" contour depicting the current results (Tetra Tech 
NUS, 2004a).  

In 1998, a groundwater pump-and-treat system was installed at the Site to prevent the 
migration of groundwater contaminants until a comprehensive remedial investigation (RI) could 
take place.  The system consisted of three recovery wells located along the eastern side of the 
site, adjacent to Samoa Street, a low-profile air stripper for removal of VOCs, and a pumping 
system for discharging the treated groundwater to an adjacent sewer manhole for ultimate 
discharge to the Depot’s wastewater treatment facility.  Due to high maintenance requirements, 
the system was taken out of service in early 2000, and is currently not in operation (Tetra Tech 
NUS, 2004a; 2004b). 

In June 2005, Geosyntec, NASA, the United States Naval Facilities Engineering Command's 
Engineering Service Center (NAVFAC ESC), and the USEPA conducted a field investigation to 
collect additional groundwater and soil data from the Site to confirm the results of the membrane 
interface probe (MIP) logs collected during prior investigations of the source area (Tetra Tech 
NUS, 2004b) and to confirm the presence of DNAPL concentrations of PCE and/or TCE in the 
subsurface in the area of the former tanks.  Groundwater samples were collected from temporary 
monitoring wells that were installed at locations that had elevated electron capture detector 
signals from the previous MIP survey (Figure 5-1).  Groundwater samples were collected from 
both the upper and lower portions of the shallow surficial aquifer above the peat/clay layer and 
analyzed for VOCs.  The temporary well results and previous MIP measurements were used to 
select soil core locations (Figure 5-1).  Soil cores from locations SC-1 through SC-8 were 
collected from ground surface to a depth of 20 ft bgs and were analyzed for VOCs using the 
methanol extraction procedure specified in Appendix D.  Results of the June 2005 field 
investigation are presented in Appendix E (Tables E-1 and E-3). 
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Results of the June 2005 field investigation revealed PCE concentrations in soil cores that 
exceeded the maximum possible dissolved and sorbed phase PCE concentrations (based on site 
conditions), thereby indicating the presence of PCE DNAPL mass.  Furthermore, visual 
inspection of soil cores collected during the June 2005 field investigation indicated the presence 
of DNAPL. 
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5.0 TEST DESIGN 

5.1 PRE-DESIGN SITE INVESTIGATIONS 

As discussed in Section 4.3 above, Geosyntec, NASA, the United States NAVFAC ESC, 
and the USEPA conducted a field investigation in June 2005 to collect additional groundwater 
and soil data from the Site to confirm the presence of DNAPL concentrations of PCE and/or 
TCE in the subsurface in the area of the former raw PCE aboveground storage tanks.  Results of 
the June 2005 field investigation revealed PCE concentrations in soil cores that exceeded the 
maximum possible dissolved and sorbed phase PCE concentrations (based on site conditions), 
thereby indicating the presence of PCE DNAPL in the area of soil cores SC-1 (6-8 ft bgs), SC-3 
(4-6 ft bgs), SC-7 (4-10 ft bgs and 12-16 ft bgs), and SC-8 (12-16 ft bgs) (Figure 5-1 and Table 
E-3). 

5.2 PRE-DESIGN EVALUATION AND SELECTION OF INJECTION METHODS 

A review of possible methods for injecting and distributing EZVI in the subsurface at the 
Site was conducted to identify the optimal methods for use in the field Dem/Val.  The review 
included an evaluation of data from a field evaluation of different injection methods for EZVI 
that was funded by NASA.  The work for NASA involved evaluating four different injection 
techniques (pneumatic fracturing/injection, pressure pulse injection, hydraulic 
fracturing/injection and direct injection using controlled pressures, seismic enhancement and 
directional flow) to determine which techniques are best able to distribute the EZVI within a 
shallow aquifer over a large area without damage to the structure of the EZVI emulsion.  Based 
on the results of these tests, pneumatic injection and direct injection were selected as the optimal 
technologies for the field Dem/Val. 

Pneumatic injection will often result in pneumatic fracturing in cohesive or consolidated 
media.  Pneumatic fracturing involves the injection of gas at high pressure and flow in order to 
create fractures or fissures in soil or rock matrix.  Fractures or fissures occur when the pressure 
of injected gas exceeds the natural in situ stresses and the flow rate exceeds the natural 
permeability of the soils. In soil formations, pneumatic fracturing enhances the permeability by 
creating fracture networks.  It was thought that the clay layers present at the Site may be 
cohesive enough that the pneumatic injection will create fractures in these layers.  In the sandier 
formations, the pneumatic injection will result in a suspension of the soil particles in the nitrogen 
stream rather than the propagation of fractures.  This suspension of soil particles in the injected 
nitrogen stream, referred to as fluidization, increases the size of the pore throats between 
particles, which can aid in the injection and distribution of the EZVI. 

5.3 PRE-DESIGN LABORATORY TREATABILITY STUDY 

Laboratory experiments were conducted by SiREM Laboratories (a division of Geosyntec) 
to evaluate the extent of DNAPL mass destruction that is due to abiotic and biological processes 
with the application of EZVI.
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Three sets of experiments were performed as part of the pre-design laboratory study.  These 
included: 1) nano-scale ZVI (nZVI) activity assays; 2) treatability tests conducted in bench-scale 
test reactors with dissolved phase TCE; and 3) treatability tests conducted in bench-scale test 
reactors with TCE DNAPL.  Activity assays with nZVI were conducted to evaluate potential 
changes in the reactivity of the nZVI over time.  Treatability tests were conducted to evaluate the 
ability of different components of the EZVI to treat dissolved and pure phase (DNAPL) TCE.  
Initial treatability tests were conducted using saturation concentrations of TCE (1,000 milligrams 
per liter [mg/L] of TCE dissolved in water) with EZVI, nZVI and the oil emulsion components 
without nZVI.  A set of tests was also conducted using TCE DNAPL (10 times solubility of TCE 
in the reactor bottle, present as a separate non-aqueous phase) with EZVI, nZVI and the oil 
emulsion components without nZVI.  All test treatments were constructed in triplicate sets of 
reactor bottles.  Details of these experiments are presented in the Final Laboratory Treatability 
Report For: Emulsified Zero Valent Iron Treatment of Chlorinated Solvent DNAPL Source 
Areas (GeoSyntec, 2005a).  The following conclusions were made based on the results of the 
laboratory treatability study: 

1. Treatment of dissolved phase TCE with nZVI and EZVI can produce significant and 
rapid decreases in TCE concentrations in the aqueous phase. 

2. The DNAPL treatment tests demonstrate the advantages of EZVI relative to oil emulsions 
or nZVI in situation where a DNAPL is present in the subsurface.  The EZVI combines 
the sequestration of the DNAPL with the degradation of the VOCs by the nZVI resulting 
in an immediate reduction in the TCE flux from the source area as well as degradation 
due to the nZVI.  The EZVI provides degradation of the TCE to ethene in a similar time 
frame as the nZVI and also provides sequestration of any potential untreated VOCs. 

3. The EZVI provides oil that should be able to act as an electron donor to promote 
biodegradation of TCE which is not degraded by the nZVI, but this was not observed to a 
significant degree in the lab tests because of the lack of microorganisms in the test 
bottles. 

4.  

5.4 CONCEPTUAL EXPERIMENTAL DESIGN 

For this demonstration the site was instrumented to create two hydraulically independent 
pilot test plots (Pneumatic Injection and Direct Injection test plots) in the existing Site DNAPL 
source area in June 2006 by installing a network of monitoring wells (Figure 5-2).  The 
Pneumatic Injection test plot consists of five fully screened monitoring wells (PMW-2 through 
PMW-6) and seven multilevel monitoring wells (ML-1 through ML-7).  The fully screened wells 
are screened between 4 and 19 ft bgs, while the multilevel wells each contain seven 3-inch 
screened intervals positioned at 2.5-ft intervals from approximately 4 to 19 ft bgs.  The Direct 
Injection test plot consists of a single fully screened monitoring well (PMW-1) screened from 3.5 
to 13.5 ft bgs.
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5.5 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS 

5.5.1 Construction and Installation of Wells 

All wells were installed by the USEPA (National Risk Management Research Laboratory, 
Ada, OK) using a hollow stem auger drill rig.  The fully screened monitoring wells were 
constructed using 2-inch diameter Schedule 40 polyvinyl chloride (PVC) screen (#10 slot) and 
Schedule 40 PVC riser.  A filter pack consisting of uniformly graded, rounded, clean silica sand 
was installed in the annulus around the well screen for all fully screened wells.  The multilevel 
wells were constructed of 1.7-inch outside diameter (O.D.) continuous multichannel tubing 
(CMT; Solinst Canada Ltd., Georgetown, Ontario, Canada) with seven 0.25- to 3.25-inch 
screened intervals positioned at 2.5-ft intervals from 3.5 to 19 ft bgs.  After placement of the 
CMT within the borehole, the annular space around the CMT was filled with alternating lifts of 
uniformly graded, rounded, clean silica sand (around the screened intervals) and coated bentonite 
pellets (between the screened intervals).  Each well was completed at surface with a steel, flush-
mount protective casing set in concrete.  Well construction details are summarized in Table 5-1. 

Following installation, the fully screened wells were developed by purging approximately 
10 casing volumes of water from each well using a dedicated Waterra® pump system consisting 
of a Delrin® foot-valve attached to rigid 5/8-inch O.D. high-density polyethylene (HDPE) tubing 
equal in length to the depth of the well.  Appendix D contains information on the Waterra® 
pumps. 

5.6 FIELD ACTIVITIES 

The field events following the well installations consisted of groundwater sampling for 
laboratory analysis, pump tests, and EZVI injection.  A schedule of the demonstration field 
activities is provided in Figure 5-3.  A description of the samples collected during each phase of 
the project, the number and type of samples collected, and the rationale for sample collection are 
presented in Table 5-2.  The field operations are described in the sections below with the 
exception of field calibration procedures, quality assurance sampling, decontamination practices, 
and sample documentation which are described in Appendix D. 

5.6.1 Baseline Sampling 

In June 2006, August 2006  and October 2006, prior to EZVI injection, groundwater 
samples were collected from each of the fully screened and multilevel monitoring wells and 
analyzed for baseline chemical characterization, including: 

• Field parameters (dissolved oxygen [DO], oxidation-reduction potential [ORP], pH, 
conductivity, temperature, turbidity, sulfide, ferrous iron); 

• VOCs (including PCE, TCE, cis-1,2-DCE, trans-1,2-dichloroethene [tDCE], 1,1-
dichloroethene [1,1-DCE], VC);
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• Dissolved hydrocarbon gases (DHGs) (including methane, ethane, ethene); 

• Anions (chloride, nitrate, nitrite, sulfate); 

• Volatile fatty acids (VFAs); and 

• General geochemical indicators (alkalinity, total organic carbon [TOC], cations, 
dissolved metals). 

All groundwater samples were collected using peristaltic pumps (either a Geopump 
[Geotech Environmental Equipment, Inc.; Denver, CO] or ISMATEC REGLO [ISMATEC SA; 
Switzerland]) with dedicated well tubing.  Eight soil cores (SC-1 through SC-8) were collected at 
the Site during the June 2005 Site investigation to evaluate whether there was sufficient VOC 
mass at the Site to conduct the EZVI field Dem/Val (Figure 5-1).  An additional soil core (SC-9; 
Figure 5-2) was collected from within the Pneumatic Injection test plot in June 2006 to complete 
the baseline mass evaluation.  Soil cores were sampled in 2-foot long sections and VOCs were 
extracted from each two foot section with methanol on-site.  The methanol extraction procedure 
is described in detail in Appendix D.  Measurements of soil porosity, bulk density, and fraction 
of organic carbon were performed on select soil samples from SC-9 to further refine VOC mass 
estimates.  Results are presented in Appendix E (Table E-2). 

Borehole logs for soil cores SC-1 through SC-9 can be found in Appendix B.  Soil lithology 
beneath each test plot is described below. 

• The Pneumatic Injection Test Plot consists primarily of grayish/brown, fine to medium 
grained silty sand with intermittent clay lenses to a depth of approximately 18 ft bgs.  A 
predominant clay lense was encountered between 8 and 10 ft bgs, and peat was typically 
encountered at a depth of approximately 18 ft bgs.  Orange/brown molting was observed 
on silty sands between 4 and 8 ft bgs. 

• The Direct Injection Test Plot consists primarily of light to dark grey, fine grained sand 
with traces of silt and clay to depth of approximately 17 ft bgs.  A clay lense was 
encountered from approximately 17 to 18 ft bgs, and peat was encountered at 
approximately 18 ft bgs. 

All samples were collected by Geosyntec and USEPA personnel using sampling protocols 
outlined in the Sampling and Analysis Plan (SAP) developed for the field Dem/Val (Appendix B 
of the Demonstration Plan [Geosyntec, 2006b]).  Procedures used to ensure data quality are 
summarized in the Quality Assurance Project Plan (QAPP; Appendix C of the Demonstration 
Plan [Geosyntec, 2006b]). 

In the Pneumatic Injection test plot, VOC results from soil cores SC-9, SC-3, SC-8 and SC-7 
were used to calculate estimates of VOC mass (as either sorbed or DNAPL) in soils in the 
northern, eastern, southern and western quadrants of the test plot, respectively.  Groundwater 
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VOC results from wells PMW-5 and PMW-6 were used to calculate estimates of dissolved phase 
VOC mass in the northeastern and southwestern halves of the test plot, respectively.  Test plot 
dimensions of 15 ft wide, 10 ft long, and 12 ft in vertical thickness (6 to 18 ft bgs) were used for 
the calculations.  PCE DNAPL mass was estimated from threshold PCE soil concentrations using 
the equation below to determine the presence of DNAPL: 

b
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Where: 

Ct = maximum PCE concentration in the dissolved and adsorbed phases (mg/Kg) 

Cwater = PCE Solubility; 240 mg/L at 20°C 

ρb = bulk density of soil (g/cm3): clay/silty clay=0.98; sand=1.55; peat=0.3 (from SC-9)

n = porosity (unitless): clay/silty clay=0.625; sand=0.281; peat=0.844 (from SC-9) 

Kd = partitioning coefficient of PCE in soil [(mg/Kg)/(mg/L)] = Kocfoc 

Koc = organic carbon partition coefficient for PCE [(mg/Kg)/(mg/L)]: clay/silty clay= 
447; sand=355; peat=631 (Montgomery, 2000) 

foc = fraction organic carbon (unitless): clay/silty clay=0.045; sand=0.00088; peat=0.25 
(from SC-9) 

VOC results from soil core SC-1 were used to calculate estimates of VOC mass (as either 
sorbed or DNAPL) in soils in the Direct Injection test plot.  Three separate treatment zones 
(corresponding to the three injection points), with each zone measuring 2 ft in diameter and 6 ft 
in vertical thickness (6 to 12 ft bgs) were assumed for the calculations.  PCE DNAPL mass was 
estimated as above for the Pneumatic Injection test plot. 

5.6.2 Pre-Injection Integral Pump Test 

Integral pump tests (IPTs) were performed downgradient of the Pneumatic Injection test plot 
at monitoring well PMW-3 prior to EZVI injection in October 2006 and at the end of the 
performance monitoring period in March 2009 to aid in evaluating the performance of the EZVI.  
Results of the integral pump tests were used to estimate the change in contaminant mass flux 
from the Pneumatic Injection test plot over the test period.  Results were also compared to mass 
flux estimates calculated using data collected from the multilevel transects located downgradient 
of the Pneumatic Injection test plot. 

The integral pump test is based on the quantification of contaminant mass flux across a 
control plane located downgradient of a source zone and perpendicular to the direction of 
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groundwater flow.  In comparison with point scale measurements using a transect of monitoring 
wells, the integral pump test uses a large sampling volume obtained by pumping water from one 
or more wells situated along the control plane.  If the entire groundwater discharge downgradient 
from the source is captured, then the total mass discharge from the source zone can be 
determined (Bockelmann, 2002). 

During groundwater extraction from the well(s), samples are collected and contaminant 
concentrations are determined as a function of time.  A simplified analytical solution can then 
used to quantify the mass discharge at the control plane established by the pumping well(s) 
(Bockelmann, 2002).  This approach consists of calculating contaminant concentrations in 
distinct aquifer regions, called streamtubes, which span the length of the control plane and that 
are established by the incremental increases in the well capture zone between successive sample 
times.  The total mass flux (MF) across the control plane is then calculated by combining the 
individual MFs for each streamtube as follows: 

∑
=

=
N

i
xiiCQMF

1
2      (2) 

Where N is the number of data points (sample times), Qi is the flow rate within the streamtube 
corresponding to sample time ti, and Cxi is a function of the concentration measured at the 
pumping well for sample time ti (Bockelmann, 2002), and is calculated using a recursive formula 
presented by Schwarz (2001). 

Prior to conducting the pre-injection IPT, a numerical groundwater flow model was 
developed to estimate the approximate limits of groundwater capture at the end of the IPT and to 
estimate the extent to which water that originates in the screens of each of the fully screened 
monitoring wells and multi-level wells will travel during the IPT.  Results of the model indicate 
that the capture zone for the IPT is mainly centered on the area directly downgradient of the 
Pneumatic Injection test plot as designed to evaluate the changes in mass flux out of the 
treatment area.  Complete details of the IPT modeling effort is presented in the September 18, 
2006 Integral Pump Test Modeling memorandum (Appendix E). 

During the pre-injection IPT, groundwater was extracted from well PMW-3, located 
immediately downgradient of the Pneumatic Injection test plot, at a rate of approximately 1.25 
gallon per minute (gpm) for 16 hours using a submersible pump.  Samples of the extracted 
groundwater were collected from the pump discharge at pre-determined times for analysis of 
VOCs and DHGs.  A summary of the VOC concentrations during the IPT is presented in Table 
5-3.  The extracted water was stored in an on-site storage tank for subsequent treatment and 
disposal. 

The total mass flux across the Pneumatic Injection test plot was calculated by inserting the 
measured VOC and DHG (ethene only) concentrations into Equation 2 above.  This calculation 
was also performed for the post-demonstration IPT (see Section 5.6.6) in order to assess the 



ESTCP Final Report 
ER-0431 31 April 2010 



ESTCP Final Report 
ER-0431 32 April 2010 

change in contaminant mass flux from the Pneumatic Injection test plot over the test period.  A 
depth to water of 3.4 ft bgs was assumed for the calculations as this was the measured depth to 
water in well PMW-3 prior to conducting the pre-injection IPT.  A total depth of 20 ft bgs was 
also used for the calculations as this was assumed to be the total depth of the upper aquifer.  
Mass flux estimates are summarized in Section 5.8.4, and mass flux calculation data is presented 
in Appendix E (Tables E-46 and E-47). 

5.6.3 Injection Permitting 

Approval was obtained from the South Carolina Department of Health and Environmental 
Control (SCDHEC) for the injection of EZVI at the Site. 

5.6.4 EZVI Manufacturing 

The EZVI used in the Dem/Val was the same formulation that was used in the laboratory 
treatability tests, and was composed of nZVI from Toda (RNIP-10DS), water, corn oil and 
surfactant (Span 85) in the following proportions by weight: 10%, 51%, 38% and 1%, 
respectively.  The EZVI was manufactured on site in the same 55 gallon drums that the nZVI 
was shipped in from Japan.  Each drum was shipped with the correct amount of iron in it to make 
up a ~46 gal batch of EZVI.   

The EZVI manufacturing process is depicted in Figure 5-4.  A winch system was set up on 
Site to lift the double-bagged EZVI, which was shipped under a nitrogen head in a deoxygenated 
water slurry, up slightly in the drum to allow access to cut the plastic bags containing the iron 
and drain the iron slurry into the drum.  Attempts were made to keep a nitrogen head on the drum 
while working.  The drum was placed on a scale used to estimate the weight of the water present 
in the drum (shipped from Japan with an estimated 22 gal of deoxygenated water).  Once the 
plastic bags had been removed, additional water (approximately 2 gals of potable water from a 
tap at the site) was added to the drum to obtain the correct amount by weight for a drum’s worth 
of EZVI.  The drum containing water and nZVI was then placed under an industrial mayonnaise 
mixer used to stir the contents of the drum.  The surfactant (0.5 gal per drum) was measured and 
mixed into the vegetable oil (~20 gal per drum) prior to adding the vegetable oil to the nZVI 
drum.  The mixer was turned on and the water and nZVI were mixed to get the nZVI into 
suspension.  Oil (containing the surfactant) was then slowly added to the iron slurry until the 
correct amount had been added (38% by weight) and the nZVI slurry and oil formed an emulsion 
in the drum.  The mixer was then removed from the drum, a nitrogen head added to the top of the 
drum and the drum sealed and moved to the staging area for the injections.  A sample of EZVI 
that was made on site was collected and an activity assay was performed to insure that the nZVI 
was still reactive after exposure to oxygen during mixing and from the oxygen in the top-up 
water that was added to the nZVI slurry.  The activity assay results compared well with those 
conducted in the laboratory in zero-oxygen atmosphere indicating that the there was no 
significant loss of nZVI reactivity during the manufacturing of the EZVI.
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Once all EZVI had been made and the drums moved to the staging area, the EZVI was 
transferred from the drums to holding tanks on the injection rigs using industrial pumps.   

5.6.5 EZVI Injection 

EZVI was injected into the test plots in October 2006.  The technology demonstration was 
designed to inject a maximum of 850 gal of EZVI into the Pneumatic Injection test plot and 50 
gal into the Direct Injection test plot (see Section 3.6.5 of the Demonstration Plan, Geosyntec 
2006b).  However, due to daylighting of EZVI (EZVI migrating up former investigation borings 
to ground surface) in the Pneumatic Injection test plot it is estimated that 576 gal of EZVI was 
injected into 8 locations within the Pneumatic Injection test plot between 7 and 18.5 ft bgs (2 
injection locations were performed using Direct Injection technology), and an estimated 32 gal of 
EZVI came to surface.  A total of 151 gal of EZVI was injected into 4 locations within the Direct 
Injection test plot between 6 and 12 ft bgs and an estimated 5 gal of EZVI came to surface.  
Table 5-4 provides a summary of the volume of EZVI injected into each test plot, and Figure 5-5 
depicts the injection locations. 

Pneumatic Injection Test Plot 

Pneumatic injections were performed by Pneumatic Fracturing, Inc. (Alpha, NJ).  The 
injection nozzle consisted of a bullet-shaped nozzle which is threaded on both the inside and 
outside.  The inside drill casing is 1.5 inches in diameter and the outside drill casing is 3 inches 
in diameter.  The inside casing functions as the pathway for the nitrogen and the injectate media 
and the outside casing supports the nozzle during installation.  For the pneumatic injections, a 
two-step injection procedure was used.  First, the formation was fluidized by the injection of 
nitrogen alone, followed by injection of the EZVI with nitrogen as the carrier.  The injection 
nozzle is designed to inject media in a horizontal or planar format in a 360° circumference.  The 
nozzle itself is directional, so that each injection covers an area of 90°.  To achieve a 360° 
circumference, the nozzle was rotated between injections four times at each depth interval.  The 
nozzle is designed to produce a high fluid velocity so that the maximum acceleration of gases 
and media is achieved immediately before entry into the soil formation.  After the injection was 
completed, the nozzle was retracted upward approximately 2 feet and the process repeated.  
Nitrogen initiation and maintenance pressures and pump pressures were monitored and logged 
during all injection events.  All measurements were collected utilizing a pressure transducer and 
a pressure gauge located at the nitrogen trailer and a pressure gauge at the pump head.  A 
summary of these measurements is presented in Appendix F. 

Efforts were made to control the placement of the EZVI in the test plot.  A set of five 
injection points were planned for the Pneumatic Injection test plot, with injections occurring 
from 7 to 18.5 ft bgs.  Efforts were made to inject more EZVI in the southwestern half of the plot 
between ML-2 and ML-5, ML-6 and ML-7 to match the distribution of DNAPL in the test plot.  
The injection strategy was to inject in the outer or corner injection points (each a 90° injection), 
pushing the EZVI and potentially mobile DNAPL toward the center of the plot, followed by 
injection of EZVI in the middle of the plot (a total of 360° injection, comprised of four 90° 
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injections at each depth) to help promote mixing of the DNAPL and EZVI as the EZVI is pushed 
back toward the edges of the plot.  Any potentially mobile DNAPL would then be pushed out 
into the soil around the corner injection points.  However, there were issues with daylighting and 
controlling the placement of the EZVI with the first injection location (IP-1) which resulted in a 
change in injection strategy.   

Table 5-4 provides a summary of the volume of EZVI injected at each injection point as 
well as a summary of the amount and location of any daylighting of EZVI that was observed.  
Figure 5-6 provides a stepwise diagram of the EZVI injections in the Pneumatic Injection test 
plot and also depicts where EZVI daylighting was observed during injections.  In the 11.5 ft bgs 
injection interval in IP-1, a small amount of EZVI came to surface approximately 5 ft to the 
south of the injection tool.  Although the pneumatic injection nozzle, which injects over a 90º 
arc, was placed so that the injection should have been focused into the plot, it is believed that the 
EZVI came to surface in an old MIP probe hole that provided a short-circuit pathway to surface.  
As a result, EZVI injection was stopped for IP-1 when the EZVI daylighted and the injection 
moved to IP-3 (opposite corner from IP-1).  During injections at IP-3, EZVI dayligthted around 
the surface completion of ML-3 which was again outside of the 90º target injection interval, but 
only small amounts of EZVI were coming to surface and the injections were completed at this 
location.   

At IP-2 and IP-4 no daylighting was observed and EZVI was injected over the complete 
target depth interval.  At IP-5, which was located in the center of the plot and was to have 
injections completed over the complete 360º circumference, injections were stopped after only 
completing the deepest injection interval for 360º and partially completing the 16.5 and 14 ft 
depth intervals.  At that point significant amounts of EZVI were coming to surface around the 
surface casing of PMW-6.  For a 9 gal injection of EZVI at the 14 ft depth interval, 
approximately 5 gal of fluid came to the surface (50% assumed to be water and 50% estimated to 
be EZVI).  Pneumatic injection was stopped at this point and the plot allowed to “rest” for 
approximately 6 hours in hopes that the preferential pathways to surface would have a chance to 
collapse.  A sixth pneumatic injection point, IP-10 was attempted along the southwestern edge of 
the plot with the nozzle pointing into the center of the plot.  A total of 27 gal of EZVI was 
injected in each of the depth intervals 18 ft bgs, 16 ft bgs and 15 ft bgs, but during each injection 
event EZVI and water daylighted around PMW-6 and injection was stopped when an estimated 
15 gal of fluid were coming to surface. 

The amount of EZVI injected into the pneumatic injection plot at the time injections were 
stopped was only approximately 490 gal, just over half of the target amount of EZVI for this 
plot.  It was decided that an attempt would be made to inject additional EZVI into the pneumatic 
injection plot using the direct push injection method to try and make up some of the remaining 
volume of EZVI that needed to be added.  Two direct push injection locations, IP-11 and IP-12 
were located on the western side of the plot in the area where the highest concentrations of 
VOCs were located.  Injections were focused on the 10 to 14 foot depth interval where the 
highest concentrations were observed in the soil cores.  An additional 70 gal of EZVI were 
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injected (35 gal at each location) but injections were stopped when fluid was daylighting to 
surface around PMW-6.  

Direct Injection Test Plot 

Direct injections were performed by Vironex (of Golden, CO) using a direct push rig.  The 
rig was used to advance a 1.5-inch O.D. injection tooling with a 1-ft injection screen to the 
bottom of the desired injection interval (12 ft bgs).  Once the target depth was reached, an 
injection cap was attached to the top of the tool string.  Grout pumps were then used to inject 
EZVI and water (at a ratio of 1:3) into the formation at maximum pressures of 50 pounds per 
square inch (psi).  Use of the injection tooling allows the EZVI to be distributed over 1-ft depth 
intervals.  After the first injection was completed, the tooling was retracted upward a distance of 
1 ft, and the process repeated.  Pump pressures were monitored and logged during all injection 
events, and are presented in Appendix F.  Table 5-4 provides a summary of the volume of EZVI 
injected at each injection point as well as a summary of the amount and location of any 
daylighting of EZVI that was observed.  Figure 5-7 provides a stepwise diagram of the EZVI 
injections in the Direct Injection test plot and also depicts where EZVI daylighting was observed 
during injections. 

Injection Monitoring 

During EZVI injection in each plot, the injection area was monitored for surface heave and 
evidence of daylighting or blowby using a graduated heave rod and a surveyor’s transit.  
Daylighting occurs when a vertical fracture or other features such as casings or old boreholes 
provide a preferential pathway for nitrogen or fluid to the surface.  Blowby occurs when nitrogen 
or injection fluid travels upwards along the side of the nozzle assembly and dissipates at ground 
surface adjacent to the nozzle.  In the Pneumatic Injection test plot, measurements of pressure in 
select wells were also recorded using pressure gauges at the well head (see Appendix F) and 
downhole pressure transducers (Levelogger 3001, Solinst Canada Ltd., Georgetown, Ontario, 
Canada).  Plots of pressure transducer data during each day of injections are presented in 
Appendix E (Figures E-1 to E-5). 

Following EZVI injection, soil cores were collected from ten locations (ESC-1 through 
ESC-10) around the injection points to evaluate the ability of the two injection technologies to 
provide effective distribution of the EZVI within the source zones (Figure 5-5).  A summary of 
the soil core observations is provided in Table 5-5.  Soil cores were collected after all EZVI 
injections were complete to reduce the likelihood of providing short-circuit pathways through 
boreholes.  As a result, it was not possible to determine which direction the EZVI observed in 
each soil boring came from.  However, inspection of soil cores from locations ESC-1 through 
ESC-6 suggested good lateral distribution of EZVI within the test plot, as all core locations 
except for ESC-6 showed evidence of EZVI in at least one soil core.  The cores did indicate that 
the EZVI was not as evenly distributed throughout the target treatment interval as expected and 
that there was strong indication of fingering or preferential flow paths.  It should be noted that 
during the post-demonstration coring event, two additional soil cores from location ESC-11, 
which was located ~1 ft from ESC-6, showed evidence of EZVI.  During the post-demonstration 
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sampling event, soil cores from an additional seven locations (ESC-11 through ESC-17) were 
collected to further evaluate the ability of the two injection technologies to provide effective 
distribution of the EZVI within the source zones (Figure 5-5).  Results of the EZVI soil core 
collection activities in the Pneumatic Injection test plot suggest a ROI of ~5 ft (the approximate 
distance from ESC-2 to IP-3 and from ESC-16 to IP-3) for the pneumatic injection technology.  
As mentioned above, the cores were collected after all the injection activities were completed so 
it is not possible to say for sure where observed EZVI was actually injected.  We have used the 
most conservative estimate by using the closest injection points as the assumed point of origin.   

In the Direct Injection test plot, soil core locations ESC-8 (post-injection cores) and ESC-15 
(post-demonstration cores) showed evidence of EZVI in at least one soil core.  Moreover, soil 
cores from ESC-7, ESC-9 and ESC-10 all showed evidence of EZVI in the 8-12 ft cores 
collected from each location.  These results suggest a minimum ROI of ~2.8 ft (the distance from 
ESC-10 to IP-8) for the direct injection technology. 

In addition to EZVI soil cores, ORP measurements were conducted in select fully screened 
monitoring wells following injection activities (ORP could only be measured in wells PMW-2, 
PMW-3 and PMW-4, as wells PMW-1, PMW-5 and PMW-6 all displayed evidence of EZVI 
inside the well and there was a concern of damaging the ORP probe if used in these wells).  A 
summary of ORP measurements is presented in Table 5-6.  ORP measurements for wells PMW-
2, PMW-3 and PMW-4 ranged from -24.5 mV to -29.4 mV, -37.9 mV to -69.8 mV, and 37.4 mV 
to 53.1 mV, respectively.  However, none of these wells displayed ORP readings that were 
significantly different from baseline values. 

5.6.6 Performance Monitoring Groundwater Sampling 

The field sampling events following EZVI injection consisted of groundwater sampling for 
laboratory analysis.  The Gantt Chart in Figure 5-3 presents the groundwater sampling schedule 
used during the demonstration.  For each event, groundwater samples were collected from select 
fully screened and multilevel monitoring wells and analyzed for either some or all of the 
parameters initially tested during baseline sampling activities as outlined in Table 5-2. 

5.6.7 Post-Demonstration Sampling and Integral Pump Test 

In March 2009, a final set of post-demonstration groundwater samples was collected from 
each of the fully screened and multilevel monitoring wells and was analyzed for the parameters 
initially tested during baseline sampling activities (Section 5.6.1).  A set of post-demonstration 
soil cores (SC-10 through SC-13) was also collected in the Pneumatic Injection test plot from 
locations adjacent to the baseline soil cores (Figure 5-8), and cores were analyzed for VOC 
concentrations to determine post-demonstration VOC mass estimates.  VOC extraction from the 
soil and calculations were performed as described in Section 5.6.1.  As was done during baseline 
sampling, post-demonstration VOC concentrations from wells PMW-5 and PMW-6 were used to 
calculate estimates of dissolved phase VOC mass in the northeastern and southwestern halves of 
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the Pneumatic Injection test plot, respectively and the estimate of the sorbed and DNAPL mass 
were determined using SC-10 through SC-13. 

Following groundwater and soil core collection, a post-demonstration IPT was conducted in 
order to evaluate the change in contaminant mass flux from the Pneumatic Injection test plot 
over the treatment duration.  The post-demonstration IPT was conducted using the same method 
as the pre-injection IPT (Section 5.6.2), where groundwater was extracted from well PMW-3 at a 
rate of approximately 1 gpm for 16 hours using a submersible pump.  Samples of the extracted 
groundwater were collected from the pump discharge at pre-determined times for analysis of 
VOCs and DHGs.  A summary of the VOC concentrations during the post-injection IPT is 
presented in Table 5-7.  The extracted water was stored in an on-site storage tank for subsequent 
treatment and disposal. 

Estimates of VOC and ethene mass fluxes were calculated as described in Section 5.6.2, and 
were compared to estimates calculated from the pre-injection IPT in order to assess the change in 
contaminant mass flux from the Pneumatic Injection test plot over the EZVI treatment duration.  
Results of the mass flux estimate calculations are summarized in Section 5.8.4.  Detailed mass 
flux calculation data is presented in Appendix E (Tables E-46 and E-47). 

5.6.8 Groundwater Elevation Monitoring 

During select sampling events at the Site, a set of groundwater elevations were measured 
using select water table wells in the area of the test plots.  This data was used to determine 
detailed groundwater flow directions and gradients at the time of sampling in order to calculate 
groundwater velocities over the duration of the performance monitoring period.  The 
groundwater velocities were used to calculate the mass flux estimates for the baseline, post-
injection, performance monitoring and post-demonstration sampling events.  The gradient at the 
site is very flat (Figure 4-3) and there was little change in gradient over the duration of the 
investigation.  Groundwater elevation data is presented in Appendix C.   

5.6.9 Shut-down/Demobilization  

The USEPA has elected to continue groundwater sampling at the site and thus the 
demonstration wells were not abandoned following the final groundwater sampling event for this 
demonstration.  In addition, the wells may be used by Site 45 MCRD personnel to monitor 
groundwater quality at the Site.  All wastes, equipment, and supplies were removed at the end of 
the March 2009 sampling event. 

5.6.10 Disposal of IDW 

All soils and water generated during well installation, soil sampling, well purging, and 
equipment cleaning were containerized by the drilling or sampling personnel in approved 
Department of Transportation (DOT) 55-gal drums.  The drums were sealed, labeled and 
transported to a designated storage area on the base as directed by MCRD.  All other common, 
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non-hazardous trash associated with the demonstration was disposed of according to MCRD 
protocols. 

5.7 ANALYTICAL METHODS 

The analytical methods used to analyze groundwater and soil samples are presented in Table 
5-8.  Information pertaining to calibration of analytical equipment, quality assurance, 
decontamination, and sample documentation can be found in Appendix D. 

5.8 SAMPLING RESULTS 

In the following sections, the analytical results are summarized.  Water level elevation data 
can be found in Section 5.8.1, field parameters in Section 5.8.2, geochemical parameters in 
Section 5.8.3, and VOC data in Section 5.8.4.  A complete compilation of the analytical data can 
be found in Appendix E.  All VOC, DHG, and VFA data were validated using USEPA data 
qualifiers for organic and inorganic data (USEPA 540-R-08-01 and 540-R-04-004).  A summary 
of the data validation results and findings is presented in Appendix G. 

5.8.1 Water Level Elevation Data 

The gradient at the site is very flat (Figure 4-3) and there was little change in gradient over 
the duration of the investigation.  A complete compilation of measured water level elevations is 
presented in Appendix C.  It is possible that the gradient may have reversed for short periods of 
time through the plot during the demonstration.  However, with the gradient as flat as it is, the 
changes in water levels measured in the wells within the plot were very small and often within 
the margin of measurement error.  The estimated gradient used in the mass flux calculations was 
0.0026 ft/ft.   

5.8.2 Field Parameters 

Following EZVI injections in the Pneumatic and Direct Injection test plots the following 
groundwater field parameter trends were observed.  A summary of the field parameter data is 
provided in Appendix E (Tables E-11 to E-30). 

Pneumatic Injection Test Plot 

• A moderate decrease in pH in some of the downgradient multilevel wells (ML-3-4, ML-
4-7, ML-5-5, ML-6-4 to ML-6-6, and ML 7-3 to ML-7-5), with pH measurements 
dropping by as much as 1 pH unit in these wells by the post-demonstration sampling 
event. 

• A general decrease in ORP in the fully screened monitoring wells and most of the 
multilevel wells (ML-1-5, ML-1-7, ML-2-3, ML-2-5, ML-2-7, ML-5-4, ML-5-5, ML-6-4 
to ML-6-7, and ML-7-4 to ML-7-6), with ORP measurements dropping by as much as 
250 millivolts (mV) in these wells by the post-demonstration sampling event.  However, 
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most wells exhibited a large degree of variability and fluctuation in groundwater ORP 
throughout the demonstration, thus making it difficult to assess areas where a true 
reduction in ORP was achieved.  As such the reader is directed to Tables E-11 TO E-20 
and Figures E-6 to E-53 in Appendix E for groundwater ORP trends rather than trying to 
depict this using plan view maps.  Other multilevel wells also exhibited some decrease in 
ORP following EZVI injection; but by the post-demonstration sampling event, ORP 
measurements had rebounded to near baseline levels in these wells. 

• Dissolved oxygen concentrations were low before injection and remained relatively 
constant over the demonstration period, with most wells exhibiting DO concentrations 
below 2 mg/L. 

• Increases in ferrous iron concentration in the fully screened monitoring wells (including 
PMW-2 and PMW-4). 

• Significant increases in sulfide concentrations in the fully screened monitoring wells 
(including PMW-2). 

Direct Injection Test Plot 

• pH levels in PMW-1 remained relatively constant between 5.8 and 6.3 over the 
demonstration period, and were near baseline levels by the post-demonstration sampling 
event. 

• Virtually no change in groundwater OPR between the baseline and post-demonstration 
sampling events (although ORP measurements in PMW-1 did fluctuate between -88.5 
mV and -169.9 mV over the demonstration period). 

• Dissolved oxygen concentrations decreased from approximately 1.5 mg/L to near zero (or 
non-detect) following EZVI injections, but had returned to near baseline concentrations 
by the January 2008 sampling event (after which time DO concentrations decreased once 
again). 

• Increases in ferrous iron concentration, and significant increases in sulfide concentration. 

5.8.3 Geochemical Parameters 

A summary of the geochemical parameter data, which include results of alkalinity, DHG and 
VFA samples, is provided in Appendix E (Tables E-21 to E-30, E-32 and E-33).  Results of TOC 
and dissolved metals samples are provided in Appendix E: Data Collected by USEPA.  
Following EZVI injection into the Pneumatic Injection test plot, significant increases in 
groundwater VFA concentrations (primarily acetic, butyric and propionic acids) were observed 
in the downgradient multilevel wells and in fully screened wells PMW-5 and PMW-6.  
Significant increases in VFA concentrations were also observed in upgradient well ML-2-3 
indicating that some EZVI may have moved outside the plot to the north although no EZVI was 
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observed in the upgradient wells.  Relatively little change in groundwater alkalinity was 
observed in any of the wells throughout the demonstration.  Methane concentrations increased in 
upgradient well ML-1, in the downgradient multilevel wells, and in the fully screened wells 
(except PMW-4).  Concentrations of ethene and ethane also increased in one of the upgradient 
wells (ML-2), in the downgradient multilevel wells (except ML-3), and in all fully screened 
wells except for PMW-2 and PMW-6 (ethene only) (Figures 5-9 to 5-13 ethene data).  Following 
EZVI injection into the Direct Injection test plot, concentrations of ethene and methane increased 
in the downgradient fully screened well PMW-1 (Figure 5-14 ethene data).  

5.8.4 Volatile Organic Compound Data 

Groundwater and Soil VOC Concentrations 

Using results from the baseline groundwater and soil sampling events, the total mass of 
target VOCs in the Pneumatic Injection test plot was estimated to be approximately 38 kilograms 
(kg) (Table 5-9), of which roughly 29 kg (or ~76%) is attributed to PCE DNAPL.  Following 
injection of EZVI, downgradient multilevel wells and fully screened wells PMW-3, PMW-5 and 
PMW-6 showed significant decreases in PCE and TCE concentrations, with an increase in the 
concentration of degradation products (Figures 5-9 to 5-13).  Post-demonstration sampling 
results were used to calculate a target VOC total mass of approximately 5.6 kg (Table 5-9) in the 
Pneumatic Injection test plot, of which roughly 2.1 kg (or ~38%) is attributed to PCE DNAPL.  
Injection of EZVI into the Pneumatic Injection test plot resulted in approximately 93% reduction 
in the estimated mass of PCE DNAPL, and approximately 85% reduction in the total mass of 
target VOCs.  Detailed calculations of VOC mass estimates are provided in Appendix E (Tables 
E-5 to E-10). 

Prior to EZVI injections, soil core VOC data suggested that DNAPL was present within the 
areas of SC-1 (6-8 ft bgs), SC-3 (4-6 ft bgs), SC-7 (4-10 ft bgs and 12-16 ft bgs), and SC-8 (12-
16 ft bgs) (see Figure 5-8 for soil core locations and Table E-3 for PCE concentrations indicating 
presence of DNAPL).  Groundwater VOC data also suggested that DNAPL was located very 
near well ML-2-5 and PMW-5 which had baseline groundwater PCE concentrations near 
saturation and DNAPL was actually pumped out of ML-2-5 before EZVI was injected.  Wells 
PMW-4, PMW-6, ML2-7, ML-7-5 and ML-6-5 also had very high PCE concentrations 
indicating the presence of nearby DNAPL.  A complete compilation of pre-injection soil core 
and groundwater VOC data is presented in Appendix E (Tables E-3 and E-31).   

After the injection of EZVI into the pneumatic injection plot, DNAPL was still being 
pumped from ML-2-5 but was also being pumped from wells PMW-4, PMW-5, and ML-2-7 
where a separate DNAPL was not seen prior to injection.  This indicates that DNAPL moved in 
the subsurface during or soon after EZVI injection.   

The groundwater VOC concentrations in PMW-4, located outside of the target treatment 
area of the Pneumatic Injection test plot where little to no EZVI should have been delivered, did 
not change significantly after the injections, despite a small amount of non-aqueous phase now 
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being present in the well (Figure 5-13 and Table E-31 in Appendix E).  This would appear to 
indicate that if DNAPL was mobilized into this well during injection it must have been in close 
proximity to the well prior to injection activities.  It is possible that the EZVI injection actually 
pushed DNAPL into this well or that the injection activities created fractures or preferential 
pathways that allowed DNAPL to migrate to this well post-injection.   

Well PMW-5 within the Pneumatic Injection test plot actually had a slight decrease in PCE 
concentrations and a corresponding increase in cDCE after injection of EZVI (Figure 5-13 and 
Table E-31 in Appendix E), but during each sampling event a DNAPL was pumped from this 
well.  The increase in cDCE would have lowered the saturation concentration of PCE which may 
account for some of the decrease in PCE concentrations despite the presence of a DNAPL phase.  
The DNAPL pumped from ML-2-5 during the pre- and post-injection sampling was very dark 
brown to black in color and the DNAPL pumped from PMW-5 was similar and may have 
consisted of PCE mixed with EZVI.  Although DNAPL was being pumped from PMW-5 and 
PCE and other VOC concentrations remained elevated, there was significant ethene production 
measured (Figure 5-13 and Table E-31 in Appendix E) in this well with an increase from 5.6 
µg/L just prior to EZVI injections to 2,800 µg/L during the post-demonstration sampling event, 
indicating that degradation is ongoing in this area (the maximum ethene concentration observed 
in this well was 7,200 µg/L in January 2008).   

ML-2-7 (18.5 ft bgs) did have an increase in PCE concentrations after injection of EZVI 
(Figure 5-9 and Table E-31 in Appendix E) and DNAPL was present in this point in post-
injection sampling events.  DNAPL was present near this point prior to EZVI injection as it was 
being pumped out of ML-2-5 (13.5 ft bgs), and the injection activities appear to have either 
pushed the DNAPL to this location or provided a fracture or preferential flow path that allowed 
DNAPL to migrate to this screened interval.   

Soil core VOC data from the post-demonstration sampling event (Table E-3 in Appendix E) 
suggested that DNAPL was only present within the area of SC-12 (4-8 ft bgs and 12-14 ft bgs) 
which was cored only a few inches from SC-7 which is the closest core to ML-2 (Figure 5-8).   

Based on the presence of DNAPL in the four wells (ML-2-5, ML-2-7, PMW-4 and PMW-5) 
post-EZVI injection, it appears that there was more DNAPL present in the plot than the pre-
demonstration estimate suggested.  Although there is evidence that some DNAPL may have been 
mobilized outside of the plot (DNAPL in PMW-4 and ML-2-7) there is evidence of a lot of 
degradation within and downgradient of the plot as evidenced by the increase in concentrations 
of daughter products (VC and ethene) indicating that mass was not just displaced but degraded. 

In the Direct Injection test plot, PMW-1 exhibited slight decreases in PCE and TCE 
concentrations following injection of EZVI, with a moderate increase in the concentration of 
degradation products (Figure 5-14).   
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Pneumatic Injection Test Plot Mass Flux Estimates 

Pre- and post-EZVI injection estimates of VOC and ethene mass fluxes for the Pneumatic 
Injection test plot were calculated using groundwater concentrations in the upgradient (ML-1 and 
ML-2) and downgradient (ML-3 through ML-7) multilevel well transects.  Mass flux estimates 
were also calculated using results from the IPTs and were then compared to mass flux estimates 
from the downgradient (ML-4, ML-5 and ML-6) multilevel wells. 

Mass flux estimates from the multilevel well transects were calculated using Pre-injection 
and post-demonstration VOC and ethene concentrations from the upgradient (ML-1 and ML-2) 
and downgradient (ML-3 through ML-7) multilevel wells, and by assuming an effective cross 
sectional area (perpendicular to groundwater flow) for each multilevel well.  A depth to water of 
3.4 ft bgs and a total depth of 20 ft bgs were also used for the calculations.  Pre-injection mass 
flux estimates were calculated using VOC results grouped from the August and October 2006 
baseline sampling events, since not all upgradient and downgradient wells were sampled during 
each event.  Similarly, VOC data from the November 2006 and January 2007, March and July 
2007, and January and July 2008 sampling events were grouped since not all wells were sampled 
during these events.  The total change in mass flux for both upgradient and downgradient 
multilevel well transects was then calculated by comparing pre- injection and post-demonstration 
mass flux estimates.  Table 5-10 provides a summary of the mass flux estimates as well as the 
total change in mass flux (as percent reduction) for the upgradient and downgradient multilevel 
wells.  Figures 5-15 through 5-17 show the change in mass flux graphically.  Detailed 
calculations are provided in Appendix E (Tables E-34 to E-42).   

The Pneumatic Injection plot was located in an area that had DNAPL upgradient of the plot 
as well as within the plot.  Multilevel wells were installed on the upgradient side of the plot to 
evaluate the concentrations that were flowing into the plot over the period of performance.  
Comparison of the pre- and post-EZVI injection mass flux estimates in multilevel wells on the 
upgradient side of the test plot revealed an increase in mass flux for all VOCs except for TCE 
and cDCE (Table 5-10 and Figure 5-15).  The mass flux of ethene in the upgradient multilevel 
well transect also increased significantly.  The increase in ethene and decrease in TCE and cDCE 
in the upgradient wells indicates increased degradation in this area.  This increased degradation 
may mean that some EZVI was distributed to this area during injection or simply that there is 
increased biodegradation in the area around the EZVI due to oil separation and oil breakdown 
products from the EZVI. 

Comparison of pre-injection and post-demonstration mass flux estimates calculated using 
VOC concentrations from multilevel wells ML-3 through ML-7 on the downgradient side of the 
test plot revealed significant reductions in mass flux of the parent compounds PCE (~85% 
reduction) and TCE (~86% reduction), and of the degradation product cDCE (~71% reduction) 
(Table 5-10 and Figures 5-15 to 5-17).  In contrast, the mass flux of the degradation products VC 
and ethene increased significantly over the test period.  The increase in ethene mass flux 
indicates that the reduction in PCE, TCE and cDCE concentrations were due to degradation and 
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not just displacement of water or DNAPL out of the plot.  The VC mass flux is expected to 
continue to decrease and ethene mass flux is expected to continue to increase or remain steady as 
degradation continues.   

There were elevated cDCE and VC concentrations as well as some ethene in the plot due to 
natural biodegradation before any EZVI was added.  Based on this evidence and data collected 
by the Navy on the native bacterial population at the Site, it was decided that no bioaugmentation 
would be performed with the EZVI injections.  However, it is possible that the amount of VC 
production would have been significantly less if bioaugmentation had been performed since 
biodegradation of the VC to ethene might have been accelerated with a large starting bacterial 
population. 

Estimates of VOC and ethene mass fluxes were also calculated using results of the IPTs as 
described in Sections 5.6.2 and 5.6.6.  Comparison of pre- and post-EZVI injection mass flux 
mass estimates revealed significant reductions in mass flux of the parent compounds PCE (~99% 
reduction) and TCE (~96% reduction), and significant increases in mass flux of the degradation 
products cDCE, VC and ethene (Table 5-11 and Figure 5-18).  These results were compared to 
mass flux estimates obtained using VOC and ethene concentrations for the three central 
downgradient multilevel wells (ML-4, ML-5 and ML-6), as these three wells are within the 
capture area that was inferred for the integral pump tests.  A summary of the estimated mass 
fluxes and percent reductions in mass fluxes using both methods is provided in Table 5-11 and 
are shown graphically on Figures 5-18 and 5-19.  Detailed calculations are provided in Appendix 
E (Tables E-43 to E-47).  Percent reductions in mass flux for the parent compounds PCE and 
TCE compare well for the two methods (IPT and 3-well downgradient transect); PCE mass flux 
reductions of 99% (IPTs) and 91% (3-well downgradient transect), and TCE mass flux 
reductions of 96% (IPTs) and 85% (3-well downgradient transect).  The percent increases in VC 
mass flux also compare well for the two methods..  However, for all compounds the mass flux 
estimated from the transect wells were much higher than those measured from the IPTs.  The 
higher mass flux estimates from the transect wells are to be expected due to the proximity of 
these wells to the source and the much smaller area of influence captured during sampling of 
these multilevel wells in comparison with PMW-3 which under pumping conditions would 
capture water from a larger area with lower concentrations.  The cDCE mass flux calculated 
using the transect wells was much greater in both the pre-injection and post-demonstration data 
with a change from ~2,210 mmol/yr/ft2 to 559 mmol/yr/ft2 whereas with the IPT the values and 
difference were much smaller with a pre-injection mass flux of ~49 mmol/yr/ft2 and a post-
demonstration mass flux of ~90 mmol/yr/ft2.   

With the IPT and the 3-well transect mass flux calculations, evidence of increased VC and 
ethene mass flux from pre-injection to the post-demonstration period confirm degradation of the 
parent compounds.  
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5.8.5 USEPA Research Interests and Contributions 

In addition to the work performed by Geosyntec, the USEPA provided considerable support 
for the Dem/Val through the following contributions: 

• Provided drill rig and materials for installing the monitoring wells and collecting the 
baseline soil cores; 

• Participated in each of the groundwater sampling events; 

• Collected additional groundwater geochemical data (listed below) beyond what was 
originally planned for in the Dem/Val; and 

• Provided field analytical instruments and conducted most of the laboratory sample 
analyses. 

During the Dem/Val, the USEPA collected more than 345 groundwater samples for analysis 
of TOC and total inorganic carbon (TIC), anions and dissolved metals, more than 310 
groundwater samples for analysis of alkalinity, more than 125 groundwater samples for analysis 
of total metals, and more than 65 groundwater samples for analysis of stable isotopes.  The 
USEPA also collected numerous soil and groundwater samples for X-ray diffraction analyses of 
colloids.  Analytical data is provided in Appendix E.  X-ray diffraction analyses was utilized to 
observe the mineralogical changes that may be occurring within the subsurface as a result of the 
EZVI injections (i.e., corrosion products such as elemental iron and minor components of 
magnetite).  The USEPA data is presented in Appendix E: Data Collected by USEPA. 

Compound-specific carbon-13 (δ13C) isotope results suggest that degradation of PCE and its 
daughter products were occurring because most of the δ13C isotope values increased (less 
negative) over time after EZVI injection (Tables 5-12 and 5-13).  The chlorine-37 isotope (δ37Cl) 
values for all the extracted chlorinated solvents from groundwater measured in March 2007 also 
were greater than those measured before injection, further supporting the notion that chlorinated 
hydrocarbons were degrading.  Thus both abiotic and biotic mechanisms may be operative at the 
Site (Table 5-14). 

X-ray diffraction results of suspended solids collected from monitoring wells during well 
purging showed transformation of elemental iron to magnetite (Fe3O4) and lepidocrocite (γ-
FeOOH) in ML-3-1 and ML-3-2.
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6.0 PERFORMANCE ASSESSMENT 

This section provides a summary of all data analysis in support of the assessment of 
performance objectives.  Substantive analyses of data obtained during the demonstration that 
supports the conclusions summarized in Section 3 is provided.  Where appropriate, references to 
discussions or data analysis presented in Section 5 are made rather than repeating information.   

6.1 REDUCTION IN MASS FLUX OF VOCs IN DOWNGRADIENT WELLS 

A key performance objective was the reduction in mass flux of dissolved VOCs in 
downgradient monitoring wells for areas in contact with EZVI.  To evaluate this objective, 
groundwater samples were collected before and after EZVI injection and analyzed for VOCs.  
Data from the post-demonstration sampling event (March 2009) are compared to data from the 
pre-injection (baseline) sampling event.  Data included analyses of samples from five multilevel 
wells and from the integral pump test.  Successful performance was set as >75% decrease in 
mass flux of dissolved VOCs based on groundwater samples from multilevel wells over the 
baseline condition for areas in contact with EZVI. 

This objective was met based on the significant reductions in mass flux of the parent 
compounds PCE (85% to 99%; based on multilevel transects and IPT respectively) and TCE 
(86% to 95% based on multilevel transects and IPT respectively) using the various methods of 
estimating mass flux (Tables 5-10 and 5-11).  Reductions in cDCE, which is an intermediate 
degradation product of the PCE and TCE, of 71% to 75% were also observed using the 
multilevel transect wells (Tables 5-10 and 5-11 and Figures 5-16 and 5-19).  Vinyl chloride, 
another intermediate degradation product of PCE and TCE, showed increases in mass flux of 
71% up to 240% (multilevel and IPT respectively) but this increase is a transient effect and the 
cDCE and VC are degrading over time to form ethene.  A significant increase in the ethene mass 
flux (1600% to 4600%) (Tables 5-10, 5-11, and Figures 5-15 and 5-17) was also observed 
indicating that the degradation of PCE and TCE are not stalling at VC but continuing to complete 
dechlorination.  The isotope fractionation data from the EPA (Section 5.8.5, and Tables 5-12 and 
5-13) supports the degradation of PCE and TCE to form the ethene observed. 

There were some difficulties providing uniform distribution of the EZVI within the plot and 
the amount of EZVI that was injected into the plot was roughly 275 gal short of the target 
amount (Section 5.6.5).  It is possible that if the issues with short-circuiting of EZVI to surface 
had not occurred and the targeted 850 gal of EZVI could have been injected into the plot, the 
reduction in mass flux would have been even higher.   

6.2 REDUCTION IN TOTAL VOC AND DNAPL MASS 

The amount of VOC and DNAPL reduction in the Pneumatic Injection test plot was 
assessed by comparing results of pre-injection (baseline) and post-injection groundwater and soil 
core samples.  A successful performance was set as a >75% decrease in VOC and DNAPL mass 
over baseline conditions in the Pneumatic Injection test plot. 
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This objective was met with a total VOC mass reduction of 85% in the pneumatic injection 
plot (Section 5.8.4, and Table 5-9).  The pre-demonstration mass estimate was ~38 kg of VOCs 
and the post-demonstration estimate was ~5.6 kg of VOC mass remaining in the plot.  This 
breakdowns to an estimated reduction of 63% in the sorbed and dissolved phases and a 93% 
reduction in the DNAPL mass (Table 5-9).  The calculations are explained further in Section 
5.8.4.   

Again, the issues with the injection of EZVI in the plot resulted in a significant shortfall 
(~275 gal) in the amount of EZVI injected.  It is expected that even higher reductions in mass 
would have been observed had the targeted 850 gal of EZVI been successfully distributed 
through the plot. 

6.3 RADIUS OF INFLUENCE 

The radius of influence (ROI) of each injection technology was assessed through visual 
inspection of soil cores collected post-injection.  For the Pneumatic Injection and Direct Injection 
test plots, the objective was the presence of EZVI at distances greater than 5 feet (ft) and 1 ft, 
respectively. 

This objective was met with measured ROIs of 5 to 7 feet with pneumatic injection and 1 to 
2.5 ft with direct injection (Table 5-5 and Figure 5-5).  Soil cores were collected after all EZVI 
injections were complete to reduce the likelihood of providing short-circuit pathways through 
boreholes.  As a result, it was not possible to determine which direction the EZVI observed in 
each soil boring came from.  We have used the most conservative estimate by using the closest 
injection points as the assumed point of origin for any EZVI observed in a core.  It is possible 
that the injection technologies move the EZVI further than 7 ft or 2.5 ft for the pneumatic and 
direct injection respectively.   

6.4 ABILITY TO INJECT EZVI WITHOUT DAMAGING EMULSION STRUCTIRE 

The ability to inject EZVI without damage to the emulsion structure was evaluated by 
examining the EZVI under microscope in the cores collected to evaluate the distribution.  For 
this performance criterion, success was achieved if the injection technologies be able to deliver 
the EZVI within the source zone without damage to the emulsion structure.   

This objective was met with both technologies being able to inject the EZVI without damage 
to the emulsion structure.  Samples of the EZVI from two cores (one from each plot) were 
collected and evaluated using a light microscope.  Droplets of EZVI on the sand grains 
suspended in water were located in the samples and the emulsion structure was visually 
determined to be intact.  
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6.5 ABILITY TO EVENLY DISTRIBUTE EZVI 

The ability of each injection technology to evenly distribute EZVI in a controlled manner 
over an optimum ROI was assessed by collecting groundwater and soil core samples from the 
test plots.  Success was marked by the ability of the injection technology to deliver the EZVI 
within the source zone in a way that will allow some control of the direction of EZVI injection so 
as to evenly distribute the EZVI over the injection interval. 

This objective was partially met.  There were complications with the shallow nature of the 
injections and preferential flow paths created by previous borings in the area providing short 
circuit pathways for the EZVI to surface.  There was a significant amount of fingering and a very 
uneven distribution of EZVI over the target treatment depth interval (Table 5-5).  The injections 
in both plots were complicated by the shallow nature of the site and short-circuiting or 
daylighting to surface (Table 5-4 and Figure 5-4).  It is believed that the pneumatic injection 
would have been capable of greater radius of influence and less fingering or preferential flow 
path development had the target injection interval been deeper.  This would have allowed the 
injections to occur at higher pressures and velocities while minimizing the risk of short-circuiting 
to ground surface.  In addition, we were only able to inject approximately 576 gal of EZVI into 
the pneumatic injection plot and were not able to follow planned the injection strategy (Section 
5.6.5).  This also limited the ability to evenly distribute the EZVI over the target depth interval 
since we did not have as much EZVI to distribute.   

6.6 EASE OF IMPLEMENTATION 

The ease of use of this technology was evaluated based on the experience of field staff and 
the costs of the manufacturing of the EZVI and the injection of EZVI.  The success criterion for 
this objective is that the EZVI manufacturing and injection can be readily accomplished using 
standard industry procedures and contractors. 

This objective was achieved based on experience with the actual manufacturing and 
injection of EZVI at the Site.  The equipment required for the manufacturing of EZVI on Site 
was readily available through the food manufacturing industry (industrial mayonnaise mixer) and 
the option to purchase EZVI manufactured by vendors and shipped to the Site ready for injection 
also exists.  The injection equipment used to injection the EZVI was all readily available through 
local drillers, pneumatic injection companies and plumbing suppliers.  The procedures used to 
manufacture the EZVI were well established procedures and were simple enough to be 
conducted by field technicians with training in the manufacturing techniques.  The procedures 
used to inject the EZVI were standard and well established procedures for local drillers (direct 
injection) and pneumatic injection contractors and the procedures were simple enough to be 
conducted by field technicians with training in basic injection techniques and handling 
techniques of the EZVI. 
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Although there were difficulties with short-circuiting of the EZVI to surface during injection 
this was believed to be site-specific with the shallow nature of the target treatment interval and 
the presence of pre-existing short-circuit pathways (old boreholes). 

6.7 VERSATILITY 

For this performance criterion, the technology was deemed successful if it could be applied 
in a variety of geological and hydrogeological settings were DNAPL source areas are present. 

This objective was met although there are some restrictions on the depth in which the 
injection technologies tested can be applied.  As long as the direct push injection and pneumatic 
injection equipment can be deployed in a geologic media there should be no restriction to 
injection of EZVI using this equipment in these formations.  Both injection technologies have 
been applied in many geological and hydrogeological settings including sandy and clay 
formations and fractured rock formation (injections through drilled boreholes or wells).  If using 
pneumatic injection there are some restrictions on how shallow the application can be.  If the 
injections were to occur underneath a building that would provide an overburden pressure that 
would limit the risk of daylighting of the injection fluid, then the injections could occur within a 
few feet in depth from the base of the foundation.  However, in an open area it is recommended 
that pneumatic injection be limited to applications greater than 10 feet below ground surface to 
minimize the risk of daylighting and increase the control of the injections.   

If coring, drilling or other disruptions to the subsurface due to activities such as site 
characterization has been conducted at a particular site, care must be taken in the plugging or 
abandoning of these holes and in the locating of the injection points to minimize the formation of 
preferential flow pathways and daylighting of EZVI to surface. 
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7.0 COST ASSESSMENT 

This section presents the results of a cost assessment to implement remediation of a DNAPL 
source area using EZVI.  Section 7.1 describes a cost model that was developed for the 
application of EZVI with a comparison to treatment using in situ chemical oxidation (ISCO) and 
a conventional P&T system; Section 7.2 presents an assessment of the cost drivers for the 
application of the technology; and Section 7.3 presents the results of an analysis of the cost 
model. 

7.1 COST MODEL 

A cost model was developed to assist remediation professionals in understanding costs 
associated with the EZVI technology.  The cost model identified the major cost elements 
required to implement the EZVI technology at a typical site with a PCE or TCE DNAPL source 
area.  A summary of the actual costs for pilot-scale implementation of the EZVI technology at 
Site 45, Parris Island MCRD is presented in Table 7-1. 

The cost model was developed for a template site with a PCE DNAPL source area.  The 
specific site characteristics are similar to those observed at the test site used in the technology 
Dem/Val at Site 45, Parris Island MCRD, and are presented in Table 7-2.  Cost estimates for the 
EZVI technology were prepared for both pneumatic and direct injection technologies using EZVI 
made with either nZVI or micro-scale ZVI (mZVI) in order to provide a comparison between 
two types of ZVI.  Cost estimates were also prepared for treatment using ISCO and for a 
conventional P&T system to provide a comparison with the EZVI technology.  Using the 
template site conditions, estimates of costs for the capital, O&M, and long-term monitoring were 
developed for each alternative.  Capital costs included design and permitting activities, 
mobilization, site preparation, well installation, EZVI, chemical reagents, and injection 
equipment.  O&M costs included mobilization, equipment replacement and supplies.  Long-term 
monitoring costs included field supplies, sampling equipment, laboratory analysis and regulatory 
reporting.  Labor associated with the planning, procurement and implementation of all aspects of 
the remedies are also included.  Specifically excluded from consideration are the costs of pre-
remediation investigations (e.g., source area and plume delineation, risk determination, and 
related needs), treatability studies, and post-remediation decommissioning.  Also excluded are 
costs for waste (e.g., soil cuttings and well development water) characterization and disposal. 

While most of the identified cost elements are applicable to other remediation technologies, 
the EZVI material used in the technology Dem/Val at Site 45, Parris Island MCRD is unique to 
the technology.  The volume of EZVI required is a function of the size of the treatment area and 
the mass of DNAPL present; so a larger treatment area and more mass will require a larger 
volume of EZVI.  The type of ZVI used will also impact capital costs of the technology; alternate 
ZVI material, such as mZVI, can reduce capital costs significantly. 

To obtain a clearer picture of life-cycle costs for the various treatment alternatives, cost 
estimates include the Net Present Value (NPV) of future costs.  The NPV calculations provide 
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cash flow analysis for 30 years, showing the costs by category for each year.  The future costs 
are only carried forward for 30 years on the basis that the NPV of future costs beyond the 30-
year time frame are small and the future costs beyond the 30-year period of time are difficult to 
predict.  O&M and long-term monitoring costs are discounted at a rate of 2.7% based on the real 
discount rate provided by the U.S. Federal Government Office of Management and Budget for 
30-year notes and bonds (Office of Management and Budget, 2008). 

The template site assumes a homogenous silty sand aquifer to a depth of 20 ft bgs with a 
hydraulic conductivity of 71 ft/year, a horizontal gradient of 0.0026 ft/ft and an effective porosity 
of 0.3.  These aquifer characteristics result in a groundwater seepage velocity of approximately 
0.62 ft/year.  Depth to water is 4 ft bgs.  The source area measures 40 ft in width by 150 ft in 
length.  The total estimated mass of VOCs in the source area is approximately 1,521 kg.  
Maximum concentrations of PCE, TCE, cDCE and VC at the downgradient edge of the source 
area are 22 mg/L, 6 mg/L, 44 mg/L, and 3 mg/L, respectively. 

For the EZVI injection alternatives, the EZVI used is the same formulation as that used in 
the technology Dem/Val at Site 45, Parris Island MCRD, and will be manufactured on-site.  
However, during full-scale implementation where large volumes of EZVI are required it may be 
more practical to source a bulk supplier of EZVI such as Toxicological & Environmental 
Associates, Inc. (Baton Rouge, LA), who are a bulk supplier of EZVI consisting of a blend of 
nZVI and mZVI particles (0.2 to 3 µm size range).  The costs to manufacture the EZVI using 
nZVI on-site from purchased components is essentially the same as purchasing the bulk-supplied 
material, so the costs presented later in the section are applicable to either option.   

The EZVI application using pneumatic injection assumes EZVI will be injected into twenty 
injection points (each injection point having an ROI of 10 ft) in the source area.  The impact of 
the EZVI injections will be monitored using four downgradient 2-inch monitoring wells screened 
within the saturated zone.  The injection strategy is to inject EZVI using 2 ft vertical lifts 
between 4 and 20 ft bgs.  EZVI will first be injected around the perimeter of the source area 
(each a 180° injection inwards), pushing the EZVI and potentially mobile DNAPL toward the 
center of the source area, followed by injections of EZVI along the centerline of the source area 
(each injection point consisting of a total of 360° injection, comprised of four 90° injections at 
each depth) to help promote mixing of the DNAPL and EZVI as the EZVI is pushed back toward 
the edges of the source area.  The volume of EZVI to be injected is based on 15% of the source 
area pore volume.  The downgradient monitoring wells will be sampled on a quarterly basis for a 
period of 10 years following EZVI injection activities to assess the effect of source area 
treatment and natural attenuation of the VOC plume. 

The EZVI application using direct injection assumes EZVI will be injected into two-hundred 
and forty injection points (each injection point having an ROI of 2.5 ft) in the source area.  The 
impact of the EZVI injections will be monitored using four downgradient 2-inch monitoring 
wells screened within the saturated zone.  The injection strategy is to inject EZVI using 1-ft 
vertical lifts between 4 and 20 ft bgs.  The injection points will be spaced to cover the entire 
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source area.  The volume of EZVI to be injected is based on 15% of the source area pore volume.  
The downgradient monitoring wells will be sampled on a quarterly basis for a period of 10 years 
following EZVI injection activities to assess the effect of source area treatment and natural 
attenuation of the VOC plume. 

To facilitate the cost analysis, it was assumed that a single injection event for both the 
Pneumatic and Direct Injection alternatives is required.  Furthermore, it was assumed that pre-
existing investigation borings are not present or have been decommissioned using grout and that 
daylighting of EZVI is not a concern. 

The ISCO approach assumes construction of a recirculation system to facilitate distribution 
of oxidant within the source area.  The ISCO recirculation system will consist of one 
groundwater extraction well positioned downgradient of the source area and two upgradient 
injection wells.  The impact of the ISCO system will be monitored using four downgradient 2-
inch monitoring wells.  All wells will be screened within the saturated zone.  The extraction well 
will be equipped with an electrically-operated submersible pump.  The maximum total 
groundwater extraction rate is assumed to be 2 gpm.  Extracted groundwater will be amended 
with sodium permanganate and re-injected via the injection wells.  The total mass of 
permanganate, which is based upon providing sufficient permanganate to meet the demand 
exerted by both uncontaminated soil (assumed to be 1.5 grams [g] of sodium permanganate 
[NaMnO4] per kg of soil) and VOCs (1.1 milligram [mg] NaMnO4/mg PCE, 2.2 mg 
NaMnO4/mg TCE, 3.9 mg NaMnO4/mg cDCE, and 7.6 mg NaMnO4/mg VC; ITRC, 2005), is 
10,045 kg.  It is assumed that three years of system operation are required; each year consists of 
3 weeks of recirculation with permanganate injection followed by 4 weeks of recirculation 
without permanganate injection.  The downgradient monitoring wells will be sampled on a 
quarterly basis for a period of 10 years following final year of ISCO operational activities to 
assess the effect of source area treatment and natural attenuation of the VOC plume.  

The P&T system assumed for this cost analysis will consist of two groundwater extraction 
wells screened within the saturated zone and equipped with electrically-operated submersible 
pumps.  The maximum total groundwater extraction rate is assumed to be 2 gpm.  Extracted 
groundwater will be treated using an air stripping tower.  The vapor stream from the air stripping 
tower will be treated using granular activated carbon, and treated groundwater will be recharged 
into the shallow aquifer via an infiltration gallery.  The treated groundwater effluent and the 
vapor stream from the activated carbon will be sampled on a weekly basis for a period of 30 
years to assess system performance. 

7.2 COST DRIVERS 

The costs to implement the EZVI technology for source area remediation will vary 
significantly from site to site.  The key costs drivers are listed below, along with a brief 
discussion of their impact on cost.  
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Nature and Extent of Contamination 

• DNAPL mass and distribution – A greater area of DNAPL distribution will require 
more injection points and more EZVI, thus increasing the capital costs of the technology. 

• Depth to source area – Costs for the injection of EZVI and for the installation of 
monitoring wells will increase as the depth to the target treatment zone increases, but 
other costs, such as EZVI costs, will remain similar. 

Aquifer Geochemistry 

• Concentration of other organic and inorganic constituents - For the biological 
component of degradation, dehalorespiration of PCE/TCE can be inhibited in the 
presence of chloroform and 1,1,1-trichloroethane (1,1,1-TCA) (Duhamel et al. 2002).  
However, one advantage of the EZVI technology over conventional EISB is the ability of 
the ZVI to degrade other organic contaminants that are resistant to or inhibit 
biodegradation.  Large amounts of inorganic constituents may react with the ZVI, thus 
consuming some of the capacity of the EZVI. 

• Groundwater pH - For the biological component of degradation, biological activity is 
sensitive to pH, and the optimal pH range for dehalorespiration of PCE/TCE is ~7 to 8 
(Middeldorp et al. 1999).  Thus rates of biodegradation are likely to be inhibited at a pH 
outside of this range. 

Aquifer Geology and Hydrogeology 

• Hydraulic conductivity - EZVI may be more readily distributed in more permeable 
media.  Application of the EZVI technology at sites with a low hydraulic conductivity 
(K) will generally be more expensive because a greater number of injection points are 
required to treat a given area. 

• Geological heterogeneity - High heterogeneity limits the uniform distribution of EZVI 
within the target treatment area.  Thus, treatment of sites with high heterogeneity will 
generally be more expensive as they may require a greater number of injection points or 
longer timeframes for remediation. 

Available Infrastructure & Site Access 

• Available infrastructure - The availability of existing infrastructure (e.g., existing 
groundwater injection or monitoring wells, storage buildings, and utilities) can reduce the 
cost of technology implementation. 
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• Site Access - Sites having limited access for equipment and personnel (e.g., difficult 
terrain, overhead obstructions, or treatment beneath a building) may incur higher costs 
when implementing the technology. 

7.3 COST ANALYSIS 

Summaries of the costs for each alternative are provided in Tables 7-3 to 7-7.  The capital 
costs for the EZVI alternatives using pneumatic injection, which include installation of 
monitoring wells, the EZVI, and injection equipment, are approximately $1,013K (nZVI) and 
$672K (mZVI).  The capital costs for the EZVI alternatives using direct injection are 
approximately $1,014K (nZVI) and $672K (mZVI).  The annual long-term monitoring cost is 
estimated to be $25K per year for all EZVI injection alternatives, and represents a NPV of 
$263K over a 10-year monitoring period.  The capital cost for the ISCO alternative is $418K, 
which is significantly lower than the capital costs for the EZVI using nZVI alternatives, and 
moderately lower than the capital costs for the EZVI using mZVI alternatives.  However, the 
annual cost for O&M and performance monitoring during the second and third years is $239K, 
and the annual long-term monitoring cost for the remaining years is $25K.  The NPVs of O&M 
and long-term monitoring for the ISCO alternative are $402K and $329K, respectively.  The 
capital cost for the P&T alternative is $380K, which is significantly lower than the capital costs 
for the EZVI and ISCO alternatives.  However, the annual long-term monitoring cost of $49K 
per year is higher than those of the EZVI and ISCO alternatives.  The P&T alternative also has 
an annual O&M cost of $57K over a 30-year period.  The NPVs of O&M and long-term 
monitoring for the P&T alternative are $1,202K and $1,030K, respectively.  Figure 7-1 provides 
a comparison of the NPV capital, O&M and long-term monitoring costs for each alternative. 

The bulk volume of the source area for this scenario is 96,000 ft3 (2,718 m3).  Therefore, the 
NPV of total remedy costs for the EZVI alternatives using nZVI and mZVI are approximately 
$13.30/ft3 ($470/m3) and $9.74/ft3 ($343/m3), respectively.  The NPV of total remedy costs for 
the ISCO and P&T alternatives are $11.96/ft3 ($423/m3) and $27.21/ft3 ($961/m3), respectively. 

Costs for all of the alternatives considered in this evaluation are presented in Table 7-7.  
Figure 7-2 shows the cumulative costs by year for each of the alternatives evaluated above.  The 
total remedy costs for the two EZVI injection alternatives (pneumatic and direct injection) where 
nZVI is used are virtually the same at $1,309,000.  The costs for the EZVI injection alternatives 
(pneumatic and direct injection) where mZVI is used are lower at about $967,000.  The costs for 
the ISCO alternative falls between the EZVI injection alternatives were mZVI and nZVI are used 
at about $1,220,000.  The costs for the P&T alternative are over $3,500,000. 



ESTCP Final Report 
ER-0431 86 April 2010 



ESTCP Final Report 
ER-0431 87 April 2010 



ESTCP Final Report 
ER-0431 88 April 2010 



ESTCP Final Report 
ER-0431 89 April 2010 



ESTCP Final Report 
ER-0431 90 April 2010 



ESTCP Final Report 
ER-0431 91 April 2010 



ESTCP Final Report 
ER-0431 92 April 2010 



ESTCP Final Report 
ER-0431 93 April 2010 

8.0 IMPLEMENTATION ISSUES 

This section provides information that will assist in future implementations of the 
technology.  The following are key issues related to implementation of the EZVI technology. 

8.1 POTENTIAL ENVIRONMENTAL ISSUES 

8.1.1 Regulatory Issues 

For this pilot test, an underground injection control (UIC) permit was required by SDHEC.  
At full-scale, a UIC permit will be required in most jurisdictions for the injection of EZVI and 
the extraction and re-injection of contaminated groundwater if co-injection of groundwater with 
the EZVI is being conducted.  EZVI is composed of vegetable oil, food grade surfactant and ZVI 
particles, all of which are routinely injected or emplaced into the subsurface for groundwater 
remediation purposes.  It is therefore expected that acquiring a UIC permit should not be 
difficult.   

8.1.2 Air Discharge 

The EZVI process described will not normally result in discharge of chemicals to the 
atmosphere. 

8.1.3 Wastewater Discharge 

The EZVI process described will not normally result in the generation of wastewater 
streams.  Any extracted groundwater is normally re-injected into the injection points to aid in the 
distribution of the EZVI.  Some small quantities of wastewater may be generated during well 
installation and groundwater sampling events and must be managed as they would be for other 
investigation derived waste.   

8.1.4 Waste Storage, Treatment, and Disposal 

The EZVI process described will not normally result in the generation of significant waste 
streams.  Some waste may be generated during well installation and groundwater sampling and 
must be managed as they would be for other investigation derived waste.  

8.2 END-USER ISSUES 

Potential end-users of this technology include responsible parties for contaminated sites 
where DNAPL is present in groundwater.  End-users will have an interest in the technology 
because it can potentially treat groundwater in situ at an overall cost much less than for 
conventional pump and treat remediation approaches and other source zone remediation 
technologies like ISCO.  End-users and other stakeholders may have concerns regarding: 1) the 
effectiveness of the technology in reducing concentrations of target compounds below 
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appropriate criteria; 2) potential negative impacts of using nanoscale iron in the environment; 
and 3) potential negative impacts of the EZVI addition on secondary water characteristics. 

8.3 PROCUREMENT ISSUES 

There are no specialized equipment components required to implement EZVI and no 
specialized services required.  There are a number of nanoscale iron and microscale iron vendors 
as well as vendors of pre-made EZVI.  There are no significant procurement issues with the 
application of this technology. 

8.4 DESIGN ISSUES 

Based on the results of the demonstration conducted at the Parris Island Site and a review of 
other applications of the technology potential design issue to be considered in the development 
of the design of EZVI treatments were identified.  These design issues are discussed below. 

• Daylighting of EZVI:  During EZVI injection, if a vertical pathway connects the 
injection interval with the surface, it may provide a preferential flow path for EZVI to 
travel through and daylight at the surface.  Vertical fractures may exist naturally or may 
be created during injection activities or during pre-injection investigation activities 
(boreholes, wells, MIP borings).  Vertical pathways should be plugged with bentonite 
prior to EZVI injections.  If new pathways are discovered during injection, EZVI 
injections may have to be stopped until the vertical pathways are sealed to prevent 
daylighting of EZVI.  In addition, if the location of the injection point allows the 
flexibility of movement (not in a key location in the target treatment interval or adjacent 
to a building or utilities that preclude moving it) it is possible that abandoning that 
injection point and moving it a few feet in any direction may prevent short-circuiting. 

• Distribution of EZVI in Subsurface:  Many of the distribution issues that were 
observed in this demonstration were due to the short-circuting of the EZVI to surface 
through preferential pathways (boreholes and well casings) and the care that had to be 
taken during injection due to the very shallow nature (6 to 8 ft bgs) of the target treatment 
interval.  The EZVI that was injected into the pneumatic injection plot was approximately 
275 gal less than the targeted amount.  This made distribution difficult since we 
attempted to distribute a smaller volume over a larger area.  Based on the injection testing 
that was done at LC34 (see Demonstration Plan; Geosyntec Consultants, Inc. 2006b), 
pneumatic injection should have been able to evenly distribute the EZVI over 5 ft ROI in 
a uniform sandy aquifer.  It is expected that if there were less short-circuit pathways and 
we had been focused on a deeper treatment interval (below 15 ft bgs) we would have 
achieved a more even distribution.   

In addition, as mentioned above, if a less viscous EZVI could be formulated, possibly 
using a surface modified nZVI particle that would not agglomerate which would allow 
the EZVI droplets to form on an nZVI particle basis with droplet sizes similar to EVO, it 
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is possible that improved delivery could be achieved with an ease of injection similar to 
the injection of EVO.   

• Micro Scale Iron Versus Nano Scale Iron in EZVI:  The main advantages of nZVI 
versus micro scale iron (mZVI) are the greater surface area, which corresponds to faster 
reaction rates with contaminants since they are surface mediated reactions, and the small 
size which is suppose to aid in the mobility and distribution of the particles in the 
subsurface.  EZVI made with mZVI is almost as stable and as reactive as EZVI made up 
with nZVI.  An evaluation of the costs for EZVI demonstrates that the technology can be 
applied at a much lower cost if mZVI is used instead of nZVI.  The price for nZVI is 
approximately $20 per pound versus $5 per pound for mZVI.  The use of mZVI instead 
of nZVI will significantly improve the economics of the EZVI technology.   

An additional consideration for using mZVI rather than nZVI is the perceived public and 
regulatory concerns with the potential health and environmental risks associated with 
nano-scale particles in the environment.  Although the nZVI from Toda that was used in 
this demonstration normally agglomerates such that the particles are larger than the 100 
to 200 nanometer range that appears to be the cut off for concern in the scientific research 
to date, there is still a potential that the use of nZVI will be a concern to the public and to 
regulators.   

Once the nZVI is emulsified to form EZVI, the emulsion droplets are on the micron scale 
and due to size and viscosity issues are not mobile in the subsurface.  So the advantage of 
using nZVI versus mZVI in EZVI is solely one of increased rate of reactivity.  Although 
the degradation rates for target compounds with mZVI may not be as fast as with nZVI, it 
appears that the effective degradation rate with EZVI is limited by the rate of diffusion of 
target compounds across the oil liquid membrane on the outside of the EZVI droplets.  If 
this is the case, there may not be significant differences in the performance of EZVI made 
with mZVI or nZVI.  It is possible that if a modified nZVI product was used that did not 
agglomerate, the EZVI droplets might form on the iron particle size and the EZVI 
droplets would be in the nanoscale size range.  This could provide a significant advantage 
for suing nZVI since the mobility and distribution of the this EZVI would be much 
greater than that made with mZVI. 

• Bioaugmentation:  Bioaugmentation cultures can be added to the subsurface at the 
time of injection to improve the rate of complete degradation of chlorinated ethenes to 
ethene.  Bioaugmentation was not conducted during the demonstration at Parris Island 
because prior molecular testing conducted by the Navy suggested that Dhc organisms 
associated with complete biodegradation of c-DCE and VC were present.  It is possible 
that the addition of a bioaugmentation culture may have increased the rate of degradation 
of c-DCE and VC and resulted in greater reductions in these compounds being observed. 
 Molecular testing can now be conducted to determine if microorganisms with the ability 
to dechlorinate VC to ethene are present at a specific site.  If these organisms are not 
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observed to be present it is likely that bioaugmentation will significantly improve the rate 
of degradation of chlorinated ethenes associated with the biodegradation component of 
the EZVI technology.   

• EZVI versus Co-Injection:  Alternate injection approaches that still use nZVI or 
mZVI and emulsified vegetable oil (EVO) may be considered.  Rather than emulsifying 
ZVI into vegetable oil to create EZVI above ground prior to injection it is possible to 
inject each of the components (ZVI and EVO) as separate materials either at the same 
time (co-injection) or during different injection events.  Some degree of emulsification 
may occur in the subsurface following co-injection but the resulting material is likely to 
be somewhat different from EZVI prepared above ground and injected into the 
subsurface.  No experimental work has been conducted to evaluate the how the different 
approaches to injection of ZVI and EVO will impact the effectiveness of the technology 
but the advantages of the two approaches (i.e., emulsifying ZVI into the EVO prior to 
injection and injecting ZVI and EVO as separate components) are discussed below.         

Advantages of EZVI over ZVI and EVO Injection 

o EZVI has the ability to reduce flux more quickly than straight vegetable oil since 
it is able to both sequester (immediate mass flux reduction) and degrade at the 
same time as seen in the laboratory studies reported in the Final Laboratory 
Treatability Report For: Emulsified Zero Valent Iron Treatment of Chlorinated 
Solvent DNAPL Source Areas (GeoSyntec, 2005a).   

o It is believed that EZVI can enhance contact between ZVI and the VOCs being 
degraded by partitioning with the DNAPL and distribution the ZVI throughout the 
DNAPL.  As such it is not reliant on the dissolution of the DNAPL at the edges of 
the NAPL for degradation to occur.  Degradation of the DNAPL is likely to occur 
faster with the EZVI than with ZVI and oil separately.  

o The oil membrane of the EZVI protects the ZVI particles from being used up in 
unwanted secondary reactions with other constituents in the groundwater (i.e., 
inorganics or oxygen). 

o The use of EZVI reduces the potential for the oil to coat the surface of the iron 
during or after injection reducing the reactivity of the iron. 

Advantages of ZVI and EVO over EZVI Injection 

o EVO is much easier to inject and distribute in the subsurface than EZVI so a 
better distribution of EVO may be achieved if it is injected rather than EZVI.  If a 
less viscous EZVI could be formulated, possibly using a surface modified nZVI 
particle that would not agglomerate which would allow the EZVI droplets to form 
on an nZVI particle basis with droplet sizes similar to EVO, it is possible that 
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improved delivery could be achieved with an ease of injection similar to the 
injection of EVO.    

o Whether nanoscale ZVI or a micro scale is used as the iron source, the ZVI would 
not likely allow a much better distribution than EZVI since the nZVI tends to 
agglomerate to a micro size or greater particle and filter out in the subsurface.  
The ZVI would require a similar injection density as the EZVI (direct injection of 
only a few feet ROI or pneumatic injection with up to 10 ft ROI).  However, the 
injection could be more aggressive since there would be no concern with 
damaging the emulsion structure, so there might be some slight advantages on the 
distribution compared with EZVI. 
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APPENDIX A 

POINTS OF CONTACT 



TABLE A-1: POINTS OF CONTACT
Parris Island, South Carolina

Geosyntec Consultants

Point of Contact Organization Phone/Fax/E-mail Role in Project

Tom Krug Geosyntec Consultants
(519) 822-2230 Ext. 242

Fax (519) 822-3151
tkrug@geosyntec.com

Principal Investigator

Suzanne O'Hara Geosyntec Consultants
(519) 822-2230 Ext. 234

Fax:  (519) 822-3151
sohara@geosyntec.com

Project Manager

Mark Watling Geosyntec Consultants
(519) 822-2230 Ext. 316

Fax (519) 822-3151
mwatling@geosyntec.com

Field Study Leader, QA/QC 
Officer

Dr. Jacqueline Quinn NASA
(321) 867-8410

Fax (321) 867-9161
Jacqueline.W.Quinn@nasa.gov

Technical Advisor

Dr. Robert Puls US. EPA, National Risk Management 
Research Laboratory

(580) 436-8543
Fax (580) 436-8525
puls.robert@epa.gov

Technical Advisor

Dr. Chunming Su US. EPA, National Risk Management 
Research Laboratory

(580) 436-8638
Fax (580) 436-8703

Su.Chunming@epamail.epa.gov
Technical Advisor/Chemist

Dr. Nancy Ruiz NAVFAC ESC
(805) 982-1155

Fax (805) 982-4304
nancy.ruiz@navy.mil

Technical Advisor

Timothy J. Harrington
MCRD, Parris Island, SC, Deputy 

Natural Resources & Environmental 
Affairs Office

(843) 228-3423
Fax (843) 228-3566

timothy.j.harrington@usmc.mil

 Installation Restoration Program
Manager

Art Sanford NAVFAC South
(843) 820-7482

Fax (843) 820-7465
art.Sanford@navy.mil

NAVFAC South RPM

Cliff Casey NAVFAC South
(843) 820-5561

Fax (843) 820-7465
cliff.casey@navy.mil

NAVFAC South Technical 
Support

Don Hargrove SCDHEC
(803) 896-4033

Fax (803) 896-4002
hargrodc@dhec.sc.gov

SCDHEC Representative

Jerry Stamps SCDHEC
(803) 896-4285

Fax (803) 896-4002
stampsjm@dhec.sc.gov

SCDHEC Representative

Lila Llamas USEPA, Region 4
(404) 562-9969

Fax  (404)-562-8518
Koroma-Llamas.Lila@epamail.epa.gov

US EPA Region 4

TR0173\Table A-1 - Points of Contact April 2010
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APPENDIX B 

BOREHOLE LOGS 
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clay, plastic, dark grey, organic odour

peat, dark brown to black, organic odour (VOCs)

clay, trace sand and organics (wood), dark grey

trace clay

trace silt, darker grey

no recovery

clay lenses

mottled red and light grey, silt lenses
sand, fine grained, reddish brown

no recovery
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sand, well sorted, fine grained, light grey
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NA - not available
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NA
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PT

OL

SM

CHS
SW

CHS

Location:
Coordinates:
Borehole Diameter:
Site Datum:
Ground Surface Elevation:
Top PVC Casing Elevation:
Completion Date:

Borehole  No.  SC-2
Project No.:
Client:
Logged By:
Reviewed By:
Drilling Company:
Drilling Method:
Well Material:
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Borehole  Log
Site 45 Paris Island MCRD
N  187391.66   E  2099298.04
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
7.01 ft amsl
Not Applicable
13 June 2005

TR0173
ESTCP
S. O'Hara

EPA - B. Scroggins
Direct Push - butyrate liners
Not Applicable
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no recovery

Borehole depth 20.0 ft

peat
clay, trace organics (wood), stiff, dark grey

silty sand, dark grey
sandy clay, dark grey
sand, fine grained, sugary texture, dense, light grey

dark grey

sandy clay, soft, grey

grey with red mottling, clay/silt lenses, traces of black staining,
strong BTEX odour near lenses

sand, trace silt, fine grained, dense, light brown to orange
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increase in grey colour, orange mottling
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Borehole Diameter:
Site Datum:
Ground Surface Elevation:
Top PVC Casing Elevation:
Completion Date:

TR0173
ESTCP
S. O'Hara

EPA - B. Scroggins
Direct Push - butyrate liners
Not Applicable
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Site 45 Paris Island MCRD
N  187381.55   E  2099295.08
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
7.11 ft amsl
Not Applicable
13 June 2005

Comments

Lithologic Description

clay, soft, light grey, silt and sand lenses

Borehole depth 20.0 ft
clay, dark grey, some organics (wood)

peat, strong odour of VOCs

trace wood fragments

medium to fine grained, grey to dark grey

trace silt

sand, fine grained, light grey

clayey sand, black banding, organic odour

soft, plastic, orange-brown, sharp transition to grey clay

orange mottling

trace clay lenses, trace red-brown mottling

sand, fine grained, dense, grey

no recovery
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dark grey, wet
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TR0173
ESTCP
S. O'Hara

EPA - B. Scroggins
Direct Push - butyrate liners
Not Applicable
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Borehole Diameter:
Site Datum:
Ground Surface Elevation:
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Site 45 Paris Island MCRD
N  187394.36   E  2099302.78
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
6.85 ft amsl
Not Applicable
13 June 2005

sand, trace silt, fine grained, light grey

Borehole depth 20.0 ft
clay, dark grey

peat, dark brown to black, large wood fragments

clay, trace organics, plastic, dark grey

medium to fine grained, dark grey

sandy clay, soft, light grey

clay, stiff, light grey, trace brown mottling

sand, fine grained, grey, brown-orange mottling
clayey sand

sand, fine grained, grey, brown-orange mottling

no recovery
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silty sand, trace clay, fine grained, grey



NA

NA

NA

NA

NA

Notes:

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

100 NA SC-5-20

SM

SW

SC-5-18

SC-5-16

SC-5-12

SC-5-10

SC-5-8

SC-5-6

NA

NA - not available

sand, some silt, fine grained, dense, dark grey
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Location:
Coordinates:
Borehole Diameter:
Site Datum:
Ground Surface Elevation:
Top PVC Casing Elevation:
Completion Date:

TR0173
ESTCP
S. O'Hara

EPA - B. Scroggins
Direct Push - butyrate liners
Not Applicable
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Site 45 Paris Island MCRD
Not Surveyed
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
Not Surveyed
Not Applicable
14 June 2005
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higher silt content

Borehole depth 20.0 ft
clay, dark grey

silty sand, medium grained, dark grey, organic odour, stiff
dark grey clay at 17'6

fine to medium grained, dark grey

sugary texture, light grey

sand, trace silt, grey

sandy clay, plastic, grey, silty sand lenses
clay

trace silt and clay mottled brown

less silt content, fine to medium grained, light grey, clay
lenses
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peat, large wood pieces

no recovery
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Direct Push - butyrate liners
Not Applicable
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Site 45 Paris Island MCRD
Not Surveyed
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
Not Surveyed
Not Applicable
14 June 2005
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some silt

Borehole depth 20.0 ft
clay, plastic, dark grey

clay, plastic, soft

trace silt, dark grey

sand, fine to medium grained, sugary texture, light grey

light grey
clay, orange-brown, brown mottling

sand, trace silt, fine grained, brown mottling, clay lenses

no recovery
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peat

Geologic Samples
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NR - no recovery
NA - not available
Notes:
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N  187384.52   E  2099288.28
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
6.86 ft amsl
Not Applicable
15 June 2005

Location:
Coordinates:
Borehole Diameter:
Site Datum:
Ground Surface Elevation:
Top PVC Casing Elevation:
Completion Date:

TR0173
ESTCP
S. O'Hara

EPA - B. Scroggins
Direct Push - butyrate liners
Not Applicable
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thin clay lenses, light grey

Borehole depth 20.0 ft

no recovery
organics (wood chips)

silty sand, dark grey, wet, sheen, possible brown coloured free
product separations

sand, fine to medium grained, sugary texture, dark grey
silty sand, fine to medium grained, sugary texture, dark grey

clay, soft, grey, lenses/staining

black staining, strong organic odour

less silt content, trace clay, dense, grey, orange-brown
mottling

silty sand, fine grained, dark brown

no recovery
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grades into higher sand content
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Direct Push - butyrate liners
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Project No.:
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Drilling Company:
Drilling Method:
Well Material:
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Borehole  No.  SC-8
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NA - not available
Notes:
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Site 45 Paris Island MCRD
N  187377.29   E  2099288.39
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
7.01 ft amsl
Not Applicable
15 June 2005

Comments

Lithologic Description

SC-8-10

strong odour

Borehole depth 20.0 ft

NA

peat, dark brown, wood pieces

NA

higher silt content

sand, fine to medium grained, sugary texture, dark grey
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clay, firm, plastic, dark grey

NA

silty/clayey sand, dark grey, sheen

NA

clay, dark grey

NA

NA

NA
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NA

NA

NA

NA

NA

NA

silty clay, trace sand, soft, light grey, organic odour
clay, stiff, plastic, light grey, organic odour
black banding
red-brown mottling

sandy clay lenses
brown lenses

sand, light grey, strong organic odour, trace silt and clay
lenses

no recovery

NA

clayey sand, fine to medium grained, dark grey, strong organic
odour
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Borehole  No.  SC-9
Project No.:
Client:
Logged By:
Reviewed By:
Drilling Company:
Drilling Method:
Well Material:

Comments
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N  187388.21   E  2099294.67
1.5 inch
Vertical NAVD 88; Horizontal NAD 83
7.02 ft amsl
Not Applicable
21 June 2006

Location:
Coordinates:
Borehole Diameter:
Site Datum:
Ground Surface Elevation:
Top PVC Casing Elevation:
Completion Date:

TR0173
ESTCP
S. O'Hara

EPA - B. Scroggins
Direct Push Core
Not Applicable
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- grades to sandy clay

Borehole depth 20.0 ft

PEAT

- sand becomes silty very loose dirty gray / dark slightly
coarser grainey

SILTY CLAY - light grey trace sand

SILTY SAND - orange
CLAY - light grey, plastic

SILTY SAND - grey, with grey clay stingers, rust coloured

Not Sampled/Cored

W
at

er
 L

ev
el

CLAY - dark, plastic rim
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TABLE C-1: JUNE 2006 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft btoc)
PMW-1 26-Jun-06 8:35 3.50 6.88 7.09 3.379 3.71 pre-sample
PMW-1 26-Jun-06 11:11 4.32 6.88 7.09 2.559 4.53 post-sample
PMW-2 26-Jun-06 11:17 3.63 6.99 7.14 3.360 3.78 pre-sample
PMW-2 26-Jun-06 13:15 4.04 6.99 7.14 2.950 4.19 post-sample
PMW-6 26-Jun-06 13:57 3.70 6.89 7.08 3.191 3.89 pre-sample
PMW-6 26-Jun-06 15:35 3.77 6.89 7.08 3.121 3.96 post-sample
PMW-3 26-Jun-06 15:41 3.71 6.98 7.14 3.273 3.87 pre-sample
PMW-3 26-Jun-06 17:01 3.80 6.98 7.14 3.183 3.96 post-sample
PMW-4 26-Jun-06 17:06 3.61 6.83 7.08 3.222 3.86 pre-sample
PMW-4 26-Jun-06 18:58 3.80 6.83 7.08 3.032 4.05 post-sample
PMW-5 27-Jun-06 8:00 3.48 6.87 7.17 3.387 3.78 pre-sample
PMW-5 27-Jun-06 9:25 4.07 6.87 7.17 2.797 4.37 post-sample

MW-06 SU 29-Jun-06 8:31 3.40 6.56 - 3.160 -
MW-07 SU 29-Jun-06 8:39 3.55 7.68 - 4.130 -

AMW-4 29-Jun-06 9:00 3.33 - - - -
AMW-5 29-Jun-06 9:09 3.25 - - - -
AW-3 29-Jun-06 9:11 3.37 - - - -

MW-08 SU 29-Jun-06 9:30 3.41 7.60 - 4.192 -
MW-08 SL 29-Jun-06 9:42 3.33 7.53 - 4.205 -

AW-2 29-Jun-06 9:44 3.44 - - - -
AMW-3 29-Jun-06 9:47 3.67 - - - -

MW-22 SU 29-Jun-06 10:34 3.28 6.61 - 3.335 -
MW-22 SL 29-Jun-06 10:37 3.22 6.56 - 3.343 -
MW-21 SL 29-Jun-06 10:44 3.19 6.39 - 3.198 -
MW-21 SU 29-Jun-06 10:47 3.28 6.43 - 3.147 -
MW-24 SU 29-Jun-06 16:39 3.40 6.63 - 3.230 -

PMW-4 29-Jun-06 16:42 3.48 6.83 7.08 3.349 3.73
PMW-5 29-Jun-06 16:44 3.53 6.87 7.17 3.334 3.84
PMW-6 29-Jun-06 16:47 3.55 6.89 7.08 3.341 3.74
PMW-2 29-Jun-06 16:49 3.64 6.99 7.14 3.348 3.79
PMW-1 29-Jun-06 16:51 3.55 6.88 7.09 3.329 3.76
PMW-3 29-Jun-06 16:53 3.66 6.98 7.14 3.325 3.82

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level

TR0173\Sampling event water levels April 2010



TABLE C-2: AUGUST 2006 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 21-Aug-06 8:28 4.47 6.88 7.09 2.409 4.68
PMW-2 21-Aug-06 8:34 4.55 6.99 7.14 2.440 4.70
PMW-3 21-Aug-06 8:37 4.58 6.98 7.14 2.403 4.74
PMW-4 21-Aug-06 8:51 4.40 6.83 7.08 2.432 4.65
PMW-5 21-Aug-06 8:57 4.47 6.87 7.17 2.397 4.77
PMW-6 21-Aug-06 9:01 4.50 6.89 7.08 2.391 4.69

MW-01 SU 21-Aug-06 10:56 4.20 6.72 - 2.520 - Has not been opened in long time
MW-01 SL 21-Aug-06 10:49 4.13 6.69 - 2.560 -
MW-02 SU 21-Aug-06 11:16 3.88 6.38 - 2.500 - Ant hill inside vault covering well head - lock will not secure
MW-02 SL 21-Aug-06 11:27 3.95 6.28 - 2.330 -
MW-03 SU 21-Aug-06 11:56 4.40 6.71 - 2.310 -
MW-03 SL 21-Aug-06 12:05 3.83 6.67 - 2.840 - No lock.  Water in vault, cap lock on pressure cap broken
MW-06 SU 21-Aug-06 13:00 3.70 6.65 - 2.950 - No lock.  WL meter like product - will not stop beep until spray with DI
MW-06 SL 21-Aug-06 12:29 4.30 6.61 - 2.310 - No lock
MW-07 SU 21-Aug-06 13:55 4.45 6.80 - 2.350 -
MW-07 SL 21-Aug-06 14:00 4.48 6.85 - 2.370 -
MW-08 SU 21-Aug-06 9:39 4.37 6.74 - 2.370 -
MW-08 SL 21-Aug-06 9:33 4.22 6.67 - 2.450 -
MW-10 SU 21-Aug-06 12:13 3.52 6.03 - 2.510 -
MW-10 SL 21-Aug-06 12:17 3.55 5.98 - 2.430 -
MW-14 SU 21-Aug-06 14:14 4.10 6.02 - 1.920 -
MW-14 SL 21-Aug-06 14:18 3.00 5.92 - 2.920 - WL meter like product - will not stop beep until spray with DI.  Ear broken in vault
MW-15 SU 21-Aug-06 16:30 6.24 8.47 - 2.230 -
MW-15 SL 21-Aug-06 16:35 5.45 8.28 - 2.830 -
MW-16 SU 21-Aug-06 16:47 7.29 9.34 - 2.050 -
MW-16 SL 21-Aug-06 16:42 7.05 9.33 - 2.280 -
MW-21 SU 21-Aug-06 11:43 4.19 6.53 - 2.340 -
MW-21 SL 21-Aug-06 11:37 3.82 6.44 - 2.620 -
MW-22 SU 21-Aug-06 9:19 4.25 6.66 - 2.410 -
MW-22 SL 21-Aug-06 9:25 3.70 6.59 - 2.890 -
MW-23 SU 21-Aug-06 17:05 3.64 6.49 - 2.850 - WL meter like product
MW-23 SL 21-Aug-06 16:59 3.40 6.41 - 3.010 - WL meter like product

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-3: NOVEMBER 2006 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 29-Nov-06 8:10 2.82 6.77 7.09 3.950 3.14
PMW-2 29-Nov-06 8:05 2.70 6.76 7.14 4.060 3.08
PMW-3 29-Nov-06 8:00 2.79 6.79 7.14 4.000 3.14
PMW-4 1-Dec-06 8:01 2.64 6.71 7.08 4.070 3.01
PMW-5 2-Dec-06 9:38 2.62 6.75 7.17 4.130 3.04
PMW-6 2-Dec-06 13:06 2.59 6.69 7.08 4.100 2.98

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-4: JANUARY 2007 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 19-Jan-07 14:30 2.43 6.77 7.09 4.340 2.75
PMW-3 19-Jan-07 8:23 2.00 6.79 7.14 4.790 2.35
PMW-5 19-Jan-07 9:59 3.20 6.75 7.17 3.550 3.62
PMW-6 19-Jan-07 13:25 3.42 6.69 7.08 3.270 3.81

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-5: MARCH 2007 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 19-Mar-07 8:53 3.22 6.77 7.09 3.550 3.54 oil
PMW-2 19-Mar-07 8:59 3.15 6.76 7.14 3.610 3.53 oil
PMW-3 19-Mar-07 9:03 3.25 6.79 7.14 3.540 3.60
PMW-4 19-Mar-07 9:07 3.12 6.71 7.08 3.590 3.49
PMW-5 19-Mar-07 9:12 3.34 6.75 7.17 3.410 3.76 oil
PMW-6 19-Mar-07 9:17 3.12 6.69 7.08 3.570 3.51 oil

MW-06 SU 19-Mar-07 9:32 2.83 6.65 - 3.820 - tubing in well, water in vault, no lock
MW-06 SL 19-Mar-07 9:36 3.12 6.61 - 3.490 - tubing in well, no lock
MW-07 SU 19-Mar-07 9:46 3.19 6.80 - 3.610 - tubing in well, no lock
MW-07 SL 19-Mar-07 9:50 3.25 6.85 - 3.600 - tubing in well
MW-08 SU 19-Mar-07 10:04 2.95 6.74 - 3.790 - tubing in well, no lock
MW-08 SL 19-Mar-07 10:06 3.00 6.67 - 3.670 - tubing in well, no lock
MW-21 SU 19-Mar-07 10:56 2.57 6.53 - 3.960 - tubing in well, no lock
MW-21 SL 19-Mar-07 10:35 2.55 6.44 - 3.890 - tubing in well, no lock, ants forming nest in vault
MW-22 SU 19-Mar-07 10:26 2.66 6.66 - 4.000 - tubing in well, no lock
MW-22 SL 19-Mar-07 10:20 2.65 6.59 - 3.940 - tubing in well, no lock
MW-24 SU 19-Mar-07 11:42 2.28 6.63 - 4.350 - screw cap, no lock

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-6: JULY 2007 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 10-Jul-07 9:16 3.01 6.77 7.09 3.760 3.33
PMW-2 10-Jul-07 9:19 2.98 6.76 7.14 3.780 3.36 water in vault overtop of well head/casing
PMW-3 10-Jul-07 9:22 3.06 6.79 7.14 3.730 3.41
PMW-4 10-Jul-07 9:25 2.99 6.71 7.08 3.720 3.36 water in vault overtop of well head/casing
PMW-5 10-Jul-07 9:28 3.35 6.75 7.17 3.400 3.77
PMW-6 10-Jul-07 9:30 3.58 6.69 7.08 3.110 3.97 water in vault overtop of well head/casing

MW-06 SU 19-Jul-07 9:00 3.44 6.65 - 3.210 - water in vault
MW-06 SL 19-Jul-07 9:10 3.23 6.61 - 3.380 - tubing in well
MW-07 SU 19-Jul-07 9:20 3.33 6.80 - 3.470 - tubing in well
MW-07 SL 19-Jul-07 9:27 3.37 6.85 - 3.480 - tubing in well
MW-08 SU 19-Jul-07 9:33 3.13 6.74 - 3.610 - tubing in well
MW-08 SL 19-Jul-07 9:38 3.05 6.67 - 3.620 - tubing in well, one bolt stripped out
MW-21 SU 19-Jul-07 10:33 2.97 6.53 - 3.560 - tubing in well
MW-21 SL 19-Jul-07 10:40 2.84 6.44 - 3.600 - no cap, ears broken off from side of vault, will not secure, water in vault
MW-22 SU 19-Jul-07 9:43 3.14 6.66 - 3.520 -
MW-22 SL 19-Jul-07 9:48 2.99 6.59 - 3.600 - water in vault, well under pressure
MW-24 SU 19-Jul-07 10:25 3.23 6.63 - 3.400 - ~3" product on top of water
Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-7: JANUARY 2008 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 15-Jan-08 11:10 2.84 6.77 7.09 3.930 3.16
PMW-2 15-Jan-08 11:10 2.80 6.76 7.14 3.960 3.18
PMW-3 15-Jan-08 11:10 2.89 6.79 7.14 3.900 3.24
PMW-4 15-Jan-08 11:10 2.71 6.71 7.08 4.000 3.08
PMW-5 15-Jan-08 11:10 2.77 6.75 7.17 3.980 3.19
PMW-6 15-Jan-08 11:10 2.75 6.69 7.08 3.940 3.14

MW-06 SU 15-Jan-08 9:15 3.15 6.65 - 3.500 -
MW-06 SL 15-Jan-08 9:18 3.04 6.61 - 3.570 -
MW-07 SU 15-Jan-08 10:00 2.78 6.80 - 4.020 -
MW-07 SL 15-Jan-08 10:05 2.89 6.85 - 3.960 -
MW-08 SU 15-Jan-08 10:15 2.50 6.74 - 4.240 -
MW-08 SL 15-Jan-08 10:20 2.59 6.67 - 4.080 -
MW-21 SU 15-Jan-08 10:30 2.61 6.53 - 3.920 - vault full of fire ants
MW-21 SL 15-Jan-08 10:35 2.67 6.44 - 3.770 - vault full of water; no ears on vault to secure cover/bolts
MW-22 SU 15-Jan-08 10:45 2.73 6.66 - 3.930 -
MW-22 SL 15-Jan-08 10:50 2.53 6.59 - 4.060 -
MW-24 SU 15-Jan-08 11:05 3.12 6.63 - 3.510 -

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-8: JULY 2008 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 15-Jul-08 9:10 3.33 6.77 7.09 3.440 3.65
PMW-2 15-Jul-08 9:05 3.38 6.76 7.14 3.380 3.76
PMW-3 15-Jul-08 8:40 3.48 6.79 7.14 3.310 3.83
PMW-4 15-Jul-08 8:45 3.41 6.71 7.08 3.300 3.78
PMW-5 15-Jul-08 8:50 3.60 6.75 7.17 3.150 4.02
PMW-6 15-Jul-08 8:56 3.58 6.69 7.08 3.110 3.97

MW-06 SU 15-Jul-08 9:25 3.58 6.65 - 3.070 - Product on top of water
MW-06 SL 15-Jul-08 9:30 3.48 6.61 - 3.130 - Product on top of water
MW-07 SU 15-Jul-08 9:37 3.54 6.80 - 3.260 -
MW-07 SL 15-Jul-08 9:40 3.53 6.85 - 3.320 -
MW-08 SU 15-Jul-08 9:47 3.25 6.74 - 3.490 -
MW-08 SL 15-Jul-08 9:51 3.18 6.67 - 3.490 -
MW-21 SU 15-Jul-08 10:18 3.22 6.53 - 3.310 -
MW-21 SL 15-Jul-08 10:14 3.02 6.44 - 3.420 -
MW-22 SU 15-Jul-08 10:04 3.24 6.66 - 3.420 -
MW-22 SL 15-Jul-08 10:08 3.21 6.59 - 3.380 -
MW-24 SU 15-Jul-08 10:30 3.68 6.63 - 2.950 -

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level
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TABLE C-9: MARCH 2009 WATER LEVEL ELEVATIONS
Parris Island, South Carolina

Geosyntec Consultants

Well ID Date Time Groundwater 
Level

TOC Elevation Ground Surface 
Elevation

Groundwater 
Elevation

Groundwater 
Level

Comments

(ft btoc) (ft amsl) (ft amsl) (ft amsl) (ft bgs)
PMW-1 3-Mar-09 9:40 2.82 6.77 7.09 3.950 3.14
PMW-2 3-Mar-09 9:35 2.65 6.76 7.14 4.110 3.03
PMW-3 3-Mar-09 8:55 2.71 6.79 7.14 4.080 3.06
PMW-4 3-Mar-09 9:07 2.52 6.71 7.08 4.190 2.89
PMW-5 3-Mar-09 9:15 3.10 6.75 7.17 3.650 3.52 Product noted on top of surface water in well
PMW-6 3-Mar-09 9:25 2.92 6.69 7.08 3.770 3.31

MW-06 SU 3-Mar-09 10:20 2.94 6.65 - 3.710 - water in vault
MW-06 SL 3-Mar-09 10:00 2.82 6.61 - 3.790 - water in vault
MW-07 SU 3-Mar-09 10:45 2.84 6.80 - 3.960 - vault filled with fire ants
MW-07 SL 3-Mar-09 10:50 2.84 6.85 - 4.010 -
MW-08 SU 3-Mar-09 10:55 2.52 6.74 - 4.220 -
MW-08 SL 3-Mar-09 11:00 2.54 6.67 - 4.130 -
MW-21 SU 3-Mar-09 11:20 2.25 6.53 - 4.280 -
MW-21 SL 3-Mar-09 11:30 2.10 6.44 - 4.340 - water in vault
MW-22 SU 3-Mar-09 11:05 1.80 6.66 - 4.860 -
MW-22 SL 3-Mar-09 11:15 1.90 6.59 - 4.690 - water in vault
MW-24 SU 3-Mar-09 11:50 1.95 6.63 - 4.680 - water in vault

Notes:
TOC - ftop of casing
ft btoc - feet below top of casing
ft amsl - feet above mean sea level

TR0173\Sampling event water levels April 2010
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1. CALIBRATION OF FIELD ANALYTICAL EQUIPMENT 

All field probes were calibrated prior to use using instrument manufacturer’s directions.  
Calibration checks using known standard solutions of the analyte of interest were run as 
necessary during the day and at the end of each sampling session.  All instrument calibration 
information was recorded in the field records.  The pH meter (OAKTON pH 310; OAKTON 
Instruments, Vernon Hills, IL) was re-calibrated if the calibration drifted by ± 0.5 pH units.  The 
DO (HI 9143, Hanna Instruments Inc., Woonsocket, RI), ORP (Orion 3-Star, Thermo Fisher 
Scientific Inc., Waltham, MA [used during groundwater sampling]; YSI 600XLM, YSI Inc., 
Yellow Springs, OH [used during post-injection ORP measurements]), and conductivity (WTW 
Cond 330, WTW Inc., Gold River, CA) meters were re-calibrated if the calibration drifted by 
greater than 20% of the standard concentration.  The turbidity meter (Hach 2100P, Hach 
Company, Loveland, CO).  Commercially prepared standard solutions were selected. 

2. WATERRA® PUMP SYSTEM 

The Waterra® pump system consisted of a Delrin® foot-valve attached to rigid, 5/8-inch 
outside diameter, high-density polyethylene (HDPE) tubing equal in length to the depth of the 
well.  Oscillation of the tubing, together with the action of the foot valve, forced water to the 
ground surface (i.e., inertial pump).  The entire pump assembly was dedicated to the well, 
reducing the potential for cross-contamination between wells.  Attachment 1 contains 
information on the Waterra® pumps, including specifications and the results of studies 
conducted to evaluate sampling effectiveness of this system. 

3. METHANOL EXTRACTION PROCEDURE FOR SOIL VOC 
SAMPLES 

For soil samples that were analyzed for VOCs using the methanol extraction procedure, the 
sample was split along its length and about 200 to 300 grams (g) of wet soil sample was placed 
quickly into a pre-weighed 500 milliliter (mL) glass sample container.  A small portion of the 
core was also placed into a separate glass container for laboratory moisture content 
measurements.  Extreme care was taken to minimize disturbance of the soil sample so that loss 
of volatile components was minimal.  Nitrile gloves were worn by field personnel whenever 
handling sample cores or tared sample containers.  A modification of EPA SW846-Method 5035 
was used to procure the cored samples in the field.  Method 5035 lists different procedures for 
processing samples that are expected to contain low concentrations (0.5 to 200 µg/kg) or high 
concentrations (>200 µg/kg) of VOCs.  Procedures for high levels of VOCs were used in the 
field because those procedures would facilitate the processing of large-volume sample cores 
collected during soil sampling activities. 

Two sample collection options and corresponding sample purging procedures are described 
in Method 5035; however, the procedure chosen for this study was be based on collecting 
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approximately 200 to 300 g of wet soil sample in a pre-weighed bottle that contains 250 mL of 
methanol.  A modification of this method was used in the study as described by the following 
procedure: 

• The 200 to 300 g wet soil sample was collected and placed in a pre-weighed 500 mL 
glass container.  After capping, the container was reweighed to determine the wet weight 
of the soil.  The container was then filled with 250 mL of reagent grade methanol.  The 
container was then weighed a third time to determine the weight of the methanol added. 

• After the container was filled with methanol and the soil sample, it was agitated by hand 
for approximately 10 minutes. 

• After shaking, the container was re-weighed to ensure that no methanol was lost during 
the agitation period.  The container was then placed upright and suspended soil matter 
was allowed to settle for at least 30 minutes. 

• Following the settling period, methanol extract was decanted into glass VOA vials using 
disposable pipettes.  The vials were then capped and labelled as described in Section 6, 
and stored in a cooler on ice at 4°C until they were shipped on ice to the analytical 
laboratory. 

• The dry weight of each of the soil samples was determined by sending a subset of the 
core to the laboratory for moisture content analysis.  The final concentrations of VOCs 
were calculated per the dry weight of the soil. 

4. QUALITY ASSURANCE SAMPLING 

4.1 Field QA/QC Controls 

Field QA/QC samples consisting of trip blanks, matrix spike/matrix spike duplicate 
(MS/MSD) samples, and field duplicate samples were collected to monitor sampling and 
laboratory analytical performance with respect to groundwater samples.  MS/MSD samples were 
prepared by the laboratory performing the analyses using field samples. 

Trip blanks are sample bottles containing analyte-free, de-ionized water prepared at the 
contract laboratory and stored and shipped with the samples.  The trip blanks were not opened in 
the field.  Care was taken to ensure that the trip blank and sample bottles originated from the 
same shipment of bottles from the laboratory.  Information obtained from the trip blank analyses 
was used to determine whether, and to what extent, sample handling and analysis introduced 
positive bias to the sample results.  Trip blanks were only used for VOC analyses.  One trip 
blank accompanied each cooler submitted with samples for VOC analyses. 

Field duplicates were collected using the regular sampling procedures, and analyzed to 
evaluate the precision of the sampling and analysis system.  Field duplicate samples submitted 
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for laboratory analyses were submitted without indication of which investigative sample the 
duplicate represents (i.e., blindly) and were analyzed for all geochemical parameters.  Field 
duplicates were collected and analyzed at a frequency of one field duplicate for every twenty 
field samples, or for each sampling round. 

Samples for MS/MSD analyses were prepared by laboratory personnel (using field samples) 
and analyzed to evaluate the effects of the sample matrix on the analytical results (i.e., assess 
bias).  MS/MSD analyses were completed for VOCs at a frequency of one MS/MSD for every 
twenty field samples, or for each sampling round. 

4.2 Other Controls 

Field audits of groundwater sampling protocols were performed to ensure that procedures 
outlined in the Technology Demonstration Plan (Geosyntec, 2006) were followed.  The audits 
included observations of sampling procedures and review of chain-of-custody (COC) 
documentation and sample results.  These audits were conducted by the QA/QC Officer, or their 
designee, at the Site within the first month of initiating field activities.  Following this period, 
daily audits of field activities and documentation were conducted via telephone or email during 
field activities.  A data validation checklist was used to monitor field QA/QC procedures.  
Completed validation checklists are presented in Appendix G. 

Sampling system failures were reported by the field personnel directly to the Field Study 
Leader-QA/QC Officer to specify the type of response action required, the method to evaluate 
effectiveness of the response action, and the methods for documenting the failure and response 
action implemented.  The Field Leader-QA/QC Officer reviewed the cause of the failure and 
determined whether a future change to the sampling method was required. 

5. DECONTAMINATION PRACTICES 

5.1 Drilling Equipment 

Drilling equipment was cleaned in a specified centralized cleaning area prior to initial use, 
between boreholes from separate test plots, and at the completion of drilling activities.  The 
following items were thoroughly cleaned to remove foreign material: 

• Drill casing, bits, and rods; 

• Shovels and other tools that contacted subsurface materials; and 

• Any other down-hole equipment. 
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5.2 Field Sampling Equipment 

Non-dedicated sampling equipment (e.g., split-barrel samplers, peristaltic pumps, beakers) 
were manually cleaned prior to initial use, after each use, and at the completion of sampling 
activities according to the following procedure. 

• Manually scrub with a phosphate-free (e.g., Alconox™) soap solution. 

• Rinse with distilled water. 

• Rinse with reagent-grade isopropanol. 

• Rinse thoroughly with distilled water. 

• Allow equipment to air dry. 

5.3 Field Probes 

The probes that were used for field measurements (e.g., DO, ORP, pH, conductivity, 
turbidity, and temperature) were cleaned before initial use and after each use by rinsing the 
probes thoroughly with distilled water.  At the end of the day, the probes were cleaned according 
to the following procedure: 

• Rinse thoroughly with distilled water. 

• Blot dry with a clean paper towel. 

• Store according to manufacturer’s instructions. 

5.4 Water Level Tapes 

The water level tape was cleaned prior to initial use, after each use, and at the completion of 
measuring activities.  If the water level tape was used to collect water level measurements, the 
probe and approximately 3 feet of the tape above the probe was cleaned.  If the water level tape 
was used to plumb the bottom of a well, the entire length of tape that contacted water or other 
materials in the well was cleaned.  Cleaning of the water level tape was completed using the 
procedures described above for field sampling equipment cleaning. 

6. SAMPLE LABELLING, STORAGE, PACKAGING, AND 
TRANSPORTATION 

All sample containers were labelled (using indelible ink pens) with the following 
information: 

• Sample identifier (ID); 
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• Project name/ID; 

• Name or initials of individual collecting the sample on field forms; 

• Time and date of sample collection; 

• Analysis to be performed; and 

• Preservation chemical (if used). 

Field duplicate samples required special procedures for sample designation to ensure that 
they were submitted blindly to the laboratory.  A fictitious sample ID was used and a time was 
not indicated.  Both the fictitious and actual information were documented in the field records. 

Following sample collection, all samples were stored in an insulated cooler containing ice 
sealed in a plastic bag.  Samples selected for laboratory analysis were transferred to insulated 
coolers for overnight shipment to the laboratory.  Each cooler was carefully packed to avoid 
damage to the sample containers during shipment and contained ice to help maintain sample 
temperatures between approximately 0ºC and 6ºC. 

A COC form accompanied each shipment and was used to trace the possession and handling 
of all samples from their collection, through analysis, until their final disposition.  These forms 
documented the names of the relinquishing and receiving parties, and the time and date of the 
transfer of custody.  The COC was placed in a sealed plastic bag inside the cooler.  A custody 
seal was placed on each cooler after packing and prior to shipment.  Shipping of samples to the 
laboratory was accomplished by Federal Express overnight service.  Samples remained in the 
custody of the sampling team until custody was relinquished to Federal Express.  Each sample 
shipment was tracked via the courier waybill number to ensure the prompt delivery of the 
shipment to the laboratory occurred. 

Upon receipt by the Sample Custodian for the laboratory, the Sample Custodian recorded on 
the COC form whether the custody seal was intact, the cooler temperature, the presence of air 
bubbles in any of the groundwater samples submitted for VOCs analysis, any damaged sample 
containers or discrepancies between the sample label and information on the form, and their 
signature and date.  A copy of the COC form was then transmitted to the Field Study Leader- 
Quality Assurance/Quality Control (QA/QC) Officer for their records and so that proper action 
could be taken, if necessary. 

A summary of any and all non-conformances to the procedures discussed above is presented 
in Appendix G. 
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7. DATA RECORDING 

Data generation was initiated in the field as personnel completed field forms.  The field 
forms included observations about weather conditions at the Site during daily field activities, 
descriptions of soil cores, well construction details, results of field measurements and analyses, 
equipment calibration information, well pumping rates, depth-to-water measurements, date and 
time of purging and sampling, and the identification of samples collected. 

The field forms were transmitted to the Field Study Leader-QA/QC Officer, who reviewed 
the forms for clarity, completeness, and conformity with the Technology Demonstration Plan 
(Geosyntec, 2006).  Examples of field forms used during execution of this field demonstration 
are contained in Attachment 2. 

8. INTEGRAL PUMP TEST MODELING 

Prior to conducting the pre-injection IPT, a numerical groundwater flow model was 
developed to estimate the approximate limits of groundwater capture at the end of the IPT and to 
estimate the extent to which water that originates in the screens of each of the fully screened 
monitoring wells and multi-level wells will travel during the IPT.  Model simulations were run 
using a pumping rate of 5 gallons per minute (gpm), as it was envisioned that this would be the 
pumping rate used in the field.  A description of the model and results of the model simulations 
are presented in Attachment 3.  Unfortunately, the maximum pumping rate achieved during the 
IPTs was approximately 1.25 gpm.  Thus the model simulations were re-run using this lower 
pumping rate.  Results of the model re-runs are presented in Figures D-1 and D-2 in Attachment 
3. 

9. REFERENCES 

Geosyntec Consultants, Inc. (Geosyntec).  2006.  Technology Demonstration Plan For: 
Emulsified Zero-Valent Nano-Scale Iron Treatment of Chlorinated Solvent DNAPL Source 
Areas.  Prepared for Environmental Security & Technology Certification Program (ESTCP), 
Project ER-0431.  June 15, 2006. 
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DAILY FIELD REPORT 

Project Name:

Project Number:

Field Personnel:

Recorded By:

Weather:

Date: 

Primary Activities:

Time Description of activities -  location of work, work performed, equipment & 
 personnel used, incidental information
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HEALTH & SAFETY 
TAILGATE MEETING

Division/Subsidiary

Date

Customer

Speci�c Location

Type Work

Chemicals Used

Time

Phone (      ) Paramedic Phone (       )

Address

Facility

Job Number

Name Printed

Name Printed

Meeting Conducted By

Supervisor

Signature

Protective Clothing / Equipment

Chemical Hazards

Physical Hazards

Emergency Procedures

Hospital / Clinic

Hospital Address

Special Equipment

Other

Safety Topics Presented

Attendees

Signature

Manager
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SAMPLE/CORE LOG OF BORING

Borehole ID

Project Name

Project Number

Site Location

Drilling Contractor

Driller

Drilling Method

Field Personnel

Recorded By

Drilling Started (time/date)

Drilling Completed

Total Depth Drilled m/ft      Hole diameter                  cm/in

Sampling Interval m/ft

Type of Sample/Coring Device

Ground Surface Elevation                   m

Drilling Fluid Used

Decontamination Method

Hammer Weight   Hammer Drop                       cm/inches

Page

surveyed estimated

of
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og
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g

Sample/Core Depth
(mt/ft below ground surface)

Uni�ed
Soils
Class.

Core 
Recovery

m/ft

Sample
Number

Time/Hydraulic
Pressure of

Blows/cm/in

Sample/Core
Description

From To

130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151

532 Great Road
Acton, Massachusetts,  01720

(978)263-9588  Fax (978)263-9594



WELL CONSTRUCTION 

Well ID

Project Name

Project Number

Permit Number

Installation Date(s)

Drilling Method

Borehole Diameter

Drilling Contractor

Driller

Drilling Fluid

Fluid Loss During Drilling    Litres/Gallons

Materials Used
Riser Pipe: Diameter  cm/inches
  Construction  

Bottom End Cap:

PVC
Stainless Steel
Other

Site Location

Field Personnel

Recorded By

+_

above ground protective casing

other

Slotted Area: Length   ft/m      
  Diameter   cm/inches
  Slot Size     cm/inches
  Construction  

PVC
Stainless Steel
Other

schedule

Protective 
Casing: Length   ft/m      
  Diameter   cm/inches
  Construction   Cast Aluminum

Cast Steel
Other

Male 
PVC
Stainless Steel
Other

Silt Trap Used

Female Slip

Top Cap: Male 
PVC
Stainless Steel
Other

Female

Casing 
Installation:

Yes No 

Sandpack:
Coarse Sand:      bags of  kg/lb per bag Size
Fine Sand:           bags of  kg/lb per bag Size

Seal:
Bentonite Pellets:       bags of       kg/lb per bag      Type
Bentonite Slurry:         bags of       kg/lb per bag      Type

Grout:
Cement:            bags of        kg/lb per bag     Type
Bentonite:        bags of        kg/lb per bag     Type

Slip J Plug

grout
density of grout

stick up  inches/cm

metres / feet*

metres / feet*

metres / feet*
metres / feet*
metres / feet*

metres / feet*

metres / feet*

Measuring Point is Top of Well Casing
Unless Otherwise Noted

* Depth Below Ground Surface

ground surface elevation
surveyed estimated

surface seal grout

bentonite slurry
bentonite pellets

drilled hole cm/in diameter

well casing cm/in diameter

well screen cm/in diameter
slot

gravel pack
sand pack
formation collapse

schedule

 Length   metres/feet     
  Diameter   cm/inches
  Material

130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151



MULTI-LEVEL WELL CONSTRUCTION 

Well ID

Project Name

Project Number

Permit Number

Installation Date(s)

Drilling Method

Borehole Diameter

Materials Used

Diameter  cm/inches

Bottom Screened Port:

Screened Ports:

CMT Tubing

Site Location

Field Personnel

Recorded By

above ground protective casing
�ush mount protective casing
other

 Length   ft/m      
 Diameter               cm/inches
 Screen Size     cm/inches
 Screen Material  

 Silt Trap Used

Top Cap:
Male 
PVC
Stainless Steel
Other

Female

Yes No 

Slip J Plug
back�ll
grout
density of grout

metres/feet*

metres/feet*

Measuring Point is Top of Well Casing Unless Otherwise Noted
* Depth Below Ground Surface

ground surface elevation

surface seal back�ll
surface seal grout
concrete pad cm/in diameter

cm/in thickness
cm/in stick up

surveyed estimated

bentonite slurry
bentonite pellets

bentonite slurry
bentonite pellets

bentonite slurry
bentonite pellets

bentonite slurry
bentonite pellets

bentonite slurry
bentonite pellets

bentonite slurry
bentonite pellets

bentonite slurry
bentonite pellets

drilled hole

riser pipe

cm/in diameter

cm/in diameter

gravel pack
sand pack

formation collapse

gravel pack
sand pack

formation collapse

gravel pack
sand pack

formation collapse

gravel pack
sand pack

formation collapse

gravel pack
sand pack

formation collapse

gravel pack
sand pack

formation collapse

gravel pack
sand pack

formation collapse

Material

Drilling Contractor

Driller

Drilling Fluid

Fluid Loss During Drilling                                      Litres/Gallons

 Length   ft/m      
 Diameter          cm/inches
 Construction   Cast Aluminum

Cast Steel
Other

Casing Installation:

Protective Casing:

Sandpacks:

Coarse Sand:        bags of kg/lb /bag
Fine Sand:            bags of kg/lb /bag

Coarse Sand:
Fine Sand:

Size
Size

Seals:
Bentonite Pellets:      bags of      kg/lb per bag
Bentonite Slurry:        bags of        kg/lb per bag

Grout:

Concrete Pad:

Cement:          bags of      kg/lb per bag
Bentonite:      bags of       kg/lb per bag

Cement:           bags of      kg/lb per bag

Bentonite Pellets:
Bentonite Slurry:

Type
Type

Cement:
Bentonite:

Type
Type

Cement: Type

 Length   metres/feet     
                                    Diameter          cm/inches
 Material
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                                    Length   ft/m      
 Diameter                     cm/inches
 Screen Size     cm/inches
 Screen Material  

 Silt Trap Used Yes No 

casing installaion           cm/in diameter

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

metres/feet*

well screen: midpoint       metres/feet*
    channel number

well screen: midpoint       metres/feet*
    channel number

well screen: midpoint       metres/feet*
    channel number

well screen: midpoint       metres/feet*
    channel number

well screen: midpoint       metres/feet*
    channel number

well screen: midpoint       metres/feet*
    channel number

well screen: midpoint       metres/feet*
    channel number

+_stick up             cm/in

130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230 Fax (519)822-3151



METER CALIBRATION REPORT
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Meter Summary 

pH Meter / Probe: Model:

DO Meter / Probe: Model:

ORP Meter / Probe: Model:

Conductivity Meter / Probe: Model:

Turbidity Meter / Probe: Model:

Project Name:

Project Number:

Field Personnel:

Recorded By:

Weather:

Date: 

Primary Activities:

     Page             of

Start of Sampling Event Calibration Completed at:                                     (time)

End of Sampling Event Calibration Check Completed at:                                                                        (time)

pH calibration

pH 4.0 pH 7.0 pH 10.0

Start Day temp. (°C)

instrument reading

should read/calibrated to

End Day temp. (°C)

instrument reading

bu�er solution

dissolved oxygen calibration 100% 0%

Start Day temp. (°C)

instrument reading

should read/calibrated to

End Day temp. (°C)

instrument reading

ORP calibration Zobell solution
(+231 mv Zobell reads:)

(µS / cm) °C

Start Day temp. (°C)

instrument reading

should read/calibrated to

End Day temp. (°C)

instrument reading
Turbidity calibration Standard (NTU)

Start Day instrument reading

End Day instrument reading

speci�c conductance calibration

                                                             Calibration Std_________(µS / cm)

Calibration standard

Start Day temp. (°C)

instrument reading

should read/calibrated to

End Day temp. (°C)

instrument reading

1 1

°C

Zobell
Solution
(mv)

°F

-5

270

23

0

263.5

32

5

257

41

10

250.5

50

15

244

59

20

237.5

68

25

231

77

30

244.5

86

35

218

95

40

211.5

104

45

205

113

130 Research Lane, Suite 2
Guelph, Ontario, N1G 5G3

(519) 822-2230  Fax (519) 822-3151

Comments: (rental, condition, problems)

532 Great Road
Acton, Massachusetts,  01720

(978)263-9588  Fax (978)263-9594



MONITORING WELL DEVELOPMENT
PURGING & SAMPLING RECORDS

Well ID:

Project Name:

Project Number:

Date:

Recorded By:

Sample ID:

Duplicate ID:

Weather:

Well Diameter:

Total Depth of Well:

Initial Depth to Water:  Time:

Casing Volume:

Depth to Water After Purging:  Time:

Method of Purging:

Method of Sampling:

M
on
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ng
 &
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g

samples
collected

time 
collected

container
type

container
size

preservativecontainer 
lot no.

Notes: (well condition, nearby activities or changes in land use, odors, problems, deviations from plan, etc.)

time temp. pH D.O. ORPintake
depth

pumping
rate

commentscumulative
volume

speci�c
conductance

°F / °C (units) (mg / L) (mV)ft / m gpm / Lpm odour, colour, sediment, load, well
condition, presence of productlitres / gallons (µS / cm)

130 Research Lane, Suite 2
Guelph, Ontario, Canada N1G 5G3
(519)822-2230  Fax (519)822-3151

532 Great Road
Acton, Massachusetts,  01720

(978)263-9588  Fax (978)263-9594



Geosyntec Consultants
130 Research Lane, Suite 2
Guelph, Ontario, N1G 5G3

Phone: (519) 822-2230
Fax: (519) 822-3151

PROJECT: _____________________________________________

FIELD PERSONNEL: _____________________________________

RECORDED BY: ________________________________________

Pre Shaken Post Shaken

Notes:
NR - no recovery density water: 1

Volume of methanol added to each jar is 250 ml density MeOH 0.79

Wet SoilJar
Jar + Wet Soil & MeOH

Weight (g)

Sample ID MethanolSample Date

Sample Depth (ft)

Jar + Wet SoilTop Bottom 

Methanol Sampling Field Form - March 2009.xls 03.10.2009
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INTEGRAL PUMP TEST MODELING 



 GEOSYNTEC CONSULTANTS 

130 Research Lane, Suite 2 
Guelph, Ontario N1G 5G3 • Canada 

Tel. (519) 822-2230 • Fax (519) 822-3151 

MEMORANDUM

TO: Drs. Andrea Leeson and Rajat Ghosh, ESTCP  

FROM: Suzanne O’Hara, Project Manager 

DATE: September 18, 2006 

SUBJECT:  Integral Pump Test Modeling 

REFERENCE: ER-0431 – EZVI at Parris Island 

 
 

GeoSyntec Consultants (GeoSyntec) developed a numerical groundwater flow model (the 
model) to determine the degree of water displacement associated with the Integral Pump Test 
(IPT) to be conducted at the Parris Island Site (the Site). This memorandum describes the 
development and use of the model.  

1. MODELING OBJECTIVES 
 

The objectives of this numerical model are to: 

1. Estimate the approximate limits of groundwater capture at the end of 16 hours of the 
operation of the pump test; and 

 
2. Estimate the extent to which water that originates in the screens of each of the 

performance monitoring wells (PMWs) and multi-level wells (MLs) will travel during the 
16 hours of the operation of the pump test. 

 

2. MODEL DESCRIPTION 
 

Numerical Codes, Assumptions and Limitations 
 

Groundwater flow and particle tracking were simulated using MODFLOW and 
MODPATH, which are both industry standard modeling codes developed by the United States 
Geological Survey. The software implementation (i.e., graphical user interface) used for these 
codes was Visual MODFLOW™, Version 4.0, developed and marketed by Waterloo 
Hydrogeologic Software, Ltd.   
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The model constructed for the site simulates saturated, transient or steady-state flow with 
uniform density and temperature, and spatially-varying anisotropic hydraulic properties within 
nine model layers. 

Model development was conducted for the sole purpose of the currently intended model 
objectives stated in Section 2.  Therefore, the model should be used to simulate conditions in the 
immediate vicinity of the PMWs and MLs included in the model. The model boundary condition 
were implemented to simulate the hydraulic gradient observed in the field, but has not been 
calibrated to observed water levels. 

The validity and applicability of the model for purposes other than the stated objectives 
must be independently evaluated based on the professional judgment of the model user.    

Domain and Boundaries 
 

The model domain encompasses the Pilot Test Area with model boundaries located far 
enough from the area of interest to avoid significant boundary effects. 

The domain is built using model and world coordinates georeferenced to the Louisiana 
South State Plane system (North American Datum of 1983) for easy integration with well survey 
data and a site geographical information system (GIS) database.  

The model domain encompasses 600 feet northing and 600 feet easting for a total area of 
360,000 ft2 (8.3 acres). The model grid is oriented 45 degrees to compass coordinates to align 
with the principal direction of groundwater flow (southeast). The top (northwest) and bottom 
(southeast) boundaries of the model were assigned constant head values to impose a regional 
horizontal gradient of 0.01 feet per foot throughout the model domain.  No other boundary 
conditions were imposed on the model. 

The model has nine active layers, designed to simulate the 7 distinct lithological facies 
observed in borehole SC-8 (Attachment 1), considered to be representative of the lithology in the 
vicinity of the pump test. The top facies and the second from bottom facies are divided into two 
layers such that the pumping well (PMW-3) extends between layer contacts. Hydraulic 
conductivities were assigned to the four observed facies (sand, silty sand, clay, and peat) based 
on literature values (1x10-1, 1x10-2, 1x10-5, and 1x10-4 cm/s respectively). A horizontal to 
vertical anisotropy ratio of 100:1 was simulated in each layer. An effective porosity of 0.25 was 
simulated across the model domain. 

Each layer contains 28,960 cells, ranging in area from 6 ft by 6ft near the model boundaries 
and down to 0.85 ft by 0.8 ft in the vicinity of the PMWs and MLs. 
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Solution Techniques 
 

The groundwater flow equation was solved using the Bi-Conjugate Gradient Stabilized (Bi-
CGSTAB) method with a residual convergence criterion of 0.01 ft and a head change criterion of 
0.01 ft. The model ran smoothly without any indications of numerical dispersion. 

3. MODEL SIMULATIONS 
 

The model was run in a steady-state mode with no pumping to establish an array of initial 
heads, and then in transient mode (over the period of one year) with time steps set at the end of 
16 hours of pumping. Backward tracking particles were released from the well screen of the 
pumping well to achieve the first model objective, and forward tracking particles were released 
within the well screens on the PMWs and MLs to achieve the second model objective. The 
results of the simulation are shown in Figures 1 and 2.  It should be noted that the bulk of the 
flow shown on the figures occurs in the sand layers.  The particles shown for the multilevel wells 
are from the 14 foot below ground surface screen interval which is the sand interval containing 
the highest levels of contaminant measured at the site.  

4. CONCLUSIONS 
 

The model indicates that capture zone for the IPT is mainly centered on the area directly 
downgradient of the Pilot Test Area as designed to evaluate the changes in mass flux out of the 
treatment area.  The plan is to collect additional groundwater samples from a subset of the wells 
after the IPT and prior to the injection of EZVI.  The samples would be collected from the 14 
foot depth interval from ML1, ML-2, ML-3, ML-5 and ML-7 as well as PMW-5 and PMW-6.  
We will not have the data back prior to the injection of EZVI but we would have the data to help 
determine if any changes in groundwater concentrations occurred due to the pumping.  We are 
also planning on monitoring PMW-4, PMW-5, PMW-6 and PMW-2 during the IPT with 
pressure transducers which will give us some idea of the extent of the zone of influence of the 
IPT.  

 

*   *   *   *   * 
 

Enclosures:  Figure 1. Capture at pumped well following 16 hours of extraction 
Figure 2. Particle tracking from PMWs and MLs following 16 hours of extraction 
Attachment 1.  Representative Borehole Log 
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Pneumatic Injection Plot
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Pneumatic Injection Plot
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SC-8-8

SC-8-20

SC-8-18

SC-8-16

SC-8-14

SC-8-10

SC-8-6

NA

SC-8-12

85

100

100

Notes:

100

100

NA

100

clayey sand, fine to medium grained, dark
grey, strong organic odour
sand, light grey, strong organic odour, trace
silt and clay lenses

NA - not available

strong odour

90

Borehole depth 20.0 ft
clay, dark grey

peat, dark brown, wood pieces
clay, firm, plastic, dark grey

no recovery

sand, fine to medium grained, sugary texture,
dark grey

silty/clayey sand, dark grey, sheen

silty clay, trace sand, soft, light grey, organic
odour

clay, stiff, plastic, light grey, organic odour
black banding
red-brown mottling

sandy clay lenses
brown lenses

higher silt content

Location:

Coordinates:

Drilling Method:

Well Material: NA

1 inch

Project No.:

Client:

Geologist:

Depth

Direct Push - butyrate liners

Borehole Diameter:

Site Datum:

Drilling Company:

Completion Date:
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Pneumatic Injection Plot

ML-7

ML-6
ML-5

ML-4

ML-3

ML-2

ML-1

PMW-6

PMW-5

PMW-4

PMW-2

PMW-1

PMW-3

³ Figure:
P:\PRJ\Projects\TR0173_ESTCP_EZVI_Demo\Task 4a - Baseline Characterization\Integral Pump Test\Model\IntegralPumpTest.mxd   JR

18-Oct-06
0 10 20

Feet

Capture at Pumped Well 
Following 16 Hours of Extraction

D-1

Monitoring Well (single screen)
Monitoring Well (multi-level)
Pumping Well

Particle Tracks (capture by pumping well)
Integral Pump Test

GEOSYNTECCONSULTANTS

Pumping well operating at 1.25 gallons per minute



Pneumatic Injection Plot

ML-7

ML-6
ML-5

ML-4

ML-3

ML-2

ML-1

PMW-6

PMW-5

PMW-4

PMW-2

PMW-1

PMW-3

³ Figure:
P:\PRJ\Projects\TR0173_ESTCP_EZVI_Demo\Task 4a - Baseline Characterization\Integral Pump Test\Model\IntegralPumpTest.mxd   JR

17-Oct-06
0 10 20

Feet

Particle Tracking From PMWs and MLs
Following 16 Hours of Extraction

D-2

Monitoring Well (single screen)
Monitoring Well (multi-level)
Pumping Well

Particle Tracks (flow from monitoring wells)
Integral Pump Test

GEOSYNTECCONSULTANTS

Pumping well operating at 1.25 gallons per minute



ESTCP Final Report 
ER-0516  April 2010 

APPENDIX E 

ANALYTICAL DATA AND CALCULATION SUMMARIES 
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TABLE E-1: GROUNDWATER VOC CONCENTRATIONS FROM TEMPORARY WELLS
Parris Island, South Carolina

Geosyntec Consultants

Location Depth of Sample Date Sampled Duplicate Tetrachloroethene Trichloroethene cis-1,2-Dichloroethene Vinyl chloride
(ft) (µg/L) (µg/L) (µg/L) (µg/L)

AW-2 12-Jun-05 -- 428 352 1900 28.1 J
MW-08SU 12-Jun-05 -- 18500 5390 2740 200 U
MW-22SU 12-Jun-05 -- 200 U 204 10300 3080

TW-1 8 11-Jun-05 -- 8410 28700 68400 13300
15 11-Jun-05 -- 114 338 104 7.5
20 11-Jun-05 -- 2.51 6.78 12.6 6.13

TW-2 8 12-Jun-05 -- 52500 37500 28700 1960
15 12-Jun-05 -- 71400 2620 555 J 1000 U
20 12-Jun-05 -- 6720 131 100 U 100 U

TW-3 8 12-Jun-05 -- 61.8 0.914 J 85.3 17
15 12-Jun-05 -- 19.4 0.787 J 43.7 1.66
15 12-Jun-05 Field Duplicate 20.8 0.718 J 50.2 2.17

TW-4 8 12-Jun-05 -- 11900 6700 5590 200 U
15 12-Jun-05 -- 8750 440 200 U 3.41
19 12-Jun-05 -- 180 35.9 29.3 11.3

Notes:

"J" - estimated concentration
"U" - not detected (reported at detection limit)

ft - feet
µg/L - micrograms per liter
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TABLE E-2: SC-9 SOIL PROPERTIES
Parris Island, South Carolina

Geosyntec Consultants

Sample ID Soil Lithology Date Sampled Duplicate Porosity Density foc
(%) (g/cm3) (mg/kg)

SC9C clay 21-Jun-06 -- 62.5 0.98 45000
SC9P peat 21-Jun-06 -- 84.4 0.3 250000
SC9S sand 21-Jun-06 -- 28.1 1.55 880
SC9S sand 21-Jun-06 Duplicate -- -- 1110

Notes:
-- - not collected/analyzed
g/cm3 - grams per cubic centimeter
mg/kg - milligrams per kilogram
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TABLE E-3: VOC CONCENTRATIONS FROM SOIL SAMPLES
Parris Island, South Carolina

Geosyntec Consultants

Location Sample Depth Date Sampled Duplicate Dominant Ct (max) Tetrachloroethene Trichloroethene trans-1,2-Dichloroethene 1,1-DCE cis-1,2-DCE Vinyl chloride
(ft) Lithology (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

SC-1 4-6 13-Jun-05 -- sand  118,486 6,100 890 310 U 310 U 810 610 U
6-8 13-Jun-05 -- silty sand 118,486 140,000 4,200 2400 U 2400 U 2400 U 4800 U
6-8 13-Jun-05 Field Duplicate silty sand 118,486 130,000 3,900 2400 U 2400 U 2400 U 4800 U

8-10 -- -- sand (assumed) 118,486 -- -- -- -- -- --
10-12 13-Jun-05 -- sand  118,486 7,700 750 340 U 340 U 340 U 690 U
12-14 13-Jun-05 -- sand  118,486 330 U 330 U 330 U 330 U 330 U 650 U
14-16 13-Jun-05 -- sand  118,486 320 U 320 U 320 U 320 U 320 U 630 U
16-18 13-Jun-05 -- sand and clay 2,293,690 300 U 300 U 300 U 300 U 300 U 600 U
18-20 13-Jun-05 -- peat 38,535,200 1300 U 1300 U 1300 U 1300 U 1300 U 2600 U

SC-2 4-6 13-Jun-05 -- sand 118,486 290 U 290 U 290 U 290 U 290 U 590 U
6-8 13-Jun-05 -- silty sand 118,486 1200 U 1200 U 1200 U 1200 U 1200 U 2500 U

8-10 13-Jun-05 -- silty clay 4,980,661 350 U 350 U 350 U 350 U 350 U 700 U
10-12 13-Jun-05 -- silty clay 4,980,661 340 U 340 U 340 U 340 U 340 U 690 U
12-14 13-Jun-05 -- silty sand 118,486 350 U 350 U 350 U 350 U 350 U 700 U
14-16 13-Jun-05 -- sand 118,486 340 U 340 U 340 U 340 U 340 U 690 U
16-18 13-Jun-05 -- sand 118,486 400 U 400 U 400 U 400 U 400 U 810 U
18-20 13-Jun-05 -- peat 38,535,200 670 U 670 U 670 U 670 U 670 U 1300 U
18-20 13-Jun-05 Field Duplicate peat 38,535,200 670 U 670 U 670 U 670 U 670 U 1300 U

SC-3 4-6 13-Jun-05 -- sand 118,486 70,000 2,500 2,100 1500 U 49,000 2900 U
6-8 13-Jun-05 -- sand 118,486 320 1,300 1,100 310 U 17,000 3,300

8-10 13-Jun-05 -- silty clay 4,980,661 13,000 1,500 370 340 U 11,000 700
10-12 13-Jun-05 -- sand 118,486 310 U 310 U 310 U 310 U 2,700 610 U
12-14 13-Jun-05 -- sand 118,486 1,300 880 320 U 320 U 320 U 650 U
14-16 13-Jun-05 -- sand 118,486 330 U 330 U 330 U 330 U 330 U 670 U
16-18 13-Jun-05 -- sand (high organics) 118,486 1,300 560 U 560 U 560 U 560 U 1100 U
16-18 13-Jun-05 Field Duplicate sand (high organics) 118,486 1,100 560 U 560 U 560 U 560 U 1100 U
18-20 13-Jun-05 -- peat 38,535,200 870 U 870 U 870 U 870 U 870 U 1700 U

SC-4 4-6 13-Jun-05 -- sand 118,486 310 U 310 U 310 U 310 U 1,300 620 U
6-8 13-Jun-05 -- sand 118,486 300 U 300 U 300 U 300 U 8,600 730

8-10 13-Jun-05 -- silty clay 4,980,661 21,000 5,300 340 U 340 U 3,600 690 U
10-12 13-Jun-05 -- sand 118,486 8,800 2,500 330 U 330 U 1,100 660 U
10-12 15-Jun-05 Field Duplicate sand 118,486 7,500 2,200 330 U 330 U 1000 660 U
12-14 13-Jun-05 -- silty sand 118,486 330 U 330 U 330 U 330 U 330 U 660 U
14-16 13-Jun-05 -- silty sand 118,486 330 U 330 U 330 U 330 U 330 U 670 U
16-18 13-Jun-05 -- clay 4,980,661 1300 U 1300 U 1300 U 1300 U 1300 U 2700 U
18-20 13-Jun-05 -- peat 38,535,200 770 U 770 U 770 U 770 U 770 U 1500 U

SC-5 4-6 14-Jun-05 -- sand 118,486 300 U 300 U 300 U 300 U 1,800 600 U
6-8 14-Jun-05 -- sand 118,486 310 U 310 U 310 U 310 U 1,400 610 U

8-10 14-Jun-05 -- silty clay 4,980,661 310 U 310 U 310 U 310 U 310 U 620 U
10-12 14-Jun-05 -- sand 118,486 340 U 340 U 340 U 340 U 340 U 690 U
12-14 14-Jun-05 -- sand 118,486 330 U 330 U 330 U 330 U 330 U 660 U
14-16 14-Jun-05 -- sand 118,486 330 U 330 U 330 U 330 U 330 U 660 U
16-18 14-Jun-05 -- silty sand 118,486 420 U 420 U 420 U 420 U 420 U 830 U
18-20 14-Jun-05 -- peat 38,535,200 1300 U 1300 U 1300 U 1300 U 1300 U 2700 U

SC-6 4-6 14-Jun-05 -- sand 118,486 300 U 300 U 300 U 300 U 300 U 600 U
6-8 14-Jun-05 -- silty sand 118,486 310 U 310 U 310 U 310 U 1,700 810

8-10 14-Jun-05 -- clay 4,980,661 9,700 5,500 350 U 350 U 6,200 870
10-12 14-Jun-05 -- sand 118,486 12,000 5,300 320 U 320 U 3,400 640 U
12-14 14-Jun-05 -- sand 118,486 2,600 500 330 U 330 U 330 U 670 U
14-16 14-Jun-05 -- sand 118,486 510 330 U 330 U 330 U 330 U 660 U
16-18 14-Jun-05 -- silty clay 4,980,661 840 U 840 U 840 U 840 U 840 U 1700 U
18-20 14-Jun-05 -- peat 38,535,200 1400 U 1400 U 1400 U 1400 U 1400 U 2800 U

SC-7 4-6 15-Jun-05 -- sand 118,486 610,000 90,000 16000 U 16000 U 17,000 32000 U
6-8 15-Jun-05 -- sand 118,486 1,500,000 85,000 30000 U 30000 U 30000 U 61000 U

8-10 15-Jun-05 -- clay 4,980,661 1,700,000 45,000 34000 U 34000 U 34000 U 69000 U
10-12 15-Jun-05 -- silty clay 4,980,661 190,000 7,200 5900 U 5900 U 5900 U 12000 U
12-14 15-Jun-05 -- sand 118,486 11,000,000 410000 U 410000 U 410000 U 410000 U 820000 U
14-16 15-Jun-05 -- sand 118,486 120,000 3300 U 3300 U 3300 U 3300 U 6700 U
16-18 -- -- sand (assumed) 118,486 -- -- -- -- -- --
18-20 15-Jun-05 -- peat 38,535,200 340,000 6100 U 6100 U 6100 U 6100 U 12000 U

SC-8 4-6 15-Jun-05 -- silty sand 118,486 1200 U 1200 U 1200 U 1200 U 32,000 2400 U
6-8 15-Jun-05 -- sand 118,486 2,500 17,000 460 350 U 22,000 700 U

8-10 15-Jun-05 -- clay 4,980,661 6,700 27,000 750 690 U 25,000 1400 U
8-10 15-Jun-05 Field Duplicate clay 4,980,661 6,400 28,000 720 720 U 25,000 1400 U
10-12 15-Jun-05 -- silty clay 4,980,661 24,000 12,000 320 U 320 U 3,900 640 U
12-14 15-Jun-05 -- sand 118,486 110,000 2,100 1700 U 1700 U 1700 U 3400 U
14-16 15-Jun-05 -- sand 118,486 47,000 2,100 1300 U 1300 U 1300 U 2700 U
16-18 15-Jun-05 -- sand 118,486 5,800 820 720 U 720 U 720 U 1400 U
18-20 15-Jun-05 -- peat 38,535,200 1900 U 1900 U 1900 U 1900 U 1900 U 3700 U

SC-9 4-6 21-Jun-06 -- silty sand 118,486 18,000 61,000 6200 U 6200 U 42,000 12000 U
6-8 21-Jun-06 -- silty sand and clay 2,293,690 330 U 410 400 330 U 12,000 2,200

8-10 21-Jun-06 -- clay 4,980,661 360 U 360 U 360 U 360 U 1,200 1,600
10-12 21-Jun-06 -- sand and clay 2,293,690 320 U 320 U 320 U 320 U 710 640 U
12-14 21-Jun-06 -- sand 118,486 330 U 330 U 330 U 330 U 330 U 660 U
14-16 21-Jun-06 -- sand 118,486 330 U 330 U 330 U 330 U 330 U 660 U
14-16 21-Jun-06 Field Duplicate sand 118,486 340 U 340 U 340 U 340 U 340 U 670 U
16-18 21-Jun-06 -- silty sand 118,486 510 U 510 U 510 U 510 U 510 U 1000 U
18-20 21-Jun-06 -- peat 38,535,200 890 U 890 U 890 U 890 U 890 U 1800 U
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TABLE E-3: VOC CONCENTRATIONS FROM SOIL SAMPLES
Parris Island, South Carolina

Geosyntec Consultants

Location Sample Depth Date Sampled Duplicate Dominant Ct (max) Tetrachloroethene Trichloroethene trans-1,2-Dichloroethene 1,1-DCE cis-1,2-DCE Vinyl chloride
(ft) Lithology (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

SC-10 4-6 17-Mar-09 -- sand 118,486 2,900 U 2,900 U 2,900 U 2900 U 9,900 5,800 U
6-8 17-Mar-09 -- sand 118,486 310 U 310 U 310 U 310 U 1,300 1,100

8-10 17-Mar-09 -- silty clay 4,980,661 350 U 350 U 350 U 350 U 1,000 690 U
10-12 17-Mar-09 -- sand 118,486 310 U 310 U 310 U 310 U 390 630 U
12-14 17-Mar-09 -- sand 118,486 320 U 320 U 320 U 320 U 320 U 630 U
14-16 17-Mar-09 -- sand 118,486 330 U 330 U 330 U 330 U 330 U 660 U
16-18 17-Mar-09 -- sand (high organics) 118,486 480 U 480 U 480 U 480 U 480 U 960 U
18-20 17-Mar-09 -- peat 38,535,200 610 U 610 U 610 U 610 U 1,400 1,200 U

SC-11 4-6 17-Mar-09 -- silty sand 118,486 3,000 U 8,500 3,000 U 3000 U 59,000 6,000 U
6-8 17-Mar-09 -- silty sand and clay 2,293,690 320 U 320 U 320 U 320 U 320 U 630 U

8-10 17-Mar-09 -- clay 4,980,661 330 U 330 U 330 U 330 U 330 U 670 U
10-12 17-Mar-09 -- sand and clay 2,293,690 310 U 310 U 310 U 310 U 310 U 630 U
12-14 17-Mar-09 -- sand 118,486 320 U 320 U 320 U 320 U 420 650 U
12-14 17-Mar-09 Field Duplicate sand 118,486 320 U 320 U 320 U 320 U 710 650 U
14-16 17-Mar-09 -- sand 118,486 320 U 320 U 320 U 320 U 920 650 U
16-18 17-Mar-09 -- silty sand 118,486 480 U 480 U 480 U 480 U 480 U 970 U
18-20 17-Mar-09 -- peat 38,535,200 660 U 660 U 660 U 660 U 660 U 1,300 U

SC-12 4-6 17-Mar-09 -- sand 118,486 240,000 150,000 3,000 U 3,000 U 48,000 6,100 U
6-8 17-Mar-09 -- sand 118,486 140,000 110,000 3,000 U 3,000 U 38,000 6,100 U

8-10 17-Mar-09 -- clay 4,980,661 140,000 93,000 1,800 U 1,800 U 69,000 3,600 U
10-12 17-Mar-09 -- silty clay 4,980,661 7,000 5,000 310 U 310 U 9,000 630 U
12-14 17-Mar-09 -- sand 118,486 1,000,000 69,000 14,000 U 14,000 U 44,000 27,000 U
14-16 17-Mar-09 -- sand 118,486 1,900 330 U 330 U 330 U 16,000 650 U
16-18 17-Mar-09 -- sand (assumed) 118,486 15,000 2,700 360 U 360 U 51,000 720 U
18-20 17-Mar-09 -- peat 38,535,200 440,000 400,000 5,900 U 5,900 U 250,000 12,000 U

SC-13 4-6 17-Mar-09 -- silty sand 118,486 1,500 U 1,500 U 1,500 U 1,500 U 32,000 3,000 U
6-8 17-Mar-09 -- sand 118,486 1,100 U 1,100 U 1,100 U 1,100 U 23,000 2,200 U

8-10 17-Mar-09 -- clay 4,980,661 350 U 350 U 350 U 350 U 18,000 710 U
10-12 17-Mar-09 -- silty clay 4,980,661 320 U 320 U 320 U 320 U 15,000 630 U
12-14 17-Mar-09 -- sand 118,486 580 320 U 320 U 320 U 18,000 650 U
12-14 17-Mar-09 Field Duplicate sand 118,486 1,900 320 U 320 U 320 U 23,000 640 U
14-16 17-Mar-09 -- sand 118,486 320 U 320 U 320 U 320 U 5,900 650 U
16-18 17-Mar-09 -- sand 118,486 440 U 440 U 440 U 440 U 2,400 880 U
18-20 17-Mar-09 -- peat 38,535,200 340,000 13,000 1,300 U 1,300 U 33,000 2,700 U

Notes:
ft - feet
-- - not collected/measured
µg/kg - micrograms per kilogram
"U" - not detected (reported at detection limit)
Ct - maximum PCE concentration in the dissolved and adsorbed phases (mg/Kg)
Cwater - PCE Solubility; 240 mg/L at 20°C (maximum value found in literature)

ρ b - bulk density of soil (g/cm3): silty clay=0.98; sand=1.55; peat=0.3 (from SC-9)
n - porosity (unitless): silty clay=0.625; sand=0.281; peat=0.844 (from SC-9)
Kd - partitioning coefficient of PCE in soil [(mg/Kg)/(mg/L)] = Kocfoc

Koc - organic carbon partition coefficient for PCE [(mg/Kg)/(mg/L)]: silty clay= 447a; sand = 355a; peat = 631a

foc - fraction organic carbon (unitless): silty clay=0.045; sand=0.00088; peat=0.25 (from SC-9)
PCE concentration > than maximum dissolved and sorbed concentration; presence of DNAPL

a - Groundwater Chemicals Desk Reference, 3rd Edition

b

bdwater
t

n)  (K C
C

ρ
ρ +

=
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TABLE E-4: ESTIMATED MASS OF TARGET VOCs IN PNEUMATIC INJECTION
AND DIRECT INJECTION TEST PLOTS

Parris Island, South Carolina

Geosyntec Consultants

Media VOC
Sorbed/Dissolved DNAPL Total Sorbed/Dissolved DNAPL Total

Soil1 Tetrachloroethene 2,760 29,028 31,788 119 13 132
Trichloroethene 1,317 0 1,317 4 0 4
cis-1,2-Dichloroethene 1,254 0 1,254 2 0 2
Vinyl Chloride 2,214 0 2,214 5 0 5

Groundwater2 Tetrachloroethene 577 0 577 6 0 6
Trichloroethene 267 0 267 4 0 4
cis-1,2-Dichloroethene 588 0 588 3 0 3
Vinyl Chloride 12 0 12 0 0 0

8,990 29,028 38,018 144 13 156

Notes:
g - grams

2 - Groundwater data is based on TW-1 data

Pneumatic Injection Test Plot Mass (g) Direct Injection Test Plot Mass (g)

Total Mass (g)

1 - Soil data based on SC-1 Pre-Injection data
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TABLE E-5: CALCULATION OF PRE-INJECTION ESTIMATED MASS OF DISSOLVED-PHASE TARGET VOCs IN PNEUMATIC INJECTION TEST PLOT
Parris Island, South Carolina

Geosyntec Consultants

Treatment Zone Groundwater Concentrations
Location Date Tetrachloroethene Trichloroethene cis-1,2-Dichloroethene Vinyl chloride

Sampled (µg/L) (µg/L) (µg/L) (µg/L)
PMW-5 13-Oct-06 57,000 26,000 50,000 500
PMW-6 13-Oct-06 180 490 8,300 710
Average 28,590 13,245 29,150 605

Treatment Zone Posority Calculation1

Depth SC-3 SC-7 SC-8 SC-9 Most Prevalent 
Soil Type

Porosity (from 
SC-9)

6-8 sand sand sand silty sand and clay sand 0.281
8-10 silty clay clay clay clay clay 0.625

10-12 sand silty clay silty clay sand and clay clay 0.625
12-14 sand sand sand sand sand 0.281
14-16 sand sand sand sand sand 0.281
16-18 sand (high organics) -- sand silty sand sand 0.281

Average 0.396

Treatment Zone Pore Volume2

Porosity Pore Volume (L)
0.396 20167

Dissolved-Phase VOC Mass3

Tetrachloroethene Trichloroethene cis-1,2-Dichloroethene Vinyl chloride
(g) (g) (g) (g)
577 267 588 12

Notes:
ft - Feet
µg/L - micrograms per liter
L - liters
g - grams
bold - compound detected at reported concentration
1 - Posority for Pneumatic Injection test plot calculated using most prevalent soil type in SC-3, 7, 8 and 9

2 - Pneumatic Injection test plot treatment zone pore volume calculated as:
pore vol = V x n

where:
V= total volume (l x w x h)
l= treatment zone length (10 ft)

w= treatment zone width (15 ft)
h= treatment zone height (12 ft; 6-18 ft bgs)
n= avg porosity over treatment zone

3 - Total VOC mass calculated as dissolved phase concentration multiplied by pore volume of treatment zone
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TABLE E-6: CALCULATION OF PRE-INJECTION ESTIMATED MASS OF SORBED/DNAPL TARGET VOCs IN PNEUMATIC INJECTION TEST PLOT
Parris Island, South Carolina

Geosyntec Consultants

Location Sample Depth Date Sampled Dominant Ct max (PCE) Soil Mass
Lithology Soil Concentration Total Mass in Soil DNAPL Mass Soil Concentration Total Mass in Soil Soil Concentration Total Mass in Soil Soil Concentration Total Mass in Soil

(ft) (µg/Kg) (kg) (µg/Kg) (g) (g) (µg/Kg) (g) (µg/Kg) (g) (µg/Kg) (g)
SC-3 6-8 13-Jun-05 sand 118,486 2,366.8 320 0.76 0.00 1,300 3.08 17,000 40.24 3,300 7.81

8-10 13-Jun-05 silty clay 4,980,661 780.5 13,000 10.15 0.00 1,500 1.17 11,000 8.59 700 0.55
10-12 13-Jun-05 sand 118,486 2,366.8 310 0.73 0.00 310 0.73 2,700 6.39 610 1.44
12-14 13-Jun-05 sand 118,486 2,366.8 1,300 3.08 0.00 880 2.08 320 0.76 650 1.54
14-16 13-Jun-05 sand 118,486 2,366.8 330 0.78 0.00 330 0.78 330 0.78 670 1.59
16-18 13-Jun-05 sand (high organics) 118,486 2,366.8 1,300 3.08 0.00 560 1.33 560 1.33 1,100 2.60

SC-7 6-8 15-Jun-05 sand 118,486 2,366.8 1,500,000 3,550.24 3,269.81 85,000 201.18 30,000 71.00 61,000 144.38
8-10 15-Jun-05 clay 4,980,661 780.5 1,700,000 1,326.82 0.00 45,000 35.12 34,000 26.54 69,000 53.85
10-12 15-Jun-05 silty clay 4,980,661 780.5 190,000 148.29 0.00 7,200 5.62 5,900 4.60 12,000 9.37
12-14 15-Jun-05 sand 118,486 2,366.8 11,000,000 26,035.11 25,754.68 410,000 970.40 410,000 970.40 820,000 1,940.80
14-16 15-Jun-05 sand 118,486 2,366.8 120,000 284.02 3.58 3,300 7.81 3,300 7.81 6,700 15.86
16-18 -- sand (assumed) 118,486 2,366.8 -- 6.00 0.00 -- 1.49 -- 1.41 -- 2.76

SC-8 6-8 15-Jun-05 sand 118,486 2,366.8 2,500 5.92 0.00 17,000 40.24 22,000 52.07 700 1.66
8-10 15-Jun-05 clay 4,980,661 780.5 6,700 5.23 0.00 27,000 21.07 25,000 19.51 1,400 1.09
10-12 15-Jun-05 silty clay 4,980,661 780.5 24,000 18.73 0.00 12,000 9.37 3,900 3.04 640 0.50
12-14 15-Jun-05 sand 118,486 2,366.8 110,000 260.35 0.00 2,100 4.97 1,700 4.02 3,400 8.05
14-16 15-Jun-05 sand 118,486 2,366.8 47,000 111.24 0.00 2,100 4.97 1,300 3.08 2,700 6.39
16-18 15-Jun-05 sand 118,486 2,366.8 5,800 13.73 0.00 820 1.94 720 1.70 1,400 3.31

SC-9 6-8 21-Jun-06 silty sand and clay 2,293,690 1,469.5 330 0.48 0.00 410 0.60 12,000 17.63 2,200 3.23
8-10 21-Jun-06 clay 4,980,661 780.5 360 0.28 0.00 360 0.28 12,000 9.37 1,600 1.25
10-12 21-Jun-06 sand and clay 2,293,690 1,469.5 320 0.47 0.00 320 0.47 710 1.04 640 0.94
12-14 21-Jun-06 sand 118,486 2,366.8 330 0.78 0.00 330 0.78 330 0.78 660 1.56
14-16 21-Jun-06 sand 118,486 2,366.8 330 0.78 0.00 330 0.78 330 0.78 660 1.56
16-18 21-Jun-06 silty sand 118,486 2,366.8 510 1.21 0.00 510 1.21 510 1.21 1,000 2.37

Total (g) 31,788.26 29,028.07 1,317.47 1,254.09 2,214.46
Notes:
Cwater - PCE Solubility; 240 mg/L at 20°C (maximum value found in literature)
Cwater - PCE Solubility; 240 mg/L at 20°C (maximum value found in literature)
ρ b - bulk density of soil (g/cm3): silty clay=0.98; sand=1.55; peat=0.3 (from SC-9)
n - porosity (unitless): silty clay=0.625; sand=0.281; peat=0.844 (from SC-9)
Kd - partitioning coefficient of PCE in soil [(mg/Kg)/(mg/L)] = Kocfoc

Koc - organic carbon partition coefficient for PCE [(mg/Kg)/(mg/L)]: silty clay= 447a; sand = 355a; peat = 631a

foc - fraction organic carbon (unitless): silty clay=0.045; sand=0.00088; peat=0.25 (from SC-9)
a - Groundwater Chemicals Desk Reference, 3rd Edition
-- - not sampled

PCE concentration > than maximum dissolved and sorbed concentration; presence of DNAPL
Value calculated using average of values for same depth interval in other cores

µg/kg - micrograms per kilogram
g - grams
1 - Mass of soil in Pneumatic Injection test plot calculated as:

mass = l x w x h x p x (1-n)
where:

l= 1/2 of total length since plot divided into 4 quadrants
w= 1/2 of total width since plot divided into 4 quadrants

Vinyl chlorideTetrachloroethene Trichloroethene cis-1,2-Dichloroethene

b

bdwater
t

n)  (K CC
ρ
ρ +

=

p q
h= interval height
p= bulk density
n= porosity (average porosity for intervals where more than one soil type exists)

b

bdwater
t

n)  (K CC
ρ
ρ +

=
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TABLE E-7: PRE-INJECTION ESTIMATED MASS OF TARGET VOCs
IN PNEUMATIC INJECTION TEST PLOT

Parris Island, South Carolina

Geosyntec Consultants

Media VOC
Sorbed/Dissolved DNAPL Total

Soil1 Tetrachloroethene 2,760 29,028 31,788
Trichloroethene 1,317 0 1,317
cis-1,2-Dichloroethene 1,254 0 1,254
Vinyl Chloride 2,214 0 2,214

Groundwater2 Tetrachloroethene 577 0 577
Trichloroethene 267 0 267
cis-1,2-Dichloroethene 588 0 588
Vinyl Chloride 12 0 12

8,990 29,028 38,018

Notes:
g - grams
1 - Soil data based on SC-1 through SC-9
2 - Groundwater data is based on PM-5 and PM-6 , the two fully screened wells within the plot

Pre-Injection Mass (g)

Total Mass (g)
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TABLE E-8: CALCULATION OF POST-DEMONSTRATION ESTIMATED MASS OF DISSOLVED-PHASE TARGET VOCs IN PNEUMATIC INJECTION TEST PLOT
Parris Island, South Carolina

Geosyntec Consultants

Treatment Zone Groundwater Concentrations
Location Date Tetrachloroethene Trichloroethene cis-1,2-Dichloroethene Vinyl chloride

Sampled (µg/L) (µg/L) (µg/L) (µg/L)
PMW-5 05-Mar-09 33,000 18,000 81,000 4,200
PMW-6 04-Mar-09 2 18 180 230
Average 16,501 9,009 40,590 2,215

Treatment Zone Posority Calculation1

Depth SC-3 SC-7 SC-8 SC-9 Most Prevalent 
Soil Type

Porosity (from 
SC-9)

6-8 sand sand sand silty sand and clay sand 0.281
8-10 silty clay clay clay clay clay 0.625

10-12 sand silty clay silty clay sand and clay clay 0.625
12-14 sand sand sand sand sand 0.281
14-16 sand sand sand sand sand 0.281
16-18 sand (high organics) -- sand silty sand sand 0.281

Average 0.396

Treatment Zone Pore Volume2

Porosity Pore Volume (L)
0.396 20167

Dissolved-Phase VOC Mass3

Tetrachloroethene Trichloroethene cis-1,2-Dichloroethene Vinyl chloride
(g) (g) (g) (g)
333 182 819 45

Notes:
ft - Feet
µg/L - micrograms per liter
L - liters
g - grams
bold - compound detected at reported concentration
1 - Posority for Pneumatic Injection test plot calculated using most prevalent soil type in SC-3, 7, 8 and 9

2 - Pneumatic Injection test plot treatment zone pore volume calculated as:
pore vol = V x n

where:
V= total volume (l x w x h)
l= treatment zone length (10 ft)

w= treatment zone width (15 ft)
h= treatment zone height (12 ft; 6-18 ft bgs)
n= avg porosity over treatment zone

3 - Total VOC mass calculated as dissolved phase concentration multiplied by pore volume of treatment zone
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TABLE E-9: CALCULATION OF POST-DEMONSTRATION ESTIMATED MASS OF SORBED/DNAPL TARGET VOCs IN PNEUMATIC INJECTION TEST PLOT
Parris Island, South Carolina

Geosyntec Consultants

Location Sample Depth Date Sampled Dominant Ct max (PCE) Soil Mass
Lithology Soil Concentration Total Mass in Soil DNAPL Mass Soil Concentration Total Mass in Soil Soil Concentration Total Mass in Soil Soil Concentration Total Mass in Soil

(ft) (µg/Kg) (kg) (µg/Kg) (g) (g) (µg/Kg) (g) (µg/Kg) (g) (µg/Kg) (g)
SC-10 6-8 17-Mar-09 sand 118,486 2,366.8 310 0.73 0.00 310 0.73 1,300 3.08 1,100 2.60

8-10 17-Mar-09 silty clay 4,980,661 780.5 350 0.27 0.00 350 0.27 1,000 0.78 690 0.54
10-12 17-Mar-09 sand 118,486 2,366.8 310 0.73 0.00 310 0.73 390 0.92 630 1.49
12-14 17-Mar-09 sand 118,486 2,366.8 320 0.76 0.00 320 0.76 320 0.76 630 1.49
14-16 17-Mar-09 sand 118,486 2,366.8 330 0.78 0.00 330 0.78 330 0.78 660 1.56
16-18 17-Mar-09 sand (high organics) 118,486 2,366.8 480 1.14 0.00 480 1.14 480 1.14 960 2.27

SC-11 6-8 17-Mar-09 silty sand and clay 2,293,690 1469.55 320 0.47 0.00 320 0.47 320 0.47 630 0.93
8-10 17-Mar-09 clay 4,980,661 780.5 330 0.26 0.00 330 0.26 330 0.26 670 0.52
10-12 17-Mar-09 sand and clay 2,293,690 1469.55 310 0.46 0.00 310 0.46 310 0.46 630 0.93
12-14 17-Mar-09 sand 118,486 2,366.8 320 0.76 0.00 320 0.76 420 0.99 650 1.54
14-16 17-Mar-09 sand 118,486 2,366.8 320 0.76 0.00 320 0.76 920 2.18 650 1.54
16-18 17-Mar-09 silty sand 118,486 2,366.8 480 1.14 0.00 480 1.14 480 1.14 970 2.30

SC-12 6-8 17-Mar-09 sand 118,486 2,366.8 140,000 331.36 50.92 110,000 260.35 38,000 89.94 6,100 14.44
8-10 17-Mar-09 clay 4,980,661 780.5 140,000 109.27 0.00 93,000 72.58 69,000 53.85 3,600 2.81
10-12 17-Mar-09 silty clay 4,980,661 780.5 7,000 5.46 0.00 5,000 3.90 9,000 7.02 630 0.49
12-14 17-Mar-09 sand 118,486 2,366.8 1,000,000 2,366.83 2,086.39 69,000 163.31 44,000 104.14 27,000 63.90
14-16 17-Mar-09 sand 118,486 2,366.8 1,900 4.50 0.00 330 0.78 16,000 37.87 650 1.54
16-18 17-Mar-09 sand (assumed) 118,486 2,366.8 15,000 35.50 0.00 2,700 6.39 51,000 120.71 720 1.70

SC-13 6-8 17-Mar-09 sand 118,486 2,366.8 1,100 2.60 0.00 1,100 2.60 23,000 54.44 2,200 5.21
8-10 17-Mar-09 clay 4,980,661 780.5 350 0.27 0.00 350 0.27 18,000 14.05 710 0.55
10-12 17-Mar-09 silty clay 4,980,661 780.5 320 0.25 0.00 320 0.25 15,000 11.71 630 0.49
12-14 17-Mar-09 sand 118,486 2,366.8 580 1.37 0.00 320 0.76 18,000 42.60 650 1.54
14-16 17-Mar-09 sand 118,486 2,366.8 320 0.76 0.00 320 0.76 5,900 13.96 650 1.54
16-18 17-Mar-09 sand 118,486 2,366.8 440 1.04 0.00 440 1.04 2,400 5.68 880 2.08

Total (g) 2,867.46 2,137.31 521.25 568.92 114.00
Notes:
Cwater - PCE Solubility; 240 mg/L at 20°C (maximum value found in literature)
Cwater - PCE Solubility; 240 mg/L at 20°C (maximum value found in literature)
ρ b - bulk density of soil (g/cm3): silty clay=0.98; sand=1.55; peat=0.3 (from SC-9)
n - porosity (unitless): silty clay=0.625; sand=0.281; peat=0.844 (from SC-9)
Kd - partitioning coefficient of PCE in soil [(mg/Kg)/(mg/L)] = Kocfoc

Koc - organic carbon partition coefficient for PCE [(mg/Kg)/(mg/L)]: silty clay= 447a; sand = 355a; peat = 631a

foc - fraction organic carbon (unitless): silty clay=0.045; sand=0.00088; peat=0.25 (from SC-9)
a - Groundwater Chemicals Desk Reference, 3rd Edition
-- - not sampled

PCE concentration > than maximum dissolved and sorbed concentration; presence of DNAPL
Value calculated using average of values for same depth interval in other cores

µg/kg - micrograms per kilogram
g - grams
1 - Mass of soil in Pneumatic Injection test plot calculated as:

mass = l x w x h x p x (1-n)
where:

l= 1/2 of total length since plot divided into 4 quadrants
w= 1/2 of total width since plot divided into 4 quadrants

Vinyl chlorideTetrachloroethene Trichloroethene cis-1,2-Dichloroethene

b

bdwater
t

n)  (K CC
ρ
ρ +

=

p q
h= interval height
p= bulk density
n= porosity (average porosity for intervals where more than one soil type exists)

b

bdwater
t

n)  (K CC
ρ
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TABLE E-10: POST-DEMONSTRATION ESTIMATED MASS OF TARGET VOCs
IN PNEUMATIC INJECTION TEST PLOT

Parris Island, South Carolina

Geosyntec Consultants

Media VOC
Sorbed/Dissolved DNAPL Total

Soil1 Tetrachloroethene 730 2,137 2,867
Trichloroethene 521 0 521
cis-1,2-Dichloroethene 569 0 569
Vinyl Chloride 114 0 114

Groundwater2 Tetrachloroethene 333 0 333
Trichloroethene 182 0 182
cis-1,2-Dichloroethene 819 0 819
Vinyl Chloride 45 0 45

3,312 2,137 5,449

Notes:
g - grams
1 - Soil data based on SC-10 through SC-13
2 - Groundwater data is based on PM-5 and PM-6 , the two fully screened wells within the plot

Post-Demonstration Mass (g)

Total Mass (g)
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TABLE E-11: JUNE 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)

PMW-1 26-Jun-06 3.50 9:07 AM 0.280 -- -- -- -- -- --
9:10 AM -- 6.2 494 0.8 14.1 670.00
9:15 AM 25.3 6.2 485 0.6 3.5 679.00
9:25 AM 25.5 6.1 481 0.5 -5.7 77.50
9:43 AM 25.3 6.1 468 0.3 -2.8 29.30
9:50 AM 25.7 6.1 479 0.3 -4.4 31.90
9:55 AM 25.8 6.1 474 0.2 -6.9 103.00
9:59 AM 25.4 6.1 480 0.2 -26.6 174.00
10:05 AM 25.3 6.1 489 0.1 -34.5 323.00
10:10 AM 25.2 6.1 497 0.1 -41.0 539.00
10:15 AM 25.6 6.2 505 0.2 -26.2 693.00

PMW-2 26-Jun-06 3.63 11:25 AM 0.340 -- -- -- -- -- --
11:27 AM 23.5 6.0 454 0.6 37.4 41.40
11:32 AM 23.7 5.9 468 0.1 5.4 18.30
11:46 AM 23.7 5.9 467 0.0 -31.0 12.60
11:54 AM 23.7 5.9 472 0.0 -39.5 13.50
12:10 PM 23.7 5.9 459 0.0 -44.7 10.40
12:21 PM 23.7 5.9 469 0.1 -57.6 7.92
12:25 PM 23.4 6.0 480 0.0 -61.4 7.67
12:30 PM 23.5 6.0 469 0.0 -61.5 8.77
12:35 PM 23.5 5.9 468 0.0 -62.7 6.45
12:40 PM 23.7 5.9 478 0.0 -66.2 5.47

PMW-3 26-Jun-06 3.71 3:56 PM 0.490 -- -- -- -- -- --
3:58 PM 25.0 5.9 373 0.6 1.8 18.70
4:02 PM 23.6 5.8 379 0.0 9.4 24.50
4:06 PM 23.4 5.8 402 0.0 1.6 13.20
4:11 PM 23.2 5.8 425 0.0 -19.4 7.42
4:15 PM 23.5 5.8 453 0.0 -31.9 6.98
4:20 PM 23.4 5.8 478 0.0 -41.1 6.09
4:25 PM 23.5 5.8 477 0.0 -4.4 5.48
4:30 PM 23.4 5.8 497 0.0 -50.1 4.68

PMW-4 26-Jun-06 3.61 5:26 PM 0.480 -- -- -- -- -- --
5:30 PM 23.7 5.7 438 0.2 65.2 68.10
5:35 PM 23.9 5.6 435 0.2 68.1 61.30
5:40 PM 23.7 5.6 432 0.1 67.6 58.20
5:45 PM 23.9 5.6 431 0.0 56.7 41.70
5:53 PM 23.4 5.6 435 0.0 40.5 19.10
6:15 PM 23.5 5.6 434 0.0 25.7 4.94
6:20 PM 23.5 5.6 437 0.0 23.3 4.47

PMW-5 27-Jun-06 3.48 8:02 AM 0.480 -- -- -- -- -- --
8:06 AM 22.8 5.7 464 2.9 82.2 55.70
8:24 AM 23.0 5.7 472 1.9 27.1 55.70
8:33 AM 22.8 5.7 478 1.9 -35.9 23.10
8:39 AM 22.7 5.6 481 1.9 -55.4 15.40
8:45 AM 22.7 5.6 490 1.8 -65.0 9.82

PMW-6 26-Jun-06 3.70 2:06 PM 0.500 -- -- -- -- -- --
2:09 PM 23.5 5.9 416 0.0 15.4 26.30
2:14 PM 23.0 5.9 418 0.0 -0.8 22.90
2:17 PM 23.1 5.9 418 0.0 -10.2 15.70
2:20 PM 23.0 5.9 423 0.0 -20.9 14.10
2:25 PM 23.5 5.9 420 0.0 -24.2 10.20
2:30 PM 23.4 5.9 429 0.0 -34.2 5.11
2:35 PM 23.4 5.9 438 0.0 -44.9 4.02
2:40 PM 23.5 5.9 443 0.0 -54.2 2.44
2:45 PM 23.4 5.9 449 0.0 -59.1 2.49

ML-1-2 29-Jun-06 -- 4:22 PM 0.023 -- -- -- -- -- --
4:42 PM 36.8 6.2 505 1.7 -52.2 555.00
4:52 PM 36.0 6.2 536 1.6 -55.9 241.00
5:08 PM 35.3 6.2 607 1.5 -55.9 74.60
5:15 PM 35.2 6.2 634 1.5 -59.3 50.20

ML1-3 27-Jun-06 -- -- -- -- -- -- -- -- --
10:33 AM 27.3 6.0 518 0.5 1.1 >1000

ML1-5 27-Jun-06 -- 11:42 AM -- -- -- -- -- -- --
11:52 AM 24.1 6.3 1831 0.0 -25.2 312.00

ML1-7 27-Jun-06 -- 12:22 PM 0.160 -- -- -- -- -- --
12:43 PM 24.7 6.0 1696 0.0 59.0 6.88

ML2-2 29-Jun-06 -- 6:00 PM -- -- -- -- -- -- --
6:20 PM 34.7 6.4 660 1.7 -9.4 485.00
6:30 PM 33.9 6.4 655 1.7 -16.2 192.00
6:41 PM 33.3 6.4 672 1.7 -20.2 90.60

ML2-3 27-Jun-06 -- 2:17 PM 0.180 -- -- -- -- -- --
2:25 PM 26.1 6.4 984 0.7 24.8 >1000
2:30 PM 26.7 6.4 1311 0.5 14.8 >66

ML2-5 27-Jun-06 -- 2:55 PM 0.180 -- -- -- -- -- --
3:05 PM 24.4 6.4 1600 0.7 -41.5 >31
3:15 PM 23.9 6.4 1509 0.9 -47.6 230.00
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TABLE E-11: JUNE 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)

ML2-7 27-Jun-06 -- 3:43 PM 0.180 -- -- -- -- -- --
3:53 PM 24.7 6.3 1452 0.9 60.4 209.00
4:00 PM 24.2 6.6 4930 0.6 25.6 17.30
4:05 PM 23.9 6.7 4630 0.4 4.2 12.90
4:10 PM 24.0 6.7 3870 0.3 -3.7 13.40

ML3-2 29-Jun-06 -- 2:43 PM 0.023 -- -- -- -- -- --
3:12 PM 32.3 6.2 679 1.6 -43.5 121.00
3:22 PM 31.5 6.2 690 1.5 -45.4 50.50
3:30 PM 32.0 6.1 694 1.5 -47.4 18.40

ML3-3 27-Jun-06 -- 4:54 PM 0.180 -- -- -- -- -- --
5:08 PM 24.5 6.4 1732 0.1 -21.9 183.00
5:16 PM 24.3 6.4 1680 0.2 -26.0 57.90
5:20 PM 24.4 6.4 1628 0.3 -36.6 29.90

ML3-5 27-Jun-06 -- 5:48 PM 0.200 -- -- -- -- -- --
6:00 PM 23.7 6.8 1808 0.5 -56.5 >1000
6:05 PM 23.5 6.7 1471 0.6 -39.5 517.00
6:08 PM 23.4 6.7 1351 0.7 -39.6 338.00

ML3-7 27-Jun-06 -- 6:27 PM 0.185 -- -- -- -- -- --
6:38 PM 23.4 6.5 1372 0.5 23.4 411.00
6:41 PM 23.5 6.4 1369 0.3 23.5 202.00
6:45 PM 23.4 6.4 1370 0.3 23.4 70.50
6:50 PM 23.3 6.4 1356 0.3 23.3 --

ML4-3 28-Jun-06 -- 8:21 AM 0.170 -- -- -- -- -- --
8:34 AM 23.8 6.2 1180 1.9 -16.1 37.90
8:40 AM 23.9 6.1 1139 2.0 -23.1 12.80
8:43 AM 24.0 6.1 1135 2.0 -24.0 11.30

ML4-5 28-Jun-06 -- 9:00 AM 0.170 -- -- -- -- -- --
9:12 AM 23.4 6.5 1847 1.4 -39.7 297.00
9:18 AM 23.3 6.5 1657 1.4 -45.2 171.00
9:22 AM 23.2 6.5 1517 1.4 -18.6 120.00

ML4-7 28-Jun-06 -- 9:41 AM 0.160 -- -- -- -- -- --
9:48 AM 24.0 6.8 2790 2.0 -1.6 42.50
9:53 AM 23.3 6.8 2640 0.8 -34.3 7.88
10:00 AM 22.9 6.7 2430 0.6 -37.4 3.01
10:03 AM 22.7 6.7 2330 0.6 -36.0 2.55

ML5-2 29-Jun-06 -- 12:25 PM -- -- -- -- -- -- --
12:45 PM 32.3 6.3 563 1.4 70.9 389.00
12:55 PM 31.4 6.3 563 1.1 56.4 172.00
1:10 PM 31.2 6.3 567 1.1 47.0 22.70

ML5-3 28-Jun-06 -- 10:30 AM 0.160 -- -- -- -- -- --
10:39 AM 24.3 6.1 1147 1.6 -20.6 114.00
10:50 AM 24.1 6.0 1177 1.4 -38.0 10.40
10:55 AM 24.1 6.0 1184 1.3 -47.0 6.88

ML5-5 28-Jun-06 -- 11:35 AM 0.160 -- -- -- -- -- --
12:05 PM 23.5 6.5 2000 1.4 -29.6 581.00
12:09 PM 23.2 6.5 1676 1.0 -20.0 267.00
12:15 PM 23.1 6.4 1465 0.8 -18.2 77.60
12:20 PM 23.0 6.3 1417 0.8 -12.7 60.80

ML5-7 28-Jun-06 -- 12:55 PM 0.160 -- -- -- -- -- --
1:03 PM 24.0 6.2 2170 1.7 6.6 204.00
1:10 PM 23.5 6.2 1896 0.6 3.8 75.40
1:15 PM 23.4 6.2 1698 0.4 3.4 41.70
1:18 PM 23.4 6.2 1721 0.4 3.6 35.90

ML6-3 28-Jun-06 -- 3:35 PM 0.220 -- -- -- -- -- --
3:46 PM 24.9 6.2 1214 2.7 -60.7 349.00
3:50 PM 24.8 6.2 1242 2.5 -70.4 26.40
3:55 PM 24.6 6.2 1352 2.4 -74.7 >1000
4:00 PM 24.4 6.2 1421 2.3 -80.6 553.00
4:05 PM 24.4 6.2 1404 2.2 -86.6 46.30

ML6-5 28-Jun-06 -- 4:34 PM 0.200 -- -- -- -- -- --
5:00 PM 24.2 6.3 1220 1.9 -87.1 148.00
5:05 PM 23.9 6.3 1205 1.9 -89.6 91.00
5:10 PM 23.9 6.3 1184 1.9 -92.5 52.30
5:15 PM 23.9 6.2 1167 1.8 -94.3 26.80
5:18 PM 23.8 6.2 1155 1.7 -95.3 18.50

ML6-7 28-Jun-06 -- 5:42 PM -- -- -- -- -- -- --
5:46 PM 23.9 6.3 2220 1.2 21.3 141.00
5:54 PM 22.8 6.3 1641 0.5 22.7 21.30
5:59 PM 22.7 6.2 1492 0.3 20.6 8.76
6:02 PM 22.6 6.2 1730 0.4 18.3 11.70

ML7-3 29-Jun-06 -- 7:47 AM 0.180 -- -- -- -- -- --
8:01 AM 23.8 6.2 1637 1.5 -54.4 87.70
8:10 AM 23.8 6.2 1647 1.8 -70.4 39.20
8:15 AM 23.8 6.2 1754 1.8 -77.4 25.30

ML7-5 29-Jun-06 -- 9:04 AM -- -- -- -- -- -- --
9:18 AM 23.1 6.4 2170 1.1 5.9 370.00
9:22 AM 23.2 6.4 1901 0.8 7.7 206.00
9:26 AM 22.9 6.3 1605 0.8 9.4 71.00
9:30 AM 22.9 6.3 1451 0.9 1.2 27.20
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TABLE E-11: JUNE 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)

ML7-7 29-Jun-06 -- 9:47 AM 0.160 -- -- -- -- -- --
9:58 AM 23.3 6.2 1297 0.1 39.4 7.77
10:05 AM 23.3 6.2 1079 0.1 22.1 4.35
10:09 AM 23.2 6.2 2190 0.1 17.0 3.61
10:15 AM 23.0 6.3 2250 0.1 1.6 4.67

ML-7-2 29-Jun-06 -- 10:40 AM 0.029 -- -- -- -- -- --
11:06 AM 29.5 6.4 825 1.6 -3.7 >1000
11:28 AM 32.4 6.4 850 1.7 -17.4 14.30
11:40 AM 32.1 6.4 895 1.5 -31.6 38.00
11:45 AM 32.3 6.4 902 1.5 -35.0 19.70

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
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TABLE E-12: AUGUST 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

PMW-3 21-Aug-06 4.58 8:37 AM 0.360 -- -- -- -- -- --
9:01 AM 26.1 5.8 566 2.3 -19.6 33.50
9:30 AM 26.1 5.9 608 1.9 -4.6 6.08
9:40 AM 26.2 5.9 625 1.6 -12.2 4.46
9:50 AM 26.1 5.9 639 1.5 -13.9 2.88

PMW-5 21-Aug-06 4.47 8:57 AM 0.340 -- -- -- -- -- --
10:30 AM 26.6 6.0 745 0.9 -12.7 7.61
10:52 AM 26.4 6.0 653 0.7 -16.7 2.56
11:02 AM 26.5 6.0 575 0.9 -20.1 1.47
11:12 AM 26.3 6.0 605 0.7 -23.9 1.34

PMW-6 21-Aug-06 4.50 11:33 AM 0.350 -- -- -- -- -- --
11:47 AM 26.6 5.9 481 0.9 -36.6 11.20
12:04 PM 26.5 5.9 483 0.8 -46.7 6.41
12:18 PM 26.6 6.0 489 0.7 -70.2 5.58
12:25 PM 26.4 6.0 495 0.7 -78.6 2.21

ML1-4 21-Aug-06 4.50 1:19 PM 0.160 -- -- -- -- -- --
1:27 PM 28.2 6.4 1551 2.7 -179.3 7.96
1:40 PM 29.4 6.4 1558 2.0 -172.2 6.10

ML1-6 21-Aug-06 4.50 2:56 PM 0.120 -- -- -- -- -- --
3:05 PM 27.9 6.2 904 0.6 -160.1 8.68
3:15 PM 26.7 6.2 959 0.6 -166.7 2.12

ML2-2 21-Aug-06 4.50 3:19 PM 0.030 -- -- -- -- -- --
3:42 PM 34.5 5.8 2560 2.0 -69.0 134.00

ML2-3 22-Aug-06 4.50 4:48 PM 0.135 -- -- -- -- -- --
5:00 PM 29.0 6.1 3 2.1 -82.0 176.00

ML2-4 21-Aug-06 4.50 3:56 PM 0.120 -- -- -- -- -- --
4:03 PM 27.1 6.4 2610 0.6 -2.8 111.00
4:10 PM 26.7 6.4 1680 0.6 9.4 17.90

ML2-5 22-Aug-06 4.50 5:33 PM 0.135 -- -- -- -- --
5:40 PM 26.2 6.3 1654 1.0 -51.5 96.60
5:46 PM 25.9 6.3 1382 0.6 -49.1 33.40

ML2-6 21-Aug-06 4.50 4:31 PM 0.150 -- -- -- -- -- --
4:38 PM 26.9 6.0 1258 0.8 -32.0 57.30
4:44 PM 25.8 6.0 1145 0.6 -31.9 11.50

ML3-2 22-Aug-06 4.50 1:08 PM 0.030 -- -- -- -- -- --
1:30 PM 39.5 6.2 1767 1.8 -123.1 1.88

ML3-3 22-Aug-06 4.50 2:04 PM 0.120 -- -- -- -- -- --
2:13 PM 28.6 6.4 1506 1.0 -133.3 3.40
2:18 PM 28.6 6.4 1490 1.0 -138.6 1.69

ML3-4 22-Aug-06 4.50 8:06 AM 0.160 -- -- -- -- -- --
8:22 AM 26.1 6.1 808 2.0 -149.1 192.00
8:25 AM 26.4 6.2 791 2.1 -140.3 125.00

ML3-5 22-Aug-06 4.50 2:37 PM 0.120 -- -- -- -- -- --
2:46 PM 26.7 6.0 538 0.7 -95.0 1.66
2:50 PM 26.5 5.9 519 0.7 -93.1 1.06

ML3-6 22-Aug-06 4.50 8:54 AM 0.135 -- -- -- -- -- --
9:04 AM 25.8 6.3 766 1.4 -175.9 29.10
9:08 AM 25.4 6.3 753 1.5 -179.4 24.70

ML4-2 22-Aug-06 4.50 10:27 AM 0.030 -- -- -- -- -- --
10:52 AM 30.1 6.4 2460 2.1 -100.3 24.70
11:00 AM 30.2 6.4 2450 2.0 -107.6 16.20

24-Aug-06 4.50 11:10 AM 0.030 -- -- -- -- -- --
11:32 AM 28.0 6.2 2450 2.5 -79.2 turbid

ML4-4 24-Aug-06 4.50 12:06 PM 0.150 -- -- -- -- -- --
12:16 PM 26.1 6.3 1333 0.7 -94.0 clear

ML4-6 24-Aug-06 4.50 12:31 PM 0.150 -- -- -- -- -- --
12:39 PM 25.6 6.2 1211 0.5 -96.8 clear
12:46 PM 25.4 6.2 1175 0.5 -97.5 clear

ML5-2 23-Aug-06 4.50 7:41 AM 0.031 -- -- -- -- -- --
8:05 AM 27.8 6.2 2230 3.3 -83.9 17.30

ML5-3 23-Aug-06 4.50 8:39 AM 0.140 -- -- -- -- -- --
8:48 AM 27.4 6.3 1681 2.5 -106.1 19.30

ML5-4 23-Aug-06 4.50 9:05 AM 0.140 -- -- -- -- -- --
9:18 AM 26.3 6.4 1625 2.4 -105.8 31.70

ML5-5 23-Aug-06 4.50 9:34 AM 0.140 -- -- -- -- -- --
9:44 AM 26.1 6.6 1708 2.1 -121.1 121.00
9:49 AM 25.9 6.6 1656 2.1 -120.9 36.20

ML5-6 23-Aug-06 4.50 10:09 AM 0.140 -- -- -- -- -- --
10:21 AM 26.6 6.3 1471 2.1 -124.6 13.10
10:25 AM 26.7 6.3 1469 2.1 -122.3 14.10

ML5-7 23-Aug-06 4.50 11:02 AM 0.150 -- -- -- -- -- --
11:10 AM 26.2 6.5 1698 1.9 -149.5 5.61
11:19 AM 25.8 6.5 1616 1.8 -153.4 4.41

ML6-2 24-Aug-06 4.50 9:18 AM 0.030 --
9:38 AM 27.5 6.1 1688 2.6 -67.8 turbid

ML6-4 24-Aug-06 4.50 10:12 AM 0.150 -- -- -- -- -- --
10:22 AM 25.5 6.4 2430 0.6 -113.9 turbid
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TABLE E-12: AUGUST 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML6-6 24-Aug-06 4.50 10:37 AM 0.150 -- -- -- -- -- --
10:43 AM 25.1 6.0 952 0.5 -35.5 turbid
10:49 AM 24.9 6.0 925 0.5 -48.5 turbid

ML7-2 23-Aug-06 4.50 11:53 AM 0.030 -- -- -- -- -- --
12:32 PM 37.2 6.2 3120 2.5 -102.4 36.10

ML7-3 23-Aug-06 4.50 2:01 PM 0.030 -- -- -- -- -- --
2:25 PM 37.4 6.3 37 1.9 -119.4 144.00

ML7-4 23-Aug-06 4.50 2:57 PM 0.150 -- -- -- -- -- --
3:05 PM 27.5 6.2 2150 0.6 -98.6 102.00
3:12 PM 27.2 6.3 2110 0.6 -101.3 8.44

ML7-5 23-Aug-06 4.50 3:30 PM 0.150 -- -- -- -- -- --
3:40 PM 26.4 6.3 1639 0.4 -85.7 4.26
3:45 PM 26.3 6.3 1471 0.4 -80.7 1.80

ML7-6 23-Aug-06 4.50 4:29 PM 0.150 -- -- -- -- -- --
4:38 PM 25.2 6.3 1988 1.1 -105.9 3.42
4:45 PM 24.9 6.3 2060 0.8 -109.9 2.81

24-Aug-06 4.50 7:49 AM 0.150 -- -- -- -- -- --
8:01 AM 24.4 6.5 2290 1.2 -106.0 clear

ML7-7 24-Aug-06 4.50 8:24 AM 0.150 -- -- -- -- -- --
8:37 AM 24.1 6.2 2130 1.0 -120.4 clear
8:42 AM 24.0 6.3 2310 0.9 -132.4 clear

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
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TABLE E-13: OCTOBER 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water1 Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

PMW-1 4-Oct-06 2.90 9:22 AM 0.230 -- -- -- -- -- --
9:31 AM 0.230 27.1 6.2 758 1.6 -119.8 1000.00
9:45 AM 0.230 27.9 6.3 791 1.9 -130.1 130.00
9:55 AM 0.230 28.3 6.3 820 1.8 -132.4 269.00
10:05 AM 0.230 28.4 6.3 826 1.7 -132.2 69.90
10:18 AM 0.230 28.7 6.3 830 1.5 -135.8 84.40

PMW-2 4-Oct-06 3.04 10:31 AM -- -- -- -- -- -- --
10:42 AM 26.0 6.2 1225 1.2 -18.4 51.60
10:57 AM 26.0 6.2 1025 1.2 -34.2 17.30
11:08 AM 25.9 6.2 941 1.1 -34.5 9.76
11:22 AM 25.8 6.2 915 1.1 -39.9 6.77
11:30 AM 25.9 6.2 949 1.1 -41.6 7.02

PMW-3 5-Oct-06 -- 1:10 PM -- -- -- -- -- -- --
1:20 PM 25.9 5.8 661 1.8 -26.7 297.00
1:40 PM 25.5 5.9 564 1.4 -34.2 76.90
1:50 PM 25.8 6.0 615 1.3 -52.2 40.00
2:00 PM 25.7 6.0 636 1.1 -59.7 18.40

PMW-4 4-Oct-06 2.90 11:47 AM -- -- -- -- -- -- --
11:51 AM 25.9 5.6 1004 1.3 37.0 66.80
12:03 PM 26.1 5.6 989 0.9 28.7 43.70
12:15 PM 26.2 5.6 980 1.0 35.6 7.37
12:25 PM 26.2 5.6 887 0.9 29.6 3.39
12:35 PM 25.8 5.6 795 0.8 22.4 2.01

PMW-5 5-Oct-06 -- 1:48 PM -- -- -- -- -- -- --
2:00 PM 25.7 6.1 1020 1.1 62.0 14.80
2:32 PM 25.7 6.1 946 1.1 58.2 2.59
2:42 PM 25.7 6.1 941 1.1 26.7 1.86

PMW-6 4-Oct-06 -- 12:50 PM -- -- -- -- -- -- --
1:00 PM 26.5 6.4 1168 1.2 -35.1 16.80
1:11 PM 25.7 6.4 1133 0.7 -40.9 13.50
1:21 PM 25.8 6.3 1031 0.6 -20.5 9.49
1:40 PM 25.7 6.3 885 0.6 -22.1 2.97
1:50 PM 25.7 6.2 853 0.6 -25.7 2.03

ML1-2 4-Oct-06 -- 2:38 PM 0.050 -- -- -- -- -- --
2:50 PM 28.6 6.4 1228 0.7 -79.5 88.50

ML1-3 4-Oct-06 -- 3:14 PM -- -- -- -- -- -- --
3:21 PM 26.6 6.6 1884 0.8 -82.8 117.00
3:25 PM 26.6 6.6 1848 0.6 -90.3 72.80

ML1-5 4-Oct-06 -- 3:40 PM -- -- -- -- -- -- --
3:48 PM 26.0 6.8 2500 0.7 -94.8 127.00
3:58 PM 26.1 6.8 2400 0.5 -99.5 73.10

ML1-7 4-Oct-06 -- 4:07 PM -- -- -- -- -- -- --
4:17 PM 24.9 6.6 1710 0.5 -97.8 7.36
4:22 PM 24.7 6.6 1676 0.4 -100.0 5.90

ML3-5 4-Oct-06 -- 4:38 PM -- -- -- -- -- -- --
4:48 PM 25.5 6.2 525 0.6 -23.6 4.98
4:57 PM 25.4 6.1 524 0.5 -27.4 3.83

ML3-7 4-Oct-06 -- 5:07 PM -- -- -- -- -- -- --
5:15 PM 24.8 6.4 706 0.8 -48.7 2.55
5:20 PM 24.7 6.4 704 0.5 -63.2 1.41

ML4-3 4-Oct-06 -- 5:35 PM -- -- -- -- -- -- --
5:43 PM 26.2 6.4 1069 0.9 -74.4 1.91
5:47 PM 26.2 6.3 1020 0.7 -74.4 <1.91

ML4-5 4-Oct-06 -- 5:57 PM -- -- -- -- -- -- --
6:05 PM 25.4 6.6 1217 0.7 -64.2 4.77
6:10 PM 25.2 6.5 1152 0.4 -61.0 2.97

ML4-7 4-Oct-06 -- 6:20 PM -- -- -- -- -- -- --
6:30 PM 24.1 6.6 1644 0.6 -82.0 1.04
6:35 PM 24.0 6.6 1626 0.8 -90.3 1.02

ML3-7 5-Oct-06 -- 5:07 AM -- -- -- -- -- -- --
5:15 AM 24.8 6.4 1069 0.9 -74.4 2.55
5:20 AM 24.7 6.4 1020 0.7 -74.4 1.41

ML4-3 5-Oct-06 -- 5:35 AM -- -- -- -- -- -- --
5:43 AM 26.2 6.4 1069 0.9 -74.4 1.91
5:47 AM 26.2 6.3 1020 0.7 -74.4 <1.91

ML4-5 5-Oct-06 -- 5:57 AM -- -- -- -- -- -- --
6:15 AM 25.4 6.6 1217 0.7 -64.2 4.77
6:10 AM 25.2 6.5 1152 0.4 -61.0 2.97

ML5-3 5-Oct-06 -- 8:20 AM -- -- -- -- -- -- --
8:41 AM 25.1 6.1 1136 2.1 66.7 7.72
8:45 AM 25.1 6.1 1151 2.1 63.0 2.44

ML5-5 5-Oct-06 -- 9:29 AM -- -- -- -- -- -- --
9:36 AM 25.4 6.5 1082 1.2 58.5 5.55
9:40 AM 25.4 6.4 1032 1.1 62.8 2.56
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TABLE E-13: OCTOBER 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water1 Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML6-3 5-Oct-06 -- 10:14 AM -- -- -- -- -- -- --
10:20 AM 26.1 6.3 957 1.2 70.2 4.17
10:24 AM 26.1 6.3 977 1.1 73.3 2.10

ML6-5 5-Oct-06 -- 10:36 AM -- -- -- -- -- -- --
10:44 AM 25.6 6.4 931 1.0 83.7 177.00
10:24 AM 25.6 6.3 851 1.0 84.5 51.50

ML6-7 5-Oct-06 -- 11:05 AM -- -- -- -- -- -- --
11:16 AM 26.3 6.5 1393 1.1 44.7 31.80
11:21 AM 25.7 6.4 1351 1.0 51.5 4.74

ML7-3 5-Oct-06 -- 11:42 AM -- -- -- -- -- -- --
11:45 AM 26.3 6.5 2160 1.2 56.2 20.50
11:48 AM 26.2 6.5 2160 1.3 61.7 3.53

ML7-5 5-Oct-06 -- 12:01 PM -- -- -- -- -- -- --
12:08 PM 25.3 6.2 568 1.0 68.3 6.33
12:14 PM 25.3 6.3 680 0.9 68.0 3.71

ML2-3 5-Oct-06 -- 3:18 PM -- -- -- -- -- -- --
3:26 PM 26.8 6.4 1791 1.0 52.7 15.00
3:30 PM 26.8 6.4 1808 1.0 55.4 8.35

ML2-5 5-Oct-06 -- 4:14 PM -- -- -- -- -- -- --
4:22 PM 26.1 6.5 872 0.8 70.8 68.2
4:31 PM 25.7 6.4 761 0.6 74.0 9.03

ML2-7 5-Oct-06 -- 5:13 PM -- -- -- -- -- -- --
5:22 PM 25.0 6.4 1200 0.8 81.0 3.24
5:28 PM 25.0 6.6 2190 0.5 81.9 2.71

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
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TABLE E-14: NOVEMBER 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

PMW-1 30-Nov-06 2.82 2:26 PM 0.370 -- -- -- -- -- --
2:29 PM 23.1 5.91 799 0.45 -34.9 17.30
2:34 PM 22.4 5.89 828 0.08 -55.0 33.00
2:50 PM 22.1 5.93 786 0.00 -71.2 38.70
3:18 PM 22.5 6.05 698 0.06 -90.3 26.30
3:40 PM 22.2 6.09 679 0.02 -94.6 36.30

PMW-2 30-Nov-06 2.70 9:05 AM 0.330 -- -- -- -- -- --
9:14 AM 23.1 6.25 888 2.24 -58.8 11.20
9:40 AM 23.9 6.12 698 0.39 -65.7 7.04
10:00 AM 23.4 6.10 642 0.37 -61.2 5.63
10:21 AM 24.2 6.09 596 0.39 -52.8 10.30
10:45 AM 23.5 6.09 576 0.38 -57.7 2.73

PMW-3 29-Nov-06 2.79 8:00 AM 0.340 -- -- -- -- -- --
8:40 AM 21.9 5.80 461 1.84 -9.7 3.96
9:01 AM 22.5 5.80 409 1.60 -27.4 2.79
9:20 AM 22.9 5.82 406 1.36 -33.4 1.67
9:40 AM 22.9 5.84 410 1.18 -38.4 1.38
9:55 AM 23.1 5.84 419 1.05 -41.9 1.19

PMW-4 1-Dec-06 2.64 8:20 AM 0.370 -- -- -- -- -- --
8:28 AM 22.3 5.57 809 0.84 29.5 17.20
8:45 AM 22.4 5.64 777 0.71 19.8 8.27
9:11 AM 22.5 5.66 684 0.64 15.1 3.81
9:32 AM 22.7 5.66 639 0.73 12.2 2.30

PMW-5 2-Dec-06 2..62 9:38 AM -- -- -- -- -- -- --
9:41 AM 22.3 5.69 401 0.29 42.9 10.30
10:06 AM 23.1 5.71 205 0.43 -11.9 10.90
10:25 AM 23.4 5.73 212 0.43 -33.2 5.28
10:47 AM 23.7 5.73 274 0.44 -58.6 6.71
11:00 AM 23.7 5.75 346 0.41 -73.8 3.69

PMW-6 2-Dec-06 2.64 1:06 PM -- -- -- -- -- -- --
1:18 PM 23.2 5.75 495 0.91 59.9 6.13
1:35 PM 23.1 5.96 284 0.66 32.8 4.46
1:55 PM 23.3 6.04 215 0.54 15.7 6.26
2:15 PM 23.3 6.06 202 0.47 4.9 5.86
2:38 PM 23.3 6.06 199.7 0.48 -7.1 4.76

ML1-3 30-Nov-06 -- 11:52 AM 0.140 -- -- -- -- -- --
11:57 AM 25.6 6.61 1477 0.85 -74.1 51.6
12:04 PM 24.3 6.59 1467 0.30 -85.3 35.6
12:08 PM 24.0 6.59 1454 0.24 -89.3 12.9

ML1-5 30-Nov-06 -- 12:40 PM 0.140 -- -- -- -- -- --
12:44 PM 24.8 6.71 1269 0.69 -40.1 1.6
12:49 PM 24.4 6.64 1186 0.41 -59.3 79.9
12:55 PM 24.1 6.60 1117 0.24 -63.9 38.2

ML1-7 30-Nov-06 -- 1:30 PM 0.140 -- -- -- -- -- --
1:34 PM 24.5 6.56 1133 1.12 -43.3 10.10
1:39 PM 24.1 6.53 1107 0.36 -56.5 3.09
1:43 PM 24.2 6.49 1050 0.30 -62.4 2.19

ML3-3 4-Dec-06 -- 10:10 AM 0.090 -- -- -- -- -- --
11:22 AM 16.8 6.38 405 0.00 -83.8 26.10
11:37 AM 17.8 6.35 318 0.00 -91.4 24.20
11:42 AM 18.1 6.35 296 0.00 -94.8 22.80

ML3-5 4-Dec-06 -- 2:45 PM 0.120 -- -- -- -- -- --
2:49 PM 23.2 5.61 421.0 0.61 -25.2 75.1
2:55 PM 23.1 5.62 305 0.49 -27.6 113
3:05 PM 23.7 5.64 286.1 0.42 -26.9 58.4

ML3-7 4-Dec-06 -- 4:02 PM 0.120 -- -- -- -- -- --
4:07 PM 21.1 5.66 584 0.19 9.8 2.51
4:15 PM 21.9 5.56 322 0.20 6.3 8.75

ML4-3 29-Nov-06 -- 4:40 PM 0.140 -- -- -- -- -- --
4:43 PM 22.2 6.36 843 1.40 -70.6 12.3
4:48 PM 22.4 6.36 840 0.81 -72.4 4.85
4:52 PM 22.4 6.34 833 0.66 -73.6 2.52

ML4-5 29-Nov-06 -- 5:24 PM 0.140 -- -- -- -- -- --
5:28 PM 22.3 6.44 606 3.68 19.0 48.5
5:31 PM 22.6 6.44 594 1.53 -23.1 25.7
5:35 PM 22.6 6.40 573 1.41 -24.1 13.3

ML4-7 30-Nov-06 -- 8:15 AM 0.120 -- -- -- -- -- --
8:20 AM 22.1 6.24 818 2.64 -91.3 7.7
8:26 AM 22.4 6.24 730 0.84 -118.1 2.45
8:35 AM 22.5 6.24 727 0.75 -122.8 2.88

ML5-3 29-Nov-06 -- 1:57 PM 0.140 -- -- -- -- -- --
2:00 PM 24.0 6.41 1154 0.84 -92.4 22.5
2:03 PM 23.8 6.39 1158 0.52 -95.5 58.3
2:07 PM 23.6 6.43 1215 0.48 -101.1 17.0

ML5-5 29-Nov-06 -- 2:51 PM 0.140 -- -- -- -- -- --
2:55 PM 24.0 6.14 625 0.73 -41.2 15.10
2:59 PM 23.8 6.08 600 0.46 -47.0 73.10
3:03 PM 23.7 6.04 591 0.37 -49.9 25.30
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TABLE E-14: NOVEMBER 2006 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML5-7 29-Nov-06 -- 3:45 PM 0.140 -- -- -- -- -- --
3:48 PM 23.4 6.37 842 0.60 -43.8 9.11
3:52 PM 23.1 6.31 772 0.36 -67.5 3.69
3:58 PM 23.0 6.29 743 0.25 -79.7 1.34

ML6-3 29-Nov-06 -- 10:42 AM 0.140 -- -- -- -- -- --
10:47 AM 23.6 6.30 978 0.90 -55.5 43.80
10:54 AM 23.4 6.30 995 0.36 -61.8 4.91
10:57 AM 23.4 6.30 996 0.34 -65.4 2.58

ML6-5 29-Nov-06 -- 11:28 AM 0.140 -- -- -- -- -- --
11:31 AM 24.3 6.18 752 3.40 -23.4 1.76
11:40 AM 24.3 6.04 698 1.71 -47.5 113
11:50 AM 24.1 6.02 697 0.94 -56.7 37.90

ML6-7 29-Nov-06 -- 1:04 PM 0.140 -- -- -- -- -- --
1:10 PM 24.3 6.51 1219 1.52 -71.8 6.4
1:18 PM 24.1 6.45 1108 1.20 -91.1 1.48
1:22 PM 24.2 6.41 1031 1.13 -93.4 0.98

ML7-3 2-Dec-06 -- 3:21 PM -- -- -- -- -- -- --
3:54 PM 21.9 6.34 311 0.18 38.5 141
4:03 PM 21.5 6.34 194 0.17 37.7 87.7
4:18 PM 19.9 6.36 401 0.13 36.7 99.0

ML7-5 4-Dec-06 -- 8:10 AM 0.120 -- -- -- -- -- --
8:16 AM 19.5 5.62 752 0.82 53.9 50.7
8:23 AM 18.9 5.70 620 0.55 51.7 5.81
8:30 AM 19.6 5.75 558 0.53 52.5 20.7

ML7-7 4-Dec-06 -- 9:05 AM 0.120 -- -- -- -- -- --
9:11 AM 19.4 6.24 434 0.02 29.0 7.21
9:20 AM 20.8 6.30 269 0.28 9.9 5.45
9:25 AM 21.2 6.36 258 0.30 3.3 3.33

ML2-3 1-Dec-06 -- 11:55 AM -- -- -- -- -- -- --
12:29 PM 28.2 5.70 3280 0.30 -66.2 37.30
12:45 PM 27.8 5.72 3410 0.14 -71.4 32.60
1:00 PM 27.6 5.74 3780 0.09 -77.0 38.30

ML2-5 1-Dec-06 -- 3:20 PM -- -- -- -- -- -- --
3:38 PM 22.9 6.27 638 2.53 17.1 174
3:54 PM 22.8 6.25 741 0.48 12.6 54.5
4:10 PM 23.4 6.17 691 0.02 14.1 5.74

ML2-7 2-Dec-06 -- 8:21 AM -- -- -- -- -- -- --
8:27 AM 20.7 6.19 599 1.13 65.8 8.66
8:35 AM 21.1 6.21 603 0.59 59.4 3.37
8:45 AM 21.3 6.37 734 0.59 48.7 2.84

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
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TABLE E-15: JANUARY 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

PMW-1 19-Jan-07 2.43 3:31 PM 0.400 -- -- -- -- -- --
3:35 PM 19.8 5.88 445 5.01 -92.1 16.10
3:53 PM 19.5 5.80 412 0.17 -134.6 24.50
4:14 PM 19.8 5.86 414 0.15 -131.8 7.48
4:35 PM 19.5 5.92 391 0.16 -148.1 3.13
4:45 PM 19.5 5.92 391 0.16 -146.0 3.22

PMW-3 19-Jan-07 2.00 8:39 AM 0.410 -- -- -- -- -- --
8:43 AM 19.7 5.88 407 3.00 -87.6 6.21
9:07 AM 20.3 5.66 249 1.83 -102.8 2.81
9:39 AM 20.5 5.64 286 1.41 -120.9 2.02

10:02 AM 20.5 5.64 406 1.22 -141.2 1.80
10:16 AM 20.6 5.62 404 1.15 -135.8 1.54

PMW-5 19-Jan-07 3.20 10:54 AM 0.440 -- -- -- -- -- --
10:57 AM 20.0 5.43 834 5.16 -5.9 5.89
11:12 AM 20.3 5.33 693 0.59 -4.0 4.01
11:30 AM 20.6 5.27 642 0.53 -2.2 2.19
11:48 AM 20.7 5.27 603 0.47 -1.7 1.69
12:12 PM 20.7 5.27 554 0.41 -95.6 1.20

PMW-6 19-Jan-07 3.42 1:30 PM 0.400 -- -- -- -- -- --
1:40 PM 19.4 6.09 475 1.31 -153.7 5.16
1:59 PM 20.6 6.05 461 0.52 -191.2 2.07
2:20 PM 20.8 6.03 456 0.34 -184.7 1.56
2:40 PM 21.0 6.01 433 0.29 -203.8 1.61
2:54 PM 21.0 6.01 424 0.29 -199.7 1.69

ML1-2 20-Jan-07 -- 8:27 AM 0.010 -- -- -- -- -- --
9:23 AM 8.8 6.21 273 3.59 -59.0 52.9
9:35 AM 8.8 6.20 273 2.10 -48.4 32.3
9:40 AM 8.9 6.20 252 1.68 -45.4 33.3

ML1-4 20-Jan-07 -- 11:22 AM 0.120 -- -- -- -- -- --
11:25 AM 19.2 6.65 490 5.63 13.6 10.1
11:30 AM 19.9 6.57 428 2.32 0.8 5.4
11:35 AM 20.5 6.51 357 0.99 14.1 3.7

ML1-6 20-Jan-07 -- 12:00 PM 0.120 -- -- -- -- -- --
12:05 PM 20.7 6.75 457 3.37 94.5 2.56
12:10 PM 20.5 6.67 416 1.90 116.9 1.98
12:15 PM 21.0 6.65 404 1.68 126.0 1.54

ML2-2 20-Jan-07 -- 12:46 PM 0.010 -- -- -- -- -- --
1:40 PM 18.8 5.91 614 4.29 114.2 24.0
1:50 PM 18.9 5.87 466 6.75 122.8 23.3
1:55 PM 19.0 5.87 462 3.59 131.4 21.5

ML2-3 20-Jan-07 -- 3:43 PM 0.010 -- -- -- -- -- --
4:35 PM 15.3 6.09 2230 4.50 -34.0 27.1
4:48 PM 15.8 6.07 2149 3.39 -88.6 26
4:57 PM 15.4 6.09 2188 2.56 -113.4 25.3

ML2-4 21-Jan-07 -- 8:18 AM 0.150 -- -- -- -- -- --
8:27 AM 17.2 6.16 787 2.26 14.5 10.0
8:35 AM 18.2 6.20 719 1.97 0.4 4.80
8:40 AM 18.5 6.20 678 1.96 -3.6 2.98

ML2-5 21-Jan-07 -- 9:04 AM 0.150 -- -- -- -- -- --
9:11 AM 17.2 6.29 380 1.93 21.6 29.6
9:18 AM 18.9 6.27 304 1.13 22.9 18.9
9:25 AM 19.2 6.23 296 0.91 29.2 7.49

ML2-6 21-Jan-07 -- 10:04 AM 0.150 -- -- -- -- -- --
10:11 AM 19.7 6.41 428 3.18 149.2 17.3
10:17 AM 20.1 6.35 413 1.84 153.4 5.7
10:25 AM 20.4 6.33 372 1.43 158.4 3.7

ML3-2 21-Jan-07 -- 10:58 AM 0.060 -- -- -- -- -- --
11:44 AM 17.9 6.74 1845 0.18 -367.4 112
11:53 AM 0.050 18.5 6.76 1822 0.13 -346.7 106
11:57 AM 18.5 6.76 1727 0.11 -360.4 102

ML3-3 21-Jan-07 -- 1:44 PM 0.010 -- -- -- -- -- --
2:26 PM 18.6 6.12 1620 0.20 -250.4 52.5
2:33 PM 18.6 6.08 1431 0.18 -275.4 36.8
2:40 PM 18.4 6.08 1021 0.15 -287.9 39.7

ML3-4 21-Jan-07 -- 4:32 PM 0.150 -- -- -- -- -- --
4:38 PM 19.6 5.71 503 2.20 -2.3 30.0
4:42 PM 20.0 5.67 476 0.80 -19.4 24.2
4:45 PM 20.2 5.65 459 0.60 -38.2 43.2

ML3-7 22-Jan-07 -- 8:19 AM 0.015 -- -- -- -- -- --
8:28 AM 19.7 5.51 885 2.20 67.7 17.1
8:35 AM 20.4 5.75 759 2.36 44.2 12.9
8:45 AM 20.7 6.05 637 2.19 17.3 9.3

ML4-2 22-Jan-07 -- 11:10 AM 0.010 -- -- -- -- -- --
12:12 PM 14.2 6.83 961 2.34 105.8 5.58
12:19 PM 14.4 6.85 874 0.73 108.6 5.90
12:25 PM 14.3 6.87 802 0.47 113.5 4.26

ML4-4 23-Jan-07 -- 8:34 AM 0.150 -- -- -- -- -- --
8:45 AM 17.6 6.19 640 1.99 -18.1 26.3
8:50 AM 17.5 6.19 601 1.48 -20.6 23.3
8:54 AM 17.9 6.21 578 1.49 19.9 10.8
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TABLE E-15: JANUARY 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML4-6 23-Jan-07 -- 9:18 AM 0.150 -- -- -- -- -- --
9:26 AM 19.0 6.20 492 1.88 -26.6 8.3
9:31 AM 19.0 6.20 421 1.36 -24.6 6.34
9:37 AM 19.3 6.20 391 1.18 -22.3 5.88

ML5-2 23-Jan-07 -- 10:07 AM 0.010 -- -- -- -- -- --
10:56 AM 11.9 6.19 1342 1.22 17.1 44.7
11:00 AM 11.7 6.19 1275 1.17 17.9 39.7
11:05 AM 11.5 6.19 1270 1.15 15.7 18.8

ML5-4 23-Jan-07 -- 1:30 PM 0.150 -- -- -- -- -- --
1:38 PM 18.2 5.51 745 2.26 -81.0 12.4
1:45 PM 19.2 5.43 692 1.16 -97.3 7.7

ML5-6 23-Jan-07 -- 2:31 PM 0.150 -- -- -- -- -- --
2:39 PM 19.6 6.02 560 2.16 -73.2 17.50
2:45 PM 19.8 6.00 551 0.90 -79.4 11.60
2:50 PM 19.9 6.00 542 0.68 -87.3 8.86

ML6-2 23-Jan-07 -- 3:22 PM 0.010 -- -- -- -- -- --
4:31 PM 13.4 6.43 1090 0.78 -24.4 33.80
4:36 PM 13.2 6.43 1093 0.90 -24.7 13.70
4:41 PM 12.9 6.46 1070 0.93 -25.5 8.60

ML6-4 24-Jan-07 -- 8:16 AM 0.150 -- -- -- -- -- --
8:25 AM 17.4 6.18 359 2.69 -2.0 58.2
8:30 AM 17.4 6.24 353 1.80 -23.7 28.4
8:35 AM 17.4 6.35 347 1.71 -37.1 17.50

ML6-6 24-Jan-07 -- 9:04 AM 0.150 -- -- -- -- -- --
9:15 AM 16.6 6.11 574 2.28 -51.0 13.40
9:20 AM 19.2 6.11 470 1.89 -53.8 8.05
9:26 AM 20.1 6.13 555 1.42 -68.5 7.33

ML7-2 24-Jan-07 -- 9:58 AM 0.010 -- -- -- -- -- --
10:48 AM 12.8 5.62 1405 0.30 -37.4 199.0
10:55 AM 13.0 5.60 1540 0.27 -42.5 118.0
11:00 AM 13.0 5.60 1442 0.21 -43.2 68.0

ML7-3 24-Jan-07 -- 12:54 PM 0.010 -- -- -- -- -- --
1:39 PM 13.5 6.17 1098 1.78 81.2 103.0
1:44 PM 14.5 6.19 1033 1.39 78.8 61.5
1:51 PM 15.0 6.23 891 1.19 78.1 253.0

ML7-4 24-Jan-07 -- 3:48 PM 0.150 -- -- -- -- -- --
3:51 PM 18.0 6.36 432 1.59 -35.7 62.9
4:00 PM 18.4 6.36 420 0.56 -25.7 12.4
4:05 PM 18.5 6.36 416 0.52 -11.5 4.4

ML7-5 25-Jan-07 -- 8:31 AM 0.150 -- -- -- -- -- --
8:39 AM 18.4 5.55 417 2.35 88.0 2.84
8:45 AM 17.8 5.59 423 1.50 89.4 1.26
8:50 AM 17.8 5.61 397 1.51 89.0 0.73

ML7-6 25-Jan-07 -- 9:21 AM 0.150 -- -- -- -- -- --
9:27 AM 18.5 5.95 494 1.94 49.2 10.40
9:35 AM 18.9 6.03 434 0.90 3.1 3.58
9:42 AM 19.3 6.12 418 0.82 -27.6 2.06

ML7-7 25-Jan-07 -- 10:39 AM 0.150 -- -- -- -- -- --
10:50 AM 18.9 6.64 675 0.99 -37.9 6.04
10:56 AM 20.9 6.78 791 0.69 -35.5 3.10
11:05 AM 20.3 6.78 630 0.63 -52.1 2.48

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
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TABLE E-16: MARCH 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

PMW-1 26-Mar-07 3.22 9:53 AM 0.430 -- -- -- -- -- --
9:56 AM 19.4 5.73 455 0.94 23.6 46.10

10:12 AM 19.4 5.79 527 0.36 -9.7 2.40
10:37 AM 20.5 5.49 491 0.39 -51.7 12.40
10:46 AM 20.5 5.99 477 0.41 -88.5 17.00

PMW-2 26-Mar-07 3.15 8:07 AM 0.420 -- -- -- -- -- --
8:10 AM 19.2 5.94 623 1.88 -15.2 4.02
8:31 AM 19.0 6.12 455 0.33 -50.0 5.05
8:54 AM 19.2 6.08 416 0.35 -56.3 2.91
9:10 AM 19.3 6.06 390 0.33 -60.9 1.53
9:30 AM 19.3 6.04 377 0.32 -64.6 2.33

PMW-3 21-Mar-07 3.25 8:46 AM 0.350 -- -- -- -- -- --
8:54 AM 18.8 5.71 929 1.97 -34.9 4.21
9:16 AM 18.8 5.57 696 1.15 -39.1 4.56
9:38 AM 0.440 19.0 5.48 562 0.94 -24.2 2.69
9:54 AM 19.1 5.46 512 0.78 -47.9 2.02

10:12 AM 19.2 5.46 472 0.61 -27.8 1.88
PMW-4 21-Mar-07 3.12 10:57 AM 0.400 -- -- -- -- -- --

11:02 AM 20.3 5.84 621 0.66 -11.2 9.16
11:19 AM 18.9 5.82 582 0.23 -11.5 7.91
11:40 AM 19.1 5.83 434 0.18 -10.7 5.50
12:01 PM 0.480 19.2 5.81 563 0.16 -10.9 3.78
12:22 PM 19.2 5.81 535 0.13 -24.1 3.24

PMW-5 21-Mar-07 3.34 1:52 PM 0.400 -- -- -- -- -- --
1:55 PM 19.6 5.37 691 1.78 -14.2 8.09
2:09 PM 19.2 5.29 877 0.87 -10.8 1.95
3:34 AM 19.2 5.27 664 0.59 -12.2 1.59
2:50 PM 19.6 5.23 490 0.38 -16.2 1.65
3:08 PM 19.6 5.21 423 0.19 -24.6 1.31

PMW-6 21-Mar-07 3.12 4:00 PM 0.400 -- -- -- -- -- --
4:03 PM 19.9 6.06 760 0.42 2.7 6.46
4:25 PM 19.3 6.10 516 0.11 -41.4 2.46
4:45 PM 19.3 6.08 440 0.12 -34.9 1.58
5:05 PM 19.3 6.06 431 0.17 -13.8 1.05
5:19 PM 19.3 6.04 412 0.17 -12.6 0.96

ML1-3 24-Mar-07 3.00 9:03 AM 0.150 -- -- -- -- -- --
9:07 AM 19.0 6.55 984 1.03 -19.4 12.30
9:11 AM 18.7 6.49 897 0.57 -42.2 9.92
9:15 AM 18.6 6.49 828 0.36 -51.9 8.18

ML1-5 24-Mar-07 3.00 10:46 AM 0.180 -- -- -- -- -- --
10:50 AM 21.6 6.88 514 0.87 -20.6 15.90
10:55 AM 20.9 6.64 514 0.23 -53.5 4.05
11:00 AM 20.7 6.6 501 0.16 -64.3 5.84

ML1-7 24-Mar-07 3.00 12:28 PM 0.130 -- -- -- -- -- --
12:35 PM 25.5 6.51 942 0.69 -59.9 5.43
12:42 PM 23.1 6.45 804 0.22 -67.7 1.76
12:47 PM 23.2 6.41 756 0.18 -69.2 1.27

ML2-3 22-Mar-07 3.00 8:22 AM 0.030 -- -- -- -- -- --
9:23 AM 18.9 5.64 749 1.30 -78.9 8.95
9:37 AM 18.9 5.80 258 1.48 -75.2 12.70
9:48 AM 19.0 5.78 666 1.39 -98.9 16.3

ML2-5 22-Mar-07 3.00 4:47 PM 0.150 -- -- -- -- -- --
4:52 PM 20.2 6.32 448 1.14 100.6 20.80
4:57 PM 20.3 6.29 414 0.79 77.8 5.49
5:02 PM 20.2 6.25 402 0.82 77.1 3.63

ML2-7 22-Mar-07 3.00 5:47 PM 0.150 -- -- -- -- -- --
5:55 PM 22.0 6.37 738 2.10 57.7 23.10
6:00 PM 21.4 6.41 581 0.60 28.9 27.20
6:05 PM 21.3 6.51 1471 0.54 10.5 20.7

ML3-3 26-Mar-07 3.00 11:18 AM 0.025 -- -- -- -- -- --
12:40 PM 25.9 5.94 2410 0.28 -124.2 224.00
12:50 PM 25.9 5.94 1995 0.10 -127.4 223.00
1:05 PM 25.9 5.94 1194 0.1 -126.9 219

ML3-5 22-Mar-07 3.00 8:02 AM 0.120 -- -- -- -- -- --
8:07 AM 19.6 5.38 1464 0.07 76.7 39.90
8:10 AM 18.9 5.42 1508 0.20 73.7 14.40

8:22 AM 0.090 18.7 5.54 1494 0.23 64.3 31.40
8:30 AM 18.7 5.60 1385 0.28 48.1 26.2

ML3-7 27-Mar-07 3.00 9:47 AM 0.120 -- -- -- -- -- --
9:51 AM 20.9 5.96 1563 0.13 -24.1 36.00

10:00 AM 21.3 6.02 1481 0.12 -51.9 9.54
10:05 AM 21.7 6.06 1328 0.15 -57.7 8.17

ML4-3 23-Mar-07 3.00 8:30 AM 0.110 -- -- -- -- -- --
8:37 AM 18.4 6.20 943 0.50 -12.2 1.77
8:43 AM 18.2 6.18 705 0.49 3.3 1.99
8:47 AM 18.2 6.18 629 0.55 4.4 1.53

ML4-5 23-Mar-07 3.00 9:47 AM 0.110 -- -- -- -- -- --
9:52 AM 20.0 6.25 456 0.81 1.9 8.67

10:01 AM 19.9 6.21 453 0.49 12.7 4.44
10:07 AM 19.7 6.21 417 0.45 13.7 2.69

ML4-7 23-Mar-07 3.00 10:48 AM 0.110 -- -- -- -- -- --
10:52 AM 21.5 6.27 509 1.13 -13.9 5.37
11:00 AM 21.0 6.27 455 0.19 -23.4 1.56
11:05 AM 21.0 6.27 417 0.2 -33.1 1.45

Air bubbles noted in tubing changed to ISMATEC @ 8:16
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TABLE E-16: MARCH 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML5-3 23-Mar-07 3.00 3:24 PM 0.110 -- -- -- -- -- --
3:27 PM 20.5 6.43 696 0.80 -51.5 8.50
3:30 PM 19.8 6.43 735 0.14 -60.0 3.38
3:34 PM 19.6 6.43 751 0.04 -65.8 2.31

ML5-5 23-Mar-07 3.00 4:35 PM 0.110 -- -- -- -- -- --
4:40 PM 21.2 6.02 562 0.71 -31.5 51.30
4:45 PM 20.7 5.98 592 0.09 -45.6 10.40
4:50 PM 20.5 5.96 566 0.00 -66.5 4.2

ML5-7 23-Mar-07 3.00 5:40 PM 0.110 -- -- -- -- -- --
5:44 PM 21.6 6.07 480 0.60 -46.4 646.00
5:05 PM 21.2 6.05 453 0.08 -84.4 1.33
5:55 PM 21.2 6.07 431 0.00 -107.8 -

ML6-3 27-Mar-07 3.00 11:37 AM 0.090 -- -- -- -- -- --
12:12 PM 27.1 6.45 1018 1.49 -76.3 37.90
12:17 PM 27.4 6.45 849 1.12 -77.8 28.30
12:22 PM 27.4 6.45 871 0.87 -80.5 29.2

ML6-5 27-Mar-07 3.00 2:23 PM 0.160 -- -- -- -- -- --
2:29 PM 23.9 6.36 827 0.23 -57.7 17.90
2:35 PM 21.3 6.26 774 0.00 -62.2 1.78
2:40 PM 21.2 6.18 719 0.00 -58.8 0.99

ML6-7 28-Mar-07 3.00 8:59 AM 0.120 -- -- -- -- -- --
9:05 AM 20.3 5.95 822 0.72 -52.3 1.31
9:10 AM 20.9 5.99 808 0.33 -64.0 0.61
9:15 AM 20.8 6.01 781 0.29 -68.4 0.51

ML7-3 28-Mar-07 3.00 10:50 AM 0.090 -- -- -- -- -- --
11:17 AM 23.0 5.90 1625 0.75 -33.5 18.40
11:20 AM 23.2 5.90 1557 0.55 -35.9 9.80
11:25 AM 23.6 5.90 1504 0.62 -36.0 7.57

ML7-5 28-Mar-07 3.00 1:44 PM 0.190 -- -- -- -- -- --
1:55 PM 25.0 5.53 596 0.64 21.4 6.71
2:00 PM 20.8 5.51 619 0.09 28.9 1.63
2:05 PM 20.8 5.54 618 0.03 -36.9 0.9

ML7-7 29-Mar-07 3.00 8:54 AM 0.100 -- -- -- -- -- --
9:00 AM 19.9 6.23 1095 0.43 -71.0 1.99
9:05 AM 20.1 6.25 1001 0.34 -99.1 2.12
9:10 AM 20.3 6.27 971 0.20 -117.6 0.96

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured

TR0173\Table E-11 to E-20 - Purge Data Page 2 of 2 April 2010



TABLE E-17: JULY 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

PMW-1 11-Jul-07 3.01 3:06 PM 0.320 -- -- -- -- -- --
3:10 PM 27.1 5.77 721 0.68 -9.0 12.70
3:35 PM 26.8 5.66 797 0.36 -107.5 49.70
3:52 PM 26.6 5.74 710 0.46 -104.9 7.77
4:13 PM 26.4 5.76 674 0.45 -105.5 8.60
4:25 PM 26.3 5.80 649 0.45 -106.0 5.37

PMW-2 11-Jul-07 2.98 9:15 AM 0.350 -- -- -- -- -- --
9:16 AM 25.1 6.04 690 1.44 -180.2 2.37
9:40 AM 24.0 5.97 602 0.77 -225.5 2.08
10:02 AM 24.0 5.99 574 0.49 -218.2 3.03
10:25 AM 24.0 5.99 571 0.35 -223.8 1.24
10:46 AM 23.8 6.01 558 0.21 -225.0 1.36

PMW-3 11-Jul-07 3.06 11:52 AM 0.350 -- -- -- -- -- --
11:56 AM 24.8 5.80 597 0.92 -155.9 4.10
12:46 PM 25.0 5.64 502 0.94 -192.5 2.98
1:13 PM 23.9 5.64 508 0.40 -194.2 3.05
1:30 PM 24.0 5.64 507 0.28 -192.0 3.10
2:54 PM 23.8 5.64 517 0.21 -189.3 1.09

PMW-4 11-Jul-07 2.99 11:15 AM 0.400 -- -- -- -- -- --
11:18 AM 23.7 5.65 112.1 0.59 -114.5 3.21
11:43 AM 23.9 5.61 207.0 0.20 -117.3 1.49
12:01 PM 23.8 5.61 130.7 0.26 -125.9 1.74
12:17 PM 23.8 5.59 101.0 0.58 -130.9 1.08
12:39 PM 23.8 5.59 493.0 0.30 -135.8 1.39

PMW-5 12-Jul-07 3.35 9:50 AM 0.400 -- -- -- -- -- --
9:53 AM 23.5 4.92 1011 1.41 -174.2 1.34
10:14 AM 23.4 4.94 658 0.38 -210.7 1.27
10:33 AM 23.3 4.98 611 0.33 -214.7 1.32
10:54 AM 23.3 5.00 586 0.29 -214.5 1.41
11:08 AM 23.4 5.00 589 0.26 -214.7 0.89

PMW-6 12-Jul-07 3.58 8:15 AM 0.380 -- -- -- -- -- --
8:18 AM 23.4 5.38 854 1.17 -118.4 1.34
8:36 AM 23.4 5.36 483 1.07 -237.0 1.14
9:00 AM 23.6 5.38 444 0.91 -249.7 2.08
9:18 AM 23.4 5.46 426 0.82 -252.6 1.44

ML1-2 12-Jul-07 -- 1:08 PM -- -- -- -- -- -- --
2:08 PM 34.6 6.21 825 0.79 -99.0 195.00
2:21 PM 33.7 6.23 726 0.66 -108.0 128.00
2:27 PM 33.6 6.23 676 0.57 -109.1 77.3

ML1-4 12-Jul-07 -- 4:10 PM -- -- -- -- -- -- --
4:16 PM 26.3 5.98 601 0.34 -92.8 1.40
4:23 PM 25.3 5.99 571 0.32 -100.1 0.72
4:30 PM 24.9 5.99 556 0.23 -107.6 1.53

ML1-5 12-Jul-07 -- 4:52 PM -- -- -- -- -- -- --
4:55 PM 25.8 6.29 216 0.77 -109.9 4.86
5:00 PM 24.8 6.29 190.4 0.05 -111.6 2.18
5 05 PM 24 8 6 27 758 0 00 115 8 1 975:05 PM 24.8 6.27 758 0.00 -115.8 1.97

ML1-6 12-Jul-07 -- 5:30 PM -- -- -- -- -- -- --
5:34 PM 25.2 6.10 677 0.58 -37.4 2.60
5:43 PM 24.0 6.08 530 0.05 -96.1 2.34
5:50 PM 24.6 6.08 524 0.10 -90.5 3.9

ML1-7 13-Jul-07 -- 8:29 AM 0.120 -- -- -- -- -- --
8:45 AM 25.8 6.19 933 1.98 -186.8 1.92
9:00 AM 24.0 6.17 868 0.98 -201.5 1.60
9:05 AM 24.0 6.17 852 1.03 -206.0 1.61

ML2-2 12-Jul-07 -- 1:08 PM -- -- -- -- -- -- --
2:34 PM 35.0 5.22 1074 1.29 33.7 38.70
2:41 PM 34.5 5.20 1026 1.23 -40.9 38.60
2:46 PM 34.5 5.20 702 1.13 -39.9 38.20

ML2-4 13-Jul-07 -- 9:35 AM 0.120 -- -- -- -- -- --
9:39 AM 25.2 5.86 1696 1.26 -167.7 7.60
9:44 AM 24.8 5.86 1566 1.38 -172.7 0.47
9:50 AM 24.6 5.80 1461 1.42 -174.4 0.32

ML2-5 13-Jul-07 -- 10:42 AM 0.120 -- -- -- -- -- --
10:45 AM 25.3 5.95 581 1.09 -115.4 11.80
10:51 AM 24.3 -- 530 0.60 -96.0 2.13
10:56 AM 24.3 5.91 508 0.61 -106.3 1.91

ML2-6 13-Jul-07 -- 12:39 PM 0.120 -- -- -- -- -- --
12:48 PM 27.2 6.20 567 0.71 -66.6 2.70
12:53 PM 24.4 6.12 388 0.44 -73.5 1.04
1:03 PM 24.0 6.06 573 0.53 -79.2 0.45

ML2-7 13-Jul-07 -- 1:32 PM 0.120 -- -- -- -- -- --
1:37 PM 24.1 6.21 532 0.60 -80.8 4.20
1:47 PM 23.8 6.23 331 0.31 -107.5 7.83
1:56 PM 24.3 6.33 628 0.38 -127.0 3.49

ML3-2 13-Jul-07 -- 3:54 PM 0.120 -- -- -- -- -- --
5:26 PM 33.9 6.15 18.9 0.15 -183.3 142.00
5:33 PM 33.6 6.11 18.2 0.12 -177.0 165.00
5:40 PM 33.5 6.09 1811* 0.18 -177.2 145.00

TR0173\Table E-11 to E-20 - Purge Data Page 1 of 3 April 2010



TABLE E-17: JULY 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML3-4 14-Jul-07 -- 8:21 AM 0.120 -- -- -- -- -- --
8:25 AM 24.5 5.46 1998 0.31 -123.4 16.40
8:30 AM 24.0 5.54 1533 0.21 -146.5 14.50
8:33 AM 23.9 5.65 1432 0.24 -158.4 10.50

ML3-5 14-Jul-07 -- 8:58 AM 0.120 -- -- -- -- -- --
9:02 AM 25.4 5.86 775 0.83 -99.6 35.00
9:07 AM 25.4 5.88 129.2 0.25 -109.1 29.40
9:12 AM 25.3 5.90 1708* 0.57 -110.8 15.70

ML3-6 14-Jul-07 -- 9:35 AM 0.050 -- -- -- -- -- --
9:38 AM 25.4 5.54 332 1.03 -46.6 16.10
9:46 AM 25.9 5.72 300 0.62 -84.1 11.80
9:55 AM 26.3 5.78 1292* 0.38 -100.0 10.70

ML3-7 14-Jul-07 -- 10:51 AM 0.050 -- -- -- -- -- --
10:55 AM 24.4 6.14 243 0.13 -105.9 11.10
11:00 AM 24.0 6.18 301 0.19 -116.6 11.90
11:05 AM 23.9 6.20 1045* 0.20 -114.3 11.00

ML4-2 14-Jul-07 -- 11:46 AM 0.050 -- -- -- -- -- --
1:16 PM 30.5 5.97 1559 0.31 -85.5 404.00
1:20 PM 30.6 5.97 1534 0.21 -85.5 345.00
1:24 PM 30.6 5.97 1532 0.20 -86.5 257.00

ML4-4 16-Jul-07 -- 8:18 AM 0.120 -- -- -- -- -- --
8:21 AM 25.0 6.11 846 1.77 -135.5 24.90
8:26 AM 24.9 6.09 723 1.10 -154.9 3.60
8:30 AM 24.8 6.01 710 1.16 -169.2 3.97

ML4-5 16-Jul-07 -- 8:55 AM 0.050 -- -- -- -- -- --
8:58 AM 25.7 6.01 548 2.04 -97.3 3.30
9:02 AM 25.1 5.97 536 0.95 -102.5 1.18
9:06 AM 24.7 5.95 520 0.89 -103.8 0.41

ML4-6 16-Jul-07 -- 9:55 AM 0.120 -- -- -- -- -- --
9:58 AM 24.6 5.94 490 1.54 -99.5 0.77
10:03 AM 24.1 5.92 496 0.76 -103.3 0.38
10:10 AM 23.6 5.90 494 0.71 -111.0 0.45

ML4-7 16-Jul-07 -- 10:35 AM 0.120 -- -- -- -- -- --
10:40 AM 24.7 6.16 698 4.29 -107.1 4.27
10:48 AM 23.5 6.12 668 0.76 -119.7 1.88
10:55 AM 23.3 6.08 654 0.58 -122.8 0.91

ML5-2 16-Jul-07 -- 1:39 PM 0.025 -- -- -- -- -- --
1:12 PM 32.3 5.82 947 2.08 -54.6 195.00
1:17 PM 32.3 5.82 941 2.04 -54.4 134.00
1:21 PM 32.4 5.82 932 1.99 -59.7 102.00

ML5-4 16-Jul-07 -- 2:23 PM 0.120 -- -- -- -- -- --
2:27 PM 26.6 5.45 190.7 1.11 -20.6 23.30
2:32 PM 25.9 5.43 208 0.77 -25.6 0.84
2:37 PM 25.9 5.43 553 0.77 -34.2 0.72

ML5-5 16-Jul-07 -- 3:12 PM 0.120 -- -- -- -- -- --
3:16 PM 25.5 5.71 646 0.99 -70.3 14.20
3 20 PM 25 6 5 69 597 0 74 74 1 0 753:20 PM 25.6 5.69 597 0.74 -74.1 0.75
3:30 PM 25.8 5.65 586 0.74 -75.0 0.66

ML5-6 16-Jul-07 -- 3:43 PM 0.120 -- -- -- -- -- --
3:48 PM 25.1 6.00 736 1.21 -71.4 3.65
3:52 PM 25.0 6.02 730 0.68 -76.9 0.84
3:58 PM 25.0 5.98 691 0.60 -78.0 0.55

ML5-7 16-Jul-07 -- 4:12 PM 0.120 -- -- -- -- -- --
4:16 PM 24.8 6.14 879 0.81 -88.5 1.50
4:21 PM 24.7 6.14 856 0.64 -95.3 0.56
4:26 PM 24.2 6.12 825 0.61 -100 0.73

ML6-2 17-Jul-07 -- 8:13 AM 0.040 -- -- -- -- -- --
9:02 AM 29.3 6.06 1380 1.69 -88.4 30.30
9:06 AM 29.2 6.04 1368 0.87 -84.2 33.00
9:09 AM 29.2 6.04 1382 0.71 -87.1 28.80

ML6-4 17-Jul-07 -- 10:16 AM 0.120 -- -- -- -- -- --
10:20 AM 25.3 5.97 783 0.73 -88.5 12.80
10:24 AM 24.7 5.89 766 0.13 -99.3 1.03
10:28 AM 24.5 5.81 720 0.06 -102.4 0.48

ML6-5 17-Jul-07 -- 10:48 AM 0.120 -- -- -- -- -- --
10:52 AM 24.8 5.63 869 0.40 -79.5 3.89
10:57 AM 24.3 5.45 848 0.07 -89.0 0.61
11:02 AM 24.3 5.29 815 0.03 -84.7 2.45

ML6-6 17-Jul-07 -- 12:34 PM 0.120 -- -- -- -- -- --
12:39 PM 25.4 5.72 669 0.31 -77.9 3.46
12:46 PM 24.2 5.74 659 0.02 -92.3 0.73
12:55 PM 23.9 5.73 654 0.00 -102.6 0.52

ML6-7 17-Jul-07 -- 1:12 PM 0.120 -- -- -- -- -- --
1:18 PM 25.3 6.09 714 0.32 -84.3 1.38
1:23 PM 24.7 6.09 708 0.03 -93.3 0.65
1:30 PM 24.2 6.05 681 0.00 -98.6 0.69

ML7-2 12-Jul-07 -- 1:52 PM 0.040 -- -- -- -- -- --
2:54 PM 32.9 5.43 272 0.29 -27.2 86.40
3:00 PM 33.0 5.43 241 0.25 -25.5 77.20
3:05 PM 33.0 5.43 2590* 0.25 -26.4 69.80

ML7-4 18-Jul-07 -- 8:26 AM 0.120 -- -- -- -- -- --
8:30 AM 25.1 5.80 1289 0.62 -76.0 6.16
8:34 AM 24.8 5.78 1158 0.61 -80.6 0.84
8:38 AM 24.5 5.76 1060 0.57 -83.6 0.87
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TABLE E-17: JULY 2007 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (meter) (mV) (NTU)

ML7-5 18-Jul-07 -- 8:58 AM 0.120 -- -- -- -- -- --
9:01 AM 24.7 5.04 957 0.61 -0.9 4.06
9:06 AM 24.3 5.00 944 0.12 -11.4 0.57
9:11 AM 24.2 5.00 919 0.08 -22.7 0.44

ML7-6 18-Jul-07 -- 9:34 AM 0.120 -- -- -- -- -- --
-- 24.7 5.67 1042 0.38 -71.0 4.62
-- 24.1 5.67 1042 0.15 -80.3 0.61
-- 23.9 5.77 1059 0.12 -85.7 0.44

ML7-7 18-Jul-07 -- 10:32 AM 0.120 -- -- -- -- -- --
10:37 AM 24.8 6.23 1051 0.39 -82.2 3.54
10:45 AM 24.1 6.25 1116 0.14 -110.6 0.94
10:53 AM 24.1 6.25 1153 0.12 -120.1 0.37

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
* - value after cleaning probe
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TABLE E-18: JANUARY 2008 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)

PMW-1 16-Jan-08 2.84 9:04 AM 0.320 18.8 6.12 718 1.53 0.5 30.4
9:20 AM 19.5 6.11 573 0.79 -183.4 37.50
9:49 AM 19.7 6.20 492 1.15 -178.5 19.30
10:13 AM 20.0 6.22 456 1.52 -169.9 6.94

PMW-2 16-Jan-08 2.80 10:58 AM 0.320 19.7 6.32 385 1.49 -210.1 6.48
11:20 AM 20.4 6.21 357 0.32 -289.4 1.96
11:40 AM 20.4 6.17 348 0.35 -299.1 1.60
12:02 PM 20.6 6.17 330 0.39 -269.1 1.28
12:24 PM 20.4 6.15 332 0.38 -267.2 0.89

PMW-3 16-Jan-08 18.80 2:12 PM 0.370 19.7 5.81 858 1.18 -178.9 3.36
2:32 PM 20.2 5.63 636 0.42 -243.2 2.10
2:54 PM 20.4 5.59 580 0.35 -249.0 1.11
3:15 PM 20.3 5.56 553 0.36 -249.4 0.90
3:38 PM 20.4 5.54 533 0.37 -249.5 0.95

PMW-4 17-Jan-08 18.80 9:33 AM 0.350 18.0 5.59 575 1.57 11.9 13.8
9:54 AM 19.8 5.59 475 0.66 -65.3 5.67
10:13 AM 19.9 5.61 455 0.71 -105.2 4.01
10:36 AM 20.1 5.61 446 0.83 -122.8 2.78
10:52 AM 20.1 5.61 438 0.85 -125.4 1.81

PMW-5 17-Jan-08 18.99 11:35 AM 0.410 18.8 5.18 1808 0.71 -105 5.43
11:56 AM 20.1 5.26 1570 0.44 -152.9 4.25
12:15 PM 20.3 5.26 1623 0.42 -152.1 2.02
12:33 PM 20.5 5.24 1541 0.46 -146.4 1.46
12:49 PM 20.5 5.24 1418 0.44 -140.1 1.19

PMW-6 17-Jan-08 18.80 2:51 PM 0.370 18.8 6.30 762 0.59 -180.7 12
3:11 PM 20.2 6.26 508 0.34 -193.0 7.48
3:34 PM 20.5 6.16 386 0.38 -238.3 4.75
3:56 PM 20.5 6.10 338 0.36 -249.1 3.29
4:17 PM 20.5 6.08 303 0.36 -242.4 2.49

ML 1-2 17-Jan-08 -- 4:57 PM -- 16.2 6.32 97.4 0.39 -177 >1000
5:00 PM 16.7 6.32 72.3 0.27 -201.8 >1000
5:05 PM 16.5 6.32 59.8 0.15 -207.2 772

ML 1-3 18-Jan-08 -- 8:32 AM -- 16.7 6.37 745 0.68 -107.8 45.2
8:37 AM 17.2 6.37 349 0.60 -157.10 32.7
8:42 AM 17.9 6.37 284 0.58 -160.20 10.3

-- -- -- -- 796* -- -- --
ML 1-4 18-Jan-08 -- 9:25 AM -- 17.9 6.27 407 0.80 -126 4.56

9:30 AM 18.6 6.25 352 0.52 -132.6 1.80
9:35 AM 19.2 6.19 319 0.50 -126.3 1.21

-- -- -- -- 634* -- -- --
ML 1-5 18-Jan-08 -- 10:12 AM -- 19.6 6.43 492 0.89 -134.9 5.73

10:17 AM 20.3 6.39 466 0.39 -152.4 2.02
10:22 AM 20.8 6.35 435 0.39 -153.1 1.45

-- -- -- -- 681* -- -- --
ML 1-7 18-Jan-08 -- 10:57 AM -- 20.3 6.37 679 0.61 -131.7 5.14

11:02 AM 20.9 6.35 652 0.42 -140.1 2.03
11 10 AM 21 3 6 33 624 0 32 141 4 1 5411:10 AM 21.3 6.33 624 0.32 -141.4 1.54

ML 2-3 18-Jan-08 -- 1:58 PM -- 19.6 5.85 945 0.77 -77.2 27.8
2:05 PM 19.5 5.78 228 0.70 -78.0 31.90
2:10 PM 19.5 5.80 123.1 0.81 -80.2 28.10

-- -- -- -- 740* -- -- --
ML 2-4 20-Jan-08 -- 8:14 AM -- 16.2 5.80 722 1.98 -17.4 3.49

8:19 AM 16.6 5.90 648 1.09 -80.1 1.71
8:24 AM 17.2 5.92 617 1.27 -123.8 0.76

ML 2-5 20-Jan-08 -- 8:58 AM -- 17.2 6.00 242 1.12 -150.9 12.4
9:03 AM 16.9 6.00 233 0.91 -165.0 6.12
9:08 AM 17.3 6.00 226 0.73 -172.6 2.82

-- -- -- -- 332* -- -- --
ML 2-6 20-Jan-08 -- 9:59 AM -- 18.6 6.21 252 1.61 -185.4 2.94

10:04 AM 19.2 6.13 206 1.08 -172.5 1.19
10:11 AM 19.9 6.07 198.3 0.89 -148.1 0.70

-- -- -- -- 441* -- -- --
ML 2-7 20-Jan-08 -- 10:50 AM -- 20.1 6.21 192.8 0.93 -162.7 5.65

10:55 AM 20.9 6.19 187.9 0.48 -185.2 4.61
11:00 AM 21.3 6.27 181.2 0.32 -197.9 2.08

-- -- -- -- 1003* -- -- --
ML 3-2 20-Jan-08 -- 11:55 AM no recovery NA NA NA NA NA NA
ML 3-3 20-Jan-08 -- 3:07 PM 0.030 11.8 6.37 1.9 0.00 12.5 199

3:15 PM 12.8 6.37 2 0.00 -39.0 45.40
3:20 PM 12.4 6.36 987* 0.00 -41.0 33.10

ML 3-4 21-Jan-08 -- 8:57 AM 0.045 4.2 5.58 622 1.55 17.6 10.4
-- 9:01 AM 4.1 5.59 458 0.85 14.6 8.29

9:09 AM 4.2 5.59 408 0.52 4.9 4.23
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TABLE E-18: JANUARY 2008 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Well Water Rate Temperature pH Conductance D.O. ORP Turbidity
I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)

ML 3-5 21-Jan-08 -- 11:38 AM 0.030 11.5 6.27 592 1.91 -10.3 18.3
11:44 AM 11.7 6.25 577 1.92 -36.4 19.40
11:48 AM 11.5 6.23 578 1.95 -27.2 20.80

ML 3-7 21-Jan-08 -- 3:36 PM 0.050 15.2 6.33 303 0.52 -140.3 23.9
3:42 PM 14.5 6.30 302 0.98 -136.1 15.90
3:50 PM 13.8 6.34 304 0.61 -136.7 12.80
4:27 PM 13.1 6.45 284 0.17 -138.1 6.28

-- -- -- 539* -- -- --
ML 4 -2 21-Jan-08 -- 4:47 PM -- 11.9 6.14 1202 0.00 -87.3 14.9

4:52 PM 11.7 6.14 1214 0.03 -97.6 12.50
4:59 PM 11.5 6.17 1189 0.03 -94.0 12.10

ML 4-3 22-Jan-08 -- 8:10 AM 0.120 16.0 6.09 704 0.8 -115 5.8
8:15 AM 16.8 6.09 608 0.71 -125.1 2.18
8:20 AM 17.2 6.09 584 0.67 -122.9 0.87

ML 4-5 22-Jan-08 -- 9:00 AM -- 17.4 6.10 345 0.61 -83.8 7.24
9:05 AM 17.3 6.10 339 0.49 -86.6 2.28
9:10 AM 17.6 6.08 333 0.52 -88.7 1.67

-- -- -- 430* -- -- --
ML 4-6 22-Jan-08 -- 9:48 AM -- 18.0 6.10 405 0.94 -91.0 1.75

9:55 AM 18.7 6.08 401 0.42 -95.6 0.99
10:02 AM 19.3 6.06 363 0.35 -98.6 0.76

ML 4-7 22-Jan-08 -- 10:34 AM -- 19.3 6.18 510 1.29 -75.2 4.20
10:41 AM 19.4 6.14 473 0.35 -84.6 4.77
10:48 AM 20.1 6.16 423 0.25 -91.0 5.20

ML 5-2 22-Jan-08 -- 12:40 PM -- 15.9 6.00 1106 1.33 -61.3 18.2
12:45 PM 16.0 6.00 1103 1.02 -56.2 18.2
12:54 PM 16.3 6.00 1116 0.90 -53.5 14.0

ML 5-3 22-Jan-08 -- 2:23 PM -- 18.8 6.38 745 0.41 -93.6 5.91
2:28 PM 19.2 6.36 722 0.14 -99.0 2.97
2:33 PM 19.4 6.34 710 0.11 -102.1 1.71

ML 5-5 22-Jan-08 -- 4:15 PM -- 19.7 5.72 545 0.49 -42.9 1.65
4:22 PM 20.1 5.68 472 0.16 -67.8 1.22
4:29 PM 20.3 5.82 424 0.12 -103.0 0.78

ML 5-6 23-Jan-08 -- 8:17 AM -- 18.4 5.84 630 1.41 -33.4 36.7
8:24 AM 18.8 5.90 638 1.11 -51.9 12.90
8:31 AM 19.4 5.84 606 0.98 -57.2 4.30

 ML 5-7 23-Jan-08 -- 9:00 AM -- 19.6 6.32 589 1.43 -51.6 3.68
9:07 AM 19.9 6.26 573 0.83 -65.4 2.22
9:14 AM 20.2 6.28 574 0.78 -77.0 2.26

ML 6-3 23-Jan-08 -- 10:02 AM -- 17.1 6.42 840 0.99 -95.6 75.6
10:05 AM 17.4 6.42 854 0.78 -100.0 89.10
10:08 AM 17.6 6.42 852 0.74 -105.0 48.10

ML  6-4 23-Jan-08 -- 10:49 AM -- 19.1 6.02 463 0.84 -136.6 42.4
10:53 AM 19.4 6.04 457 0.46 -160.40 19.90
10:57 AM 19.6 6.02 453 0.38 -167.20 14.10

ML 6 5 23 J 08 12 57 PM 20 8 5 63 981 0 97 110 6 1 53ML 6-5 23-Jan-08 -- 12:57 PM -- 20.8 5.63 981 0.97 -110.6 1.53
1:03 PM 21.4 5.37 939 0.69 -123.8 5.15
1:09 PM 21.6 5.23 898 0.49 -130.1 4.01

ML 6-6 23-Jan-08 -- 1:56 PM -- 21.0 5.85 662 0.60 -148.2 4.36
2:03 PM 21.7 5.85 615 0.10 -160.9 0.99
2:10 PM 21.8 5.83 609 0.16 -164.9 0.38

ML 6-7 23-Jan-08 -- 2:37 PM -- 21.9 6.26 584 1.13 -185.7 1.48
2:44 PM 22.1 6.26 585 0.23 -217.4 0.84
2:51 PM 22.2 6.28 583 0.15 -226.2 0.44

ML 7-3 23-Jan-08 -- 3:35 PM -- 19.8 5.54 1782 0.95 -85.2 28.4
3:38 PM 20.2 5.60 1847 0.33 -125.8 22.80
3:41 PM 20.2 5.68 1870 0.18 -141.9 10.90

ML 7-4 23-Jan-08 -- 4:33 PM -- 18.6 5.98 -- 0.61 -56.7 1.35
4:38 PM 17.7 5.90 -- 0.20 -70.6 0.16
4:43 PM 17.4 5.88 -- 0.12 -77.3 0.32

ML 7-5 24-Jan-08 -- 8:19 AM -- 18.0 5.13 773 0.90 -47.2 0.72
8:26 AM 18.3 5.17 516 0.27 -63.8 0.50
8:33 AM 18.7 5.17 367 0.24 -83.5 0.41

-- -- -- 936* -- -- --
ML 7-6 24-Jan-08 -- 9:11 AM -- 19.2 5.75 555 0.57 -103.6 1.86

9:18 AM 19.7 5.75 466 0.33 -126.3 0.62
9:25 AM 19.4 5.83 433 0.26 -137.6 0.99

ML 7-7 24-Jan-08 -- 10:21 AM -- 18.9 6.29 553 0.64 -154 0.99
10:28 AM 20.0 6.31 524 0.15 -171.3 1.53
10:35 AM 20.5 6.29 507 0.14 -177.2 1.49

-- -- -- 1180 -- -- --

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
NA - not applicable
* - value after cleaning probe
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TABLE E-19: JULY 2008 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
PMW-1 16-Jul-08 3.33 12:43 PM 0.390 27.3 5.91 517 0.75 -176.0 18.1

12:57 PM 26.9 6.05 671 0.60 -154.3 23.8
1:19 PM 0.220 26.8 6.03 646 0.43 -147.2 5.42
1:47 PM 26.9 5.99 676 0.43 -136.4 4.07
2:13 PM 26.7 6.01 685 0.48 -125.4 2.79

-- -- -- 827* -- -- --
PMW-2 16-Jul-08 3.38 10:24 AM 0.400 24.9 5.81 521 1.03 -158.2 2.92

10:43 AM 24.3 5.83 417 0.10 -166.4 1.28
10:58 AM 24.1 5.85 405 0.11 -168.2 1.03
11:15 AM 24.0 5.85 399 0.11 -159.0 0.76
11:34 AM 24.4 5.85 386 0.09 -181.0 0.71

-- -- -- 474* -- -- --
PMW-3 16-Jul-08 18.80 8:22 AM 0.375 23.7 5.57 507 1.07 -225.8 2.83

8:41 AM 24.0 5.66 499 0.55 -240.8 1.62
9:01 AM 23.9 5.68 476 0.42 -261.8 1.41
9:21 AM 24.0 5.69 422 0.31 -242.6 1.33
9:41 AM 24.1 5.69 388 0.26 -229.4 1.70

-- -- -- 480* -- -- --
PMW-4 16-Jul-08 18.80 6:08 PM 0.390 24.3 5.81 101.8 0.73 -128.1 4.55

6:23 PM 24.4 5.77 76.4 0.00 -150.1 3.77
6:42 PM 24.1 5.77 68.1 0.04 -156.1 2.75
7:00 PM 23.9 5.77 64.8 0.08 -161.4 1.98
7:18 PM 23.9 5.75 62.0 0.10 -163.3 1.83

-- -- -- 435* -- -- --
PMW-5 16-Jul-08 18.80 4:27 PM 0.400 23.7 5.43 1620 0.32 -206.8 3.25

4:46 PM 23.8 5.41 1383 0.04 -234.4 2.76
5:04 PM 23.7 5.39 1271 0.12 -235.4 1.95
5:22 PM 23.6 5.37 1141 0.13 -237.5 3.14
5:40 PM 23.6 5.37 1110 0.13 -238.3 1.75

-- -- -- 1116* -- -- --
PMW-6 16-Jul-08 18.80 2:44 PM 0.400 25.7 5.98 446 0.90 -141.2 11.2

3:04 PM 23.8 5.96 405 0.00 -235.5 5.79
3:21 PM 23.6 5.94 423 0.00 -244.1 3.56
3:41 PM 23.5 5.90 426 0.10 -257.2 3.03
4:01 PM 23.5 5.91 440 0.18 -258.8 2.37

-- -- -- 538* -- -- --
 ML1-2 17-Jul-08 -- 8:28 AM 0.025 26.2 6.37 1610 0.72 -113.0 54.4

8:35 AM 26.2 6.37 1522 0.46 -122.0 25.0
8:40 AM 26.7 6.39 1620 0.56 -124.7 28.6

 ML1-3 22-Jul-08 -- 8:25 AM 0.026 27.4 6.20 705 1.14 -233.9 3.81
8:30 AM 27.5 6.22 700 1.12 -247.50 2.29

 8:35 AM 27.7 6.24 700 1.03 -260.90 1.81
-- -- -- 901* -- -- --

 ML1-4 17-Jul-08 -- 9:27 AM 0.170 25.0 5.96 153.8 1.42 -47.4 2.91
9:32 AM 24.9 5.94 156.3 0.38 -34.5 2.04
9:37 AM 24.7 5.94 159.0 0.19 -35.4 1.269:37 AM 24.7 5.94 159.0 0.19 35.4 1.26

-- -- -- 559* -- -- --
ML 1-5 22-Jul-08 -- 9:17 AM 0.120 25.5 6.46 748 0.61 -275.1 11.9

9:22 AM 24.8 6.42 710 0.38 -284.2 6.30
9:27 AM 24.6 6.38 684 0.27 -296.6 4.05

-- -- -- 772* -- -- --
 ML1-6 17-Jul-08 -- 10:24 AM 0.170 25.1 6.11 204.0 0.23 -1.7 2.6

10:30 AM 24.1 6.11 198.6 0.11 -21.9 2.84
10:36 AM 23.8 6.13 196.1 0.09 -29.9 5.56

-- -- -- 825* -- -- --
 ML1-7 22-Jul-08 -- 9:58 AM 0.130 25.5 6.32 963 0.95 -292.1 4.51

10:03 AM 24.7 6.30 937 0.43 -307.6 2.50
10:08 AM 24.8 6.32 917 0.31 -317.8 1.80

-- -- -- 1055* -- -- --
ML 2-2 22-Jul-08 -- 11:40 AM 0.030 30.0 5.37 798 1.43 -254.6 16.2

11:45 AM 30.0 5.37 791 1.5 -238.1 14.3
11:50 AM 30.1 5.37 810 1.36 -238.3 12.6

-- -- -- 2980* -- -- --
ML 2-3 17-Jul-08 -- 11:54 AM 0.080 28.4 5.56 45.3 0.97 -63.4 8.42

12:06 PM 0.040 28.6 5.58 35.6 0.84 -66.4 8.16
12:11 PM 0.040 28.7 5.60 33.3 0.80 -64.3 8.84

-- -- -- 3620* -- -- --
ML 2-4 21-Jul-08 -- 5:10 PM 0.170 25.7 5.88 1361 0.50 -332.6 8.11

5:15 PM 25.5 5.90 1174 0.16 -378.3 3.32
5:20 PM 25.4 5.86 1094 0.14 -384.1 1.44

 ML2-5 17-Jul-08 -- 3:46 PM 0.150 24.6 6.06 175.3 0.38 79.5 6.72
3:55 PM 23.7 6.00 134.1 0.14 -47.9 8.24
4:00 PM 23.6 6.00 123.1 0.14 -83.3 7.98

-- -- -- 516* -- -- --
ML 2-6 17-Jul-08 -- 4:35 PM 0.180 24.0 6.23 38.7 0.99 125.2 1.92

4:40 PM 23.6 6.19 36.2 0.53 112.3 0.73
4:46 PM 23.3 6.15 34.4 0.31 62.4 0.53

-- -- -- 515* -- -- --
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TABLE E-19: JULY 2008 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
 ML2-7 17-Jul-08 -- 5:28 PM 0.180 23.7 6.18 14.2 0.83 117.8 1.97

5:33 PM 23.0 6.20 12.5 0.31 112.4 21.6
5:38 PM 22.9 6.30 11.4 0.28 102.1 34.8

ML 3-2 17-Jul-08 -- 3:05 PM 0.010 29.3 6.24 3540 1.02 -21.4 183
 ML3-3 22-Jul-08 -- 3:26 PM 0.006 34.3 6.16 1259 0.20 -235.5 542

3:31 PM 34.3 6.16 1286 0.20 -242.9 523
3:36 PM 34.3 6.16 1334 0.20 -248.9 367

-- -- -- 5490* -- -- --
ML 3-4 18-Jul-08 -- 8:15 AM 0.150 24.8 5.61 255.0 0.73 -50.1 11.6

8:20 AM 24.4 5.74 190.9 0.64 -103.7 2.25
8:25 AM 24.3 5.78 167.2 0.61 -131.1 1.64

-- -- -- 934* -- -- --
ML 3-5 21-Jul-08 -- 2:02 PM 0.130 26.9 6.31 1409 0.73 -325.7 43.3

2:29 PM 30.5 6.36 1376 0.82 -304.9 23.1
2:39 PM 31.5 6.34 1411 0.76 -320.9 28.2

-- -- -- 1689* -- -- --
ML 3-6 18-Jul-08 -- 9:00 AM 0.150 24.6 5.86 6.0 1.70 -80.2 21.7

9:28 AM 0.060 25.8 6.03 5.3 1.01 -106.5 27.0
10:02 AM 0.011 27.1 6.18 5.3* 1.02 -104.5 27.0

ML 3-7 21-Jul-08 -- 4:30 PM 0.140 26.0 6.06 966 0.77 -313.2 11.0
4:35 PM 24.8 6.08 993 0.27 -346.0 8.45
4:40 PM 24.7 6.10 983 0.21 -376.3 8.11

-- -- -- 997* -- -- --
ML 4 -2 23-Jul-08 -- 11:17 AM 0.006 32.6 5.98 1323 1.15 -89.3 199

11:22 AM 32.3 5.98 1304 1.14 -92.2 155
11:27 AM 32.0 5.98 1287 1.15 -86.1 152

-- -- -- 3240* -- -- --
ML 4-3 21-Jul-08 -- 8:36 AM 0.020 28.0 6.06 855 0.97 -129.8 11.1

8:41 AM 28.0 6.06 863 0.97 -137.3 7.55
8:51 AM 28.2 6.10 884 0.83 -160.1 6.39
9:01 AM 28.5 6.12 912 0.74 -178.6 6.25

-- -- -- 1083* -- -- --
ML 4-4 21-Jul-08 -- 9:59 AM 0.160 26.0 6.14 494 0.62 -312.7 8.76

10:04 AM 25.8 6.06 445 0.39 -364.2 4.85
10:09 AM 25.5 6.02 431 0.33 -378.3 6.18

-- -- -- 572* -- -- --
ML 4-5 21-Jul-08 -- 10:50 AM 0.150 25.7 6.13 586 0.62 -333.9 5.48

10:55 AM 25.1 6.11 567 0.26 -368.9 3.36
11:00 AM 24.9 6.09 560* 0.24 -393.2 2.06

ML 4-6 21-Jul-08 -- 12:25 PM 0.160 25.1 6.15 572 0.60 -312.4 1.97
12:30 PM 24.6 6.13 561 0.36 -355.0 1.83
12:35 PM 24.3 6.13 557 0.28 -367.7 1.48

-- -- -- 687* -- -- --
ML 4-7 21-Jul-08 -- 1:04 PM 0.140 25.2 6.22 863 0.80 -332.0 6.36

1:10 PM 24.4 6.22 804 0.36 -374.8 8.31
1:15 PM 24.4 6.22 762 0.26 -387.3 7.571:15 PM 24.4 6.22 762 0.26 387.3 7.57

-- -- -- 938* -- -- --
 ML5-2 22-Jul-08 -- 5:31 PM 0.008 36.2 6.40 1313 1.02 -88.2 118

5:36 PM 36.4 6.40 1317 0.96 -90.5 84.7
5:41 PM 36.5 6.40 1322 0.88 -82.6 89.1

-- -- -- 2570* -- -- --
 ML5-3 18-Jul-08 -- 12:51 PM 0.025 27.5 6.17 81.4 0.56 -105.7 54.7

1:00 PM 27.5 6.17 81.6 0.39 -128.50 10.6
1:06 PM 27.6 6.17 80.1 0.38 -- 6.26

-- -- -- 129* -- -- --
 ML5-4 18-Jul-08 -- 1:55 PM 0.140 25.4 5.8 269 0.77 -207.3 35.9

2:00 PM 25.1 5.8 258 0.26 -240.1 18.8
2:05 PM 24.9 5.8 253 0.25 -271.7 7.86

-- -- -- 404* -- -- --
 ML5-5 18-Jul-08 -- 2:46 PM 0.140 25.1 5.94 431 0.63 -248.6 62.1

2:51 PM 24.5 5.88 406 0.24 -254.9 30.4
2:56 PM 24.4 5.84 377 0.16 -252.1 10.5

-- -- -- 514* -- -- --
ML 5-6 18-Jul-06 -- 3:42 PM 0.130 25.2 6.14 676 0.84 -200.7 13.9

3:47 PM 24.7 6.10 640 0.27 -215.4 9.77
3:52 PM 24.6 6.08 612 0.21 -226.1 7.04

-- -- -- 801* -- -- --
  ML5-7 18-Jul-08 -- 4:21 PM 0.140 25.0 6.18 721 0.98 -193.7 1.9

4:27 PM 24.4 6.20 702 0.22 -223.1 10.9
4:32 PM 24.1 6.20 686 0.13 -234.6 14.2

-- -- -- 963* -- -- --
ML 6-2 23-Jul-08 -- 9:13 AM 0.006 28.2 6.14 1725 3.56 -79.4 132

9:18 AM 28.0 6.14 1741 3.28 -80.2 102
9:23 AM 27.9 6.16 1788 3.06 -81.6 90.7

-- -- -- 2560* -- -- --
 ML6-3 19-Jul-08 -- 9:05 AM 0.095 27.8 5.84 951 1.13 -181.0 8.57

9:12 AM 28.1 5.84 930 0.90 -181.8 3.32
9:19 AM 28.4 5.83 911 0.88 -181.6 2.63

-- -- -- 1389* -- -- --
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TABLE E-19: JULY 2008 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
  ML6-4 19-Jul-08 -- 10:15 AM 0.170 25.9 5.25 547 0.82 -189.7 7.29

10:20 AM 25.4 4.77 534 0.35 -211.6 4.86
10:25 AM 25.3 3.84 536 0.27 -223.3 2.28
10:50 AM 25.6 5.50 528 0.33 -245.9 0.94
10:55 AM 24.8 5.52 545 0.22 -251.3 0.92

-- -- -- 578* -- -- --
ML 6-5 19-Jul-08 -- 11:22 AM 0.150 24.7 5.38 1131 0.58 -201.4 6.17

11:27 AM 24.5 5.33 1040 0.23 -217.5 2.90
11:33 AM 24.1 5.23 971 0.09 -223.9 2.06

-- -- -- 1069* -- -- --
ML 6-6 19-Jul-08 -- 1:08 PM 0.160 24.8 5.76 910 1.19 -123.2 2.81

1:13 PM 24.3 5.72 886 0.69 -154.8 0.51
1:18 PM 24.1 5.68 868 0.60 -171.8 0.56
1:21 PM 24.5 5.68 1147* 0.38 -183.4 0.60

ML 6-7 19-Jul-08 -- 1:51 PM 0.150 23.9 6.01 1026 0.43 -160.2 1.55
1:56 PM 23.8 6.03 971 0.25 -188.0 0.35
2:01 PM 23.6 6.05 940 0.21 -197.7 0.39

-- -- -- 1222* -- -- --
ML 7-2 23-Jul-08 -- 9:50 AM 0.006 28.0 5.5 4060 1.14 -79.9 445

9:55 AM 28.1 5.5 4030 0.87 -75.7 371
10:00 AM 28.1 5.52 4020 0.79 -77.2 198

-- -- -- 4050* -- -- --
ML 7-3 23-Jul-08 -- 1:03 PM 0.006 30.7 5.68 2160 2.4 10.4 35.9

1:08 PM 30.5 5.72 2150 2.0 -24.9 23.7
1:13 PM 30.3 5.72 2160 1.52 -41.7 13.7

-- -- -- 2310* -- -- --
 ML7-4 19-Jul-08 -- 2:58 PM 0.190 25.4 5.52 834 0.31 -186.3 2.4

3:03 PM 24.9 5.52 821 0.26 -193.1 0.33
3:08 PM 24.6 5.58 852 0.23 -199.3 0.47

-- -- -- 1086* -- -- --
ML 7-5 19-Jul-08 -- 3:36 PM 0.130 24.6 5.22 1555 0.38 -164.3 1.24

3:41 PM 24.6 5.22 1521 0.25 -173.2 0.92
3:46 PM 24.3 5.20 1490 0.14 -183.5 1.03

-- -- -- 1657* -- -- --
ML 7-6 19-Jul-08 -- 4:16 PM 0.170 24.4 5.93 1433 0.44 -163.4 3.49

4:21 PM 23.9 5.91 1339 0.13 -180.5 1.22
4:26 PM 23.7 5.87 1289 0.06 -193.0 1.03
4:30 PM 24.1 5.85 1818* 0.05 -196.2 1.45

ML 7-7 19-Jul-08 -- 5:05 PM 0.150 24.6 6.25 1074 0.49 -170.9 10.9
5:10 PM 24.2 6.25 1094 0.17 -194.1 4.45
5:15 PM 23.9 6.27 1112 0.12 -200.5 2.92

-- -- -- 1512* -- -- --

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minuteLpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
* - value after cleaning probe
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TABLE E-20: MARCH 2009 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
PMW-1 4-Mar-09 2.82 2:43 PM -- -- -- -- -- -- --

2:46 PM 0.380 17.8 6.13 852 2.15 -61.7 32.5
3:00 PM 17.6 6.19 1015 1.61 -84.4 24.20
3:21 PM 0.210 17.8 6.27 930 1.08 -106.0 6.70
3:47 PM 0.150 17.6 6.25 839 0.83 -116.6 4.30
4:30 PM 16.9 6.25 867 0.42 -128.4 2.60

PMW-2 4-Mar-09 2.65 1:48 AM -- -- -- -- -- -- --
12:51 PM 0.380 19.4 6.37 510 0.44 -93.6 3.40
1:10 PM 18.9 6.36 448 0.27 -119.9 1.44
1:29 PM 19.0 6.30 384 0.54 -138.8 0.80
1:50 PM 19.0 6.28 380 0.31 -149.4 0.60

PMW-3 4-Mar-09 2.71 9:19 AM -- -- -- -- -- -- --
9:22 AM 0.360 15.8 5.75 466 1.57 -246.6 5.47
9:51 AM 17.7 5.79 370 0.76 -245.4 2.79

10:12 AM 17.9 5.80 352 0.63 -242.5 1.67
10:37 AM 18.0 5.82 343 0.58 -233.9 1.27
11:01 AM 18.5 5.82 330 0.52 -243.4 1.47

PMW-4 5-Mar-09 -- 10:31 AM -- -- -- -- -- -- --
10:33 AM 0.400 18.7 5.82 721.0 1.09 -91.8 4.28
10:54 AM 18.6 5.82 617.0 0.26 -103.1 1.46
11:08 AM 18.6 5.84 576.0 0.27 -96.6 1.09
11:25 AM 18.7 5.84 552.0 0.27 -101.5 0.71
11:40 AM 18.6 5.86 532 0.31 -95.8 0.55

PMW-5 5-Mar-09 -- 8:33 AM -- -- -- -- -- -- --
8:36 AM 0.410 17.8 5.37 1261 1.18 -71.0 2.16
8:55 AM 18.3 5.47 992 0.59 -118.6 1.37
9:16 AM 18.7 5.47 924 0.59 -144.7 0.76
9:32 AM 18.7 5.47 846 0.55 -156.1 0.61
9:53 AM 18.8 5.47 861 0.51 -166.6 0.46

PMW-6 4-Mar-09 2.92 5:02 PM -- -- -- -- -- -- --
5:06 PM 0.400 18.1 6.27 656 1.08 -95.5 11.20
5:31 PM 18.4 6.20 454 0.17 -118.7 5.30
5:44 PM 18.2 6.16 415 0.21 -127.9 4.90
6:08 PM 18.4 6.14 425 0.22 -154.6 3.5
6:27 PM 18.5 6.12 433 0.24 -173.0 3.4

 ML1-2 7-Mar-09 -- 1:12 PM -- -- -- -- -- -- --
1:45 PM 0.040 25.7 6.45 999 0.77 -111.8 103.0
1:50 PM 25.1 6.45 996 0.69 -113.0 68.5
1:55 PM 24.8 6.45 995 0.64 -114.4 53.8

 ML1-3 7-Mar-09 -- 3:04 PM -- -- -- -- -- -- --
3:33 PM 24.9 6.46 800 1.00 -86.00 4.36

 3:44 PM 24.3 6.44 791 0.8 -97.80 3.38
 ML1-4 9-Mar-09 -- 8:38 AM -- -- -- -- -- -- --

8:43 AM 0.140 17.9 6.00 485.0 0.42 -152.9 3.84
8:49 AM 18.0 6.08 483.0 0.56 -170.9 1.85
8:54 AM 18.2 6.12 483 0.54 -178.8 1.44

ML 1-5 9-Mar-09 -- 9:27 AM -- -- -- -- -- -- --
9:31 AM 0.140 19.0 6.41 569 0.14 -123.9 14.10
9:36 AM 19.2 6.43 550 0.33 -157.9 5.78
9:41 AM 19.3 6.45 528 0.33 -178.9 3.14

 ML1-6 9-Mar-09 -- 10:30 AM -- -- -- -- -- -- --
10:37 AM 0.120 20.1 6.30 668.0 0.36 -147.4 8.79
10:43 AM 19.8 6.30 670.0 0.40 -153.2 6.24
10:49 AM 20.3 6.30 668.0 0.44 -162.6 5.22

 ML1-7 9-Mar-09 -- 11:31 AM -- -- -- -- -- -- --
11:35 AM 0.130 22.0 6.41 837 0.26 -109.4 1.92
11:41 AM 22.1 6.39 828 0.42 -138.9 1.57
11:46 AM 22.2 6.37 815 0.39 -151.7 1.65

ML 2-2 5-Mar-09 -- 1:46 PM -- -- -- -- -- -- --
2:23 PM 0.006 22.9 5.61 3130 1.14 -72.7 -0.5
2:30 PM 22.4 5.61 3170 1.31 -77.7 9.6
2:37 PM 22.2 5.61 3210 1.2 -77.7 8.75

ML 2-3 5-Mar-09 -- 4:17 PM -- -- -- -- -- -- --
4:34 PM 17.2 5.92 1166.0 1.46 -46.0 1.95
4:40 PM 17.0 5.96 1160.0 1.06 -52.4 0.82
4:49 PM 16.7 5.96 1158.0 0.76 -57.8 0.67

ML 2-4 6-Mar-09 -- 8:43 AM -- -- -- -- -- -- --
8:50 AM 0.120 17.4 5.81 900 1.08 -2.8 5.02
9:00 AM 17.6 5.84 894 0.88 -14.5 0.87
9:05 AM 17.7 5.82 877 0.81 -19.5 0.51
9:08 AM 17.8 5.82 856 0.73 -22.3 0.42

 ML2-5 6-Mar-09 -- 9:30 AM -- -- -- -- -- -- --
9:35 AM 0.120 18.6 5.88 376.0 0.68 -74.5 4.97
9:40 AM 18.9 6.00 372.0 0.51 -55.7 2.53
9:45 AM 19.1 6.04 351.0 0.4 -45.0 0.74

ML 2-6 6-Mar-09 -- 10:50 AM -- -- -- -- -- -- --
10:55 AM 0.130 20.2 6.20 527.0 0.37 68.2 4.35
11:00 AM 20.5 6.18 492.0 0.40 -74.5 2.44

 ML2-7 6-Mar-09 -- 11:30 AM -- -- -- -- -- -- --
11:35 AM 0.180 21.5 6.26 1008.0 0.49 -85.7 7.04
11:40 AM 21.8 6.26 928.0 0.31 -62.6 20.50
11:46 AM 21.8 6.34 907 0.27 -60.6 23.60
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TABLE E-20: MARCH 2009 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
ML 3-2 12-Mar-09 -- 1:58 PM -- -- -- -- -- -- --

3:35 PM 0.010 23.9 6.85 3520 1.8 -130.2 562.00
4:00 PM 0.008 22.3 6.85 3520 1.29 -128.2 622.00

 ML3-3 13-Mar-09 -- 4:30 PM -- -- -- -- -- -- --
5:57 PM 0.030 17.0 6.21 2160 1.16 -63.5 13.20
6:02 PM 16.9 6.21 2600 1.07 -62.8 12.40
6:07 PM 16.7 6.21 2570 1.16 -63.0 9.97

ML 3-4 14-Mar-09 -- 8:53 AM -- -- -- -- -- -- --
8:57 AM 0.120 15.9 5.50 664.0 0.76 2.4 9.97
9:02 AM 16.1 5.56 670.0 0.80 -3.1 5.87
9:07 AM 16.40 5.60 673 0.8 -52.7 3.54

ML 3-5 14-Mar-09 -- 9:35 AM -- -- -- -- -- -- --
9:40 AM 0.080 15.8 6.37 1083 0.87 -103.6 19.60
9:50 AM 14.4 6.43 1034 1.15 97.4 16.30
9:55 AM 13.5 6.43 999 1.27 93.9 15.50

ML 3-6 14-Mar-09 -- 11:17 AM -- -- -- -- -- -- --
12:05 PM 0.080 15.0 6.27 835 1.00 -71.2 21.80
12:20 PM 0.070 15.5 6.27 856 1.38 -75.2 23.50
12:35 PM 16.0 6.29 876 1.02 -70.0 20.80

ML 3-7 14-Mar-09 -- 1:54 PM -- -- -- -- -- -- --
2:30 PM 0.045 16.1 6.11 684 1.61 -38.3 10.20
3:00 PM 15.7 6.15 686 1.46 -39.7 4.53
3:30 PM 16.4 6.15 677 1.18 -39.7 4.08

ML 4 -2 11-Mar-09 -- 1:47 PM -- -- -- -- -- -- --
2:25 PM 0.060 25.3 6.53 2150 0.62 -137.1 230
2:33 PM 24.8 6.53 2170 0.58 -139.4 126
2:39 PM 24.5 6.51 2170 0.58 -139.6 91.80

ML 4-3 11-Mar-09 -- 3:52 PM -- -- -- -- -- -- --
4:29 PM 0.080 22.0 6.33 1162 0.67 -100.3 35.20
4:36 PM 21.8 6.33 1146 0.46 -101.9 9.57
4:42 PM 21.7 6.33 1131 0.40 -102.2 9.08

ML 4-4 12-Mar-09 -- 8:48 AM -- -- -- -- -- -- --
8:55 AM 0.120 18.1 6.12 503 0.60 -133.8 7.58
9:00 AM 18.6 6.14 486 0.50 -136.3 7.25
9:05 AM 18.8 6.14 471 0.49 -140.60 4.93

ML 4-5 12-Mar-09 -- 9:36 AM -- -- -- -- -- -- --
9:42 AM 0.110 19.1 6.18 543 0.32 -102.1 6.46
9:47 AM 19.3 6.18 542 0.41 -99.6 4.31
9:52 AM 19.1 6.16 534 0.43 -98.5 1.21

ML 4-6 12-Mar-09 -- 10:31 AM -- -- -- -- -- -- --
10:36 AM 0.130 19.6 6.19 518 0.43 -83.5 1.22
10:41 AM 19.9 6.17 527 0.43 -88.1 0.86
10:46 AM 19.9 6.17 531 0.37 -86.7 1.13

ML 4-7 12-Mar-09 -- 11:20 AM -- -- -- -- -- -- --
11:25 AM 0.120 20.1 6.29 709 0.75 -66.9 8.94
11:30 AM 20.2 6.25 701 0.58 -71.4 10.50
11:35 AM 20.2 6.25 692 0.47 -75.4 6.17

 ML5-2 6-Mar-09 -- 1:29 PM -- -- -- -- -- -- --
2:17 PM 0.040 27.8 5.77 1328 0.73 -13.4 41.90
2:22 PM 27.7 5.77 1320 0.68 -14.7 39.40
2:27 PM 27.4 5.8 1339 0.62 -19.6 33.10

 ML5-3 6-Mar-09 -- 4:01 PM -- -- -- -- -- -- --
4:20 PM 0.056 20.8 5.92 1451.0 0.60 -26.80 5.74
4:25 PM 20.6 5.93 1451.0 0.34 -74.8 5.11
4:30 PM 20.3 5.93 1438 0.22 -102.1 4.81

 ML5-4 7-Mar-09 -- 8:36 AM -- -- -- -- -- -- --
3:20 PM 0.110 17.6 5.6 322 0.13 -141.8 32.0
8:47 AM 17.6 5.7 324 0.45 -195.5 5.77
8:54 AM 17.8 5.69 332 0.43 -207.0 3.47

 ML5-5 7-Mar-09 -- 9:24 AM -- -- -- -- -- -- --
9:28 AM 0.130 18.7 5.83 449 0.11 -175.4 63.70
9:33 AM 18.9 5.83 449 0.34 -185.6 9.59
9:38 AM 19.0 5.83 460 0.34 -188.5 4.90

ML 5-6 7-Mar-09 -- 10:39 AM -- -- -- -- -- -- --
10:42 AM 0.120 20.8 6.02 497 0.17 -142.8 17.30
10:47 AM 20.8 6.00 495 0.33 -161.5 3.13
10:55 AM 20.9 6 494 0.29 -176.1 2.7

  ML5-7 7-Mar-09 -- 11:25 AM -- -- -- -- -- -- --
11:30 AM 0.110 21.7 6.30 809 0.35 -110.6 8.0
11:35 AM 21.5 6.30 781 0.35 -121.3 8.3
11:44 AM 21.7 6.24 755 0.29 -141.4 5.01

ML 6-2 10-Mar-09 -- 2:07 PM -- -- -- -- -- -- --
2:42 PM 0.060 22.8 6.22 2320 0.73 -85.5 41
2:47 PM 22.6 6.22 2330 0.71 -85.9 33.1
2:52 PM 22.3 6.24 2340 0.60 -85.6 22.3

 ML6-3 10-Mar-09 -- 4:05 PM -- -- -- -- -- -- --
4:37 PM 0.080 20.4 6.30 1667 0.68 -88.0 33.90
4:49 PM 20.1 6.31 1634 0.63 -96.3 4.85
4:57 PM 19.9 6.31 1612 0.48 -101.7 4.42

  ML6-4 11-Mar-09 -- 8:45 AM -- -- -- -- -- -- --
8:50 AM 0.140 17.3 5.84 388 0.77 -143.9 75.80
8:56 AM 0.110 17.7 5.90 422 0.65 -173.7 30.80
9:02 AM 17.8 5.92 426 0.60 -189.1 17.60
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TABLE E-20: MARCH 2009 FIELD PARAMETER DATA
Parris Island, South Carolina

Geosyntec Consultants

Depth
to Pumping Specific

Water Rate Temperature pH Conductance D.O. ORP Turbidity
Well I.D. Date (ft btoc) Time (Lpm) (°C) (pH units) (uS/cm) (mg/L) (mV) (NTU)
ML 6-5 11-Mar-09 -- 9:35 AM -- -- -- -- -- -- --

9:40 AM 0.110 18.3 5.49 893 0.57 -150.1 4.19
9:45 AM 18.6 5.37 992 0.57 -155.4 2.03
9:50 AM 18.8 5.37 1007 0.55 -160.1 1.41

ML 6-6 11-Mar-09 -- 10:40 AM -- -- -- -- -- -- --
10:45 AM 0.110 19.4 5.71 811 0.50 -145.6 2.07
10:50 AM 19.8 5.71 816 0.42 -159.7 1.28
10:56 AM 19.8 5.71 808 0.41 -169.5 0.47

ML 6-7 11-Mar-09 -- 11:45 AM -- -- -- -- -- -- --
11:50 AM 0.120 20.4 6.17 984 0.20 -137.6 1.20
11:55 AM 20.8 6.15 1007 0.09 -163.9 0.55
12:00 PM 21.0 6.15 996 0.06 -174.2 1.07

ML 7-2 9-Mar-09 -- 1:47 PM -- -- -- -- -- -- --
2:47 PM 0.060/0.050 33.8 5.8 3430 0.63 -66.0 397
2:54 PM 33.7 5.86 3430 0.41 -41.6 297
3:00 PM 33.4 5.86 3410 0.42 -76.4 260.00

ML 7-3 9-Mar-09 -- 4:28 PM -- -- -- -- -- -- --
4:44 PM 0.170 20.9 5.82 2810 0.4 63.0 3.93
4:50 PM 20.4 5.84 2850 0.30 53.9 1.49
4:56 PM 20.3 5.86 2840 0.15 35.8 0.96

 ML7-4 10-Mar-09 -- 8:35 AM -- -- -- -- -- -- --
8:40 AM 0.110 18.2 5.46 950 0.90 -125.9 10.70
8:45 AM 18.3 5.50 950 0.66 -161.2 0.90
8:50 AM 18.4 5.5 958 0.59 -174.4 1.01

ML 7-5 10-Mar-09 -- 9:28 AM -- -- -- -- -- -- --
9:32 AM 0.120 18.7 5.27 1236 0.56 -136.4 2.45
9:37 AM 18.8 5.29 1263 0.40 -153.4 1.22
9:42 AM 18.9 5.29 1262 0.30 -162.2 0.89

ML 7-6 10-Mar-09 -- 10:30 AM -- -- -- -- -- -- --
10:35 AM 0.115 19.4 5.91 1422 0.91 -132.4 3.52
10:40 AM 20.0 5.91 1401 0.43 -167.1 1.49
10:45 AM 19.8 5.91 1397 0.30 -183.7 1.03

ML 7-7 10-Mar-09 -- 11:30 AM -- -- -- -- -- -- --
11:35 AM 0.080 21.0 6.45 1183 0.82 -123.1 49.90
11:40 AM 20.9 6.45 1199 0.61 -135.0 31.00
11:45 AM 21.4 6.43 1261 0.55 -156.0 21.8

Notes:
ft btoc  - feet below top of casing
Lpm - liters per minute
°C - degrees Celsius
µS/cm - microsiemens per centimeter
mg/L  - milligrams per litre
mV - millivolts
NTU - nephelometric turbidity units
-- - not recorded/measured
* - value after cleaning probe
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TABLE E-21: JUNE 2006 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Chemets Chemets Hach Alkalinity Hach
Well D.O. Fe2+ Fe2+ (CaCO3) S2-

I.D. Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
PMW-1 26-Jun-06 0.1 > 10 21.0 153.0 under range
PMW-2 26-Jun-06 0.0 5.0 5.2 122.0 23.0
PMW-3 26-Jun-06 0.0 >10 16.1 115.0 19.0
PMW-4 26-Jun-06 0.1 8.0 8.6 76.0 11.0
PMW-5 26-Jun-06 2.0 4.0 5.1 98.0 96.0
PMW-6 26-Jun-06 0.1 >10 14.0 106.0 27.0

Notes:
mg/L  - milligrams per litre
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TABLE E-22: AUGUST 2006 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Alkalinity
Well (CaCO3)
I.D. Date (mg/L)

PMW-3 21-Aug-06 104
PMW-5 21-Aug-06 105
PMW-6 21-Aug-06 102
ML1-4 21-Aug-06 360
ML1-6 21-Aug-06 144
ML2-2 22-Aug-06 164
ML2-3 22-Aug-06 260
ML2-4 21-Aug-06 303
ML2-5 22-Aug-06 225
ML2-6 21-Aug-06 129
ML3-2 22-Aug-06 268
ML3-3 22-Aug-06 368
ML3-4 22-Aug-06 213
ML3-5 22-Aug-06 132
ML3-6 22-Aug-06 241
ML4-2 22-Aug-06 360
ML4-2 24-Aug-06 377
ML4-4 24-Aug-06 332
ML4-6 24-Aug-06 256
ML5-2 23-Aug-06 285
ML5-3 23-Aug-06 300
ML5-4 23-Aug-06 312
ML5-5 23-Aug-06 419
ML5-6 23-Aug-06 262
ML5-7 23-Aug-06 351
ML6-2 24-Aug-06 253
ML6-4 24-Aug-06 402
ML6-6 24-Aug-06 161
ML7-2 23-Aug-06 340
ML7-3 23-Aug-06 463
ML7-4 23-Aug-06 370
ML7-5 23-Aug-06 370
ML7-6 24-Aug-06 522
ML7-7 24-Aug-06 403

Notes:
mg/L  - milligrams per litre
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TABLE E-23: OCTOBER 2006 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Alkalinity
Well (CaCO3)
I.D. Date (mg/L)

PMW-3 10-Oct-06 149
PMW-5 4-Oct-06 136
ML1-2 3-Oct-06 277
ML1-3 3-Oct-06 445
ML1-5 3-Oct-06 539
ML1-7 3-Oct-06 360
ML2-3 4-Oct-06 333
ML2-5 4-Oct-06 203
ML2-7 4-Oct-06 479
ML3-5 3-Oct-06 121
ML3-7 4-Oct-06 198
ML4-3 4-Oct-06 225
ML4-5 4-Oct-06 287
ML4-7 3-Oct-06 430
ML5-3 4-Oct-06 276
ML5-5 4-Oct-06 308
ML6-3 4-Oct-06 281
ML6-5 4-Oct-06 221
ML6-7 4-Oct-06 329
ML7-3 4-Oct-06 495

Notes:
mg/L  - milligrams per litre
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TABLE E-24: NOVEMBER 2006 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Hach Alkalinity Hach
Well Fe2+ (CaCO3) S2-

I.D. Date (mg/L) (mg/L) (mg/L)
PMW-1 30-Nov-06 48.0 211 390.0
PMW-2 30-Nov-06 9.9 160 31.0
PMW-3 29-Nov-06 8.9 102 165.0
ML1-3 30-Nov-06 17.5 432 76.0
ML1-5 30-Nov-06 62.0 438 205.0
ML1-7 30-Nov-06 4.8 243 243.0
ML2-5 1-Dec-06 6.3 176 140.0
ML3-3 4-Dec-06 144.0 454 40.0
ML3-5 4-Dec-06 69.0 152 1070.0
ML4-3 29-Nov-06 28.8 245 251.0
ML4-5 29-Nov-06 5.2 179 200.0
ML4-7 30-Nov-06 3.9 241 1705.0
ML5-3 29-Nov-06 54.3 304 147.0
ML5-5 29-Nov-06 6.2 148 1970.0
ML5-7 29-Nov-06 4.9 201 --
ML6-3 29-Nov-06 21.3 290 232.0
ML6-5 29-Nov-06 7.4 147 1410.0
ML6-7 29-Nov-06 5.0 249 1030.0
ML7-3 2-Dec-06 5.0 487 191.0
ML7-5 4-Dec-06 9.1 173 695.0
ML7-7 4-Dec-06 3.3 415 1615.0

Notes:
mg/L  - milligrams per litre

TR0173\Table E-21 - E-30 - Field analytical method data April 2010



TABLE E-25: JANUARY 2007 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Hach Alkalinity Hach
Well Fe2+ (CaCO3) S2-

I.D. Date (mg/L) (mg/L) (mg/L)
PMW-1 19-Jan-07 83.0 174 680.0
PMW3 19-Jan-07 13.3 87 227.0
PMW-5 19-Jan-07 over range 41 1290.0
PMW-6 19-Jan-07 17.8 143 2170.0
ML1-2 20-Jan-07 59.0 254 80.0
ML1-4 20-Jan-07 7.5 310 129.0
ML1-6 20-Jan-07 0.2 159 --
ML2-2 20-Jan-07 0.3 101 134.0
ML2-3 20-Jan-07 332.5 302 31.0
ML2-4 21-Jan-07 13.5 265 291.0
ML2-5 21-Jan-07 2.9 149 98.0
ML2-6 21-Jan-07 1.1 158 37.0
ML3-2 21-Jan-07 325.0 682 80.0
ML3-3 21-Jan-07 238.0 464 11.0
ML3-4 21-Jan-07 58.0 149 1560.0
ML3-6 21-Jan-07 243.0 251 340.0
ML3-7 22-Jan-07 135.0 194 215.0
ML4-2 22-Jan-07 119.0 340 58.0
ML4-4 23-Jan-07 17.8 214 288.0
ML4-6 23-Jan-07 5.6 175 58.0
ML5-2 23-Jan-07 104.0 289 0.036
ML5-4 23-Jan-07 9.3 64 2860.0
ML5-4 23-Jan-07 7.3 56 2640.0
ML5-6 23-Jan-07 29.5 141 69.0
ML6-2 23-Jan-07 99.0 325 28.0
ML6-4 24-Jan-07 8.2 215 920.0
ML6-6 24-Jan-07 24.5 154 690.0
ML7-2 24-Jan-07 330.0 255 86.0
ML7-3 24-Jan-07 63.0 381 125.0
ML7-4 24-Jan-07 32.0 219 954.0
ML7-5 25-Jan-07 15.3 71 1725.0
ML7-6 25-Jan-07 20.5 326 550.0
ML7-7 25-Jan-07 12.6 303 720.0
ML7-7 25-Jan-07 12.6 296 1055.0

Notes:
mg/L  - milligrams per litre
-- - not measured
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TABLE E-26: MARCH 2007 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Hach Alkalinity Hach
Well Fe2+ (CaCO3) S2-

I.D. Date (mg/L) (mg/L) (µg/L)
PMW-1 26-Mar-07 66 164 279
PMW-2 26-Mar-07 13.9 145 269
PMW-3 21-Mar-07 18.8 58 2040
PMW-5 21-Mar-07 68.5 31 2240
PMW-6 21-Mar-07 16 117 1820
ML1-3 24-Mar-07 25.1 343 38
ML1-5 24-Mar-07 6.2 382 91
ML1-7 24-Mar-07 4.55 226 176
ML2-3 22-Mar-07 174 266 65
ML2-5 22-Mar-07 2.59 131 53
ML2-7 22-Mar-07 2.7 299 67
ML3-3 26-Mar-07 395 355 70
ML3-5 27-Mar-07 1.28 181 39
ML3-7 27-Mar-07 1.13 349 153
ML4-3 23-Mar-07 49.5 209 190
ML4-5 23-Mar-07 7.9 160 335
ML4-7 23-Mar-07 7.4 190 1270
ML5-3 23-Mar-07 76 292 161
ML5-5 23-Mar-07 13.5 95 1020
ML5-7 23-Mar-07 20.25 176 1370
ML6-3 27-Mar-07 30 356 67
ML6-5 27-Mar-07 14.7 79 1030
ML6-5 27-Mar-07 17 78 1130
ML6-7 28-Mar-07 19.5 171 373
ML7-3 28-Mar-07 152 757 160
ML7-5 28-Mar-07 14.3 68 555
ML7-7 29-Mar-07 12.75 238 534

Notes:
mg/L  - milligrams per litre
µg/L - micrograms per litre
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TABLE E-27: JULY 2007 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Hach Alkalinity Hach
Well Fe2+ (CaCO3) S2-

I.D. Date Duplicate (mg/L) (mg/L) (µg/L)
PMW-1 11-Jul-07 -- 114 180 166
PMW-2 11-Jul-07 -- 875 133 1000
PMW-2 11-Jul-07 Duplicate 740 -- --
PMW-3 11-Jul-07 -- 9.6 69 96
PMW-3 11-Jul-07 Duplicate 8.1 75 92
PMW-4 12-Jul-07 -- 109 73 13
PMW-5 12-Jul-07 -- 92 19 2550
PMW-6 12-Jul-07 -- 13 80 1820
ML1-2 12-Jul-07 -- 49 320 40
ML1-4 12-Jul-07 -- 9.6 194 62
ML1-5 12-Jul-07 -- 6.7 303 137
ML1-6 12-Jul-07 -- 4.35 210 14
ML1-7 13-Jul-07 -- 3.85 254 102
ML2-2 12-Jul-07 -- 240 59 227.5
ML2-4 13-Jul-07 -- 23 199 267
ML2-5 13-Jul-07 -- 2.35 128 46
ML2-6 13-Jul-07 -- 405 172 22
ML2-7 13-Jul-07 -- 2.65 237 128
ML3-2 13-Jul-07 -- 425 189 75
ML3-4 14-Jul-07 -- 139 232 269
ML3-5 14-Jul-07 -- 181 357 27
ML3-6 14-Jul-07 -- 164 238 38
ML3-7 14-Jul-07 -- 40 268 99
ML4-2 14-Jul-07 -- 227.5 331 43
ML4-4 16-Jul-07 -- 177 163 801
ML4-5 16-Jul-07 -- 9.8 151 169
ML4-5 16-Jul-07 Duplicate 9.7 151 197
ML4-6 16-Jul-07 -- 12.2 171 176
ML4-7 16-Jul-07 -- 10.6 263 444
ML5-2 16-Jul-07 -- 160 240 66
ML5-4 16-Jul-07 -- 78 69 1370
ML5-5 16-Jul-07 -- 13 86 740
ML5-6 16-Jul-07 -- 15.4 173 460
ML5-7 16-Jul-07 -- 11.4 258 783
ML6-2 17-Jul-07 -- 108 237 116
ML6-4 17-Jul-07 -- 11.75 139 1570
ML6-5 17-Jul-07 -- 18.5 57 1760
ML6-6 17-Jul-07 -- 20.6 100 920
ML6-7 17-Jul-07 -- 10 199 300
ML7-2 12-Jul-07 -- 295 329 102.5
ML7-4 18-Jul-07 -- 28 148 447
ML7-5 18-Jul-07 -- 27.8 21 1250
ML7-6 18-Jul-07 -- 23 175 370
ML7-7 18-Jul-07 -- 16.1 258 587

Notes:
mg/L  - milligrams per litre
µg/L - micrograms per litre
-- - not measured
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TABLE E-28: JANUARY 2008 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Hach Alkalinity Hach
Well Fe2+ (CaCO3) S2-

I.D. Date Duplicate (mg/L) (mg/L) (µg/L)
PMW-1 16-Jan-08 -- 17 217 154
PMW-2 16-Jan-08 -- 12.9 175 72
PMW-3 16-Jan-08 -- 24.8 70 1340
PMW-3 16-Jan-08 Duplicate 25 68 1200
PMW-4 17-Jan-08 -- 31.7 85 10
PMW-4 17-Jan-08 Duplicate 33.5 -- --
PMW-5 17-Jan-08 -- 123.5 66 1650
PMW-6 17-Jan-08 -- 21.5 147 1390
PMW-6 17-Jan-08 Duplicate 24.5 149 1280
ML1-2 17-Jan-08 -- 69 253 240
ML1-3 18-Jan-08 -- 39 327 70
ML1-4 18-Jan-08 -- 11 210 38
ML1-5 18-Jan-08 -- 7.5 239 91
ML1-7 18-Jan-08 -- 5.7 282 59
ML2-3 18-Jan-08 -- 183 205 60
ML2-4 20-Jan-08 -- 24.6 150 395
ML2-5 20-Jan-08 -- 2.5 124 70
ML2-6 20-Jan-08 -- 4.05 168 33
ML2-7 20-Jan-08 -- 2.7 251 80
ML3-2 20-Jan-08 -- -- -- --
ML3-3 20-Jan-08 -- 600 446 40
ML3-4 21-Jan-08 -- 185 147 30
ML3-5 21-Jan-08 -- 178 413 30
ML3-7 21-Jan-08 -- 33 174 262
ML4-2 21-Jan-08 -- 282 310 17
ML4-3 22-Jan-08 -- 68 208 270
ML4-5 22-Jan-08 -- 9.3 167 224
ML4-6 22-Jan-08 -- 9.7 182 481
ML4-7 22-Jan-08 -- 10.5 279 400
ML5-2 22-Jan-08 -- 144 230 147.5
ML 5-3 22-Jan-08 -- 88 249 108
ML5-5 22-Jan-08 -- 20.4 105 780
ML5-6 23-Jan-08 -- 22.2 110 516ML5 6 23 Jan 08 22.2 110 516
ML5-7 23-Jan-08 -- -- 260 476
ML6-3 23-Jan-08 -- 64 335 330
ML6-4 23-Jan-08 -- 10.3 102 2370
ML6-4 23-Jan-08 Duplicate 10.7 94 2420
ML6-5 23-Jan-08 -- 29.9 30 1440
ML6-6 23-Jan-08 -- 28.7 81 940
ML6-7 23-Jan-08 -- 12.7 214 400
ML7-3 23-Jan-08 -- 212 275 --
ML7-4 23-Jan-08 -- 36.5 113 628
ML7-5 23-Jan-08 -- 55.25 42 748
ML7-6 24-Jan-08 -- 27.6 182 295
ML7-7 24-Jan-08 -- 18.2 198 575

Notes:
mg/L  - milligrams per litre
µg/L - micrograms per litre
-- - not measured
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TABLE E-29: JULY 2008 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Date Duplicate
PMW-1 16-Jul-08 -- 66 222 213
PMW-2 16-Jul-08 -- 4.95 109 124
PMW-3 16-Jul-08 -- 8 91 729
PMW-3 16-Jul-08 Duplicate 8 95 720
PMW-4 16-Jul-08 -- 13.2 79 10
PMW-5 16-Jul-08 -- 89 45 5270
PMW-6 16-Jul-08 -- 9.8 123 3340
ML1-2 17-Jul-08 -- 20 327 82.5
ML1-3 22-Jul-08 -- 10 270 92
ML1-4 17-Jul-08 -- 10.6 140 32
ML1-5 22-Jul-08 -- 6.3 238 36
ML1-6 17-Jul-08 -- 7 172 17
ML1-7 22-Jul-08 -- 4.4 236 36
ML2-2 22-Jul-08 -- 201 89 73
ML2-3 17-Jul-08 -- 205 154 20
ML2-4 21-Jul-08 -- 23.75 137 435
ML2-5 17-Jul-08 -- 2.74 108 71
ML2-6 17-Jul-08 -- 8.2 NA 29
ML2-7 17-Jul-08 -- 3.1 248 49
ML3-2 17-Jul-08 -- 129 250 99
ML3-3 22-Jul-08 -- 231 702 7.5
ML3-4 18-Jul-08 -- 74.5 196 166
ML3-5 21-Jul-08 -- 108 483 10
ML3-6 18-Jul-08 -- 92 375 32
ML3-7 21-Jul-08 -- 18.25 157 178
ML4-2 23-Jul-08 -- 245 177 34
ML4-3 21-Jul-08 -- 44.75 227 133
ML4-4 21-Jul-08 -- 14.25 171 363
ML4-5 21-Jul-08 -- 9.2 198 NA
ML4-6 21-Jul-08 -- 7.45 193 92
ML4-7 21-Jul-08 -- 8.55 270 174
ML5-2 22-Jul-08 -- 154 169 50
ML 5-3 18-Jul-08 -- 61 254 156
ML5-4 18-Jul-08 -- 5 88 NA

Hach
Fe2+

(mg/L)

Alkalinity 
(CaCO3)
(mg/L)

Hach
S2-

(µg/L)Well I.D.

ML5-5 18-Jul-08 -- 9.2 94 1850
ML5-6 18-Jul-08 -- 159 168 1230
ML5-7 18-Jul-08 -- 88 250 460
ML6-2 23-Jul-08 -- 104 229 59
ML6-3 19-Jul-08 -- 26.1 240 584
ML6-4 19-Jul-08 -- NA 89 4140
ML6-5 19-Jul-08 -- 30.2 45 2900
ML6-7 19-Jul-08 -- NA NA NA
ML7-2 23-Jul-08 -- 422.5 283 113
ML7-3 23-Jul-08 -- 155 317 216
ML7-4 19-Jul-08 -- 34.5 118 1000
ML7-5 19-Jul-08 -- 74 47 1250
ML6-6 19-Jul-08 -- 28.6 89 825
ML7-6 19-Jul-08 -- 24 168 360
ML7-7 19-Jul-08 -- 18.9 261 430

Notes:
mg/L  - milligrams per litre
µg/L - micrograms per litre
-- - not measured
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TABLE E-30: MARCH 2009 FIELD ANALYTICAL DATA
Parris Island, South Carolina

Geosyntec Consultants

Date Duplicate
PMW-1 4-Mar-09 -- 54 238 75
PMW-2 4-Mar-09 -- -- -- --
PMW-3 4-Mar-09 -- 11.5 71 548
PMW-4 5-Mar-09 -- 23.3 77 19
PMW-5 5-Mar-09 -- 96.0 42 2810
PMW-6 4-Mar-09 -- 15.4 119 550
ML1-2 7-Mar-09 -- 47.5 274 116
ML1-3 7-Mar-09 -- -- -- --
ML1-4 9-Mar-09 -- 9.8 170 40
ML1-5 9-Mar-09 -- 5.3 202 47
ML1-6 9-Mar-09 -- 4.95 189 11
ML1-7 9-Mar-09 -- 5.05 241 56
ML2-2 5-Mar-09 -- 223 133 20
ML2-3 5-Mar-09 -- 17.6 16 4.17
ML2-4 6-Mar-09 -- 23.2 122 420
ML2-5 6-Mar-09 -- 1.81 102 114
ML2-6 6-Mar-09 -- 3.78 149 95
ML2-7 6-Mar-09 -- 3.75 218 144
ML3-2 12-Mar-09 -- 107 300 35
ML3-3 13-Mar-09 -- 234 280 -3
ML3-4 14-Mar-09 -- 81.5 157 50
ML3-5 14-Mar-09 -- 47.75 514 31
ML3-6 14-Mar-09 -- 66.5 406 42
ML3-7 14-Mar-09 -- 16.8 156 54
ML4-2 11-Mar-09 -- 173 516 38
ML4-3 11-Mar-09 -- 61.5 251 126
ML4-4 12-Mar-09 -- 10.1 142 299
ML4-5 12-Mar-09 -- 10.6 181 102
ML4-6 12-Mar-09 -- 9.5 185 167
ML4-7 12-Mar-09 -- 9.1 261 129
ML5-2 6-Mar-09 -- 146 171 46
ML 5-3 6-Mar-09 -- 78.5 209 83
ML 5-3 6-Mar-09 Duplicate 75.5 213 77
ML5-4 7-Mar-09 -- 4.45 77 2070

Hach
Fe2+

 (mg/L)

Alkalinity 
(CaCO3)
(mg/L)

Hach
S2-

(µg/L)Well I.D.

ML5 4 7 Mar 09 4.45 77 2070
ML5-5 7-Mar-09 -- 7.9 90 1210
ML5-6 7-Mar-09 -- 9.2 119 990
ML5-7 7-Mar-09 -- 5.5 194 215
ML6-2 10-Mar-09 -- 250 316 7
ML6-3 10-Mar-09 -- 69 274 138
ML6-4 11-Mar-09 -- 4.65 98 2590
ML6-5 11-Mar-09 -- 55.5 20 1650
ML6-6 11-Mar-09 -- 33.25 59 960
ML6-7 11-Mar-09 -- 14 165 442
ML7-2 9-Mar-09 -- 405 316 167
ML7-3 9-Mar-09 -- 228 324 34
ML7-4 10-Mar-09 -- 44.5 108 734
ML7-5 10-Mar-09 -- 146.5 38 463
ML7-6 10-Mar-09 -- 39.5 157 284
ML7-7 10-Mar-09 -- 15.8 335 306

Notes:
mg/L  - milligrams per litre
µg/L - micrograms per litre
-- - not measured
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AW-2 12-Jun-05 -- NA 1,900 430 NA 350 28 J
ML-1-2 04-Oct-06 -- 50 U 23,000 50 U 810 50 U 9,900

20-Jan-07 -- 200 U 86,000 200 U 2,000 1,200 13,000
12-Jul-07 -- 200 U 33,000 200 U 1,200 200 U 16,000
17-Jan-08 -- 52 J 81,000 200 U 2,300 2,200 15,000
17-Jul-08 -- 100 U 20,000 100 U 1,000 100 U 13,000
07-Mar-09 -- 500 U 70,000 500 U 1,700 500 U 12,000

ML-1-3 04-Oct-06 -- 50 U 3,400 50 U 410 78 6,700
30-Nov-06 -- 50 U 13,000 50 U 920 50 U 18,000
24-Mar-07 -- 200 U 23,000 200 U 1,300 200 U 16,000
18-Jan-08 -- 100 U 14,000 100 U 980 43 J 12,000
22-Jul-08 -- 50 U 7,200 50 U 500 50 U 6,700
07-Mar-09 -- 100 U 16,000 100 U 790 100 U 6,900

ML-1-4 21-Aug-06 -- 10 U 4,300 10 U 140 10 U 870
20-Jan-07 -- 40 U 11,000 40 U 630 100 12,000
12-Jul-07 -- 20 U 3,200 20 U 220 20 U 2,900
18-Jan-08 -- 4.0 J 3,500 20 U 240 20 U 2,900
17-Jul-08 -- 25 U 3,900 25 U 190 25 U 1,500
09-Mar-09 -- 20 U 3,000 20 U 200 20 U 2,000

ML-1-5 04-Oct-06 -- 1.0 U 14 11 18 1.0 U 120
13-Oct-06 -- 2.0 U 80 22 40 15 670
30-Nov-06 -- 1.4 1,500 1.8 110 27 2,300
24-Mar-07 -- 50 U 7,400 210 440 50 U 8,400
12-Jul-07 -- 20 U 1,200 20 U 110 20 U 2,000
18-Jan-08 -- 20 U 2,100 20 U 150 6.0 J 1,800
22-Jul-08 -- 10 U 1,500 10 U 95 10 U 1,300
09-Mar-09 -- 10 U 1,900 10 U 120 10 U 1,200

ML-1-6 21-Aug-06 -- 2.5 U 440 2.5 15 2.8 65
20-Jan-07 -- 2.0 U 320 2.8 27 2.9 290
12-Jul-07 -- 2.0 U 510 1.4 J 28 2.7 220
17-Jul-08 -- 25 U 2,700 25 U 93 5.2 J 380
09-Mar-09 -- 25 U 3,100 25 U 57 43 280

ML-1-7 04-Oct-06 -- 1.0 U 100 10 4.0 1.0 U 43
30-Nov-06 -- 5.0 U 1,100 5.0 U 32 5.0 U 400
24-Mar-07 -- 1.0 U 170 1.0 U 13 1.0 U 210
13-Jul-07 -- 5.0 U 980 5.0 U 30 5.0 U 340
18-Jan-08 -- 2.0 U 330 2.0 U 17 0.54 J 150
09-Mar-09 -- 1.0 U 170 1.0 U 8.2 4.5 65

ML-2-2 22-Aug-06 -- 500 U 160,000 6,500 850 9,800 1,200
20-Jan-07 -- 1,000 U 100,000 1,000 U 1,000 U 1,000 U 4,700
12-Jul-07 -- 1,000 U 150,000 1,000 U 550 J 1,700 26,000
22-Jul-08 -- 500 U 130,000 240 J 820 630 100,000
05-Mar-09 -- 500 U 66,000 510 500 U 500 U 35,000

ML-2-3 22-Aug-06 -- 500 U 92,000 7,300 500 11,000 500 U
05-Oct-06 -- 250 U 130,000 16,000 930 20,000 1,000
01-Dec-06 -- 500 U 78,000 1,600 500 U 2,700 600
20-Jan-07 -- 500 U 120,000 2,000 500 U 1,500 2,600
21-Mar-07 -- 1,000 U 140,000 1,000 U 1,000 U 1,000 U 11,000
18-Jan-08 -- 500 U 69,000 240 J 200 J 540 30,000
17-Jul-08 -- 500 U 54,000 500 U 180 J 120 J 22,000
05-Mar-09 -- 250 U 59,000 250 U 330 250 U 25,000

ML-2-4 21-Aug-06 -- 250 U 23,000 49,000 320 36,000 460
21-Jan-07 -- 400 U 110,000 9,400 660 11,000 5,700
13-Jul-07 -- 1,000 U 120,000 1,300 970 J 15,000 43,000
20-Jan-08 -- 120 J 69,000 240 J 520 2,900 42,000
21-Jul-08 -- 500 U 72,000 500 U 420 J 1,000 32,000
21-Jul-08 Duplicate 500 U 77,000 500 U 440 J 1,100 34,000
06-Mar-09 -- 250 U 59,000 250 U 360 580 19,000

ML-2-5 22-Aug-06 -- 500 U 3,100 180,000 500 U 4,700 500 U
05-Oct-06 -- 500 U 9,200 89,000 500 U 10,000 500 U
13-Oct-06 -- 500 U 8,500 100,000 500 U 8,700 500 U
01-Dec-06 -- 500 U 5,900 190,000 500 U 3,900 500 U
21-Jan-07 -- 1,000 U 8,100 J 840,000 J 1,000 U 7,700 J 1,000 U
22-Mar-07 -- 1,000 U 7,700 190,000 1,000 U 6,900 1,000 U
13-Jul-07 -- 1,000 U 9,600 150,000 1,000 U 7,700 1,100
20-Jan-08 -- 1,000 U 6,100 150,000 1,000 U 8,100 1,400
17-Jul-08 -- 1,000 U 7,000 100,000 1,000 U 7,100 2,400

06-Mar-09 -- 1,000 U 12,000 110,000 1,000 U 29,000 1,700
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ML-2-6 21-Aug-06 -- 500 U 5,200 46,000 500 U 21,000 500 U
21-Jan-07 -- 400 U 6,100 120,000 400 U 6,900 400 U
13-Jul-07 -- 1,000 U 7,900 110,000 1,000 U 6,400 900 J
20-Jan-08 -- 1,000 U 10,000 130,000 1,000 U 7,200 830 J
17-Jul-08 -- 1,000 U 15,000 130,000 1,000 U 8,800 1,100

06-Mar-09 -- 1,300 U 22,000 130,000 1,300 U 10,000 2,000
ML-2-7 05-Oct-06 -- 500 U 38,000 82,000 500 U 12,000 500 U

02-Dec-06 -- 500 U 29,000 130,000 500 U 14,000 740
22-Mar-07 -- 1,000 U 14,000 180,000 1,000 U 4,700 310 J
13-Jul-07 -- 2,000 U 16,000 180,000 2,000 U 5,800 2,000 U
20-Jan-08 -- 2,000 U 27,000 190,000 2,000 U 10,000 940 J
17-Jul-08 -- 2,000 U 27,000 230,000 2,000 U 9,600 1,400 J

06-Mar-09 -- 1,300 U 33,000 180,000 1,300 U 13,000 1,300 U
ML-3-2 22-Aug-06 -- 50 U 4,800 50 U 500 50 U 12,000

21-Jan-07 -- 2.0 U 180 J 67 J 12 J 9.5 J 240 J
13-Jul-07 -- 1.0 U 87 11 7.1 2.2 160
17-Jul-08 -- 1.0 U 5.5 0.41 J 0.22 J 1.0 U 1.3
12-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.2 1.0 U 1.8

ML-3-3 22-Aug-06 -- 50 U 4,800 50 U 650 50 U 9,600
04-Dec-06 -- 2.0 U 40 66 11 19 210
21-Jan-07 -- 1.0 U 21 7.6 12 2.6 70
26-Mar-07 -- 1.0 U 23 1.7 9.3 1.0 U 46
20-Jan-08 -- 1.0 U 0.72 J 0.33 J 1.3 1.0 U 17
13-Mar-09 -- 1.0 U 1.0 U 1.0 U 3.3 1.0 U 2.8

ML-3-4 22-Aug-06 -- 10 U 1,100 10 U 110 10 U 1,800
21-Jan-07 -- 5.0 U 650 12 24 5.0 U 280
14-Jul-07 -- 1.0 U 58 3.3 U 4.3 2.4 79
21-Jan-08 -- 1.0 U 11 1.4 U 1.0 1.1 25
18-Jul-08 -- 1.0 U 4.4 0.45 J 1.2 0.46 J 21

14-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 2.8
ML-3-5 22-Aug-06 -- 2.0 U 330 2.0 U 26 3.2 330

04-Oct-06 -- 2.0 U 380 11 29 16 250
13-Oct-06 -- 2.0 U 200 20 13 6.9 89
04-Dec-06 -- 1.0 U 140 37 7.3 17 J 95
27-Mar-07 -- 2.0 U 68 3.4 3.9 2.0 U 110
14-Jul-07 -- 1.0 U 37 1.1 U 2.0 1.0 U 56
21-Jan-08 -- 1.0 U 4.3 0.47 J 0.59 J 0.61 J 8.9
14-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.4

ML-3-6 22-Aug-06 -- 5.0 U 450 5.0 U 46 5.0 U 910
21-Jan-07 -- 5.0 U 22 16 5.0 U 5.0 U 8.9
14-Jul-07 -- 1.0 U 5.3 1.0 U 1.0 U 1.0 U 2.0
18-Jul-08 -- 1.0 U 2.3 0.77 J 1.0 U 0.21 J 2.1
14-Mar-09 -- 1.0 U 2.3 1.0 U 1.0 U 1.0 U 1.9

ML-3-7 04-Oct-06 -- 2.0 U 130 13 18 2.1 230
04-Dec-06 -- 2.0 U 16 14 7.4 2.6 J 64
22-Jan-07 -- 2.0 U 10 2.0 U 5.0 2.0 U 30
27-Mar-07 -- 1.0 U 6.2 1.0 U 3.8 1.0 U 20
14-Jul-07 -- 1.0 U 2.0 1.0 U 2.8 1.0 U 25
21-Jan-08 -- 1.0 U 0.28 J 0.52 J 2.2 1.0 U 5.5
14-Mar-09 -- 7.2 2,000 13,000 18 2,200 260

ML-4-2 22-Aug-06 -- 200 U 58,000 200 U 1,500 200 U 9,200
22-Jan-07 -- 250 U 2,000 250 U 880 250 U 35,000
14-Jul-07 -- 50 U 50 U 50 U 240 50 U 13,000
21-Jan-08 -- 20 U 23 20 U 20 U 20 U 2,300
11-Mar-09 -- 2.5 U 68 2.5 U 33 2.5 U 490

ML-4-3 04-Oct-06 -- 100 U 49,000 100 U 2,000 1,400 7,200
29-Nov-06 -- 250 U 38,000 250 U 1,700 400 9,000
22-Mar-07 -- 200 U 40,000 770 2,500 330 27,000
22-Jan-08 -- 100 U 7,300 100 U 960 100 U 11,000
21-Jul-08 -- 25 U 1,400 13 J 400 25 U 3,900
11-Mar-09 -- 50 U 7,200 50 U 690 50 U 8,600

ML-4-4 24-Aug-06 -- 200 U 31,000 200 U 910 200 U 3,700
23-Jan-07 -- 100 U 12,000 540 770 1,600 13,000
16-Jul-07 -- 20 U 120 20 U 200 20 U 3,500
12-Mar-09 -- 5.0 U 530 5.0 U 69 5.0 U 970
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ML-4-5 04-Oct-06 -- 25 U 8,800 2,800 140 3,100 1,200
13-Oct-06 -- 50 U 9,800 1,500 120 2,000 970
29-Nov-06 -- 100 U 3,400 10,000 100 U 4,600 1,100
23-Mar-07 -- 100 U 16,000 2,500 140 1,200 6,000
16-Jul-07 -- 20 U 810 20 U 22 20 U 3,300
16-Jul-07 Duplicate 20 U 890 20 U 19 J 20 U 3,800
22-Jan-08 -- 5.0 J 1,900 20 U 22 170 2,000
21-Jul-08 -- 10 U 470 10 U 14 10 U 1,400
12-Mar-09 -- 5.0 U 800 5.0 U 29 63 740

ML-4-6 24-Aug-06 -- 50 U 5,100 50 U 64 50 U 280
23-Jan-07 -- 50 U 12,000 2,400 110 2,500 3,000
16-Jul-07 -- 50 U 140 50 U 54 50 U 6,400
22-Jan-08 -- 20 U 790 20 U 18 J 61 2,000
12-Mar-09 -- 5.0 U 480 5.0 U 21 13 1,200

ML-4-7 04-Oct-06 -- 5.0 U 990 6.8 19 5.0 U 200
30-Nov-06 -- 10 U 2,000 1,600 51 1,700 1,200
23-Mar-07 -- 50 U 6,600 50 U 76 50 U 4,700
16-Jul-07 -- 10 U 97 10 U 11 10 U 2,600
22-Jan-08 -- 10 U 18 10 U 11 10 U 930
12-Mar-09 -- 2.5 U 10 2.5 U 3.7 2.5 U 330

ML-5-2 23-Aug-06 -- 250 U 100,000 380 1,700 250 U 1,300
23-Jan-07 -- 500 U 37,000 500 U 1,900 500 U 59,000
16-Jul-07 -- 400 U 130 J 400 U 510 400 U 43,000
22-Jan-08 -- 100 U 160 100 U 170 100 U 17,000
22-Jul-08 -- 50 U 260 50 U 84 50 U 9,600
06-Mar-09 -- 100 U 100 U 100 U 110 100 U 12,000

ML-5-3 23-Aug-06 -- 500 U 130,000 1,300 4,100 500 U 5,700
05-Oct-06 -- 250 U 110,000 250 U 4,600 2,700 3,300
29-Nov-06 -- 1,000 U 100,000 1,000 U 3,800 2,000 10,000
23-Mar-07 -- 500 U 100,000 500 U 3,600 1,700 29,000
22-Jan-08 -- 500 U 46,000 500 U 2,300 500 U 32,000
18-Jul-08 -- 250 U 28,000 250 U 1,800 250 U 48,000
06-Mar-09 -- 200 U 4,200 200 U 720 200 U 15,000
06-Mar-09 Duplicate 100 U 3,700 100 U 700 100 U 17,000

ML-5-4 23-Aug-06 -- 200 U 31,000 340 440 960 400
23-Jan-07 -- 100 U 16,000 100 U 180 130 2,800
23-Jan-07 Duplicate 100 U 16,000 100 U 180 150 2,700
16-Jul-07 -- 100 U 19,000 100 U 130 100 U 4,200
18-Jul-08 -- 25 U 4,400 25 U 86 25 U 1,700
07-Mar-09 -- 25 U 13,000 25 U 120 25 U 4,900

ML-5-5 23-Aug-06 -- 100 U 34,000 140 270 350 160
05-Oct-06 -- 200 U 25,000 4,900 360 3,200 430
13-Oct-06 -- 100 U 22,000 7,300 200 2,700 330
29-Nov-06 -- 200 U 21,000 7,600 200 3,800 1,000
29-Nov-06 Duplicate 100 U 21,000 7,300 220 3,600 1,200
23-Mar-07 -- 200 U 30,000 200 U 210 200 U 6,200
16-Jul-07 -- 200 U 32,000 200 U 150 J 200 U 7,400
22-Jan-08 -- 44 J 31,000 200 U 160 J 200 U 5,000
18-Jul-08 -- 200 U 25,000 200 U 100 J 200 U 6,700
07-Mar-09 -- 200 U 25,000 200 U 200 U 200 U 10,000

ML-5-6 23-Aug-06 -- 50 U 11,000 50 U 120 50 U 110
24-Aug-06 Duplicate 100 U 12,000 100 U 120 100 U 100
23-Jan-07 -- 100 U 4,000 100 U 140 100 U 14,000
16-Jul-07 -- 100 U 11,000 100 U 110 100 U 11,000
23-Jan-08 -- 100 U 9,600 100 U 100 100 U 13,000
18-Jul-08 -- 100 U 9,800 100 U 75 J 100 U 9,000
07-Mar-09 -- 50 U 8,300 50 U 76 50 U 7,900

ML-5-7 23-Aug-06 -- 10 U 1,800 10 U 28 10 U 30
29-Nov-06 -- 23 12,000 4,100 140 1,400 1,800
23-Mar-07 -- 50 U 9,800 1,000 94 120 7,800
16-Jul-07 -- 9.5 J 4,300 1,200 43 210 4,000
23-Jan-08 -- 50 U 4,900 3,600 50 J 550 6,200
18-Jul-08 -- 9.0 J 1,300 3,300 16 J 750 1,600

07-Mar-09 -- 25 U 1,400 3,400 25 U 680 2,100
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ML-6-2 24-Aug-06 -- 500 U 90,000 500 U 1,300 500 U 760
23-Jan-07 -- 500 U 66,000 500 U 1,600 500 U 35,000
17-Jul-07 -- 50 U 120 50 U 59 50 U 9,000
23-Jul-08 -- 10 U 21 10 U 16 10 U 1,000
10-Mar-09 -- 10 U 33 10 U 30 10 U 980

ML-6-3 05-Oct-06 -- 250 U 71,000 3,500 2,200 10,000 1,900
29-Nov-06 -- 500 U 75,000 1,700 2,000 8,600 3,600
27-Mar-07 -- 200 U 75,000 200 U 2,600 200 U 22,000
23-Jan-08 -- 250 U 20,000 250 U 1,900 250 U 43,000
19-Jul-08 -- 200 U 36,000 200 U 1,000 200 U 33,000
10-Mar-09 -- 100 U 14,000 100 U 910 100 U 12,000

ML-6-4 24-Aug-06 -- 200 U 26,000 210 260 2,200 200 U
24-Jan-07 -- 200 U 38,000 200 U 290 200 U 6,200
17-Jul-07 -- 200 U 28,000 200 U 190 J 200 U 12,000
23-Jan-08 -- 82 J 57,000 200 U 350 440 13,000
23-Jan-08 Duplicate 500 U 54,000 500 U 320 J 360 J 13,000
19-Jul-08 -- 100 U 12,000 100 U 95 J 100 U 6,200
11-Mar-09 -- 80 U 10,000 80 U 110 80 U 5,500

ML-6-5 05-Oct-06 -- 250 U 15,000 39,000 250 U 6,900 250 U
05-Oct-06 Duplicate 500 U 16,000 48,000 500 U 8,400 500 U
13-Oct-06 -- 200 U 13,000 42,000 200 U 6,200 200 U
29-Nov-06 -- 250 U 28,000 16,000 250 U 5,700 440
26-Mar-07 Duplicate 200 U 77,000 200 U 350 3,700 8,400
27-Mar-07 -- 400 U 73,000 400 U 430 3,400 10,000
17-Jul-07 -- 400 U 69,000 400 U 350 J 400 U 14,000
23-Jan-08 -- 140 J 83,000 280 J 480 J 4,400 11,000
19-Jul-08 -- 500 U 53,000 500 U 260 J 500 U 13,000
11-Mar-09 -- 500 U 72,000 500 U 500 U 500 U 6,900

ML-6-6 24-Aug-06 -- 100 U 12,000 100 U 110 280 100 U
24-Jan-07 -- 100 U 59,000 100 U 260 100 U 4,200
17-Jul-07 -- 400 U 46,000 400 U 270 J 400 U 18,000
23-Jan-08 -- 500 U 46,000 500 U 280 J 780 17,000
19-Jul-08 -- 200 U 20,000 200 U 130 J 200 U 25,000
11-Mar-09 -- 250 U 28,000 250 U 250 U 250 U 19,000

ML-6-7 05-Oct-06 -- 10 U 2,200 10 U 41 10 U 68
29-Nov-06 -- 25 U 8,100 1,200 75 990 620
28-Mar-07 -- 100 U 25,000 1,500 170 170 14,000
17-Jul-07 -- 100 U 3,200 1,800 69 J 270 12,000
23-Jan-08 -- 22 J 9,600 2,200 87 J 320 12,000
19-Jul-08 -- 50 U 5,100 2,600 46 J 560 8,800

11-Mar-09 -- 50 U 6,900 2,300 70 1,100 9,300
ML-7-2 23-Aug-06 -- 250 U 73,000 250 U 1,800 250 U 8,700

24-Jan-07 -- 100 U 580 100 U 170 100 U 12,000
17-Jul-07 -- 50 U 240 50 U 87 50 U 7,900
23-Jul-08 -- 50 U 100 50 U 39 J 50 U 8,600

09-Mar-09 -- 50 U 230 50 U 50 U 50 U 7,900
ML-7-3 23-Aug-06 -- 250 U 110,000 250 U 2,900 250 U 8,200

05-Oct-06 -- 200 U 100,000 200 U 3,500 200 U 13,000
02-Dec-06 -- 250 U 47,000 250 U 1,700 250 U 32,000
24-Jan-07 -- 250 U 34,000 250 U 1,400 250 U 42,000
28-Mar-07 -- 200 U 10,000 200 U 1,300 200 U 58,000
23-Jan-08 -- 100 U 7,800 100 U 640 100 U 13,000
09-Mar-09 -- 40 U 7,500 40 U 360 40 U 5,900

ML-7-4 23-Aug-06 -- 200 U 55,000 200 U 750 2,000 760
24-Jan-07 -- 50 U 3,800 50 U 90 50 U 5,600
18-Jul-07 -- 50 U 6,000 50 U 110 50 U 17,000
23-Jan-08 -- 16 J 15,000 50 U 77 J 50 U 10,000
19-Jul-08 -- 48 J 34,000 100 U 200 100 U 24,000
10-Mar-09 -- 200 U 32,000 200 U 200 U 200 U 13,000

ML-7-5 23-Aug-06 -- 200 U 28,000 28,000 200 12,000 200 U
05-Oct-06 -- 500 U 11,000 65,000 500 U 10,000 500 U
13-Oct-06 -- 500 U 3,800 78,000 500 U 8,400 500 U
04-Dec-06 -- 200 U 33,000 1,800 200 U 6,000 J 4,200
25-Jan-07 -- 100 U 14,000 100 U 100 U 570 2,600
28-Mar-07 -- 200 U 30,000 200 U 200 U 200 U 2,800
18-Jul-07 -- 200 U 50,000 200 U 110 J 200 U 4,700
24-Jan-08 -- 40 J 43,000 100 U 100 J 100 U 3,400
10-Mar-09 -- 500 U 64,000 500 U 500 U 500 U 2,800
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ML-7-6 24-Aug-06 -- 200 U 27,000 270 200 U 790 200 U
25-Jan-07 -- 50 U 7,500 50 U 72 50 U 9,600
18-Jul-07 -- 50 U 3,200 50 U 63 50 U 19,000
24-Jan-08 -- 12 J 14,000 50 U 56 J 50 U 16,000
19-Jul-08 -- 100 U 14,000 100 U 79 J 100 U 24,000
10-Mar-09 -- 100 U 11,000 100 U 100 U 100 U 17,000

ML-7-7 24-Aug-06 -- 50 U 7,200 50 U 51 50 U 50 U
04-Dec-06 -- 50 U 18,000 66 140 330 6,700
25-Jan-07 -- 50 U 230 50 U 50 U 50 U 10,000
29-Mar-07 -- 50 U 1,200 50 U 56 50 U 12,000
18-Jul-07 -- 50 U 4,900 50 U 38 J 50 U 7,200
24-Jan-08 -- 100 U 7,100 100 U 34 J 100 U 10,000
10-Mar-09 -- 5.0 U 89 5.0 U 5.0 U 5.0 U 770

MW-08 SU 12-Jun-05 -- NA 2,700 19,000 NA 5,400 200 U
MW-22 SU 12-Jun-05 -- NA 10,000 200 U NA 200 3,100
PMW-1 04-Oct-06 -- 10 U 4,900 310 75 210 390

30-Nov-06 -- 25 U 17,000 320 280 610 2,000
19-Jan-07 -- 50 U 22,000 190 390 330 5,800
26-Mar-07 -- 100 U 14,000 300 170 180 5,800
11-Jul-07 -- 50 U 4,800 170 100 180 6,000
16-Jan-08 -- 20 U 2,500 390 41 320 2,100
16-Jul-08 -- 0.68 J 1,000 31 17 33 430

04-Mar-09 -- 10 U 1,800 76 36 86 780
04-Mar-09 Duplicate 10 U 1,600 68 36 81 660

PMW-2 04-Oct-06 -- 2.0 U 310 2.7 24 2.8 210
30-Nov-06 -- 2.0 U 460 2.0 U 37 2.0 U 330
26-Mar-07 -- 5.0 U 590 5.0 U 47 5.0 U 610
11-Jul-07 -- 4.0 U 440 4.0 U 42 4.0 U 280
16-Jan-08 -- 0.54 J 330 2.0 U 36 2.0 U 310
16-Jul-08 -- 2.0 U 160 2.0 U 18 2.0 U 200
04-Mar-09 -- 1.0 U 200 1.0 U 25 1.0 U 200

PMW-3 21-Aug-06 -- 200 U 44,000 20,000 1,300 3,600 2,700
10-Oct-06 -- 250 U 27,000 22,000 800 5,700 1,200
10-Oct-06 Duplicate 200 U 21,000 33,000 660 6,800 990
12-Oct-06 -- 250 U 28,000 26,000 1,000 12,000 2,000
29-Nov-06 -- 250 U 17,000 43,000 270 13,000 790
19-Jan-07 -- 400 U 40,000 4,900 400 U 1,700 970
21-Mar-07 -- 32 J 41,000 62 J 330 49 J 3,200
11-Jul-07 -- 200 U 25,000 1,200 250 1,800 3,200
11-Jul-07 Duplicate 200 U 22,000 2,100 180 J 3,000 2,500
16-Jan-08 -- 48 J 38,000 520 240 510 4,200
16-Jan-08 Duplicate 50 J 39,000 450 230 470 4,200
16-Jul-08 -- 50 U 8,800 720 100 1,100 2,200
16-Jul-08 Duplicate 12 J 8,900 740 110 1,200 2,600

04-Mar-09 -- 100 U 13,000 890 150 830 5,000
PMW-4 04-Oct-06 -- 200 U 15,000 59,000 710 14,000 200 U

01-Dec-06 -- 500 U 20,000 59,000 1,000 17,000 500 U
21-Mar-07 -- 500 U 27,000 56,000 1,200 18,000 160 J
12-Jul-07 -- 500 U 18,000 72,000 820 17,000 500 U
17-Jan-08 -- 500 U 30,000 68,000 1,200 22,000 220 J
16-Jul-08 -- 250 U 6,100 35,000 210 J 10,000 250 U
05-Mar-09 -- 500 U 38,000 74,000 1,400 27,000 500 U

PMW-5 21-Aug-06 -- 500 U 19,000 76,000 500 U 21,000 500 U
21-Aug-06 Duplicate 500 U 20,000 78,000 500 U 22,000 500 U
05-Oct-06 -- 500 U 26,000 76,000 500 U 17,000 500 U
13-Oct-06 -- 500 U 50,000 57,000 500 26,000 500 U
02-Dec-06 -- 250 U 47,000 32,000 250 U 17,000 J 250 U
02-Dec-06 Duplicate 500 U 58,000 40,000 500 U 20,000 J 500 U
19-Jan-07 -- 500 U 59,000 30,000 500 U 12,000 500 U
21-Mar-07 -- 500 U 56,000 32,000 280 J 18,000 170 J
21-Mar-07 Duplicate 200 U 65,000 33,000 270 18,000 190 J
12-Jul-07 -- 500 U 82,000 24,000 420 J 14,000 930
17-Jan-08 -- 140 J 82,000 27,000 400 J 14,000 2,500
16-Jul-08 -- 120 J 82,000 28,000 360 J 17,000 1,500

05-Mar-09 -- 500 U 81,000 33,000 500 U 18,000 4,200
05-Mar-09 Duplicate 500 U 89,000 35,000 500 U 18,000 4,600

PMW-6 21-Aug-06 -- 100 U 9,400 300 370 570 1,400
04-Oct-06 -- 20 U 8,500 310 290 620 730
13-Oct-06 -- 20 U 8,300 180 290 490 710
02-Dec-06 -- 50 U 5,600 760 130 600 J 780
19-Jan-07 -- 40 U 4,300 2,300 130 1,000 3,000
19-Jan-07 Duplicate 40 U 4,200 2,300 110 1,000 3,000
21-Mar-07 -- 20 U 3,000 1,800 110 510 3,500
12-Jul-07 -- 10 U 840 52 48 120 1,400
17-Jan-08 -- 2.0 J 860 51 82 170 780
17-Jan-08 Duplicate 1.9 J 800 55 62 180 720
16-Jul-08 -- 1.0 U 150 1.0 U 18 1.0 U 160
04-Mar-09 -- 2.0 U 180 J 2.0 U 19 J 18 J 230 J
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TABLE E-31: GROUNDWATER VOC CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate 1,
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TW-1 11-Jun-05 -- NA 100 110 NA 340 7.5
11-Jun-05 -- NA 13 2.5 NA 6.8 6.1
11-Jun-05 -- NA 68,000 8,400 NA 29,000 13,000

TW-2 12-Jun-05 -- NA 560 J 71,000 NA 2,600 1,000 U
12-Jun-05 -- NA 100 U 6,700 NA 130 100 U
12-Jun-05 -- NA 29,000 53,000 NA 38,000 2,000

TW-3 12-Jun-05 -- NA 44 19 NA 0.79 J 1.7
12-Jun-05 Duplicate NA 50 21 NA 0.72 J 2.2
12-Jun-05 -- NA 85 62 NA 0.91 J 17

TW-4 12-Jun-05 -- NA 200 U 8,800 NA 440 3.4
12-Jun-05 -- NA 29 180 NA 36 11
12-Jun-05 -- NA 5,600 12,000 NA 6,700 200 U

Trip Blank 21-Aug-06 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
24-Aug-06 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
05-Oct-06 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
29-Nov-06 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
19-Jan-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
23-Jan-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
24-Jan-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
21-Mar-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
24-Mar-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
26-Mar-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
11-Jul-07 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
13-Jul-07 -- 1.0 U 1.0 U 1.0 1.0 U 1.0 U 1.0 U
18-Jul-07 -- 1.0 U 0.30 J 0.50 J 1.0 U 1.0 U 1.0 U
20-Jan-08 -- 1.0 U 1.0 U 0.29 J 1.0 U 1.0 U 1.0 U
22-Jan-08 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
22-Jan-08 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
22-Jan-08 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
16-Jul-08 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
18-Jul-08 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
22-Jul-08 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

04-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
06-Mar-09 -- 1.0 U 1.5 1.0 U 1.0 U 1.0 U 1.0 U
09-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
10-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
13-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
20-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
20-Mar-09 -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Notes:

NA - not analyzed
"U" - not detected (reported at detection limit)
"J" - estimated result

µg/L - micrograms per liter
All results in µg/L
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TABLE E-32: GROUNDWATER DHG CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-1-2 04-Oct-06 -- 0.003 U 0.001 U 1.4 2.0
20-Jan-07 -- 0.003 U 0.001 U 1.8 2.2
12-Jul-07 -- 0.003 U 0.001 U 1.3 2.1
17-Jan-08 -- 0.003 U 0.001 U 1.3 7.3
17-Jul-08 -- 0.003 U 0.001 U 1.1 10

07-Mar-09 -- 0.002 U 0.011 1.7 17
ML-1-3 27-Jun-06 -- NA 0.00035 U 0.20 0.79

04-Oct-06 -- 0.003 U 0.001 U 0.82 1.5
30-Nov-06 -- 0.003 U 0.001 U 1.7 1.5
24-Mar-07 -- 0.003 U 0.001 U 1.2 1.5
18-Jan-08 -- 0.003 U 0.001 U 1.1 8.7
22-Jul-08 -- 0.003 U 0.001 U 0.69 9.5
07-Mar-09 -- 0.002 U 0.0080 1.2 16

ML-1-4 21-Aug-06 -- NA 0.01 U 0.22 0.84
20-Jan-07 -- 0.003 U 0.001 U 1.0 1.2
12-Jul-07 -- 0.003 U 0.001 U 0.41 2.1
18-Jan-08 -- 0.003 U 0.001 U 0.49 9.0
17-Jul-08 -- 0.003 U 0.001 U 0.15 J 12

09-Mar-09 -- 0.002 U 0.0038 0.38 15
ML-1-5 04-Oct-06 -- 0.003 U 0.001 U 0.34 0.16

30-Nov-06 -- 0.003 U 0.001 U 0.26 0.12
24-Mar-07 -- 0.003 U 0.001 U 0.37 0.59
12-Jul-07 -- 0.003 U 0.001 U 0.40 2.6
18-Jan-08 -- 0.003 U 0.001 U 0.19 8.5
22-Jul-08 -- 0.003 U 0.001 U 0.49 16
09-Mar-09 -- 0.002 U 0.0038 0.24 18

ML-1-6 21-Aug-06 -- NA 0.002 U 0.0079 0.16
20-Jan-07 -- 0.003 U 0.001 U 0.0070 0.028
12-Jul-07 -- 0.003 U 0.001 U 0.0070 0.75
17-Jul-08 -- 0.003 U 0.0019 0.026 4.2
09-Mar-09 -- 0.002 U 0.0023 0.028 17

ML-1-7 04-Oct-06 -- 0.003 U 0.001 U 0.0029 1.0
30-Nov-06 -- 0.003 U 0.001 U 0.027 0.85
24-Mar-07 -- 0.003 U 0.001 U 0.0083 1.3
13-Jul-07 -- 0.003 U 0.00021 J 0.011 4.1
18-Jan-08 -- 0.003 U 0.0021 0.018 7.7
09-Mar-09 -- 0.002 U 0.026 0.017 11

ML-2-2 22-Aug-06 -- NA 0.005 U 0.17 0.44
20-Jan-07 -- 0.003 U 0.46 1.7 0.79
12-Jul-07 -- 0.0056 1.8 5.4 0.72
22-Jul-08 -- 0.003 U 1.9 12 0.57
05-Mar-09 -- 0.017 2.0 16 0.41

ML-2-3 22-Aug-06 -- NA 0.01 U 0.091 0.72
05-Oct-06 -- 0.003 U 0.00054 J 0.21 1.1
01-Dec-06 -- 0.11 J 0.34 1.8 0.12
20-Jan-07 -- 0.058 0.57 2.6 0.090
21-Mar-07 -- 0.029 0.74 3.4 0.079
18-Jan-08 -- 0.037 0.74 4.7 0.052
17-Jul-08 -- 0.036 0.79 5.0 0.072

05-Mar-09 -- 0.002 U 0.61 6.1 0.49
ML-2-4 21-Aug-06 -- NA 0.01 U 0.11 0.73

21-Jan-07 -- 0.003 U 0.048 0.37 0.47
13-Jul-07 -- 0.003 U 0.21 1.5 0.41
20-Jan-08 -- 0.003 U 0.72 7.3 0.57
21-Jul-08 -- 0.003 U 0.72 5.5 0.62
21-Jul-08 Duplicate 0.003 U 0.67 4.8 0.54

06-Mar-09 -- 0.002 U 0.70 4.6 0.63
ML-2-5 22-Aug-06 -- NA 0.001 U 0.0053 0.074

05-Oct-06 -- 0.003 U 0.001 U 0.0023 0.061
01-Dec-06 -- 0.003 U 0.0018 0.0057 0.063
21-Jan-07 -- 0.003 U 0.013 0.022 0.053
22-Mar-07 -- 0.003 U 0.016 0.033 0.048
13-Jul-07 -- 0.003 U 0.014 0.033 0.053
20-Jan-08 -- 0.003 U 0.016 0.17 0.044
17-Jul-08 -- 0.003 U 0.058 0.61 0.081
06-Mar-09 -- 0.002 U 0.038 0.16 0.092

ML-2-6 21-Aug-06 -- NA 0.002 U 0.0042 0.11
21-Jan-07 -- 0.003 U 0.017 0.056 0.064
13-Jul-07 -- 0.003 U 0.021 0.041 0.076
20-Jan-08 -- 0.003 U 0.019 0.097 0.070
17-Jul-08 -- 0.003 U 0.025 0.14 0.073
06-Mar-09 -- 0.002 U 0.052 0.37 0.096

TR0173\Table E-32 - Groundwater DHG data Page 1 of 5 April 2010



TABLE E-32: GROUNDWATER DHG CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-2-7 05-Oct-06 -- 0.003 U 0.001 U 0.0033 0.29
02-Dec-06 -- 0.003 U 0.0083 0.047 0.24
22-Mar-07 -- 0.003 U 0.015 0.038 0.17
13-Jul-07 -- 0.003 U 0.022 0.061 0.28
20-Jan-08 -- 0.003 U 0.021 0.11 0.34
17-Jul-08 -- 0.003 U 0.039 0.25 0.36
06-Mar-09 -- 0.002 U 0.049 0.31 0.50

ML-3-2 22-Aug-06 -- NA 0.025 U 2.2 2.2
21-Jan-07 -- 0.003 U 0.092 0.32 2.3
13-Jul-07 -- 0.003 U 0.16 0.53 8.1
17-Jul-08 -- 0.003 U 0.0019 0.012 3.0
13-Mar-09 -- 0.002 U 0.0014 0.017 16

ML-3-3 22-Aug-06 -- NA 0.05 U 2.7 2.7
04-Dec-06 -- 0.003 U 0.047 0.28 1.3
21-Jan-07 -- 0.003 U 0.074 0.32 5.4
26-Mar-07 -- 0.003 U 0.056 0.18 5.0
20-Jan-08 -- 0.003 U 0.024 0.086 14
13-Mar-09 -- 0.002 U 0.0016 0.014 22

ML-3-4 22-Aug-06 -- NA 0.01 U 0.49 0.74
21-Jan-07 -- 0.003 U 0.0039 0.038 7.5
14-Jul-07 -- 0.003 U 0.0026 0.0091 10
21-Jan-08 -- 0.003 U 0.00047 J 0.0013 12
18-Jul-08 -- 0.003 U 0.001 U 0.026 13

14-Mar-09 -- 0.002 U 0.0015 0.0075 23
ML-3-5 22-Aug-06 -- NA 0.002 U 0.096 0.18

04-Oct-06 -- 0.003 U 0.001 U 0.058 0.18
04-Dec-06 -- 0.003 U 0.0030 0.026 1.0
27-Mar-07 -- 0.003 U 0.00088 J 0.0061 12
14-Jul-07 -- 0.003 U 0.001 U 0.001 U 7.8
21-Jan-08 -- 0.003 U 0.001 U 0.001 U 12
14-Mar-09 -- 0.002 U 0.001 U 0.0028 19

ML-3-6 22-Aug-06 -- NA 0.005 U 0.30 0.46
21-Jan-07 -- 0.003 U 0.0020 0.0047 9.7
14-Jul-07 -- 0.003 U 0.001 U 0.001 U 7.5
18-Jul-08 -- 0.003 U 0.001 U 0.001 U 7.8

14-Mar-09 -- 0.002 U 0.001 U 0.0017 12
ML-3-7 27-Jun-06 Duplicate 0.0122 U 0.0019 U 0.0026 U 0.81

04-Oct-06 -- 0.003 U 0.001 U 0.063 0.49
04-Dec-06 -- 0.003 U 0.001 U 0.067 4.7
22-Jan-07 -- 0.003 U 0.001 U 0.032 9.6
27-Mar-07 -- 0.003 U 0.001 U 0.010 8.8
14-Jul-07 -- 0.003 U 0.00085 J 0.030 6.4
21-Jan-08 -- 0.003 U 0.0072 0.0042 12
14-Mar-09 -- 0.002 U 0.075 0.10 13

ML-4-2 22-Aug-06 -- NA 0.02 U 0.48 1.1
22-Jan-07 -- 0.003 U 0.39 6.7 0.83
14-Jul-07 -- 0.003 U 0.37 9.5 2.3
21-Jan-08 -- 0.003 U 0.12 J 17 11
11-Mar-09 -- 0.002 U 0.016 2.1 18

ML-4-3 04-Oct-06 -- 0.003 U 0.001 U 1.0 1.8
29-Nov-06 -- 0.003 U 0.001 U 0.70 0.83
22-Mar-07 -- 0.003 U 0.027 2.0 2.3
22-Jan-08 -- 0.003 U 0.1 U 4.2 6.0
21-Jul-08 -- 0.003 U 0.098 3.2 11

11-Mar-09 -- 0.002 U 0.043 2.9 17
ML-4-4 24-Aug-06 -- NA 0.02 U 0.50 0.99

23-Jan-07 -- 0.003 U 0.0020 0.65 0.99
16-Jul-07 -- 0.003 U 0.0047 1.4 4.4

12-Mar-09 -- 0.002 U 0.032 0.34 14
ML-4-5 04-Oct-06 -- 0.003 U 0.001 U 0.049 0.21

29-Nov-06 -- 0.003 U 0.0013 0.045 0.49
23-Mar-07 -- 0.003 U 0.0062 0.43 3.2
16-Jul-07 -- 0.003 U 0.0043 1.4 5.4
16-Jul-07 Duplicate 0.003 U 0.0051 1.4 5.2
22-Jan-08 -- 0.003 U 0.0020 0.78 9.1
21-Jul-08 -- 0.003 U 0.12 J 0.61 16

12-Mar-09 -- 0.002 U 0.064 0.36 18
ML-4-6 24-Aug-06 -- NA 0.005 U 0.034 0.40

23-Jan-07 -- 0.003 U 0.0011 0.13 1.2
16-Jul-07 -- 0.003 U 0.0017 1.2 10
22-Jan-08 -- 0.003 U 0.016 0.89 13
12-Mar-09 -- 0.002 U 0.061 0.40 20
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TABLE E-32: GROUNDWATER DHG CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-4-7 28-Jun-06 -- NA 0.00035 U 0.0019 0.69
04-Oct-06 -- 0.003 U 0.001 U 0.0095 1.4
30-Nov-06 -- 0.003 U 0.001 U 0.097 1.6
23-Mar-07 -- 0.003 U 0.001 U 0.54 2.5
16-Jul-07 -- 0.003 U 0.001 U 1.5 4.8
22-Jan-08 -- 0.003 U 0.013 0.66 11
12-Mar-09 -- 0.002 U 0.27 0.13 J 19

ML-5-2 23-Aug-06 -- NA 0.005 U 0.058 0.48
23-Jan-07 -- 0.003 U 0.092 1.8 0.40
16-Jul-07 -- 0.003 U 0.045 14 0.48 J
22-Jan-08 -- 0.003 U 0.26 J 25 2.6
22-Jul-08 -- 0.003 U 0.16 J 18 2.6

06-Mar-09 -- 0.002 U 0.43 E 16 3.2
ML-5-3 23-Aug-06 -- NA 0.02 U 0.69 1.2

05-Oct-06 -- 0.003 U 0.015 0.31 1.2
29-Nov-06 -- 0.003 U 0.030 0.47 0.90
23-Mar-07 -- 0.003 U 0.091 1.6 0.88
22-Jan-08 -- 0.003 U 0.21 8.7 1.7
18-Jul-08 -- 0.003 U 0.24 J 13 2.7
06-Mar-09 -- 0.002 U 0.52 29 5.6
06-Mar-09 Duplicate 0.002 U 0.36 20 3.7

ML-5-4 23-Aug-06 -- NA 0.005 U 0.055 0.36
23-Jan-07 -- 0.003 U 0.072 0.28 5.3
23-Jan-07 Duplicate 0.003 U 0.068 0.26 3.9
16-Jul-07 -- 0.003 U 0.081 0.59 2.6
18-Jul-08 -- 0.003 U 0.043 0.40 1.7
07-Mar-09 -- 0.002 U 0.16 0.98 7.2

ML-5-5 23-Aug-06 -- NA 0.002 U 0.014 0.15
05-Oct-06 -- 0.003 U 0.00053 J 0.027 0.29
29-Nov-06 -- 0.003 U 0.010 0.053 0.34
29-Nov-06 Duplicate 0.003 U 0.010 0.055 0.30
23-Mar-07 -- 0.003 U 0.11 0.55 2.2
16-Jul-07 -- 0.003 U 0.11 1.2 1.8
22-Jan-08 -- 0.003 U 0.54 1.8 7.2
18-Jul-08 -- 0.003 U 0.043 0.44 1.2
07-Mar-09 -- 0.002 U 0.26 2.0 11

ML-5-6 23-Aug-06 -- NA 0.005 U 0.0078 0.26
24-Aug-06 Duplicate NA 0.005 U 0.0075 0.24
23-Jan-07 -- 0.003 U 0.050 0.80 3.3
16-Jul-07 -- 0.003 U 0.045 2.6 1.4
23-Jan-08 -- 0.003 U 0.39 5.0 5.9
18-Jul-08 -- 0.003 U 0.13 J 5.0 11
07-Mar-09 -- 0.002 U 0.15 J 4.4 10

ML-5-7 23-Aug-06 -- NA 0.01 U 0.01 U 0.69
29-Nov-06 -- 0.003 U 0.0072 0.047 0.56
23-Mar-07 -- 0.003 U 0.089 1.3 1.7
16-Jul-07 -- 0.003 U 0.0083 3.5 1.5
23-Jan-08 -- 0.003 U 0.080 J 2.8 6.9
18-Jul-08 -- 0.003 U 0.089 2.3 7.2

07-Mar-09 -- 0.002 U 0.057 4.0 11
ML-6-2 24-Aug-06 -- NA 0.0058 0.018 0.14

23-Jan-07 -- 0.003 U 0.050 0.66 0.34
17-Jul-07 -- 0.003 U 0.022 12 0.43
23-Jul-08 -- 0.003 U 0.32 14 1.5

10-Mar-09 -- 0.002 U 1.0 34 5.3
ML-6-3 28-Jun-06 -- NA 0.012 0.24 1.3

05-Oct-06 -- 0.003 U 0.00087 J 0.016 0.086
29-Nov-06 -- 0.003 U 0.0058 0.041 0.41
27-Mar-07 -- 0.003 U 0.024 0.50 0.36
23-Jan-08 -- 0.003 U 0.48 13 1.7
19-Jul-08 -- 0.003 U 0.51 5.1 2.2

10-Mar-09 -- 0.002 U 0.74 23 4.0
ML-6-4 24-Aug-06 -- NA 0.002 U 0.016 0.18

24-Jan-07 -- 0.003 U 0.14 0.32 0.13
17-Jul-07 -- 0.003 U 0.96 4.2 0.76
23-Jan-08 -- 0.003 U 1.0 4.4 1.4
23-Jan-08 Duplicate 0.003 U 1.0 4.5 1.3
19-Jul-08 -- 0.003 U 0.64 2.2 5.8

11-Mar-09 -- 0.002 U 0.32 1.6 6.0
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TABLE E-32: GROUNDWATER DHG CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

ML-6-5 05-Oct-06 -- 0.003 U 0.001 U 0.0012 0.085
05-Oct-06 Duplicate 0.003 U 0.001 U 0.0017 0.082
29-Nov-06 -- 0.033 J 0.012 0.036 0.086
26-Mar-07 Duplicate 0.012 0.46 1.6 0.14
27-Mar-07 -- 0.015 0.50 1.8 0.15
17-Jul-07 -- 0.0082 1.8 6.8 0.52
23-Jan-08 -- 0.018 2.0 8.2 0.62
19-Jul-08 -- 0.003 U 1.4 5.0 2.9

11-Mar-09 -- 0.002 U 2.0 7.4 4.9
ML-6-6 24-Aug-06 -- NA 0.005 U 0.005 U 0.25

24-Jan-07 -- 0.003 U 0.063 0.25 0.17
17-Jul-07 -- 0.0047 1.0 4.4 0.41
23-Jan-08 -- 0.012 1.2 7.0 0.58
19-Jul-08 -- 0.003 U 1.3 7.1 2.3

11-Mar-09 -- 0.002 U 1.3 8.9 3.6
ML-6-7 28-Jun-06 -- NA 0.00035 U 0.00036 0.34

05-Oct-06 -- 0.003 U 0.001 U 0.00075 J 0.98
29-Nov-06 -- 0.003 U 0.001 U 0.0046 0.70
28-Mar-07 -- 0.0020 J 0.13 0.95 0.40
17-Jul-07 -- 0.003 U 0.19 3.3 0.70
23-Jan-08 -- 0.003 U 0.40 4.8 0.67
19-Jul-08 -- 0.003 U 0.40 6.3 1.0

11-Mar-09 -- 0.002 U 0.50 9.9 2.0
ML-7-2 23-Aug-06 -- NA 0.005 U 0.088 0.36

24-Jan-07 -- 0.003 U 0.054 4.8 0.20
17-Jul-07 -- 0.003 U 0.42 3.4 1.1
23-Jul-08 -- 0.003 U 1.1 5.4 4.1

09-Mar-09 -- 0.002 U 0.87 6.8 15
ML-7-3 29-Jun-06 -- NA 0.0033 0.11 1.8

23-Aug-06 -- NA 0.01 U 0.047 0.64
05-Oct-06 -- 0.003 U 0.0015 0.075 0.83
02-Dec-06 -- 0.003 U 0.045 0.68 0.29
24-Jan-07 -- 0.003 U 0.16 2.5 0.34
28-Mar-07 -- 0.003 U 0.41 4.7 0.46
23-Jan-08 -- 0.003 U 1.2 6.9 2.2
09-Mar-09 -- 0.002 U 2.0 12 11

ML-7-4 23-Aug-06 -- NA 0.005 U 0.011 0.24
24-Jan-07 -- 0.003 U 0.084 2.0 1.6
18-Jul-07 -- 0.003 U 0.52 4.6 2.2
23-Jan-08 -- 0.003 U 1.4 5.4 4.3
19-Jul-08 -- 0.003 U 1.2 4.7 4.1
10-Mar-09 -- 0.002 U 1.9 6.0 11

ML-7-5 23-Aug-06 -- NA 0.0016 0.0045 0.085
05-Oct-06 -- 0.003 U 0.001 U 0.00088 J 0.054
04-Dec-06 -- 0.003 U 0.010 0.045 0.041
25-Jan-07 -- 0.003 U 0.094 0.74 0.97
28-Mar-07 -- 0.003 U 0.12 0.58 1.4
18-Jul-07 -- 0.003 U 0.88 2.3 2.6
24-Jan-08 -- 0.003 U 1.3 3.4 3.3
10-Mar-09 -- 0.0033 3.3 8.1 12

ML-7-6 24-Aug-06 -- NA 0.002 U 0.0027 0.13
25-Jan-07 -- 0.003 U 0.018 5.0 0.54
18-Jul-07 -- 0.003 U 0.45 4.9 1.7
24-Jan-08 -- 0.003 U 1.1 5.8 4.4
19-Jul-08 -- 0.003 U 0.86 6.8 13

10-Mar-09 -- 0.002 U 0.58 7.3 18
ML-7-7 24-Aug-06 -- NA 0.005 U 0.005 U 0.44

04-Dec-06 -- 0.003 U 0.0095 0.088 0.28
25-Jan-07 -- 0.003 U 0.014 4.0 0.45
29-Mar-07 -- 0.003 U 0.087 2.3 0.81
18-Jul-07 -- 0.003 U 0.26 5.1 1.4
24-Jan-08 -- 0.003 U 0.66 5.4 4.3
10-Mar-09 -- 0.002 U 0.031 1.3 15

PMW-1 04-Oct-06 -- 0.003 U 0.001 U 0.049 0.42
30-Nov-06 -- 0.003 U 0.0056 0.20 1.6
19-Jan-07 -- 0.003 U 0.023 0.31 3.0
26-Mar-07 -- 0.003 U 0.017 0.27 3.2
11-Jul-07 -- 0.003 U 0.022 1.5 5.4
16-Jan-08 -- 0.003 U 0.0021 0.67 6.8
16-Jul-08 -- 0.003 U 0.001 U 0.56 8.2
04-Mar-09 -- 0.002 U 0.0033 0.41 9.2
04-Mar-09 Duplicate 0.002 U 0.0039 0.43 8.6
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TABLE E-32: GROUNDWATER DHG CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetylene Ethane Ethene Methane
(mg/L) (mg/L) (mg/L) (mg/L)

PMW-2 04-Oct-06 -- 0.003 U 0.001 U 0.18 0.65
30-Nov-06 -- 0.003 U 0.001 U 0.24 0.77
26-Mar-07 -- 0.003 U 0.001 U 0.27 0.69
11-Jul-07 -- 0.003 U 0.00070 J 0.14 1.2
16-Jan-08 -- 0.003 U 0.00044 J 0.33 2.8
16-Jul-08 -- 0.003 U 0.0029 0.089 3.6
04-Mar-09 -- 0.002 U 0.0026 0.19 4.1

PMW-3 21-Aug-06 -- NA 0.005 U 0.14 0.48
10-Oct-06 -- 0.003 U 0.0014 0.11 0.44
10-Oct-06 Duplicate 0.003 U 0.0015 0.11 0.44
12-Oct-06 -- 0.003 U 0.001 U 0.078 0.28
29-Nov-06 -- 0.003 U 0.0030 0.023 0.13
19-Jan-07 -- 0.003 U 0.031 0.12 2.1
21-Mar-07 -- 0.003 U 0.11 0.37 2.6
11-Jul-07 -- 0.003 U 0.057 0.26 1.0
11-Jul-07 Duplicate 0.003 U 0.057 0.33 1.3
16-Jan-08 -- 0.003 U 0.55 1.9 6.7
16-Jan-08 Duplicate 0.003 U 0.52 1.8 6.4
16-Jul-08 -- 0.003 U 0.084 0.77 9.0
16-Jul-08 Duplicate 0.003 U 0.090 0.54 6.4
04-Mar-09 -- 0.002 U 0.11 1.3 5.0

PMW-4 04-Oct-06 -- 0.003 U 0.001 U 0.001 U 0.026
01-Dec-06 -- 0.003 U 0.0012 0.0012 0.26
21-Mar-07 -- 0.003 U 0.0016 0.0028 0.33
12-Jul-07 -- 0.003 U 0.00093 J 0.0017 0.20
17-Jan-08 -- 0.003 U 0.0027 0.0069 0.38
16-Jul-08 -- 0.003 U 0.0022 0.0091 0.18

05-Mar-09 -- 0.002 U 0.0059 0.021 0.35
PMW-5 27-Jun-06 -- NA 0.0024 0.0096 0.15

21-Aug-06 -- NA 0.0023 0.0062 0.12
21-Aug-06 Duplicate NA 0.0021 0.0057 0.10
05-Oct-06 -- 0.003 U 0.0024 0.0056 0.12
02-Dec-06 -- 0.11 J 0.14 0.54 0.056
02-Dec-06 Duplicate 0.10 J 0.15 0.55 0.053
19-Jan-07 -- 0.049 0.29 1.1 0.23
21-Mar-07 -- 0.039 0.65 2.3 0.43
21-Mar-07 Duplicate 0.031 0.58 2.0 0.40
12-Jul-07 -- 0.035 1.1 3.8 0.39
17-Jan-08 -- 0.044 2.0 7.2 1.3
16-Jul-08 -- 0.098 1.3 4.0 1.3

05-Mar-09 -- 0.014 0.83 3.1 1.6
05-Mar-09 Duplicate 0.017 0.82 2.8 1.5

PMW-6 26-Jun-06 -- NA 0.00035 U 0.37 0.87
21-Aug-06 -- NA 0.005 U 0.35 0.47
04-Oct-06 -- 0.003 U 0.001 U 0.10 0.23
02-Dec-06 -- 0.003 U 0.010 0.067 0.19
19-Jan-07 -- 0.003 U 0.021 0.23 0.37
19-Jan-07 Duplicate 0.003 U 0.020 0.22 0.34
21-Mar-07 -- 0.003 U 0.026 0.53 0.95
12-Jul-07 -- 0.003 U 0.034 0.51 3.0
17-Jan-08 -- 0.003 U 0.0052 0.51 5.3
17-Jan-08 Duplicate 0.003 U 0.0047 0.61 5.9
16-Jul-08 -- 0.003 U 0.090 0.075 J 12

04-Mar-09 -- 0.002 U 0.084 0.15 5.3

Notes:
mg/L - milligrams per liter
NA - not analyzed
"J" - estimated result
"U" - not detected (reported at detection limit)
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TABLE E-33: GROUNDWATER VFA CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetic Acid Butyric Acid Lactic Acid Propionic Acid Pyruvic Acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

ML-1-3 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
7-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-1-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
9-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-1-7 27-Jun-06 -- 1.4 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
24-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
18-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
9-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-2-3 27-Jun-06 -- 0.87 0.50 U 10 U 0.50 U NA
1-Dec-06 -- 490 47 1.0 U 580 0.50 U

21-Mar-07 -- 630 230 10 U 760 5.0 U
18-Jan-08 -- 290 190 1.0 U 460 0.50 U
5-Mar-09 -- 76 11 1.0 U 69 0.50 U

ML-2-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
1-Dec-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

22-Mar-07 -- 1.0 U 2.0 U 1.0 U 2.5 0.50 U
20-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
6-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-2-7 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
2-Dec-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
22-Mar-07 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
20-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
6-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-3-3 27-Jun-06 -- 0.78 0.50 U 10 U 0.50 U NA
21-Jan-07 -- 1,100 220 1.0 U 1,400 0.50 U
26-Mar-07 -- 1,000 420 20 U 1,700 10 U
20-Jan-08 -- 1,300 370 1.0 U 1,500 1.0
13-Mar-09 -- 660 100 1.0 U 770 0.50 U

ML-3-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
4-Dec-06 -- 250 62 1.0 U 450 0.50 U

27-Mar-07 -- 190 110 10 U 1,000 5.0 U
21-Jan-08 -- 140 30 1.0 U 710 0.50 U
14-Mar-09 -- 150 16 1.0 U 31 0.50 U

ML-3-7 27-Jun-06 -- 4.9 1.3 10 U 0.50 U NA
22-Jan-07 -- 370 110 1.0 U 460 0.50 U
27-Mar-07 -- 53 33 2.0 U 220 1.0 U
21-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
14-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-4-3 28-Jun-06 -- 0.50 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 6.4 2.0 U 1.0 U 3.0 0.50 U
22-Mar-07 -- 45 2.0 U 1.0 U 15 0.50 U
22-Jan-08 -- 110 7.4 1.0 U 15 0.50 U
11-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-4-5 28-Jun-06 -- 0.57 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
23-Mar-07 -- 47 2.0 U 1.0 U 5.6 0.50 U
22-Jan-08 -- 10 2.0 U 1.0 U 1.2 0.50 U
12-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

ML-4-7 28-Jun-06 -- 0.85 0.50 U 10 U 0.50 U NA
30-Nov-06 -- 25 2.0 U 1.0 U 5.7 0.50 U
23-Mar-07 -- 55 3.7 1.0 U 5.2 0.50 U
22-Jan-08 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
12-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
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TABLE E-33: GROUNDWATER VFA CONCENTRATION DATA
Parris Island, South Carolina

Geosyntec Consultants

Location Date Sampled Duplicate Acetic Acid Butyric Acid Lactic Acid Propionic Acid Pyruvic Acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

ML-5-3 28-Jun-06 -- 0.74 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 10 2.0 U 1.0 U 11 0.50 U
23-Mar-07 -- 44 8.6 1.0 U 30 0.50 U
22-Jan-08 -- 120 6.0 1.0 U 16 0.50 U
22-Jan-08 Duplicate 76 2.0 U 1.0 U 3.4 0.50 U
6-Mar-09 -- 170 5.1 1.0 U 24 0.50 U
6-Mar-09 Duplicate 170 6.1 1.0 U 24 0.50 U

ML-5-5 28-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 65 6.2 1.0 U 110 0.50 U
29-Nov-06 Duplicate 66 8.2 1.0 U 110 0.50 U
23-Mar-07 -- 86 23 10 U 210 5.0 U
22-Jan-08 -- 160 56 1.0 U 140 0.50 U
7-Mar-09 -- 33 4.4 1.0 U 14 0.50 U

ML-5-7 28-Jun-06 -- 1.0 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 46 3.9 1.0 U 74 0.50 U
23-Mar-07 -- 80 17 5.0 U 180 2.5 U
23-Jan-08 -- 39 5.9 1.0 U 53 0.50 U
7-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.1 0.50 U

ML-6-3 28-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U
27-Mar-07 -- 5.8 3.7 1.0 U 4.5 0.50 U
23-Jan-08 -- 69 2.0 U 1.0 U 11 0.50 U
10-Mar-09 -- 220 24 1.0 U 100 0.50 U

ML-6-5 28-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 20 2.9 1.0 U 28 0.50 U
26-Mar-07 Duplicate 62 6.2 1.0 U 78 0.50 U
27-Mar-07 -- 62 6.3 1.0 U 79 0.50 U
23-Jan-08 -- 150 46 1.0 U 110 0.50 U
11-Mar-09 -- 110 20 1.0 U 97 0.50 U

ML-6-7 28-Jun-06 -- 0.65 0.50 U 10 U 0.50 U NA
29-Nov-06 -- 10 2.0 U 1.0 U 14 0.50 U
28-Mar-07 -- 41 3.9 1.0 U 40 0.50 U
23-Jan-08 -- 57 5.6 1.0 U 18 0.50 U
11-Mar-09 -- 71 4.9 1.0 U 36 0.50 U

ML-7-2 29-Jun-06 -- 0.99 0.50 U 10 U 0.50 U NA
ML-7-3 29-Jun-06 -- 1.3 0.50 U 10 U 0.50 U NA

24-Jan-07 -- 190 2.0 U 1.0 U 170 0.50 U
28-Mar-07 -- 310 22 5.0 U 370 2.5 U
23-Jan-08 -- 830 180 1.0 U 510 0.50 U
9-Mar-09 -- 760 220 1.0 U 530 0.50 U

ML-7-5 29-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
4-Dec-06 -- 68 2.0 U 1.0 U 130 0.50 U

28-Mar-07 -- 100 20 5.0 U 210 2.5 U
24-Jan-08 -- 180 97 1.0 U 190 0.50 U
10-Mar-09 -- 180 60 1.0 U 170 0.50 U

ML-7-7 29-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
25-Jan-07 -- 89 9.1 1.0 U 130 0.50 U
25-Jan-07 Duplicate 94 11 1.0 U 140 0.50 U
29-Mar-07 -- 100 12 1.0 U 160 0.50 U
24-Jan-08 -- 170 61 1.0 U 160 0.50 U
10-Mar-09 -- 56 13 1.0 U 100 0.50 U

PMW-5 27-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
2-Dec-06 -- 48 3.1 1.0 U 71 0.50 U

21-Mar-07 -- 100 33 10 U 160 5.0 U
21-Mar-07 Duplicate 100 36 1.0 U 160 0.50 U
17-Jan-08 -- 230 100 1.0 U 180 0.50 U
5-Mar-09 -- 110 30 1.0 U 71 0.50 U
5-Mar-09 Duplicate 110 30 1.0 U 72 0.50 U

PMW-6 26-Jun-06 -- 0.50 U 0.50 U 10 U 0.50 U NA
2-Dec-06 -- 61 2.5 1.0 U 9.9 0.50 U

21-Mar-07 -- 49 4.4 1.0 U 13 0.50 U
17-Jan-08 -- 12 2.0 U 1.0 U 1.4 0.50 U
17-Jan-08 Duplicate 12 2.0 U 1.0 U 1.4 0.50 U
4-Mar-09 -- 1.0 U 2.0 U 1.0 U 1.0 U 0.50 U

Notes:
mg/L - milligrams per liter
NA - not analyzed
"U" - not detected (reported at detection limit)
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TABLE E-34: CALCULATION OF PRE-INJECTION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.283464567 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.000283465 0.0026
peat 0.844 0.141732283 0.0026

Well ID Screen Width Thickness Weighted Effective Area Weighted GW Velocity
Midpoint Top Bottom from Porosity K PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.350 11.43 0.23 0.00 Oct-06 50 50 23,000 810 50 9,900 1400 0.00 0.00 0.01 0.00 0.00 0.01 0.00 1.64E-04 2.07E-04 1.29E-01 4.55E-03 2.81E-04 8.62E-02 2.67E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.625 11.72 0.00 0.00 Oct-06 50 78 3,400 410 50 6,700 820 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-07 2.32E-07 1.37E-05 1.66E-06 2.02E-07 4.19E-05 1.13E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.522 9.78 0.09 0.00 Aug-06 50 10 4,300 140 10 870 220 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55E-05 8.96E-06 5.22E-03 1.70E-04 1.21E-05 1.64E-03 9.08E-04
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.281 5.27 0.28 0.00 Oct-06 11 1 14 18 1 120 340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.60E-05 2.98E-06 5.65E-05 7.27E-05 4.04E-06 7.51E-04 4.67E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.281 5.27 0.28 0.00 Aug-06 3 3 440 15 3 65 7.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-06 8.34E-06 1.78E-03 6.05E-05 1.01E-05 4.07E-04 1.08E-04
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.781 13.19 0.16 0.00 Oct-06 10 1 100 4 1 43 2.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-05 1.49E-06 2.02E-04 8.07E-06 2.02E-06 1.35E-04 1.99E-05
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.281 8.11 0.28 0.00 Aug-06 6,500 9,800 160,000 850 500 1,200 170 0.00 0.01 0.10 0.00 0.00 0.00 0.00 2.36E-02 4.49E-02 9.95E-01 5.28E-03 3.11E-03 1.16E-02 3.59E-03
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.522 9.78 0.09 0.00 Oct-06 7,300 11,000 92,000 500 500 500 210 0.00 0.00 0.01 0.00 0.00 0.00 0.00 5.18E-03 9.85E-03 1.12E-01 6.07E-04 6.07E-04 9.41E-04 8.67E-04
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.591 11.07 0.03 0.00 Aug-06 49,000 36,000 23,000 320 250 460 110 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.17E-02 1.08E-02 9.37E-03 1.30E-04 1.02E-04 2.91E-04 1.52E-04
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.281 5.27 0.28 0.00 Oct-06 180,000 4,700 3,100 500 500 500 2.3 0.07 0.00 0.00 0.00 0.00 0.00 0.00 4.25E-01 1.40E-02 1.25E-02 2.02E-03 2.02E-03 3.13E-03 3.16E-05
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.281 5.27 0.28 0.00 Aug-06 46,000 21,000 5,200 500 500 500 4.2 0.02 0.01 0.00 0.00 0.00 0.00 0.00 1.09E-01 6.25E-02 2.10E-02 2.02E-03 2.02E-03 3.13E-03 5.77E-05
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.690 14.24 0.18 0.00 Oct-06 82,000 12,000 38,000 500 500 500 3.3 0.02 0.00 0.01 0.00 0.00 0.00 0.00 1.35E-01 2.50E-02 1.07E-01 1.41E-03 1.41E-03 2.19E-03 3.17E-05

Total 0.12 0.02 0.14 0.00 0.00 0.01 0.00 0.71 0.17 1.39 0.02 0.01 0.11 0.04

Downgradient wells ML-3-2 6.50 3.02 3.40 7.75 4.35 sand SC-3 0.281 3.69 0.28 0.00 Aug-06 50 50 4,800 500 50 12,000 2,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.05 0.02
ML-3-3 9.00 3.02 7.75 10.25 2.50 sand and clay SC-3 0.556 4.20 0.06 0.00 Aug-06 50 50 4,800 650 50 9,600 2,700 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-3-4 11.50 3.02 10.25 12.75 2.50 sand SC-3 0.281 2.12 0.00 0.00 Aug-06 10 10 1,100 110 10 1,800 490 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-3-5 14.00 3.02 12.75 15.25 2.50 sand SC-3 0.281 2.12 0.28 0.00 Aug-06 2 3 330 26 2 330 96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-3-6 16.50 3.02 15.25 17.75 2.50 sand SC-3 0.281 2.12 0.28 0.00 Aug-06 5 5 450 46 5 910 300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-3-7 19.00 3.02 17.75 20.00 2.25 sand and peat SC-3 0.781 5.31 0.16 0.00 Oct-06 13 2 130 18 2 230 63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.281 3.94 0.28 0.00 Aug-06 200 200 58,000 1,500 200 9,200 480 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.04 0.00
ML-4-3 9.00 3.22 7.75 10.25 2.50 sand and clay SC-3 0.556 4.48 0.06 0.00 Oct-06 100 1,400 49,000 2,000 100 7,200 1000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
ML-4-4 11.50 3.22 10.25 12.75 2.50 sand SC-3 0.281 2.26 0.00 0.00 Aug-06 200 200 31,000 910 200 3,700 500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-4-5 14.00 3.22 12.75 15.25 2.50 sand SC-3 0.281 2.26 0.28 0.00 Oct-06 2,800 3,100 8,800 140 25 1,200 49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.281 2.26 0.28 0.00 Aug-06 50 50 5,100 64 50 280 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.781 5.66 0.16 0.00 Oct-06 7 5 990 19 5 200 9.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.281 3.31 0.28 0.00 Aug-06 380 250 100,000 1,700 250 1,300 58 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.01 0.00
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.556 3.77 0.06 0.00 Aug-06 1,300 500 130,000 4,100 500 5,700 690 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.281 1.90 0.00 0.00 Aug-06 340 960 31,000 440 200 400 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.281 1.90 0.28 0.00 Aug-06 140 350 34,000 270 100 160 14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.281 1.90 0.28 0.00 Aug-06 50 50 11,000 120 50 110 7.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.781 4.76 0.16 0.00 Aug-06 10 10 1,800 28 10 30 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.281 3.54 0.28 0.00 Aug-06 500 500 90,000 1,300 500 760 18 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.591 4.28 0.03 0.00 Oct-06 3,500 10,000 71,000 2,200 250 1,900 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.522 3.78 0.09 0.00 Aug-06 210 2,200 26,000 260 200 200 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.281 2.04 0.28 0.00 Oct-06 39,000 6,900 15,000 250 250 250 1.2 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.02 0.00 0.00 0.00 0.00
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.281 2.04 0.28 0.00 Aug-06 100 280 12,000 110 100 100 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.781 5.10 0.16 0.00 Oct-06 10 10 2,200 41 10 68 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ML-7-2 6.00 3.13 3.40 7.25 3.85 sand SC-8 0.281 3.39 0.28 0.00 Aug-06 250 250 73,000 1,800 250 8,700 88 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.04 0.00
ML-7-3 8.50 3.13 7.25 9.75 2.50 sand and clay SC-8 0.522 4.08 0.09 0.00 Aug-06 250 250 110,000 2,900 250 8,200 47 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.01 0.00
ML-7-4 11.00 3.13 9.75 12.25 2.50 sand and clay SC-8 0.591 4.62 0.03 0.00 Aug-06 200 2,000 55,000 750 200 760 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
ML-7-5 13.50 3.13 12.25 14.75 2.50 sand SC-8 0.281 2.20 0.28 0.00 Aug-06 28,000 12,000 28,000 200 200 200 4.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.05 0.00 0.00 0.00 0.00
ML-7-6 16.00 3.13 14.75 17.25 2.50 sand SC-8 0.281 2.20 0.28 0.00 Aug-06 270 790 27,000 200 200 200 2.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
ML-7-7 18.50 3.13 17.25 20.00 2.75 sand and peat SC-8 0.690 5.94 0.18 0.00 Aug-06 50 50 7,200 51 50 50 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

Total 0.01 0.00 0.12 0.00 0.00 0.01 0.00 0.07 0.03 1.26 0.03 0.01 0.17 0.04
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Pre-Injection VOC & DHG Flux (mmol/d)Pre-Injection VOC Flux (g/d)Depth Interval Soil Type Pre-Injection VOC & DHG Concentrations (µg/L)
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TABLE E-35: CALCULATION OF POST-INJECTION (NOVEMBER 2006 and JANUARY 2007) MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.2834646 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.0002835 0.0026
peat 0.844 0.1417323 0.0026

Well ID Screen Width Thickness Weighted Effective Area Weighted GW Velocity
Midpoint Top Bottom from Porosity K PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.35 11.43 0.23 0.00 Jan-07 200 1,200 86,000 2,000 200 13,000 1,800 0.00 0.00 0.05 0.00 0.00 0.01 0.00 6.56E-04 4.97E-03 4.83E-01 1.12E-02 1.12E-03 1.13E-01 3.44E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.63 11.72 0.00 0.00 Nov-06 50 50 13,000 920 50 18,000 1,700 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-07 1.49E-07 5.25E-05 3.71E-06 2.02E-07 1.13E-04 2.33E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.52 9.78 0.09 0.00 Jan-07 40 100 11,000 630 40 12,000 1,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.84E-05 8.96E-05 1.34E-02 7.65E-04 4.86E-05 2.26E-02 4.13E-03
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.28 5.27 0.28 0.00 Nov-06 2 27 1,500 110 1 2,300 260 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.25E-06 8.04E-05 6.05E-03 4.44E-04 5.65E-06 1.44E-02 3.57E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.28 5.27 0.28 0.00 Jan-07 3 3 320 27 2 290 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.61E-06 8.64E-06 1.29E-03 1.09E-04 8.07E-06 1.82E-03 9.61E-05
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.78 13.19 0.16 0.00 Nov-06 5 5 1,100 32 5 400 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-06 7.45E-06 2.22E-03 6.46E-05 1.01E-05 1.25E-03 1.85E-04
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.28 8.11 0.28 0.00 Jan-07 1,000 1,000 100,000 1,000 1,000 4,700 1,700 0.00 0.00 0.06 0.00 0.00 0.00 0.00 3.63E-03 4.59E-03 6.22E-01 6.22E-03 6.22E-03 4.53E-02 3.59E-02
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.52 9.78 0.09 0.00 Jan-07 2,000 1,500 120,000 500 500 2,600 2,600 0.00 0.00 0.01 0.00 0.00 0.00 0.00 1.42E-03 1.34E-03 1.46E-01 6.07E-04 6.07E-04 4.89E-03 1.07E-02
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.59 11.07 0.03 0.00 Jan-07 9,400 11,000 110,000 660 400 5,700 370 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.24E-03 3.31E-03 4.48E-02 2.69E-04 1.63E-04 3.60E-03 5.13E-04
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.28 5.27 0.28 0.00 Jan-07 840,000 7,700 8,100 1,000 1,000 1,000 22 0.33 0.00 0.00 0.00 0.00 0.00 0.00 1.98E+00 2.29E-02 3.27E-02 4.04E-03 4.04E-03 6.26E-03 3.02E-04
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.28 5.27 0.28 0.00 Jan-07 120,000 6,900 6,100 400 400 400 56 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2.83E-01 2.05E-02 2.46E-02 1.61E-03 1.61E-03 2.50E-03 7.69E-04
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.69 14.24 0.18 0.00 Nov-06 130,000 14,000 29,000 500 500 740 47 0.04 0.00 0.01 0.00 0.00 0.00 0.00 2.15E-01 2.92E-02 8.19E-02 1.41E-03 1.41E-03 3.24E-03 4.52E-04

Total 0.41 0.01 0.14 0.00 0.00 0.01 0.00 2.49 0.09 1.46 0.03 0.02 0.22 0.09

Downgradient wells ML-3-2 6.50 3.02 3.40 7.75 4.35 sand SC-3 0.28 3.69 0.28 0.00 Jan-07 67 9.5 180 12 2 240 320 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.11E-04 1.98E-05 5.09E-04 3.39E-05 5.66E-06 1.05E-03 3.08E-03
ML-3-3 9.00 3.02 7.75 10.25 2.50 sand and clay SC-3 0.56 4.20 0.06 0.00 Jan-07 7.6 2.6 21 12 1 70 320 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.45E-06 6.26E-07 6.85E-06 3.92E-06 3.26E-07 3.54E-05 3.55E-04
ML-3-4 11.50 3.02 10.25 12.75 2.50 sand SC-3 0.28 2.12 0.00 0.00 Jan-07 12 5 650 24 5 280 38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14E-08 6.00E-09 1.06E-06 3.90E-08 8.13E-09 7.06E-07 2.10E-07
ML-3-5 14.00 3.02 12.75 15.25 2.50 sand SC-3 0.28 2.12 0.28 0.00 Nov-06 37 17 140 7.3 1 95 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.52E-05 2.04E-05 2.28E-04 1.19E-05 1.63E-06 2.40E-04 1.44E-04
ML-3-6 16.50 3.02 15.25 17.75 2.50 sand SC-3 0.28 2.12 0.28 0.00 Jan-07 16 5 22 5 5 8.9 4.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52E-05 6.00E-06 3.58E-05 8.13E-06 8.13E-06 2.24E-05 2.60E-05
ML-3-7 19.00 3.02 17.75 20.00 2.25 sand and peat SC-3 0.78 5.31 0.16 0.00 Jan-07 2 2 10 5 2 30 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.50E-07 1.20E-06 8.13E-06 4.06E-06 1.63E-06 3.78E-05 8.85E-05
ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.28 3.94 0.28 0.00 Jan-07 250 250 2000 880 250 35000 6700 0.00 0.00 0.00 0.00 0.00 0.01 0.00 4.41E-04 5.56E-04 6.03E-03 2.65E-03 7.54E-04 1.64E-01 6.87E-02
ML-4-3 9.00 3.22 7.75 10.25 2.50 sand and clay SC-3 0.56 4.48 0.06 0.00 Nov-06 250 400 38,000 1,700 250 9,000 700 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.09E-05 1.03E-04 1.32E-02 5.92E-04 8.70E-05 4.86E-03 8.29E-04
ML-4-4 11.50 3.22 10.25 12.75 2.50 sand SC-3 0.28 2.26 0.00 0.00 Jan-07 540 1,600 12,000 770 100 13,000 650 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.47E-07 2.05E-06 2.08E-05 1.33E-06 1.73E-07 3.49E-05 3.83E-06
ML-4-5 14.00 3.22 12.75 15.25 2.50 sand SC-3 0.28 2.26 0.28 0.00 Nov-06 10,000 4,600 3,400 100 100 1,100 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.01E-02 5.88E-03 5.89E-03 1.73E-04 1.73E-04 2.96E-03 2.65E-04
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.28 2.26 0.28 0.00 Jan-07 2400 2500 12000 110 50 3000 130 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.43E-03 3.20E-03 2.08E-02 1.91E-04 8.67E-05 8.06E-03 7.66E-04
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.78 5.66 0.16 0.00 Nov-06 1,600 1,700 2,000 51 10 1,200 97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.10E-04 1.09E-03 1.73E-03 4.42E-05 8.67E-06 1.61E-03 2.86E-04
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.28 3.31 0.28 0.00 Jan-07 500 500 37000 1900 500 59000 1800 0.00 0.00 0.01 0.00 0.00 0.01 0.00 7.42E-04 9.36E-04 9.39E-02 4.82E-03 1.27E-03 2.32E-01 1.55E-02
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.56 3.77 0.06 0.00 Nov-06 1000 2,000 100,000 3,800 1000 10,000 470 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.71E-04 4.32E-04 2.93E-02 1.11E-03 2.93E-04 4.54E-03 4.68E-04
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.28 1.90 0.00 0.00 Jan-07 100 130 16,000 180 100 2,800 280 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.53E-08 1.40E-07 2.33E-05 2.63E-07 1.46E-07 6.33E-06 1.39E-06
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.28 1.90 0.28 0.00 Nov-06 7,600 3,800 21,000 200 200 1,000 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.48E-03 4.09E-03 3.06E-02 2.92E-04 2.92E-04 2.26E-03 2.63E-04
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.28 1.90 0.28 0.00 Jan-07 100 100 4,000 140 100 14,000 800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.53E-05 1.08E-04 5.83E-03 2.04E-04 1.46E-04 3.17E-02 3.97E-03
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.78 4.76 0.16 0.00 Nov-06 4,100 1,400 12,000 140 23 1,800 47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.75E-03 7.53E-04 8.75E-03 1.02E-04 1.68E-05 2.04E-03 1.17E-04
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.28 3.54 0.28 0.00 Jan-07 500 500 66000 1600 500 35000 660 0.00 0.00 0.02 0.00 0.00 0.01 0.00 7.94E-04 1.00E-03 1.79E-01 4.35E-03 1.36E-03 1.47E-01 6.10E-03
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.59 4.28 0.03 0.00 Nov-06 1,700 8,600 75,000 2,000 500 3,600 41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.57E-04 9.99E-04 1.18E-02 3.15E-04 7.87E-05 8.79E-04 2.20E-05
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.52 3.78 0.09 0.00 Jan-07 200 200 38,000 290 200 6200 320 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.49E-05 6.93E-05 1.78E-02 1.36E-04 9.39E-05 4.51E-03 5.11E-04
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.28 2.04 0.28 0.00 Nov-06 16,000 5,700 28,000 250 250 440 36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.46E-02 6.56E-03 4.37E-02 3.90E-04 3.90E-04 1.07E-03 1.91E-04
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.28 2.04 0.28 0.00 Jan-07 100 100 59,000 260 100 4,200 250 0.00 0.00 0.01 0.00 0.00 0.00 0.00 9.12E-05 1.15E-04 9.21E-02 4.06E-04 1.56E-04 1.02E-02 1.33E-03
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.78 5.10 0.16 0.00 Nov-06 1,200 990 8,100 75 25 620 4.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.47E-04 5.70E-04 6.32E-03 5.85E-05 1.95E-05 7.50E-04 1.22E-05
ML-7-2 6.00 3.13 3.40 7.25 3.85 sand SC-8 0.28 3.39 0.28 0.00 Jan-07 100 100 580 170 100 12,000 4,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52E-04 1.91E-04 1.50E-03 4.41E-04 2.59E-04 4.83E-02 4.24E-02
ML-7-3 8.50 3.13 7.25 9.75 2.50 sand and clay SC-8 0.52 4.08 0.09 0.00 Jan-07 250 250 34,000 1,400 250 42,000 2,500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.40E-05 9.34E-05 1.72E-02 7.09E-04 1.27E-04 3.30E-02 4.31E-03
ML-7-4 11.00 3.13 9.75 12.25 2.50 sand and clay SC-8 0.59 4.62 0.03 0.00 Jan-07 50 50 3800 90 50 5600 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.97E-06 6.27E-06 6.46E-04 1.53E-05 8.50E-06 1.48E-03 1.16E-03
ML-7-5 13.50 3.13 12.25 14.75 2.50 sand SC-8 0.28 2.20 0.28 0.00 Jan-07 100 570 14,000 100 100 2,600 740 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.85E-05 7.08E-04 2.36E-02 1.68E-04 1.68E-04 6.79E-03 4.24E-03
ML-7-6 16.00 3.13 14.75 17.25 2.50 sand SC-8 0.28 2.20 0.28 0.00 Jan-07 50 50 7500 72 50 9600 5000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.92E-05 6.21E-05 1.26E-02 1.21E-04 8.42E-05 2.51E-02 2.87E-02
ML-7-7 18.50 3.13 17.25 20.00 2.75 sand and peat SC-8 0.69 5.94 0.18 0.00 Jan-07 50 50 230 50 50 10,000 4,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.45E-05 4.35E-05 2.71E-04 5.90E-05 5.90E-05 1.83E-02 1.60E-02

Total 0.01 0.00 0.06 0.00 0.00 0.05 0.01 0.04 0.03 0.62 0.02 0.01 0.75 0.20
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Depth Interval Pre-Injection VOC & DHG Concentrations (µg/L) Post-Injection VOC Flux (g/d) Post-Injection VOC & DHG Flux (mmol/d)Soil Type

TR0173\VOC Mass flux calcs_5wells April 2010



TABLE E-36: CALCULATION OF POST-INJECTION (MARCH and JULY 2007) MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.2834646 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.0002835 0.0026
peat 0.844 0.1417323 0.0026

Well ID Screen Width Thickness Weighted Effective Area Weighted GW Velocity
Midpoint Top Bottom from Porosity K PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.35 11.43 0.23 0.00 Jul-07 200 200 33,000 1,200 200 16,000 1,300 0.00 0.00 0.02 0.00 0.00 0.01 0.00 6.56E-04 8.28E-04 1.85E-01 6.73E-03 1.12E-03 1.39E-01 2.48E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.63 11.72 0.00 0.00 Mar-07 200 200 23,000 1,300 200 16,000 1,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.72E-07 5.96E-07 9.28E-05 5.25E-06 8.07E-07 1.00E-04 1.65E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.52 9.78 0.09 0.00 Jul-07 20 20 3,200 220 20 2,900 410 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.42E-05 1.79E-05 3.88E-03 2.67E-04 2.43E-05 5.46E-03 1.69E-03
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.28 5.27 0.28 0.00 Jul-07 20 20 1,200 110 20 2,000 400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.72E-05 5.96E-05 4.84E-03 4.44E-04 8.07E-05 1.25E-02 5.49E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.28 5.27 0.28 0.00 Jul-07 1.4 2.7 510 28 2 220 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.30E-06 8.04E-06 2.06E-03 1.13E-04 8.07E-06 1.38E-03 9.61E-05
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.78 13.19 0.16 0.00 Jul-07 5 5 980 30 5 340 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-06 7.45E-06 1.98E-03 6.05E-05 1.01E-05 1.06E-03 7.55E-05
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.28 8.11 0.28 0.00 Jul-07 1,000 1,700 150,000 550 1,000 26,000 5,400 0.00 0.00 0.09 0.00 0.00 0.02 0.00 3.63E-03 7.80E-03 9.32E-01 3.42E-03 6.22E-03 2.51E-01 1.14E-01
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.52 9.78 0.09 0.00 Mar-07 1,000 1,000 140,000 1,000 1,000 11,000 3,400 0.00 0.00 0.02 0.00 0.00 0.00 0.00 7.10E-04 8.96E-04 1.70E-01 1.21E-03 1.21E-03 2.07E-02 1.40E-02
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.59 11.07 0.03 0.00 Jul-07 1,300 15,000 120,000 970 1,000 43,000 1,500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.10E-04 4.51E-03 4.89E-02 3.95E-04 4.07E-04 2.72E-02 2.08E-03
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.28 5.27 0.28 0.00 Jul-07 150,000 7,700 9,600 1,000 1,000 1,100 33 0.06 0.00 0.00 0.00 0.00 0.00 0.00 3.54E-01 2.29E-02 3.88E-02 4.04E-03 4.04E-03 6.89E-03 4.53E-04
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.28 5.27 0.28 0.00 Jul-07 110,000 6,400 7,900 1,000 1,000 900 41 0.04 0.00 0.00 0.00 0.00 0.00 0.00 2.60E-01 1.91E-02 3.19E-02 4.04E-03 4.04E-03 5.63E-03 5.63E-04
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.69 14.24 0.18 0.00 Jul-07 180,000 5,800 16,000 2,000 2,000 2,000 61 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2.97E-01 1.21E-02 4.52E-02 5.65E-03 5.65E-03 8.77E-03 5.86E-04

Total 0.15 0.01 0.14 0.00 0.00 0.03 0.00 0.92 0.07 1.47 0.03 0.02 0.48 0.16

Downgradient wells ML-3-2 6.50 3.02 3.40 7.75 4.35 sand SC-3 0.28 3.69 0.28 0.00 Jul-07 11 2.2 87 7.1 1 160 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82E-05 4.59E-06 2.46E-04 2.01E-05 2.83E-06 7.02E-04 5.10E-04
ML-3-3 9.00 3.02 7.75 10.25 2.50 sand and clay SC-3 0.56 4.20 0.06 0.00 Mar-07 1.7 1 23 9.3 1 46 180 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.24E-07 2.41E-07 7.51E-06 3.04E-06 3.26E-07 2.33E-05 2.00E-04
ML-3-4 11.50 3.02 10.25 12.75 2.50 sand SC-3 0.28 2.12 0.00 0.00 Jul-07 3.3 2.4 58 4.3 1 79 9.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.14E-09 2.88E-09 9.43E-08 6.99E-09 1.63E-09 1.99E-07 5.03E-08
ML-3-5 14.00 3.02 12.75 15.25 2.50 sand SC-3 0.28 2.12 0.28 0.00 Jul-07 1.1 1 37 2 1 56 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05E-06 1.20E-06 6.01E-05 3.25E-06 1.63E-06 1.41E-04 5.53E-06
ML-3-6 16.50 3.02 15.25 17.75 2.50 sand SC-3 0.28 2.12 0.28 0.00 Jul-07 0.95 1 5.3 1 1 2 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.03E-07 1.20E-06 8.61E-06 1.63E-06 1.63E-06 5.04E-06 5.53E-06
ML-3-7 19.00 3.02 17.75 20.00 2.25 sand and peat SC-3 0.78 5.31 0.16 0.00 Jul-07 1 1 2 2.8 1 25 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.75E-07 6.00E-07 1.63E-06 2.28E-06 8.13E-07 3.15E-05 8.29E-05
ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.28 3.94 0.28 0.00 Jul-07 50 50 50 240 50 13,000 9,500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.81E-05 1.11E-04 1.51E-04 7.24E-04 1.51E-04 6.08E-02 9.74E-02
ML-4-3 9.00 3.22 7.75 10.25 2.50 sand and clay SC-3 0.56 4.48 0.06 0.00 Mar-07 770 330 40,000 2,500 200 27,000 2,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.57E-04 8.47E-05 1.39E-02 8.70E-04 6.96E-05 1.46E-02 2.37E-03
ML-4-4 11.50 3.22 10.25 12.75 2.50 sand SC-3 0.28 2.26 0.00 0.00 Jul-07 20 20 120 200 20 3,500 1,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03E-08 2.56E-08 2.08E-07 3.47E-07 3.47E-08 9.41E-06 8.25E-06
ML-4-5 14.00 3.22 12.75 15.25 2.50 sand SC-3 0.28 2.26 0.28 0.00 Jul-07 20 20 810 22 20 3,300 1,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03E-05 2.56E-05 1.40E-03 3.81E-05 3.47E-05 8.87E-03 8.25E-03
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.28 2.26 0.28 0.00 Jul-07 50 50 140 54 50 6,400 1,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-05 6.39E-05 2.43E-04 9.36E-05 8.67E-05 1.72E-02 7.07E-03
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.78 5.66 0.16 0.00 Jul-07 10 10 97 11 10 2,600 1,500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-06 6.39E-06 8.41E-05 9.53E-06 8.67E-06 3.49E-03 4.42E-03
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.28 3.31 0.28 0.00 Jul-07 400 400 130 510 400 43,000 1,400 0.00 0.00 0.00 0.00 0.00 0.01 0.00 5.93E-04 7.49E-04 3.30E-04 1.29E-03 1.02E-03 1.69E-01 1.21E-02
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.56 3.77 0.06 0.00 Mar-07 500 1,700 100,000 3,600 500 29,000 1,600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.56E-05 3.67E-04 2.93E-02 1.05E-03 1.46E-04 1.32E-02 1.59E-03
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.28 1.90 0.00 0.00 Jul-07 100 100 19,000 130 100 4,200 590 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.53E-08 1.08E-07 2.77E-05 1.90E-07 1.46E-07 9.50E-06 2.93E-06
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.28 1.90 0.28 0.00 Jul-07 200 200 32,000 150 200 7,400 1,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.71E-04 2.15E-04 4.67E-02 2.19E-04 2.92E-04 1.67E-02 5.95E-03
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.28 1.90 0.28 0.00 Jul-07 100 100 11,000 110 100 11,000 2,600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.53E-05 1.08E-04 1.60E-02 1.60E-04 1.46E-04 2.49E-02 1.29E-02
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.78 4.76 0.16 0.00 Jul-07 1,200 210 4,300 43 9.5 4,000 3,500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.12E-04 1.13E-04 3.14E-03 3.14E-05 6.93E-06 4.52E-03 8.68E-03
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.28 3.54 0.28 0.00 Jul-07 50 50 120 59 50 9,000 1,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.94E-05 1.00E-04 3.26E-04 1.60E-04 1.36E-04 3.79E-02 1.11E-02
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.59 4.28 0.03 0.00 Mar-07 200 200 75,000 2,600 200 22,000 500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.84E-05 2.32E-05 1.18E-02 4.09E-04 3.15E-05 5.37E-03 2.68E-04
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.52 3.78 0.09 0.00 Jul-07 200 200 28,000 190 200 12,000 4,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.49E-05 6.93E-05 1.31E-02 8.92E-05 9.39E-05 8.74E-03 6.70E-03
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.28 2.04 0.28 0.00 Jul-07 400 400 69,000 350 400 14,000 6,800 0.00 0.00 0.01 0.00 0.00 0.00 0.00 3.65E-04 4.61E-04 1.08E-01 5.46E-04 6.24E-04 3.39E-02 3.61E-02
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.28 2.04 0.28 0.00 Jul-07 400 400 46,000 270 400 18,000 4,400 0.00 0.00 0.01 0.00 0.00 0.00 0.00 3.65E-04 4.61E-04 7.18E-02 4.21E-04 6.24E-04 4.36E-02 2.34E-02
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.78 5.10 0.16 0.00 Jul-07 1,800 270 3,200 69 100 12,000 3,300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.21E-04 1.55E-04 2.50E-03 5.38E-05 7.80E-05 1.45E-02 8.76E-03
ML-7-2 6.00 3.13 3.40 7.25 3.85 sand SC-8 0.28 3.39 0.28 0.00 Jul-07 50 50 240 87 50 7,900 3,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.58E-05 9.57E-05 6.23E-04 2.26E-04 1.30E-04 3.18E-02 3.00E-02
ML-7-3 8.50 3.13 7.25 9.75 2.50 sand and clay SC-8 0.52 4.08 0.09 0.00 Mar-07 200 200 10,000 1,300 200 58,000 4,700 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.92E-05 7.47E-05 5.07E-03 6.59E-04 1.01E-04 4.56E-02 8.10E-03
ML-7-4 11.00 3.13 9.75 12.25 2.50 sand and clay SC-8 0.59 4.62 0.03 0.00 Jul-07 50 50 6,000 110 50 17,000 4,600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.97E-06 6.27E-06 1.02E-03 1.87E-05 8.50E-06 4.48E-03 2.66E-03
ML-7-5 13.50 3.13 12.25 14.75 2.50 sand SC-8 0.28 2.20 0.28 0.00 Jul-07 200 200 50,000 110 200 4,700 2,300 0.00 0.00 0.01 0.00 0.00 0.00 0.00 1.97E-04 2.49E-04 8.42E-02 1.85E-04 3.37E-04 1.23E-02 1.32E-02
ML-7-6 16.00 3.13 14.75 17.25 2.50 sand SC-8 0.28 2.20 0.28 0.00 Jul-07 50 50 3,200 63 50 19,000 4,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.92E-05 6.21E-05 5.39E-03 1.06E-04 8.42E-05 4.96E-02 2.81E-02
ML-7-7 18.50 3.13 17.25 20.00 2.75 sand and peat SC-8 0.69 5.94 0.18 0.00 Jul-07 50 50 4,900 38 50 7,200 5,100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.45E-05 4.35E-05 5.78E-03 4.48E-05 5.90E-05 1.32E-02 2.05E-02

Total 0.00 0.00 0.04 0.00 0.00 0.04 0.01 0.00 0.00 0.42 0.01 0.00 0.64 0.35
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Depth Interval Post-Injection VOC & DHG Flux (mmol/d)Pre-Injection VOC & DHG Concentrations (µg/L) Post-Injection VOC Flux (g/d)Soil Type
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TABLE E-37: CALCULATION OF POST-INJECTION (JANUARY and JULY 2008) MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.2834646 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.0002835 0.0026
peat 0.844 0.1417323 0.0026

Well ID Screen Width Thickness Weighted Effective Area Weighted GW Velocity
Midpoint Top Bottom from Porosity K PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.35 11.43 0.23 0.00 Jan-08 200 2,200 81,000 2,300 52 15,000 1,300 0.00 0.00 0.04 0.00 0.00 0.01 0.00 6.56E-04 9.11E-03 4.55E-01 1.29E-02 2.92E-04 1.31E-01 2.48E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.63 11.72 0.00 0.00 Jan-08 100 43 14,000 980 100 12,000 1,100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.36E-07 1.28E-07 5.65E-05 3.96E-06 4.04E-07 7.51E-05 1.51E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.52 9.78 0.09 0.00 Jan-08 20 20 3,500 240 4 2,900 490 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.42E-05 1.79E-05 4.25E-03 2.91E-04 4.86E-06 5.46E-03 2.02E-03
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.28 5.27 0.28 0.00 Jan-08 20 6 2,100 150 20 1,800 190 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.72E-05 1.79E-05 8.48E-03 6.05E-04 8.07E-05 1.13E-02 2.61E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.28 5.27 0.28 0.00 Jul-08 25.0 5.2 2,700 93 25 380 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-05 1.55E-05 1.09E-02 3.75E-04 1.01E-04 2.38E-03 3.57E-04
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.78 13.19 0.16 0.00 Jan-08 2 0.54 330 17 2 150 18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.36E-06 8.04E-07 6.66E-04 3.43E-05 4.04E-06 4.70E-04 1.24E-04
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.28 8.11 0.28 0.00 Jul-08 240 630 130,000 820 500 100,000 12,000 0.00 0.00 0.08 0.00 0.00 0.06 0.01 8.72E-04 2.89E-03 8.08E-01 5.10E-03 3.11E-03 9.64E-01 2.54E-01
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.52 9.78 0.09 0.00 Jan-08 240 540 69,000 200 500 30,000 4,700 0.00 0.00 0.01 0.00 0.00 0.00 0.00 1.70E-04 4.84E-04 8.38E-02 2.43E-04 6.07E-04 5.65E-02 1.94E-02
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.59 11.07 0.03 0.00 Jan-08 240 2,900 69,000 520 120 42,000 7,300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.71E-05 8.71E-04 2.81E-02 2.12E-04 4.89E-05 2.65E-02 1.01E-02
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.28 5.27 0.28 0.00 Jan-08 150,000 8,100 6,100 1,000 1,000 1,400 170 0.06 0.00 0.00 0.00 0.00 0.00 0.00 3.54E-01 2.41E-02 2.46E-02 4.04E-03 4.04E-03 8.77E-03 2.33E-03
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.28 5.27 0.28 0.00 Jan-08 130,000 7,200 10,000 1,000 1,000 830 97 0.05 0.00 0.00 0.00 0.00 0.00 0.00 3.07E-01 2.14E-02 4.04E-02 4.04E-03 4.04E-03 5.20E-03 1.33E-03
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.69 14.24 0.18 0.00 Jan-08 190,000 10,000 27,000 2,000 2,000 940 110 0.05 0.00 0.01 0.00 0.00 0.00 0.00 3.14E-01 2.08E-02 7.63E-02 5.65E-03 5.65E-03 4.12E-03 1.06E-03

Total 0.16 0.01 0.15 0.00 0.00 0.08 0.01 0.98 0.08 1.54 0.03 0.02 1.22 0.32

Downgradient wells ML-3-2 6.50 3.02 3.40 7.75 4.35 sand SC-3 0.28 3.69 0.28 0.00 Jul-08 0.41 1 5.5 0.22 1 1.3 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.78E-07 2.09E-06 1.56E-05 6.22E-07 2.83E-06 5.70E-06 1.15E-04
ML-3-3 9.00 3.02 7.75 10.25 2.50 sand and clay SC-3 0.56 4.20 0.06 0.00 Jan-08 0.3 1 1 1.3 1 17 86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.30E-08 2.41E-07 2.35E-07 4.24E-07 3.26E-07 8.61E-06 9.55E-05
ML-3-4 11.50 3.02 10.25 12.75 2.50 sand SC-3 0.28 2.12 0.00 0.00 Jan-08 1.4 1.1 11 1 1 25 1.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.33E-09 1.32E-09 1.79E-08 1.63E-09 1.63E-09 6.30E-08 7.19E-09
ML-3-5 14.00 3.02 12.75 15.25 2.50 sand SC-3 0.28 2.12 0.28 0.00 Jan-08 0.47 0.61 4.3 0.59 1 8.9 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.47E-07 7.32E-07 6.99E-06 9.59E-07 1.63E-06 2.24E-05 5.53E-06
ML-3-6 16.50 3.02 15.25 17.75 2.50 sand SC-3 0.28 2.12 0.28 0.00 Jul-08 0.77 0.21 2.3 1 1 2.1 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.32E-07 2.52E-07 3.74E-06 1.63E-06 1.63E-06 5.29E-06 5.53E-06
ML-3-7 19.00 3.02 17.75 20.00 2.25 sand and peat SC-3 0.78 5.31 0.16 0.00 Jan-08 0.52 1 0.28 2.2 1 5.5 4.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.47E-07 6.00E-07 2.28E-07 1.79E-06 8.13E-07 6.93E-06 1.16E-05
ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.28 3.94 0.28 0.00 Jan-08 20 20 23 20 20 2,300 17,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.53E-05 4.45E-05 6.94E-05 6.03E-05 6.03E-05 1.08E-02 1.74E-01
ML-4-3 9.00 3.22 7.75 11.50 3.75 sand and clay SC-3 0.464 5.61 0.13 0.00 Jan-08 100 100 7,300 960 100 11,000 4,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.10E-05 8.96E-05 8.87E-03 1.17E-03 1.21E-04 2.07E-02 1.74E-02
ML-4-5 14.00 3.22 11.50 15.25 3.75 sand SC-3 0.281 3.39 0.28 0.00 Jan-08 20 170 1900 22 5 2,000 780 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.04E-05 3.26E-04 4.94E-03 5.72E-05 1.30E-05 8.06E-03 6.90E-03
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.28 2.26 0.28 0.00 Jan-08 20 61 790 18 20 2,000 890 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03E-05 7.80E-05 1.37E-03 3.12E-05 3.47E-05 5.38E-03 5.25E-03
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.78 5.66 0.16 0.00 Jan-08 10 10 18 11 10 930 660 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-06 6.39E-06 1.56E-05 9.53E-06 8.67E-06 1.25E-03 1.95E-03
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.28 3.31 0.28 0.00 Jan-08 100 100 160 170 100 17,000 25,000 0.00 0.00 0.00 0.00 0.00 0.00 0.01 1.48E-04 1.87E-04 4.06E-04 4.31E-04 2.54E-04 6.69E-02 2.16E-01
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.56 3.77 0.06 0.00 Jan-08 500 500 46,000 2,300 500 32,000 8,700 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.56E-05 1.08E-04 1.35E-02 6.74E-04 1.46E-04 1.45E-02 8.67E-03
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.28 1.90 0.00 0.00 Jul-08 25 25 4,400 86 25 1,700 400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.13E-08 2.69E-08 6.42E-06 1.25E-07 3.65E-08 3.85E-06 1.98E-06
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.28 1.90 0.28 0.00 Jan-08 200 200 31,000 160 44 5,000 1,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.71E-04 2.15E-04 4.52E-02 2.33E-04 6.42E-05 1.13E-02 8.93E-03
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.28 1.90 0.28 0.00 Jan-08 100 100 9,600 100 100 13,000 5,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.53E-05 1.08E-04 1.40E-02 1.46E-04 1.46E-04 2.94E-02 2.48E-02
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.78 4.76 0.16 0.00 Jan-08 3,600 550 4,900 50 50 6,200 2,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.53E-03 2.96E-04 3.57E-03 3.65E-05 3.65E-05 7.01E-03 6.95E-03
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.28 3.54 0.28 0.00 Jul-08 10 10 21 16 10 1,000 14,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.59E-05 2.00E-05 5.70E-05 4.35E-05 2.72E-05 4.21E-03 1.29E-01
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.59 4.28 0.03 0.00 Jan-08 250 250 20,000 1,900 250 43,000 13,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.30E-05 2.90E-05 3.15E-03 2.99E-04 3.94E-05 1.05E-02 6.96E-03
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.52 3.78 0.09 0.00 Jan-08 200 440 57,000 350 82 13,000 4,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.49E-05 1.52E-04 2.68E-02 1.64E-04 3.85E-05 9.46E-03 7.02E-03
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.28 2.04 0.28 0.00 Jan-08 280 4,400 83,000 480 140 11,000 8,200 0.00 0.00 0.01 0.00 0.00 0.00 0.00 2.55E-04 5.07E-03 1.30E-01 7.49E-04 2.19E-04 2.66E-02 4.35E-02
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.28 2.04 0.28 0.00 Jan-08 500 780 46,000 280 500 17,000 7,000 0.00 0.00 0.01 0.00 0.00 0.00 0.00 4.56E-04 8.98E-04 7.18E-02 4.37E-04 7.80E-04 4.12E-02 3.72E-02
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.78 5.10 0.16 0.00 Jan-08 2,200 320 9,600 87 22 12,000 4,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00E-03 1.84E-04 7.49E-03 6.79E-05 1.72E-05 1.45E-02 1.27E-02
ML-7-2 6.00 3.13 3.40 7.25 3.85 sand SC-8 0.28 3.39 0.28 0.00 Jul-08 50 50 100 39 50 8,600 5,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.58E-05 9.57E-05 2.59E-04 1.01E-04 1.30E-04 3.46E-02 4.77E-02
ML-7-3 8.50 3.13 7.25 9.75 2.50 sand and clay SC-8 0.52 4.08 0.09 0.00 Jan-08 100 100 7,800 640 100 13,000 6,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.96E-05 3.74E-05 3.95E-03 3.24E-04 5.07E-05 1.02E-02 1.19E-02
ML-7-4 11.00 3.13 9.75 12.25 2.50 sand and clay SC-8 0.59 4.62 0.03 0.00 Jan-08 50 50 15,000 77 16 10,000 5,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.97E-06 6.27E-06 2.55E-03 1.31E-05 2.72E-06 2.64E-03 3.12E-03
ML-7-5 13.50 3.13 12.25 14.75 2.50 sand SC-8 0.28 2.20 0.28 0.00 Jan-08 100 100 43,000 100 40 3,400 3,400 0.00 0.00 0.01 0.00 0.00 0.00 0.00 9.85E-05 1.24E-04 7.24E-02 1.68E-04 6.74E-05 8.88E-03 1.95E-02
ML-7-6 16.00 3.13 14.75 17.25 2.50 sand SC-8 0.28 2.20 0.28 0.00 Jan-08 50 50 14,000 56 12 16,000 5,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.92E-05 6.21E-05 2.36E-02 9.43E-05 2.02E-05 4.18E-02 3.32E-02
ML-7-7 18.50 3.13 17.25 20.00 2.75 sand and peat SC-8 0.69 5.94 0.18 0.00 Jan-08 100 100 7,100 34 100 10,000 5,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.89E-05 8.70E-05 8.37E-03 4.01E-05 1.18E-04 1.83E-02 2.17E-02

Total 0.00 0.00 0.04 0.00 0.00 0.02 0.02 0.00 0.01 0.44 0.01 0.00 0.40 0.84
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Post-Injection VOC & DHG Flux (mmol/d)Pre-Injection VOC & DHG Concentrations (µg/L) Post-Injection VOC Flux (g/d)Depth Interval Soil Type

TR0173\VOC Mass flux calcs_5wells April 2010



TABLE E-38: CALCULATION OF POST-DEMONSTRATION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.2834646 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.0002835 0.0026
peat 0.844 0.1417323 0.0026

Well ID Screen Width Thickness Weighted Effective Area Weighted GW Velocity
Midpoint Top Bottom from Porosity K PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.35 11.43 0.23 0.00 07-Mar-09 500 500 70,000 1,700 500 12,000 1,700 0.00 0.00 0.04 0.00 0.00 0.01 0.00 1.64E-03 2.07E-03 3.93E-01 9.54E-03 2.81E-03 1.04E-01 3.25E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.63 11.72 0.00 0.00 07-Mar-09 100 100 16,000 790 100 6,900 1,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.36E-07 2.98E-07 6.46E-05 3.19E-06 4.04E-07 4.32E-05 1.65E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.52 9.78 0.09 0.00 09-Mar-09 20 20 3,000 200 20 2,000 380 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.42E-05 1.79E-05 3.64E-03 2.43E-04 2.43E-05 3.77E-03 1.57E-03
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.28 5.27 0.28 0.00 09-Mar-09 10 10 1,900 120 10 1,200 240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.36E-05 2.98E-05 7.67E-03 4.84E-04 4.04E-05 7.51E-03 3.30E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.28 5.27 0.28 0.00 09-Mar-09 25 43 3,100 57 25 280 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-05 1.28E-04 1.25E-02 2.30E-04 1.01E-04 1.75E-03 3.84E-04
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.78 13.19 0.16 0.00 09-Mar-09 1 4.5 170 8.2 1 65 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-06 6.70E-06 3.43E-04 1.66E-05 2.02E-06 2.03E-04 1.17E-04
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.28 8.11 0.28 0.00 05-Mar-09 510 500 66,000 500 500 35,000 16,000 0.00 0.00 0.04 0.00 0.00 0.02 0.01 1.85E-03 2.29E-03 4.10E-01 3.11E-03 3.11E-03 3.37E-01 3.38E-01
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.52 9.78 0.09 0.00 05-Mar-09 250 250 59,000 330 250 25,000 6,100 0.00 0.00 0.01 0.00 0.00 0.00 0.00 1.77E-04 2.24E-04 7.16E-02 4.01E-04 3.03E-04 4.71E-02 2.52E-02
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.59 11.07 0.03 0.00 06-Mar-09 250 580 59,000 360 250 19,000 4,600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.95E-05 1.74E-04 2.40E-02 1.47E-04 1.02E-04 1.20E-02 6.37E-03
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.28 5.27 0.28 0.00 06-Mar-09 110,000 29,000 12,000 1,000 1,000 1,700 160 0.04 0.01 0.00 0.00 0.00 0.00 0.00 2.60E-01 8.64E-02 4.84E-02 4.04E-03 4.04E-03 1.06E-02 2.20E-03
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.28 5.27 0.28 0.00 06-Mar-09 130,000 10,000 22,000 1,300 1,300 2,000 370 0.05 0.00 0.01 0.00 0.00 0.00 0.00 3.07E-01 2.98E-02 8.88E-02 5.25E-03 5.25E-03 1.25E-02 5.08E-03
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.69 14.24 0.18 0.00 06-Mar-09 180,000 13,000 33,000 1,300 1,300 1,300 310 0.05 0.00 0.01 0.00 0.00 0.00 0.00 2.97E-01 2.71E-02 9.32E-02 3.67E-03 3.67E-03 5.70E-03 2.98E-03

Total 0.14 0.02 0.11 0.00 0.00 0.03 0.01 0.87 0.15 1.15 0.03 0.02 0.54 0.42

Downgradient wells ML-3-2 6.50 3.02 3.40 7.75 4.35 sand SC-3 0.28 3.69 0.28 0.00 12-Mar-09 1 1 1 1.2 1 1.8 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.65E-06 2.09E-06 2.83E-06 3.39E-06 2.83E-06 7.90E-06 1.64E-04
ML-3-3 9.00 3.02 7.75 10.25 2.50 sand and clay SC-3 0.56 4.20 0.06 0.00 13-Mar-09 1 1 1 3.3 1 2.8 14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.91E-07 2.41E-07 3.26E-07 1.08E-06 3.26E-07 1.42E-06 1.55E-05
ML-3-4 11.50 3.02 10.25 12.75 2.50 sand SC-3 0.28 2.12 0.00 0.00 14-Mar-09 1 1 1 1 1 2.8 7.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.50E-10 1.20E-09 1.63E-09 1.63E-09 1.63E-09 7.06E-09 4.15E-08
ML-3-5 14.00 3.02 12.75 15.25 2.50 sand SC-3 0.28 2.12 0.28 0.00 14-Mar-09 1 1 1 1 1 1.4 2.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.50E-07 1.20E-06 1.63E-06 1.63E-06 1.63E-06 3.53E-06 1.55E-05
ML-3-6 16.50 3.02 15.25 17.75 2.50 sand SC-3 0.28 2.12 0.28 0.00 14-Mar-09 1 1 2.3 1 1 1.9 1.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.50E-07 1.20E-06 3.74E-06 1.63E-06 1.63E-06 4.79E-06 9.40E-06
ML-3-7 19.00 3.02 17.75 20.00 2.25 sand and peat SC-3 0.78 5.31 0.16 0.00 14-Mar-09 13,000 2,200 2,000 18 7.2 260 100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.18E-03 1.32E-03 1.63E-03 1.46E-05 5.85E-06 3.28E-04 2.76E-04
ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.28 3.94 0.28 0.00 11-Mar-09 2.5 2.5 68 33 2.5 490 2100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.41E-06 5.56E-06 2.05E-04 9.95E-05 7.54E-06 2.29E-03 2.15E-02
ML-4-3 9.00 3.22 7.75 10.25 2.50 sand and clay SC-3 0.56 4.48 0.06 0.00 11-Mar-09 50 50 7,200 690 50 8,600 2,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02E-05 1.28E-05 2.51E-03 2.40E-04 1.74E-05 4.64E-03 3.43E-03
ML-4-4 11.50 3.22 10.25 12.75 2.50 sand SC-3 0.28 2.26 0.00 0.00 12-Mar-09 5 5 530 69 5 970 340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-09 6.39E-09 9.19E-07 1.20E-07 8.67E-09 2.61E-06 2.00E-06
ML-4-5 14.00 3.22 12.75 15.25 2.50 sand SC-3 0.28 2.26 0.28 0.00 12-Mar-09 5 63 800 29 5 740 360 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-06 8.06E-05 1.39E-03 5.03E-05 8.67E-06 1.99E-03 2.12E-03
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.28 2.26 0.28 0.00 12-Mar-09 5 13 480 21 5 1,200 400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-06 1.66E-05 8.32E-04 3.64E-05 8.67E-06 3.23E-03 2.36E-03
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.78 5.66 0.16 0.00 12-Mar-09 2.5 2.5 10 3.7 2.5 330 130 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.27E-06 1.60E-06 8.67E-06 3.21E-06 2.17E-06 4.44E-04 3.83E-04
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.28 3.31 0.28 0.00 06-Mar-09 100 100 100 110 100 12,000 16,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.48E-04 1.87E-04 2.54E-04 2.79E-04 2.54E-04 4.72E-02 1.38E-01
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.56 3.77 0.06 0.00 06-Mar-09 200 200 4,200 720 200 15,000 29,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.42E-05 4.32E-05 1.23E-03 2.11E-04 5.86E-05 6.81E-03 2.89E-02
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.28 1.90 0.00 0.00 07-Mar-09 25 25 13,000 120 25 4,900 20,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.13E-08 2.69E-08 1.90E-05 1.75E-07 3.65E-08 1.11E-05 9.92E-05
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.28 1.90 0.28 0.00 07-Mar-09 200 200 25,000 200 200 10,000 980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.71E-04 2.15E-04 3.65E-02 2.92E-04 2.92E-04 2.26E-02 4.86E-03
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.28 1.90 0.28 0.00 07-Mar-09 50 50 8,300 76 50 7,900 2,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.26E-05 5.38E-05 1.21E-02 1.11E-04 7.29E-05 1.79E-02 9.92E-03
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.78 4.76 0.16 0.00 07-Mar-09 3,400 680 1,400 25 25 2,100 4,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.45E-03 3.66E-04 1.02E-03 1.82E-05 1.82E-05 2.38E-03 1.09E-02
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.28 3.54 0.28 0.00 10-Mar-09 10 10 33 30 10 980 4000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.59E-05 2.00E-05 8.96E-05 8.15E-05 2.72E-05 4.13E-03 3.70E-02
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.59 4.28 0.03 0.00 10-Mar-09 100 100 14,000 910 100 12,000 34,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.21E-06 1.16E-05 2.20E-03 1.43E-04 1.57E-05 2.93E-03 1.82E-02
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.52 3.78 0.09 0.00 11-Mar-09 80 80 10,000 110 80 5,500 23,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.19E-05 2.77E-05 4.69E-03 5.16E-05 3.75E-05 4.00E-03 3.67E-02
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.28 2.04 0.28 0.00 11-Mar-09 500 500 72,000 500 500 6,900 1,600 0.00 0.00 0.01 0.00 0.00 0.00 0.00 4.56E-04 5.76E-04 1.12E-01 7.80E-04 7.80E-04 1.67E-02 8.49E-03
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.28 2.04 0.28 0.00 11-Mar-09 250 250 28,000 250 250 19,000 7,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.28E-04 2.88E-04 4.37E-02 3.90E-04 3.90E-04 4.60E-02 3.93E-02
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.78 5.10 0.16 0.00 11-Mar-09 2,300 1,100 6,900 70 50 9,300 8,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05E-03 6.33E-04 5.38E-03 5.46E-05 3.90E-05 1.13E-02 2.36E-02
ML-7-2 6.00 3.13 3.40 7.25 3.85 sand SC-8 0.28 3.39 0.28 0.00 09-Mar-09 50 50 230 50 50 7,900 9,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.58E-05 9.57E-05 5.97E-04 1.30E-04 1.30E-04 3.18E-02 8.74E-02
ML-7-3 8.50 3.13 7.25 9.75 2.50 sand and clay SC-8 0.52 4.08 0.09 0.00 09-Mar-09 40 40 7,500 360 40 5,900 6,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-05 1.49E-05 3.80E-03 1.82E-04 2.03E-05 4.64E-03 1.17E-02
ML-7-4 11.00 3.13 9.75 12.25 2.50 sand and clay SC-8 0.59 4.62 0.03 0.00 10-Mar-09 200 200 32,000 200 200 13,000 12,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.99E-05 2.51E-05 5.44E-03 3.40E-05 3.40E-05 3.43E-03 6.94E-03
ML-7-5 13.50 3.13 12.25 14.75 2.50 sand SC-8 0.28 2.20 0.28 0.00 10-Mar-09 500 500 64,000 500 500 2,800 6,000 0.00 0.00 0.01 0.00 0.00 0.00 0.00 4.92E-04 6.21E-04 1.08E-01 8.42E-04 8.42E-04 7.32E-03 3.44E-02
ML-7-6 16.00 3.13 14.75 17.25 2.50 sand SC-8 0.28 2.20 0.28 0.00 10-Mar-09 100 100 11,000 100 100 17,000 8,100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.85E-05 1.24E-04 1.85E-02 1.68E-04 1.68E-04 4.44E-02 4.64E-02
ML-7-7 18.50 3.13 17.25 20.00 2.75 sand and peat SC-8 0.69 5.94 0.18 0.00 10-Mar-09 5 5 89 5 5 770 7300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.45E-06 4.35E-06 1.05E-04 5.90E-06 5.90E-06 1.41E-03 2.93E-02

Total 0.00 0.00 0.04 0.00 0.00 0.02 0.02 0.01 0.00 0.36 0.00 0.00 0.29 0.60
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Post-Injection VOC & DHG Flux (g/d)Pre-Injection VOC & DHG Concentrations (µg/L) Post-Injection VOC & DHG Flux (mmol/d)Depth Interval Soil Type
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TABLE E-39: SUMMARY OF POST-INJECTION (NOVEMBER 2006 and JANUARY 2007) MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene
Pre-Injection Flux

Upgradient g/d 0.12 0.02 0.14 0.00 0.00 0.01 0.00 mmol/d 0.71 0.17 1.39 0.02 0.01 0.11 0.04
Downgradient g/d 0.01 0.00 0.12 0.00 0.00 0.01 0.00 mmol/d 0.07 0.03 1.26 0.03 0.01 0.17 0.04

Post-Injection Flux
Upgradient g/d 0.41 0.01 0.14 0.00 0.00 0.01 0.00 mmol/d 2.49 0.09 1.46 0.03 0.02 0.22 0.09
Downgradient g/d 0.01 0.00 0.06 0.00 0.00 0.05 0.01 mmol/d 0.04 0.03 0.62 0.02 0.01 0.75 0.20

Mass Flux Reduction
Pre-injection g/d 90.2% 79.7% 9.6% -53.4% 42.2% -52.1% 4.1%
Post-injecton g/d 98.4% 68.3% 57.2% 34.9% 61.0% -243.6% -119.4%

Notes:
g/d - grams per day
mmol/d - millimols per day

Plot depth 20 ft bgs
water level (assumed) 3.4 ft bgs
Normalized area 249 ft2

Pre-Injection Flux
Upgradient mg/yr/ft2 172.46 32.24 197.93 2.32 1.36 10.11 1.55 mmol/yr/ft2 1,039.95 245.39 2,041.78 23.94 14.04 161.84 54.50
Downgradient mg/yr/ft2 16.90 6.54 178.99 3.56 0.79 15.39 1.49 mmol/yr/ft2 101.91 49.75 1,846.39 36.72 8.12 246.23 52.24

Post-Injection Flux
Upgradient mg/yr/ft2 604.80 16.77 207.04 3.80 2.17 20.08 3.81 mmol/yr/ft2 3,647.11 127.62 2,135.74 39.24 22.35 321.25 133.51
Downgradient mg/yr/ft2 9.70 5.32 88.64 2.47 0.84 69.00 8.35 mmol/yr/ft2 58.50 40.48 914.38 25.53 8.72 1,103.97 292.93

Notes:
g/d - grams per day
mmol/day - millimols per day
ft bgs - feet below ground surface
ft2 - square foot
mg/yr/ft2 - milligrams per year per square foot
mmol/yr/ft2 - millimols per year per square foot
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TABLE E-40: SUMMARY OF POST-INJECTION (MARCH and JULY 2007) MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene
Pre-Injection Flux

Upgradient g/d 0.12 0.02 0.14 0.00 0.00 0.01 0.00 mmol/d 0.71 0.17 1.39 0.02 0.01 0.11 0.04
Downgradient g/d 0.01 0.00 0.12 0.00 0.00 0.01 0.00 mmol/d 0.07 0.03 1.26 0.03 0.01 0.17 0.04

Post-Injection Flux
Upgradient g/d 0.15 0.01 0.14 0.00 0.00 0.03 0.0 mmol/d 0.92 0.07 1.47 0.03 0.02 0.48 0.16
Downgradient g/d 0.00 0.00 0.04 0.00 0.00 0.04 0.0 mmol/d 0.00 0.00 0.42 0.01 0.00 0.64 0.35

Mass Flux Reduction
Pre-injection g/d 90.2% 79.7% 9.6% -53.4% 42.2% -52.1% 4.1%
Post-injecton g/d 99.6% 94.6% 71.3% 71.8% 81.3% -32.5% -44.2%

Notes:
g/d - grams per day

Plot depth 20 ft bgs
water level (assumed) 3.4 ft bgs
Normalized area 249 ft2

Pre-Injection Flux
Upgradient mg/yr/ft2 172.46 32.24 197.93 2.32 1.36 10.11 1.55 mmol/yr/ft2 1,039.95 245.39 2,041.78 23.94 14.04 161.84 54.50
Downgradient mg/yr/ft2 16.90 6.54 178.99 3.56 0.79 15.39 1.49 mmol/yr/ft2 101.91 49.75 1,846.39 36.72 8.12 246.23 52.24

Post-Injection Flux
Upgradient mg/yr/ft2 222.72 13.14 208.20 3.75 3.24 43.94 17.46 mmol/yr/ft2 1,343.06 99.98 2,147.75 38.66 33.43 703.10 240.53
Downgradient mg/yr/ft2 0.95 0.70 59.82 1.06 0.61 58.21 25.17 mmol/yr/ft2 5.74 5.35 617.13 10.91 6.26 931.42 513.54

Notes:
g/d - grams per day
mmol/day - millimols per day
ft bgs - feet below ground surface
ft2 - square foot
mg/yr/ft2 - milligrams per year per square foot
mmol/yr/ft2 - millimols per year per square foot
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TABLE E-41: SUMMARY OF POST-INJECTION (JANUARY and JULY 2008) MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene
Pre-Injection Flux

Upgradient g/d 0.12 0.02 0.14 0.00 0.00 0.01 0.00 mmol/d 0.71 0.17 1.39 0.02 0.01 0.11 0.04
Downgradient g/d 0.01 0.00 0.12 0.00 0.00 0.01 0.00 mmol/d 0.07 0.03 1.26 0.03 0.01 0.17 0.04

Post-Injection Flux
Upgradient g/d 0.16 0.01 0.15 0.00 0.00 0.08 0.01 mmol/d 0.98 0.08 1.54 0.03 0.02 1.22 0.32
Downgradient g/d 0.00 0.00 0.04 0.00 0.00 0.02 0.02 mmol/d 0.00 0.01 0.44 0.01 0.00 0.40 0.84

Mass Flux Reduction
Pre-injection g/d 90.2% 79.7% 9.6% -53.4% 42.2% -52.1% 4.1%
Post-injecton g/d 99.6% 89.7% 71.3% 84.0% 86.6% 67.2% -165.8%

Notes:
g/d - grams per day

Plot depth 20 ft bgs
water level (assumed) 3.4 ft bgs
Normalized area 249 ft2

Pre-Injection Flux
Upgradient mg/yr/ft2 172.46 32.24 197.93 2.32 1.36 10.11 1.55 mmol/yr/ft2 1,039.95 245.39 2,041.78 23.94 14.04 161.84 54.50
Downgradient mg/yr/ft2 16.90 6.54 178.99 3.56 0.79 15.39 1.49 mmol/yr/ft2 101.91 49.75 1,846.39 36.72 8.12 246.23 52.24

Post-Injection Flux
Upgradient mg/yr/ft2 237.35 15.37 218.86 4.76 2.55 111.36 13.28 mmol/yr/ft2 1,431.31 117.01 2,257.73 49.10 26.34 1,781.76 466.02
Downgradient mg/yr/ft2 1.05 1.58 62.80 0.76 0.34 36.49 35.30 mmol/yr/ft2 6.34 12.06 647.78 7.85 3.52 583.91 1,238.64

Notes:
g/d - grams per day
mmol/day - millimols per day
ft bgs - feet below ground surface
ft2 - square foot
mg/yr/ft2 - milligrams per year per square foot
mmol/yr/ft2 - millimols per year per square foot
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TABLE E-42: SUMMARY OF POST-DEMONSTRATION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 5 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene
Pre-Injection Flux

Upgradient g/d 0.12 0.02 0.14 0.00 0.00 0.01 0.00 mmol/d 0.71 0.17 1.39 0.02 0.01 0.11 0.04
Downgradient g/d 0.01 0.00 0.12 0.00 0.00 0.01 0.00 mmol/d 0.07 0.03 1.26 0.03 0.01 0.17 0.04

Post-Injection Flux
Upgradient g/d 0.15 0.01 0.14 0.00 0.00 0.03 0.0 mmol/d 0.87 0.15 1.15 0.03 0.02 0.54 0.42
Downgradient g/d 0.00 0.00 0.04 0.00 0.00 0.04 0.0 mmol/d 0.01 0.00 0.36 0.00 0.00 0.29 0.60

Mass Flux Reduction
Pre-injection % 90.2% 79.7% 9.6% -53.4% 42.2% -52.1% 4.1%
Post-injecton % 99.6% 94.6% 71.3% 71.8% 81.3% -32.5% -44.2%

Notes:
g/d - grams per day

Plot depth 20 ft bgs
water level (assumed) 3.4 ft bgs
Normalized area 249 ft2

Pre-Injection Flux
Upgradient mg/yr/ft2 172.46 32.24 197.93 2.32 1.36 10.11 1.55 mmol/yr/ft2 1,039.95 245.39 2,041.78 23.94 14.04 161.84 54.50
Downgradient mg/yr/ft2 16.90 6.54 178.99 3.56 0.79 15.39 1.49 mmol/yr/ft2 101.91 49.75 1,846.39 36.72 8.12 246.23 52.24

Post-Injection Flux
Upgradient mg/yr/ft2 222.72 13.14 208.20 3.75 3.24 43.94 17.46 mmol/yr/ft2 1,271.60 217.24 1,690.88 39.77 28.50 796.16 612.67
Downgradient mg/yr/ft2 0.95 0.70 59.82 1.06 0.61 58.21 25.17 mmol/yr/ft2 15.44 6.96 531.24 6.20 4.75 422.00 883.18

Notes:
g/d - grams per day
mmol/day - millimols per day
ft bgs - feet below ground surface
ft2 - square foot
mg/yr/ft2 - milligrams per year per square foot
mmol/yr/ft2 - millimols per year per square foot
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TABLE E-43: CALCULATION OF PRE-INJECTION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 3 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.283464567 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.000283465 0.0026
peat 0.844 0.141732283 0.0026

Well ID Screen Width Thickness Weighted Effective Area K GW Velocity
Midpoint Top Bottom from Porosity PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.350 11.43 0.23 0.00 Oct-06 50 50 23,000 810 50 9,900 1400 0.00 0.00 0.01 0.00 0.00 0.01 0.00 1.64E-04 2.07E-04 1.29E-01 4.55E-03 2.81E-04 8.62E-02 2.67E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.625 11.72 0.00 0.00 Oct-06 50 78 3,400 410 50 6,700 820 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-07 2.32E-07 1.37E-05 1.66E-06 2.02E-07 4.19E-05 1.13E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.522 9.78 0.09 0.00 Aug-06 50 10 4,300 140 10 870 220 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55E-05 8.96E-06 5.22E-03 1.70E-04 1.21E-05 1.64E-03 9.08E-04
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.281 5.27 0.28 0.00 Oct-06 11 1 14 18 1 120 340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.60E-05 2.98E-06 5.65E-05 7.27E-05 4.04E-06 7.51E-04 4.67E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.281 5.27 0.28 0.00 Aug-06 3 3 440 15 3 65 7.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-06 8.34E-06 1.78E-03 6.05E-05 1.01E-05 4.07E-04 1.08E-04
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.781 13.19 0.16 0.00 Oct-06 10 1 100 4 1 43 2.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-05 1.49E-06 2.02E-04 8.07E-06 2.02E-06 1.35E-04 1.99E-05
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.281 8.11 0.28 0.00 Aug-06 6,500 9,800 160,000 850 500 1,200 170 0.00 0.01 0.10 0.00 0.00 0.00 0.00 2.36E-02 4.49E-02 9.95E-01 5.28E-03 3.11E-03 1.16E-02 3.59E-03
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.522 9.78 0.09 0.00 Oct-06 7,300 11,000 92,000 500 500 500 210 0.00 0.00 0.01 0.00 0.00 0.00 0.00 5.18E-03 9.85E-03 1.12E-01 6.07E-04 6.07E-04 9.41E-04 8.67E-04
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.591 11.07 0.03 0.00 Aug-06 49,000 36,000 23,000 320 250 460 110 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.17E-02 1.08E-02 9.37E-03 1.30E-04 1.02E-04 2.91E-04 1.52E-04
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.281 5.27 0.28 0.00 Oct-06 180,000 4,700 3,100 500 500 500 2.3 0.07 0.00 0.00 0.00 0.00 0.00 0.00 4.25E-01 1.40E-02 1.25E-02 2.02E-03 2.02E-03 3.13E-03 3.16E-05
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.281 5.27 0.28 0.00 Aug-06 46,000 21,000 5,200 500 500 500 4.2 0.02 0.01 0.00 0.00 0.00 0.00 0.00 1.09E-01 6.25E-02 2.10E-02 2.02E-03 2.02E-03 3.13E-03 5.77E-05
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.690 14.24 0.18 0.00 Oct-06 82,000 12,000 38,000 500 500 500 3.3 0.02 0.00 0.01 0.00 0.00 0.00 0.00 1.35E-01 2.50E-02 1.07E-01 1.41E-03 1.41E-03 2.19E-03 3.17E-05

Total 0.12 0.02 0.14 0.00 0.00 0.01 0.00 0.71 0.17 1.39 0.02 0.01 0.11 0.04

Downgradient wells ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.281 3.94 0.28 0.00 Aug-06 200 200 58,000 1,500 200 9,200 480 0.00 0.00 0.02 0.00 0.00 0.00 0.00 3.53E-04 4.45E-04 1.75E-01 4.52E-03 6.03E-04 4.30E-02 4.92E-03
ML-4-3 9.00 3.22 7.75 10.25 2.50 sand and clay SC-3 0.556 4.48 0.06 0.00 Oct-06 100 1,400 49,000 2,000 100 7,200 1000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03E-05 3.59E-04 1.71E-02 6.96E-04 3.48E-05 3.89E-03 1.18E-03
ML-4-4 11.50 3.22 10.25 12.75 2.50 sand SC-3 0.281 2.26 0.00 0.00 Aug-06 200 200 31,000 910 200 3,700 500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03E-07 2.56E-07 5.37E-05 1.58E-06 3.47E-07 9.95E-06 2.95E-06
ML-4-5 14.00 3.22 12.75 15.25 2.50 sand SC-3 0.281 2.26 0.28 0.00 Oct-06 2,800 3,100 8,800 140 25 1,200 49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.84E-03 3.96E-03 1.53E-02 2.43E-04 4.33E-05 3.23E-03 2.89E-04
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.281 2.26 0.28 0.00 Aug-06 50 50 5,100 64 50 280 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-05 6.39E-05 8.84E-03 1.11E-04 8.67E-05 7.53E-04 2.00E-04
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.781 5.66 0.16 0.00 Oct-06 7 5 990 19 5 200 9.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.44E-06 3.20E-06 8.58E-04 1.65E-05 4.33E-06 2.69E-04 2.80E-05
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.281 3.31 0.28 0.00 Aug-06 380 250 100,000 1,700 250 1,300 58 0.00 0.00 0.02 0.00 0.00 0.00 0.00 5.64E-04 4.68E-04 2.54E-01 4.31E-03 6.34E-04 5.12E-03 5.01E-04
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.556 3.77 0.06 0.00 Aug-06 1,300 500 130,000 4,100 500 5,700 690 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.23E-04 1.08E-04 3.81E-02 1.20E-03 1.46E-04 2.59E-03 6.87E-04
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.281 1.90 0.00 0.00 Aug-06 340 960 31,000 440 200 400 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.90E-07 1.03E-06 4.52E-05 6.42E-07 2.92E-07 9.05E-07 2.73E-07
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.281 1.90 0.28 0.00 Aug-06 140 350 34,000 270 100 160 14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.19E-04 3.77E-04 4.96E-02 3.94E-04 1.46E-04 3.62E-04 6.95E-05
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.281 1.90 0.28 0.00 Aug-06 50 50 11,000 120 50 110 7.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.26E-05 5.38E-05 1.60E-02 1.75E-04 7.29E-05 2.49E-04 3.87E-05
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.781 4.76 0.16 0.00 Aug-06 10 10 1,800 28 10 30 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.26E-06 5.38E-06 1.31E-03 2.04E-05 7.29E-06 3.39E-05 2.48E-05
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.281 3.54 0.28 0.00 Aug-06 500 500 90,000 1,300 500 760 18 0.00 0.00 0.02 0.00 0.00 0.00 0.00 7.94E-04 1.00E-03 2.44E-01 3.53E-03 1.36E-03 3.20E-03 1.66E-04
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.591 4.28 0.03 0.00 Oct-06 3,500 10,000 71,000 2,200 250 1,900 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.22E-04 1.16E-03 1.12E-02 3.46E-04 3.94E-05 4.64E-04 8.57E-06
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.522 3.78 0.09 0.00 Aug-06 210 2,200 26,000 260 200 200 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.76E-05 7.62E-04 1.22E-02 1.22E-04 9.39E-05 1.46E-04 2.55E-05
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.281 2.04 0.28 0.00 Oct-06 39,000 6,900 15,000 250 250 250 1.2 0.01 0.00 0.00 0.00 0.00 0.00 0.00 3.56E-02 7.95E-03 2.34E-02 3.90E-04 3.90E-04 6.05E-04 6.37E-06
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.281 2.04 0.28 0.00 Aug-06 100 280 12,000 110 100 100 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.12E-05 3.22E-04 1.87E-02 1.72E-04 1.56E-04 2.42E-04 2.65E-05
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.781 5.10 0.16 0.00 Oct-06 10 10 2,200 41 10 68 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.56E-06 5.76E-06 1.72E-03 3.20E-05 7.80E-06 8.23E-05 1.99E-06

Total 0.01 0.00 0.09 0.00 0.00 0.00 0.00 0.04 0.02 0.89 0.02 0.00 0.06 0.01
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Post-Injection VOC & DHG Flux (mmol/d)Depth Interval Soil Type Pre-Injection VOC Flux (g/d)Pre-Injection VOC & DHG Concentrations (µg/L)
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TABLE E-44: CALCULATION OF POST-DEMONSTRATION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 3 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Water level (assumed) 3.4 ft bgs Post-injection
Soil Type Porositya Kb Gradientc a - porosity estimates from SC-9 results

(ft/d) ft/ft b - assumed from literature search
sand 0.281 0.2834646 0.0026 c - gradient from RI (median of Nov 2001 gradients)
clay 0.625 0.0002835 0.0026
peat 0.844 0.1417323 0.0026

Well ID Screen Width Thickness Weighted Effective Area K GW Velocity
Midpoint Top Bottom from Porosity PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene PCE TCE cDCE tDCE 1,1-DCE VC Ethene

(ft) (ft) (ft) (ft) (ft) SC (ft2) (ft/d) (ft/d) Sample Event
Upgradient wells ML-1-2 6.50 7.50 3.40 7.75 4.35 sand and clay SC-9 0.35 11.43 0.23 0.00 07-Mar-09 500 500 70,000 1,700 500 12,000 1,700 0.00 0.00 0.04 0.00 0.00 0.01 0.00 1.64E-03 2.07E-03 3.93E-01 9.54E-03 2.81E-03 1.04E-01 3.25E-02

ML-1-3 9.00 7.50 7.75 10.25 2.50 clay SC-9 0.63 11.72 0.00 0.00 07-Mar-09 100 100 16,000 790 100 6,900 1,200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.36E-07 2.98E-07 6.46E-05 3.19E-06 4.04E-07 4.32E-05 1.65E-05
ML-1-4 11.50 7.50 10.25 12.75 2.50 clay and sand SC-9 0.52 9.78 0.09 0.00 09-Mar-09 20 20 3,000 200 20 2,000 380 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.42E-05 1.79E-05 3.64E-03 2.43E-04 2.43E-05 3.77E-03 1.57E-03
ML-1-5 14.00 7.50 12.75 15.25 2.50 sand SC-9 0.28 5.27 0.28 0.00 09-Mar-09 10 10 1,900 120 10 1,200 240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.36E-05 2.98E-05 7.67E-03 4.84E-04 4.04E-05 7.51E-03 3.30E-03
ML-1-6 16.50 7.50 15.25 17.75 2.50 sand SC-9 0.28 5.27 0.28 0.00 09-Mar-09 25 43 3,100 57 25 280 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.90E-05 1.28E-04 1.25E-02 2.30E-04 1.01E-04 1.75E-03 3.84E-04
ML-1-7 19.00 7.50 17.75 20.00 2.25 sand and peat SC-9 0.78 13.19 0.16 0.00 09-Mar-09 1 4.5 170 8.2 1 65 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18E-06 6.70E-06 3.43E-04 1.66E-05 2.02E-06 2.03E-04 1.17E-04
ML-2-2 6.00 7.50 3.40 7.25 3.85 sand SC-7 0.28 8.11 0.28 0.00 05-Mar-09 510 500 66,000 500 500 35,000 16,000 0.00 0.00 0.04 0.00 0.00 0.02 0.01 1.85E-03 2.29E-03 4.10E-01 3.11E-03 3.11E-03 3.37E-01 3.38E-01
ML-2-3 8.50 7.50 7.25 9.75 2.50 sand and clay SC-7 0.52 9.78 0.09 0.00 05-Mar-09 250 250 59,000 330 250 25,000 6,100 0.00 0.00 0.01 0.00 0.00 0.00 0.00 1.77E-04 2.24E-04 7.16E-02 4.01E-04 3.03E-04 4.71E-02 2.52E-02
ML-2-4 11.00 7.50 9.75 12.25 2.50 clay and sand SC-7 0.59 11.07 0.03 0.00 06-Mar-09 250 580 59,000 360 250 19,000 4,600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.95E-05 1.74E-04 2.40E-02 1.47E-04 1.02E-04 1.20E-02 6.37E-03
ML-2-5 13.50 7.50 12.25 14.75 2.50 sand SC-7 0.28 5.27 0.28 0.00 06-Mar-09 110,000 29,000 12,000 1,000 1,000 1,700 160 0.04 0.01 0.00 0.00 0.00 0.00 0.00 2.60E-01 8.64E-02 4.84E-02 4.04E-03 4.04E-03 1.06E-02 2.20E-03
ML-2-6 16.00 7.50 14.75 17.25 2.50 sand SC-7 0.28 5.27 0.28 0.00 06-Mar-09 130,000 10,000 22,000 1,300 1,300 2,000 370 0.05 0.00 0.01 0.00 0.00 0.00 0.00 3.07E-01 2.98E-02 8.88E-02 5.25E-03 5.25E-03 1.25E-02 5.08E-03
ML-2-7 18.50 7.50 17.25 20.00 2.75 sand and peat SC-7 0.69 14.24 0.18 0.00 06-Mar-09 180,000 13,000 33,000 1,300 1,300 1,300 310 0.05 0.00 0.01 0.00 0.00 0.00 0.00 2.97E-01 2.71E-02 9.32E-02 3.67E-03 3.67E-03 5.70E-03 2.98E-03

Total 0.14 0.02 0.11 0.00 0.00 0.03 0.01 0.87 0.15 1.15 0.03 0.02 0.54 0.42

Downgradient wells ML-4-2 6.50 3.22 3.40 7.75 4.35 sand SC-3 0.28 3.94 0.28 0.00 11-Mar-09 2.5 2.5 68 33 2.5 490 2100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.41E-06 5.56E-06 2.05E-04 9.95E-05 7.54E-06 2.29E-03 2.15E-02
ML-4-3 9.00 3.22 7.75 10.25 2.50 sand and clay SC-3 0.56 4.48 0.06 0.00 11-Mar-09 50 50 7,200 690 50 8,600 2,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02E-05 1.28E-05 2.51E-03 2.40E-04 1.74E-05 4.64E-03 3.43E-03
ML-4-4 11.50 3.22 10.25 12.75 2.50 sand SC-3 0.28 2.26 0.00 0.00 12-Mar-09 5 5 530 69 5 970 340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-09 6.39E-09 9.19E-07 1.20E-07 8.67E-09 2.61E-06 2.00E-06
ML-4-5 14.00 3.22 12.75 15.25 2.50 sand SC-3 0.28 2.26 0.28 0.00 12-Mar-09 5 63 800 29 5 740 360 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-06 8.06E-05 1.39E-03 5.03E-05 8.67E-06 1.99E-03 2.12E-03
ML-4-6 16.50 3.22 15.25 17.75 2.50 sand SC-3 0.28 2.26 0.28 0.00 12-Mar-09 5 13 480 21 5 1,200 400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07E-06 1.66E-05 8.32E-04 3.64E-05 8.67E-06 3.23E-03 2.36E-03
ML-4-7 19.00 3.22 17.75 20.00 2.25 sand and peat SC-3 0.78 5.66 0.16 0.00 12-Mar-09 2.5 2.5 10 3.7 2.5 330 130 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.27E-06 1.60E-06 8.67E-06 3.21E-06 2.17E-06 4.44E-04 3.83E-04
ML-5-2 6.50 2.71 3.40 7.75 4.35 sand SC-3 0.28 3.31 0.28 0.00 06-Mar-09 100 100 100 110 100 12,000 16,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.48E-04 1.87E-04 2.54E-04 2.79E-04 2.54E-04 4.72E-02 1.38E-01
ML-5-3 9.00 2.71 7.75 10.25 2.50 sand and clay SC-3 0.56 3.77 0.06 0.00 06-Mar-09 200 200 4,200 720 200 15,000 29,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.42E-05 4.32E-05 1.23E-03 2.11E-04 5.86E-05 6.81E-03 2.89E-02
ML-5-4 11.50 2.71 10.25 12.75 2.50 sand SC-3 0.28 1.90 0.00 0.00 07-Mar-09 25 25 13,000 120 25 4,900 20,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.13E-08 2.69E-08 1.90E-05 1.75E-07 3.65E-08 1.11E-05 9.92E-05
ML-5-5 14.00 2.71 12.75 15.25 2.50 sand SC-3 0.28 1.90 0.28 0.00 07-Mar-09 200 200 25,000 200 200 10,000 980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.71E-04 2.15E-04 3.65E-02 2.92E-04 2.92E-04 2.26E-02 4.86E-03
ML-5-6 16.50 2.71 15.25 17.75 2.50 sand SC-3 0.28 1.90 0.28 0.00 07-Mar-09 50 50 8,300 76 50 7,900 2,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.26E-05 5.38E-05 1.21E-02 1.11E-04 7.29E-05 1.79E-02 9.92E-03
ML-5-7 19.00 2.71 17.75 20.00 2.25 sand and peat SC-3 0.78 4.76 0.16 0.00 07-Mar-09 3,400 680 1,400 25 25 2,100 4,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.45E-03 3.66E-04 1.02E-03 1.82E-05 1.82E-05 2.38E-03 1.09E-02
ML-6-2 6.50 2.90 3.40 7.75 4.35 sand SC-8 0.28 3.54 0.28 0.00 10-Mar-09 10 10 33 30 10 980 4000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.59E-05 2.00E-05 8.96E-05 8.15E-05 2.72E-05 4.13E-03 3.70E-02
ML-6-3 9.00 2.90 7.75 10.25 2.50 sand and clay SC-8 0.59 4.28 0.03 0.00 10-Mar-09 100 100 14,000 910 100 12,000 34,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.21E-06 1.16E-05 2.20E-03 1.43E-04 1.57E-05 2.93E-03 1.82E-02
ML-6-4 11.50 2.90 10.25 12.75 2.50 sand and clay SC-8 0.52 3.78 0.09 0.00 11-Mar-09 80 80 10,000 110 80 5,500 23,000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.19E-05 2.77E-05 4.69E-03 5.16E-05 3.75E-05 4.00E-03 3.67E-02
ML-6-5 14.00 2.90 12.75 15.25 2.50 sand SC-8 0.28 2.04 0.28 0.00 11-Mar-09 500 500 72,000 500 500 6,900 1,600 0.00 0.00 0.01 0.00 0.00 0.00 0.00 4.56E-04 5.76E-04 1.12E-01 7.80E-04 7.80E-04 1.67E-02 8.49E-03
ML-6-6 16.50 2.90 15.25 17.75 2.50 sand SC-8 0.28 2.04 0.28 0.00 11-Mar-09 250 250 28,000 250 250 19,000 7,400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.28E-04 2.88E-04 4.37E-02 3.90E-04 3.90E-04 4.60E-02 3.93E-02
ML-6-7 19.00 2.90 17.75 20.00 2.25 sand and peat SC-8 0.78 5.10 0.16 0.00 11-Mar-09 2,300 1,100 6,900 70 50 9,300 8,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05E-03 6.33E-04 5.38E-03 5.46E-05 3.90E-05 1.13E-02 2.36E-02

Total 0.00 0.00 0.02 0.00 0.00 0.01 0.01 0.00 0.00 0.22 0.00 0.00 0.19 0.39
Notes:
ft bgs - feet below ground surface
ft - feet
ft/d - feet per day
ft2 - square foot
µg/L - micrograms per liter
g/d - grams per day
mmol/day - millimols per day
Bold inidcates detected parameter; non-bold is quantitation limit

Post-Injection VOC & DHG Flux (g/d) Post-Injection VOC & DHG Flux (mmol/d)Pre-Injection VOC & DHG Concentrations (µg/L)Depth Interval Soil Type
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TABLE E-45: SUMMARY OF POST-DEMONSTRATION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - 3 WELLS
Parris Island, South Carolina

Geosyntec Consultants

Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene Units PCE TCE cDCE tDCE 1,1-DCE VC Ethene
Pre-Injection Flux

Upgradient g/d 0.12 0.02 0.14 0.00 0.00 0.01 0.00 mmol/d 0.71 0.17 1.39 0.02 0.01 0.11 0.04
Downgradient g/d 0.01 0.00 0.09 0.00 0.00 0.00 0.00 mmol/d 0.04 0.02 0.89 0.02 0.00 0.06 0.01

Post-Injection Flux
Upgradient g/d 0.14 0.02 0.11 0.00 0.00 0.03 0.01 mmol/d 0.87 0.15 1.15 0.03 0.02 0.54 0.42
Downgradient g/d 0.00 0.00 0.02 0.00 0.00 0.01 0.01 mmol/d 0.00 0.00 0.22 0.00 0.00 0.19 0.39

Mass Flux Reduction
Pre-injection g/d 94.2% 89.8% 36.3% 0.2% 60.1% 41.8% 78.0%
Post-injecton g/d 99.6% 98.3% 80.5% 89.5% 89.6% 64.2% 7.7%

Notes:
g/d - grams per day

Treatment depth 20 ft
Treatment width1 8.83 ft
Normalized area 146.6 ft2

Pre-Injection Flux
Upgradient mg/yr/ft2 292.96 54.77 336.23 3.94 2.31 17.18 2.64 mmol/yr/ft2 1,766.62 416.86 3,468.47 40.66 23.84 274.92 92.57
Downgradient mg/yr/ft2 16.96 5.58 214.23 3.93 0.92 10.00 0.58 mmol/yr/ft2 102.27 42.45 2,209.94 40.56 9.52 160.03 20.38

Post-Injection Flux
Upgradient mg/yr/ft2 358.22 48.49 278.45 6.55 4.69 84.53 29.66 mmol/yr/ft2 2,160.14 369.03 2,872.39 67.56 48.42 1,352.48 1,040.77
Downgradient mg/yr/ft2 1.51 0.83 54.19 0.69 0.49 30.28 27.39 mmol/yr/ft2 9.09 6.32 559.00 7.08 5.05 484.45 961.02

Notes:
g/d - grams per day
mmol/day - millimols per day
ft bgs - feet below ground surface
ft2 - square foot
mg/yr/ft2 - milligrams per year per square foot
mmol/yr/ft2 - millimols per year per square foot
1 - treatment width calculated as sum of following assumed effective cross sectional areas (perpendicular to groundwater flow) for each multilevel well; ML-4, 3.22 ft; ML-5, 2.71 ft; ML-6, 2.90
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TABLE E-46: CALCULATION OF PRE-INJECTION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - INTEGRAL PUMP TEST
Parris Island, South Carolina

Geosyntec Consultants

Parameter Symbol Units Value
Flow Q gpm 1.25 average flow during IPT

ft3/min 0.167
Aquifer thickness b ft 16.6 water table at 3.4 ft bgs (measured before pump test); assume bottom of aquifer at 20 ft bgs (at clay aquitard)
Effective porosity n e 0.410 weighted porosity for PMW-3 screened interval (porosities from SC-9 results)
Hydraulic conductivity k ft/d 15.3 from RI/RFI for site /SWMU45 (Tetra Tech NUS, 2004a); pump test results from Oct 2001

ft/min 0.010625
Hydraulic gradient ∇h ft/ft 0.0026 from RI/RFI for site /SWMU45 (Tetra Tech NUS, 2004a); median of Nov 2001 gradients

Parameter increment time capture zone 
radius

streamtube 
width

streamtube 
flowrate

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc for 
time ti

Symbol i t r(t) Δr i Q i Cp i Cx i Cp i Cx i Cp i Cx i Cp i Cx i Cp i Cx i

Units -- (min) (ft) (ft) gpm µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
1 15 0.342273072 0.342273072 0.000156958 26000 26000.0 12000 12000.0 28000 28000.0 2000 2000.0 78 78.0
2 30 0.48404722 0.141774148 6.50141E-05 19000 12000.0 8900 5800.0 19000 10000.0 1300 600.0 79 80.0
3 60 0.684546143 0.200498923 9.19438E-05 20000 18666.7 9200 8466.7 17000 12000.0 1200 866.7 78 77.3
4 120 0.96809444 0.283548297 0.000130028 20000 19336.3 8900 8258.4 15000 11051.4 1200 1067.0 79 79.8
5 240 1.369092286 0.400997847 0.000183888 19000 17673.4 8800 8435.0 14000 11445.4 1000 738.9 67 55.3
6 480 1.93618888 0.567096593 0.000260056 20000 20503.2 8500 8042.0 13000 10951.4 1100 1103.6 79 87.1
7 720 2.3713374 0.435148521 0.000199548 19000 17611.0 7900 6739.8 10000 4279.1 870 502.9 78 79.7
8 960 2.738184573 0.366847173 0.000168227 19000 18356.7 7400 5816.6 10000 7123.8 850 633.5 84 97.2

PCE TCE cis-1,2-DCE VC Ethene
g/d g/d g/d g/d g/d

0.3328 0.1536 0.3584 0.0256 0.0010
0.0636 0.0308 0.0530 0.0032 0.0004
0.1400 0.0635 0.0900 0.0065 0.0006
0.2050 0.0876 0.1172 0.0113 0.0008
0.2650 0.1265 0.1716 0.0111 0.0008
0.4348 0.1706 0.2323 0.0234 0.0018
0.2866 0.1097 0.0696 0.0082 0.0013
0.2518 0.0798 0.0977 0.0087 0.0013

Total 1.98 0.82 1.19 0.10 0.01

Normalized area1 90.9 ft2

Mass flux (mg/yr/ft2) 7948.84 3300.16 4777.40 393.30 32.74
Mass flux (mmol/yr/ft2) 47.93 25.12 49.28 6.29 1.15

PMW-3 Screened Interval Posority Calculation2

Soil Type Thickness Weighted

Mass Flux [MF ]

EtheneVCPCE TCE cis-1,2-DCE
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Soil Type Thickness 
(ft)

Weighted 
Porosity

sand 10 0.187
clay 4 0.167
peat 1 0.056 where N = number of data points (8)

15 0.410

Notes:
gpm - gallons per minute
ft3/min - cubic feet per minute
ft - feet
ft bgs - feet below ground surface
ft/d - feet per day
ft/min - feet per minute
min - minute
mmol/day - millimols per day
µg/L - micrograms per liter
g/d - grams per day
ft2 - square foot
mg/yr/ft2 - milligrams per year per square foot
mmol/yr/ft2 - millimols per year per square foot
1 - normalized area calculated as capture zone witdh multiplied by aquifer thickness
2 - PMW-3 screened interval porosity calculated using porosity values from SC-9 soil types
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TABLE E-47: CALCULATION OF POST-DEMONSTRATION MASS FLUX ESTIMATES FOR PNEUMATIC INJECTION TEST PLOT - INTEGRAL PUMP TEST
Parris Island, South Carolina

Geosyntec Consultants

Parameter Symbol Units Value
Flow Q gpm 1 average flow during IPT

ft3/min 0.134
Aquifer thickness b ft 16.6 water table assumed to be at 3.4 ft bgs (same as baseline IPT); assume bottom of aquifer at 20 ft bgs (at clay aquitard)
Effective porosity n e 0.410 weighted porosity for PMW-3 screened interval (porosities from SC-9 results)
Hydraulic conductivity k ft/d 15.3 from RI/RFI for site /SWMU45 (Tetra Tech NUS, 2004a); pump test results from Oct 2001

ft/min 0.011
Hydraulic gradient ∇h ft/ft 0.0026 from RI/RFI for site /SWMU45 (Tetra Tech NUS, 2004a); median of Nov 2001 gradients

Parameter increment time capture zone 
radius

streamtube 
width

streamtube 
flowrate

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

conc at 
pumping 

well

avg conc 
for time ti

Symbol i t r(t) Δr i Q i Cp i Cx i Cp i Cx i Cp i Cx i Cp i Cx i Cp i Cx i

Units -- (min) (ft) (ft) gpm µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
1 15 0.306138342 0.306138342 0.000140387 880 880.0 940 940.0 13000 13000.0 5000 5000.0 1400 1400.0
2 30 0.432944995 0.126806653 5.81504E-05 790 700.0 810 680.0 14000 15000.0 4200 3400.0 1400 1400.0
3 60 0.612276684 0.179331689 8.2237E-05 570 320.0 640 426.7 15000 16333.3 3900 3333.3 1300 1200.0
4 120 0.86588999 0.253613306 0.000116301 380 103.8 490 264.8 14000 13475.8 3100 2086.1 1300 1266.7
5 240 1.224553368 0.358663378 0.000164474 260 39.3 350 127.1 15000 15876.1 3100 2737.0 1300 1285.8
6 480 1.731779981 0.507226613 0.000232601 220 95.2 300 166.3 19000 23290.8 3700 4139.6 1400 1493.3
7 720 2.12098865 0.389208669 0.000178481 180 51.3 230 51.2 23000 31159.8 3000 2086.3 1500 1695.9
8 960 2.449106736 0.328118086 0.000150467 160 46.5 220 102.8 24000 30107.5 3100 2891.8 1400 1297.1

PCE TCE cis-1,2-DCE VC Ethene
g/d g/d g/d g/d g/d

0.0101 0.0108 0.1488 0.0572 0.0160
0.0033 0.0032 0.0711 0.0161 0.0066
0.0021 0.0029 0.1095 0.0224 0.0080
0.0010 0.0025 0.1278 0.0198 0.0120
0.0005 0.0017 0.2130 0.0367 0.0172
0.0018 0.0032 0.4418 0.0785 0.0283
0.0007 0.0007 0.4535 0.0304 0.0247
0.0006 0.0013 0.3694 0.0355 0.0159

Total 0.02 0.03 1.94 0.30 0.13

Normalized area1 81.3 ft2

Mass flux (mg/yr/ft2) 90.57 117.73 8686.53 1331.42 578.65
Mass flux (mmol/yr/ft2) 0.55 0.90 89.61 21.30 20.30

PMW-3 Screened Interval Posority Calculation2

Soil Type Thickness Weighted

Mass Flux [MF ]

EtheneVCPCE TCE cis-1,2-DCE
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ORP and pH Trends at ML-7-2

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at ML-7-3

Site 45, Parris Island MCRD, Parris Island, SC

Figure

E-43

2

3

4

5

6

7

8

9

10

11

12

Jan-06 Apr-06 Jul-06 Oct-06 Jan-07 Apr-07 Jul-07 Oct-07 Jan-08 Apr-08 Jul-08 Oct-08 Jan-09 Apr-09 Jul-09 Oct-09

Date Sampled

p
H

 (
st

d
. u

ni
ts

)

-450

-400

-350

-300

-250

-200

-150

-100

-50

0

50

100

150

200

O
xi

d
a

tio
n-

Re
d

uc
tio

n 
Po

te
nt

ia
l (

m
V

)

EZVI Injected

pH, field

Oxidation-Reduction Potential, field

Notes: 
mV - millivolts
std. units - standard units



P
:\

P
R

J\
P

ro
je

c
ts

\
TR

01
73

_E
ST

C
P

_E
ZV

I_
D

e
m

o
\

Ta
sk

 1
 -

 S
ite

 S
e

le
c

tio
n

 S
ta

rt
u

p
\

P
a

rr
is

 Is
la

n
d

\
D

a
ta

b
a

se
&

G
IS

\
O

u
tp

u
ts

\
[F

P
 T

im
e

Tr
e

n
d

P
lo

ts
_2

00
91

11
3.

xl
s]

ST
A

R
T

Guelph November 2009

ORP and pH Trends at ML-7-4

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at ML-7-5

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at ML-7-6

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at ML-7-7

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at PMW-1

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at PMW-2

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at PMW-3

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at PMW-4

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at PMW-5

Site 45, Parris Island MCRD, Parris Island, SC
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ORP and pH Trends at PMW-6

Site 45, Parris Island MCRD, Parris Island, SC
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Page 1 of 2

Laboratory: General Parameters Report Date: 07/17/06

Technical Directive: 3GP894HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Field Blank 3446-1 7/6-7/11/06 BQL (0.498) 1 ND 1

PMW-1 3446-2 7/6-7/11/06 54.2 1 BQL (10.9) 1

PMW-2 3446-3 7/6-7/11/06 65.5 1 BQL (18.9) 1

PMW-6 3446-4 7/6-7/11/06 56.8 1 BQL (15.1) 1

PMW-3 3446-5 7/6-7/11/06 63.6 1 23.8 1

PMW-4 3446-6 7/6-7/11/06 61.9 1 BQL (18.6) 1

PMW-5 3446-7 7/6-7/11/06 62.3 1 BQL (16.0) 1

ML1-3 3446-8 7/6-7/11/06 40.5 1 BQL (18.2) 1

ML1-3 3446-8 LAB DUP 7/6-7/11/06 40.6 (RPD=0.247) 1 BQL(18.1) (RPD=NA) 1

ML1-5 3446-9 7/6-7/11/06 37.6 1 62.0 1

ML1-7 3446-10 7/6-7/11/06 BQL (17.1) 1 BQL (21.7) 2

ML2-3 3446-11 7/6-7/11/06 BQL (26.9) 2 62.0 1

ML2-5 3446-12 7/6-7/11/06 73.3 1 49.3 1

ML2-7 3446-13 7/6-7/11/06 45.8 1 89.9 1

ML3-3 3446-14 7/6-7/11/06 69.4 1 66.0 1

ML3-5 3446-15 7/6-7/11/06 72.8 1 31.4 1

ML3-7 3446-16 7/6-7/11/06 54.5 1 39.6 1

ML3-7 Dup 3446-17 7/6-7/11/06 54.4 1 40.1 1

ML4-3 3446-18 7/6-7/11/06 84.9 1 53.0 1

ML4-3 3446-18 LAB DUP 7/6-7/11/06 84.7 (RPD=0.236) 1 53.1 (RPD=0.189) 1

ML4-5 3446-19 7/6-7/11/06 75.6 1 45.2 1

ML4-7 3446-20 7/6-7/11/06 81.0 1 54.0 1

ML5-3 3446-21 7/6-7/11/06 75.4 1 48.9 1

ML5-5 3446-22 7/6-7/11/06 63.3 1 38.9 1

ML5-7 3446-23 7/6-7/11/06 41.3 1 76.9 1

ML6-3 3448-1 7/6-7/11/06 79.8 1 56.7 1

ML6-5 3448-2 7/6-7/11/06 81.2 1 50.5 1

Shaw Environmental, Inc.

Date Collected

Kristie Hargrove

Analytical Service Results Report

RSKSOP-265 Rev. 1 RSKSOP-265 Rev. 1

mg/L mg/L

0.473 0.020

20.0 20.0

6/26/2006

6/26/2006

6/26/2006

6/26/2006

6/26/2006

6/26/2006

6/27/2006
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6/27/2006

6/27/2006

6/27/2006
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6/28/2006

6/27/2006
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6/27/2006

6/27/2006

6/27/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006
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Page 2 of 2

Laboratory: General Parameters Report Date: 07/17/06

Technical Directive: 3GP894HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Shaw Environmental, Inc.

Date Collected

Kristie Hargrove

Analytical Service Results Report

RSKSOP-265 Rev. 1 RSKSOP-265 Rev. 1

mg/L mg/L

0.473 0.020

20.0 20.0

ML6-7 3448-3 7/6-7/11/06 32.4 1 90.0 1

ML7-3 3448-4 7/6-7/11/06 91.7 1 95.5 1

ML7-5 3448-5 7/6-7/11/06 70.4 1 BQL (24.1) 2

ML7-7 3448-6 7/6-7/11/06 BQL (15.7) 2 58.8 1

ML7-7 3448-6 LAB DUP 7/6-7/11/06 BQL (15.4) (RPD=NA) 2 59.1 (RPD=0.509) 1

ML7-2 3448-7 7/6-7/11/06 75.7 1 41.6 1

ML5-2 3448-8 7/6-7/11/06 42.5 1 26.4 1

ML3-2 3448-9 7/6-7/11/06 44.7 1 27.9 1

ML1-2 3455-1 7/6-7/11/06 BQL (15.2) 2 44.1 1

ML2-2 3455-2 7/6-7/11/06 41.8 1 BQL (11.4) 2

ML2-2 3455-2 LAB DUP 7/6-7/11/06 41.5 (RPD=0.720) 1 BQL (11.7) (RPD=NA) 2

Comments:

Notes:

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples 
in this sample set.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted. 

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the 
quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected 
with dilution factors (DF), if applicable.  

6/29/2006

6/29/2006

6/29/2006

6/29/2006

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

6/29/2006

6/29/2006

6/29/2006

6/29/2006

6/29/2006

6/28/2006

6/29/2006



Page 1 of 2

Laboratory: General Parameters Report Date: 07/27/06

Technical Directive: 3GP894HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Field Blank 3446-1 7/13 - 7/24/2006 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

PMW-1 3446-2 7/13 - 7/24/2006 45.9 2 ND 1 ND 1 26.5 2 ND 1 ND 1

PMW-2 3446-3 7/13 - 7/24/2006 34.2 1 BQL (0.469) 1 ND 1 44.6 1 ND 1 BQL (0.195) 1

PMW-6 3446-4 7/13 - 7/24/2006 49.0 1 BQL (0.730) 1 ND 1 41.7 1 ND 1 BQL (0.245) 1

PMW-3 3446-5 7/13 - 7/24/2006 57.6 2 BQL (0.595) 1 ND 1 31.6 1 ND 1 BQL (0.196) 1

PMW-4 3446-6 7/13 - 7/24/2006 38.6 2 BQL (0.671) 1 ND 1 42.0 1 ND 1 BQL (0.124) 1

PMW-5 3446-7 7/13 - 7/24/2006 49.3 1 BQL (0.583) 1 ND 1 32.1 1 ND 1 ND 1

PMW-5 3446-7 Lab dup 7/13 - 7/24/2006 49.7 (RPD=0.808) 1 BQL (0.595)(RPD=NA) 1 ND (RPD=NA) 1 31.5 (RPD=1.89) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

ML1-3 3446-8 7/13 - 7/24/2006 35.7 1 ND 1 ND 1 89.9 11 ND 1 ND 1

ML1-5 3446-9 7/13 - 7/24/2006 87.9 11 ND 1 ND 1 506 11 ND 1 BQL (0.275) 1

ML1-7 3446-10 7/13 - 7/24/2006 104 11 ND 1 ND 1 386 11 ND 1 BQL (0.287) 1

ML2-3 3446-11 7/13 - 7/24/2006 101 11 ND 1 ND 1 307 11 ND 1 BQL (0.414) 1

ML2-5 3446-12 7/13 - 7/24/2006 62.6 11 BQL (0.657) 1 ND 1 230 11 ND 1 BQL (0.372) 1

ML2-7 3446-13 7/13 - 7/24/2006 106 11 ND 1 ND 1 406 11 ND 1 0.668 1

ML3-3 3446-14 7/13 - 7/24/2006 122 11 BQL (0.356) 1 ND 1 295 11 ND 1 BQL (0.190) 1

ML3-5 3446-15 7/13 - 7/24/2006 36.1 11 BQL (0.430) 1 ND 1 198 11 ND 1 BQL (0.285) 1

ML3-5 3446-15 Lab dup 7/13 - 7/24/2006 37.0 (RPD=2.46) 11 BQL (0.413) (RPD=NA) 1 ND (RPD=NA) 1 201 (RPD=1.50) 11 ND (RPD=NA) 1 BQL(0.258)(RPD=NA) 1

ML3-7 3446-16 7/13 - 7/24/2006 86.8 11 ND 1 ND 1 271 11 ND 1 BQL (0.243) 1

ML3-7 Duplicate 3446-17 7/13 - 7/24/2006 84.8 11 ND 1 ND 1 265 11 ND 1 BQL (0.215) 1

ML4-3 3446-18 7/13 - 7/24/2006 99.2 11 ND 1 ND 1 190 11 ND 1 BQL (0.256) 1

ML4-5 3446-19 7/13 - 7/24/2006 60.9 11 BQL (0.333) 1 ND 1 338 11 ND 1 ND 1

ML4-7 3446-20 7/13 - 7/24/2006 94.6 11 ND 1 ND 1 496 11 ND 1 BQL (0.443) 1

ML5-3 3446-21 7/13 - 7/24/2006 136 11 ND 1 ND 1 140 11 ND 1 ND 1

ML5-5 3446-22 7/13 - 7/24/2006 50.2 11 ND 1 ND 1 238 11 ND 1 0.502 1

ML5-7 3446-23 7/13 - 7/24/2006 93.2 11 ND 1 ND 1 710 21 ND 1 1.47 1

ML5-7 3446-23 Lab dup 7/13 - 7/24/2006 95.3 (RPD=2.23) 11 ND (RPD=NA) 1 ND (RPD=NA) 1 706 (RPD=0.565) 21 ND (RPD=NA) 1 1.44 (RPD=2.06) 1

ML6-3 3448-1 7/13 - 7/24/2006 151 11 BQL (0.719) 1 ND 1 226 11 ND 1 BQL (0.340) 1

ML6-5 3448-2 7/13 - 7/24/2006 144 11 BQL (0.288) 1 ND 1 120 11 ND 1 BQL (0.335) 1

Shaw Environmental, Inc.

mg/L mg/L

0.263 0.080

1.00 1.00

6/27/2006

6/28/2006

Date Collected

RSKSOP-288 RSKSOP-288

Lynda Callaway

6/26/2006

6/27/2006

6/27/2006

Analytical Service Results Report

6/26/2006

6/26/2006

6/26/2006

6/26/2006

6/26/2006

6/27/2006

6/27/2006

6/27/2006

6/27/2006

6/27/2006

6/27/2006

6/27/2006

6/27/2006

6/27/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

6/28/2006

14808-79-8 14797-55-816887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br)

0.298

1.00

Fluoride (F)

RSKSOP-288

mg/L

0.098

RSKSOP-288

mg/L

0.066

14797-65-0 7782-41-4

6/27/2006

0.200

RSKSOP-288

mg/L

0.095

0.5000.200

RSKSOP-288

mg/L



Page 2 of 2

Laboratory: General Parameters Report Date: 07/27/06

Technical Directive: 3GP894HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Shaw Environmental, Inc.

mg/L mg/L

0.263 0.080

1.00 1.00
Date Collected

RSKSOP-288 RSKSOP-288

Lynda Callaway

Analytical Service Results Report

14808-79-8 14797-55-816887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br)

0.298

1.00

Fluoride (F)

RSKSOP-288

mg/L

0.098

RSKSOP-288

mg/L

0.066

14797-65-0 7782-41-4

0.200

RSKSOP-288

mg/L

0.095

0.5000.200

RSKSOP-288

mg/L

ML6-7 3448-3 7/13 - 7/24/2006 91.6 11 ND 1 ND 1 722 21 ND 1 1.23 1

ML7-3 3448-4 7/13 - 7/24/2006 207 11 BQL (0.520) 1 ND 1 469 11 ND 1 BQL (0.221) 1

ML7-5 3448-5 7/13 - 7/24/2006 61.2 11 ND 1 ND 1 375 11 ND 1 BQL (0.466) 1

ML7-7 3448-6 7/13 - 7/24/2006 89.8 11 ND 1 ND 1 504 11 ND 1 0.938 1

ML7-2 3448-7 7/13 - 7/24/2006 143 11 BQL (0.638) 1 ND 1 61.8 11 ND 1 BQL (0.106) 1

ML5-2 3448-8 7/13 - 7/24/2006 71.7 11 BQL (0.436) 1 ND 1 62.2 11 ND 1 BQL (0.115) 1

ML3-2 3448-9 7/13 - 7/24/2006 109 11 BQL (0.420) 1 ND 1 28.1 1 ND 1 BQL (0.166) 1

ML3-2 3448-9 Lab dup 7/13 - 7/24/2006 109 (RPD=0) 11 BQL(0.551) RPD=NA) 1 ND (RPD=NA) 1 28.4 (RPD=1.06) 1 ND (RPD=NA) 1 BQL (0.161)(RPD=NA) 1

ML1-2 3455-1 7/13 - 7/24/2006 69.8 6 ND 1 ND 1 325 21 ND 1 ND 1

ML2-2 3455-2 7/13 - 7/24/2006 101 11 BQL (0.253) 1 ND 1 30.6 1 ND 1 BQL (0.190) 1

ML2-2 3455-2 LAB DUP 7/13 - 7/24/2006 101 (RPD=0) 11 BQL (0.215)(RPD=NA) 1 ND (RPD=NA) 1 30.0 (RPD=1.98) 1 ND (RPD=NA) 1 BQL (0.191)(RPD=NA) 1

Comments:

Notes:

6/29/2006

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples 
in this sample set within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the 
quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with 
dilution factors (DF), if applicable.  

6/29/2006

6/29/2006

6/29/2006

6/29/2006

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

6/29/2006

6/29/2006

6/29/2006

6/29/2006

6/29/2006

6/28/2006



Laboratory: Report Date: Page  1  of  5

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 ND 1 24.5 1 24.1 (RPD=1.65) 1 36.7 1 40.3 1 85.7 1

7440-47-3 μg/L 0.085 0.317 ND 1 7.83 1 8.36 (RPD=6.55) 1 14.8 1 13.3 1 13.8 1

7440-50-8 μg/L 0.031 0.104 BQL(0.043) 1 0.637 1 0.621 (RPD=2.54) 1 2.64 1 0.371 1 0.407 1

7439-89-6 μg/L 0.226 0.753 ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.018 0.060 ND 1 ND 1 ND (RPD=NA) 1 2.31 1 ND 1 ND 1

7782-49-2 μg/L 0.183 0.610 ND 1 3.32 1 3.08 (RPD=7.50) 1 10.4 1 7.79 1 8.56 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.822 1 0.826 (RPD=0.49) 1 0.117 1 0.086 1 0.070 1

7440-62-2 μg/L 0.111 0.370 ND 1 11.0 1 11.1 (RPD=0.90) 1 8.48 1 6.39 1 6.92 1

7439-97-6 μg/L 0.030 0.100 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.033) 1 ND 1

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

Iron (Fe)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

7/13 & 7/24/06 7/13/06

DF Data DFMDL Data DF Data DF

Chromium (Cr)

Copper (Cu)

DFDataDataUnit
Analytes

Names 

RSKSOP 257(1)

DF

FIELD BLANK PMW-1

3446-02

6/26/06 6/26/06

3446-01

6/26/06

3446-02 Lab Dup.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

7/13/06

DataQL

PMW-6

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

Steve Markham

3ME344HW Sample Results (1, 2)

PMW-1 PMW-2

3446-03

6/26/06

7/13/06

PMW-3

3446-05

6/26/06

7/13/067/13/06

3446-04

6/26/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

Iron (Fe)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

MDL

Chromium (Cr)

Copper (Cu)

Unit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

QL

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

Steve Markham

3ME344HW

Page  2  of  5

24.2 1 40.1 1 12.3 1 10.1 1 2.83 1 54.9 1

15.4 1 9.70 1 6.72 1 6.80 1 3.63 1 10.9 1

0.460 1 0.428 1 6.62 1 1.21 1 0.778 1 0.819 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 0.219 1 ND 1 ND 1

8.72 1 8.39 1 8.21 1 9.87 1 7.21 1 14.1 1

0.061 1 0.157 1 0.090 1 0.559 1 0.039 1 5.91 1

8.01 1 7.69 1 7.64 1 11.5 1 10.8 1 4.34 1

ND 1 ND 1 ND 1 BQL(0.037) 1 ND 1 ND 1

3446-11

6/27/06

7/13/06

3446-10

6/27/06

7/13/06

ML1-7ML1-5 ML2-3

6/26/06 6/27/06 6/27/06

Sample Results (1, 2)

PMW-4 PMW-5 ML1-3

DFDF Data DF DataDF Data

7/13/06 7/13/06 7/13/06

Data DF DF DataData

6/27/06

7/13/06

3446-093446-06 3446-07 3446-08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

Iron (Fe)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

MDL

Chromium (Cr)

Copper (Cu)

Unit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

QL

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

Steve Markham

3ME344HW

Page  3  of  5

16.6 1 15.8 (RPD=4.94) 1 12.0 1 132 1 20.4 1 7.39 1

10.8 1 10.1 (RPD=6.70) 1 7.47 1 15.7 1 14.9 1 10.8 1

0.542 1 0.518 (RPD=4.53) 1 0.886 1 0.863 1 0.374 1 0.588 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.226 1 0.209 (RPD=7.82) 1 ND 1 0.097 1 0.120 1 BQL(0.022) 1

12.6 1 12.1 (RPD=4.05) 1 12.0 1 12.6 1 9.60 1 8.24 1

2.20 1 2.03 (RPD=8.04) 1 3.31 1 4.05 1 0.522 1 0.422 1

8.85 1 9.05 (RPD=2.23) 1 3.93 1 4.63 1 2.32 1 5.98 1

BQL(0.052) 1 BQL(0.037) (RPD=NA) 1 BQL(0.039) 1 ND 1 ND 1 BQL(0.033) 1

Data DF Data DFData DF Data DFData DF Data DF

7/13 & 7/17/06 7/13 & 7/17/06 7/13 & 7/17/06 7/13 & 7/17/06

3446-12 3446-12 Lab Dup.

7/13 & 7/17/06 7/13 & 7/17/06

3446-15 3446-16

6/27/06 6/27/06 6/27/06 6/27/06 6/27/06 6/27/06

Sample Results (1, 2)

ML2-5 ML2-5 ML2-7 ML3-3 ML3-5 ML3-7

3446-13 3446-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

Iron (Fe)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

MDL

Chromium (Cr)

Copper (Cu)

Unit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

QL

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

Steve Markham

3ME344HW

Page  4  of  5

8.13 1 116 1 18.5 1 6.15 1 246 1 13.8 1

10.7 1 19.4 1 14.3 1 15.2 1 24.4 1 13.1 1

0.654 1 0.769 1 0.844 1 1.56 1 0.887 1 0.664 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 BQL(0.028) 1 ND 1 ND 1 ND 1

9.13 1 11.6 1 11.3 1 9.45 1 10.1 1 11.1 1

0.497 1 7.05 1 5.78 1 51.9 1 1.82 1 0.477 1

7.05 1 10.6 1 3.25 1 4.46 1 9.98 1 3.38 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3446-22

6/28/06

3446-20

Sample Results (1, 2)

ML3-7 DUPLICATE ML4-3 ML4-5 ML4-7 ML5-3 ML5-5

3446-213446-17 3446-18 3446-19

6/27/06 6/28/06 6/28/06

7/13 & 7/17/06 7/13 & 7/17/06 7/13 & 7/17/06 7/13 & 7/17/06

Data DF Data DFData DF Data DF Data DF Data DF

7/13 & 7/17/06 7/13 & 7/17/06

6/28/06 6/28/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

Iron (Fe)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

MDL

Chromium (Cr)

Copper (Cu)

Unit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

QL

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

Steve Markham

3ME344HW

Page  5  of  5

7.40 1

22.1 1

0.996 1

⎯ ⎯

0.066 1

7.97 1

0.213 1

7.32 1

ND 1

Sample Results (1, 2)

ML5-7

3446-23

6/28/06

7/13 & 7/17/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  3

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 280 1 276 (RPD=1.44) 1 294 1 9.61 1 235 1 15.0 1

7440-47-3 μg/L 0.085 0.317 19.6 1 19.8 (RPD=1.02) 1 13.4 1 8.81 1 20.6 1 19.2 1

7440-50-8 μg/L 0.031 0.104 1.16 1 1.07 (RPD=8.07) 1 0.906 1 1.32 1 2.83 1 0.667 1

7439-92-1 μg/L 0.018 0.060 BQL(0.040) 1 BQL(0.027) (RPD=NA) 1 ND 1 BQL(0.032) 1 BQL(0.029) 1 ND 1

7782-49-2 μg/L 0.183 0.610 10.7 1 10.1 (RPD=5.77) 1 9.59 1 8.98 1 15.4 1 12.0 1

7440-61-1 μg/L 0.002 0.007 10.4 1 10.0 (RPD=3.92) 1 5.55 1 0.259 1 12.5 1 3.57 1

7440-62-2 μg/L 0.111 0.370 6.31 1 6.31 (RPD=0.00) 1 5.97 1 4.48 1 5.87 1 3.24 1

7439-97-6 μg/L 0.030 0.100 BQL(0.041) 1 ND (RPD=NA) 1 ND 1 BQL(0.042) 1 ND 1 ND 1

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

No problems noted.  All iron results were above the QL for ICP analysis, thus iron was not analyzed by 
ICP-MS.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated 
in RSKSOP-257(1).

7/12/06 7/12/06

DF Data DFMDL Data DF Data DF

Chromium (Cr)

Copper (Cu)

DFDataDataUnit
Analytes

Names 

Steve Markham

RSKSOP 257(1)

DF

ML6-3 ML6-3

3448-01 Lab Dup.

6/28/06 6/28/06

3448-01

6/28/06

3448-02

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

7/12/06

DataQL

Shaw Environmental, Inc.
Analytical Service Results Report

7/24/06Metals 

3ME344HW Sample Results (1, 2)

ML6-5 ML7-3

3448-04

6/29/06

ML6-7

3448-03

6/28/06

7/12/06

ML7-5

3448-05

6/29/06

7/12/067/12/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

No problems noted.  All iron results were above the QL for ICP analysis, thus iron was not analyzed by 
ICP-MS.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated 
in RSKSOP-257(1).

MDL

Chromium (Cr)

Copper (Cu)

Unit
Analytes

Names 

Steve Markham

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

QL

Shaw Environmental, Inc.
Analytical Service Results Report

7/24/06Metals 

3ME344HW

Page  2  of  3

6.37 1 12.1 1 8.57 1 36.5 1 14.7 1 14.9 (RPD=1.35) 1

4.05 1 17.7 1 8.82 1 10.9 1 9.07 1 9.45 (RPD=4.10) 1

0.990 1 0.801 1 0.853 1 1.35 1 0.995 1 0.988 (RPD=0.71) 1

ND 1 ND 1 ND 1 0.160 1 0.095 1 0.071 (RPD=28.92) 1

8.59 1 11.8 1 7.45 1 8.24 1 9.03 1 8.78 (RPD=2.81) 1

1.42 1 0.735 1 0.064 1 0.105 1 0.484 1 0.457 (RPD=5.74) 1

2.93 1 4.83 1 6.01 1 7.75 1 7.02 1 7.28 (RPD=3.64) 1

ND 1 ND 1 ND 1 ND 1 BQL(0.036) 1 ND (RPD=NA) 1

3455-01 Lab Dup.

6/29/06

ML1-2

7/12/06

3455-01

6/29/06

7/12/06

Sample Results (1, 2)

ML7-7 ML7-2 ML5-2 ML3-2 ML1-2

Data

3448-06 3448-07 3448-08

6/29/06 6/29/06 6/29/06

DFDF Data DF DataDF Data

3448-09

6/29/06

7/12/06

DF Data

7/12/06 7/12/06 7/12/06

Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Mercury (Hg)

Zinc (Zn)

No problems noted.  All iron results were above the QL for ICP analysis, thus iron was not analyzed by 
ICP-MS.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated 
in RSKSOP-257(1).

MDL

Chromium (Cr)

Copper (Cu)

Unit
Analytes

Names 

Steve Markham

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

QL

Shaw Environmental, Inc.
Analytical Service Results Report

7/24/06Metals 

3ME344HW

Page  3  of  3

24.2 1

11.1 1

0.831 1

BQL(0.043) 1

8.86 1

0.462 1

3.51 1

ND 1

Data DF Data DFData DF Data DF Data DF Data DF

7/12/06

6/29/06

3455-02

Sample Results (1, 2)

ML2-2



Laboratory: Report Date: Page  1  of  5

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.036 0.120 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.005 0.017 ND 1 0.036 1 0.036 (RPD=0.00) 1 0.048 1 0.051 1 0.097 1

7440-42-8 mg/L 0.013 0.044 ND 1 0.086 1 0.085 (RPD=1.17) 1 0.154 1 0.147 1 0.178 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.127 1 0.126 (RPD=0.79) 1 0.039 1 0.062 1 0.064 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1 ND 1

7440-70-2 mg/L 0.024 0.080 BQL(0.028) 1 56.4 1 56.1 (RPD=0.53) 1 34.7 1 24.2 1 21.9 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1 BQL(0.001) 1

7440-50-8 mg/L 0.005 0.017 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 ND 1 19.7 1 19.7 (RPD=0.00) 1 6.00 1 14.1 1 26.3 1

7440-09-7 mg/L 0.055 0.184 ND 1 3.08 1 3.11 (RPD=0.97) 1 0.953 1 0.994 1 1.02 1

7439-95-4 mg/L 0.024 0.080 ND 1 8.32 1 8.32 (RPD=0.00) 1 9.75 1 10.7 1 12.7 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.275 1 0.273 (RPD=0.73) 1 0.094 1 0.094 1 0.079 1

7439-98-7 mg/L 0.001 0.004 ND 1 0.004 1 BQL(0.004) (RPD=NA) 1 BQL(0.003) 1 0.005 1 BQL(0.003) 1

7440-23-5 mg/L 0.042 0.140 ND 1 14.7 1 14.7 (RPD=0.00) 1 46.7 1 42.7 1 45.9 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.003) 1 BQL(0.002) 1

7440-36-0 mg/L 0.003 0.010 ND 1 BQL(0.005) 1 BQL(0.006) (RPD=NA) 1 BQL(0.004) 1 BQL(0.006) 1 BQL(0.007) 1

7782-49-2 mg/L 0.003 0.010 ND 1 0.018 1 0.019 (RPD=5.41) 1 0.020 1 0.018 1 0.021 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.229 1 0.227 (RPD=0.88) 1 0.160 1 0.138 1 0.135 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 0.004 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 BQL(0.016) 1 BQL(0.015) (RPD=NA) 1 BQL(0.010) 1 BQL(0.008) 1 BQL(0.008) 1

7440-62-2 mg/L 0.002 0.007 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.004) 1 ND 1

7440-66-6 mg/L 0.006 0.020 ND 1 BQL(0.015) 1 BQL(0.016) (RPD=NA) 1 BQL(0.009) 1 BQL(0.013) 1 BQL(0.011) 1

7440-21-3 mg/L 0.044 0.147 BQL(0.101) 1 5.21 1 5.18 (RPD=0.58) 1 14.9 1 15.2 1 14.6 1

7704-34-9 mg/L 0.092 0.307 ND 1 9.04 1 9.13 (RPD=0.99) 1 15.1 1 14.2 1 11.4 1

7723-14-0 mg/L 0.011 0.037 ND 1 ND 1 ND (RPD=NA) 1 0.816 1 0.821 1 0.899 1

7440-61-1 mg/L 0.007 0.024 0.0313 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments: 

Notes:

PMW-6 PMW-3FIELD BLANK PMW-1 PMW-1 PMW-2

7/11/06 7/11/067/11/06 7/11/06 7/11/06 7/11/06

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3446-01 3446-02 3446-02 Lab Dup. 3446-03

Aluminum (Al)

Arsenic (As)

3446-04 3446-05

Metals 7/19/06

3ME344HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

6/26/06 6/26/06 6/26/06 6/26/06 6/26/06 6/26/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 7/19/06

3ME344HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Page  2  of  5

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.104) 1 ND 1 ND 1

0.033 1 0.049 1 0.019 1 BQL(0.016) 1 BQL(0.008) 1 0.061 1

0.145 1 0.150 1 0.126 1 0.164 1 0.114 1 0.184 1

0.069 1 0.051 1 0.088 1 0.100 1 0.063 1 0.058 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

18.9 1 23.4 1 34.8 1 32.3 1 23.4 1 40.9 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.003) 1 BQL(0.002) 1 BQL(0.001) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.006) 1 ND 1 ND 1 ND 1

9.91 1 6.57 1 4.54 1 2.87 1 0.793 1 1.75 1

1.22 1 1.81 1 2.91 1 3.04 1 2.66 1 2.87 1

7.51 1 8.30 1 8.04 1 6.56 1 3.19 1 8.41 1

0.098 1 0.122 1 0.315 1 0.212 1 0.138 1 0.228 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.004) 1 0.009 1 0.006 1 0.017 1

48.6 1 46.5 1 145 1 291 10 227 1 230 1

ND 1 BQL(0.004) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.004) 1 ND 1 BQL(0.005) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.006) 1

0.017 1 0.016 1 0.013 1 0.014 1 0.011 1 0.020 1

0.104 1 0.121 1 0.194 1 0.202 1 0.114 1 0.262 1

ND 1 ND 1 ND 1 BQL(0.002) 1 ND 1 ND 1

BQL(0.006) 1 BQL(0.005) 1 BQL(0.010) 1 BQL(0.012) 1 BQL(0.010) 1 BQL(0.013) 1

BQL(0.003) 1 BQL(0.002) 1 ND 1 ND 1 ND 1 BQL(0.005) 1

BQL(0.011) 1 BQL(0.012) 1 BQL(0.009) 1 BQL(0.014) 1 BQL(0.013) 1 BQL(0.008) 1

13.9 1 15.7 1 7.48 1 6.84 1 7.73 1 9.27 1

14.8 1 12.0 1 82.6 1 211 1 139 1 104 1

0.504 1 0.555 1 ND 1 BQL(0.028) 1 BQL(0.020) 1 BQL(0.030) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML1-3 ML1-5 ML1-7 ML2-3PMW-4 PMW-5

7/11/06 7/11/06 7/11/06 7/11/067/11/06 7/11/06

DF Data DFDF Data DF DataDF Data DataData DF

3446-08 3446-093446-06 3446-07

Sample Results (1, 2)

6/26/06 6/27/06 6/27/06 6/27/06 6/27/06 6/27/06

3446-10 3446-11



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 7/19/06

3ME344HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Page  3  of  5

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

0.124 1 0.164 (RPD=27.78) 1 ND 1 ND 1 ND 1 BQL(0.064) 1

0.027 1 0.025 (RPD=7.69) 1 0.019 1 0.130 1 0.032 1 0.018 1

0.198 1 0.203 (RPD=2.49) 1 0.197 1 0.162 1 0.195 1 0.144 1

0.022 1 0.022 (RPD=0.00) 1 0.016 1 0.068 1 0.018 1 0.043 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

18.0 1 18.0 (RPD=0.00) 1 17.2 1 44.8 1 15.9 1 24.0 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.001) (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

2.39 1 2.37 (RPD=0.84) 1 0.353 1 7.85 1 2.55 1 1.96 1

1.07 1 1.03 (RPD=3.81) 1 1.98 1 2.94 1 1.21 1 2.59 1

4.40 1 4.36 (RPD=0.91) 1 2.25 1 11.5 1 3.01 1 3.99 1

0.058 1 0.059 (RPD=1.71) 1 0.059 1 0.345 1 0.085 1 0.144 1

0.008 1 0.008 (RPD=0.00) 1 0.013 1 0.012 1 0.005 1 0.004 1

180 1 179 (RPD=0.56) 1 275 1 223 1 165 1 187 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 BQL(0.003) 1 ND 1 ND 1 ND 1

BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 ND 1 BQL(0.006) 1 ND 1 ND 1

0.020 1 0.017 (RPD=16.22) 1 0.014 1 0.026 1 0.017 1 0.013 1

0.123 1 0.121 (RPD=1.64) 1 0.171 1 0.267 1 0.107 1 0.127 1

BQL(0.003) 1 BQL(0.004) (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.006) (RPD=NA) 1 BQL(0.006) 1 BQL(0.009) 1 BQL(0.008) 1 BQL(0.006) 1

BQL(0.002) 1 ND (RPD=NA) 1 0.020 1 ND 1 ND 1 ND 1

BQL(0.011) 1 BQL(0.010) (RPD=NA) 1 BQL(0.007) 1 BQL(0.009) 1 ND 1 BQL(0.011) 1

17.1 1 17.2 (RPD=0.58) 1 10.2 1 9.13 1 17.5 1 13.7 1

75.0 1 75.9 (RPD=1.19) 1 132 1 99.0 1 70.9 1 85.2 1

1.54 1 1.55 (RPD=0.65) 1 0.045 1 BQL(0.028) 1 1.10 1 0.109 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

3446-15 3446-16

Sample Results (1, 2)

ML2-5 ML2-5 ML2-7 ML3-3 ML3-5 ML3-7

6/27/06 6/27/06

3446-12 3446-12 Lab Dup. 3446-13

6/27/06 6/27/06 6/27/06 6/27/06

3446-14

7/11/06 7/11/06 7/11/06 7/11/06 7/11/06 7/11/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 7/19/06

3ME344HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Page  4  of  5

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.039) 1

BQL(0.016) 1 0.126 1 0.028 1 0.022 1 0.264 1 0.026 1

0.144 1 0.157 1 0.194 1 0.178 1 0.153 1 0.188 1

0.042 1 0.073 1 0.037 1 0.054 1 0.096 1 0.036 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

23.1 1 39.7 1 32.9 1 50.3 1 46.0 1 21.2 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 BQL(0.001) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

1.88 1 30.1 1 5.16 1 0.929 1 45.1 1 2.35 1

2.58 1 1.41 1 1.51 1 2.46 1 1.38 1 1.91 1

3.86 1 21.3 1 9.76 1 17.2 1 23.9 1 5.15 1

0.140 1 0.243 1 0.130 1 0.129 1 0.283 1 0.163 1

0.005 1 0.007 1 0.008 1 0.012 1 0.009 1 0.006 1

191 1 159 1 235 1 342 10 123 10 174 10

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.007) 1 BQL(0.007) 1 BQL(0.005) 1

0.013 1 0.026 1 0.023 1 0.024 1 0.025 1 0.017 1

0.122 1 0.268 1 0.201 1 0.240 1 0.309 1 0.146 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.008) 1 BQL(0.012) 1 BQL(0.008) 1 BQL(0.009) 1 BQL(0.012) 1 BQL(0.005) 1

ND 1 ND 1 BQL(0.005) 1 BQL(0.005) 1 ND 1 ND 1

BQL(0.009) 1 BQL(0.012) 1 BQL(0.007) 1 BQL(0.009) 1 BQL(0.011) 1 ND 1

13.6 1 8.87 1 14.5 1 10.3 1 9.35 1 13.7 1

85.5 1 68.2 1 122 1 204 1 52.2 1 82.3 1

0.108 1 ND 1 0.860 1 BQL(0.032) 1 ND 1 0.053 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3446-20

Sample Results (1, 2)

ML3-7 DUPLICATE ML4-3 ML4-5 ML4-7 ML5-3 ML5-5

3446-21 3446-22

6/27/06 6/28/06 6/28/06 6/28/06 6/28/06 6/28/06

3446-17 3446-18 3446-19

7/11/06 7/11/06 7/11/06 7/11/06 7/11/06 7/11/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 7/19/06

3ME344HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Page  5  of  5

ND 1

0.537 1

BQL(0.016) 1

0.182 1

0.025 1

ND 1

16.0 1

ND 1

ND 1

ND 1

ND 1

0.827 1

1.82 1

2.70 1

0.088 1

0.012 1

298 10

ND 1

ND 1

BQL(0.003) 1

0.011 1

0.105 1

0.013 1

BQL(0.007) 1

BQL(0.006) 1

BQL(0.011) 1

9.77 1

197 1

0.064 1

ND 1

Sample Results (1, 2)

ML5-7

6/28/06

3446-23

7/11/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  3

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 BQL(0.005) 1 ND (RPD=NA) 1 BQL(0.004) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.036 0.120 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.061) 1 ND 1 ND 1

7440-38-2 mg/L 0.005 0.017 0.291 1 0.292 (RPD=0.34) 1 0.306 1 0.018 1 0.239 1 0.024 1

7440-42-8 mg/L 0.013 0.044 0.157 1 0.157 (RPD=0.00) 1 0.143 1 0.174 1 0.201 1 0.221 1

7440-39-3 mg/L 0.001 0.004 0.099 1 0.099 (RPD=0.00) 1 0.100 1 0.033 1 0.154 1 0.026 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1 ND 1 ND 1

7440-70-2 mg/L 0.024 0.080 46.6 1 46.7 (RPD=0.22) 1 43.3 1 19.6 1 52.3 1 21.5 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1 BQL(0.001) 1 ND 1

7440-50-8 mg/L 0.005 0.017 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 45.1 1 45.1 (RPD=0.00) 1 54.7 1 1.26 1 54.6 1 1.60 1

7440-09-7 mg/L 0.055 0.184 2.41 1 2.06 (RPD=15.66) 1 1.53 1 1.85 1 2.52 1 1.60 1

7439-95-4 mg/L 0.024 0.080 23.7 1 23.6 (RPD=0.42) 1 24.5 1 3.07 1 22.7 1 4.19 1

7439-96-5 mg/L 0.001 0.004 0.238 1 0.240 (RPD=0.84) 1 0.194 1 0.113 1 0.272 1 0.115 1

7439-98-7 mg/L 0.001 0.004 0.010 1 0.010 (RPD=0.00) 1 0.009 1 0.015 1 0.016 1 0.008 1

7440-23-5 mg/L 0.042 0.140 164 1 163 (RPD=0.61) 1 112 1 354 1 305 10 261 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.003) 1 ND 1 ND 1

7440-36-0 mg/L 0.003 0.010 BQL(0.009) 1 BQL(0.008) (RPD=NA) 1 BQL(0.006) 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.004) 1

7782-49-2 mg/L 0.003 0.010 0.025 1 0.028 (RPD=11.32) 1 0.028 1 0.013 1 0.027 1 0.018 1

7440-24-6 mg/L 0.001 0.004 0.321 1 0.322 (RPD=0.31) 1 0.305 1 0.136 1 0.422 1 0.170 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.004) 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 BQL(0.013) 1 BQL(0.013) (RPD=NA) 1 BQL(0.013) 1 BQL(0.008) 1 BQL(0.016) 1 BQL(0.005) 1

7440-62-2 mg/L 0.002 0.007 ND 1 ND (RPD=NA) 1 ND 1 0.013 1 BQL(0.004) 1 BQL(0.004) 1

7440-66-6 mg/L 0.006 0.020 BQL(0.012) 1 BQL(0.009) (RPD=NA) 1 BQL(0.009) 1 BQL(0.010) 1 BQL(0.008) 1 ND 1

7440-21-3 mg/L 0.044 0.147 9.55 1 9.55 (RPD=0.00) 1 10.1 1 8.35 1 8.10 1 16.3 1

7704-34-9 mg/L 0.092 0.307 71.5 1 71.4 (RPD=0.14) 1 41.6 1 215 1 165 1 128 1

7723-14-0 mg/L 0.011 0.037 0.124 1 0.125 (RPD=0.80) 1 0.189 1 0.072 1 ND 1 0.767 1

7440-61-1 mg/L 0.007 0.024 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Comments: 

Notes:

6/29/06 6/29/066/28/06 6/28/06 6/28/06 6/28/06

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Metals 7/19/06

3ME344HW Sample Results (1, 2)

3448-04 3448-05

Beryllium (Be)

Calcium (Ca)

3448-01 3448-01 Lab Dup. 3448-02 3448-03

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/10/06 7/10/06 7/10/06 7/10/06 7/10/06 7/10/06

ML6-3 ML6-3 ML6-5 ML6-7 ML7-3 ML7-5



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Metals 7/19/06

3ME344HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Page  2  of  3

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.047) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.009) 1 0.026 1 BQL(0.015) 1 0.046 1 0.025 1 0.025 (RPD=0.00) 1

0.148 1 0.138 1 0.115 1 0.119 1 0.138 1 0.138 (RPD=0.00) 1

0.022 1 0.090 1 0.068 1 0.076 1 0.155 1 0.156 (RPD=0.64) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

19.9 1 58.5 1 30.8 1 33.6 1 52.6 1 52.5 (RPD=0.19) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 BQL(0.001) 1 BQL(0.002) 1 ND 1 BQL(0.001) 1 BQL(0.002) (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.774 1 15.4 1 1.18 1 12.1 1 12.8 1 12.8 (RPD=0.00) 1

2.27 1 5.77 1 2.96 1 3.21 1 3.61 1 3.59 (RPD=0.56) 1

2.99 1 15.7 1 9.79 1 12.9 1 13.1 1 13.1 (RPD=0.00) 1

0.099 1 0.420 1 0.286 1 0.318 1 0.441 1 0.439 (RPD=0.45) 1

0.009 1 0.006 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.004) 1 0.004 (RPD=NA) 1

292 1 95.4 1 63.8 1 75.9 1 187 1 184 (RPD=1.62) 1

ND 1 ND 1 ND 1 ND 1 BQL(0.005) 1 BQL(0.005) (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.003) 1 BQL(0.005) 1 BQL(0.005) 1 BQL(0.004) 1 BQL(0.009) 1 BQL(0.008) (RPD=NA) 1

BQL(0.010) 1 0.023 1 BQL(0.010) 1 0.014 1 0.022 1 0.021 (RPD=4.65) 1

0.163 1 0.360 1 0.186 1 0.188 1 0.293 1 0.294 (RPD=0.34) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.007) 1 BQL(0.012) 1 BQL(0.009) 1 BQL(0.009) 1 BQL(0.011) 1 BQL(0.013) (RPD=NA) 1

BQL(0.005) 1 BQL(0.002) 1 ND 1 ND 1 ND 1 BQL(0.002) (RPD=NA) 1

BQL(0.007) 1 BQL(0.007) 1 BQL(0.009) 1 BQL(0.009) 1 BQL(0.011) 1 BQL(0.012) (RPD=NA) 1

8.04 1 8.85 1 7.92 1 9.82 1 8.10 1 8.12 (RPD=0.25) 1

170 1 22.2 1 22.4 1 9.44 1 122 1 124 (RPD=1.63) 1

BQL(0.030) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

6/29/06 6/29/06 6/29/06 6/29/066/29/06 6/29/06

Sample Results (1, 2)

3455-01 3455-01 Lab Dup.3448-06 3448-07 3448-08 3448-09

DF DataData DF Data DFDF Data DF DataDF Data

7/10/06 7/10/06 7/10/06 7/10/06 7/10/06 7/10/06

ML7-7 ML7-2 ML5-2 ML3-2 ML1-2 ML1-2



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Steve. Markham

Metals 7/19/06

3ME344HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1

ND 1

0.041 1

0.137 1

0.079 1

ND 1

62.6 1

ND 1

BQL(0.001) 1

ND 1

ND 1

1.53 1

4.17 1

13.1 1

0.396 1

0.008 1

66.0 1

ND 1

ND 1

BQL(0.006) 1

0.021 1

0.344 1

ND 1

BQL(0.011) 1

ND 1

BQL(0.008) 1

9.30 1

17.9 1

ND 1

ND 1

Data DF Data DFData DF Data DF Data DF Data DF

7/10/06

3455-02

6/29/06

Sample Results (1, 2)

ML2-2



Laboratory: Report Date: Page  1  of  5

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.040 0.133 ND 1 135 1 0.684 1 BQL(0.100) 1 0.204 1 0.362 1

7440-38-2 mg/L 0.006 0.019 ND 1 0.045 1 0.029 1 0.036 1 0.077 1 0.022 1

7440-42-8 mg/L 0.014 0.049 ND 1 0.122 1 0.149 1 0.141 1 0.170 1 0.140 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.399 1 0.041 1 0.064 1 0.067 1 0.070 1

7440-41-7 mg/L 0.001 0.004 ND 1 BQL(0.003) 1 ND 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.027 0.089 BQL(0.032) 1 61.0 1 34.3 1 24.4 1 22.8 1 18.7 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 0.019 1 ND 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 0.146 1 ND 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.006 0.019 ND 1 BQL(0.013) 1 ND 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.006 0.019 ND 1 71.6 1 6.02 1 13.5 1 27.3 1 8.94 1

7440-09-7 mg/L 0.061 0.204 ND 1 8.21 1 1.01 1 1.04 1 1.10 1 1.21 1

7439-95-4 mg/L 0.027 0.089 ND 1 14.7 1 9.45 1 10.4 1 13.1 1 7.39 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.425 1 0.096 1 0.100 1 0.084 1 0.096 1

7439-98-7 mg/L 0.001 0.004 ND 1 0.009 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.002) 1

7440-23-5 mg/L 0.047 0.155 BQL(0.061) 1 17.4 1 46.0 1 42.7 1 45.6 1 48.3 1

7440-02-0 mg/L 0.003 0.011 ND 1 0.040 1 ND 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.008 ND 1 0.045 1 ND 1 ND 1 ND 1 ND 1

7440-36-0 mg/L 0.003 0.011 ND 1 ND 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.008) 1 BQL(0.005) 1

7782-49-2 mg/L 0.003 0.011 ND 1 0.013 1 BQL(0.008) 1 BQL(0.009) 1 0.013 1 BQL(0.008) 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.344 1 0.161 1 0.135 1 0.144 1 0.106 1

7440-32-6 mg/L 0.001 0.004 ND 1 1.79 1 0.009 1 BQL(0.002) 1 BQL(0.004) 1 0.007 1

7440-28-0 mg/L 0.006 0.019 ND 1 0.021 1 BQL(0.010) 1 BQL(0.006) 1 BQL(0.008) 1 ND 1

7440-62-2 mg/L 0.002 0.008 ND 1 0.178 1 ND 1 ND 1 BQL(0.002) 1 BQL(0.003) 1

7440-66-6 mg/L 0.007 0.022 ND 1 0.173 1 BQL(0.013) 1 0.047 1 BQL(0.016) 1 BQL(0.013) 1

7440-21-3 mg/L 0.049 0.163 BQL(0.153) 1 201 1 16.1 1 15.1 1 14.6 1 14.2 1

7704-34-9 mg/L 0.102 0.341 ND 1 15.7 1 14.2 1 13.2 1 10.0 1 13.8 1

7723-14-0 mg/L 0.012 0.041 ND 1 0.994 1 0.782 1 0.705 1 0.787 1 0.478 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Comments: 

Notes:

6/26/06 6/26/066/26/06 6/26/06 6/26/06 6/26/06

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/24/06

3ME345HW Sample Results (1, 2)

3447-05 3447-06

Beryllium (Be)

Calcium (Ca)

3447-01 3447-02 3447-03 3447-04

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/12/06 7/12/06 7/12/06 7/12/06 7/12/06 7/12/06

FIELD BLANK PMW-1 PMW-2 PMW-6 PMW-3 PMW-4



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/24/06

3ME345HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1 ND 1

0.235 1 560 1 594 (RPD=5.89) 1 555 (RPD=0.90) 1 16.3 1 0.350 1

0.040 1 0.148 1 0.154 (RPD=3.97) 1 0.149 (RPD=0.67) 1 BQL(0.017) 1 ND 1

0.142 1 0.326 1 0.346 (RPD=5.95) 1 0.344 (RPD=5.37) 1 0.151 1 0.111 1

0.052 1 1.21 1 1.25 (RPD=3.25) 1 1.20 (RPD=0.83) 1 0.124 1 0.065 1

ND 1 0.023 1 0.024 (RPD=4.26) 1 0.023 (RPD=0.00) 1 ND 1 ND 1

23.9 1 61.2 1 61.8 (RPD=0.98) 1 61.1 (RPD=0.16) 1 34.3 1 23.8 1

ND 1 ND 1 ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.003) 1 0.154 1 0.160 (RPD=3.82) 1 0.155 (RPD=0.65) 1 BQL(0.004) 1 ND 1

BQL(0.002) 1 0.710 1 0.731 (RPD=2.91) 1 0.712 (RPD=0.28) 1 0.020 1 ND 1

ND 1 0.114 1 0.119 (RPD=4.29) 1 0.113 (RPD=0.88) 1 ND 1 ND 1

6.81 1 305 1 313 (RPD=2.59) 1 302 (RPD=0.99) 1 9.98 1 0.938 1

1.76 1 30.3 1 31.9 (RPD=5.14) 1 30.1 (RPD=0.66) 1 4.02 1 2.84 1

8.46 1 47.1 1 47.8 (RPD=1.48) 1 46.5 (RPD=1.28) 1 7.88 1 3.20 1

0.127 1 1.75 1 1.81 (RPD=3.37) 1 1.76 (RPD=0.57) 1 0.246 1 0.144 1

0.005 1 0.030 1 0.029 (RPD=3.39) 1 0.030 (RPD=0.00) 1 0.009 1 0.007 1

46.2 1 61.8 1 62.3 (RPD=0.81) 1 61.6 (RPD=0.32) 1 281 1 230 1

BQL(0.007) 1 0.272 1 0.285 (RPD=4.67) 1 0.273 (RPD=0.37) 1 BQL(0.008) 1 ND 1

ND 1 0.178 1 0.181 (RPD=1.67) 1 0.177 (RPD=0.56) 1 BQL(0.004) 1 ND 1

BQL(0.008) 1 ND 1 ND (RPD=NA) 1 ND (RPD=NA) 1 BQL(0.008) 1 BQL(0.008) 1

BQL(0.010) 1 0.024 1 0.023 (RPD=4.26) 1 0.021 (RPD=13.33) 1 0.013 1 BQL(0.009) 1

0.129 1 0.783 1 0.790 (RPD=0.89) 1 0.774 (RPD=1.16) 1 0.248 1 0.114 1

0.007 1 6.83 1 7.01 (RPD=2.60) 1 6.78 (RPD=0.73) 1 0.416 1 0.009 1

ND 1 0.047 1 0.050 (RPD=6.19) 1 0.050 (RPD=6.19) 1 BQL(0.009) 1 BQL(0.010) 1

BQL(0.003) 1 0.866 1 0.883 (RPD=1.94) 1 0.851 (RPD=1.75) 1 0.027 1 ND 1

BQL(0.017) 1 0.814 1 0.834 (RPD=2.43) 1 0.838 (RPD=2.91) 1 0.044 1 BQL(0.018) 1

15.7 1 257 1 258 (RPD=0.39) 1 258 (RPD=0.39) 1 34.2 1 7.97 1

11.0 1 150 1 155 (RPD=3.28) 1 150 (RPD=0.00) 1 170 1 139 1

0.492 1 7.13 1 7.23 (RPD=1.39) 1 7.13 (RPD=0.00) 1 0.196 1 BQL(0.032) 1

ND 1 ND 1 ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1 ND 1

6/27/06 6/27/06 6/27/06 6/27/066/27/06 6/27/06

Sample Results (1, 2)

3447-09 3447-103447-07 3447-08 3447-08 Lab Dup.* 3447-08 Lab Dup.

DF DataData DF Data DFDF Data DF DataDF Data

7/12/06 7/12/06 7/12/06 7/12/06 7/13/06 7/13/06

PMW-5 ML1-3 ML1-3 ML1-3 ML1-5 ML1-7



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/24/06

3ME345HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.372 (RPD=6.09) 1 7.36 1 16.3 1 0.616 1 1.69 1 1.68 (RPD=0.59) 1

ND (RPD=NA) 1 0.055 1 0.025 1 BQL(0.015) 1 0.109 1 0.107 (RPD=1.85) 1

0.109 (RPD=1.82) 1 0.181 1 0.208 1 0.200 1 0.159 1 0.159 (RPD=0.00) 1

0.066 (RPD=1.53) 1 0.074 1 0.068 1 0.018 1 0.072 1 0.072 (RPD=0.00) 1

ND (RPD=NA) 1 ND 1 BQL(0.001) 1 ND 1 ND 1 ND (RPD=NA) 1

24.0 (RPD=0.84) 1 42.0 1 20.1 1 17.2 1 45.0 1 45.0 (RPD=0.00) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 BQL(0.001) 1 0.005 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 0.007 1 0.026 1 ND 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.951 (RPD=1.38) 1 4.42 1 10.5 1 0.509 1 8.21 1 8.24 (RPD=0.36) 1

2.84 (RPD=0.00) 1 3.44 1 2.23 1 2.20 1 3.19 1 3.18 (RPD=0.31) 1

3.24 (RPD=1.24) 1 8.91 1 5.70 1 2.29 1 11.3 1 11.3 (RPD=0.00) 1

0.142 (RPD=1.40) 1 0.256 1 0.104 1 0.061 1 0.353 1 0.354 (RPD=0.28) 1

0.007 (RPD=0.00) 1 0.018 1 0.012 1 0.015 1 0.012 1 0.012 (RPD=0.00) 1

234 (RPD=1.72) 1 228 1 192 1 300 1 225 1 224 (RPD=0.45) 1

ND (RPD=NA) 1 BQL(0.004) 1 BQL(0.009) 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 BQL(0.003) 1 BQL(0.004) 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.007) (RPD=NA) 1 BQL(0.008) 1 BQL(0.004) 1 BQL(0.006) 1 BQL(0.007) 1 BQL(0.007) (RPD=NA) 1

BQL(0.009) (RPD=NA) 1 0.011 1 BQL(0.010) 1 BQL(0.010) 1 0.011 1 BQL(0.010) (RPD=NA) 1

0.114 (RPD=0.00) 1 0.282 1 0.163 1 0.177 1 0.274 1 0.274 (RPD=0.00) 1

0.009 (RPD=0.00) 1 0.178 1 0.406 1 0.010 1 0.040 1 0.039 (RPD=2.53) 1

BQL(0.009) (RPD=NA) 1 BQL(0.011) 1 BQL(0.007) 1 BQL(0.006) 1 BQL(0.012) 1 BQL(0.009) (RPD=NA) 1

ND (RPD=NA) 1 0.015 1 0.028 1 0.022 1 ND 1 BQL(0.004) (RPD=NA) 1

BQL(0.018) (RPD=NA) 1 0.027 1 0.037 1 BQL(0.009) 1 BQL(0.022) 1 BQL(0.017) (RPD=NA) 1

7.96 (RPD=0.13) 1 20.6 1 44.9 1 11.6 1 11.9 1 11.9 (RPD=0.00) 1

138 (RPD=0.72) 1 104 1 83.2 1 142 1 97.9 1 97.1 (RPD=0.82) 1

BQL(0.030) (RPD=NA) 1 0.098 1 1.63 1 0.056 1 0.045 1 0.049 (RPD=8.51) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

6/27/06 6/27/066/27/06 6/27/06 6/27/06 6/27/06

Sample Results (1, 2)

3447-10 Lab Dup. 3447-11 3447-12 3447-13 3447-14 3447-14 Lab Dup.*

ML1-7 ML2-3 ML2-5

Data DF Data DF Data DF Data DF Data DF Data DF

7/13/06 7/13/067/13/06 7/13/06 7/13/06 7/13/06

ML2-7 ML3-3 ML3-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/24/06

3ME345HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

13.4 1 1.98 1 1.75 1 0.513 1 8.00 1 0.230 1

0.025 1 BQL(0.007) 1 BQL(0.006) 1 0.103 1 0.019 1 BQL(0.006) 1

0.191 1 0.143 1 0.144 1 0.151 1 0.187 1 0.162 1

0.063 1 0.042 1 0.041 1 0.073 1 0.058 1 0.054 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

16.7 1 21.2 1 20.7 1 40.1 1 33.6 1 51.7 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.004) 1 ND 1 ND 1 ND 1 BQL(0.001) 1 ND 1

0.019 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.001) 1 0.010 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7.89 1 2.77 1 2.56 1 29.0 1 8.58 1 0.906 1

2.01 1 2.76 1 2.74 1 1.44 1 2.15 1 2.23 1

3.82 1 3.71 1 3.62 1 21.5 1 10.4 1 18.2 1

0.110 1 0.135 1 0.132 1 0.259 1 0.152 1 0.133 1

0.007 1 0.005 1 0.005 1 0.008 1 0.008 1 0.012 1

167 1 201 1 205 1 152 1 231 1 328 1

BQL(0.006) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.004) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.007) 1 BQL(0.005) 1 BQL(0.007) 1 BQL(0.008) 1 BQL(0.005) 1 BQL(0.008) 1

BQL(0.007) 1 BQL(0.007) 1 BQL(0.007) 1 BQL(0.009) 1 BQL(0.011) 1 BQL(0.010) 1

0.139 1 0.115 1 0.113 1 0.275 1 0.217 1 0.250 1

0.339 1 0.043 1 0.035 1 0.012 1 0.225 1 0.005 1

BQL(0.007) 1 BQL(0.007) 1 BQL(0.007) 1 BQL(0.012) 1 BQL(0.011) 1 BQL(0.010) 1

0.023 1 BQL(0.003) 1 BQL(0.002) 1 ND 1 0.014 1 ND 1

0.033 1 BQL(0.013) 1 BQL(0.013) 1 BQL(0.021) 1 0.025 1 BQL(0.020) 1

39.8 1 17.2 1 16.7 1 9.44 1 27.4 1 10.9 1

69.6 1 85.4 1 87.8 1 62.2 1 114 1 176 1

1.19 1 0.114 1 0.105 1 ND 1 0.868 1 BQL(0.033) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3447-19 3447-20

Sample Results (1, 2)

ML3-5 ML3-7 ML3-7 DUPLICATE ML4-3 ML4-5 ML4-7

6/28/06 6/28/06

3447-15 3447-16 3447-17

6/27/06 6/27/06 6/27/06 6/28/06

3447-18

7/13/06 7/13/06 7/13/06 7/13/06 7/13/06 7/13/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/24/06

3ME345HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

0.286 1 0.298 (RPD=4.11) 1 7.17 1 12.8 1 12.8 (RPD=0.00) 1

0.212 1 0.218 (RPD=2.79) 1 BQL(0.012) 1 BQL(0.010) 1 BQL(0.013) (RPD=NA) 1

0.145 1 0.145 (RPD=0.00) 1 0.184 1 0.195 1 0.194 (RPD=0.51) 1

0.093 1 0.095 (RPD=2.13) 1 0.051 1 0.051 1 0.051 (RPD=0.00) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

45.5 1 46.3 (RPD=1.74) 1 21.8 1 20.4 1 20.4 (RPD=0.00) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND (RPD=NA) 1 0.008 1 0.012 1 0.012 (RPD=0.00) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

41.6 1 42.2 (RPD=1.43) 1 4.75 1 5.17 1 5.16 (RPD=0.19) 1

1.46 1 1.45 (RPD=0.69) 1 2.36 1 2.66 1 2.32 (RPD=13.65) 1

23.7 1 23.8 (RPD=0.42) 1 5.62 1 4.32 1 4.30 (RPD=0.46) 1

0.293 1 0.294 (RPD=0.34) 1 0.180 1 0.123 1 0.122 (RPD=0.82) 1

0.009 1 0.009 (RPD=0.00) 1 0.006 1 0.016 1 0.015 (RPD=6.45) 1

122 1 121 (RPD=0.82) 1 178 1 345 10 351 (RPD=1.72) 10

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.004) (RPD=NA) 1

BQL(0.007) 1 BQL(0.007) (RPD=NA) 1 BQL(0.007) 1 BQL(0.006) 1 BQL(0.006) (RPD=NA) 1

0.013 1 0.012 (RPD=8.00) 1 BQL(0.008) 1 BQL(0.009) 1 BQL(0.007) (RPD=NA) 1

0.311 1 0.317 (RPD=1.91) 1 0.157 1 0.146 1 0.146 (RPD=0.00) 1

0.008 1 0.008 (RPD=0.00) 1 0.207 1 0.265 1 0.265 (RPD=0.00) 1

BQL(0.015) 1 BQL(0.016) (RPD=NA) 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.008) (RPD=NA) 1

ND 1 ND (RPD=NA) 1 0.013 1 0.021 1 0.020 (RPD=4.88) 1

BQL(0.019) 1 0.023 (RPD=NA) 1 BQL(0.016) 1 BQL(0.020) 1 BQL(0.020) (RPD=NA) 1

9.59 1 9.62 (RPD=0.31) 1 24.5 1 32.3 1 32.3 (RPD=0.00) 1

49.7 1 49.0 (RPD=1.42) 1 83.6 1 216 1 214 (RPD=0.93) 1

ND 1 ND (RPD=NA) 1 0.102 1 0.181 1 0.182 (RPD=0.55) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1

3447-23

Sample Results (1, 2)

ML5-3 ML5-3 ML5-5 ML5-7 ML5-7

3447-23 Lab Dup.

6/28/06 6/28/06 6/28/06 6/28/06 6/28/06

3447-21 3447-21 Lab Dup.* 3447-22

7/13/06 7/13/06 7/13/06 7/13/06 7/13/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  5

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 ND 1 36.2 1 22.6 1 28.5 1 28.6 (RPD=0.35) 1 65.1 1

7440-47-3 μg/L 0.094 0.352 BQL(0.200) 1 156 1 1.31 1 1.01 1 1.01 (RPD=0.00) 1 1.49 1

7440-50-8 μg/L 0.034 0.115 1.20 1 23.8 1 1.36 1 1.89 1 1.89 (RPD=0.00) 1 1.99 1

7439-89-6 μg/L 0.251 0.836 2.89 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.020 0.067 0.343 1 52.5 1 0.578 1 0.657 1 0.641 (RPD=2.47) 1 0.705 1

7782-49-2 μg/L 0.203 0.677 ND 1 5.04 1 8.16 1 9.01 1 9.48 (RPD=5.08) 1 9.73 1

7440-61-1 μg/L 0.002 0.008 ND 1 21.2 1 0.196 1 0.111 1 0.110 (RPD=0.90) 1 0.150 1

7440-62-2 μg/L 0.123 0.411 ND 1 ⎯ ⎯ 5.80 1 14.6 1 14.7 (RPD=0.68) 1 6.91 1

7439-97-6 μg/L 0.033 0.111 ND 1 BQL(0.110) 1 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.048) 1

Comments:

Notes:

Iron (Fe)

PMW-3

3447-05

6/26/06

7/17, 7/18 & 7/19/06

6/26/06

7/17, 7/18 & 7/19/06

3ME345HW Sample Results (1, 2)

PMW-2 PMW-6

3447-04 Lab Dup.

6/26/06

7/17, 7/18 & 7/19/06

PMW-6

3447-04

Shaw Environmental, Inc.
Analytical Service Results Report

7/26/06Metals 

DF

Selenium (Se)

Copper (Cu)

7/17, 7/18 & 7/19/06

DataQL DataDataUnit DF

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF Data

6/26/06

3447-01

6/26/06

3447-03

DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

FIELD BLANK PMW-1

3447-02

6/26/06

7/17, 7/18 & 7/19/06

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 

reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 

digestion duplicate

7/17, 7/18, 7/19 & 7/24/06

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME345HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 

reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 

digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  2  of  5

17.9 1 31.3 1 31.4 (RPD=0.32) 1 103 1 107 (RPD=3.81) 1 10.1 1

1.51 1 1.30 1 1.25 (RPD=3.92) 1 ⎯ ⎯ ⎯ ⎯ 23.1 1

1.37 1 2.06 1 1.58 (RPD=26.37) 1 122 1 126 (RPD=3.23) 1 5.73 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.868 1 0.704 1 ⎯ ⎯ 229 1 234 (RPD=2.16) 1 5.58 1

9.28 1 8.96 1 8.95 (RPD=0.11) 1 12.4 1 12.2 (RPD=1.63) 1 7.45 1

0.123 1 0.249 1 0.251 (RPD=0.80) 1 104 1 106 (RPD=1.90) 1 5.38 1

7.23 1 7.66 1 6.43 (RPD=17.46) 1 ⎯ ⎯ ⎯ ⎯ 25.9 1

ND 1 ND 1 ⎯ ⎯ 0.396 1 0.389 (RPD=1.78) 1 BQL(0.059) 1

3447-08 Lab Dup.*

6/27/06

7/17 & 7/19/06

3447-09

6/27/06

7/17, 7/18 & 7/19/067/18/06 7/17 & 7/19/06

3447-08

6/27/06

3447-07 Lab Dup.*

6/26/06 6/27/06 6/27/06

7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06

Data DF Data DFData DF Data DFData DFDF

Sample Results (1, 2)

PMW-4 PMW-5 PMW-5 ML1-3 ML1-5ML1-3

3447-06 3447-07

Data



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME345HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 

reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 

digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  3  of  5

10.2 (RPD=0.99) 1 2.28 1 43.6 1 18.4 1 10.8 1 89.6 1

23.2 (RPD=0.43) 1 1.36 1 9.77 1 29.2 1 1.34 1 3.44 1

5.78 (RPD=0.87) 1 1.88 1 3.49 1 5.84 1 2.24 1 2.80 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

5.57 (RPD=0.18) 1 0.483 1 3.02 1 6.81 1 0.378 1 1.54 1

7.66 (RPD=2.78) 1 5.92 1 10.8 1 7.58 1 9.57 1 8.95 1

5.40 (RPD=0.37) 1 0.098 1 14.8 1 14.5 1 9.81 1 5.73 1

25.9 (RPD=0.00) 1 9.20 1 12.0 1 24.3 1 5.11 1 9.24 1

BQL(0.042) (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06

3447-13 3447-14

6/27/06 6/27/066/27/06

3447-12

7/17, 7/18 & 7/19/067/17, 7/18 & 7/19/06

Data DFData DF Data DFData DF

7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06

Data DF Data DF

3447-09 Lab Dup. 3447-010 3447-11

6/27/06 6/27/06 6/27/06

Sample Results (1, 2)

ML1-5 ML1-7 ML2-3 ML2-7 ML3-3ML2-5



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME345HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 

reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 

digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  4  of  5

88.6 (RPD=1.12) 1 18.1 1 5.50 1 5.24 1 81.3 1 83.9 (RPD=3.15) 1

3.29 (RPD=4.46) 1 21.8 1 3.07 1 2.71 1 1.82 1 1.84 (RPD=1.09) 1

2.44 (RPD=13.74) 1 3.89 1 2.02 1 1.86 1 3.79 1 3.89 (RPD=2.60) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.41 (RPD=8.81) 1 4.37 1 0.711 1 0.668 1 0.812 1 0.804 (RPD=0.99) 1

8.74 (RPD=2.37) 1 9.66 1 6.77 1 6.56 1 13.0 1 13.8 (RPD=5.97) 1

5.69 (RPD=0.70) 1 5.88 1 1.68 1 1.85 1 6.23 1 6.28 (RPD=0.80) 1

6.99 (RPD=27.73) 1 20.6 1 6.79 1 5.76 1 9.34 1 9.22 (RPD=1.29) 1

BQL(0.039) (RPD=NA) 1 ND 1 BQL(0.038) 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DFData DF Data DFData DF Data DF

6/28/06 6/28/06

7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06

6/27/06 6/27/06 6/27/06 6/27/06

3447-16 3447-17 3447-18 3447-18 Lab Dup.

Sample Results (1, 2)

ML3-3 ML3-5 ML3-7 ML3-7 DUPLICATE ML4-3 ML4-3

3447-14 Lab Dup.* 3447-15



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME345HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 

reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 

digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  5  of  5

82.1 (RPD=0.98) 1 14.2 1 3.63 1 175 1 9.30 1 7.49 1

1.94 (RPD=6.38) 1 12.0 1 1.10 1 1.78 1 9.62 1 15.2 1

3.79 (RPD=0.00) 1 4.10 1 3.28 1 3.04 1 3.84 1 5.06 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.760 (RPD=6.62) 1 2.50 1 0.299 1 0.401 1 2.36 1 3.44 1

12.3 (RPD=5.53) 1 10.7 1 8.01 1 10.3 1 11.0 1 8.18 1

6.27 (RPD=0.64) 1 16.1 1 43.3 1 1.70 1 3.31 1 2.80 1

11.2 (RPD=18.11) 1 13.0 1 6.10 1 7.99 1 10.4 1 11.8 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.047) 1

Data DF Data DF

7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06

Data DF Data DF Data DF Data DF

7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06 7/17, 7/18 & 7/19/06

6/28/06 6/28/06

3447-18 Lab Dup.* 3447-19 3447-20

6/28/06 6/28/06 6/28/06 6/28/06

3447-21

Sample Results (1, 2)

ML4-3 ML4-5 ML4-7 ML5-3 ML5-5 ML5-7

3447-22 3447-23



Laboratory: Report Date: Page  1  of  3

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7429-90-5 mg/L 0.040 0.133 0.310 1 0.409 (RPD=27.54) 1 0.378 1 0.365 (RPD=3.50) 1 1.61 1 20.2 1

7440-38-2 mg/L 0.006 0.019 0.145 1 0.150 (RPD=3.39) 1 0.100 1 0.097 (RPD=3.05) 1 BQL(0.009) 1 0.212 1

7440-42-8 mg/L 0.014 0.049 0.155 1 0.157 (RPD=1.28) 1 0.142 1 0.141 (RPD=0.71) 1 0.179 1 0.213 1

7440-39-3 mg/L 0.001 0.004 0.094 1 0.095 (RPD=1.06) 1 0.093 1 0.092 (RPD=1.08) 1 0.039 1 0.196 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1

7440-70-2 mg/L 0.027 0.089 47.4 1 47.6 (RPD=0.42) 1 44.2 1 44.0 (RPD=0.45) 1 21.2 1 53.6 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 0.020 1

7440-50-8 mg/L 0.006 0.019 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7439-89-6 mg/L 0.006 0.019 26.1 1 26.6 (RPD=1.90) 1 26.9 1 26.9 (RPD=0.00) 1 1.46 1 58.2 1

7440-09-7 mg/L 0.061 0.204 2.06 1 2.09 (RPD=1.45) 1 1.54 1 1.50 (RPD=2.63) 1 2.44 1 3.37 1

7439-95-4 mg/L 0.027 0.089 23.6 1 23.6 (RPD=0.00) 1 24.8 1 24.8 (RPD=0.00) 1 3.44 1 24.0 1

7439-96-5 mg/L 0.001 0.004 0.256 1 0.258 (RPD=0.78) 1 0.201 1 0.200 (RPD=0.50) 1 0.122 1 0.318 1

7439-98-7 mg/L 0.001 0.004 0.008 1 0.008 (RPD=0.00) 1 0.005 1 0.005 (RPD=0.00) 1 0.015 1 0.017 1

7440-23-5 mg/L 0.047 0.155 169 1 171 (RPD=1.18) 1 114 1 113 (RPD=0.88) 1 357 10 335 1

7440-02-0 mg/L 0.003 0.011 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.007) 1

7439-92-1 mg/L 0.002 0.008 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.007) 1

7440-36-0 mg/L 0.003 0.011 BQL(0.008) 1 BQL(0.010) (RPD=NA) 1 BQL(0.008) 1 BQL(0.007) (RPD=NA) 1 BQL(0.006) 1 BQL(0.010) 1

7782-49-2 mg/L 0.003 0.011 BQL(0.011) 1 BQL(0.010) (RPD=NA) 1 BQL(0.010) 1 BQL(0.011) (RPD=NA) 1 BQL(0.008) 1 0.016 1

7440-24-6 mg/L 0.001 0.004 0.324 1 0.325 (RPD=0.31) 1 0.311 1 0.309 (RPD=0.65) 1 0.147 1 0.450 1

7440-32-6 mg/L 0.001 0.004 0.008 1 0.011 (RPD=31.58) 1 0.009 1 0.009 (RPD=0.00) 1 0.026 1 0.444 1

7440-28-0 mg/L 0.006 0.019 BQL(0.010) 1 BQL(0.012) (RPD=NA) 1 BQL(0.009) 1 BQL(0.008) (RPD=NA) 1 ND 1 BQL(0.016) 1

7440-62-2 mg/L 0.002 0.008 ND 1 BQL(0.003) (RPD=NA) 1 BQL(0.005) 1 BQL(0.006) (RPD=NA) 1 0.012 1 0.035 1

7440-66-6 mg/L 0.007 0.022 BQL(0.020) 1 0.024 (RPD=NA) 1 BQL(0.016) 1 BQL(0.017) (RPD=NA) 1 BQL(0.017) 1 0.044 1

7440-21-3 mg/L 0.049 0.163 9.24 1 9.42 (RPD=1.93) 1 9.75 1 9.76 (RPD=0.10) 1 11.8 1 37.9 1

7704-34-9 mg/L 0.102 0.341 71.7 1 72.3 (RPD=0.83) 1 39.1 1 39.0 (RPD=0.26) 1 222 1 165 1

7723-14-0 mg/L 0.012 0.041 0.062 1 0.064 (RPD=3.17) 1 0.044 1 0.045 (RPD=2.25) 1 0.077 1 0.067 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

Comments: 

Notes:

6/28/06 6/29/066/28/06 6/28/06 6/28/06 6/28/06

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/25/06

3ME345HW Sample Results (1, 2)

3449-03 3449-04

Beryllium (Be)

Calcium (Ca)

3449-01 3449-01 Lab Dup.* 3449-02 3449-02 Lab Dup.

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/17/06 7/17/06 7/17/06 7/17/06 7/17/06 7/17/06

ML6-3 ML6-3 ML6-5 ML6-5 ML6-7 ML7-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/25/06

3ME345HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.422 1 0.636 1 BQL(0.094) 1 BQL(0.094) 1 BQL(0.130) 1 0.490 1

BQL(0.013) 1 BQL(0.007) 1 BQL(0.011) 1 BQL(0.008) 1 0.029 1 BQL(0.016) 1

0.216 1 0.146 1 0.140 1 0.112 1 0.119 1 0.135 1

0.028 1 0.024 1 0.090 1 0.069 1 0.077 1 0.152 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

22.0 1 21.0 1 59.0 1 31.0 1 33.8 1 51.1 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.001) 1 ND 1 BQL(0.001) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

1.67 1 0.844 1 12.4 1 1.02 1 9.64 1 13.0 1

1.70 1 2.32 1 5.87 1 2.94 1 3.27 1 3.58 1

4.32 1 3.17 1 15.8 1 9.92 1 13.0 1 12.8 1

0.122 1 0.104 1 0.435 1 0.294 1 0.326 1 0.448 1

0.008 1 0.010 1 0.006 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) 1

258 1 301 1 91.7 1 60.8 1 74.4 1 168 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.004) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.007) 1 BQL(0.005) 1 BQL(0.010) 1 BQL(0.009) 1 BQL(0.008) 1 0.012 1

BQL(0.005) 1 BQL(0.007) 1 BQL(0.010) 1 BQL(0.007) 1 BQL(0.008) 1 BQL(0.010) 1

0.177 1 0.175 1 0.363 1 0.188 1 0.191 1 0.287 1

0.010 1 0.009 1 BQL(0.002) 1 BQL(0.004) 1 BQL(0.004) 1 0.021 1

ND 1 ND 1 BQL(0.011) 1 ND 1 BQL(0.006) 1 BQL(0.011) 1

BQL(0.005) 1 0.008 1 BQL(0.005) 1 BQL(0.004) 1 BQL(0.005) 1 BQL(0.003) 1

BQL(0.009) 1 BQL(0.014) 1 BQL(0.019) 1 BQL(0.014) 1 BQL(0.011) 1 BQL(0.020) 1

17.2 1 9.58 1 8.60 1 7.76 1 9.60 1 8.92 1

122 1 165 1 19.7 1 20.4 1 7.97 1 108 1

0.698 1 BQL(0.033) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

6/29/06 6/29/06 6/29/06 6/29/066/29/06 6/29/06

Sample Results (1, 2)

3449-09 3456-013449-05 3449-06 3449-07 3449-08

DF DataData DF Data DFDF Data DF DataDF Data

7/17/06 7/17/06 7/17/06 7/17/06 7/17/06 7/17/06

ML7-5 ML7-7 ML7-2 ML5-2 ML3-2 ML1-2



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 7/25/06

3ME345HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1

0.495 (RPD=1.02) 1 0.565 (RPD=14.22) 1 3.99 1

BQL(0.015) (RPD=NA) 1 BQL(0.017) (RPD=NA) 1 0.025 1

0.134 (RPD=0.74) 1 0.134 (RPD=0.74) 1 0.136 1

0.154 (RPD=1.31) 1 0.155 (RPD=1.95) 1 0.097 1

ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1

51.7 (RPD=1.17) 1 51.8 (RPD=1.36) 1 61.6 1

ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1

ND (RPD=NA) 1 BQL(0.001) (RPD=NA) 1 BQL(0.002) 1

ND (RPD=NA) 1 ND (RPD=NA) 1 BQL(0.003) 1

ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1

12.9 (RPD=0.77) 1 12.8 (RPD=1.55) 1 4.90 1

3.66 (RPD=2.21) 1 3.69 (RPD=3.03) 1 4.90 1

12.9 (RPD=0.78) 1 12.9 (RPD=0.78) 1 13.1 1

0.446 (RPD=0.45) 1 0.446 (RPD=0.45) 1 0.421 1

BQL(0.004) (RPD=NA) 1 0.004 (RPD=NA) 1 0.008 1

169 (RPD=0.59) 1 170 (RPD=1.18) 1 65.8 1

BQL(0.004) (RPD=NA) 1 BQL(0.004) (RPD=NA) 1 BQL(0.004) 1

ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1

BQL(0.008) (RPD=NA) 1 BQL(0.009) (RPD=NA) 1 BQL(0.010) 1

BQL(0.009) (RPD=NA) 1 BQL(0.005) (RPD=NA) 1 BQL(0.007) 1

0.290 (RPD=1.04) 1 0.291 (RPD=1.38) 1 0.344 1

0.021 (RPD=0.00) 1 0.030 (RPD=35.29) 1 0.130 1

BQL(0.011) (RPD=NA) 1 BQL(0.012) (RPD=NA) 1 BQL(0.010) 1

BQL(0.003) (RPD=NA) 1 BQL(0.005) (RPD=NA) 1 0.008 1

BQL(0.019) (RPD=NA) 1 0.025 (RPD=NA) 1 0.028 1

8.93 (RPD=0.11) 1 9.07 (RPD=1.67) 1 15.2 1

108 (RPD=0.00) 1 109 (RPD=0.92) 1 19.1 1

ND (RPD=NA) 1 ND (RPD=NA) 1 BQL(0.023) 1

ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1

6/29/06 6/29/06 6/29/06

Sample Results (1, 2)

3456-01 Lab Dup. 3456-01 Lab Dup.* 3456-02

ML1-2 ML1-2 ML2-2

Data DF Data DF Data DF Data DF Data DF Data DF

7/17/06 7/17/06 7/17/06



Laboratory: Report Date: Page  1  of  3

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 120 1 120 (RPD=0.00) 1 121 (RPD=0.83) 1 80.0 1 7.33 1 173 1

7440-47-3 μg/L 0.094 0.352 2.23 1 2.25(RPD=0.89) 1 2.16 (RPD=3.19) 1 2.14 1 2.20 1 24.8 1

7440-50-8 μg/L 0.034 0.115 2.44 1 2.44 (RPD=0.00) 1 2.33 (RPD=4.61) 1 1.70 1 2.68 1 7.06 1

7439-92-1 μg/L 0.020 0.067 0.519 1 0.505 (RPD=2.73) 1 0.468 (RPD=10.33) 1 0.412 1 0.780 1 8.46 1

7782-49-2 μg/L 0.203 0.677 11.3 1 11.3 (RPD=0.00) 1 11.4 (RPD=0.88) 1 10.4 1 7.13 1 16.1 1

7440-61-1 μg/L 0.002 0.008 8.65 1 8.44 (RPD=2.46) 1 8.57 (RPD=0.93) 1 3.62 1 0.896 1 20.8 1

7440-62-2 μg/L 0.123 0.411 6.52 1 6.54 (RPD=0.31) 1 7.69 (RPD=16.47) 1 4.84 1 7.69 1 24.6 1

7439-97-6 μg/L 0.033 0.111 BQL(0.037) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments:

Notes:

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  All iron results were 
above the QL for ICP analysis, thus iron was not analyzed by ICP-MS.  The MDL's and QL's reported 
represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = digestion 
duplicate

7/17 & 7/19/06

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

ML6-3 ML6-3

3449-01 Lab Dup.

6/28/06

7/17 & 7/19/06

DF Data

6/28/06

3449-01

6/28/06

3449-01 Lab Dup.*

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF

Selenium (Se)

Copper (Cu)

7/17 & 7/19/06

DataQL DataDataUnit DF

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

3ME345HW Sample Results (1, 2)

ML6-3 ML6-7

3449-03

6/28/06

7/17 & 7/19/06

ML6-5

3449-02

6/28/06

7/17 & 7/19/06

ML7-3

3449-04

6/29/06

7/17 & 7/19/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  All iron results were 
above the QL for ICP analysis, thus iron was not analyzed by ICP-MS.  The MDL's and QL's reported 
represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = digestion 
duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

3ME345HW

Page  2  of  3

12.0 1 4.72 1 8.79 1 7.04 1 23.8 1 11.3 1

2.05 1 1.32 1.20 1 0.746 1 1.15 1 1.67 1

1.10 1 1.76 1.81 1 2.45 1 2.24 1 2.00 1

0.357 1 0.742 1 0.365 1 0.452 1 0.612 1 0.812 1

10.9 1 6.64 1 13.1 1 9.68 1 11.0 1 7.79 1

15.8 1 8.46 1 0.653 1 0.079 1 0.116 1 0.535 1

3.77 1 5.88 1 3.81 1 3.94 1 2.71 1 6.03 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.034) 1

Data DF

Sample Results (1, 2)

ML7-5 ML7-7 ML7-2 ML5-2 ML1-2ML3-2

3449-05 3449-06

Data DF Data DFData DF Data DF Data DF

3449-08

6/29/06

3449-07

6/29/06 6/29/06 6/29/06

7/17 & 7/19/06 7/17 & 7/19/06 7/17 & 7/19/06 7/17 & 7/19/06

3449-09

6/29/06

7/17 & 7/19/06

3456-01

6/29/06

7/17 & 7/19/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

No problems noted.  All QC results met criteria established in RSKSOP 257(1).  All iron results were 
above the QL for ICP analysis, thus iron was not analyzed by ICP-MS.  The MDL's and QL's reported 
represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = digestion 
duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

7/25/06Metals 

3ME345HW

Page  3  of  3

11.2 (RPD=0.89) 1 19.4 1 ⎯ ⎯

1.64 (RPD=1.81) 1 5.01 1 ⎯ ⎯

2.18 (RPD=8.61) 1 4.27 1 ⎯ ⎯

0.795 (RPD=2.12) 1 3.37 1 ⎯ ⎯

7.37 (RPD=5.54) 1 9.21 1 ⎯ ⎯

0.541 (RPD=1.12) 1 1.03 1 ⎯ ⎯

⎯ ⎯ 9.96 1 9.59 (RPD=3.79) 1

BQL(0.037) (RPD=NA) 1 ND 1 ⎯ ⎯

Sample Results (1, 2)

ML1-2 ML2-2 ML2-2

3456-01 Lab Dup.* 3456-02 3456-02 Lab Dup.*

6/29/06 6/29/06 6/29/06

Data DF

7/17 & 7/19/06 7/17 & 7/19/06

Data DF Data DF Data DFData DF Data DF

7/19/06



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06
Page 1 of 13

Technical Directive:
3447-01 3447-02 3447-03

Method: Field Blank PMW-1A PMW-2A
Date Collected 6/26/2006 6/26/2006 6/26/2006

Analysts: Date Analyzed 8/18/2006 8/18/06, 8/20/06*, 8/22/06** 8/20/2006

Field Sample ID Field Blank PMW-1 PMW-2

Analytes CAS # Unit MDL* QL* Data Data Data
75-01-4 ug/L 0.49 0.5 ND 815 132
75-34-4 ug/L 0.15 0.5 ND 11.0 BQL(0.29)
75-15-0 ug/L - 0.5 ND 3.02 0.75
75-09-2 ug/L - 0.5 ND BQL(0.02) BQL(0.11)

156-60-5 ug/L 0.10 0.5 ND 198 27.7
75-34-3 ug/L 0.05 0.5 ND 1.42 1.28

156-59-2 ug/L 0.06 0.5 ND 18500** 513
67-66-3 ug/L 0.09 0.5 ND BQL(0.22) BQL(0.19)
71-55-6 ug/L 0.13 0.5 ND ND ND
56-23-5 ug/L 0.15 0.5 ND ND ND

107-06-2 ug/L 0.13 0.5 ND ND ND
79-01-6 ug/L 0.07 0.5 ND 3770* 7.10
95-00-5 ug/L - 0.5 ND ND ND

127-18-4 ug/L 0.17 0.5 BQL(0.21) 853 1.94
108-90-7 ug/L 0.18 0.5 ND ND ND
541-73-1 ug/L 0.15 0.5 ND ND ND
106-46-7 ug/L 0.13 0.5 ND ND ND
95-50-1 ug/L 0.09 0.5 ND 1.49 BQL(0.45)
64-17-5 µg/L 9.6 50 ND ND ND
67-63-0 µg/L 1.5 10 ND ND ND
75-65-0 µg/L 1.41 5.0 <MDL BQL(2.2) 6.72

1634-04-4 µg/L 0.11 0.5 ND ND BQL(0.40)
108-20-3 µg/L 0.21 0.5 ND ND ND
71-23-8 µg/L - 50.0 ND ND ND

637-92-3 µg/L 0.17 0.5 ND ND ND
71-43-2 µg/L 0.18 0.5 ND <MDL 0.64

994-05-8 µg/L 0.11 0.5 ND ND BQL(0.18)
71-36-3 µg/L - 50.0 ND ND ND

108-88-3 µg/L 0.17 0.5 ND 88.2 5.60
100-41-4 µg/L 0.17 0.5 ND 10.0 BQL(0.23)
108-38-3 µg/L 0.25 1.0 ND 13.1 1.02
95-47-6 µg/L 0.16 0.5 ND 1.31 1.62

108-67-8 µg/L 0.15 0.5 ND 5.12 3.24
95-63-6 µg/L 0.10 0.5 ND 32.6 8.01

526-73-8 µg/L 0.06 0.5 ND 2.81 3.43
91-20-3 µg/L 0.12 0.5 ND 1.73 0.51

460-00-4 µg/L - - 95% 91% 94%
- µg/L - - 93% 102% 91%
- - - - 1.0 1, 10*, 21** 1.0

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene

 Page 2 of 13

3447-03 Lab Dup 3447-04 3447-05
PMW-2ALD PMW-6A PMW-3A
6/26/2006 6/26/2006 6/26/2006
8/20/2006 8/18/06, 8/20/06* 8/18/06, 8/20/06*, 8/23/06**

PMW-2 PMW-6 PMW-3

Data Data Data
123 (RPD = 7) 1670* 3760*

BQL(0.27) 6.87 37.1
0.68 (RPD = 10) 0.66 1.14

BQL(0.11) ND BQL(0.17)
26.2 (RPD = 5.6) 449 1570*
1.26 (RPD = 2) 10.2 26.1
492 (RPD - 4.2) 10400* 54100**

BQL(0.17) ND BQL(0.23)
ND ND ND
ND ND ND
ND ND BQL(0.49)

6.71 (RPD = 5.6) 1790* 5020*
ND ND ND

2.40 (RPD = 21) 687 13600*
ND ND ND
ND ND ND
ND ND BQL(0.23)

BQL(0.46) 0.82 3.60
ND ND ND
ND ND ND

6.74 24.9 149
BQL(0.43) 1.01 2.39

ND ND ND
ND ND ND
ND ND ND

0.57 2.19 1.97
BQL(0.23) 0.61 BQL(0.39)

ND ND ND
5.22 5.62 30.9

BQL(0.18) 3.59 10.5
0.89 3.89 22.1
1.44 3.86 18.8
2.84 5.28 38.0
7.46 22.6 131
3.12 6.80 33.4

BQL(0.47) 1.91 3.88
92% 94% 92%
92% 92% 100%
1.0 1 & 10* 1, 21* & 101**

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-06 3447-07 3447-08
PMW-4A PMW-5A ML1-3A
6/26/2006 6/27/2006 6/27/2006

8/18/06, 8/20/06*, 8/23/06** 8/18/06, 8/20/06*, 8/23/06** 8/18/06, 8/20/06*

PMW-4 PMW-5 ML1-3

Data Data Data
72.0 66.5 528
46.3 19.1 2.44
4.50 2.66 2.69
0.60 1.90 ND
1000 318 137
48.0 19.0 0.76

27200* 19600* 3560*
1.37 0.82 1.74
3.44 ND ND
ND ND ND

BQL(0.20) BQL(0.39) ND
18000* 13900* 197

1.25 ND ND
76500** 459000** 72.7

BQL(0.26) ND ND
ND ND ND

<MDL ND ND
2.16 8.31 ND

BQL(37) BQL(38) BQL(37)
BQL(7.8) BQL(7.7) BQL(5.9)

263 117 30.2
ND BQL(0.43) 0.61
ND ND ND
ND ND ND
ND ND ND

0.56 0.95 1.37
BQL(0.29) BQL(0.20) BQL(0.39)

ND ND ND
49.9 26.0 0.94
17.8 7.50 ND
24.0 19.5 ND
13.4 13.3 BQL(0.18)
9.71 30.8 ND
152 97.2 1.06
16.6 23.9 BQL(0.15)
25.1 12.7 <MDL
87% 95% 102%
99% 94% 96%

1, 41* & 101** 1, 51* & 401** 1 & 10*

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-09 3447-09 Lab Dup 3447-10
ML1-5A ML1-5ALD ML1-7A

6/27/2006 6/27/2006 6/27/2006
8/20/2006 8/20/2006 8/19/2006

ML1-5 ML1-5 ML1-7

Data Data Data
93.9 84.9 (RPD = 10) 4.08

BQL(0.17) BQL(0.14) ND
1.31 1.26 (RPD = 4) ND

BQL(0.02) BQL(0.01) BQL(0.01)
25.3 23.7 (RPD = 6.5) 1.15

BQL(0.22) BQL(0.21) ND
578 562 (RPD = 2.8) 41.7
2.30 2.19 (RPD =4.9) 3.01
ND ND ND
ND ND ND
ND ND ND

26.8 24.8 (RPD = 8) 9.44
ND ND ND

19.3 19.0 (RPD = 2) 13.4
ND ND ND
ND ND ND
ND ND ND
ND ND ND

BQL(36) BQL(37) 113
4.42 4.31 BQL(3.8)
9.50 9.40 BQL(1.9)

BQL(0.21) BQL(0.26) ND
ND ND ND
ND ND ND
ND ND ND

BQL(0.24) BQL(0.20) ND
<MDL BQL(0.15) ND

ND ND ND
<MDL <MDL ND

ND ND ND
ND ND ND
ND ND ND
ND ND ND

BQL(0.45) BQL(0.43) ND
ND ND ND
ND ND ND

91% 91% 93%
91% 84% 95%
1.0 1.0 1.0

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-11 3447-12 3447-13
ML2-3A ML2-5A ML2-7A

6/27/2006 6/27/2006 6/27/2006
8/19/06, 8/21/06* 8/19/06, 8/21/06*, 8/23/06** 8/19/06, 8/21/06*

ML2-3 ML2-5 ML2-7

Data Data Data
320 52.9 270
20.9 3.12 1.22

BQL(0.42) BQL(0.15) BQL(0.15)
BQL(0.13) ND ND

149 12.1 73.4
3.80 0.62 2.15

9580* 545 1870*
0.85 BQL(0.17) 3.09

<MDL ND BQL(0.15)
ND ND ND
ND ND ND

11300* 3510* 359
ND ND ND

45700* 167000** 829
ND ND ND
ND ND ND

BQL(0.23) 2.23 ND
2.89 19.6 ND

BQL(37) ND BQL(44)
BQL(6.7) ND BQL(4.8)

37.2 BQL(1.9) 16.0
0.86 0.51 BQL(0.17)
ND ND ND
ND ND ND
ND ND ND

1.65 0.71 BQL(0.28)
0.70 BQL(0.30) <MDL
ND ND ND

8.75 16.2 0.61
3.22 9.55 ND
9.27 26.9 ND
5.97 17.9 <MDL
22.8 78.6 <MDL
70.2 243 1.18
20.2 64.3 BQL(0.25)
8.20 38.6 <MDL
97% 94% 90%
99% 93% 89%

1 & 41* 1, 10* & 501** 1 & 5*

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol
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  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-14 3447-15 3447-15 Lab Dup
ML3-3A ML3-5A ML3-5ALD

6/27/2006 6/27/2006 6/27/2006
8/19/06, 8/21/06* 8/21/2006 8/21/2006

ML3-3 ML3-5 ML3-5

Data Data Data
3210* 38.6 37.6 (RPD = 3)
3.77 <MDL <MDL

BQL(0.09) ND ND
ND BQL(0.14) BQL(0.14)
294 11.2 11.2 (RPD = 0)
11.5 ND ND

2970* 245 241 (RPD = 2)
0.98 <MDL <MDL
ND ND ND
ND ND ND
ND ND ND

38.3 10.8 10.9 (RPD = 0.9)
ND ND ND
128 777 750 (RPD = 3.5)
ND ND ND
ND ND ND
ND ND ND

BQL(0.36) ND ND
50.0 BQL(36) BQL(36)

BQL(4.4) ND ND
29.8 <MDL <MDL

BQL(0.38) BQL(0.42) BQL(0.47)
ND ND ND
ND ND ND
ND ND ND

1.16 1.59 1.43
BQL(0.22) BQL(0.26) BQL(0.25)

ND ND ND
18.5 <MDL <MDL
0.94 ND ND
6.72 ND ND
7.33 ND ND
4.30 0.55 BQL(0.48)
19.8 2.75 2.48
7.57 BQL(0.36) BQL(0.34)

BQL(0.15) <MDL <MDL
91% 88% 88%
95% 88% 86%

1 & 5* 1.0 1.0

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol
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  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-16 3447-17 3447-18
ML3-7A ML3-7A Dup ML4-3A

6/27/2006 6/27/2006 6/28/2006
8/19/2006 8/19/2006 8/19/06, 8/21/06*, 8/21/06**

ML3-7 ML3-7 Dup ML4-3

Data Data Data
45.4 45.8 4930*
ND ND 37.8

BQL(0.09) ND BQL(0.14)
ND ND BQL(0.08)

5.43 5.96 1490*
BQL(0.18) BQL(0.15) 26.4

196 194 45600**
1.63 1.38 BQL(0.29)
ND ND ND
ND ND ND
ND ND BQL(0.33)

21.1 20.3 4220*
ND ND ND

66.9 70.8 668
ND ND ND
ND ND ND
ND ND <MDL
ND ND 2.21
581 411 ND

BQL(7.7) BQL(7.5) <MDL
BQL(3.5) BQL(3.2) 121

<MDL BQL(0.11) 2.22
ND ND ND
ND ND ND
ND ND ND

<MDL <MDL 2.93
ND ND 0.82
ND ND ND

0.68 0.64 25.4
ND ND 11.8

<MDL <MDL 19.1
BQL(0.37) BQL(0.39) 15.8

1.88 1.95 22.2
7.39 7.81 106
1.30 1.33 26.3

BQL(0.16) BQL(0.15) 1.39
90% 90% 91%
90% 89% 95%
1.0 1.0 1, 10* & 51**
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Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-19 3447-20 3447-21
ML4-5A ML4-7A ML5-3A

6/28/2006 6/28/2006 6/28/2006
8/19/06, 8/23/06* 8/19/2006 8/19/06, 8/21/06*, 8/23/06**

ML4-5 ML4-7 ML5-3

Data Data Data
300 34.7 3130*
2.14 <MDL 65.0

BQL(0.19) BQL(0.16) BQL(0.14)
ND ND BQL(0.40)

77.3 8.97 2770*
1.45 ND 41.3

2180* 243 81000**
0.54 1.85 0.87
ND ND ND
ND ND ND
ND ND 1.01
835 9.70 10000*
ND ND ND

1640* 11.1 2650*
ND ND <MDL
ND ND ND
ND ND BQL(0.27)
ND ND 3.53

BQL(33) 78.6 ND
ND BQL(3.5) BQL(2.3)

6.42 BQL(2.8) 217
BQL(0.47) ND ND

ND ND ND
ND ND ND
ND ND ND

1.82 ND 1.58
BQL(0.35) ND BQL(0.22)

ND ND ND
2.41 <MDL 46.6

BQL(0.34) ND 15.1
2.16 ND 27.2
2.02 <MDL 21.0
6.05 1.14 33.8
20.8 3.74 127
3.97 0.56 33.8

BQL(0.48) ND 2.04
89% 90% 91%
89% 90% 100%

1 & 10* 1.0 1, 51* & 101**
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Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3447-22 3447-23 3449-01
ML5-5A ML5-7A ML6-3A

6/28/2006 6/28/2006 6/28/2006
8/19/2006 8/19/06, 8/23/06* 8/19/06, 8/22/06*, 8/23/06**

ML5-5 ML5-7 ML6-3

Data Data Data
195 68.7 2450*
5.12 1.39 66.4

BQL(0.19) BQL(0.11) BQL(0.13)
ND BQL(0.07) BQL(0.38)
139 56.6 2710*
3.10 1.14 38.7

5290* 1850* 83000**
2.63 7.06 1.14
ND ND ND
ND ND ND
ND ND 0.92

5090* 846 9210*
ND ND ND

6560* 377 2760*
ND ND <MDL
ND ND ND
ND ND BQL(0.18)

0.69 ND 2.98
BQL(33) 73.1 ND
BQL(3.4) BQL(8.4) BQL(2.1)

16.3 6.46 228
1.17 <MDL 4.80
ND ND ND
ND ND ND
ND ND ND

2.63 <MDL 1.39
1.11 ND BQL(0.11)
ND ND ND

3.80 0.94 45.9
1.00 ND 14.9
1.43 BQL(0.34) 25.1
2.06 0.78 18.6
7.57 4.30 29.1
21.6 14.4 114
4.65 2.86 29.7
1.28 BQL(0.44) 1.93
91% 85% 92%
90% 80% 99%

1 & 51* 1 & 10* 1, 51* & 401**
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Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3449-02 3449-03 3449-03 Lab Dup
ML6-5A ML6-7A ML6-7ALD

6/28/2006 6/28/2006 6/28/2006
8/19/06, 8/22/06*, 8/23/06** 8/22/2006 8/22/2006

ML6-5 ML6-7 ML6-7

Data Data Data
3050* 7.25 6.87 (RPD = 5.4)
73.9 BQL(0.18) <MDL

BQL(0.12) ND ND
BQL(0.43) BQL(0.33) BQL(0.35)

3020* 13.0 12.3 (RPD = 6)
44.1 BQL(0.29) BQL(0.23)

86400** 490 473 (RPD = 3.5)
0.52 6.40 6.11 (RPD =4.6) 
ND ND ND
ND ND ND

0.93 ND ND
10400* 12.9 12.2 (RPD = 6)

ND ND ND
3070* 27.0 25.8 (RPD = 4.5)
<MDL ND ND

ND ND ND
BQL(0.27) ND ND

3.89 ND ND
ND 517 516
ND BQL(8.2) BQL(8.2)
258 BQL(4.6) BQL(5.0)
5.46 ND ND
ND ND ND
ND ND ND
ND ND ND

1.49 ND ND
<MDL ND ND

ND BQL(31) BQL(46)
52.4 BQL(0.25) BQL(0.29)
17.5 ND ND
30.1 ND ND
21.9 <MDL <MDL
36.2 BQL(0.15) BQL(0.14)
142 1.90 1.76
36.9 BQL(0.14) BQL(0.14)
2.18 0.58 0.63
92% 94% 92%

102% 93% 92%
1, 51* & 401** 1.0 1.0
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Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3449-04 3449-05 3449-06
ML7-3A ML7-5A ML7-7A

6/29/2006 6/29/2006 6/29/2006
8/19/06, 8/22/06*, 8/23/06** 8/19/06, 8/22/06* 8/22/2006

ML7-3 ML7-5 ML7-7

Data Data Data
4490* 24.7 33.6
110 4.69 BQL(0.34)

BQL(0.48) BQL(0.18) ND
BQL(0.19) ND BQL(0.18)

2440* 15.9 11.9
67.4 5.68 0.61

86900** 566 400
0.88 1.26 7.64
ND ND ND
ND ND ND

0.96 ND ND
3150* 5280* 39.8

ND ND ND
2200* 40100* 45.1

BQL(0.23) ND ND
ND ND ND
ND ND ND
ND 1.44 ND
ND ND 87.0

BQL(3.5) BQL(2.6) BQL(7.0)
826 BQL(4.3) 7.52
ND <MDL ND
ND ND ND
ND ND ND
ND ND ND

1.75 <MDL ND
ND ND ND
ND BQL(19) ND

62.8 4.61 <MDL
39.3 3.26 ND
20.0 4.66 ND
12.6 <MDL ND
6.81 12.3 ND
72.1 24.6 0.60
13.2 7.79 ND
15.3 5.01 0.79
86% 91% 95%
80% 95% 95%

1, 51* & 401** 1 & 51* 1.0

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3449-07 3449-08 3449-09
ML7-2A ML5-2A ML3-2A

6/29/2006 6/29/2006 6/29/2006
8/19/06, 8/22/06* 8/19/06, 8/22/06* 8/20/06, 8/22/06*

ML7-2 ML5-2 ML3-2

Data Data Data
2710* 412 3050*
37.7 12.9 3.94
1.27 BQL(0.29) BQL(0.12)

BQL(0.14) 0.88 ND
973 483 280
34.5 12.8 10.8

33900* 21800* 4160*
1.28 2.64 BQL(0.48)
ND ND ND
ND ND ND

BQL(0.31) <MDL ND
4630* 5330* 104

ND ND ND
4050* 2220* 98.9

ND ND ND
ND ND ND
ND ND ND

BQL(0.40) 1.01 BQL(0.47)
BQL(46) BQL(36) BQL(45)

20.3 12.0 BQL(9.0)
409 70.0 25.0
ND ND ND
ND ND ND
ND ND ND
ND ND ND

0.75 1.25 1.17
ND BQL(0.49) BQL(0.42)
ND ND ND

18.2 12.6 14.4
20.6 3.28 1.28
6.13 6.27 4.65
4.41 6.72 5.26
3.28 10.4 4.29
26.4 34.3 13.8
3.89 8.74 5.87
16.1 2.92 ND
92% 90% 91%
95% 90% 91%

1 & 51* 1 & 51* 1 & 10*

3OA814HW SS#3447, 3449, 3456,TASK#21224,Su, Nano Iron for Source Zones,7-03-06, Headspace GCMS.xls  Data Printer:  3:28 PM  11/17/2009



Shaw Environmental, Inc.
Analytical Technical Directive Results Report Analytical Results

Laboratory: Report Date: 8/23/06

Technical Directive:

Method:
Date Collected

Analysts: Date Analyzed

Field Sample ID

Analytes CAS # Unit MDL* QL*
75-01-4 ug/L 0.49 0.5
75-34-4 ug/L 0.15 0.5
75-15-0 ug/L - 0.5
75-09-2 ug/L - 0.5

156-60-5 ug/L 0.10 0.5
75-34-3 ug/L 0.05 0.5

156-59-2 ug/L 0.06 0.5
67-66-3 ug/L 0.09 0.5
71-55-6 ug/L 0.13 0.5
56-23-5 ug/L 0.15 0.5

107-06-2 ug/L 0.13 0.5
79-01-6 ug/L 0.07 0.5
95-00-5 ug/L - 0.5

127-18-4 ug/L 0.17 0.5
108-90-7 ug/L 0.18 0.5
541-73-1 ug/L 0.15 0.5
106-46-7 ug/L 0.13 0.5
95-50-1 ug/L 0.09 0.5
64-17-5 µg/L 9.6 50
67-63-0 µg/L 1.5 10
75-65-0 µg/L 1.41 5.0

1634-04-4 µg/L 0.11 0.5
108-20-3 µg/L 0.21 0.5
71-23-8 µg/L - 50.0

637-92-3 µg/L 0.17 0.5
71-43-2 µg/L 0.18 0.5

994-05-8 µg/L 0.11 0.5
71-36-3 µg/L - 50.0

108-88-3 µg/L 0.17 0.5
100-41-4 µg/L 0.17 0.5
108-38-3 µg/L 0.25 1.0
95-47-6 µg/L 0.16 0.5

108-67-8 µg/L 0.15 0.5
95-63-6 µg/L 0.10 0.5

526-73-8 µg/L 0.06 0.5
91-20-3 µg/L 0.12 0.5

460-00-4 µg/L - -
- µg/L - -
- - - -

Comments:

Notes:

  carbon disulfide

  1,2-dichlorobenzene

  tetrachloroethene
  chlorobenzene
  1,3-dichlorobenzene
  1,4-dichlorobenzene

  1,1,1-trichloroethane
  carbon tetrachloride
  1,2-dichloroethane
  trichloroethene

  trans-1,2-dichloroethene
  1,1-dichloroethane
  cis-1,2-dichloroethene
  chloroform

Headspace GC/MS

  di-isopropyl ether
  methyl tert-butyl ether
  tert-butyl alcohol
  isopropanol

3OA814HW

  ethanol

  1,1,2-trichloroethane

  vinyl chloride
  1,1-dichloroethene

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is 
reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but 
below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if 
applicable.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lab Sample ID
GCMS Tracking IDRSKSOP 259

Tracy Pardue

  ethyl tert-butyl ether
  n-propanol

The data quality objective (DQO) for the precision of a laboratory duplicate is a relative percent 
difference (RPD) of <25.  The DQO was met for all compounds detected above the quantitation 
limit.  All samples were scanned for the following compounds : ethanol, isopropanol, tert-butyl 
alcohol, methyl tert-butyl ether, di-isopropyl ether, n-propanol, ethyl tert-butyl ether, benzene, 
tert-amyl methyl ether, n-butanol, toluene, ethyl benzene, m+p xylene, o-xylene, 1,3,5-trimethyl 
benzene, 1,2,4-trimethyl benzene, 1,2,3-trimethyl benzene and naphthalene.  Values for 
scanned compounds are estimates only, therefore rpd's were not calculated.

  n-butanol
  tert-amyl methyl ether

  toluene

  o-xylene
  1,3,5-Trimethylbenzene

  methylene chloride

  dilution factor

  ethyl benzene

  p-bromofluorobenzene surrogate % rec.
  dichlorobenzene_d4 surrogate % rec.

  m+p xylene

  naphthalene
  1,2,3-Trimethylbenzene

  benzene

  1,2,4-Trimethylbenzene
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3456-01 3456-02
ML1-2A ML2-2A

6/29/2006 6/29/2006
8/20/06, 8/22/06* 8/20/06, 8/22/06*

ML1-2 ML2-2

Data Data
899 512
4.00 33.4

BQL(0.32) 1.66
ND BQL(0.47)
188 245
3.19 12.7

6780* 37300*
0.93 0.55
ND BQL(0.18)
ND ND
ND ND
128 5760*
ND ND

70.0 26300*
ND ND
ND ND
ND <MDL
ND 2.08

BQL(42) BQL(46)
BQL(6.6) 16.3

27.7 38.9
0.69 0.78
ND ND
ND ND
ND ND

1.20 0.91
BQL(0.41) BQL(0.44)

ND ND
2.38 5.64
1.22 2.18

BQL(0.65) 5.75
1.29 4.18
1.60 17.2
7.84 52.9
2.15 15.5
0.94 6.13
91% 89%
90% 91%

1 & 51* 1 & 51*
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Laboratory: GC Report Date: 10-Jul-2006

Technical Directive: 3OA815HW Sample Results (1,2)

Analyst: Analytes Methane Ethylene Ethane Carbon Dioxide Propane Butane

Codes 74-82-8 74-85-1 74-84-0 124-38-9 74-98-6 106-97-8

Method: Unit mg/L, in water mg/L, in water mg/L, in water mg/L, in water mg/L, in water mg/L, in water

MDL 0.0002 0.0002 0.0001 0.0203 0.0001 0.0002

QL 0.0010 0.0026 0.0019 0.1740 0.0027 0.0034

Lab Sample ID Date Collected Field Sample ID Data DF Data DF Data DF DF Data DF Data DF Data DF

3446-1 26-Jun-2006 Field Blank ND 1 ND 1 ND 1 1 0.931 1 ND 1 ND 1

3446-2 26-Jun-2006 PMW-1 0.582 1 0.191 1 ND 1 1 604 10 ND 1 ND 1

3446-3 26-Jun-2006 PMW-2 0.783 1 0.183 1 ND 1 1 293 2 ND 1 ND 1

3446-4 26-Jun-2006 PMW-6 0.653 1 0.504 1 ND 1 1 203 2 ND 1 ND 1

3446-5 26-Jun-2006 PMW-3 0.606 1 0.125 1 ND 1 1 913 10 ND 1 ND 1

3446-6 26-Jun-2006 PMW-4 0.246 1 ND 1 ND 1 1 280 2 ND 1 ND 1

3446-7 27-Jun-2006 PMW-5 0.163 1 0.0099 1 ND 1 1 806 10 ND 1 ND 1

3446-8 27-Jun-2006 ML1-3 0.306 1 0.0864 1 ND 1 1 168 1 ND 1 ND 1

3446-9 27-Jun-2006 ML1-5 0.348 1 0.101 1 ND 1 1 95.1 1 ND 1 ND 1

3446-10 27-Jun-2006 ML1-7 0.159 1 ND 1 ND 1 1 16.3 1 ND 1 ND 1

3446-10 Lab Dup 27-Jun-2006 ML1-7 0.159 (RPD=0) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 1 16.3 (RPD=0) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

3446-11 27-Jun-2006 ML2-3 0.344 1 0.0426 1 ND 1 1 121 1 ND 1 ND 1

3446-12 27-Jun-2006 ML2-5 0.122 1 0.0045 1 ND 1 1 889 10 ND 1 ND 1

3446-13 27-Jun-2006 ML2-7 0.0840 1 0.0342 1 ND 1 1 145 1 ND 1 ND 1

3446-14 27-Jun-2006 ML3-3 2.67 1 1.90 1 ND 1 1 247 2 ND 1 ND 1

3446-15 27-Jun-2006 ML3-5 0.165 1 0.0148 1 ND 1 1 863 10 ND 1 ND 1

3446-16 27-Jun-2006 ML3-7 0.769 1 0.0030 1 ND 1 1 179 1 ND 1 ND 1

3446-17 27-Jun-2006 ML3-7 duplicate 0.805 1 ND 1 ND 1 1 175 1 ND 1 ND 1

3446-18 28-Jun-2006 ML4-3 1.74 1 0.712 1 ND 1 1 251 2 ND 1 ND 1

3446-19 28-Jun-2006 ML4-5 0.276 1 0.0451 1 ND 1 1 212 2 ND 1 ND 1

3446-20 28-Jun-2006 ML4-7 0.463 1 ND 1 ND 1 1 186 1 ND 1 ND 1

3446-20 Lab Dup 28-Jun-2006 ML4-7 0.461 (RPD=0.43) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 1 173 (RPD=7.24) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

3446-21 28-Jun-2006 ML5-3 0.922 1 0.260 1 0.0080 1 1 290 2 ND 1 ND 1

3446-22 28-Jun-2006 ML5-5 0.233 1 0.0258 1 ND 1 1 774 10 ND 1 ND 1

3446-23 28-Jun-2006 ML5-7 0.208 1 0.0055 1 ND 1 1 383 10 ND 1 ND 1

3446-23 Lab Dup 28-Jun-2006 ML5-7 0.209 (RPD=0.48) 1 0.0053 (RPD=3.70) 1 ND (RPD=NA) 1 1 382 (RPD=0.26) 10 ND (RPD=NA) 1 ND (RPD=NA) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

5-Jul-2006 ND

5-Jul-2006 ND

ND5-Jul-2006

Date Analyzed

5-Jul-2006

5-Jul-2006

5-Jul-2006

SHAW ENVIRONMENTAL, Inc.

Lisa Hudson 

RSKSOP-194 & RSKSOP-175 

Analytical Service Results Report

ND

ND

0.0025

Data

ND

74-86-2

mg/L, in water

Acetylene

0.0122

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

ND (RPD=NA)

ND

ND

ND

ND

ND

ND

ND

5-Jul-2006 ND

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

5-Jul-2006

ND

ND (RPD=NA)

ND

5-Jul-2006

5-Jul-2006

5-Jul-2006

The data quality objective (DQO) for the precision of laboratory duplicate samples is a relative percent difference (RPD) of <20 as specified in the SOP. RPDs were met for the duplicate samples in this sample set.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit 
(MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.

ND

ND

ND

ND (RPD=NA)

ND

ND

ND

ND
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Laboratory: GC Report Date: 10-Jul-2006

Technical Directive: 3OA815HW Sample Results (1,2)

Analyst: Analytes Methane Ethylene Ethane Carbon Dioxide Propane Butane

Codes 74-82-8 74-85-1 74-84-0 124-38-9 74-98-6 106-97-8

Method: Unit mg/L, in water mg/L, in water mg/L, in water mg/L, in water mg/L, in water mg/L, in water

MDL 0.0002 0.0002 0.0001 0.0204 0.0001 0.0002

QL 0.0010 0.0026 0.0019 0.1740 0.0027 0.0034

Lab Sample ID Date Collected Field Sample ID Data DF Data DF Data DF DF Data DF Data DF Data DF

3448-1 28-Jun-2006 ML 6-3 1.10 1 0.214 1 0.0108 1 1 144 1 ND 1 ND 1

3448-2 28-Jun-2006 ML 6-5 1.01 1 0.325 1 0.0129 1 1 234 2 BQL (0.0003) 1 ND 1

3448-3 28-Jun-2006 ML 6-7 0.342 1 BQL (0.0023) 1 ND 1 1 104 1 ND 1 ND 1

3448-4 29-Jun-2006 ML 7-3 1.22 1 0.0958 1 0.0028 1 1 390 2 BQL (0.0003) 1 ND 1

3448-5 29-Jun-2006 ML 7-5 0.0932 1 0.0031 1 ND 1 1 683 10 ND 1 ND 1

3448-6 29-Jun-2006 ML 7-7 0.206 1 ND 1 ND 1 1 341 10 ND 1 ND 1

3448-7 29-Jun-2006 ML 7-2 0.168 1 0.027 1 ND 1 1 89.5 1 ND 1 ND 1

3448-8 29-Jun-2006 ML 5-2 0.249 1 0.0377 1 ND 1 1 270 2 ND 1 ND 1

3448-9 29-Jun-2006 ML 3-2 1.29 1 0.892 1 ND 1 1 193 2 ND 1 ND 1

3455-1 29-Jun-2006 ML 1-2 0.760 1 1.31 1 ND 1 1 172 1 ND 1 ND 1

3455-2 29-Jun-2006 ML 2-2 0.200 1 0.0710 1 ND 1 1 131 1 ND 1 ND 1

3455-2 Lab Dup 29-Jun-2006 ML 2-2 0.186 (RPD=7.25) 1 0.0665 (RPD=6.55) 1 ND (RPD=NA) 1 1 116 (RPD=12.1) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

The data quality objective (DQO) for the precision of laboratory duplicate samples is a relative percent difference (RPD) of <20 as specified in the SOP. RPDs were met for the duplicate samples in this sample set.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit 
(MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.

ND (RPD=NA)

ND

ND

ND

ND

6-Jul-2006

6-Jul-2006

6-Jul-2006

6-Jul-2006

6-Jul-2006

74-86-2

mg/L, in water

Date Analyzed

6-Jul-2006

6-Jul-2006

6-Jul-2006

6-Jul-2006 ND

Acetylene

0.0122

ND

ND

0.0025

Data

ND

SHAW ENVIRONMENTAL, Inc.

Lisa Hudson 

RSKSOP-194 & RSKSOP-175 

Analytical Service Results Report

6-Jul-2006 ND

6-Jul-2006 ND

ND6-Jul-2006
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Laboratory: GC Report Date: 10-Jul-2006

Technical Directive: 3OA815HW Sample Results (1,2)

Analyst: Analytes Methane Ethylene Ethane Carbon Dioxide Propane Butane

Codes 74-82-8 74-85-1 74-84-0 124-38-9 74-98-6 106-97-8

Method: Unit mg/L, in water mg/L, in water mg/L, in water mg/L, in water mg/L, in water mg/L, in water

MDL 0.0002 0.0002 0.0001 0.0204 0.0001 0.0002

QL 0.0010 0.0026 0.0019 0.1740 0.0027 0.0034

Lab Sample ID Date Collected Field Sample ID Data DF Data DF Data DF DF Data DF Data DF Data DF

3448-1 28-Jun-2006 ML 6-3 1.10 1 0.214 1 0.0108 1 1 144 1 ND 1 ND 1

3448-2 28-Jun-2006 ML 6-5 1.01 1 0.325 1 0.0129 1 1 234 2 BQL (0.0003) 1 ND 1

3448-3 28-Jun-2006 ML 6-7 0.342 1 BQL (0.0023) 1 ND 1 1 104 1 ND 1 ND 1

3448-4 29-Jun-2006 ML 7-3 1.22 1 0.0958 1 0.0028 1 1 390 2 BQL (0.0003) 1 ND 1

3448-5 29-Jun-2006 ML 7-5 0.0932 1 0.0031 1 ND 1 1 683 10 ND 1 ND 1

3448-6 29-Jun-2006 ML 7-7 0.206 1 ND 1 ND 1 1 341 10 ND 1 ND 1

3448-7 29-Jun-2006 ML 7-2 0.168 1 0.027 1 ND 1 1 89.5 1 ND 1 ND 1

3448-8 29-Jun-2006 ML 5-2 0.249 1 0.0377 1 ND 1 1 270 2 ND 1 ND 1

3448-9 29-Jun-2006 ML 3-2 1.29 1 0.892 1 ND 1 1 193 2 ND 1 ND 1

3455-1 29-Jun-2006 ML 1-2 0.760 1 1.31 1 ND 1 1 172 1 ND 1 ND 1

3455-2 29-Jun-2006 ML 2-2 0.200 1 0.0710 1 ND 1 1 131 1 ND 1 ND 1

3455-2 Lab Dup 29-Jun-2006 ML 2-2 0.186 (RPD=7.25) 1 0.0665 (RPD=6.55) 1 ND (RPD=NA) 1 1 116 (RPD=12.1) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

The data quality objective (DQO) for the precision of laboratory duplicate samples is a relative percent difference (RPD) of <20 as specified in the SOP. RPDs were met for the duplicate samples in this sample set.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit 
(MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.

ND (RPD=NA)

ND

ND

ND

ND

6-Jul-2006

6-Jul-2006

6-Jul-2006

6-Jul-2006

6-Jul-2006

74-86-2

mg/L, in water

Date Analyzed

6-Jul-2006

6-Jul-2006

6-Jul-2006

6-Jul-2006 ND

Acetylene

0.0122

ND

ND

0.0025

Data

ND

SHAW ENVIRONMENTAL, Inc.

Lisa Hudson 

RSKSOP-194 & RSKSOP-175 

Analytical Service Results Report

6-Jul-2006 ND

6-Jul-2006 ND

ND6-Jul-2006
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Laboratory: General Parameters Report Date: 08/30/06

Technical Directive: 3GP906HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Field Blank 3519-1 8/28-8/30/06 BQL (0.594) 1 BQL (0.108) 1

PMW3 3519-2 8/28-8/30/06 66.3 1 24.4 1

PMW-5 3519-3 8/28-8/30/06 63.7 1 BQL (17.8) 1

PMW-5 DUP 3519-4 - NSF - NSF -

PMW-6 3519-5 8/28-8/30/06 63.1 1 BQL (13.1) 1

ML1-4 3519-6 8/28-8/30/06 115 1 34.9 1

ML1-6 3519-7 8/28-8/30/06 51.7 1 BQL (19.7) 1

ML2-4 3519-8 8/28-8/30/06 108 1 42.3 1

ML2-6 3519-9 8/28-8/30/06 76.6 1 21.6 1

ML3-4 3519-10 8/28-8/30/06 90.6 1 BQL (16.9) 1

ML3-6 3519-11 8/28-8/30/06 91.0 1 BQL (13.3) 1

ML4-2 3519-12 8/28-8/30/06 128 1 52.9 1

ML3-2 3519-13 8/28-8/30/06 103 1 42.3 1

ML3-3 3519-14 8/28-8/30/06 126 1 50.0 1

ML3-5 3519-15 8/28-8/30/06 72.0 1 BQL (8.81) 1

ML2-2 3519-16 8/28-8/30/06 97.6 1 51.9 1

ML2-3 3519-17 8/28-8/30/06 97.5 1 87.1 1

ML2-5 3519-18 8/28-8/30/06 88.1 1 27.7 1

ML5-2 3519-19 8/28-8/30/06 115 1 71.5 1

ML5-3 3519-20 8/28-8/30/06 113 1 44.9 1

ML5-4 3519-21 8/28-8/30/06 109 1 30.7 1

ML5-5 3519-22 8/28-8/30/06 136 1 31.3 1

ML5-6 3519-23 8/28-8/30/06 95.5 1 27.0 1

ML5-6 3519-23 LAB DUP 8/28-8/30/06 95.2 (RPD=0.315) 1 26.8 (RPD=0.743) 1

ML5-7 3519-24 8/28-8/30/06 113 1 26.3 1

ML7-2 3519-25 8/28-8/30/06 141 1 75.4 1

ML7-3 3519-26 8/28-8/30/06 168 1 84.4 1

ML7-4 3519-27 8/28-8/30/06 136 1 51.3 1

ML7-5 3519-28 8/28-8/30/06 112 1 33.0 1

ML7-6 3519-29 8/28-8/30/06 168 1 52.5 1

8/21/2006

Shaw Environmental, Inc.

20.0 20.0

8/21/2006

8/21/2006

8/21/2006

Date Collected

mg/L mg/L

0.473 0.020

Kristie Hargrove

Analytical Service Results Report

RSKSOP-265 Rev. 1 RSKSOP-265 Rev. 1

8/21/2006

8/21/2006

8/21/2006

8/21/2006

8/21/2006

8/22/2006

8/22/2006

8/22/2006

8/22/2006

8/22/2006

8/22/2006

8/23/2006

8/23/2006

8/22/2006

8/22/2006

8/22/2006

8/23/2006

8/23/2006

8/23/2006

8/23/2006

8/23/2006

8/24/2006

8/23/2006

8/23/2006

8/23/2006

8/23/2006



Page 2 of 2

Laboratory: General Parameters Report Date: 08/30/06

Technical Directive: 3GP906HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Shaw Environmental, Inc.

20.0 20.0
Date Collected

mg/L mg/L

0.473 0.020

Kristie Hargrove

Analytical Service Results Report

RSKSOP-265 Rev. 1 RSKSOP-265 Rev. 1

ML7-7 3519-30 8/28-8/30/06 138 1 55.2 1

ML6-2 3519-31 8/28-8/30/06 103 1 82.5 1

ML6-4 3519-32 8/28-8/30/06 129 1 51.4 1

ML6-6 3519-33 8/28-8/30/06 78.9 1 21.1 1

ML2-2 3519-34 8/28-8/30/06 126 1 53.5 1

ML4-4 3519-35 8/28-8/30/06 123 1 38.1 1

ML4-6 3519-36 8/28-8/30/06 99.3 1 22.7 1

FLD BLANK 3519-37 8/28-8/30/06 BQL (0.349) 1 BQL (0.227) 1

ML5-6 DUP 3519-38 8/28-8/30/06 95.3 1 26.6 1

Comments:

Notes:

8/24/2006

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples 
in this sample set.  Field sample PMW-5 Dup was used to prepare the matix spike.   

8/24/2006

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the 
quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected 
with dilution factors (DF), if applicable.  

8/24/2006

8/24/2006

8/24/2006

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

8/24/2006

8/24/2006

8/23/2006

8/24/2006
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Laboratory: General Parameters Report Date: 09/07/06

Technical Directive: 3GP906HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Field Blank 3519-1 8/28,29,31/06&9/5/06 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

PMW-3 3519-2 8/28,29,31/06&9/5/06 80.0 6 BQL (0.361) 1 ND 1 55.7 6 ND 1 BQL (0.167) 1

PMW-5 3519-3 8/28,29,31/06&9/5/06 73.3 6 BQL (0.770) 1 ND 1 33.5 1 ND 1 BQL (0.220) 1

PMW-5 duplicate 3519-4 8/28,29,31/06&9/5/06 73.4 6 BQL (0.562) 1 ND 1 33.3 1 ND 1 BQL (0.157) 1

PMW-6 3519-5 8/28,29,31/06&9/5/06 47.1 1 1.04 1 ND 1 44.9 1 ND 1 BQL (0.270) 1

ML1-4 3519-6 8/28,29,31/06&9/5/06 46.9 1 BQL (0.797) 1 ND 1 295 6 ND 1 BQL (0.329) 1

ML1-6 3519-7 8/28,29,31/06&9/5/06 106 6 BQL (0.264) 1 ND 1 185 6 ND 1 BQL (0.228) 1

ML2-4 3519-8 8/28,29,31/06&9/5/06 82.7 11 BQL (0.281) 1 ND 1 362 11 ND 1 BQL (0.478) 1

ML2-6 3519-9 8/28,29,31/06&9/5/06 85.4 11 ND 1 ND 1 398 11 ND 1 ND 1

ML3-4 3519-10 8/28,29,31/06&9/5/06 49.0 1 1.03 1 ND 1 69.6 6 ND 1 BQL (0.351) 1

ML3-4 3519-10 LAB DUP 8/28,29,31/06&9/5/06 49.4 (RPD=0.813) 1 BQL (0.973) (RPD=NA) 1 ND (RPD=NA) 1 70.5 (RPD=1.28) 6 ND (RPD=NA) 1 BQL (0.352) (RPD=NA) 1

ML3-6 3519-11 8/28,29,31/06&9/5/06 54.1 2 BQL (0.914) 1 ND 1 55.6 2 ND 1 BQL (0.435) 1

ML4-2 3519-12 8/28,29,31/06&9/5/06 242 11 BQL (0.500) 1 ND 1 361 11 ND 1 BQL (0.230) 1

ML3-2 3519-13 8/28,29,31/06&9/5/06 225 6 BQL (0.739) 1 ND 1 102 6 ND 1 BQL (0.333) 1

ML3-3 3519-14 8/28,29,31/06&9/5/06 144 6 BQL (0.828) 1 ND 1 83.8 6 ND 1 BQL (0.551) 1

ML3-5 3519-15 8/28,29,31/06&9/5/06 32.6 1 ND 1 ND 1 50.1 2 ND 1 BQL (0.299) 1

ML2-2 3519-16 8/28,29,31/06&9/5/06 318 11 BQL (0.321) 1 ND 1 430 11 ND 1 ND 1

ML2-3 3519-17 8/28,29,31/06&9/5/06 146 11 ND 1 ND 1 886 21 ND 1 ND 1

ML2-5 3519-18 8/28,29,31/06&9/5/06 44.3 1 BQL (0.100) 1 ND 1 277 11 ND 1 BQL (0.452) 1

ML5-2 3519-19 8/28,29,31/06&9/5/06 221 11 BQL (0.388) 1 ND 1 410 11 ND 1 ND 1

ML5-3 3519-20 8/28,29,31/06&9/5/06 180 6 ND 1 ND 1 205 6 ND 1 BQL (0.228) 1

ML5-4 3519-21 8/28,29,31/06&9/5/06 58.8 6 1.17 1 ND 1 253 6 ND 1 BQL (0.136) 1

ML5-4 3519-21 LAB DUP 8/28,29,31/06&9/5/06 58.4 (RPD=0.683) 6 1.19 (RPD=1.69) 1 ND (RPD=NA) 1 253 (RPD=0) 6 ND (RPD=NA) 1 BQL (0.139) (RPD=NA) 1

ML5-5 3519-22 8/28,29,31/06&9/5/06 66.1 6 BQL (0.680) 1 ND 1 259 6 ND 1 BQL (0.361) 1

ML5-6 3519-23 8/28,29,31/06&9/5/06 91.4 11 ND 1 ND 1 285 11 ND 1 BQL (0.212) 1

ML5-7 3519-24 8/28,29,31/06&9/5/06 122 11 ND 1 ND 1 249 11 ND 1 BQL (0.397) 1

ML7-2 3519-25 8/28,29,31/06&9/5/06 265 11 BQL (0.465) 1 ND 1 470 11 ND 1 BQL (0.108) 1

ML7-3 3519-26 8/28,29,31/06&9/5/06 224 11 BQL (0.142) 1 ND 1 546 11 ND 1 BQL (0.375) 1

8/22/2006

8/23/2006

8/22/2006

8/22/2006

8/23/2006

8/23/2006

7782-41-4

0.200

RSKSOP-288

mg/L

0.095

0.5000.200

RSKSOP-288

mg/L

0.298

1.00

Fluoride (F)

RSKSOP-288

mg/L

0.098

RSKSOP-288

mg/L

0.066

14797-65-0 14808-79-8 14797-55-8

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br)

16887-00-6

8/23/2006

8/23/2006

8/23/2006

8/23/2006

8/22/2006

8/22/2006

8/21/2006

8/23/2006

8/21/2006

8/23/2006

8/22/2006

8/22/2006

8/21/2006

8/21/2006

8/21/2006

8/21/2006

8/21/2006

8/22/2006

8/22/2006

Vanessa Scroggins

8/21/2006

8/21/2006

8/22/2006

Date Collected

RSKSOP-288

Analytical Service Results Report

RSKSOP-288

Shaw Environmental, Inc.

mg/L mg/L

0.263 0.080

1.00 1.00
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Laboratory: General Parameters Report Date: 09/07/06

Technical Directive: 3GP906HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

7782-41-4

0.200

RSKSOP-288

mg/L

0.095

0.5000.200

RSKSOP-288

mg/L

0.298

1.00

Fluoride (F)

RSKSOP-288

mg/L

0.098

RSKSOP-288

mg/L

0.066

14797-65-0 14808-79-8 14797-55-8

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br)

16887-00-6

Vanessa Scroggins

Date Collected

RSKSOP-288

Analytical Service Results Report

RSKSOP-288

Shaw Environmental, Inc.

mg/L mg/L

0.263 0.080

1.00 1.00

ML7-4 3519-27 8/28,29,31/06&9/5/06 103 11 BQL (0.831) 1 ND 1 447 11 ND 1 BQL (0.201) 1

ML7-5 3519-28 8/28,29,31/06&9/5/06 62.8 6 BQL (0.574) 1 ND 1 224 6 ND 1 BQL (0.319) 1

ML7-6 3519-29 8/28,29,31/06&9/5/06 81.6 11 BQL (0.145) 1 ND 1 438 11 ND 1 0.504 1

ML7-7 3519-30 8/28,29,31/06&9/5/06 104 11 ND 1 ND 1 762 21 ND 1 BQL (0.250) 1

ML7-7 3519-30 LAB DUP 8/28,29,31/06&9/5/06 102 (RPD=1.94) 11 ND (RPD=NA) 1 ND (RPD=NA) 1 762 (RPD=0) 21 ND (RPD=NA) 1 BQL (0.242) (RPD=NA) 1

ML6-2 3519-31 8/28,29,31/06&9/5/06 207 11 BQL (0.792) 1 ND 1 298 11 ND 1 ND 1

ML6-4 3519-32 8/28,29,31/06&9/5/06 39.3 1 ND 1 ND 1 441 11 ND 1 BQL (0.404) 1

ML6-6 3519-33 8/28,29,31/06&9/5/06 97.3 6 1.10 1 ND 1 160 6 ND 1 BQL (0.182) 1

ML2-2 3519-34 8/28,29,31/06&9/5/06 252 11 BQL (0.552) 1 ND 1 361 11 ND 1 ND 1

ML4-4 3519-35 8/28,29,31/06&9/5/06 68.6 6 BQL (0.935) 1 ND 1 144 6 ND 1 BQL (0.237) 1

ML4-4 3519-35 LAB DUP 8/28,29,31/06&9/5/06 68.1 (RPD=0.732) 6 BQL (0.937) (RPD=NA) 1 ND (RPD=NA) 1 144 (RPD=0) 6 ND (RPD=NA) 1 BQL (0.231) (RPD=NA) 1

ML4-6 3519-36 8/28,29,31/06&9/5/06 87.9 6 BQL (0.504) 1 ND 1 178 6 ND 1 BQL (0.185) 1

FIELD BLK 3519-37 8/28,29,31/06&9/5/06 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML5-6 DUP 3519-38 8/28,29,31/06&9/5/06 93.4 6 BQL (0.365) 1 ND 1 293 6 ND 1 ND 1

Comments:

Notes:

8/24/2006

8/24/2006

8/24/2006

8/24/2006

8/24/2006

8/23/2006

8/24/2006

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

8/24/2006

8/23/2006

8/23/2006

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation 
limit; BQL ( ) denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), 
if applicable.  

8/24/2006

8/24/2006

8/24/2006

8/24/2006

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this 
sample set within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted. 



Laboratory: Report Date: Page  1  of  8

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND 1 BQL(0.004) (RDP=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.040 0.133 ND 1 0.322 1 0.309 (RPD=4.12) 1 BQL(0.090) 1 BQL(0.075) 1 BQL(0.055) 1

7440-38-2 mg/L 0.006 0.019 ND 1 0.073 1 0.075 (RPD=2.70) 1 0.043 1 0.045 1 0.053 1

7440-42-8 mg/L 0.014 0.049 ND 1 0.161 1 0.161 (RPD=0.00) 1 0.145 1 0.144 1 0.127 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.075 1 0.075 (RPD=0.00) 1 0.056 1 0.055 1 0.042 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.027 0.089 ND 1 23.8 1 23.9 (RPD=0.42) 1 28.7 1 28.5 1 23.4 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 BQL(0.001) 1 BQL(0.001) (RPD=NA) 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.006 0.019 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.006 0.019 BQL(0.006) 1 32.2 1 32.4 (RPD=0.62) 1 14.1 1 13.9 1 15.8 1

7440-09-7 mg/L 0.061 0.204 BQL(0.081) 1 1.16 1 1.23 (RPD=5.86) 1 3.02 1 3.00 1 1.16 1

7439-95-4 mg/L 0.027 0.089 ND 1 13.2 1 13.1 (RPD=0.76) 1 8.31 1 8.20 1 8.70 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.112 1 0.112 (RPD=0.00) 1 0.174 1 0.172 1 0.119 1

7439-98-7 mg/L 0.001 0.004 ND 1 BQL(0.004) 1 BQL(0.004) (RDP=NA) 1 0.005 1 BQL(0.004) 1 BQL(0.004) 1

7440-23-5 mg/L 0.047 0.155 BQL(0.154) 1 59.2 1 59.1 (RPD=0.17) 1 55.5 1 54.6 1 49.4 1

7440-02-0 mg/L 0.003 0.011 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.009) 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.008 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-36-0 mg/L 0.003 0.011 ND 1 BQL(0.006) 1 BQL(0.004) (RDP=NA) 1 BQL(0.004) 1 BQL(0.006) 1 BQL(0.006) 1

7782-49-2 mg/L 0.003 0.011 BQL(0.003) 1 BQL(0.009) 1 0.012 (RPD=NA) 1 0.016 1 BQL(0.007) 1 0.012 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.156 1 0.156 (RPD=0.00) 1 0.149 1 0.146 1 0.129 1

7440-32-6 mg/L 0.001 0.004 ND 1 0.009 1 0.008 (RPD=11.76) 1 BQL(0.003) 1 BQL(0.002) 1 BQL(0.002) 1

7440-28-0 mg/L 0.006 0.019 ND 1 BQL(0.012) 1 BQL(0.012) (RPD=NA) 1 BQL(0.013) 1 BQL(0.010) 1 BQL(0.008) 1

7440-62-2 mg/L 0.002 0.008 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-66-6 mg/L 0.007 0.022 ND 1 BQL(0.009) 1 BQL(0.013) (RPD=NA) 1 BQL(0.012) 1 BQL(0.007) 1 BQL(0.008) 1

7440-21-3 mg/L 0.049 0.163 BQL(0.156) 1 12.8 1 12.9 (RPD=0.78) 1 14.9 1 15.0 1 13.8 1

7704-34-9 mg/L 0.102 0.341 ND 1 17.3 1 17.3 (RPD=0.00) 1 10.8 1 11.4 1 13.9 1

7723-14-0 mg/L 0.012 0.041 ND 1 0.750 1 0.749 (RPD=0.13) 1 0.603 1 0.611 1 0.906 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments: 

Notes:

PMW-5 DUPLICATE PMW-6FIELD BLANK PMW-3 PMW-3 PMW-5

9/12/06 9/12/069/12/06 9/12/06 9/12/06 9/12/06

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3519-01 3519-02 3519-02 Lab Dup.* 3519-03

Aluminum (Al)

Arsenic (As)

3519-04 3519-05

Metals 9/21/06

3ME352HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

8/21/06 8/21/06 8/21/06 8/21/06 8/21/06 8/21/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  2  of  8

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

3.23 1 2.18 1 2.20 (RPD=0.91) 1 3.43 1 0.164 1 10.9 1

0.021 1 BQL(0.015) 1 BQL(0.013) (RPD=NA) 1 0.050 1 BQL(0.013) 1 BQL(0.015) 1

0.206 1 0.113 1 0.110 (RPD=2.69) 1 0.204 1 0.178 1 0.152 1

0.067 1 0.063 1 0.064 (RPD=1.57) 1 0.050 1 0.056 1 0.061 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

41.4 1 40.6 1 40.8 (RPD=0.49) 1 54.3 1 46.5 1 27.1 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.001) 1

BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 BQL(0.003) 1 ND 1 0.015 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

20.6 1 21.9 1 21.9 (RPD=0.00) 1 7.28 1 6.87 1 11.3 1

1.80 1 1.82 1 1.76 (RPD=3.35) 1 1.98 1 1.59 1 1.90 1

9.89 1 7.78 1 7.84 (RPD=0.77) 1 11.8 1 9.45 1 7.02 1

0.308 1 0.329 1 0.327 (RPD=0.61) 1 0.261 1 0.356 1 0.184 1

BQL(0.003) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 0.010 1 0.009 1 BQL(0.003) 1

249 1 147 1 148 (RPD=0.68) 1 259 1 261 1 112 1

ND 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 ND 1 ND 1 BQL(0.004) 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

BQL(0.006) 1 BQL(0.006) 1 BQL(0.007) (RPD=NA) 1 BQL(0.006) 1 BQL(0.006) 1 ND 1

0.014 1 0.011 1 0.012 (RPD=8.70) 1 0.012 1 0.015 1 BQL(0.009) 1

0.286 1 0.221 1 0.223 (RPD=0.90) 1 0.437 1 0.253 1 0.217 1

0.093 1 0.065 1 0.065 (RPD=0.00) 1 0.087 1 BQL(0.004) 1 0.300 1

BQL(0.018) 1 BQL(0.015) 1 BQL(0.015) (RPD=NA) 1 0.020 1 BQL(0.018) 1 BQL(0.012) 1

BQL(0.005) 1 BQL(0.005) 1 BQL(0.005) (RPD=NA) 1 BQL(0.007) 1 ND 1 0.016 1

BQL(0.009) 1 BQL(0.012) 1 BQL(0.012) (RPD=NA) 1 BQL(0.010) 1 BQL(0.011) 1 BQL(0.017) 1

17.8 1 18.2 1 18.2 (RPD=0.00) 1 17.2 1 15.3 1 29.7 1

93.2 1 57.2 1 56.8 (RPD=0.70) 1 116 1 129 1 23.3 1

0.044 1 BQL(0.019) 1 BQL(0.021) (RPD=NA) 1 0.074 1 0.051 1 0.938 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ML 1-6 ML 2-4 ML 2-6 ML 3-4ML 1-4 ML 1-6

9/12/06 9/12/06 9/12/06 9/12/069/12/06 9/12/06

DF Data DFDF Data DF DataDF Data DataData DF

3519-07 Lab Dup. 3519-08 3519-09 3519-103519-06 3519-07

Sample Results (1, 2)

8/21/06 8/21/06 8/21/06 8/21/06 8/21/06 8/22/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  3  of  8

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

0.511 1 ND 1 ND (RPD=NA) 1 0.483 1 0.461 (RPD=4.66) 1 ND 1

BQL(0.012) 1 0.026 1 0.024 (RPD=8.00) 1 0.033 1 0.032 (RPD=3.08) 1 0.106 1

0.140 1 0.363 1 0.361 (RPD=0.55) 1 0.122 1 0.120 (RPD=1.65) 1 0.114 1

0.035 1 0.150 1 0.150 (RPD=0.00) 1 0.111 1 0.110 (RPD=0.90) 1 0.070 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

44.9 1 65.2 1 65.2 (RPD=0.00) 1 44.0 1 43.8 (RPD=0.46) 1 42.4 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

4.69 1 41.4 1 41.9 (RPD=1.20) 1 35.3 1 35.2 (RPD=0.28) 1 28.1 1

1.44 1 7.36 1 7.33 (RPD=0.41) 1 4.47 1 4.48 (RPD=0.22) 1 2.29 1

5.31 1 22.1 1 22.2 (RPD=0.45) 1 26.0 1 25.9 (RPD=0.39) 1 21.6 1

0.215 1 0.451 1 0.453 (RPD=0.44) 1 0.358 1 0.357 (RPD=0.28) 1 0.282 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 0.006 1 0.006 (RPD=0.00) 1 0.007 1

108 1 334 1 334 (RPD=0.00) 1 191 1 189 (RPD=1.05) 1 198 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

BQL(0.004) 1 BQL(0.009) 1 0.012 (RPD=NA) 1 BQL(0.006) 1 BQL(0.009) (RPD=NA) 1 BQL(0.007) 1

BQL(0.009) 1 0.017 1 0.015 (RPD=12.50) 1 0.012 1 BQL(0.010) (RPD=NA) 1 0.014 1

0.427 1 0.560 1 0.557 (RPD=0.54) 1 0.293 1 0.291 (RPD=0.68) 1 0.419 1

0.013 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 0.013 1 0.013 (RPD=0.00) 1 BQL(0.002) 1

BQL(0.017) 1 0.025 1 0.021 (RPD=17.39) 1 BQL(0.016) 1 BQL(0.017) (RPD=NA) 1 BQL(0.015) 1

ND 1 BQL(0.003) 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

15.2 1 9.19 1 9.25 (RPD=0.65) 1 10.1 1 10.1 (RPD=0.00) 1 8.53 1

17.4 1 117 1 117 (RPD=0.00) 1 32.3 1 32.0 (RPD=0.93) 1 27.3 1

0.817 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

ML 3-2 ML 3-2 ML 3-3

9/12/06 9/12/069/12/06 9/12/06 9/12/06 9/12/06

Data DF Data DFData DF Data DFData DF Data DF

Sample Results (1, 2)

3519-11 3519-12 3519-12 Lab Dup.* 3519-13 3519-13 Lab Dup. 3519-14

ML 3-6 ML 4-2 ML 4-2

8/22/06 8/22/068/22/06 8/22/06 8/22/06 8/22/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  4  of  8

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.152 1 0.408 1 6.50 1 2.07 1 0.399 1 0.141 1

BQL(0.010) 1 0.037 1 0.064 1 BQL(0.017) 1 0.033 1 0.142 1

0.118 1 0.130 1 0.163 1 0.148 1 0.132 1 0.117 1

0.023 1 0.146 1 0.157 1 0.031 1 0.184 1 0.098 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

26.4 1 111 1 101 1 27.0 1 68.7 1 58.6 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 0.009 1 BQL(0.003) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3.19 1 61.6 1 23.2 1 2.75 1 75.5 1 64.3 1

1.04 1 2.85 1 2.55 1 1.43 1 3.49 1 1.20 1

3.64 1 32.6 1 28.1 1 4.38 1 26.7 1 24.2 1

0.146 1 0.922 1 0.585 1 0.103 1 0.490 1 0.286 1

BQL(0.002) 1 0.006 1 0.009 1 0.006 1 BQL(0.004) 1 0.005 1

69.2 1 220 1 430 1 210 1 274 1 176 1

ND 1 ND 1 BQL(0.004) 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.007) 1 ND 1 ND 1 ND 1

BQL(0.004) 1 BQL(0.007) 1 BQL(0.007) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.010) 1

BQL(0.007) 1 0.018 1 0.017 1 BQL(0.006) 1 BQL(0.009) 1 BQL(0.011) 1

0.279 1 0.711 1 0.844 1 0.250 1 0.471 1 0.572 1

BQL(0.003) 1 0.012 1 0.232 1 0.058 1 0.011 1 0.005 1

BQL(0.006) 1 0.029 1 0.024 1 BQL(0.014) 1 0.025 1 0.019 1

ND 1 BQL(0.003) 1 0.013 1 BQL(0.005) 1 ND 1 ND 1

ND 1 ND 1 BQL(0.011) 1 ND 1 ND 1 BQL(0.007) 1

15.3 1 13.6 1 20.5 1 17.4 1 9.36 1 9.11 1

16.7 1 129 1 280 1 83.6 1 133 1 63.6 1

1.28 1 ND 1 0.055 1 1.42 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

9/12/06 9/13/06

Data DF Data DF Data DF Data DF

9/12/06 9/12/06 9/12/06 9/12/06

8/23/06 8/23/06

3519-15 3519-16 3519-17

8/22/06 8/22/06 8/22/06 8/22/06

3519-18

Sample Results (1, 2)

ML 3-5 ML 2-2 ML 2-3 ML 2-5 ML 5-2 ML 5-3

3519-19 3519-20



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

BQL(0.130) (RPD=NA) 1 4.80 1 4.80 (RPD=0.00) 1 1.26 1 BQL(0.076) 1 BQL(0.040) 1

0.136 (RPD=4.32) 1 0.030 1 0.027 (RPD=10.53) 1 BQL(0.017) 1 BQL(0.011) 1 BQL(0.018) 1

0.120 (RPD=2.53) 1 0.192 1 0.195 (RPD=1.55) 1 0.198 1 0.156 1 0.152 1

0.096 (RPD=2.06) 1 0.051 1 0.051 (RPD=0.00) 1 0.034 1 0.047 1 0.022 1

ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

57.9 (RPD=1.20) 1 41.9 1 41.9 (RPD=0.00) 1 35.3 1 42.3 1 38.2 1

ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND (RPD=NA) 1 0.005 1 0.005 (RPD=0.00) 1 BQL(0.001) 1 ND 1 ND 1

ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

63.0 (RPD=2.04) 1 17.5 1 17.5 (RPD=0.00) 1 9.07 1 13.7 1 3.57 1

1.24 (RPD=3.28) 1 1.55 1 1.53 (RPD=1.30) 1 1.56 1 1.63 1 1.63 1

24.0 (RPD=0.83) 1 9.10 1 9.11 (RPD=0.11) 1 6.82 1 8.60 1 5.66 1

0.288 (RPD=0.70) 1 0.262 1 0.266 (RPD=1.52) 1 0.280 1 0.362 1 0.082 1

0.005 (RPD=0.00) 1 BQL(0.003) 1 BQL(0.004) (RPD=NA) 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.002) 1

174 (RPD=1.14) 1 205 1 204 (RPD=0.49) 1 281 1 234 1 279 1

ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

BQL(0.002) (RPD=NA) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 ND 1 ND 1 BQL(0.003) 1

0.011 (RPD=NA) 1 BQL(0.009) 1 BQL(0.010) (RPD=NA) 1 BQL(0.009) 1 BQL(0.011) 1 BQL(0.009) 1

BQL(0.010) (RPD=NA) 1 BQL(0.008) 1 BQL(0.007) (RPD=NA) 1 BQL(0.008) 1 BQL(0.008) 1 ND 1

0.564 (RPD=1.41) 1 0.372 1 0.373 (RPD=0.27) 1 0.311 1 0.270 1 0.310 1

BQL(0.004) (RPD=NA) 1 0.126 1 0.126 (RPD=0.00) 1 0.035 1 BQL(0.004) 1 BQL(0.002) 1

BQL(0.019) (RPD=NA) 1 BQL(0.014) 1 BQL(0.014) (RPD=NA) 1 BQL(0.013) 1 BQL(0.015) 1 BQL(0.014) 1

ND (RPD=NA) 1 0.008 1 0.008 (RPD=0.00) 1 BQL(0.003) 1 ND 1 ND 1

ND (RPD=NA) 1 BQL(0.014) 1 BQL(0.014) (RPD=NA) 1 BQL(0.007) 1 ND 1 ND 1

9.09 (RPD=0.22) 1 19.1 1 19.1 (RPD=0.00) 1 14.3 1 13.6 1 13.6 1

64.1 (RPD=0.78) 1 78.5 1 79.2 (RPD=0.89) 1 80.8 1 91.2 1 77.1 1

ND (RPD=NA) 1 0.265 1 0.266 (RPD=0.38) 1 0.230 1 0.104 1 0.139 1

ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Data DF Data DF

9/13/06 9/13/06

Data DF Data DF Data DF Data DF

9/13/06 9/13/06 9/13/06 9/13/06

8/23/06 8/23/06

3519-20 Lab Dup.* 3519-21 3519-21 Lab Dup.

8/23/06 8/23/06 8/23/06 8/23/06

3519-22

Sample Results (1, 2)

ML 5-3 ML 5-4 ML 5-4 ML 5-5 ML 5-6 ML 5-7

3519-23 3519-24



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  6  of  8

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 BQL(0.125) 1 0.356 1 BQL(0.067) 1 BQL(0.117) 1

0.020 1 0.020 (RPD=0.00) 1 0.197 1 0.020 1 BQL(0.014) 1 0.024 1

0.149 1 0.151 (RPD=1.33) 1 0.193 1 0.218 1 0.198 1 0.283 1

0.137 1 0.135 (RPD=1.47) 1 0.096 1 0.055 1 0.015 1 0.038 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

93.8 1 92.8 (RPD=1.07) 1 71.6 1 60.4 1 23.7 1 32.9 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

71.7 1 71.0 (RPD=0.98) 1 56.9 1 17.4 1 2.86 1 9.49 1

4.66 1 4.74 (RPD=1.70) 1 1.67 1 2.20 1 1.18 1 1.50 1

26.9 1 26.9 (RPD=0.00) 1 27.0 1 11.4 1 3.92 1 6.95 1

0.771 1 0.773 (RPD=0.26) 1 0.404 1 0.441 1 0.136 1 0.218 1

0.006 1 0.005 (RPD=18.18) 1 BQL(0.004) 1 0.006 1 0.005 1 0.007 1

324 1 320 (RPD=1.24) 1 418 1 350 1 248 1 466 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.002) 1

0.014 1 0.012 (RPD=15.38) 1 0.011 1 0.013 1 BQL(0.007) 1 BQL(0.009) 1

0.013 1 0.012 (RPD=8.00) 1 0.012 1 BQL(0.007) 1 ND 1 BQL(0.007) 1

0.728 1 0.718 (RPD=1.38) 1 0.773 1 0.485 1 0.226 1 0.204 1

BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 BQL(0.004) 1 0.013 1 BQL(0.002) 1 0.004 1

0.022 1 0.023 (RPD=4.44) 1 0.021 1 0.022 1 BQL(0.012) 1 BQL(0.015) 1

ND 1 ND (RPD=NA) 1 BQL(0.004) 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.017) 1 BQL(0.020) 1

13.3 1 13.3 (RPD=0.00) 1 9.74 1 13.1 1 13.5 1 13.0 1

147 1 147 (RPD=0.00) 1 174 1 145 1 72.8 1 152 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 0.578 1 0.148 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

9/13/06 9/13/06

Data DF Data DF Data DF Data DF

9/13/06 9/13/06 9/13/06 9/13/06

3519-29

8/23/06 8/23/06 8/23/06 8/23/06 8/23/06 8/24/06

3519-25 3519-25 Lab Dup.* 3519-26 3519-27

Sample Results (1, 2)

ML 7-2 ML 7-2 ML 7-3 ML 7-4 ML 7-5 ML 7-6

3519-28



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  7  of  8

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

BQL(0.060) 1 1.41 1 4.14 1 0.667 1 0.664 (RPD=0.45) 1 BQL(0.053) 1

0.026 1 0.023 1 BQL(0.015) 1 BQL(0.009) 1 BQL(0.016) (RPD=NA) 1 0.027 1

0.228 1 0.145 1 0.245 1 0.127 1 0.126 (RPD=0.79) 1 0.399 1

0.051 1 0.139 1 0.032 1 0.035 1 0.036 (RPD=2.82) 1 0.154 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

65.1 1 76.3 1 35.4 1 33.1 1 33.3 (RPD=0.60) 1 64.2 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 BQL(0.002) 1 0.005 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

7.47 1 44.0 1 8.14 1 10.9 1 11.4 (RPD=4.48) 1 41.7 1

2.08 1 4.44 1 1.68 1 1.72 1 1.71 (RPD=0.58) 1 7.43 1

9.59 1 24.2 1 5.79 1 7.20 1 7.28 (RPD=1.1) 1 21.6 1

0.184 1 0.644 1 0.206 1 0.342 1 0.341 (RPD=0.29) 1 0.431 1

BQL(0.003) 1 0.006 1 0.005 1 0.005 1 0.005 (RPD=0.00) 1 BQL(0.004) 1

502 1 207 1 349 1 149 1 149 (RPD=0.00) 1 356 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) 1 ND 1 BQL(0.003) (RPD=NA) 1 BQL(0.002) 1

0.012 1 0.014 1 BQL(0.010) 1 BQL(0.010) 1 BQL(0.009) (RPD=NA) 1 0.012 1

BQL(0.010) 1 BQL(0.011) 1 BQL(0.005) 1 ND 1 BQL(0.006) (RPD=NA) 1 BQL(0.008) 1

0.522 1 0.494 1 0.370 1 0.182 1 0.182 (RPD=0.00) 1 0.562 1

BQL(0.003) 1 0.039 1 0.130 1 0.017 1 0.016 (RPD=6.06) 1 BQL(0.003) 1

BQL(0.017) 1 0.020 1 BQL(0.013) 1 BQL(0.011) 1 BQL(0.013) (RPD=NA) 1 BQL(0.018) 1

ND 1 ND 1 0.010 1 BQL(0.003) 1 ND (RPD=NA) 1 ND 1

BQL(0.008) 1 ND 1 BQL(0.008) 1 BQL(0.007) 1 ND (RPD=NA) 1 0.994 1

12.6 1 14.7 1 18.5 1 15.5 1 15.5 (RPD=0.00) 1 9.23 1

239 1 95.6 1 141 1 49.0 1 48.7 (RPD=0.61) 1 117 1

0.101 1 ND 1 0.523 1 ND 1 ND (RPD=NA) 1 0.093 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

Data DF Data DF

9/13/06 9/13/06

Data DF Data DF Data DF Data DF

9/13/06 9/13/06 9/13/06 9/13/06

3519-34

8/24/06 8/24/06 8/24/06 8/24/06 8/24/06 8/24/06

3519-30 3519-31 3519-32 3519-33

Sample Results (1, 2)

ML 7-7 ML 6-2 ML 6-4 ML 6-6 ML 6-6 ML 2-2

3519-33 Lab Dup.*



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 9/21/06

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  8  of  8

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.130) 1 0.143 1 ND 1 BQL(0.103) 1 BQL(0.094) (RPD=NA) 1

0.044 1 BQL(0.008) 1 ND 1 BQL(0.013) 1 BQL(0.011) (RPD=NA) 1

0.171 1 0.139 1 ND 1 0.159 1 0.158 (RPD=0.63) 1

0.044 1 0.038 1 ND 1 0.047 1 0.047 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

42.9 1 40.4 1 BQL(0.035) 1 42.1 1 42.4 (RPD=0.71) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

15.1 1 5.66 1 ND 1 13.9 1 14.0 (RPD=0.72) 1

1.57 1 1.54 1 ND 1 2.44 1 2.43 (RPD=0.41) 1

11.7 1 9.18 1 ND 1 8.60 1 8.76 (RPD=1.84) 1

0.269 1 0.322 1 ND 1 0.363 1 0.361 (RPD=0.55) 1

BQL(0.003) 1 BQL(0.002) 1 ND 1 BQL(0.004) 1 BQL(0.003) (RPD=NA) 1

186 1 188 1 BQL(0.104) 1 234 1 238 (RPD=1.69) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 BQL(0.003) (RPD=NA) 1

BQL(0.010) 1 BQL(0.008) 1 BQL(0.005) 1 BQL(0.011) 1 BQL(0.009) (RPD=NA) 1

BQL(0.009) 1 BQL(0.005) 1 ND 1 BQL(0.006) 1 BQL(0.007) (RPD=NA) 1

0.414 1 0.280 1 ND 1 0.267 1 0.272 (RPD=1.86) 1

BQL(0.004) 1 0.006 1 ND 1 0.005 1 0.005 (RPD=0.00) 1

BQL(0.014) 1 BQL(0.015) 1 ND 1 BQL(0.017) 1 BQL(0.018) (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 1.93 1 1.97 (RPD=2.05) 1

10.3 1 13.0 1 0.168 1 13.5 1 13.6 (RPD=0.74) 1

42.8 1 56.0 1 ND 1 91.7 1 92.5 (RPD=0.87) 1

0.071 1 0.049 1 ND 1 0.327 1 0.319 (RPD=2.48) 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DF

9/13/06

Data DF Data DF Data DF Data DF

9/13/06 9/13/06 9/13/06 9/13/06

8/24/06 8/24/06 8/24/06 8/23/06 8/23/06

3519-35 3519-36 3519-37 3519-38

Sample Results (1, 2)

ML 4-4 ML 4-6 FIELD BLANK ML 5-6 DUP ML 5-6 DUP

3519-38 Lab Dup.



Laboratory: Report Date: Page  1  of  8

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 0.261 1 60.7 1 33.6 1 33.1 (RPD=1.50) 1 32.8 1 41.9 1

7440-47-3 μg/L 0.094 0.352 0.567 1 1.59 1 1.27 1 1.26 (RPD=0.79) 1 1.17 1 1.16 1

7440-50-8 μg/L 0.034 0.115 ND 1 2.12 1 2.17 1 2.20 (RPD=1.37) 1 1.95 1 1.67 1

7439-89-6 μg/L 0.251 0.836 2.08 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.020 0.067 0.320 1 0.740 1 0.490 1 0.490 (RPD=0.00) 1 0.448 1 0.437 1

7782-49-2 μg/L 0.203 0.677 ND 1 7.85 1 7.28 1 7.15 (RPD=1.80) 1 7.61 1 7.20 1

7440-61-1 μg/L 0.002 0.008 ND 1 0.104 1 0.067 1 0.067 (RPD=0.00) 1 0.063 1 0.032 1

7440-62-2 μg/L 0.123 0.411 0.452 1 6.59 1 8.75 1 8.70 (RPD=0.57) 1 4.96 1 4.15 1

7439-97-6 μg/L 0.033 0.111 ND 1 ND 1 BQL(0.046) 1 BQL(0.046) (RPD=NA) 1 ND 1 ND 1

Comments:

Notes:

Iron (Fe)

PMW-6

3519-05

8/21/06

9/7, 9/8 & 9/21/06

8/21/06

9/7, 9/8 & 9/21/06

3ME352HW Sample Results (1, 2)

PMW-5 PMW-5 DUPLICATE

3519-04

8/21/06

9/7, 9/8 & 9/21/06

PMW-5

3519-03 Lab Dup.

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

DF

Selenium (Se)

Copper (Cu)

9/7, 9/8 & 9/21/06

DataQL DataDataUnit DF

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF Data

8/21/06

3519-01

8/21/06

3519-03

DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

FIELD BLANK PMW-3

3519-02

8/21/06

9/7, 9/8 & 9/21/06

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

9/7, 9/8, 9/12 & 9/21/06

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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11.8 1 11.6 (RPD=1.71) 1 5.35 1 32.3 1 4.99 1 4.88 (RPD=2.23) 1

4.83 1 4.96 (RPD=2.66) 1 4.63 1 3.39 1 0.605 1 0.533 (RPD=12.65) 1

2.91 1 2.87 (RPD=1.38) 1 3.66 1 2.54 1 1.56 1 1.55 (RPD=0.64) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.86 1 2.28 (RPD=20.29) 1 4.10 1 2.68 1 0.529 1 0.486 (RPD=8.47) 1

6.83 1 6.78 (RPD=0.73) 1 4.87 1 7.78 1 3.62 1 3.46 (RPD=4.52) 1

0.427 1 0.436 (RPD=2.09) 1 0.340 1 5.20 1 4.19 1 4.14 (RPD=1.20) 1

5.17 1 5.21 (RPD=0.77) 1 7.28 1 4.75 1 8.23 1 8.07 (RPD=1.96) 1

BQL(0.091) 1 BQL(0.080) (RPD=NA) 1 BQL(0.061) 1 ND 1 ND 1 ND (RPD=NA) 1

3519-09

8/21/06

9/8 & 9/21/06

3519-09 Lab Dup.

8/21/06

9/8 & 9/21/069/7, 9/8 & 9/21/06 9/7, 9/8 & 9/21/06

3519-08

8/21/06

3519-07

8/21/06 8/21/06 8/21/06

9/7, 9/8 & 9/21/06 9/7, 9/8 & 9/21/06

Data DF Data DFData DF Data DFData DFDF

Sample Results (1, 2)

ML 1-4 ML 1-4 ML 1-6 ML 2-4 ML 2-6ML 2-6

3519-06 3519-06 Lab Dup.*

Data



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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7.52 1 1.63 1 12.4 1 22.1 1 84.7 1 83.8 (RPD=1.07) 1

14.6 1 0.925 1 0.848 1 1.04 1 0.629 1 0.875 (RPD=32.71) 1

4.60 1 1.48 1 2.07 1 1.82 1 1.51 1 1.50 (RPD=0.66) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

3.46 1 0.366 1 0.891 1 0.517 1 0.435 1 0.568 (RPD=26.52) 1

5.18 1 4.48 1 6.06 1 9.41 1 8.40 1 8.38 (RPD=0.24) 1

2.23 1 0.116 1 0.134 1 0.453 1 1.19 1 1.20 (RPD=0.84) 1

14.6 1 2.50 1 1.35 1 1.90 1 4.22 1 2.87 (RPD=38.08) 1

ND 1 BQL(0.038) 1 BQL(0.056) 1 ND 1 ND 1 ND (RPD=NA) 1

9/8 & 9/21/06 9/8 & 9/21/06

3519-14 3519-14 Lab Dup.*

8/22/06 8/22/068/22/06

3519-13

9/8 & 9/21/069/8 & 9/21/06

Data DFData DF Data DFData DF

9/8 & 9/21/06 9/8 & 9/21/06

Data DF Data DF

3519-10 3519-11 3519-12

8/22/06 8/22/06 8/22/06

Sample Results (1, 2)

ML 3-4 ML 3-6 ML 4-2 ML 3-3 ML 3-3ML 3-2



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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6.22 1 14.6 1 46.3 1 45.4 (RPD=1.96) 1 7.17 1 13.5 1

0.664 1 1.35 1 9.96 1 9.81 (RPD=1.52) 1 4.21 1 1.53 1

1.07 1 2.51 1 4.89 1 4.59 (RPD=6.33) 1 2.04 1 1.83 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.217 1 0.547 1 8.04 1 8.02 (RPD=0.25) 1 1.52 1 0.381 1

4.60 1 4.93 1 4.51 1 4.61 (RPD=2.19) 1 4.28 1 5.23 1

0.116 1 0.241 1 3.53 1 3.51 (RPD=0.57) 1 3.25 1 0.116 1

1.93 1 2.59 1 11.5 1 11.4 (RPD=0.87) 1 5.91 1 1.63 1

ND 1 ND 1 BQL(0.057) 1 BQL(0.051) (RPD=NA) 1 ND 1 BQL(0.045) 1

Data DF Data DF

8/22/06 8/23/06

9/8, 9/11 & 9/21/06 9/8, 9/11 & 9/21/06

Data DF Data DFData DF Data DF

9/8 & 9/21/06 9/8 & 9/21/06 9/8, 9/11 & 9/21/06 9/8, 9/11 & 9/21/06

8/22/06 8/22/06 8/22/06 8/22/06

3519-17 3519-17 Lab Dup. 3519-18 3519-19

Sample Results (1, 2)

ML 3-5 ML 2-2 ML 2-3 ML 2-3 ML 2-5 ML 5-2

3519-15 3519-16



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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115 1 112 (RPD=2.64) 1 19.6 1 6.60 1 1.03 1 1.03 (RPD=0.00) 1

1.07 1 0.933 (RPD=13.68) 1 5.72 1 2.02 1 0.478 1 0.459 (RPD=4.06) 1

1.60 1 1.99 (RPD=21.73) 1 3.05 1 1.47 1 1.71 1 1.74 (RPD=1.74) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.375 1 0.351 (RPD=6.61) 1 2.15 1 0.511 1 0.209 1 0.200 (RPD=4.40) 1

5.32 1 5.02 (RPD=5.80) 1 5.71 1 4.13 1 3.47 1 3.12 (RPD=10.62) 1

2.14 1 1.92 (RPD=10.84) 1 0.698 1 1.54 1 0.047 1 0.046 (RPD=2.15) 1

4.42 1 3.47 (RPD=24.08) 1 9.98 1 4.05 1 13.3 1 13.2 (RPD=0.75) 1

ND 1 ND (RPD=NA) 1 BQL(0.065) 1 ND 1 BQL(0.044) 1 BQL(0.035) (RPD=NA) 1

Data DF Data DF

9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06

Data DF Data DF Data DF Data DF

9/8, 9/11 & 9/21/06 9/8, 9/11 & 9/21/06 9/8, 9/11 & 9/21/06 9/8, 9/11 & 9/21/06

8/23/06 8/23/06

3519-20 3519-20 Lab Dup.* 3519-21

8/23/06 8/23/06 8/23/06 8/23/06

3519-22

Sample Results (1, 2)

ML 5-3 ML 5-3 ML 5-4 ML 5-5 ML 5-6 ML 5-6

3519-23 3519-23 Lab Dup.



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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6.61 1 8.09 1 162 1 160 (RPD=1.24) 1 6.40 1 6.07 1

0.284 1 1.28 1 1.03 1 0.948 (RPD=8.29) 1 1.00 1 0.652 1

1.10 1 1.82 1 2.38 1 2.15 (RPD=10.15) 1 2.01 1 0.797 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.308 1 0.265 1 0.677 1 0.638 (RPD=5.93) 1 0.477 1 0.236 1

3.22 1 7.23 1 7.22 1 7.27 (RPD=0.69) 1 4.90 1 4.56 1

0.476 1 0.060 1 0.322 1 0.323 (RPD=0.31) 1 0.406 1 2.43 1

1.58 1 1.68 1 3.44 1 1.38 (RPD=85.48) 1 3.68 1 13.8 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

Data DF Data DF

9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06

Data DF Data DF Data DF Data DF

9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06

8/23/06 8/23/06

3519-24 3519-25 3519-26

8/23/06 8/23/06 8/23/06 8/23/06

3519-26 Lab Dup.*

Sample Results (1, 2)

ML 5-7 ML 7-2 ML 7-3 ML 7-3 ML 7-4 ML 7-5

3519-27 3519-28



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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5.93 (RPD=2.33) 1 12.0 1 9.18 1 8.54 1 7.72 1 3.62 1

0.633 (RPD=2.96) 1 0.836 1 0.515 1 1.95 1 5.57 1 1.11 1

0.834 (RPD=4.54) 1 1.37 1 1.64 1 2.68 1 1.72 1 1.39 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.238 (RPD=0.84) 1 0.247 1 1.12 1 0.869 1 1.32 1 0.539 1

4.41 (RPD=3.34) 1 3.97 1 3.64 1 5.21 1 4.53 1 3.94 1

2.42 (RPD=0.41) 1 1.34 1 1.05 1 0.247 1 2.13 1 0.107 1

13.6 (RPD=1.46) 1 14.9 1 5.01 1 3.57 1 5.21 1 4.01 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06

Data DF Data DF Data DF Data DF

9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06

8/24/06 8/24/06

3519-28 Lab Dup. 3519-29 3519-30

8/23/06 8/24/06 8/24/06 8/24/06

3519-31

Sample Results (1, 2)

ML 7-5 ML 7-6 ML 7-7 ML 6-2 ML 6-4 ML 6-6

3519-32 3519-33



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME352HW

Shaw Environmental, Inc.
Analytical Service Results Report

9/26/06Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  All other QC results met criteria established in RSKSOP 257(1).  The MDL's and QL's 
reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1). * = 
digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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3.56 (RPD=1.67) 1 13.5 1 28.0 1 1.25 1 ND 1 1.15 1

0.878 (RPD=23.34) 1 1.01 1 0.843 1 0.758 1 BQL(0.178) 1 0.499 1

1.12 (RPD=21.51) 1 2.16 1 1.69 1 1.44 1 0.979 1 1.79 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ BQL(0.726) 1 ⎯ ⎯

0.457 (RPD=16.47) 1 0.214 1 0.203 1 0.346 1 0.133 1 0.248 1

3.75 (RPD=4.94) 1 6.14 1 5.67 1 3.73 1 BQL(0.250) 1 3.42 1

0.108 (RPD=0.93) 1 0.133 1 1.03 1 0.137 1 ND 1 0.046 1

3.43 (RPD=15.59) 1 1.73 1 2.69 1 1.66 1 BQL(0.398) 1 4.89 1

ND (RPD=NA) 1 BQL(0.059) 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

9/8, 9/11, 9/12, 9/21 & 9/22/06 9/8, 9/11 & 9/21/06

Data DF Data DF Data DF Data DF

9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06 9/8, 9/11, 9/21 & 9/22/06

8/24/06 8/23/06

3519-33 Lab Dup.* 3519-34 3519-35

8/24/06 8/24/06 8/24/06 8/24/06

3519-36

Sample Results (1, 2)

ML 6-6 ML 2-2 ML 4-4 ML 4-6 FIELD BLANK ML 5-6 DUP

3519-37 3519-38



Laboratory: Report Date: Page  1  of  7

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 ND 1 75.4 1 37.8 1 36.6 1 52.4 1 18.9 1

7440-47-3 μg/L 0.085 0.317 ND 1 5.72 1 5.57 1 6.87 1 3.00 1 9.42 1

7440-50-8 μg/L 0.031 0.104 ND 1 0.365 1 0.346 1 0.275 1 0.291 1 2.28 1

7439-89-6 μg/L 0.226 0.753 BQL(0.649) 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.018 0.060 ND 1 ND 1 BQL(0.038) 1 ND 1 ND 1 2.00 1

7782-49-2 μg/L 0.183 0.610 ND 1 6.23 1 6.46 1 6.19 1 5.96 1 10.6 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.053 1 0.061 1 0.059 1 0.034 1 0.181 1

7440-62-2 μg/L 0.111 0.370 0.653 1 6.80 1 10.3 1 8.95 1 7.03 1 4.18 1

7439-97-6 μg/L 0.030 0.100 BQL(0.044) 1 BQL(0.045) 1 BQL(0.045) 1 BQL(0.031) 1 ND 1 BQL(0.086) 1

Comments:

Notes:

8/28, 8/29 & 8/30/06

3520-05

8/21/06

8/28, 8/29 & 8/30/06

ML 1-4

3520-06

8/21/06

8/28, 8/29 & 8/30/06

PMW-6

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW Sample Results (1, 2)

PMW-5

8/28, 8/29 & 8/30/06

DataQL

PMW-5 Duplicate

3520-04

8/21/06

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

DF

FIELD BLANK PMW-3

3520-02

8/21/06 8/21/06

3520-01

8/21/06

3520-03

DataUnit
Analytes

Names 
DF Data DFMDL Data DF

Arsenic (As)

Data DF

Iron (Fe)

8/28, 8/29, 8/30 & 9/12/06 8/28, 8/29 & 8/30/06

Chromium (Cr)

Copper (Cu)

DFData



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW

QL

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

Unit
Analytes

Names 
MDL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

Page  2  of  7

18.8 (RPD=0.53) 1 5.04 1 44.5 1 6.25 1 6.72 1 0.760 1

9.66 (RPD=2.52) 1 5.69 1 17.4 1 15.1 1 12.2 1 13.1 1

2.27 (RPD=0.44) 1 0.348 1 0.569 1 0.492 1 0.252 1 0.269 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

2.00 (RPD=0.00) 1 ND 1 0.269 1 BQL(0.057) 1 0.349 1 BQL(0.046) 1

10.5 (RPD=0.95) 1 4.83 1 8.78 1 6.42 1 6.04 1 5.48 1

0.177 (RPD=2.23) 1 0.051 1 4.44 1 5.69 1 0.323 1 0.065 1

4.22 (RPD=0.95) 1 1.39 1 3.88 1 4.23 1 3.31 1 1.29 1

BQL(0.087) (RPD=NA) 1 BQL(0.051) 1 ND 1 ND 1 BQL(0.031) 1 ND 1

8/21/06

8/28, 8/29 & 8/30/06

3520-093520-06 Lab Dup. 3520-07 3520-08

DF Data

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

Data DF DF DataData DFDF Data DF Data

Sample Results (1, 2)

ML 1-4 ML 1-6 ML 2-4 ML 3-6ML 3-4ML 2-6

8/21/06 8/21/06 8/21/06

3520-10

8/22/06

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

3520-11

8/22/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW

QL

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

Unit
Analytes

Names 
MDL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

Page  3  of  7

16.8 1 31.5 1 130 1 7.01 1 7.01 (RPD=0.00) 1 20.4 1

20.8 1 10.4 1 21.5 1 10.3 1 9.93 (RPD=3.66) 1 11.0 1

0.733 1 0.543 1 1.90 1 0.142 1 0.140 (RPD=1.42) 1 1.09 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.026) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

8.37 1 8.72 1 8.27 1 5.24 1 5.31 (RPD=1.33) 1 6.87 1

0.157 1 0.459 1 1.39 1 0.088 1 0.088 (RPD=0.00) 1 0.159 1

2.13 1 17.7 1 6.05 1 1.47 1 1.51 (RPD=2.68) 1 9.84 1

BQL(0.045) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

Sample Results (1, 2)

ML 4-2 ML 3-2 ML 3-3 ML 3-5 ML 3-5 ML 2-2

3520-14 3520-15 3520-15 Lab Dup. 3520-16

8/22/06 8/22/06 8/22/06 8/22/06 8/22/06 8/22/06

3520-12 3520-13

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW

QL

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

Unit
Analytes

Names 
MDL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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63.0 1 7.62 1 16.0 1 183 1 181 (RPD=1.10) 1 23.9 1

3.96 1 6.38 1 5.37 1 15.4 1 14.7 (RPD=4.65) 1 14.8 1

1.12 1 1.02 1 0.808 1 0.606 1 0.667 (RPD=9.58) 1 0.345 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 0.743 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

7.87 1 6.53 1 7.07 1 6.07 1 5.73 (RPD=5.76) 1 6.61 1

6.64 1 1.25 1 0.100 1 2.49 1 2.48 (RPD=0.40) 1 0.257 1

3.05 1 3.85 1 4.90 1 5.00 1 5.00 (RPD=0.00) 1 2.07 1

ND 1 ND 1 BQL(0.052) 1 BQL(0.035) 1 ND (RPD=NA) 1 BQL(0.053) 1

Data DF Data DF

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

8/23/06 8/23/06

Data DF Data DF Data DF Data DF

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

3520-18 3520-19

8/22/06 8/22/06 8/23/06

Sample Results (1, 2)

ML 2-3 ML 2-5 ML 5-2 ML 5-3 ML 5-3 ML 5-4

3520-21

8/23/06

3520-20 3520-20 Lab Dup.3520-17



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW

QL

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

Unit
Analytes

Names 
MDL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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7.95 1 1.63 1 10.9 1 9.60 1 208 1 8.80 1

6.53 1 8.98 1 5.75 1 11.6 1 12.5 1 18.4 1

0.295 1 0.289 1 0.352 1 0.947 1 0.825 1 0.609 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.32 1 4.90 1 4.26 1 8.44 1 8.77 1 6.22 1

1.43 1 0.052 1 0.726 1 0.083 1 0.342 1 0.200 1

1.62 1 1.67 1 0.614 1 5.38 1 3.44 1 1.34 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

Data DF Data DF Data DF Data DF

8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06 8/28, 8/29 & 8/30/06

8/23/06 8/23/06

3520-22 3520-23 3520-24

8/23/06 8/23/06 8/23/06 8/23/06

3520-25

Sample Results (1, 2)

ML 5-5 ML 5-6 ML 5-7 ML 7-2 ML 7-3 ML 7-4

3520-26 3520-27



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW

QL

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

Unit
Analytes

Names 
MDL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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8.60 1 11.0 1 10.5 (RPD=4.65) 1 14.2 1 11.7 1 9.74 1

12.4 1 0.438 1 0.477 (RPD=8.52) 1 0.959 1 1.22 1 0.991 1

0.220 1 0.446 1 0.447 (RPD=0.22) 1 0.721 1 0.802 1 0.440 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

5.40 1 2.11 1 2.14 (RPD=1.41) 1 3.95 1 4.48 1 4.92 1

2.20 1 1.40 1 1.38 (RPD=1.44) 1 1.11 1 0.114 1 1.35 1

1.15 1 1.05 1 1.08 (RPD=2.82) 1 1.19 1 1.75 1 1.26 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

3520-32

8/24/06

3520-30

Sample Results (1, 2)

ML 7-5 ML 7-6 ML 7-6 ML 7-7 ML 6-2 ML 6-4

3520-313520-28 3520-29 3520-29 Lab Dup.

8/23/06 8/24/06 8/24/06

8/28, 8/29 & 8/30/06 8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30 & 09/07/06

Data DF Data DFData DF Data DF Data DF Data DF

8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30 & 09/07/06

8/24/06 8/24/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

9/20/06Metals 

Steve Markham

3ME353HW

QL

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

No problems noted. The MDL's and QL's reported represent those completed in June 2006, but not ye
updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

RSKSOP 257(1)

Unit
Analytes

Names 
MDL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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5.26 1 16.5 1 43.5 1 2.40 1 ND 1 1.84 1

0.585 1 1.14 1 0.871 1 0.550 1 ND 1 0.563 1

0.300 1 0.730 1 0.427 1 0.387 1 0.411 1 0.439 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ND 1 ⎯ ⎯

ND 1 BQL(0.019) 1 ND 1 ND 1 ND 1 ND 1

3.56 1 5.49 1 4.76 1 3.01 1 ND 1 3.25 1

0.037 1 0.136 1 0.953 1 0.100 1 ND 1 0.024 1

2.38 1 1.58 1 1.33 1 1.25 1 0.548 1 0.929 1

ND 1 BQL(0.051) 1 ND 1 ND 1 BQL(0.031) 1 ND 1

3520-37 3520-38

Sample Results (1, 2)

ML 6-6 ML 2-2 ML 4-4 ML 4-6 FIELD BLANK ML 5-6 DUP

8/24/06 8/23/06

3520-33 3520-34 3520-35

8/24/06 8/24/06 8/24/06 8/24/06

3520-36

8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30 & 09/07/06 8/28, 8/29, 8/30, 9/7 & 09/12/06 8/28, 8/29, 8/30 & 09/07/06

Data DF Data DF Data DF Data DF Data DF Data DF



Page 1 of 1

Laboratory: General Parameters Report Date: 10/19/06

Technical Directive: 3GP924HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.009

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

FIELD BLANK 3572-1 10/17/2006 BQL (0.041) 1

ML5-3 3572-2 10/17/2006 ND 1

ML5-5 3572-3 10/17/2006 BQL (0.029) 1

ML5-5 3572-3 LAB DUP 10/17/2006 BQL (0.029) (RPD=NA) 1

PMW-5 3572-4 10/17/2006 BQL (0.029) 1

ML2-3 3572-5 10/17/2006 BQL (0.018) 1

ML2-5 3572-6 10/17/2006 BQL (0.023) 1

DUPLICATE PMW-3 3572-7 10/17/2006 ND 1

PMW-3 3572-8 10/17/2006 BQL (0.031) 1

PMW-3 3572-8 LAB DUP 10/17/2006 BQL (0.029) (RPD=NA) 1

Comments:

Notes:

10/10/2006

Date Collected

Analytical Service Results Report

10/5/2006

10/10/2006

10/5/2006

10/10/2006

10/5/2006

10/5/2006

10/5/2006

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  NA - not applicable.

Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO 2+NO3-N)

10/5/2006

10/5/2006

Vanessa Scroggins

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set, that are within the 
calibration range.  

Sample Results (1, 2)
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Laboratory: General Parameters Report Date: 10/25/06

Technical Directive: 3GP924HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data Data DF Data DF

Field Blank 3572-1 10/12-10/17/06 - - 0.347 (± 0.1115) 1 BQL (0.181) (± 0.2184) 1

ML5-3 3572-2 10/12-10/17/06 91.7 (± 0.1654) 4 - - 52.0 (± 0.2984) 4

ML5-5 3572-3 10/12-10/17/06 - - 70.5 (± 0.0393) 4 19.6 (± 0.1932) 4

PMW-5 3572-4 10/12-10/17/06 - - 45.8 (± 0.1250) 4 33.5 (± 0.0549) 4

PMW-5 3572-4 LAB DUP 10/12-10/17/06 - - 45.9 (± 0.0874) (RPD=0.218) 4 33.7 (± 0.0600) (RPD=0.595) 4

ML2-3 3572-5 10/12-10/17/06 107 (± 0.3726) 4 - - 57.1 (± 0.6886) 4

ML2-5 3572-6 10/12-10/17/06 - - 65.4 (± 0.0819) 4 18.4 (± 0.0453) 4

DUP PMW-3 3572-7 10/12-10/17/06 - - 58.6 (± 0.1147) 4 29.2 (± 0.0920) 4

PMW-3 3572-8 10/12-10/17/06 - - 59.4 (± 0.0667) 4 24.4 (± 0.0956) 4

Comments:

Notes:

mg/L

0.020

1.000

Kristie Hargrove

RSKSOP-265 Rev. 1

mg/L

RSKSOP-265 Rev. 1

10/5/2006

10/5/2006

10/5/2006

RSKSOP-265 Rev. 1

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample 
set.  The data values are reported with the dilution factors applied.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) 
denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was 
not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  

10/5/2006

10/5/2006

10/5/2006

10/10/2006

10/10/2006

Shaw Environmental, Inc.

20.0 0.100

10/5/2006

Date Collected

mg/L

0.473 0.011

Analytical Service Results Report
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Laboratory: General Parameters Report Date: 10/16/06

Technical Directive: 3GP924HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Field Blank 3572-1 10/12/2006 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML5-3 3572-2 10/12/2006 153 11 BQL (0.710) 1 ND 1 95.4 11 ND 1 0.310 1

ML5-5 3572-3 10/12/2006 39.9 1 BQL (0.957) 1 ND 1 50.2 11 ND 1 0.265 1

ML5-5 3572-3 Lab dup 10/12/2006 39.8 (RPD=0.251) 1 BQL (0.939)(RPD=NA) 1 ND (RPD=NA) 1 52.7 (RPD=4.86) 11 ND (RPD=NA) 1 0.265 (RPD=0) 1

PMW-5 3572-4 10/12/2006 124 11 1.07 1 ND 1 53.4 11 ND 1 0.146 1

ML2-3 3572-5 10/12/2006 146 11 BQL (0.721) 1 ND 1 377 11 ND 1 0.299 1

ML2-5 3572-6 10/12/2006 37.9 1 BQL (0.949) 1 ND 1 81.9 11 ND 1 0.260 1

Duplicate PMW-3 3572-7 10/12/2006 77.3 11 BQL (0.995) 1 ND 1 43.3 1 ND 1 0.167 1

PMW-3 3572-8 10/12/2006 77.9 11 1.04 1 ND 1 43.7 1 ND 1 0.105 1

Comments:

Notes:

Shaw Environmental, Inc.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples 
in this sample set within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted.  ** A 
new MDL was established on 10/13/06 for fluoride with 0.100 mg/L as the quantitation limit.

mg/L mg/L

* 0.263 0.080

* 1.00 1.00

Analytical Service Results Report

10/10/2006

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the 
quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with 
dilution factors (DF), if applicable.  

Date Collected

RSKSOP-288 RSKSOP-288

10/5/2006

10/5/2006

14808-79-8

* 0.298

* 1.00

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lynda Callaway

10/5/2006

10/5/2006

10/10/2006

10/5/2006

10/5/2006

10/5/2006

16887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br) Fluoride (F)

RSKSOP-288

mg/L

0.098

RSKSOP-288

mg/L

0.066

14797-65-0 7782-41-414797-55-8

RSKSOP-288

mg/L

** 0.036

0.1000.200

RSKSOP-288

mg/L

0.200



Laboratory: Report Date: Page  1  of  2

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7429-90-5 mg/L 0.040 0.133 ND 1 ND 1 ND (RPD=NA) 1 0.541 1 0.521 (RPD=3.77) 1 BQL(0.076) 1

7440-38-2 mg/L 0.006 0.019 ND 1 0.306 1 0.301 (RPD=1.65) 1 BQL(0.017) 1 BQL(0.016) (RPD=NA) 1 0.052 1

7440-42-8 mg/L 0.014 0.049 ND 1 0.334 1 0.335 (RPD=0.30) 1 0.209 1 0.208 (RPD=0.48) 1 0.229 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.113 1 0.111 (RPD=1.79) 1 0.020 1 0.020 (RPD=0.00) 1 0.076 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-70-2 mg/L 0.027 0.089 0.456 1 45.4 1 45.5 (RPD=0.22) 1 23.8 1 23.9 (RPD=0.42) 1 60.2 1

7440-43-9 mg/L 0.001 0.004 ND 1 0.008 1 0.008 (RPD=0.00) 1 ND 1 ND (RPD=NA) 1 BQL(0.002) 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-50-8 mg/L 0.006 0.019 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7439-89-6 mg/L 0.006 0.019 ND 1 62.3 1 62.1 (RPD=0.32) 1 5.58 1 5.58 (RPD=0.00) 1 17.1 1

7440-09-7 mg/L 0.061 0.204 ND 1 1.02 1 1.05 (RPD=2.90) 1 1.21 1 1.22 (RPD=0.82) 1 6.06 1

7439-95-4 mg/L 0.027 0.089 ND 1 26.7 1 26.8 (RPD=0.37) 1 4.35 1 4.37 (RPD=0.46) 1 9.79 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.161 1 0.162 (RPD=0.62) 1 0.150 1 0.150 (RPD=0.00) 1 0.193 1

7439-98-7 mg/L 0.001 0.004 BQL(0.001) 1 BQL(0.004) 1 0.005 (RPD=NA) 1 BQL(0.003) 1 BQL(0.002) (RPD=NA) 1 BQL(0.004) 1

7440-23-5 mg/L 0.047 0.155 BQL(0.154) 1 114 1 113 (RPD=0.88) 1 102 1 103 (RPD=0.98) 1 64.4 1

7440-02-0 mg/L 0.003 0.011 ND 1 ND 1 BQL(0.011) (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7439-92-1 mg/L 0.002 0.008 ND 1 BQL(0.005) 1 BQL(0.004) (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-36-0 mg/L 0.003 0.011 BQL(0.005) 1 BQL(0.008) 1 BQL(0.007) (RPD=NA) 1 BQL(0.006) 1 ND (RPD=NA) 1 BQL(0.009) 1

7782-49-2 mg/L 0.003 0.011 BQL(0.006) 1 ND 1 ND (RPD=NA) 1 BQL(0.007) 1 BQL(0.009) (RPD=NA) 1 BQL(0.010) 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.368 1 0.364 (RPD=1.09) 1 0.225 1 0.227 (RPD=0.88) 1 0.256 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 0.014 1 0.015 (RPD=6.90) 1 ND 1

7440-28-0 mg/L 0.006 0.019 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.006) 1 ND (RPD=NA) 1 BQL(0.014) 1

7440-62-2 mg/L 0.002 0.008 ND 1 BQL(0.003) 1 BQL(0.004) (RPD=NA) 1 BQL(0.003) 1 ND (RPD=NA) 1 ND 1

7440-66-6 mg/L 0.007 0.022 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.008) 1 BQL(0.008) (RPD=NA) 1 BQL(0.013) 1

7440-21-3 mg/L 0.049 0.163 0.171 1 9.11 1 9.17 (RPD=0.66) 1 15.8 1 15.8 (RPD=0.00) 1 14.6 1

7704-34-9 mg/L 0.102 0.341 ND 1 29.8 1 30.2 (RPD=1.33) 1 17.5 1 17.5 (RPD=0.00) 1 19.2 1

7723-14-0 mg/L 0.012 0.041 BQL(0.017) 1 0.603 1 0.597 (RPD=1.00) 1 0.601 1 0.597 (RPD=0.67) 1 0.820 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ⎯ ⎯ ND 1

Comments: 

Notes:

ML 5-5 PMW-5FIELD BLANK ML 5-3 ML 5-3 ML 5-5

10/17/06 10/17 & 10/18/0610/17 & 10/18/06 10/17 & 10/18/06 10/17 & 10/18/06 10/17 & 10/18/06

The Analytical Sample Record listed a sample ML 2-5, but received two bottles labeled ML 2-3.  Both samples were analyzed 
and designated as ML 2-3A and ML 2-3B.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS 
analysis of mercury were below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not 
yet updated in RSKSOP-213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3572-01 3572-02 3572-02 Lab Dup.* 3572-03

Aluminum (Al)

Arsenic (As)

3572-03 Lab Dup. 3572-04

Metals 10/23/06

3ME364HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

10/5/06 10/5/06 10/5/06 10/5/06 10/5/06 10/5/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

The Analytical Sample Record listed a sample ML 2-5, but received two bottles labeled ML 2-3.  Both samples were analyzed 
and designated as ML 2-3A and ML 2-3B.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS 
analysis of mercury were below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not 
yet updated in RSKSOP-213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 10/23/06

3ME364HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  2  of  2

ML 2-3A renamed to ML 2-5 ML 2-3B renamed to ML 2-3

⎯ ⎯ ND 1 0.019 1 0.015 1 ND 1

⎯ ⎯ 0.786 1 0.584 1 0.527 1 0.823 1

⎯ ⎯ BQL(0.012) 1 0.044 1 0.036 1 0.061 1

⎯ ⎯ 0.189 1 0.227 1 0.213 1 0.275 1

⎯ ⎯ 0.018 1 0.053 1 0.046 1 0.091 1

⎯ ⎯ ND 1 ND 1 ND 1 ND 1

⎯ ⎯ 20.6 1 18.3 1 17.1 1 65.6 1

⎯ ⎯ ND 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1

⎯ ⎯ ND 1 ND 1 ND 1 ND 1

⎯ ⎯ BQL(0.001) 1 ND 1 ND 1 ND 1

⎯ ⎯ ND 1 ND 1 ND 1 ND 1

⎯ ⎯ 1.85 1 19.7 1 16.2 1 14.8 1

⎯ ⎯ 1.22 1 15.1 1 16.1 1 2.01 1

⎯ ⎯ 3.20 1 10.1 1 9.08 1 18.8 1

⎯ ⎯ 0.080 1 0.071 1 0.066 1 0.283 1

⎯ ⎯ BQL(0.003) 1 BQL(0.001) 1 BQL(0.001) 1 0.005 1

⎯ ⎯ 120 1 63.6 1 63.8 1 319 1

⎯ ⎯ ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ND 1 ND 1 ND 1 ND 1

⎯ ⎯ BQL(0.007) 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.011) 1

⎯ ⎯ BQL(0.011) 1 BQL(0.009) 1 BQL(0.005) 1 0.017 1

⎯ ⎯ 0.196 1 0.130 1 0.120 1 0.594 1

⎯ ⎯ 0.024 1 0.017 1 0.014 1 0.029 1

⎯ ⎯ ND 1 ND 1 ND 1 BQL(0.017) 1

⎯ ⎯ BQL(0.002) 1 BQL(0.003) 1 ND 1 BQL(0.002) 1

⎯ ⎯ ND 1 ND 1 ND 1 BQL(0.018) 1

⎯ ⎯ 16.2 1 14.9 1 15.1 1 12.3 1

⎯ ⎯ 26.0 1 12.6 1 12.2 1 124 1

⎯ ⎯ 1.47 1 0.921 1 0.964 1 0.171 1

ND (RPD=NA) ND 1 ND 1 ND 1 ND 1

Duplicate PMW-3 PMW-3 ML 2-3PMW-5 ML 2-5

10/17 & 10/18/06 10/17 & 10/18/06 10/17 & 10/18/0610/18/06 10/17 & 10/18/06

DF Data DFDF Data DF DataDF Data DataData DF

3572-07 3572-08 3572-113572-04 Lab Dup. 3572-05

Sample Results (1, 2)

10/5/06 10/5/06 10/10/06 10/10/06 10/5/06



Laboratory: Report Date: Page  1  of  2

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 ND 1 294 5 12.6 5 40.9 5 41.0 (RPD=0.24) 5 41.1 (RPD=0.49) 5

7440-47-3 μg/L 0.094 0.352 0.410 1 2.58 1 2.24 1 1.63 1 1.58 RPD=3.12) 1 2.54 (RPD=43.65) 1

7440-50-8 μg/L 0.034 0.115 BQL(0.078) 1 2.96 1 0.920 1 1.14 1 1.16 (RPD=1.74) 1 1.13 (RPD=0.88) 1

7439-89-6 μg/L 0.251 0.836 6.84 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.020 0.067 0.114 1 0.214 1 0.484 1 0.445 1 0.443 (RPD=0.45) 1 0.300 (RPD=38.93) 1

7782-49-2 μg/L 0.203 0.677 0.052 1 9.73 5 10.9 5 12.2 5 11.7 (RPD=4.18) 5 12.5 (RPD=2.43) 5

7440-61-1 μg/L 0.002 0.008 ND 1 0.540 5 0.220 5 0.240 5 0.245 (RPD=2.06) 5 0.245 (RPD=2.06) 5

7440-62-2 μg/L 0.123 0.411 0.836 1 9.30 5 7.15 5 7.64 5 7.07 (RPD=7.75) 5 6.77 (RPD=12.07) 5

7439-97-6 μg/L 0.033 0.111 ND 1 BQL(0.049) 1 ND 1 ND 1 ND (RPD=NA) 1 ND (RPD=NA) 1

Comments:

Notes:

Lead (Pb)

The Analytical Sample Record listed a sample ML 2-5, but received two bottles labeled ML 2-3.  Both 
samples were analyzed and designated as ML 2-3A and ML 2-3B.  Some elements had duplicate 
RPD values above 20% for the digested duplicates.  Notified the originator and we both agreed that 
without access to a clean room low RPD's would be difficult to obtain on low level digested samples.  
He requested the data be reported and a comment be added to the report.  All other QC results met 
criteria established in RSKSOP 257(1).  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1). * = digestion duplicate

10/17, 10/18 & 10/19/06

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

FIELD BLANK ML 5-3

3572-02

10/5/06

10/17, 10/18 & 10/19/06

DF Data

10/5/06

3572-01

10/5/06

3572-03

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF

Selenium (Se)

Copper (Cu)

10/17, 10/18 & 10/19/06

DataQL DataDataUnit DF

Shaw Environmental, Inc.
Analytical Service Results Report

10/23/06Metals 

3ME364HW Sample Results (1, 2)

ML 5-5 PMW-5

3572-04 Lab Dup.

10/5/06

10/17, 10/18 & 10/19/06

PMW-5

3572-04

PMW-5

3572-04 Lab Dup.*

10/5/06

10/17, 10/18 & 10/19/06

Iron (Fe)

10/5/06

10/17, 10/18 & 10/19/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

The Analytical Sample Record listed a sample ML 2-5, but received two bottles labeled ML 2-3.  Both 
samples were analyzed and designated as ML 2-3A and ML 2-3B.  Some elements had duplicate 
RPD values above 20% for the digested duplicates.  Notified the originator and we both agreed that 
without access to a clean room low RPD's would be difficult to obtain on low level digested samples.  
He requested the data be reported and a comment be added to the report.  All other QC results met 
criteria established in RSKSOP 257(1).  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

10/23/06Metals 

3ME364HW

Iron (Fe)

Page  2  of  2

ML 2-3A renamed to ML 2-3 ML 2-3B renamed to ML 2-5

5.66 5 38.8 5 31.2 5 51.9 5

3.30 1 3.26 1 2.69 1 4.41 1

0.885 1 0.979 1 0.992 1 1.91 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.387 1 0.455 1 0.347 1 1.87 1

11.0 5 10.8 5 10.7 5 9.29 5

1.86 5 0.130 5 0.120 5 2.11 5

6.06 5 7.24 5 7.00 5 12.5 5

ND 1 BQL(0.034) 1 ND 1 ND 1

Data DF

Sample Results (1, 2)

ML 2-3 Duplicate PMW-3 PMW-3 ML 2-5

3572-05 3572-07

Data DF Data DFData DF Data DF Data DF

10/17, 10/18 & 10/19/06 10/17, 10/18 & 10/19/06

3572-11

10/5/06

3572-08

10/10/0610/5/06 10/10/06

10/17, 10/18 & 10/19/06 10/17, 10/18 & 10/19/06



Laboratory: Report Date: Page  1  of  2

Technical Directive:

ML 2-3A renamed to ML 2

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 ND 1 363 5 359 (RPD=1.11) 5 15.6 1 58.4 1 70.2 1

7440-47-3 μg/L 0.085 0.317 BQL(0.190) 1 2.98 5 2.75 (RPD=8.03) 5 2.74 5 3.89 5 5.60 5

7440-50-8 μg/L 0.031 0.104 ND 1 0.478 1 0.456 (RPD=4.71) 1 BQL(0.070) 1 0.354 1 0.586 1

7439-89-6 μg/L 0.226 0.753 3.86 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.018 0.060 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7782-49-2 μg/L 0.183 0.610 BQL(0.235) 1 6.62 1 6.50 (RPD=1.83) 1 6.32 1 6.50 1 6.89 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.628 1 0.626 (RPD=0.32) 1 0.096 1 0.257 1 2.28 1

7440-62-2 μg/L 0.111 0.370 BQL(0.115) 1 2.39 1 2.40 (RPD=0.42) 1 0.871 1 5.03 1 2.99 1

7439-97-6 μg/L 0.030 0.100 BQL(0.068) 1 BQL(0.061) 1 BQL(0.053) (RPD=NA) 1 BQL(0.044) 1 BQL(0.045) 1 ND 1

Comments:

Notes:

Arsenic (As)

10/16 & 10/17/06 10/16 & 10/17/06

MDL Data DF

10/16 & 10/17/06

DataQL

3573-02 Lab Dup.

Copper (Cu)

DFDataDataUnit
Analytes

Names 
DF Data

ML 5-3

3573-02

10/5/06 10/5/06

3573-01

Zinc (Zn)

RSKSOP 257(1)

DF

10/5/06

DF

Iron (Fe)

Chromium (Cr)

Data DF

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

For the analysis of chromium, samples were diluted five-fold to reduce the interference of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

3ME365HW Sample Results (1, 2)

ML 5-3

Shaw Environmental, Inc.
Analytical Service Results Report

10/23/06Metals 

ML 5-5Steve Markham FIELD BLANK

10/16 & 10/17/06

ML 2-3

3573-05

10/5/06

10/16 & 10/17/06

PMW-5

3573-03

10/5/06

10/16 & 10/17/06

3573-04

10/5/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

MDL QL

Copper (Cu)

Unit
Analytes

Names 

Zinc (Zn)

RSKSOP 257(1)

Iron (Fe)

Chromium (Cr)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

For the analysis of chromium, samples were diluted five-fold to reduce the interference of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

3ME365HW

Shaw Environmental, Inc.
Analytical Service Results Report

10/23/06Metals 

Steve Markham

Page  2  of  2

2-3 ML 2-3B renamed to ML 2-5

64.0 1 61.4 1 6.87 1

5.30 5 3.54 5 3.50 5

0.200 1 0.158 1 BQL(0.033) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1

5.55 1 5.50 1 5.24 1

0.025 1 0.021 1 0.585 1

1.98 1 1.70 1 1.14 1

BQL(0.044) 1 ND 1 ND 1

DF

10/5/06

Sample Results (1, 2)

Duplicate PMW-3 PMW-3 ML 2-5

DF Data DF DataDF Data

10/16 & 10/17/06 10/16 & 10/17/06 10/16 & 10/17/06

Data DF DF DataData

3573-07 3573-08 3573-11

10/10/06 10/10/06



Laboratory: Report Date: Page  1  of  2

Technical Directive:

ML 2-3A renamed to ML 

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.036 0.120 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.005 0.017 ND 1 0.406 1 0.406 (RPD=0.00) 1 0.027 1 0.081 1 0.106 1

7440-42-8 mg/L 0.013 0.044 ND 1 0.364 1 0.363 (RPD=0.28) 1 0.210 1 0.231 1 0.275 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.117 1 0.116 (RPD=0.86) 1 0.019 1 0.077 1 0.091 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.024 0.080 0.434 1 44.6 1 44.7 (RPD=0.22) 1 23.1 1 59.3 1 65.2 1

7440-43-9 mg/L 0.001 0.004 ND 1 0.010 1 0.010 (RPD=0.00) 1 ND 1 BQL(0.003) 1 BQL(0.002) 1

7440-48-4 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 BQL(0.001) (RPD=NA) 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.005 0.017 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 ND 1 72.7 1 72.8 (RPD=0.14) 1 5.64 1 18.4 1 17.2 1

7440-09-7 mg/L 0.055 0.184 ND 1 1.06 1 1.04 (RPD=1.90) 1 1.19 1 6.07 1 1.93 1

7439-95-4 mg/L 0.024 0.080 ND 1 26.3 1 26.3 (RPD=0.00) 1 4.26 1 9.64 1 19.4 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.160 1 0.159 (RPD=0.63) 1 0.145 1 0.193 1 0.286 1

7439-98-7 mg/L 0.001 0.004 ND 1 0.005 1 0.005 (RPD=0.00) 1 BQL(0.002) 1 0.004 1 0.006 1

7440-23-5 mg/L 0.042 0.140 0.153 1 113 1 112 (RPD=0.89) 1 99.7 1 63.6 1 297 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 ND 1 BQL(0.006) 1 BQL(0.005) (RPD=NA) 1 ND 1 ND 1 ND 1

7440-36-0 mg/L 0.003 0.010 ND 1 BQL(0.004) 1 BQL(0.008) (RPD=NA) 1 ND 1 BQL(0.008) 1 BQL(0.008) 1

7782-49-2 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 0.010 1 0.025 1 0.034 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.364 1 0.363 (RPD=0.28) 1 0.219 1 0.256 1 0.582 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 BQL(0.007) 1 BQL(0.008) (RPD=NA) 1 BQL(0.012) 1 0.023 1 0.020 1

7440-62-2 mg/L 0.002 0.007 ND 1 BQL(0.002) 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-66-6 mg/L 0.006 0.020 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-21-3 mg/L 0.044 0.147 BQL(0.135) 1 9.31 1 9.33 (RPD=0.21) 1 15.5 1 14.6 1 10.9 1

7704-34-9 mg/L 0.092 0.307 ND 1 32.1 1 32.2 (RPD=0.31) 1 18.7 1 20.6 1 120 1

7723-14-0 mg/L 0.011 0.037 ND 1 0.689 1 0.689 (RPD=0.00) 1 0.683 1 0.885 1 0.139 1

7440-61-1 mg/L 0.007 0.024 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments: 

Notes:

10/5/06 10/5/06

3573-04 3573-05

10/5/06 10/5/06 10/5/06 10/5/06

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 10/19/06

3ME365HW Sample Results (1, 2)

Beryllium (Be)

Calcium (Ca)

3573-01 3573-02 3573-02 Lab Dup. 3573-03

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

The Analytical Sample Record listed a sample ML 2-5, but received two bottles labeled ML 2-3.  Both samples were analyzed 
and designated as ML 2-3A and ML 2-3B.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS 
analysis of mercury were below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not 
yet updated in RSKSOP-213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

10/13 & 10/16/06 10/13 & 10/16/06 10/13 & 10/16/06 10/13 & 10/16/06 10/13 & 10/16/06 10/13 & 10/16/06

FIELD BLANK ML 5-3 ML 5-3 ML 5-5 PMW-5 ML 2-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 10/19/06

3ME365HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

The Analytical Sample Record listed a sample ML 2-5, but received two bottles labeled ML 2-3.  Both samples were analyzed 
and designated as ML 2-3A and ML 2-3B.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS 
analysis of mercury were below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not 
yet updated in RSKSOP-213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Page  2  of  2

L 2-3 ML 2-3B renamed to ML 2-5

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

0.085 1 0.077 1 0.027 1

0.242 1 0.238 1 0.192 1

0.061 1 0.059 1 0.018 1

ND 1 ND 1 ND 1

18.7 1 18.4 1 20.1 1

BQL(0.003) 1 BQL(0.003) 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

24.4 1 23.6 1 1.73 1

14.1 1 14.3 1 1.17 1

10.7 1 10.3 1 3.09 1

0.071 1 0.070 1 0.078 1

BQL(0.002) 1 BQL(0.002) 1 0.004 1

63.3 1 62.8 1 118 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 BQL(0.004) 1 BQL(0.005) 1

0.016 1 0.016 1 0.023 1

0.135 1 0.131 1 0.192 1

ND 1 ND 1 ND 1

BQL(0.006) 1 ND 1 BQL(0.011) 1

BQL(0.003) 1 ND 1 ND 1

ND 1 ND 1 ND 1

14.0 1 14.1 1 15.0 1

13.8 1 13.9 1 27.4 1

1.25 1 1.27 1 1.71 1

ND 1 ND 1 ND 1

10/5/0610/10/06 10/10/06

3573-07 3573-08

Sample Results (1, 2)

3573-11

DF DataData DF Data DFDF Data DF DataDF Data

10/13 & 10/16/06 10/13 & 10/16/06 10/13 & 10/16/06

Duplicate PMW-3 PMW-3 ML 2-5



Client    : EPA
Project : Paris Island/Nano Iron for Source Zones
Number/Type of Samples : 7 water samples 
Analysis Required : d13C of Chlorinated C2 cpds
Date Received: : 11 October 2006
Date Analysis Completed : 18 November 2006

Notes: na/nd–peak not acquired (above quantitation limit, if so the sample was rerun with higher dilution x) or compound not detected
coel – GC coelution

Replicate Runs Averages

Run # Sample ID Dilution x 1,1DCE cis-DCE TCE PCE Sample ID 1,1DCE cis-DCE TCE PCE 
0519 ML2-3 25000 na/nd -29.3 na/nd na/nd ML2-3 -35.2 -29.3 -27.3 -26.1
0515 ML2-3 12500 na/nd na/nd -27.1 na/nd ML2-5 -40.5 -32.0 -32.3 -27.6
0527 ML2-3 4167 na/nd na/nd -27.4 -26.1 ML5-3 coel -28.4 -18.3 -18.8
0531 ML2-3 89 -35.2 na/nd na/nd na/nd ML5-5 -37.1 -29.0 -26.7 -25.8
0516 ML2-5 50000 na/nd na/nd na/nd -27.6 PMW-3 coel -27.6 -31.3 -27.2
0529 ML2-5 1389 na/nd -32.0 -32.3 na/nd PMW-5 coel -28.2 -30.9 -27.0
0537 ML2-5 3 -40.5 na/nd na/nd na/nd DUPLICATE (PMW-3) coel -27.5 -31.0 -27.1
0512 ML5-3 25000 na/nd -28.4 na/nd na/nd
0521 ML5-3 556 na/nd na/nd -18.3 na/nd
0534 ML5-3 19 coel na/nd na/nd -18.8
0522 ML5-5 8333 na/nd -29.0 na/nd na/nd QAQC – precision 
0513 ML5-5 1923 na/nd na/nd -26.7 -25.8
0535 ML5-5 10 -37.1 na/nd na/nd na/nd Sample ID 1,1DCE cis-DCE TCE PCE 
0510 PMW-3 12500 na/nd -27.6 na/nd -27.2 ML2-3 0.2
0520 PMW-3 1667 na/nd na/nd -31.3 na/nd ML2-5
0566 PMW-3 13 coel na/nd na/nd na/nd ML5-3
0523 PMW-5 8333 na/nd -28.4 -31.0 -27.1 ML5-5
0524 PMW-5 8333 na/nd -28.0 -30.8 -26.8 PMW-3
0536 PMW-5 10 coel na/nd na/nd na/nd PMW-5 0.3 0.1 0.2
0517 DUPLICATE (PMW-3) 25000 na/nd -27.3 na/nd na/nd DUPLICATE (PMW-3) 0.2
0526 DUPLICATE (PMW-3) 4167 na/nd -27.6 -31.0 -27.1
0533 DUPLICATE (PMW-3) 53 coel na/nd na/nd na/nd
0567 DUPLICATE (PMW-3) 13 coel na/nd na/nd na/nd

d13C

StDev of replicate d13C

d13C



Client    : EPA
Project : Paris Island/Nano Iron for Source Zones
Number/Type of Samples : 7 water samples 
Analysis Required : d13C of ethane, ethene, VC
Date Received: : 11 October 2006
Date Analysis Completed : 17 November 2006

Notes: na/nd–peak not acquired (above quantitation limit, if so the sample was rerun with higher dilution x) or compound not detected

Replicate Runs Averages

run # sample ID dilution x ethene ethane VC sample ID ethene ethane VC
5253 ML2-3 31 -29.9 na/nd -31.0 ML2-3 -29.7 -29.4 -31.2
5257 ML2-3 63 -29.5 na/nd -31.3 ML2-5 nd nd -27.9
5266 ML2-3 1 na/nd -29.4 na/nd ML5-3 -29.6 -37.1 -37.8
5254 ML2-5 5 na/nd na/nd -27.9 ML5-5 -28.8 nd -37.0
5248 ML5-3 313 -29.6 na/nd -38.1 PMW-3 -29.1 -36.0 -39.1
5258 ML5-3 250 -29.5 na/nd -37.4 PMW-5 -30.8 -37.0 -27.6
5272 ML5-3 na/nd -37.1 na/nd DUPLICATE (PMW-3) -29.3 -34.5 -39.1
5251 ML5-5 19 na/nd na/nd -36.8
5255 ML5-5 17 -28.6 na/nd -37.1
5264 ML5-5 1 -28.9 na/nd na/nd
5245 PMW-3 36 -29.1 na/nd na/nd
5247 PMW-3 357 na/nd na/nd -39.1 QAQC – precision 
5268 PMW-3 1 na/nd -36.0 na/nd
5252 PMW-5 7 -31.0 na/nd -27.6 sample ID ethene ethane VC
5270 PMW-5 1 -30.6 -37.0 na/nd ML2-3 0.3 0.2
5265 DUPLICATE (PMW-3) 250 na/nd na/nd -39.0 ML2-5
5267 DUPLICATE (PMW-3) 83 -29.3 na/nd -39.2 ML5-3 0.1 0.5
5269 DUPLICATE (PMW-3) 1 na/nd -34.5 na/nd ML5-5 0.2 0.2

PMW-3
PMW-5 0.3
DUPLICATE (PMW-3) 0.1

stdev of replicate d13C

d13Cd13C



tbl_Temp

OurLabID Sample ID Delta 37Cl State CodeCountry Code
J-420 ML 5-3 4.43 0 US
J-421 ML 5-5 4.29 0 US
J-422 PMW-5 3.46 0 US
J-423 ML 2-3 3.99 0 US
J-424 ML 2-5 2.57 0 US
J-425 Duplicate (PMW-3) 4.32 0 US
J-426 PMW-3 3.29 0 US

Page 1



Page 1 of 1

         Laboratory: IRMS Report Date:

Tech Dir: 3OA895HW Date Analyzed:

Method: Date Received:

Analyst: Feng Lu  

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

ML2-3 3592-014 3592-3 -19.73 -3.87

(10/5/06) 3592-015 3592-3D -16.18 -2.80

3592-016 3592-3D -17.93 -3.24

3592-017 3592-3D -17.86 -2.92

3592-018 3592-3D -16.82 -3.01

3592-019 3592-3D -16.55 -16.69 0.19 -3.09 -3.05 0.06

ML2-5 3592-020 3592-4 -16.17 -2.59

(10/5/06) 3592-021 3592-4D -15.98 -3.06

3592-022 3592-4D -16.42 -3.17

3592-023 3592-4D -17.15 -16.78 0.52 -2.98 -3.08 0.14

ML5-3 3592-024 3592-5 -17.69 -3.25

(10/5/06) 3592-025 3592-5D -16.49 -3.05

3592-026 3592-5D -16.84 -2.91

3592-027 3592-5D -16.46 -16.65 0.27 -2.89 -2.90 0.01

ML5-5 3592-028 3592-6 -14.76 -2.95

(10/5/06) 3592-029 3592-6D -15.13 -2.90

3592-030 3592-6D -16.39 -2.92

3592-031 3592-6D -15.62 -16.01 0.55 -2.90 -2.91 0.01

PMW-5 3592-032 3592-7 -16.22 -3.35

(10/5/06) 3592-033 3592-7D -15.62 -3.08

3592-034 3592-7D -16.06 -2.93

3592-035 3592-7D -15.98 -16.02 0.06 -2.91 -2.92 0.02

PMW-3 3592-036 3592-8 -16.79 -3.28

(10/10/06) 3592-037 3592-8D -15.59 -2.79

3592-038 3592-8D -15.73 -2.98

3592-039 3592-8D -16.07 -15.90 0.24 -3.02 -3.00 0.03

PMW-3 dup 3592-040 3592-9 -16.29 -3.12

(10/10/06) 3592-041 3592-9D -16.53 -2.96

3592-042 3592-9D -15.75 -2.98

3592-043 3592-9D -16.17 -15.96 0.30 -2.96 -2.97 0.02

Shaw Environmental, Inc.

Analytical Report - Analytical Results

Comments: 
Due to memory effect, typically the first one to four replicates (italic) of each sample were excluded from the 
calculations for the average (mean) and the standard deviation (stdev).  

11/30/06

11/6-16/2006

10/30/06RSKSOP-296 in Progress



Page 1 of 2

Laboratory: General Parameters Report Date: 12/20/06

Technical Directive: 3GP940HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.009

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

FIELD BLANK 3644-1 12/7/2006 BQL (0.032) 1

PMW-3 3644-2 12/7/2006 BQL (0.041) 1

ML6-3 3644-3 12/7/2006 ND 1

ML6-3 3644-3 LAB DUP 12/7/2006 ND (RPD=NA) 1

ML6-5 3644-4 12/7/2006 ND 1

ML6-7 3644-5 12/7/2006 BQL (0.040) 1

ML5-3 3644-6 12/7/2006 BQL (0.017) 1

ML5-5 3644-7 12/7/2006 BQL (0.063) 1

ML5-7 3644-8 12/7/2006 BQL (0.024) 1

ML4-3 3644-9 12/7/2006 ND 1

ML4-5 3644-10 12/7/2006 BQL (0.023) 1

ML4-5 3644-10 LAB DUP 12/7/2006 BQL (0.024) (RPD=NA) 1

DUPLICATE-1 (ML5-5) 3644-11 12/7/2006 BQL (0.057) 1

ML4-7 3644-12 12/7/2006 BQL (0.051) 1

PMW-2 3644-13 12/7/2006 BQL (0.040) 1

ML1-3 3644-14 12/7/2006 BQL (0.017) 1

ML1-5 3644-15 12/7/2006 BQL (0.028) 1

ML1-7 3644-16 12/7/2006 BQL (0.021) 1

PMW-1 3644-17 12/7/2006 BQL (0.040) 1

PMW-4 3644-18 12/7/2006 BQL (0.030) 1

ML2-3 3644-19 12/7/2006 ND 1

ML2-5 3644-20 12/7/2006 BQL (0.039) 1

ML2-7 3644-21 12/7/2006 BQL (0.017) 1

ML2-7 3644-21 LAB DUP 12/7/2006 BQL (0.012) (RPD=NA) 1

PMW-5 3644-22 12/7/2006 ND 1

PMW-6 3644-23 12/7/2006 BQL (0.021) 1

DUPLICATE-2 (PMW-5) 3644-24 12/7/2006 ND 1

Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO 2+NO3-N)

11/29/2006

11/29/2006

Vanessa Scroggins

Sample Results (1, 2)
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11/29/2006
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11/29/2006

Date Collected

Analytical Service Results Report
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11/30/2006

11/30/2006
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Laboratory: General Parameters Report Date: 12/20/06

Technical Directive: 3GP940HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.009

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO 2+NO3-N)Vanessa Scroggins

Sample Results (1, 2)

Date Collected

Analytical Service Results Report

ML7-3 3644-25 12/7/2006 BQL (0.039) 1

ML7-5 3644-26 12/7/2006 BQL (0.040) 1

ML7-7 3644-27 12/7/2006 BQL (0.010) 1

ML3-3 3644-28 12/7/2006 BQL (0.065) 1

ML3-5 3644-29 12/7/2006 BQL (0.057) 1

ML3-5 3644-29 LAB DUP 12/7/2006 BQL (0.055) (RPD=NA) 1

ML3-7 3644-30 12/7/2006 BQL (0.052) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  NA - not applicable.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set, that are within the 
calibration range.  
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12/4/2006

12/4/2006
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Laboratory: General Parameters Report Date: 12/19/06

Technical Directive: 3GP940HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

Field Blank 3644-1 12/7-12/18/06 0.642 (± 0.0020) 4 BQL (0.066) (± 0.0106) 1

PMW-3 3644-2 12/7-12/18/06 37.6 (± 0.1109) 4 16.5 (± 0.0028) 4

ML 6-3 3644-3 12/7-12/18/06 66.8 (± 0.0221) 10 43.9 (± 0.0649) 4

ML 6-5 3644-4 12/7-12/18/06 44.2 (± 0.0447) 4 43.9 (± 0.0121) 4

ML 6-7 3644-5 12/7-12/18/06 75.7(± 0.0299) 10 29.0 (± 0.1108) 4

ML 5-3 3644-6 12/7-12/18/06 76.1(± 0.0928) 4 60.5 (± 0.5175) 4

ML 5-5 3644-7 12/7-12/18/06 52.4 (± 0.0268) 4 89.0 (± 0.0458)* 10

ML 5-7 3644-8 12/7-12/18/06 65.1 (± 0.0631) 4 80.9 (± 0.0172)* 10

ML 4-3 3644-9 12/7-12/18/06 69.0 (± 0.1383) 4 41.1 (± 0.1547) 4

ML 4-5 3644-10 12/7-12/18/06 53.1 (± 0.0805) 4 12.0 (± 0.1673) 4

ML 4-5 3644-10 LAB DUP 12/7-12/18/06 49.3 (± 0.1182) (RPD = 7.42) 4 11.6 (± 0.0197) (RPD=3.39) 4

DUPLICATE 1 (ML 5-5) 3644-11 12/7-12/18/06 52.5 (± 0.1313) 4 91.2 (± 0.0444)* 10

ML 4-7 3644-12 12/7-12/18/06 77.7 (± 0.0358) 10 26.7 (± 0.1535) 4

PMW-2 3644-13 12/7-12/18/06 51.5 (± 0.1641) 4 17.8 (± 0.0840) 4

ML 1-3 3644-14 12/7-12/18/06 114 (± 0.0804) 10 72.3 (± 0.4035) 4

ML 1-5 3644-15 12/7-12/18/06 110 (± 0.0599) 10 44.9 (± 0.2650) 4

ML 1-7 3644-16 12/7-12/18/06 70.1 (± 0.1609) 4 22.5 (± 0.1130) 4

PMW-1 3644-17 12/7-12/18/06 45.5 (± 0.2290) 4 145 (± 0.1905)* 10

PMW-4 3644-18 12/7-12/18/06 44.1 (± 0.1897) 4 29.0 (± 0.1766) 4

ML 2-3 3644-19 12/7-12/18/06 14.7 (± 0.0707) 4 818 (± 0.0608)* 80

ML 2-5 3644-20 12/7-12/18/06 49.4 (± 0.1106) 4 20.6 (± 0.0723) 4

ML 2-5 3644-20 LAB DUP 12/7-12/18/06 47.7 (± 0.2264) (RPD = 3.50) 4 20.7 (± 0.0283) (RPD=0.484) 4

ML 2-7 3644-21 12/7-12/18/06 83.3 (± 0.0556) 10 18.0 (± 0.1277) 4

PMW-5 3644-22 12/7-12/18/06 30.8 (± 0.0294) 4 78.5 (± 0.1828)* 10

PMW-6 3644-23 12/7-12/18/06 55.0 (± 0.0715) 4 50.6 (± 0.0410) 4

DUPLICATE 2 (PMW-5) 3644-24 12/7-12/18/06 29.1 (± 0.0734) 4 77.9 (± 0.0611)* 10
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Shaw Environmental, Inc.

0.100** 0.100**
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Date Collected
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0.018** 0.062**

Analytical Service Results Report
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Laboratory: General Parameters Report Date: 12/19/06

Technical Directive: 3GP940HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

Kristie Hargrove

RSKSOP-265 Rev. 1

mg/L

RSKSOP-265 Rev. 1

Shaw Environmental, Inc.

0.100** 0.100**
Date Collected

mg/L

0.018** 0.062**

Analytical Service Results Report

ML 7-3 3644-25 12/7-12/18/06 114 (± 0.0505) 10 224 (± 0.3584)* 10

ML 7-5 3644-26 12/7-12/18/06 51.7 (± 0.0581) 4 110 (± 0.4389)* 10

ML 7-7 3644-27 12/7-12/18/06 85.9 (± 0.0461) 10 54.2 (± 0.0132)* 10

ML 3-3 3644-28 12/7-12/18/06 1.66 (± 0.0393) 4 1090 (± 0.0790)* 80

ML 3-3 3644-28 LAB DUP 12/7-12/18/06 1.66 (± 0.0031) (RPD=0) 4 - -

ML 3-5 3644-29 12/7-12/18/06 13.0 (± 0.0259) 4 432 (± 0.0482)* 80

ML 3-7 3644-30 LAB DUP 12/7-12/18/06 - - 329 (± 0.2081)* 20

ML 3-7 3644-30 12/7-12/18/06 26.9 (± 0.0403) 4 343 (± 0.1436)* (RPD=4.17) 20

Comments:

Notes:
* This data is flagged because the samples contain vegetable oil at concentrations that may cause a positive bias for TOC.
** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample 
set.  The data values are reported with the dilution factors applied. 

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) 
denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was 
not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  
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Laboratory: General Parameters Report Date: 12/19/06

Technical Directive: 3GP940HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Field Blank 3644-1 12/7/2006 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

PMW-3 3644-2 12/7/2006 45.1 11 0.978 1 ND 1 28.0 11 ND 1 ND 1

ML6-3 3644-3 12/7/2006 108 11 0.718 1 ND 1 61.5 11 ND 1 BQL (0.196) 1

ML6-5 3644-4 12/7/2006 112 11 1.12 1 ND 1 21.2 1 ND 1 ND 1

ML6-7 3644-5 12/7/2006 115 11 0.740 1 ND 1 68.2 11 ND 1 0.340 1

ML5-3 3644-6 12/7/2006 169 11 0.506 1 ND 1 65.9 11 ND 1 0.305 1

ML5-5 3644-7 12/7/2006 56.1 11 1.11 1 ND 1 11.3 1 ND 1 BQL (0.119) 1

ML5-7 3644-8 12/7/2006 68.3 11 0.749 1 ND 1 29.2 1 ND 1 0.323 1

ML4-3 3644-9 12/7/2006 97.0 11 0.822 1 ND 1 27.8 1 ND 1 0.200 1

ML4-5 3644-10 12/7/2006 38.1 1 0.745 1 ND 1 47.2 1 ND 1 BQL (0.123) 1

ML4-5 3644-10 Lab dup 12/7/2006 37.8 (RPD=0.791) 1 0.744 (RPD=0.134) 1 ND (RPD=NA) 1 46.1 (RPD=2.36) 1 ND (RPD=NA) 1 BQL(0.134)(RPD=NA) 1

Duplicate-1 (ML5-5) 3644-11 12/7/2006 56.2 11 0.862 1 ND 1 11.7 1 ND 1 BQL (0.123) 1

ML4-7 3644-12 12/7/2006 65.4 11 0.523 1 ND 1 27.0 1 ND 1 0.244 1

PMW-2 3644-13 12/7/2006 40.6 1 0.639 1 ND 1 69.3 11 ND 1 ND 1

ML1-3 3644-14 12/7/2006 106 11 0.690 1 ND 1 204 11 ND 1 0.340 1

ML1-5 3644-15 12/7/2006 47.0 1 0.822 1 ND 1 94.2 11 ND 1 0.391 1

ML1-7 3644-16 12/7/2006 111 11 BQL (0.460) 1 ND 1 118 11 ND 1 0.258 1

PMW-1 3644-17 12/7/2006 48.9 1 ND 1 ND 1 18.9 1 ND 1 ND 1

PMW-4 3644-18 12/7/2006 72.6 11 0.848 1 ND 1 101 11 ND 1 ND 1

ML2-3 3644-19 12/7/2006 584 21 ** ND 11 ** ND 11 1.98 1 ND 1 BQL (0.164) 1

ML2-5 3644-20 12/7/2006 34.9 1 BQL (0.432) 1 ND 1 45.2 1 ND 1 0.258 1

ML2-5 3644-20 Lab dup 12/7/2006 34.8 (RPD=0.287) 1 BQL (0.443)(RPD=NA) 1 ND (RPD=NA) 1 45.3 (RPD=0.221) 1 ND (RPD=NA) 1 0.234 (RPD=9.76) 1

ML2-7 3644-21 12/7/2006 94.8 11 BQL (0.376) 1 ND 1 103 11 ND 1 0.442 1

PMW-5 3644-22 12/7/2006 134 11 0.846 1 ND 1 4.56 1 ND 1 ND 1

PMW-6 3644-23 12/7/2006 49.1 1 0.514 1 ND 1 23.7 1 ND 1 ND 1

Duplicate 2 (PMW-5) 3644-24 12/7/2006 130 11 0.844 1 ND 1 4.96 1 ND 1 ND 1

ML7-3 3644-25 12/7/2006 175 11 1.12 1 ND 1 71.2 11 ND 1 0.393 1

ML7-5 3644-26 12/7/2006 64.5 11 1.03 1 ND 1 1.86 1 ND 1 BQL (0.181) 1

ML7-7 3644-27 12/7/2006 87.9 11 0.758 1 ND 1 23.5 1 ND 1 0.519 1

0.200

RSKSOP-288

mg/L

0.200

RSKSOP-288

mg/L

0.106

0.200

Fluoride (F)

RSKSOP-288

mg/L

0.102

RSKSOP-288

mg/L

0.102

14797-65-0 7782-41-414797-55-816887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br)Lynda Callaway
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11/29/2006

11/29/2006

11/29/2006

11/29/2006

Date Collected

RSKSOP-288 RSKSOP-288

11/29/2006

11/29/2006

14808-79-8

* 0.422

* 1.00

Shaw Environmental, Inc.

mg/L mg/L

* 0.249 0.200

* 1.00 0.500

Analytical Service Results Report
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Page 2 of 2

Laboratory: General Parameters Report Date: 12/19/06

Technical Directive: 3GP940HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF
0.200

RSKSOP-288

mg/L

0.200

RSKSOP-288

mg/L

0.106

0.200

Fluoride (F)

RSKSOP-288

mg/L

0.102

RSKSOP-288

mg/L

0.102

14797-65-0 7782-41-414797-55-816887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4) Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br)Lynda Callaway

Date Collected

RSKSOP-288 RSKSOP-288

14808-79-8

* 0.422

* 1.00

Shaw Environmental, Inc.

mg/L mg/L

* 0.249 0.200

* 1.00 0.500

Analytical Service Results Report

ML3-3 3644-28 12/7/2006 112 11 0.988 1 ND 1 ND 1 ND 1 0.445 1

ML3-5 3644-29 12/7/2006 56.1 11 2.90 1 ND 1 ND 1 ND 1 ND 1

ML3-7 3644-30 12/7/2006 91.8 11 BQL (0.471) 1 ND 1 BQL(0.837) 1 ND 1 ND 1

ML3-7 3644-30 Lab dup 12/7/2006 91.2 (RRPD=0.656) 11 BQL (0.497)(RPD=NA) 1 ND (RPD=NA) 1 BQL(0.858)(RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation 
limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors (DF), 
if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in 
this sample set within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted.  ** A lesser 
dilution resulted in lack of separation between peaks of interest due to a much larger adjacent chloride peak.
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12/4/2006

12/4/2006



Laboratory: Report Date: Page  1  of  1

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7429-90-5 mg/L 0.040 0.133 ND 1 BQL(0.100) 1 BQL(0.120) (RPD=NA) 1 1.64 1 1.54 (RPD=6.29) 1 BQL(0.088) 1

7440-38-2 mg/L 0.006 0.019 ND 1 0.020 1 BQL(0.018) (RPD=NA) 1 0.122 1 0.120 (RPD=1.65) 1 BQL(0.008) 1

7440-42-8 mg/L 0.014 0.049 ND 1 0.205 1 0.206 (RPD=0.49) 1 0.232 1 0.232 (RPD=0.00) 1 0.198 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.027 1 0.027 (RPD=0.00) 1 0.071 1 0.072 (RPD=1.40) 1 0.038 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-70-2 mg/L 0.027 0.089 ND 1 15.6 1 15.6 (RPD=0.00) 1 57.8 1 58.2 (RPD=0.69) 1 38.2 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7440-50-8 mg/L 0.006 0.019 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7439-89-6 mg/L 0.006 0.019 BQL(0.007) 1 9.34 1 9.31 (RPD=0.32) 1 20.8 1 20.9 (RPD=0.48) 1 6.53 1

7440-09-7 mg/L 0.061 0.204 ND 1 1.28 1 1.24 (RPD=3.17) 1 3.41 1 3.48 (RPD=2.03) 1 2.69 1

7439-95-4 mg/L 0.027 0.089 ND 1 6.16 1 6.15 (RPD=0.16) 1 14.8 1 14.8 (RPD=0.00) 1 8.02 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.048 1 0.049 (RPD=2.06) 1 0.287 1 0.286 (RPD=0.35) 1 0.172 1

7439-98-7 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 BQL(0.003) 1

7440-23-5 mg/L 0.047 0.155 ND 1 55.0 1 56.0 (RPD=1.80) 1 120 1 120 (RPD=0.00) 1 88.6 1

7440-02-0 mg/L 0.003 0.011 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

7439-92-1 mg/L 0.002 0.008 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.003) 1 BQL(0.006) (RPD=NA) 1 ND 1

7440-36-0 mg/L 0.003 0.011 BQL(0.007) 1 BQL(0.009) 1 BQL(0.008) (RPD=NA) 1 0.014 1 0.012 (RPD=15.38) 1 0.013 1

7782-49-2 mg/L 0.003 0.011 ND 1 BQL(0.004) 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 BQL(0.007) 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.088 1 0.087 (RPD=1.14) 1 0.754 1 0.756 (RPD=0.26) 1 0.322 1

7440-32-6 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 0.044 1 0.039 (RPD=12.05) 1 BQL(0.003) 1

7440-28-0 mg/L 0.006 0.019 ND 1 ND 1 BQL(0.006) (RPD=NA) 1 BQL(0.018) 1 BQL(0.015) (RPD=NA) 1 BQL(0.016) 1

7440-62-2 mg/L 0.002 0.008 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.006) 1 BQL(0.004) (RPD=NA) 1 BQL(0.003) 1

7440-66-6 mg/L 0.007 0.022 ND 1 BQL(0.007) 1 ND (RPD=NA) 1 BQL(0.016) 1 BQL(0.014) (RPD=NA) 1 BQL(0.015) 1

7440-21-3 mg/L 0.049 0.163 BQL(0.110) 1 14.4 1 14.5 (RPD=0.69) 1 15.0 1 14.9 (RPD=0.67) 1 15.7 1

7704-34-9 mg/L 0.102 0.341 ND 1 8.80 1 8.92 (RPD=1.35) 1 20.6 1 20.4 (RPD=0.98) 1 7.90 1

7723-14-0 mg/L 0.012 0.041 ND 1 1.15 1 1.15 (RPD=0.00) 1 0.211 1 0.215 (RPD=1.88) 1 0.760 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1

Comments: 

Notes:

11/29/06 11/29/0611/29/06 11/29/06 11/29/06 11/29/06

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW Sample Results (1, 2)

3644-03 Lab Dup.* 3644-04

Beryllium (Be)

Calcium (Ca)

3644-01 3644-02 3644-02 Lab Dup. 3644-03

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

12/12/06 12/12/06 12/12/06 12/12/06 12/12/06 12/12/06

FIELD BLANK PMW-3 PMW-3 ML 6-3 ML 6-3 ML 6-5



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 0.184 1 0.141 1 0.142 1 0.143 1 BQL(0.125) (RPD=NA) 1

BQL(0.014) 1 0.202 1 BQL(0.011) 1 BQL(0.014) 1 0.063 1 0.059 (RPD=6.56) 1

0.184 1 0.330 1 0.207 1 0.195 1 0.231 1 0.232 (RPD=0.43) 1

0.026 1 0.099 1 0.031 1 0.027 1 0.098 1 0.098 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

34.9 1 43.0 1 31.1 1 35.0 1 50.1 1 50.2 (RPD=0.20) 1

ND 1 0.009 1 ND 1 ND 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

3.99 1 66.3 1 6.25 1 4.59 1 28.1 1 28.2 (RPD=0.36) 1

1.83 1 2.05 1 1.22 1 1.59 1 1.31 1 1.26 (RPD=3.89) 1

4.52 1 24.0 1 9.38 1 5.46 1 18.6 1 18.6 (RPD=0.00) 1

0.202 1 0.166 1 0.114 1 0.247 1 0.241 1 0.242 (RPD=0.41) 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.001) 1 ND (RPD=NA) 1

196 1 140 1 95.6 1 158 1 70.8 1 70.7 (RPD=0.14) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.003) 1 0.009 1 BQL(0.004) 1 ND 1 BQL(0.005) 1 BQL(0.002) (RPD=NA) 1

0.011 1 0.011 1 BQL(0.011) 1 0.012 1 BQL(0.007) 1 BQL(0.008) (RPD=NA) 1

BQL(0.004) 1 ND 1 BQL(0.005) 1 ND 1 ND 1 ND (RPD=NA) 1

0.352 1 0.375 1 0.259 1 0.379 1 0.646 1 0.645 (RPD=0.15) 1

BQL(0.001) 1 0.005 1 0.005 1 BQL(0.003) 1 0.005 1 BQL(0.003) (RPD=NA) 1

BQL(0.010) 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.014) 1 BQL(0.012) 1 BQL(0.014) (RPD=NA) 1

ND 1 ND 1 BQL(0.004) 1 ND 1 BQL(0.004) 1 ND (RPD=NA) 1

BQL(0.012) 1 ND 1 BQL(0.011) 1 BQL(0.013) 1 BQL(0.016) 1 BQL(0.020) (RPD=NA) 1

15.4 1 8.98 1 16.9 1 15.3 1 10.1 1 10.1 (RPD=0.00) 1

22.0 1 21.5 1 4.15 1 11.0 1 8.87 1 8.84 (RPD=0.34) 1

0.238 1 0.470 1 0.754 1 0.407 1 0.206 1 0.183 (RPD=11.83) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

11/29/06 11/29/06 11/29/06 11/29/0611/29/06 11/29/06

Sample Results (1, 2)

3644-09 3644-09 Lab Dup.*3644-05 3644-06 3644-07 3644-08

DF DataData DF Data DFDF Data DF DataDF Data

12/12/06 12/12/06 12/12/06 12/12/06 12/13/06 12/13/06

ML 6-7 ML 5-3 ML 5-5 ML 5-7 ML 4-3 ML 4-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.496 1 BQL(0.125) 1 BQL(0.065) 1 BQL(0.047) (RPD=NA) 1 BQL(0.109) 1 BQL(0.131) 1

BQL(0.009) 1 ND 1 BQL(0.009) 1 BQL(0.007) (RPD=NA) 1 BQL(0.012) 1 0.019 1

0.185 1 0.199 1 0.176 1 0.177 (RPD=0.57) 1 0.183 1 0.252 1

0.026 1 0.023 1 0.029 1 0.029 (RPD=0.00) 1 0.028 1 0.087 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

23.6 1 31.7 1 40.1 1 40.1 (RPD=0.00) 1 48.9 1 54.8 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.003) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

4.61 1 4.46 1 2.44 1 2.45 (RPD=0.41) 1 8.45 1 20.5 1

1.17 1 1.29 1 1.74 1 1.76 (RPD=1.14) 1 2.61 1 2.78 1

5.10 1 9.32 1 5.21 1 5.25 (RPD=0.76) 1 7.91 1 15.6 1

0.115 1 0.115 1 0.275 1 0.275 (RPD=0.00) 1 0.139 1 0.264 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.001) 1 BQL(0.001) (RPD=NA) 1 BQL(0.003) 1 BQL(0.001) 1

76.3 1 93.2 1 153 1 152 (RPD=0.66) 1 55.6 1 274 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.003) 1

BQL(0.004) 1 BQL(0.006) 1 BQL(0.006) 1 BQL(0.005) (RPD=NA) 1 BQL(0.005) 1 BQL(0.007) 1

BQL(0.009) 1 BQL(0.005) 1 BQL(0.006) 1 ND (RPD=NA) 1 BQL(0.005) 1 BQL(0.005) 1

0.227 1 0.266 1 0.560 1 0.558 (RPD=0.36) 1 0.176 1 0.634 1

0.013 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) (RPD=NA) 1 BQL(0.003) 1 0.005 1

BQL(0.008) 1 BQL(0.010) 1 BQL(0.017) 1 BQL(0.017) (RPD=NA) 1 0.019 1 0.020 1

BQL(0.003) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.010) 1 BQL(0.013) 1 BQL(0.015) 1 BQL(0.015) (RPD=NA) 1 BQL(0.015) 1 BQL(0.014) 1

15.9 1 17.3 1 15.7 1 15.8 (RPD=0.63) 1 13.0 1 9.00 1

14.5 1 3.92 1 9.76 1 9.79 (RPD=0.31) 1 22.1 1 65.0 1

1.08 1 0.343 1 0.222 1 0.218 (RPD=1.82) 1 0.723 1 0.166 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

11/30/06 11/30/0611/29/06 11/29/06 11/30/06 11/30/06

Sample Results (1, 2)

3644-10 3644-11 3644-12 3644-12 Lab Dup. 3644-13 3644-14

ML 4-5 DUPLICATE-1 (ML 5-5) ML 4-7

Data DF Data DF Data DF Data DF Data DF Data DF

12/13/06 12/13/0612/13/06 12/13/06 12/13/06 12/13/06

ML 4-7 PMW-2 ML 1-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

4.83 1 BQL(0.069) 1 2.89 1 2.85 (RPD=1.39) 1 0.170 1 0.160 (RPD=6.06) 1

BQL(0.009) 1 BQL(0.007) 1 BQL(0.015) 1 BQL(0.010) (RPD=NA) 1 BQL(0.018) 1 BQL(0.018) (RPD=NA) 1

0.251 1 0.177 1 0.235 1 0.235 (RPD=0.00) 1 0.226 1 0.225 (RPD=0.44) 1

0.043 1 0.029 1 0.094 1 0.093 (RPD=1.07) 1 0.062 1 0.062 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

28.0 1 39.1 1 64.5 1 64.7 (RPD=0.31) 1 25.2 1 25.2 (RPD=0.00) 1

ND 1 ND 1 0.007 1 0.007 (RPD=0.00) 1 BQL(0.004) 1 BQL(0.003) (RPD=NA) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

0.005 1 ND 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

7.26 1 4.03 1 51.1 1 51.2 (RPD=0.20) 1 25.2 1 25.1 (RPD=0.40) 1

1.98 1 1.78 1 2.88 1 2.89 (RPD=0.35) 1 1.91 1 1.89 (RPD=1.05) 1

4.88 1 4.78 1 8.48 1 8.50 (RPD=0.24) 1 9.97 1 10.0 (RPD=0.30) 1

0.161 1 0.213 1 0.325 1 0.325 (RPD=0.00) 1 0.166 1 0.165 (RPD=0.60) 1

BQL(0.003) 1 BQL(0.002) 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

230 1 183 1 36.4 1 36.1 (RPD=0.83) 1 61.7 1 62.2 (RPD=0.81) 1

ND 1 ND 1 0.019 1 0.020 (RPD=5.13) 1 ND 1 ND (RPD=NA) 1

BQL(0.004) 1 ND 1 BQL(0.006) 1 BQL(0.004) (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.006) 1 BQL(0.005) 1 BQL(0.008) 1 BQL(0.005) (RPD=NA) 1 ND 1 BQL(0.005) (RPD=NA) 1

0.012 1 BQL(0.010) 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

0.320 1 0.389 1 0.259 1 0.257 (RPD=0.78) 1 0.146 1 0.148 (RPD=1.36) 1

0.123 1 0.005 1 0.066 1 0.064 (RPD=3.08) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1

BQL(0.010) 1 BQL(0.014) 1 BQL(0.012) 1 BQL(0.013) (RPD=NA) 1 BQL(0.008) 1 BQL(0.006) (RPD=NA) 1

0.010 1 ND 1 BQL(0.005) 1 BQL(0.007) (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.017) 1 BQL(0.014) 1 BQL(0.007) 1 BQL(0.008) (RPD=NA) 1 0.044 1 0.045 (RPD=2.25) 1

20.5 1 16.3 1 10.8 1 10.8 (RPD=0.00) 1 11.8 1 11.8 (RPD=0.00) 1

32.5 1 38.9 1 6.11 1 6.03 (RPD=1.32) 1 29.8 1 29.6 (RPD=0.67) 1

0.326 1 0.266 1 0.290 1 0.290 (RPD=0.00) 1 0.280 1 0.282 (RPD=0.71) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

3644-18 Lab Dup.3644-15 3644-16 3644-17

11/30/06

3644-17 Lab Dup.*

Sample Results (1, 2)

ML 1-5 ML 1-7 PMW-1 PMW-1 PMW-4 PMW-4

3644-18

11/30/06 11/30/06 11/30/06

12/13/06 12/13/06 12/13/06 12/13/06

Data DF Data DFData DF Data DF

12/13/06 12/13/06

12/1/06 12/1/06

Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.121) 1 BQL(0.111) 1 0.163 1 BQL(0.094) 1 BQL(0.050) 1 BQL(0.078) 1

0.030 1 ND 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.012) 1 BQL(0.008) 1

0.553 1 0.175 1 0.197 1 0.313 1 0.186 1 0.310 1

0.659 1 0.014 1 0.024 1 0.054 1 0.025 1 0.053 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

183 1 20.8 1 30.7 1 34.6 1 49.3 1 34.7 1

0.020 1 ND 1 ND 1 0.007 1 BQL(0.002) 1 0.007 1

BQL(0.003) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

130 1 1.15 1 2.31 1 50.7 1 15.8 1 50.3 1

7.91 1 1.08 1 1.81 1 3.07 1 3.56 1 3.11 1

51.5 1 3.19 1 3.01 1 7.59 1 5.70 1 7.60 1

1.03 1 0.084 1 0.150 1 0.171 1 0.154 1 0.172 1

ND 1 BQL(0.003) 1 0.006 1 ND 1 BQL(0.002) 1 ND 1

369 1 82.4 1 192 1 55.3 1 56.0 1 55.1 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.012 1 ND 1 ND 1 BQL(0.006) 1 BQL(0.002) 1 BQL(0.006) 1

BQL(0.010) 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.004) 1 BQL(0.007) 1 BQL(0.004) 1

ND 1 BQL(0.007) 1 BQL(0.005) 1 ND 1 ND 1 ND 1

2.25 1 0.206 1 0.401 1 0.169 1 0.192 1 0.169 1

BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) 1 BQL(0.001) 1 BQL(0.001) 1 ND 1

0.022 1 BQL(0.006) 1 BQL(0.016) 1 ND 1 BQL(0.017) 1 BQL(0.007) 1

BQL(0.004) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.008) 1 BQL(0.009) 1 BQL(0.008) 1 ND 1 BQL(0.010) 1 ND 1

11.5 1 15.5 1 16.1 1 16.9 1 13.8 1 16.8 1

ND 1 14.4 1 32.4 1 2.12 1 8.89 1 2.06 1

0.270 1 1.27 1 0.247 1 0.979 1 0.600 1 0.933 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

12/2/06

3644-22

Sample Results (1, 2)

ML 2-3 ML 2-5 ML 2-7 PMW-5 PMW-6 DUPLICATE-2 (PMW-5)

3644-233644-19 3644-20 3644-21

12/1/06 12/1/06 12/2/06

12/13/06 12/13/06 12/13/06 12/13/06

Data DF Data DFData DF Data DF Data DF Data DF

12/13/06 12/13/06

12/2/06 12/2/06

3644-24



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

1.95 1 BQL(0.047) 1 BQL(0.045) 1 BQL(0.103) 1 BQL(0.102) (RPD=NA) 1 0.859 1

0.041 1 BQL(0.009) 1 BQL(0.008) 1 BQL(0.018) 1 BQL(0.017) (RPD=NA) 1 BQL(0.015) 1

0.359 1 0.217 1 0.214 1 0.667 1 0.668 (RPD=0.15) 1 0.262 1

0.119 1 0.026 1 0.018 1 0.216 1 0.216 (RPD=0.00) 1 0.144 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

37.8 1 33.5 1 26.1 1 139 1 140 (RPD=0.72) 1 86.9 1

0.007 1 ND 1 ND 1 0.031 1 0.031 (RPD=0.00) 1 0.006 1

ND 1 ND 1 ND 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 ND 1

BQL(0.001) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

52.6 1 7.78 1 2.15 1 200 1 201 (RPD=0.50) 1 42.1 1

2.55 1 1.42 1 1.64 1 5.78 1 5.83 (RPD=0.86) 1 2.77 1

18.8 1 5.83 1 3.57 1 63.5 1 63.7 (RPD=0.31) 1 15.4 1

0.222 1 0.182 1 0.153 1 0.734 1 0.735 (RPD=0.14) 1 0.485 1

ND 1 BQL(0.002) 1 BQL(0.002) 1 ND 1 ND (RPD=NA) 1 ND 1

318 1 105 1 207 1 254 1 255 (RPD=0.39) 1 84.5 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

BQL(0.004) 1 ND 1 ND 1 0.018 1 0.018 (RPD=0.00) 1 ND 1

BQL(0.007) 1 BQL(0.010) 1 BQL(0.006) 1 0.012 1 BQL(0.008) (RPD=NA) 1 BQL(0.007) 1

ND 1 BQL(0.004) 1 0.012 1 ND 1 ND (RPD=NA) 1 ND 1

0.487 1 0.402 1 0.282 1 1.91 1 1.92 (RPD=0.52) 1 0.669 1

0.047 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 0.020 1

BQL(0.006) 1 BQL(0.011) 1 BQL(0.011) 1 ND 1 BQL(0.007) (RPD=NA) 1 0.020 1

0.011 1 BQL(0.006) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 BQL(0.006) 1

ND 1 BQL(0.013) 1 BQL(0.016) 1 ND 1 ND (RPD=NA) 1 BQL(0.017) 1

13.7 1 18.8 1 15.5 1 4.92 1 4.92 (RPD=0.00) 1 17.2 1

21.6 1 0.505 1 7.84 1 ND 1 ND (RPD=NA) 1 ND 1

0.096 1 0.361 1 0.180 1 0.154 1 0.159 (RPD=3.19) 1 0.301 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

3644-29

12/4/06

3644-28

Sample Results (1, 2)

ML 7-3 ML 7-5 ML 7-7 ML 3-3 ML 3-3 ML 3-5

3644-28 Lab Dup.*3644-25 3644-26 3644-27

12/2/06 12/4/06 12/4/06

12/14/06 12/14/06 12/14/06 12/14/06

Data DF Data DFData DF Data DF Data DF Data DF

12/14/06 12/14/06

12/4/06 12/4/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 12/19/06

3ME374HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND (RPD=NA) 1

0.972 1 0.961 (RPD=1.14) 1

BQL(0.013) 1 BQL(0.010) (RPD=NA) 1

0.281 1 0.278 (RPD=1.07) 1

0.121 1 0.121 (RPD=0.00) 1

ND 1 ND (RPD=NA) 1

78.8 1 78.9 (RPD=0.13) 1

0.007 1 0.006 (RPD=15.38) 1

ND 1 ND (RPD=NA) 1

ND 1 ND (RPD=NA) 1

ND 1 ND (RPD=NA) 1

47.2 1 47.4 (RPD=0.42) 1

1.97 1 1.96 (RPD=0.51) 1

10.3 1 10.3 (RPD=0.00) 1

0.557 1 0.550 (RPD=1.26) 1

ND 1 ND (RPD=NA) 1

113 1 113 (RPD=0.00) 1

ND 1 ND (RPD=NA) 1

BQL(0.003) 1 BQL(0.004) (RPD=NA) 1

BQL(0.008) 1 BQL(0.008) (RPD=NA) 1

ND 1 ND (RPD=NA) 1

0.701 1 0.703 (RPD=0.28) 1

0.024 1 0.024 (RPD=0.00) 1

0.022 1 BQL(0.017) (RPD=NA) 1

BQL(0.005) 1 BQL(0.007) (RPD=NA) 1

BQL(0.014) 1 BQL(0.011) (RPD=NA) 1

20.0 1 20.0 (RPD=0.00) 1

BQL(0.162) 1 BQL(0.168) (RPD=NA) 1

0.485 1 0.465 (RPD=4.21) 1

ND 1 ND (RPD=NA) 1

Sample Results (1, 2)

ML 3-7 ML 3-7

3644-30 3644-30 Lab Dup.

12/4/06 12/4/06

12/14/06 12/14/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  7

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 0.105 1 17.2 5 108 5 106 (RPD=1.87) 5 110 5 3.09 5

7440-47-3 μg/L 0.094 0.352 BQL(0.200) 1 BQL(1.40) 5 3.30 5 3.30 (RPD=0.00) 5 3.69 5 BQL(1.70) 5

7440-50-8 μg/L 0.034 0.115 1.76 1 1.28 5 1.93 5 1.93 (RPD=0.00) 5 2.13 (RPD=9.85) 5 1.62 5

7439-89-6 μg/L 0.251 0.836 5.75 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.020 0.067 0.225 1 0.380 5 1.04 5 1.16 (RPD=10.91) 5 0.980 5 BQL(0.385) 5

7782-49-2 μg/L 0.203 0.677 ND 1 7.18 5 11.4 5 11.4 (RPD=0.00) 5 9.34 (RPD=19.86) 5 9.17 5

7440-61-1 μg/L 0.002 0.008 ND 1 BQL(0.025) 5 0.270 5 0.265 (RPD=1.87) 5 0.270 5 0.035 5

7440-62-2 μg/L 0.123 0.411 BQL(0.300) 1 8.62 5 5.68 5 5.61 (RPD=1.24) 5 9.18 (RPD=47.11) 5 7.05 5

7439-97-6 μg/L 0.033 0.111 ND 1 ND 5 ND 5 ND (RPD=NA) 5 ND (RPD=NA) 5 ND 5

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

12/13, 12/14, 12/15 & 12/18/06

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

FIELD BLANK PMW-3

3644-02

11/29/06

12/14, 12/15 & 12/18/06

DF Data

11/29/06

3644-01

11/29/06

3644-03

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF

Selenium (Se)

Copper (Cu)

12/14, 12/15 & 12/18/06

DataQL DataDataUnit DF

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW Sample Results (1, 2)

ML 6-3 ML 6-3

3644-03 Lab Dup.*

11/29/06

12/14, 12/15 & 12/18/06

ML 6-3

3644-03 Lab Dup.

11/29/06

12/14, 12/15 & 12/18/06

ML 6-5

3644-04

11/29/06

12/14, 12/15 & 12/18/06

Iron (Fe)



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW

Iron (Fe)

Page  2  of  7

8.09 5 186 5 5.15 5 5.72 5 54.0 5 55.2 (RPD=2.19) 5

BQL(0.835) 5 BQL(1.16) 5 1.80 5 BQL(1.50) 5 BQL(1.26) 5 BQL(1.40) (RPD=NA) 5

0.850 5 1.56 5 1.16 5 1.17 5 2.38 5 1.65 (RPD=36.23) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.180) 5 BQL(0.225) 5 BQL(0.345) 5 BQL(0.310) 5 0.505 5 BQL(0440) (RPD=NA) 5

7.40 5 7.66 5 11.0 5 10.6 5 9.00 5 10.8 (RPD=18.18) 5

0.240 5 0.090 5 0.050 5 0.130 5 0.120 5 0.090 (RPD=28.57) 5

6.59 5 6.48 5 2.46 5 3.62 5 9.34 5 10.6 (RPD=12.64) 5

ND 5 BQL(0.230) 5 ND 5 ND 5 ND 5 ND (RPD=NA) 5

Data DF

Sample Results (1, 2)

ML 6-7 ML 5-3 ML 5-5 ML 5-7 NML 4-3ML 4-3

3644-05 3644-06

Data DF Data DFData DF Data DF Data DF

3644-08

11/29/06

3644-07

11/29/06 11/29/06 11/29/06

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

3644-09

11/29/06

12/14, 12/15 & 12/18/06

3644-09 Lab Dup.*

11/29/06

12/14, 12/15 & 12/18/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW

Iron (Fe)

Page  3  of  7

5.87 5 6.10 (RPD=3.84) 5 0.825 5 3.59 5 7.90 5 10.4 5

BQL(1.53) 5 BQL(1.74) (RPD=NA) 5 2.47 5 BQL(0.675) 5 BQL(1.02) 5 BQL(1.66) 5

3.21 5 3.18 (RPD=0.94) 5 1.77 5 1.10 5 0.700 5 1.84 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.705 5 0.710 (RPD=0.71) 5 0.515 5 0.485 5 BQL(0.305) 5 0.685 5

11.4 5 11.9 (RPD=4.29) 5 12.0 5 8.14 5 6.52 5 8.44 5

0.275 5 0.280 (RPD=1.80) 5 BQL(0.020) 5 0.075 5 0.335 5 0.195 5

8.89 5 9.32 (RPD=4.72) 5 30.9 5 4.07 5 6.60 5 4.02 5

ND 5 ND (RPD=NA) 5 ND 5 ND 5 ND 5 ND 5

Sample Results (1, 2)

ML 4-5 ML 4-5 DUPLICATE-1 (ML 5-5) PMW-2 ML 1-3ML 4-7

3644-10 3644-10 Lab Dup. 3644-11

11/29/06 11/29/06 11/29/06

Data DF

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

Data DF Data DF Data DFData DF Data DF

11/30/06

3644-12

12/14, 12/15 & 12/18/0612/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

3644-13 3644-14

11/30/06 11/30/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW

Iron (Fe)

Page  4  of  7

9.23 5 4.25 5 7.59 5 7.80 (RPD=2.73) 5 7.80 (RPD=2.73) 5 17.5 5

7.46 5 BQL(0.645) 5 6.92 5 7.02 (RPD=1.43) 5 7.13 (RPD=2.99) 5 BQL(0.940) 5

1.76 5 1.23 5 2.64 5 2.84 (RPD=7.30) 5 1.72 (RPD=42.20) 5 1.26 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.28 5 0.470 5 1.33 5 1.29 (RPD=3.05) 5 1.26 (RPD=5.41) 5 BQL(0.125) 5

8.50 5 6.96 5 5.94 5 5.84 (RPD=1.70) 5 4.02 (RPD=38.55) 5 8.88 5

2.82 5 BQL(0.015) 5 0.455 5 0.435 (RPD=4.49) 5 0.430 (RPD=5.65) 5 0.035 5

8.92 5 BQL(1.88) 5 6.54 5 7.03 (RPD=7.22) 5 5.06 (RPD=25.52) 5 43.9 5

ND 5 ND 5 ND 5 ND (RPD=NA) 5 ND (RPD=NA) 5 ND 5

Sample Results (1, 2)

ML 1-5 ML 1-7 PMW-1 PMW-1 PMW-1 PMW-4

3644-15 3644-16 3644-17 3644-17 Lab Dup. 3644-17 Lab Dup.* 3644-18

11/30/06 11/30/06 11/30/06 11/30/06

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

Data DF Data DF Data DF Data DF

11/30/06 12/1/06

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW

Iron (Fe)

Page  5  of  7

10.4 5 5.45 5 8.99 5 9.62 5 10.1 5 7.84 5

12.0 5 BQL(1.50) 5 BQL(1.40) 5 BQL(1.71) 5 BQL(1.18) 5 BQL(1.16) 5

3.09 5 2.54 5 1.18 5 1.08 5 1.24 5 1.76 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.430 5 1.34 5 BQL(0.295) 5 BQL(0.135) 5 BQL(0.120) 5 BQL(0.285) 5

5.18 5 6.83 5 7.40 5 14.3 5 8.76 5 13.4 5

0.060 5 0.300 5 2.70 5 ND 5 ND 5 ND 5

9.31 5 BQL(1.72) 5 2.54 5 2.12 5 ND 5 BQL(1.72) 5

ND 5 ND 5 ND 5 ND 5 ND 5 ND 5

12/2/06

3644-22

Sample Results (1, 2)

ML 2-3 ML 2-5 ML 2-7 PMW-5 PMW-6 DUPLICATE-2 (PMW-5)

3644-233644-19 3644-20 3644-21

12/1/06 12/1/06 12/2/06

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

Data DF Data DFData DF Data DF Data DF Data DF

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

12/2/06 12/2/06

3644-24



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW

Iron (Fe)

Page  6  of  7

27.6 5 1.26 5 1.22 (RPD=3.23) 5 3.94 5 3.48 5 3.71 (RPD=6.40) 5

6.08 5 3.00 5 2.94 (RPD=2.02) 5 1.76 5 10.3 5 11.0 (RPD=6.57) 5

1.64 5 1.58 5 1.59 (RPD=0.63) 5 2.02 5 2.28 5 2.83 (RPD=21.53) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.12 5 BQL(0.310) 5 BQL(0.270) (RPD=NA) 5 0.480 5 BQL(0.335) 5 0.430 (RPD=NA) 5

10.6 5 10.9 5 11.9 (RPD=8.77) 5 8.29 5 15.8 5 16.4 (RPD=3.73) 5

0.305 5 0.430 5 0.405 (RPD=5.99) 5 0.125 5 BQL(0.010) 5 BQL(0.010) (RPD=NA) 5

4.81 5 22.9 5 23.1 (RPD=0.87) 5 8.64 5 4.62 5 8.79 (RPD=62.19) 5

BQL(0.210) 5 ND 5 ND (RPD=NA) 5 ND 5 ND 5 ND (RPD=NA) 5

3644-28 Lab Dup.*

12/4/06

3644-27

Sample Results (1, 2)

ML 7-3 ML 7-5 ML 7-5 ML 7-7 ML 3-3 ML 3-3

3644-283644-25 3644-26 3644-26 Lab Dup.

12/2/06 12/4/06 12/4/06

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

Data DF Data DFData DF Data DF Data DF Data DF

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

12/4/06 12/4/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

12/20/06Metals 

3ME374HW

Iron (Fe)

Page  7  of  7

1.20 5 1.18 5

6.35 5 4.86 5

1.71 5 1.62 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.640 5 0.440 5

42.0 5 13.8 5

0.235 5 0.115 5

3.52 5 2.36 5

ND 5 ND 5

Sample Results (1, 2)

ML 3-5 ML 3-7

3644-29 3644-30

12/4/06 12/4/06

12/14, 12/15 & 12/18/06 12/14, 12/15 & 12/18/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  6

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 ND 1 13.4 1 128 1 1.34 1 1.39 (RPD=3.66) 1 6.85 1

7440-47-3 μg/L 0.085 0.317 BQL(0.186) 1 0.458 1 BQL(0.281) 1 BQL(0.284) 1 BQL(0.297) RPD=NA) 1 BQL(0.127) 1

7440-50-8 μg/L 0.031 0.104 1.25 1 BQL(0.048) 1 0.355 1 BQL(0.085) 1 0.118 (RPD=NA) 1 BQL(0.079) 1

7439-89-6 μg/L 0.226 0.753 3.22 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.018 0.060 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

7782-49-2 μg/L 0.183 0.610 ND 1 6.11 1 6.71 1 5.37 1 4.89 (RPD=9.36) 1 4.68 1

7440-61-1 μg/L 0.002 0.007 ND 1 ND 1 0.060 1 ND 1 ND (RPD=NA) 1 0.142 1

7440-62-2 μg/L 0.111 0.370 ND 1 1.20 1 BQL(0.338) 1 ND 1 ND (RPD=NA) 1 ND 1

7439-97-6 μg/L 0.030 0.100 BQL(0.052) 1 BQL(0.041) 1 BQL(0.031) 1 ND 1 ND (RPD=NA) 1 ND 1

Comments:

Notes:

12/7, 12/11, 12/12 & 12/13/06 12/7, 12/11 & 12/12/06

11/29/06

3645-03

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

3645-05

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data DFMDL Data DF Data DF DataQLUnit
Analytes

Names 

RSKSOP 257(1)

3645-02

11/29/06 11/29/06

3645-01

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium was analyzed using the Collision Cell Technology (CCT) to reduce the interferences of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

3645-04

11/29/06

Steve Markham FIELD BLANK

3ME375HW Sample Results (1, 2)

ML 6-3

Shaw Environmental, Inc.
Analytical Service Results Report

12/18/06Metals 

ML 6-7ML 6-5PMW-3

11/29/06

12/7, 12/11 & 12/12/06

ML 6-5

12/7, 12/11 & 12/12/06

3645-04 Lab Dup.

11/29/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium was analyzed using the Collision Cell Technology (CCT) to reduce the interferences of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

12/18/06Metals Page  2  of  6

255 1 0.941 1 3.38 1 72.6 1 8.55 1 0.751 1

BQL(0.195) 1 0.427 1 BQL(0.251) 1 0.333 1 0.326 1 0.383 1

0.433 1 0.201 1 BQL(0.075) 1 0.332 1 ND 1 0.148 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 0.088 1 BQL(0.024) 1 ND 1 ND 1 ND 1

4.72 1 4.94 1 4.78 1 5.56 1 4.14 1 6.57 1

0.009 1 ND 1 0.127 1 ND 1 0.084 1 0.046 1

BQL(0.316) 1 0.976 1 ND 1 BQL(0.267) 1 1.15 1 1.15 1

BQL(0.042) 1 BQL(0.034) 1 ND 1 ND 1 ND 1 ND 1

3645-11

11/29/06

12/7, 12/11 & 12/12/06

3645-10

11/29/06

12/7, 12/11 & 12/12/06

ML 4-3

11/29/06 11/29/06 11/29/06 11/29/06

3645-09

Sample Results (1, 2)

ML 5-3 ML 5-5 ML 5-7 DUPLICATE-1 (ML 5-5)ML 4-5

DFDF Data DF DataDF

3645-06 3645-07 3645-08

Data

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

Data DF DF DataData

12/7, 12/11 & 12/12/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium was analyzed using the Collision Cell Technology (CCT) to reduce the interferences of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

12/18/06Metals Page  3  of  6

4.36 1 11.4 1 11.8 (RPD=3.45) 1 13.4 1 9.63 1 5.85 1

BQL(0.148) 1 BQL(0.304) 1 0.347 (RPD=NA) 1 ND 1 BQL(0.248) 1 ND 1

0.205 1 0.398 1 0.411 (RPD=3.21) 1 0.467 1 BQL(0.102) 1 0.163 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

5.12 1 5.41 1 5.15 (RPD=4.92) 1 6.57 1 6.55 1 5.03 1

0.076 1 0.374 1 0.362 (RPD=3.26) 1 0.215 1 1.57 1 0.020 1

ND 1 1.11 1 1.15 (RPD=3.54) 1 0.705 1 ND 1 ND 1

ND 1 BQL(0.035) 1 BQL(0.032) (RPD=NA) 1 BQL(0.062) 1 BQL(0.072) 1 BQL(0.077) 1

Data DF Data DFData DF Data DFData DF Data DF

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

3645-12 3645-13

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

3645-15 3645-16

11/30/06 11/30/06 11/30/06 11/30/06 11/30/06 11/30/06

Sample Results (1, 2)

ML 4-7 PMW-2 PMW-2 ML 1-3 ML 1-5 ML 1-7

3645-13 Lab Dup. 3645-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium was analyzed using the Collision Cell Technology (CCT) to reduce the interferences of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report
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8.14 1 22.7 1 18.4 1 4.59 1 8.36 1 4.14 1

0.396 1 0.441 1 2.97 1 0.796 1 BQL(0.096) 1 BQL(0.262) 1

0.388 1 0.309 1 1.88 1 2.51 1 BQL(0.092) 1 0.156 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 BQL(0.037) 1 2.46 1 ND 1 ND 1

3.26 1 6.52 1 4.66 1 5.38 1 4.75 1 6.34 1

0.145 1 0.078 1 0.403 1 0.746 1 2.22 1 BQL(0.004) 1

ND 1 47.9 1 35.5 1 0.559 1 ND 1 BQL(0.207) 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.054) 1

3645-22

12/1/06

3645-20 3645-21

Sample Results (1, 2)

PMW-1 PMW-4 ML 2-3 ML 2-5 ML 2-7 PMW-5

3645-17 3645-18 3645-19

11/30/06 12/1/06 12/1/06

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

Data DF Data DFData DF Data DF Data DF Data DF

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

12/2/06 12/2/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium was analyzed using the Collision Cell Technology (CCT) to reduce the interferences of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

12/18/06Metals Page  5  of  6

4.33 (RPD=4.49) 1 8.17 1 4.15 1 36.0 1 1.44 1 4.30 1

BQL(0.274) (RPD=NA) 1 BQL(0.200) 1 BQL(0.277) 1 BQL(0.302) 1 BQL(0.310) 1 BQL(0.159) 1

0.176 (RPD=12.05) 1 0.303 1 0.287 1 0.581 1 BQL(0.077) 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 BQL(0.041) 1 ND 1 0.174 1 ND 1 ND 1

6.28 (RPD=0.95) 1 5.11 1 6.27 1 7.19 1 4.84 1 4.57 1

BQL(0.003) (RPD=NA) 1 0.010 1 BQL(0.004) 1 0.055 1 0.437 1 0.108 1

BQL(0.248) (RPD=NA) 1 7.51 1 BQL(0.344) 1 BQL(0.275) 1 ND 1 ND 1

BQL(0.036) (RPD=NA) 1 BQL(0.034) 1 ND 1 ND 1 ND 1 ND 1

3645-26 3645-27

Sample Results (1, 2)

PMW-5 PMW-6 DUPLICATE-2 (PMW-5) ML 7-3 ML 7-5 ML 7-7

12/4/06 12/4/06

3645-22 Lab Dup. 3645-23 3645-24

12/2/06 12/2/06 12/2/06 12/2/06

3645-25

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium was analyzed using the Collision Cell Technology (CCT) to reduce the interferences of the 
polyatomic species ArC at mass 52.  The MDL's and QL's reported represent those completed in June 
2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

12/18/06Metals Page  6  of  6

4.82 1 1.25 1 1.14 1

ND 1 0.352 1 ND 1

1.36 1 1.17 1 0.454 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 0.095 1 ND 1

8.65 1 16.3 5 5.33 1

ND 1 0.134 1 BQL(0.002) 1

1.15 1 3.27 1 ND 1

ND 1 ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06 12/7, 12/11 & 12/12/06

3645-28 3645-29 3645-30

12/4/06 12/4/06 12/4/06

Sample Results (1, 2)

ML 3-3 ML 3-5 ML 3-7



Laboratory: Report Date: Page  1  of  6

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.036 0.120 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.005 0.017 ND 1 0.023 1 0.020 (RPD=13.95) 1 0.152 1 0.019 1 0.029 1

7440-42-8 mg/L 0.013 0.044 ND 1 0.198 1 0.200 (RPD=1.01) 1 0.231 1 0.196 1 0.184 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.029 1 0.029 (RPD=0.00) 1 0.068 1 0.039 1 0.026 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.024 0.080 ND 1 14.9 1 15.1 (RPD=1.33) 1 56.4 1 37.6 1 35.0 1

7440-43-9 mg/L 0.001 0.004 ND 1 BQL(0.001) 1 BQL(0.002) (RPD=NA) 1 BQL(0.003) 1 BQL(0.001) 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.005 0.017 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 BQL(0.006) 1 8.38 1 8.46 (RPD=0.95) 1 21.7 1 6.45 1 4.32 1

7440-09-7 mg/L 0.055 0.184 ND 1 1.22 1 1.25 (RPD=2.43) 1 3.79 1 2.78 1 1.91 1

7439-95-4 mg/L 0.024 0.080 ND 1 5.62 1 5.78 (RPD=2.81) 1 14.5 1 7.82 1 4.45 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.047 1 0.048 (RPD=2.11) 1 0.279 1 0.169 1 0.203 1

7439-98-7 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 BQL(0.001) (RPD=NA) 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.003) 1

7440-23-5 mg/L 0.042 0.140 ND 1 53.5 1 54.9 (RPD=2.58) 1 118 1 85.5 1 181 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.003) 1 ND 1 ND 1

7440-36-0 mg/L 0.003 0.010 ND 1 BQL(0.003) 1 BQL(0.006) (RPD=NA) 1 BQL(0.009) 1 BQL(0.006) 1 BQL(0.009) 1

7782-49-2 mg/L 0.003 0.010 ND 1 0.011 1 BQL(0.007) (RPD=NA) 1 0.021 1 0.016 1 0.018 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.084 1 0.086 (RPD=2.35) 1 0.728 1 0.320 1 0.380 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.017) 1 BQL(0.014) 1 BQL(0.015) 1

7440-62-2 mg/L 0.002 0.007 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-66-6 mg/L 0.006 0.020 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.008) 1

7440-21-3 mg/L 0.044 0.147 BQL(0.092) 1 15.2 1 15.4 (RPD=1.31) 1 13.1 1 16.4 1 16.2 1

7704-34-9 mg/L 0.092 0.307 ND 1 10.7 1 10.7 (RPD=0.00) 1 22.4 1 36.0 1 27.8 1

7723-14-0 mg/L 0.011 0.037 BQL(0.019) 1 1.51 1 1.52 (RPD=0.66) 1 0.217 1 0.972 1 0.274 1

7440-61-1 mg/L 0.007 0.024 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments: 

Notes:

ML 6-5 ML 6-7FIELD BLANK PMW-3 PMW-3 ML 6-3

12/7/06 12/7/0612/7/06 12/7/06 12/7/06 12/7/06

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3645-01 3645-02 3645-02 Lab Dup. 3645-03

Aluminum (Al)

Arsenic (As)

3645-04 3645-05

Metals 12/18/06

3ME375HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

11/29/06 11/29/06 11/29/06 11/29/06 11/29/06 11/29/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 12/18/06

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  2  of  6

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.287 1 0.022 1 0.026 1 0.100 1 0.022 1 0.019 1

0.349 1 0.207 1 0.196 1 0.245 1 0.188 1 0.206 1

0.100 1 0.034 1 0.028 1 0.097 1 0.026 1 0.033 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

42.2 1 31.3 1 35.6 1 48.1 1 22.4 1 31.0 1

0.010 1 BQL(0.001) 1 ND 1 0.005 1 ND 1 BQL(0.001) 1

BQL(0.001) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

69.5 1 6.36 1 4.92 1 31.6 1 4.91 1 6.26 1

1.99 1 1.26 1 1.75 1 1.14 1 1.08 1 1.24 1

23.3 1 8.98 1 5.53 1 17.7 1 4.95 1 8.96 1

0.161 1 0.115 1 0.251 1 0.236 1 0.110 1 0.115 1

BQL(0.003) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.001) 1 BQL(0.003) 1 BQL(0.003) 1

136 1 87.8 1 155 1 69.6 1 72.7 1 89.6 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.007) 1 ND 1 ND 1 BQL(0.003) 1 ND 1 ND 1

BQL(0.009) 1 BQL(0.008) 1 BQL(0.007) 1 BQL(0.009) 1 BQL(0.006) 1 BQL(0.005) 1

BQL(0.010) 1 0.017 1 0.018 1 0.016 1 0.015 1 0.018 1

0.376 1 0.264 1 0.387 1 0.631 1 0.216 1 0.263 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.014) 1 BQL(0.011) 1 BQL(0.014) 1 BQL(0.007) 1 BQL(0.012) 1

BQL(0.003) 1 ND 1 ND 1 ND 1 BQL(0.002) 1 BQL(0.002) 1

ND 1 BQL(0.008) 1 BQL(0.010) 1 ND 1 BQL(0.007) 1 BQL(0.007) 1

8.87 1 17.9 1 16.0 1 10.2 1 15.6 1 17.7 1

22.7 1 58.5 1 24.9 1 10.4 1 16.1 1 64.4 1

0.558 1 0.960 1 0.497 1 0.210 1 1.36 1 0.965 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML 5-7 ML 4-3 ML 4-5 DUPLICATE-1 (ML 5-5)ML 5-3 ML 5-5

12/7/06 12/7/06 12/7/06 12/7/0612/7/06 12/7/06

DF Data DFDF Data DF DataDF Data DataData DF

3645-08 3645-093645-06 3645-07

Sample Results (1, 2)

11/29/06 11/29/06

3645-10 3645-11

11/29/06 11/29/06 11/29/06 11/29/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 12/18/06

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

0.022 1 0.022 (RPD=0.00) 1 0.034 1 0.049 1 0.039 1 0.026 1

0.182 1 0.181 (RPD=0.55) 1 0.189 1 0.253 1 0.239 1 0.181 1

0.032 1 0.032 (RPD=0.00) 1 0.030 1 0.085 1 0.032 1 0.029 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

38.8 1 38.8 (RPD=0.00) 1 47.8 1 53.0 1 26.7 1 37.3 1

ND 1 ND (RPD=NA) 1 BQL(0.002) 1 BQL(0.003) 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

3.71 1 3.71 (RPD=0.00) 1 10.6 1 21.4 1 5.49 1 4.67 1

1.70 1 1.69 (RPD=0.59) 1 2.59 1 2.70 1 1.56 1 1.74 1

4.96 1 4.93 (RPD=0.61) 1 7.81 1 14.8 1 4.42 1 4.60 1

0.266 1 0.266 (RPD=0.00) 1 0.140 1 0.261 1 0.154 1 0.212 1

BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 0.004 1 BQL(0.003) 1 0.005 1 BQL(0.003) 1

148 1 148 (RPD=0.00) 1 54.6 1 265 1 219 1 185 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

BQL(0.008) 1 BQL(0.004) (RPD=NA) 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.008) 1 BQL(0.009) 1

0.017 1 0.016 (RPD=6.06) 1 0.017 1 0.028 1 0.028 1 0.025 1

0.538 1 0.538 (RPD=0.00) 1 0.173 1 0.618 1 0.297 1 0.368 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

BQL(0.014) 1 BQL(0.015) (RPD=NA) 1 BQL(0.014) 1 BQL(0.010) 1 BQL(0.009) 1 BQL(0.015) 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

BQL(0.010) 1 BQL(0.008) (RPD=NA) 1 BQL(0.011) 1 BQL(0.010) 1 BQL(0.010) 1 BQL(0.013) 1

16.3 1 16.3 (RPD=0.00) 1 13.0 1 8.86 1 12.6 1 15.9 1

21.6 1 21.4 (RPD=0.93) 1 24.2 1 69.0 1 34.5 1 43.3 1

0.415 1 0.408 (RPD=1.70) 1 0.973 1 0.164 1 0.291 1 0.363 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

11/30/06 11/30/0611/30/06 11/30/06

3645-15

11/30/06

3645-143645-12

12/7/06

Sample Results (1, 2)

ML 4-7 ML 4-7 PMW-2 ML 1-3 ML 1-5 ML 1-7

3645-12 Lab Dup. 3645-13

11/30/06

Data DF

12/7/06 12/7/06 12/7/06

Data DFData DF Data DF Data DF Data DF

12/7/06 12/7/06

3645-16



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 12/18/06

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 0.415 1 ND 1 ND 1 ND (RPD=NA) 1

0.029 1 0.041 1 0.027 1 0.023 1 0.027 1 0.027 (RPD=0.00) 1

0.246 1 0.233 1 0.694 1 0.175 1 0.194 1 0.198 (RPD=2.04) 1

0.087 1 0.063 1 0.666 1 0.018 1 0.022 1 0.022 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

63.8 1 24.8 1 178 1 20.1 1 29.4 1 29.4 (RPD=0.00) 1

0.008 1 0.004 1 0.027 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.001) 1 BQL(0.002) 1 0.004 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

52.2 1 26.7 1 168 1 1.86 1 2.32 1 2.30 (RPD=0.87) 1

2.78 1 1.91 1 7.64 1 1.01 1 1.64 1 1.67 (RPD=1.81) 1

8.13 1 9.52 1 49.7 1 3.06 1 2.86 1 2.85 (RPD=0.35) 1

0.321 1 0.166 1 1.01 1 0.082 1 0.145 1 0.146 (RPD=0.69) 1

BQL(0.001) 1 BQL(0.002) 1 ND 1 0.004 1 0.007 1 0.007 (RPD=0.00) 1

35.9 1 60.5 1 366 1 79.3 1 187 1 186 (RPD=0.54) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.004) 1 BQL(0.003) 1 0.017 1 BQL(0.002) 1 ND 1 ND (RPD=NA) 1

BQL(0.006) 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.005) 1 BQL(0.007) 1 BQL(0.007) (RPD=NA) 1

ND 1 0.013 1 ND 1 0.018 1 0.018 1 0.019 (RPD=5.41) 1

0.250 1 0.142 1 2.17 1 0.198 1 0.384 1 0.379 (RPD=1.31) 1

BQL(0.001) 1 ND 1 BQL(0.002) 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.013) 1 BQL(0.005) 1 BQL(0.010) 1 BQL(0.006) 1 BQL(0.013) 1 BQL(0.012) (RPD=NA) 1

BQL(0.003) 1 BQL(0.002) 1 BQL(0.007) 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 0.043 1 BQL(0.018) 1 BQL(0.006) 1 BQL(0.007) 1 BQL(0.009) (RPD=NA) 1

6.79 1 11.8 1 11.7 1 15.4 1 15.8 1 15.9 (RPD=0.63) 1

7.09 1 33.6 1 ND 1 16.1 1 34.4 1 35.1 (RPD=2.01) 1

0.301 1 0.577 1 0.123 1 1.69 1 0.284 1 0.285 (RPD=0.35) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

3645-21 Lab Dup.

12/1/06

3645-203645-17 3645-18 3645-19

Sample Results (1, 2)

PMW-1 PMW-4 ML 2-3 ML 2-5 ML 2-7 ML 2-7

11/30/06 12/1/06 12/1/06

12/7/06 12/7/06 12/7/06 12/7/06

Data DF Data DFData DF Data DF Data DF Data DF

12/7/06 12/7/06

12/2/06 12/2/06

3645-21



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 12/18/06

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.020 1 0.029 1 0.019 1 0.075 1 0.023 1 0.030 1

0.321 1 0.189 1 0.324 1 0.369 1 0.214 1 0.205 1

0.057 1 0.029 1 0.057 1 0.118 1 0.036 1 0.018 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

34.5 1 46.6 1 35.1 1 36.5 1 32.5 1 25.2 1

0.008 1 BQL(0.003) 1 0.008 1 0.009 1 BQL(0.001) 1 ND 1

BQL(0.001) 1 ND 1 BQL(0.001) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

52.5 1 17.7 1 52.6 1 58.6 1 9.32 1 2.82 1

3.03 1 3.34 1 3.07 1 2.19 1 1.34 1 1.58 1

7.53 1 5.37 1 7.68 1 18.6 1 5.71 1 3.36 1

0.173 1 0.147 1 0.174 1 0.217 1 0.177 1 0.148 1

ND 1 BQL(0.003) 1 ND 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.004) 1

54.8 1 54.9 1 55.4 1 305 1 101 1 198 1

ND 1 ND 1 ND 1 0.101 1 ND 1 ND 1

BQL(0.006) 1 ND 1 BQL(0.005) 1 BQL(0.006) 1 ND 1 ND 1

BQL(0.004) 1 BQL(0.006) 1 BQL(0.005) 1 0.012 1 BQL(0.006) 1 BQL(0.009) 1

ND 1 0.014 1 ND 1 0.027 1 0.020 1 0.028 1

0.165 1 0.178 1 0.167 1 0.460 1 0.383 1 0.267 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.005) 1 BQL(0.015) 1 BQL(0.007) 1 ND 1 BQL(0.007) 1 BQL(0.007) 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.005) 1 ND 1 ND 1

ND 1 BQL(0.009) 1 ND 1 ND 1 ND 1 ND 1

16.6 1 14.0 1 16.7 1 10.9 1 19.0 1 15.8 1

3.38 1 10.4 1 3.04 1 22.0 1 1.42 1 9.61 1

1.20 1 1.07 1 1.20 1 0.044 1 0.963 1 0.217 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3645-27

12/2/06

3645-25

Sample Results (1, 2)

PMW-5 PMW-6 DUPLICATE-2 (PMW-5) ML 7-3 ML 7-5 ML 7-7

3645-26 3645-22 3645-23 3645-24

12/2/06 12/2/06 12/2/06

12/7/06 12/7/06 12/7/06 12/7/06

Data DF Data DFData DF Data DF Data DF Data DF

12/7/06 12/7/06

12/4/06 12/4/06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 12/18/06

3ME375HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND 1 ND 1 ND 1

ND 1 0.127 1 ND 1

0.021 1 0.017 1 0.020 1

0.707 1 0.285 1 0.273 1

0.211 1 0.153 1 0.120 1

ND 1 ND 1 ND 1

136 1 82.3 1 75.6 1

0.034 1 0.008 1 0.007 1

0.004 1 BQL(0.001) 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

212 1 50.8 1 45.0 1

5.60 1 2.57 1 1.82 1

63.2 1 14.8 1 9.87 1

0.713 1 0.434 1 0.533 1

ND 1 ND 1 ND 1

255 1 85.4 1 112 1

ND 1 ND 1 ND 1

0.023 1 BQL(0.005) 1 BQL(0.006) 1

BQL(0.006) 1 BQL(0.006) 1 BQL(0.009) 1

ND 1 ND 1 ND 1

1.82 1 0.608 1 0.646 1

BQL(0.001) 1 0.005 1 ND 1

ND 1 0.017 1 0.020 1

ND 1 BQL(0.002) 1 ND 1

ND 1 ND 1 ND 1

4.86 1 16.3 1 18.3 1

ND 1 ND 1 1.31 1

0.092 1 1.09 1 0.825 1

ND 1 ND 1 ND 1

Sample Results (1, 2)

ML 3-3 ML 3-5 ML 3-7

3645-28 3645-29 3645-30

12/4/06 12/4/06 12/4/06

12/7/06 12/7/06 12/7/06

Data DF Data DF Data DF Data DF Data DF Data DF



Page 1 of 2

         Laboratory: IRMS Report Date:

Tech Dir: 3OA920HW Date Analyzed:

Method: Date Received:

Analyst: Feng Lu  

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

ML2-3 3644-0021 3644-4 -24.46 -6.08

(12/1/06) 3644-0022 3644-4D -17.05 -4.71

3644-0023 3644-4D -17.57 -4.43

3644-0024 3644-4D -16.59 -4.24

3644-0025 3644-4D -15.64 -4.02

3644-0026 3644-4D -15.57 -15.60 0.05 -4.04 -4.03 0.01

ML2-5 3644-0027 3644-5 -17.90 -3.82

(12/1/06) 3644-0028 3644-5D -16.92 -3.68

3644-0029 3644-5D -16.52 -3.52

3644-0030 3644-5D -16.13 -16.33 0.28 -3.37 -3.44 0.10

ML5-3 3644-0031 3644-6 -18.70 -3.41

(11/29/06) 3644-0032 3644-6D -18.55 -3.36

3644-0033 3644-6D -18.19 -3.47

3644-0034 3644-6D -18.62 -18.40 0.30 -3.25 -3.36 0.16

ML5-5 3644-0035 3644-7 -15.35 -3.46

(11/29/06) 3644-0036 3644-7D -14.51 -3.04

3644-0037 3644-7D -15.12 -3.37

3644-0038 3644-7D -14.87 -14.99 0.18 -3.23 -3.30 0.10

Dup1 (ML5-5) 3644-0045 3644-9 -24.67 -7.92

(Duplicate 1; 11/29/06) 3644-0046 3644-9D -16.68 -4.76

3644-0047 3644-9D -15.23 -4.29

3644-0048 3644-9D -15.46 -3.77

3644-0049 3644-9D -15.29 -3.54

3644-0050 3644-9D -14.55 -14.92 0.52 -3.71 -3.62 0.12

PMW-3 3644-0051 3644-10 -17.27 -3.34

(11/29/06) 3644-0052 3644-10D -16.29 -3.61

3644-0053 3644-10D -17.99 -3.33

3644-0054 3644-10D -17.07 -17.53 0.65 -3.42 -3.37 0.07

PMW-5 3644-0055 3644-11 -17.45 -4.22

(12/2/06) 3644-0056 3644-11D -15.46 -2.63

3644-0057 3644-11D -16.12 -3.74

3644-0058 3644-11D -16.06 -16.09 0.04 -3.03 -3.38 0.50

Dup2 (PMW-5) 3644-0059 3644-12 -17.61 -3.44

(Duplicate 2; 12/2/06) 3644-0060 3644-12D -16.55 -3.27

3644-0061 3644-12D -16.29 -3.34

Shaw Environmental, Inc.

Analytical Report - Analytical Results

12/22/06

12/12-20/2006

12/06/06RSKSOP-296 in Progress
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         Laboratory: IRMS Report Date:

Tech Dir: 3OA920HW Date Analyzed:

Method: Date Received:

Analyst: Feng Lu  

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

Shaw Environmental, Inc.

Analytical Report - Analytical Results

12/22/06

12/12-20/2006

12/06/06RSKSOP-296 in Progress

3644-0062 3644-12D -16.09 -16.19 0.14 -3.40 -3.37 0.04

Comments: 
Due to memory effect, typically the first two to four replicates (italic) of each sample were excluded from the 
calculations for the average (mean) and the standard deviation (stdev).  
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Laboratory: General Parameters Report Date: 01/25/07

Technical Directive: 3GP952HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.009

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

FIELD BLANK 3703-1 1/24/2007 ND 1

PMW-3 3703-2 1/24/2007 BQL (0.048) 1

PMW-5 3703-3 1/24/2007 BQL (0.050) 1

PMW-5 3703-3 LAB DUP 1/24/2007 BQL (0.050) (RPD=NA) 1

PMW-6 3703-4 1/24/2007 BQL (0.047) 1

PMW-1 3703-5 1/24/2007 BQL (0.015) 1

DUPLICATE 1 3703-6 1/24/2007 BQL (0.046) 1

ML1-2 3703-7 1/24/2007 BQL (0.033) 1

ML1-4 3703-8 1/24/2007 BQL (0.009) 1

ML1-6 3703-9 1/24/2007 ND 1

ML2-2 3703-10 1/24/2007 BQL (0.045) 1

ML2-2 3703-10 LAB DUP 1/24/2007 BQL (0.048) (RPD=NA) 1

ML2-3 3703-11 1/24/2007 BQL (0.077) 1

ML2-4 3703-12 1/24/2007 BQL (0.050) 1

ML2-5 3703-13 1/24/2007 BQL (0.009) 1

ML2-6 3703-14 1/24/2007 ND 1

ML3-2 3703-15 1/24/2007 BQL (0.055) 1

ML3-3 3703-16 1/24/2007 BQL (0.044) 1

ML3-4 3703-17 1/24/2007 BQL (0.022) 1

ML3-6 3703-18 1/24/2007 BQL (0.050) 1

ML3-6 3703-18 LAB DUP 1/24/2007 BQL (0.052) (RPD=NA) 1

ML3-7 3703-19 1/24/2007 BQL (0.025) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the 
parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are 
corrected with dilution factors (DF), if applicable.  NA - not applicable.

Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO2+NO3-N)

1/19/2007

1/19/2007

Vanessa Scroggins

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set, that are within the 
calibration range.  

Sample Results (1, 2)

1/20/2007

1/19/2007

1/19/2007

1/19/2007

Date Collected

Analytical Service Results Report

1/19/2007

1/20/2007

1/19/2007

1/20/2007

1/20/2007

1/20/2007

1/21/2007

1/20/2007

1/21/2007

1/21/2007

1/21/2007

1/21/2007

1/21/2007

1/21/2007

1/21/2007

1/22/2007
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Laboratory: General Parameters Report Date: 01/30/07

Technical Directive: 3GP952HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.009

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

ML4-2 3712-1 1/29/2007 BQL (0.030) 1

ML4-4 3712-2 1/29/2007 BQL (0.052) 1

ML4-4 3712-2 LAB DUP 1/29/2007 BQL (0.049) (RPD=NA) 1

ML4-6 3712-3 1/29/2007 BQL (0.047) 1

ML5-2 3712-4 1/29/2007 BQL (0.055) 1

ML5-4 3712-5 1/29/2007 0.112 1

ML5-6 3712-6 1/29/2007 BQL (0.054) 1

DUPLICATE 2 3712-7 1/29/2007 BQL (0.058) 1

ML6-2 3712-8 1/29/2007 BQL (0.061) 1

ML6-4 3712-9 1/29/2007 BQL (0.065) 1

ML6-6 3712-10 1/29/2007 BQL (0.078) 1

ML6-6 3712-10 LAB DUP 1/29/2007 BQL (0.076) (RPD=NA) 1

ML7-2 3712-11 1/29/2007 0.132 1

ML7-3 3712-12 1/29/2007 BQL (0.055) 1

ML7-4 3712-13 1/29/2007 BQL (0.058) 1

ML7-5 3712-14 1/29/2007 BQL (0.057) 1

ML7-6 3712-15 1/29/2007 BQL (0.057) 1

ML7-6 3712-15 LAB DUP 1/29/2007 BQL (0.061) (RPD=NA) 1

ML7-7 3712-16 1/29/2007 BQL (0.062) 1

DUPLICATE 3 3712-17 1/29/2007 BQL (0.081) 1

Comments:

Notes:

1/25/2007

1/25/2007

1/25/2007

1/25/2007

1/25/2007

1/25/2007

1/24/2007

1/24/2007

1/24/2007

1/24/2007

1/24/2007

Date Collected

Analytical Service Results Report

1/23/2007

1/23/2007

1/23/2007

1/23/2007

1/23/2007

1/23/2007

1/23/2007

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the 
parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are 
corrected with dilution factors (DF), if applicable.  NA - not applicable.

Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO2+NO3-N)

1/22/2007

1/23/2007

Vanessa Scroggins

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set, that are within the 
calibration range.  

Sample Results (1)
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Laboratory: General Parameters Report Date: 02/12/07

Technical Directive: 3GP952HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

ML4-2 3712-1 1/31-2/7/07 30.5 (±0.0496) 8 569 (±1.0638) 8 - -

ML4-4 3712-2 1/31-2/7/07 62.2 (±0.0898) 8 33.9 (±0.6829) 1 - -

ML4-6 3712-3 1/31-2/7/07 54.5 (±0.0686) 8 - - 12.2 (±0.0267) 4

ML4-6 3712-3 LAB DUP 1/31-2/7/07 - - - - 12.1(±0.0062)(RPD=0.823) 4

ML5-2 3712-4 1/31-2/7/07 46.0 (±0.0436) 8 259 (±0.3820) 8 - -

ML5-4 3712-5 1/31-2/7/07 21.9 (±0.0349) 8 224 (±0.3217) 8 - -

ML5-6 3712-6 1/31-2/7/07 30.5 (±0.0328) 8 205 (±0.1095) 8 - -

DUPLICATE 2 3712-7 1/31-2/7/07 24.1 (±0.0323) 8 222 (±0.1950) 8 - -

ML6-2 3712-8 1/31-2/7/07 55.1 (±0.0228) 8 239 (±0.2709) 8 - -

ML6-2 3712-8 LAB DUP 1/31-2/7/07 60.3 (±0.0629) (RPD=9.01) 8 235 (±0.1503) (RPD=1.69) 8 - -

ML6-4 3712-9 1/31-2/7/07 53.6 (±0.0800) 8 66.4 (±0.3382) 1 - -

ML6-6 3712-10 1/31-2/7/07 45.1 (±0.0201) 8 54.5 (±0.2651) 1 - -

ML7-2 3712-11 1/31-2/7/07 9.51 (±0.0102) 8 1150 (±2.2338) 8 - -

ML7-3 3712-12 1/31-2/7/07 89.5 (±0.2098) 8 243 (±0.3099) 8 - -

ML7-4 3712-13 1/31-2/7/07 55.6 (±0.0371) 8 118 (±0.3130) 4 - -

ML7-5 3712-14 1/31-2/7/07 21.5 (±0.0019) 8 212 (±0.5417) 8 - -

ML7-6 3712-15 1/31-2/7/07 61.6 (±0.0721) 8 174 (±0.1518) 8 - -

ML7-7 3712-16 1/31-2/7/07 66.6 (±0.0465) 8 111 (±0.2004) 4 - -

DUPLICATE 3 3712-17 1/31-2/7/07 73.1 (±0.0596) 8 111 (±0.0776) 4 - -

Comments:

Notes:

Shaw Environmental, Inc.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in 
this sample set.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted. Due to the wide range of TOC 
concentrations in samples containing degraded corn oil, some samples were analyzed at a mid-calibration range and at a low-calibration range as is described in 
RSKSOP-265/2.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation 
limit; BQL ( ) denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors 
(DF), if applicable.  

Date Collected

mg/L mg/L

1/23/2007

1/23/2007

1/24/2007

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Kristie Hargrove

Analytical Service Results Report

RSKSOP-265 Rev. 2 RSKSOP-265 Rev. 2

0.018* 0.025*

0.100* 20.0*

1/23/2007

1/24/2007

1/25/2007

1/25/2007

1/25/2007

1/24/2007

1/24/2007

1/24/2007

1/25/2007

RSKSOP-265 Rev. 2

mg/L

1/22/2007

1/23/2007

1/23/2007

0.062*

0.100*

1/23/2007

1/23/2007

1/23/2007

1/23/2007
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Laboratory: General Parameters Report Date: 02/05/07

Technical Directive 3GP952HW

Analyst: Analytes Total Inorganic Carbon (TIC) Total Organic Carbon (TOC) Total Organic Carbon (TOC)
Codes 7440-44-0-TIC 7440-44-0-TOC 7440-44-0-TOC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

Field Blank 3703-1 1/25-2/4/07 0.411 (± 0.0022) 1 - - BQL (0.238) (± 0.0225) 4

PMW-3 3703-2 1/25-2/4/07 46.3 (± 0.0721) 4 80.7 (±0.7417) 4 - -

PMW-5 3703-3 1/25-2/4/07 25.2 (± 0.0054) 4 208 (±0.3751) 4 - -

PMW-6 3703-4 1/25-2/4/07 64.6 (± 0.1071) 4 50.8 (±0.2618) 1 - -

PMW-1 3703-5 1/25-2/4/07 55.5 (± 0.0427) 4 178 (±0.4852) 4 - -

DUPLICATE 1 3703-6 1/25-2/4/07 62.4 (± 0.1232) 4 53.0 (±0.8189) 1 - -

ML1-2 3703-7 1/25-2/4/07 81.5 (± 0.1477) 8 41.8 (±1.4818) 1 - -

ML1-4 3703-8 1/25-2/4/07 100 (± 0.1701) 8 40.1 (±0.4677) 1 - -

ML1-6 3703-9 1/25-2/4/07 58.9 (± 0.0602) 4 - - 16.2 (±0.0458) 4

ML1-6 3703-9 LAB DUP 1/25-2/4/07 - - - - 16.4 (±0.0084) (RPD=1.23) 4

ML2-2 3703-10 1/25-2/4/07 34.9 (± 0.0644) 4 272 (±0.4719) 4 - -

ML2-2 3703-10 LAB DUP 1/25-2/4/07 34.3 (± 0.0898) (RPD = 1.73) 4 274(±0.2370) ( RPD=0.733) 4 - -

ML2-3 3703-11 1/25-2/4/07 12.6 (± 0.0099) 4 1120 (±1.9207) 10 - -

ML2-4 3703-12 1/25-2/4/07 91.8 (± 0.1157) 8 54.0 (±2.5719) 1 - -

ML2-5 3703-13 1/25-2/4/07 65.8 (± 0.2259) 4 - - 14.7 (±0.0382) 2

ML2-6 3703-14 1/25-2/4/07 74.5 (± 0.1797) 4 - - 21.8 (±0.2152) 4

ML3-2 3703-15 1/25-2/4/07 7.08 (± 0.0481) 4 2460 (±2.2082) 20 - -

ML3-3 3703-16 1/25-2/4/07 2.17 (± 0.0039) 4 1570 (±3.7769) 10 - -

ML3-4 3703-17 1/25-2/4/07 41.8 (± 0.0610) 4 263 (±0.4555) 4 - -

ML3-6 3703-18 1/25-2/4/07 15.7 (± 0.0556) 4 862 (±1.2476) 10 - -

ML3-7 3703-19 1/25-2/4/07 54.1 (± 0.1279) 4 529 (±1.7161) 4 - -

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

RSKSOP-265 Rev. 2

mg/L

0.062**
0.100**

Shaw Environmental, Inc.

0.100** 20.0**

1/19/2007

Date Collected

mg/L

0.018** 0.25**

Analytical Service Results Report

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above 
the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is 
reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the 

1/19/2007

1/19/2007

1/20/2007

1/20/2007

1/20/2007

1/20/2007

1/20/2007

1/21/2007

1/21/2007

RSKSOP-265 Rev. 2

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the 
duplicate samples in this sample set.  The data values are reported with the dilution factors applied. Due to the wide range of TOC concentrations in 
samples containing degraded corn oil, the samples were analyzed at a mid-calibration range and at a low-calibration range as is described in RSKSOP-
265/2.

 Kristie Hargrove

RSKSOP-265 Rev. 2

mg/L

1/22/2007

1/21/2007

1/21/2007

1/21/2007

1/21/2007

1/20/2007

** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.

1/19/2007

1/19/2007

1/19/2007

1/20/2007

1/21/2007
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Laboratory: General Parameters Report Date: 01/26/07

Technical Directive: 3GP952HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Field Blank 3703-1 1/24/2007 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

PMW-3 3703-2 1/24/2007 95.1 11 BQL (0.895) 1 ND 1 4.68 1 ND 1 ND 1

PMW-5 3703-3 1/24/2007 182 11 BQL (0.867) 1 ND 1 BQL (0.795) 1 ND 1 ND 1

PMW-6 3703-4 1/24/2007 45.4 1 BQL (0.528) 1 ND 1 25.1 1 ND 1 ND 1

PMW-1 3703-5 1/24/2007 58.8 11 ND 1 ND 1 7.98 1 ND 1 ND 1

Duplicate 1 3703-6 1/24/2007 45.1 1 BQL (0.529) 1 ND 1 24.6 1 ND 1 BQL (0.119) 1

ML 1-2 3703-7 1/24/2007 167 11 BQL (0.175) 1 ND 1 287 11 ND 1 ND 1

ML 1-4 3703-8 1/24/2007 74.2 11 1.37 1 ND 1 102 11 ND 1 BQL (0.255) 1

ML 1-6 3703-9 1/24/2007 104 11 BQL (0.112) 1 ND 1 114 11 ND 1 BQL (0.142) 1

ML 2-2 3703-10 1/24/2007 364 11 BQL (0.152) 1 ND 1 2.18 1 ND 1 ND 1

ML 2-2 3703-10 Lab dup 1/24/2007 378 (RPD=3.77) 11 BQL (0.176)(RPD=NA) 1 ND (RPD=NA) 1 2.10 (RPD=3.74) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

ML 2-3 3703-11 1/24/2007 883 21 ND 1 ND 1 BQL (0.441) 1 ND 1 ND 1

ML 2-4 3703-12 1/24/2007 156 11 BQL (0.644) 1 ND 1 23.2 1 ND 1 BQL (0.261) 1

ML 2-5 3703-13 1/24/2007 32.6 1 BQL (0.646) 1 ND 1 36.5 1 ND 1 BQL (0.179) 1

ML 2-6 3703-14 1/24/2007 54.7 11 BQL (0.659) 1 ND 1 54.0 11 ND 1 BQL (0.200) 1

ML 3-2 3703-15 1/24/2007 244 11 2.76 1 ND 1 2.60 1 ND 1 ND 1

ML 3-3 3703-16 1/24/2007 119 11 BQL (0.523) 1 ND 1 BQL (0.870) 1 ND 1 BQL (0.157) 1

ML 3-4 3703-17 1/24/2007 31.8 1 BQL (0.578) 1 ND 1 10.8 1 ND 1 BQL (0.168) 1

ML 3-6 3703-18 1/24/2007 73.9 11 1.95 1 ND 1 BQL (0.553) 1 ND 1 BQL (0.106) 1

ML 3-7 3703-19 1/24/2007 90.9 11 BQL (0.793) 1 ND 1 ND 1 ND 1 BQL (0.095) 1

ML 3-7 3703-19 Lab dup 1/24/2007 93.6 (RPD=2.93) 11 BQL (0.807)(RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 BQL(0.104)(RPD=NA) 1

Comments:

Notes:

mg/L

0.095

1.000.200

mg/L

0.200

14797-65-0 7782-41-414797-55-8

RSKSOP-288RSKSOP-288

mg/L

0.098

RSKSOP-288

mg/L

0.066

Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br) Fluoride (F)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Lynda Callaway

1/19/2007

1/20/2007

1/19/2007

1/19/2007

1/19/2007

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation 
limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors (DF), 
if applicable.  

14808-79-8

* 0.298

* 1.00

RSKSOP-288 RSKSOP-288

16887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4)

RSKSOP-288

* 1.00 1.00

Analytical Service Results Report

1/20/2007

1/19/2007

1/19/2007

Date Collected

Shaw Environmental, Inc.

mg/L mg/L

* 0.263 0.080

1/20/2007

1/20/2007

1/20/2007

1/20/2007

1/21/2007

1/21/2007

1/21/2007

1/21/2007

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set 
within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted.  

1/22/2007

1/21/2007

1/21/2007

1/21/2007

1/22/2007



Laboratory: Report Date: Page  1  of  8

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.040 0.133 ND 1 BQL(0.067) 1 BQL(0.055) 1 ND 1 0.329 1 ND 1

7440-38-2 mg/L 0.006 0.019 ND 1 0.040 1 BQL(0.006) 1 BQL(0.011) 1 BQL(0.019) 1 BQL(0.013) 1

7440-42-8 mg/L 0.014 0.049 ND 1 0.230 1 0.374 1 0.175 1 0.321 1 0.172 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.046 1 0.085 1 0.028 1 0.105 1 0.025 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.027 0.089 BQL(0.073) 1 32.0 1 55.2 1 43.8 1 65.3 1 44.3 1

7440-43-9 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 0.010 1 BQL(0.002) 1 0.012 1 BQL(0.002) 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 BQL(0.001) 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.006 0.019 ND 1 ND 1 ND 1 BQL(0.007) 1 ND 1 ND 1

7439-89-6 mg/L 0.006 0.019 BQL(0.017) 1 16.6 1 72.5 1 15.3 1 90.5 1 14.4 1

7440-09-7 mg/L 0.061 0.204 ND 1 1.90 1 3.43 1 3.11 1 3.05 1 3.08 1

7439-95-4 mg/L 0.027 0.089 ND 1 11.1 1 13.4 1 6.03 1 8.99 1 6.09 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.120 1 0.270 1 0.175 1 0.355 1 0.178 1

7439-98-7 mg/L 0.001 0.004 ND 1 BQL(0.003) 1 ND 1 BQL(0.003) 1 ND 1 BQL(0.002) 1

7440-23-5 mg/L 0.047 0.155 0.175 1 73.6 1 63.1 1 58.3 1 38.2 1 59.2 1

7440-02-0 mg/L 0.003 0.011 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.008 BQL(0.003) 1 BQL(0.007) 1 0.013 1 BQL(0.007) 1 0.012 1 BQL(0.007) 1

7440-36-0 mg/L 0.003 0.011 BQL(0.005) 1 BQL(0.008) 1 BQL(0.008) 1 BQL(0.007) 1 BQL(0.008) 1 BQL(0.008) 1

7782-49-2 mg/L 0.003 0.011 BQL(0.004) 1 ND 1 ND 1 ND 1 ND 1 ND 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.173 1 0.277 1 0.177 1 0.269 1 0.179 1

7440-32-6 mg/L 0.001 0.004 BQL(0.002) 1 BQL(0.002) 1 BQL(0.001) 1 BQL(0.002) 1 0.008 1 ND 1

7440-28-0 mg/L 0.006 0.019 ND 1 BQL(0.012) 1 BQL(0.010) 1 BQL(0.018) 1 BQL(0.012) 1 BQL(0.016) 1

7440-62-2 mg/L 0.002 0.008 ND 1 ND 1 BQL(0.005) 1 ND 1 BQL(0.005) 1 ND 1

7440-66-6 mg/L 0.007 0.022 ND 1 ND 1 ND 1 BQL(0.009) 1 ND 1 BQL(0.011) 1

7440-21-3 mg/L 0.049 0.163 BQL(0.111) 1 17.9 1 22.2 1 14.1 1 5.94 1 14.0 1

7704-34-9 mg/L 0.102 0.341 ND 1 2.70 1 3.49 1 9.23 1 2.65 1 8.69 1

7723-14-0 mg/L 0.012 0.041 ND 1 1.04 1 0.946 1 0.760 1 0.182 1 0.541 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Comments: 

Notes:

1/19/07 1/19/071/19/07 1/19/07 1/19/07 1/19/07

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW Sample Results (1, 2)

3703-05 3703-06

Beryllium (Be)

Calcium (Ca)

3703-01 3703-02 3703-03 3703-04

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1/31/07 1/31/07 1/31/07 1/31/07 1/31/07 1/31/07

FIELD BLANK PMW-3 PMW-5 PMW-6 PMW-1 DUPLICATE 1



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Page  2  of  8

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND (RPD=NA) 1 0.188 1 0.206 1 0.211 (RPD=2.40) 1 ND 1 ND 1

BQL(0.017) (RPD=NA) 1 0.021 1 BQL(0.013) 1 BQL(0.014) (RPD=NA) 1 BQL(0.011) 1 BQL(0.012) 1

0.175 (RPD=1.73) 1 0.274 1 0.202 1 0.204 (RPD=0.99) 1 0.170 1 0.565 1

0.025 (RPD=0.00) 1 0.218 1 0.046 1 0.046 (RPD=0.00) 1 0.033 1 0.204 1

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

44.4 (RPD=0.23) 1 96.0 1 38.3 1 38.4 (RPD-0.26) 1 28.3 1 75.8 1

BQL(0.002) (RPD=NA) 1 0.008 1 BQL(0.003) 1 ND (RPD=NA) 1 ND 1 0.022 1

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) 1

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

14.4 (RPD=0.00) 1 59.3 1 8.38 1 8.44 (RPD=0.71) 1 0.114 1 158 1

3.09 (RPD=0.32) 1 5.02 1 1.72 1 1.72 (RPD=0.00) 1 1.42 1 1.53 1

6.06 (RPD=0.49) 1 17.4 1 8.49 1 8.39 (RPD=1.18) 1 5.97 1 39.4 1

0.181 (RPD=1.67) 1 0.760 1 0.197 1 0.198 (RPD=0.51) 1 0.063 1 0.651 1

BQL(0.002) (RPD=NA) 1 BQL(0.001) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 0.008 1 ND 1

59.5 (RPD=0.51) 1 162 1 184 1 184 (RPD=0.00) 1 143 1 79.7 1

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.006) (RPD=NA) 1 0.012 1 BQL(0.005) 1 BQL(0.006) (RPD=NA) 1 BQL(0.005) 1 0.024 1

BQL(0.008) (RPD=NA) 1 0.013 1 0.012 1 BQL(0.008) (RPD=NA) 1 BQL(0.008) 1 BQL(0.009) 1

ND (RPD=NA) 1 ND 1 ND 1 BQL(0.006) (RPD=NA) 1 ND 1 ND 1

0.179 (RPD=0.00) 1 0.475 1 0.475 1 0.477 (RPD=0.42) 1 0.143 1 0.494 1

ND (RPD=NA) 1 0.005 1 0.006 1 0.007 (RPD=15.38) 1 BQL(0.002) 1 BQL(0.002) 1

BQL(0.017) (RPD=NA) 1 0.026 1 BQL(0.015) 1 BQL(0.018) (RPD=NA) 1 BQL(0.012) 1 BQL(0.006) 1

BQL(0.003) (RPD=NA) 1 BQL(0.004) 1 ND 1 BQL(0.004) (RPD=NA) 1 0.020 1 BQL(0.006) 1

BQL(0.013) (RPD=NA) 1 BQL(0.007) 1 BQL(0.014) 1 BQL(0.012) (RPD=NA) 1 BQL(0.015) 1 ND 1

14.1 (RPD=0.71) 1 6.26 1 12.2 1 12.4 (RPD=1.63) 1 16.7 1 10.5 1

8.73 (RPD=0.46) 1 89.1 1 31.5 1 30.7 (RPD=2.57) 1 33.6 1 ND 1

0.539 (RPD=0.37) 1 0.090 1 0.559 1 0.562 (RPD=0.54) 1 0.060 1 0.109 1

ND (RPD=NA) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

1/20/07 1/20/07 1/20/07 1/20/071/19/07 1/20/07

Sample Results (1, 2)

3703-09 3703-103703-06 Lab Dup. 3703-07 3703-08 3703-08 Lab Dup.*

DF DataData DF Data DFDF Data DF DataDF Data

1/31/07 1/31/07 1/31/07 1/31/07 1/31/07 1/31/07

DUPLICATE 1 ML 1-2 ML 1-4 ML 1-4 ML 1-6 ML 2-2



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

BQL(0.070) 1 BQL(0.075) 1 0.166 1 3.40 1 3.44 (RPD=1.17) 1 3.57 1

BQL(0.016) 1 BQL(0.015) 1 BQL(0.007) 1 BQL(0.010) 1 BQL(0.007) (RPD=NA) 1 0.022 1

0.915 1 0.240 1 0.169 1 0.173 1 0.173 (RPD=0.00) 1 1.39 1

1.16 1 0.064 1 0.021 1 0.025 1 0.025 (RPD=0.00) 1 1.76 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

276 1 44.2 1 24.5 1 23.3 1 23.4 (RPD=0.43) 1 247 1

0.041 1 BQL(0.002) 1 ND 1 ND 1 ND (RPD=NA) 1 0.067 1

BQL(0.004) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 0.008 1

ND 1 ND 1 0.005 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

278 1 10.7 1 1.86 1 1.42 1 1.43 (RPD=0.70) 1 433 1

4.39 1 1.47 1 1.05 1 1.42 1 1.42 (RPD=0.00) 1 204 1

82.0 1 11.1 1 3.40 1 4.39 1 4.47 (RPD=1.81) 1 83.4 1

1.68 1 0.198 1 0.103 1 0.097 1 0.096 (RPD=1.04) 1 1.31 1

ND 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) 1 0.005 (RPD=NA) 1 ND 1

419 1 168 1 67.8 1 108 1 110 (RPD=1.83) 1 662 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

0.036 1 BQL(0.006) 1 BQL(0.006) 1 BQL(0.008) 1 BQL(0.008) (RPD=NA) 1 0.053 1

BQL(0.009) 1 0.012 1 BQL(0.011) 1 BQL(0.006) 1 BQL(0.008) (RPD=NA) 1 BQL(0.011) 1

ND 1 ND 1 BQL(0.007) 1 ND 1 ND (RPD=NA) 1 ND 1

3.59 1 0.433 1 0.250 1 0.171 1 0.173 (RPD=1.16) 1 5.18 1

BQL(0.003) 1 BQL(0.003) 1 0.005 1 0.081 1 0.082 (RPD=1.23) 1 0.079 1

BQL(0.009) 1 0.022 1 BQL(0.008) 1 BQL(0.017) 1 BQL(0.017) (RPD=NA) 1 ND 1

BQL(0.008) 1 BQL(0.003) 1 BQL(0.003) 1 0.021 1 0.020 (RPD=4.88) 1 0.011 1

ND 1 BQL(0.009) 1 BQL(0.010) 1 BQL(0.011) 1 BQL(0.012) (RPD=NA) 1 ND 1

11.0 1 16.9 1 16.4 1 20.4 1 20.5 (RPD=0.49) 1 10.4 1

ND 1 7.15 1 11.6 1 17.0 1 17.0 (RPD=0.00) 1 ND 1

0.278 1 0.322 1 1.48 1 0.505 1 0.504 (RPD=0.20) 1 0.179 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.015) 1

1/21/07 1/21/071/20/07 1/21/07 1/21/07 1/21/07

Sample Results (1, 2)

3703-11 3703-12 3703-13 3703-14 3703-14 Lab Dup. 3703-15

ML 2-3 ML 2-4 ML 2-5

Data DF Data DF Data DF Data DF Data DF Data DF

1/31/07 1/31/071/31/07 1/31/07 1/31/07 1/31/07

ML 2-6 ML 2-6 ML 3-2



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

3.22 (RPD=10.31) 1 BQL(0.083) 1 BQL(0.126) 1 ND 1 ND (RPD=NA) 1 0.652 1

0.021 (RPD=4.65) 1 0.033 1 BQL(0.011) 1 BQL(0.013) 1 BQL(0.010) (RPD=NA) 1 0.019 1

1.37 (RPD=1.45) 1 1.13 1 0.284 1 1.05 1 1.04 (RPD=0.96) 1 0.491 1

1.76 (RPD=0.00) 1 0.479 1 0.056 1 0.134 1 0.134 (RPD=0.00) 1 0.180 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

247 (RPD=0.00) 1 205 1 43.4 1 116 1 116 (RPD=0.00) 1 106 1

0.066 (RPD=1.50) 1 0.057 1 0.007 1 0.048 1 0.048 (RPD=0.00) 1 0.019 1

0.008 (RPD=0.00) 1 0.006 1 ND 1 0.007 1 0.006 (RPD=15.38) 1 BQL(0.002) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

430 (RPD=0.70) 1 383 1 55.9 1 327 1 326 (RPD=0.31) 1 139 1

205 (RPD=0.49) 1 6.87 1 6.81 1 2.88 1 2.72 (RPD=5.71) 1 2.17 1

83.0 (RPD=0.48) 1 96.1 1 10.6 1 25.4 1 25.3 (RPD=0.39) 1 16.8 1

1.31 (RPD=0.00) 1 1.09 1 0.229 1 1.09 1 1.09 (RPD=0.00) 1 0.828 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

671 (RPD=1.35) 1 251 1 67.1 1 117 1 116 (RPD=0.86) 1 123 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

0.054 (RPD=1.87) 1 0.049 1 0.015 1 0.041 1 0.042 (RPD=2.41) 1 0.025 1

BQL(0.005) (RPD=NA) 1 BQL(0.006) 1 BQL(0.008) 1 BQL(0.003) 1 BQL(0.007) (RPD=NA) 1 0.011 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

5.18 (RPD=0.00) 1 3.09 1 0.382 1 0.979 1 0.977 (RPD=0.20) 1 0.839 1

0.068 (RPD=14.97) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.002) 1 ND (RPD=NA) 1 0.018 1

ND (RPD=NA) 1 ND 1 BQL(0.011) 1 ND 1 ND (RPD=NA) 1 BQL(0.016) 1

0.012 (RPD=8.70) 1 BQL(0.006) 1 BQL(0.002) 1 BQL(0.006) 1 BQL(0.007) (RPD=NA) 1 BQL(0.006) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

9.85 (RPD=5.43) 1 5.28 1 13.5 1 11.4 1 11.4 (RPD=0.00) 1 16.3 1

ND (RPD=NA) 1 ND 1 3.24 1 ND 1 ND (RPD=NA) 1 ND 1

0.168 (RPD=6.34) 1 0.254 1 0.683 1 0.470 1 0.461 (RPD=1.93) 1 0.697 1

BQL(0.015) (RPD=NA) 1 BQL(0.011) 1 ND 1 ND 1 BQL(0.010) (RPD=NA) 1 ND 1

3703-193703-15 Lab Dup.* 3703-16 3703-17

1/21/07

3703-18

Sample Results (1, 2)

ML 3-2 ML 3-3 ML 3-4 ML 3-6 ML 3-6 ML 3-7

3703-18 Lab Dup.

1/21/07 1/21/07 1/21/07

1/31/07 1/31/07 1/31/07 1/31/07

Data DF Data DFData DF Data DF

1/31/07 1/31/07

1/21/07 1/22/07

Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.099) 1 ND (RPD=NA) 1 ND 1 BQL(0.100) (RPD=NA) 1 BQL(0.108) 1 BQL(0.095) 1

0.027 1 BQL(0.019) (RPD=NA) 1 0.021 1 BQL(0.018) (RPD=NA) 1 BQL(0.006) 1 ND 1

ND 1 BQL(0.019) (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.653 1 0.658 (RPD=0.76) 1 0.166 1 0.169 (RPD=1.52) 1 0.025 1 0.237 1

ND 1 ND (RPD=NA) 1 ND 1 BQL(0.001) (RPD=NA) 1 0.008 1 ND 1

126 1 126 (RPD=0.00) 1 51.1 1 51.3 (RPD=0.39) 1 30.8 1 61.4 1

0.018 1 0.018 (RPD=0.00) 1 ND 1 ND (RPD=NA) 1 0.004 1 0.015 1

ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 0.005 1 ND 1

ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 BQL(0.016) 1 ND 1

143 1 142 (RPD=0.70) 1 11.8 1 12.1 (RPD=2.51) 1 4.15 1 123 1

10.1 1 9.98 (RPD=1.20) 1 1.28 1 1.12 (RPD=13.33) 1 1.04 1 5.59 1

40.2 1 40.1 (RPD=0.25) 1 11.5 1 11.4 (RPD=0.87) 1 5.94 1 30.9 1

0.815 1 0.806 (RPD=1.11) 1 0.265 1 0.269 (RPD=1.50) 1 0.164 1 0.322 1

ND 1 ND (RPD=NA) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 0.010 1 ND 1

298 1 301 (RPD=1.00) 1 76.4 1 77.4 (RPD=1.30) 1 100 1 206 1

ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.018 1 0.020 (RPD=10.53) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 0.014 1 0.015 1

BQL(0.010) 1 0.011 (RPD=NA) 1 0.013 1 0.017 (RPD=26.67) 1 0.030 1 BQL(0.008) 1

ND 1 ND (RPD=NA) 1 BQL(0.005) 1 0.019 (RPD=NA) 1 0.017 1 ND 1

1.80 1 1.82 (RPD=1.10) 1 0.692 1 0.699 (RPD=1.01) 1 0.285 1 0.482 1

ND 1 ND (RPD=NA) 1 BQL(0.001) 1 BQL(0.001) (RPD=NA) 1 0.012 1 BQL(0.002) 1

0.026 1 0.025 (RPD=3.92) 1 0.021 1 BQL(0.014) (RPD=NA) 1 BQL(0.018) 1 BQL(0.011) 1

ND 1 BQL(0.003) (RPD=NA) 1 BQL(0.005) 1 BQL(0.003) (RPD=NA) 1 BQL(0.007) 1 BQL(0.005) 1

ND 1 ND (RPD=NA) 1 BQL(0.007) 1 BQL(0.009) (RPD=NA) 1 BQL(0.016) 1 ND 1

7.28 1 7.12 (RPD=2.22) 1 11.6 1 11.8 (RPD=1.71) 1 14.7 1 6.71 1

ND 1 ND (RPD=NA) 1 5.08 1 5.23 (RPD=2.91) 1 9.70 1 ND 1

0.140 1 0.139 (RPD=0.72) 1 0.404 1 0.429 (RPD=6.00) 1 0.642 1 0.147 1

ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

1/23/07

3712-02 Lab Dup.*

Sample Results (1, 2)

ML 4-2 ML 4-2 ML 4-4 ML 4-4 ML 4-6 ML 5-2

3712-033712-01 3712-01 Lab Dup. 3712-02

1/22/07 1/22/07 1/23/07

2/11/07 2/11/07 2/11/07 2/11/07

Data DF Data DFData DF Data DF Data DF Data DF

2/11/07 2/11/07

1/23/07 1/23/07

3712-04



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.176 1 12.3 1 12.3 (RPD=0.00) 1 BQL(0.111) 1 ND 1 0.251 1

BQL(0.006) 1 BQL(0.018) 1 0.026 (RPD=NA) 1 BQL(0.013) 1 BQL(0.018) 1 BQL(0.015) 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.055 1 0.080 1 0.082 (RPD=2.47) 1 0.055 1 0.125 1 0.078 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.004) 1 ND 1

44.7 1 53.3 1 53.3 (RPD=0.00) 1 44.5 1 74.6 1 38.5 1

ND 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 ND 1 0.006 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 0.013 1 0.014 (RPD=7.41) 1 ND 1 BQL(0.002) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.006) 1 ND 1

8.00 1 30.0 1 30.0 (RPD=0.00) 1 7.99 1 36.4 1 6.97 1

1.29 1 2.23 1 2.08 (RPD=6.96) 1 1.08 1 6.59 1 1.89 1

15.2 1 11.2 1 11.3 (RPD=0.89) 1 15.2 1 30.3 1 7.26 1

0.113 1 0.345 1 0.345 (RPD=0.00) 1 0.113 1 0.453 1 0.186 1

BQL(0.004) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 BQL(0.003) 1 0.006 1 BQL(0.002) 1

101 1 124 1 123 (RPD=0.81) 1 99.8 1 173 1 116 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.009 1 0.011 1 0.011 (RPD=0.00) 1 BQL(0.004) 1 0.010 1 BQL(0.005) 1

0.012 1 BQL(0.007) 1 0.012 (RPD=NA) 1 0.012 1 0.025 1 0.016 1

BQL(0.011) 1 ND 1 ND (RPD=NA) 1 BQL(0.008) 1 0.014 1 BQL(0.005) 1

0.285 1 0.522 1 0.517 (RPD=0.96) 1 0.285 1 0.499 1 0.451 1

BQL(0.003) 1 0.321 1 0.324 (RPD=0.93) 1 BQL(0.002) 1 0.005 1 0.005 1

0.027 1 0.020 1 BQL(0.014) (RPD=NA) 1 BQL(0.012) 1 0.025 1 BQL(0.018) 1

BQL(0.002) 1 0.023 1 0.024 (RPD=4.26) 1 BQL(0.004) 1 0.008 1 BQL(0.003) 1

ND 1 BQL(0.016) 1 BQL(0.013) (RPD=NA) 1 BQL(0.009) 1 ND 1 BQL(0.007) 1

16.3 1 32.8 1 32.8 (RPD=0.00) 1 16.3 1 9.35 1 15.1 1

ND 1 2.27 1 2.23 (RPD=1.78) 1 ND 1 1.02 1 0.945 1

0.762 1 0.528 1 0.512 (RPD=3.08) 1 0.736 1 0.055 1 0.386 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

3712-09

1/23/07

3712-07

Sample Results (1, 2)

ML 5-4 ML 5-6 ML 5-6 DUPLICATE 2 ML 6-2 ML 6-4

3712-083712-05 3712-06 3712-06 Lab Dup.

1/23/07 1/23/07 1/23/07

2/11/07 2/11/07 2/11/07 2/11/07

Data DF Data DFData DF Data DF Data DF Data DF

2/11/07 2/11/07

1/23/07 1/24/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

3.22 1 8.01 1 9.51 (RPD=17.12) 1 0.449 1 0.312 1 0.196 1

BQL(0.018) 1 BQL(0.015) 1 0.035 (RPD=NA) 1 0.048 1 ND 1 0.027 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.047 1 0.476 1 0.476 (RPD=0.00) 1 0.121 1 0.042 1 0.094 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

46.0 1 124 1 124 (RPD=0.00) 1 35.8 1 48.0 1 49.7 1

BQL(0.003) 1 0.050 1 0.049 (RPD=2.02) 1 0.008 1 BQL(0.002) 1 BQL(0.002) 1

ND 1 0.007 1 0.007 (RPD=0.00) 1 ND 1 ND 1 ND 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

26.2 1 372 1 369 (RPD=0.81) 1 64.6 1 21.3 1 15.3 1

3.24 1 5.11 1 5.37 (RPD=4.96) 1 1.63 1 1.73 1 1.42 1

9.53 1 54.8 1 55.3 (RPD=0.91) 1 20.6 1 8.09 1 9.52 1

0.266 1 1.10 1 1.11 (RPD=0.90) 1 0.201 1 0.287 1 0.236 1

BQL(0.003) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1 BQL(0.002) 1

105 1 226 1 223 (RPD=1.34) 1 315 1 103 1 97.4 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.009 1 0.042 1 0.040 (RPD=4.88) 1 BQL(0.007) 1 ND 1 BQL(0.006) 1

BQL(0.007) 1 BQL(0.004) 1 BQL(0.006) (RPD=NA) 1 0.015 1 0.011 1 BQL(0.004) 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.007) 1 ND 1

0.382 1 1.26 1 1.25 (RPD=0.80) 1 0.483 1 0.485 1 0.529 1

0.079 1 0.147 1 0.166 (RPD=12.14) 1 0.010 1 0.007 1 BQL(0.003) 1

BQL(0.017) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.019) 1 0.023 1

BQL(0.005) 1 0.027 1 0.034 (RPD=22.95) 1 0.013 1 BQL(0.003) 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

20.9 1 26.6 1 28.4 (RPD=6.55) 1 11.4 1 18.0 1 18.5 1

1.42 1 ND 1 ND (RPD=NA) 1 3.70 1 0.478 1 ND 1

0.145 1 0.360 1 0.373 (RPD=3.55) 1 0.082 1 0.140 1 0.650 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

3712-13 3712-14

Sample Results (1, 2)

ML 6-6 ML 7-2 ML 7-2 ML 7-3 ML 7-4 ML 7-5

1/24/07 1/25/07

3712-10 3712-11 3712-11 Lab Dup.*

1/24/07 1/24/07 1/24/07 1/24/07

3712-12

2/11/07 2/11/07 2/11/07 2/11/07 2/11/07 2/11/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Metals 2/19/07

3ME382HW

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1

BQL(0.056) 1 ND 1 ND 1

BQL(0.013) 1 BQL(0.009) 1 BQL(0.011) 1

BQL(0.018) 1 BQL(0.021) 1 ND 1

0.035 1 0.133 1 0.147 1

ND 1 ND 1 ND 1

51.3 1 44.1 1 44.4 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

13.0 1 1.35 1 8.32 1

1.64 1 1.82 1 1.63 1

5.75 1 4.83 1 4.80 1

0.277 1 0.286 1 0.288 1

BQL(0.003) 1 BQL(0.002) 1 BQL(0.001) 1

196 1 193 1 196 1

ND 1 ND 1 ND 1

BQL(0.005) 1 BQL(0.003) 1 BQL(0.003) 1

BQL(0.007) 1 BQL(0.011) 1 BQL(0.006) 1

BQL(0.006) 1 BQL(0.011) 1 0.014 1

0.717 1 0.608 1 0.617 1

ND 1 ND 1 ND 1

0.026 1 0.021 1 0.021 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

18.0 1 16.4 1 16.9 1

BQL(0.145) 1 BQL(0.299) 1 0.508 1

0.297 1 BQL(0.015) 1 0.107 1

ND 1 ND 1 ND 1

Sample Results (1, 2)

ML 7-6 ML 7-7 DUPLICATE 3

1/25/07 1/25/07 1/25/07

3712-15 3712-16 3712-17

2/11/07 2/11/07 2/11/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  8

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 ND 5 33.8 5 3.17 5 3.22 (RPD=1.56) 5 3.83 5 3.62 (RPD=5.64) 5

7440-47-3 μg/L 0.094 0.352 ND 5 4.28 5 4.27 5 4.54 (RPD=6.13) 5 1.68 5 1.70 (RPD=1.18) 5

7440-50-8 μg/L 0.034 0.115 1.83 5 1.70 5 2.14 5 2.10 (RPD=1.89) 5 1.81 5 2.06 RPD=12.92) 5

7439-89-6 μg/L 0.251 0.836 ND 5 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.020 0.067 0.330 5 0.332 5 BQL(0.289) 5 BQL(0.230) (RPD=NA) 5 0.347 5 0.309 (RPD=11.59) 5

7782-49-2 μg/L 0.203 0.677 ND 5 10.3 5 35.4 5 38.0 (RPD=7.08) 5 10.1 5 9.06 (RPD=10.86) 5

7440-61-1 μg/L 0.002 0.008 ND 5 BQL(0.022) 5 BQL(0.022) 5 BQL(0.022) (RPD=NA) 5 BQL(0.026) 5 BQL(0.022) (RPD=NA) 5

7440-62-2 μg/L 0.123 0.411 2.02 5 9.49 5 6.17 5 6.44 (RPD=4.28) 5 4.94 5 4.69 (RPD=5.19) 5

7439-97-6 μg/L 0.033 0.111 ND 5 ND 5 ND 5 ND (RPD=NA) 5 ND 5 ND (RPD=NA) 5

Comments:

Notes:

Iron (Fe)

PMW-6

3703-04 Lab Dup.*

1/19/07

1/30 & 1/31/07

1/19/07

1/30 & 1/31/07

3ME382HW Sample Results (1, 2)

PMW-5 PMW-6

3703-04

1/19/07

1/30 & 1/31/07

PMW-5

3703-03 Lab Dup.

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

DF

Selenium (Se)

Copper (Cu)

1/30 & 1/31/07

DataQL DataDataUnit DF

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF Data

1/19/07

3703-01

1/19/07

3703-03

DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

FIELD BLANK PMW-3

3703-02

1/19/07

1/30 & 1/31/07

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

1/30 & 1/31/07

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  2  of  8

6.62 5 3.46 5 2.52 5 2.50 (RPD=0.80) 5 4.99 5 2.78 5

2.03 5 2.76 5 ND 5 ND (RPD=NA) 5 3.49 5 BQL(1.37) 5

1.71 5 1.26 5 2.03 5 2.03 (RPD=0.00) 5 2.26 5 2.30 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.308) 5 BQL(0.157) 5 BQL(0.280) 5 BQL(0.266) (RPD=NA) 5 0.364 5 BQL(0.224) 5

5.93 5 8.73 5 9.58 5 9.19 (RPD=4.16) 5 10.1 5 7.71 5

0.179 5 BQL(0.020) 5 0.077 5 0.066 (RPD=15.38) 5 0.069 5 0.639 5

4.33 5 4.86 5 6.33 5 7.16 (RPD=12.31) 5 4.97 5 10.2 5

ND 5 ND 5 ND 5 ND (RPD=NA) 5 ND 5 ND 5

3703-08

1/20/07

1/30 & 1/31/07

3703-09

1/20/07

1/30 & 1/31/071/30 & 1/31/07 1/30 & 1/31/07

3703-07 Lab Dup.

1/20/07

3703-07

1/19/07 1/19/07 1/20/07

1/30 & 1/31/07 1/30 & 1/31/07

Data DF Data DFData DF Data DFData DFDF

Sample Results (1, 2)

PMW-1 DUPLICATE 1 ML 1-2 ML 1-2 ML 1-6ML 1-4

3703-05 3703-06

Data



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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2.91 5 11.2 5 5.13 5 2.66 5 3.98 5 3.92 (RPD=1.52) 5

2.46 5 9.87 5 BQL(1.43) 5 7.36 5 3.24 5 3.38 (RPD=4.23) 5

2.24 5 3.64 5 1.78 5 2.57 5 2.64 5 2.59 (RPD=1.91) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.354 5 BQL(0.296) 5 BQL(0.190) 5 1.08 5 1.50 5 1.49 (RPD=0.67) 5

11.0 5 10.0 5 12.1 5 5.34 5 10.8 5 11.1 (RPD=2.74) 5

0.055 5 0.067 5 0.285 5 0.533 5 1.70 5 1.68 (RPD=1.18) 5

8.95 5 6.88 5 6.29 5 5.10 5 8.24 5 8.43 (RPD=2.28) 5

ND 5 ND 5 ND 5 ND 5 ND 5 ND (RPD=NA) 5

1/30 & 1/31/07 1/30 & 1/31/07

3703-14 3703-14 Lab Dup.

1/21/07 1/21/071/21/07

3703-13

1/30 & 1/31/071/30 & 1/31/07

Data DFData DF Data DFData DF

1/30 & 1/31/07 1/30 & 1/31/07

Data DF Data DF

3703-10 3703-11 3703-12

1/20/07 1/20/07 1/21/07

Sample Results (1, 2)

ML 2-2 ML 2-3 ML 2-4 ML 2-6 ML 2-6ML 2-5



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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6.83 5 6.80 (RPD=0.44) 5 10.9 5 1.95 5 0.825 5 1.13 5

21.4 5 20.4 (RPD=4.78) 5 10.5 5 2.96 5 8.07 5 6.26 5

4.32 5 4.13 (RPD=4.50) 5 3.21 5 1.84 5 1.73 5 2.20 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.42 5 1.32 (RPD=7.30) 5 0.335 5 BQL(0.258) 5 BQL(0.298) 5 0.431 5

42.6 5 44.4 (RPD=4.14) 5 20.1 5 24.1 5 28.9 5 18.6 5

0.144 5 0.136 (RPD=5.71) 5 BQL(0.014) 5 BQL(0.025) 5 BQL(0.022) 5 0.104 5

16.6 5 13.1 (RPD=23.57) 5 9.55 5 5.62 5 8.67 5 7.33 5

ND 5 ND (RPD=NA) 5 ND 5 ND 5 ND 5 ND 5

Data DF Data DF

1/21/07 1/22/07

1/30 & 1/31/07 1/30 & 1/31/07

Data DF Data DFData DF Data DF

1/30 & 1/31/07 1/30 & 1/31/07 1/30 & 1/31/07 1/30 & 1/31/07

1/21/07 1/21/07 1/21/07 1/21/07

3703-16 3703-17 3703-18 3703-19

Sample Results (1, 2)

ML 3-2 ML 3-2 ML 3-3 ML 3-4 ML 3-6 ML 3-7

3703-15 3703-15 Lab Dup.*



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL
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7.30 5 7.18 (RPD=1.66) 5 14.2 5 14.9 (RPD=4.81) 5 2.43 5 8.29 5

7.62 5 7.28 (RPD=4.56) 5 2.14 5 2.31 (RPD=7.64) 5 2.09 5 4.87 5

1.35 5 1.32 (RPD=2.25) 5 0.732 5 0.957 (RPD=26.64) 5 0.579 5 0.840 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.216) 5 BQL(0.211) (RPD=NA) 5 BQL(0.195) 5 BQL(0.249) (RPD=NA) 5 BQL(0.180) 5 BQL(0.186) 5

20.7 5 22.2 (RPD=6.99) 5 8.60 5 9.65 (RPD=11.51) 5 9.45 5 10.4 5

BQL(0.030) 5 BQL(0.028) (RPD=NA) 5 0.041 5 0.043 (RPD=4.76) 5 BQL(0.021) 5 BQL(0.019) 5

8.50 5 8.70 (RPD=2.33) 5 3.34 5 6.80 (RPD=68.24) 5 3.58 5 3.10 5

ND 5 ND (RPD=NA) 5 ND 5 ND (RPD=NA) 5 ND 5 ND 5

Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

1/23/07 1/23/07

3712-04

Data DF Data DF Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

3712-01 3712-01 Lab Dup. 3712-02

1/22/07 1/22/07 1/23/07 1/23/07

3712-02 Lab Dup.*

Sample Results (1, 2)

ML 4-2 ML 4-2 ML 4-4 ML 4-4 ML 4-6 ML 5-2

3712-03



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  6  of  8

1.90 5 4.54 5 1.94 5 3.22 5 1.13 5 1.12 (RPD=0.89) 5

4.24 5 20.0 5 4.53 5 4.17 5 2.58 5 2.81 (RPD=8.53) 5

1.07 5 4.44 5 0.612 5 0.814 5 0.780 5 0.753 (RPD=3.52) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.247) 5 4.84 5 BQL(0.139) 5 BQL(0.165) 5 BQL(0.194) 5 BQL(0.212) (RPD=NA) 5

11.2 5 10.1 5 11.0 5 9.40 5 13.2 5 14.0 (RPD=5.88) 5

BQL(0.020) 5 1.27 5 BQL(0.019) 5 ND 5 0.118 5 0.122 (RPD=3.33) 5

3.40 5 16.2 5 2.42 5 BQL(1.17) 5 BQL(1.53) 5 BQL(1.56) (RPD=NA) 5

ND 5 ND 5 ND 5 ND 5 ND 5 ND (RPD=NA) 5

Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

1/24/07 1/24/07

Data DF Data DF Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

3712-05 3712-06 3712-07

1/23/07 1/23/07 1/23/07 1/23/07

3712-08

Sample Results (1, 2)

ML 5-4 ML 5-6 DUPLICATE 2 ML 6-2 ML 6-4 ML 6-4

3712-09 3712-09 Lab Dup.



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  7  of  8

3.93 5 8.10 5 8.50 (RPD=4.82) 5 47.3 5 0.915 5 0.958 5

6.14 5 24.9 5 27.8 (RPD=11.01) 5 4.99 5 2.36 5 4.51 5

2.03 5 4.11 5 4.24 (RPD=3.11) 5 0.647 5 0.652 5 0.882 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.39 5 3.89 5 4.37 (RPD=11.62) 5 BQL(0.290) 5 BQL(0.256) 5 BQL(0.201) 5

9.70 5 12.1 5 11.6 (RPD=4.22) 5 11.4 5 12.4 5 17.2 5

0.258 5 0.901 5 0.964 (RPD=6.76) 5 0.101 5 BQL(0.026) 5 BQL(0.024) 5

5.60 5 15.8 5 16.9 (RPD=6.73) 5 ND 5 5.25 5 BQL(1.88) 5

ND 5 ND 5 ND (RPD=NA) 5 ND 5 ND 5 ND 5

Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

Data DF Data DF Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

1/24/07 1/25/07

3712-10 3712-11 3712-11 Lab Dup.*

1/24/07 1/24/07 1/24/07 1/24/07

3712-12

Sample Results (1, 2)

ML 6-6 ML 7-2 ML  7-2 ML 7-3 ML 7-4 ML 7-5

3712-13 3712-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Iron (Fe)

3ME382HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

Selenium (Se)

Copper (Cu)

QLUnit

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

S. Markham/S. Saye

RSKSOP 257(1)

Lead (Pb)

Some elements had duplicate RPD values above 20% for the digested duplicates.  Notified the 
originator and we both agreed that without access to a clean room low RPD's would be difficult to 
obtain on low level digested samples.  He requested the data be reported and a comment be added to 
the report.  Field sample digestates were diluted by a factor of five to match the acid concentration of 
the calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The 
MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
257(1). * = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

Page  8  of  8

0.956 5 0.950 5 1.38 5

2.37 5 1.85 5 1.79 5

BQL(0.252) 5 BQL(0.298) 5 BQL(0.278) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.114) 5 BQL(0.114) 5 BQL(0.146) 5

14.0 5 12.0 5 13.2 5

0.048 5 ND 5 BQL(0.012) 5

ND 5 ND 5 ND 5

ND 5 ND 5 ND 5

Data DF Data DFData DF Data DF Data DF Data DF

2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07 2/6, 2/8 & 2/9/07

1/25/07 1/25/07 1/25/07

3712-15 3712-16 3712-17

Sample Results (1, 2)

ML 7-6 ML 7-7 DUPLICATE 3



Laboratory: Report Date: Page  1  of  7

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 BQL(0.035) 1 56.2 1 4.15 1 5.03 1 4.84 (RPD=3.85) 1 9.23 1

7440-47-3 μg/L 0.085 0.317 BQL(0.199) 1 0.537 1 0.536 1 0.407 1 0.401 (RPD=1.49) 1 0.580 1

7440-50-8 μg/L 0.031 0.104 BQL(0.070) 1 0.358 1 0.535 1 0.526 1 0.462 (RPD=12.96) 1 0.716 1

7439-89-6 μg/L 0.226 0.753 ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.018 0.060 ND 1 ND 1 BQL(0.018) 1 ND 1 ND (RPD=NA) 1 ND 1

7782-49-2 μg/L 0.183 0.610 ND 1 8.84 1 7.74 1 6.02 1 5.94 (RPD=1.34) 1 4.18 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.022 1 0.014 1 0.015 1 0.015 (RPD=0.00) 1 0.095 1

7440-62-2 μg/L 0.111 0.370 0.409 1 1.79 1 2.21 1 0.656 1 0.615 (RPD=6.45) 1 1.79 1

7439-97-6 μg/L 0.030 0.100 ND 1 BQL(0.039) 1 ND 1 BQL(0.064) 1 BQL(0.062) (RPD=NA) 1 BQL(0.042) 1

Comments:

Notes:

1/24, 1/25 & 1/30/07 1/24 & 1/25/07

1/19/07

3704-03

1/24 & 1/25/07 1/24 & 1/25/07

3704-05

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data DFMDL Data DF Data DF DataQLUnit
Analytes

Names 

RSKSOP 257(1)

3704-02

1/19/07 1/19/07

3704-01

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

3704-04

1/19/07

Steve Markham FIELD BLANK

3ME383HW Sample Results (1, 2)

PMW-5

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals 

PMW-1PMW-6PMW-3

1/19/07

1/24 & 1/25/07

PMW-6

1/24 & 1/25/07

3704-04 Lab Dup.

1/19/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals Page  2  of  7

5.26 1 3.85 1 8.52 1 4.68 1 7.46 1 21.6 1

0.391 1 BQL(0.182) 1 BQL(0.250) 1 BQL(0.149) 1 0.322 1 0.399 1

0.450 1 0.797 1 0.486 1 0.608 1 0.793 1 2.63 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 0.160 1 BQL(0.044) 1 ND 1 ND 1 ND 1

6.02 1 6.65 1 7.93 1 5.63 1 7.28 1 6.45 1

0.016 1 0.050 1 0.054 1 0.739 1 0.014 1 ND 1

0.921 1 1.19 1 3.87 1 7.28 1 1.72 1 3.56 1

BQL(0.051) 1 ND 1 BQL(0.051) 1 BQL(0.056) 1 BQL(0.047) 1 ND 1

3704-11

1/20/07

1/24 & 1/25/07

3704-10

1/20/07

1/24 & 1/25/07

ML 1-6

1/19/07 1/20/07 1/20/07 1/20/07

3704-09

Sample Results (1, 2)

Duplicate 1 ML 1-2 ML 1-4 ML 2-3ML 2-2

DFDF Data DF DataDF

3704-06 3704-07 3704-08

Data

1/24 & 1/25/07 1/24 & 1/25/07 1/24 & 1/25/07

Data DF DF DataData

1/24 & 1/25/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals Page  3  of  7

11.6 1 12.0 (RPD=3.39) 1 4.34 1 5.28 1 8.19 1 16.1 1

0.482 1 0.468 (RPD=2.95) 1 0.329 1 BQL(0.215) 1 BQL(0.194) 1 ND 1

0.378 1 0.365 (RPD=3.50) 1 0.424 1 0.286 1 2.71 1 2.34 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.052) 1 BQL(0.045) (RPD=NA) 1 BQL(0.044) 1 ND 1 BQL(0.046) 1 ND 1

8.55 1 8.34 (RPD=2.49) 1 6.84 1 6.56 1 32.4 1 11.8 1

0.185 1 0.185 (RPD=0.00) 1 0.299 1 1.30 1 ND 1 ND 1

0.590 1 0.594 (RPD=0.68) 1 0.938 1 1.81 1 5.01 1 3.66 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DFData DF Data DFData DF Data DF

1/24 & 1/25/07 1/24 & 1/25/07 1/24 & 1/25/07 1/24 & 1/25/07

3704-12 3704-12 Lab Dup.

1/24 & 1/25/07 1/24 & 1/25/07

3704-15 3704-16

1/21/07 1/21/07 1/21/07 1/21/07 1/21/07 1/21/07

Sample Results (1, 2)

ML 2-4 ML 2-4 ML 2-5 ML 2-6 ML 3-2 ML 3-3

3704-13 3704-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals Page  4  of  7

3.38 1 1.57 1 1.71 1 8.02 1 22.2 1 4.37 1

BQL(0.302) 1 ND 1 ND 1 BQL(0.315) 1 BQL(0.199) 1 BQL(0.209) 1

0.314 1 0.868 1 0.725 1 1.05 1 0.374 1 0.154 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

11.0 1 15.9 1 10.8 1 10.9 1 8.28 1 6.80 1

ND 1 ND 1 ND 1 0.033 1 0.034 1 0.019 1

0.487 1 2.32 1 1.03 1 2.86 1 1.64 1 1.13 1

ND 1 ND 1 ND 1 BQL(0.066) 1 ND 1 ND 1

3713-03

1/22/07

3713-01 3713-023704-17

Sample Results (1, 2)

ML 3-4 ML 3-6 ML 3-7 ML 4-2 ML 4-4 ML 4-6

3704-18 3704-19

1/21/07 1/21/07 1/22/07

1/24 & 1/25/07 1/24 & 1/25/07 1/24 & 1/25/07 1/29, 2/1 & 2/5/07

Data DF Data DFData DF Data DF Data DF Data DF

1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07

1/23/07 1/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals Page  5  of  7

4.40 (RPD=0.68) 1 8.67 1 2.83 1 1.82 1 2.88 1 4.66 1

BQL(0.236) (RPD=NA) 1 0.364 1 0.449 1 0.353 1 0.412 1 BQL(0.170) 1

0.146 (RPD=5.33) 1 0.520 1 0.263 1 0.501 1 0.281 1 0.591 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

6.94 (RPD=2.04) 1 8.70 1 8.52 1 8.33 1 8.56 1 9.17 1

0.019 (RPD=0.00) 1 0.012 1 BQL(0.006) 1 ND 1 0.007 1 0.010 1

1.23 (RPD=8.47) 1 1.39 1 0.527 1 3.34 1 0.537 1 10.0 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

3713-07 3713-08

Sample Results (1, 2)

ML 4-6 ML 5-2 ML 5-4 ML 5-6 Duplicate 2 ML 6-2

1/23/07 1/23/07

3713-03 Lab Dup. 3713-04 3713-05

1/23/07 1/23/07 1/23/07 1/23/07

3713-06

1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals Page  6  of  7

1.98 1 3.30 1 5.13 1 45.3 10 1.90 1 1.90 (RPD=0.00) 1

BQL(0.314) 1 BQL(0.221) 1 1.47 1 BQL(0.253) 1 0.343 1 0.357 (RPD=4.00) 1

0.180 1 0.214 1 1.02 1 0.297 1 0.194 1 0.193 (RPD=0.52) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 BQL(0.019) 1 ND 1 ND (RPD=NA) 1

8.47 1 7.98 1 11.3 1 10.5 1 7.79 1 7.86 (RPD=0.89) 1

0.074 1 BQL(0.005) 1 0.080 1 0.080 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1

0.394 1 0.536 1 5.97 1 1.44 1 BQL(0.306) 1 BQL(0.290) (RPD=NA) 1

ND 1 ND 1 BQL(0.031) 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DF

1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07

1/24/07 1/24/07

Data DF Data DF Data DF Data DF

1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07

3713-09 3713-10 3713-11

1/24/07 1/24/07 1/24/07 1/24/07

3713-12

Sample Results (1, 2)

ML 6-4 ML 6-6 ML 7-2 ML 7-3 ML 7-4 ML 7-4

3713-13 3713-13 Lab Dup.



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium and selenium were analyzed by the Collision Cell Technology (CCT) to help reduce 
interferences caused by polyatomic species. The MDL's and QL's reported represent those completed 
in June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Steve Markham

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/19/07Metals Page  7  of  7

1.75 1 1.75 1 2.29 1 2.36 1

0.376 1 BQL(0.258) 1 BQL(0.196) 1 BQL(0.168) 1

0.259 1 0.191 1 0.197 1 0.187 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1

7.60 1 7.51 1 7.38 1 7.24 1

0.020 1 0.039 1 0.009 1 0.010 1

2.07 1 0.412 1 BQL(0.158) 1 BQL(0.253) 1

ND 1 ND 1 ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07 1/29, 2/1 & 2/5/07

3713-14 3713-15 3713-16

1/25/07 1/25/07 1/25/07 1/25/07

3713-17

Sample Results (1, 2)

ML 7-5 ML 7-6 ML 7-7 Duplicate 3



Laboratory: Report Date: Page  1  of  7

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.036 0.120 ND 1 BQL(0.038) 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.005 0.017 ND 1 0.067 1 0.067 (RPD=0.00) 1 0.018 1 0.025 1 0.028 1

7440-42-8 mg/L 0.013 0.044 ND 1 0.290 1 0.291 (RPD=0.34) 1 0.403 1 0.192 1 0.337 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.058 1 0.059 (RPD=1.71) 1 0.084 1 0.037 1 0.102 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.024 0.080 ND 1 33.9 1 34.0 (RPD=0.29) 1 54.8 1 48.4 1 64.3 1

7440-43-9 mg/L 0.001 0.004 ND 1 0.004 1 BQL(0.004) (RPD=NA) 1 0.011 1 BQL(0.003) 1 0.013 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.002) 1 ND 1 BQL(0.001) 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.005 0.017 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 ND 1 26.7 1 26.8 (RPD=0.37) 1 72.0 1 17.9 1 87.9 1

7440-09-7 mg/L 0.055 0.184 ND 1 2.47 1 2.47 (RPD=0.00) 1 3.53 1 3.38 1 2.92 1

7439-95-4 mg/L 0.024 0.080 ND 1 12.1 1 12.3 (RPD=1.64) 1 13.5 1 6.55 1 8.83 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.154 1 0.155 (RPD=0.65) 1 0.268 1 0.198 1 0.345 1

7439-98-7 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 ND 1 BQL(0.003) 1 ND 1

7440-23-5 mg/L 0.042 0.140 BQL(0.092) 1 76.1 1 77.0 (RPD=1.18) 1 61.7 1 61.3 1 38.6 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 ND 1 BQL(0.003) 1 ND (RPD=NA) 1 0.009 1 ND 1 0.009 1

7440-36-0 mg/L 0.003 0.010 ND 1 BQL(0.006) 1 BQL(0.007) (RPD=NA) 1 BQL(0.009) 1 BQL(0.009) 1 BQL(0.006) 1

7782-49-2 mg/L 0.003 0.010 ND 1 0.018 1 0.017 (RPD=5.71) 1 ND 1 0.019 1 ND 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.188 1 0.191 (RPD=1.58) 1 0.275 1 0.201 1 0.266 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 BQL(0.010) 1 BQL(0.012) (RPD=NA) 1 BQL(0.012) 1 BQL(0.015) 1 BQL(0.011) 1

7440-62-2 mg/L 0.002 0.007 ND 1 BQL(0.003) 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.003) 1

7440-66-6 mg/L 0.006 0.020 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.008) 1 ND 1

7440-21-3 mg/L 0.044 0.147 BQL(0.074) 1 17.1 1 17.2 (RPD=0.58) 1 22.6 1 14.3 1 5.80 1

7704-34-9 mg/L 0.092 0.307 ND 1 53.7 1 54.6 (RPD=1.66) 1 11.1 1 9.49 1 3.27 1

7723-14-0 mg/L 0.011 0.037 BQL(0.026) 1 1.35 1 1.35 (RPD=0.00) 1 1.12 1 1.07 1 0.207 1

7440-61-1 mg/L 0.007 0.024 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments: 

Notes:

PMW-6 PMW-1FIELD BLANK PMW-3 PMW-3 PMW-5

1/24/07 1/24/071/24/07 1/24/07 1/24/07 1/24/07

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3704-01 3704-02 3704-02 Lab Dup. 3704-03

Aluminum (Al)

Arsenic (As)

3704-04 3704-05

Metals 2/11/07

3ME383HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

1/19/07 1/19/07 1/19/07 1/19/07 1/19/07 1/19/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 2/11/07

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  2  of  7

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.019 1 0.040 1 0.020 1 BQL(0.011) 1 0.022 1 0.020 (RPD=9.52) 1

0.193 1 0.290 1 0.217 1 0.182 1 0.617 1 0.617 (RPD=0.00) 1

0.035 1 0.214 1 0.046 1 0.033 1 0.199 1 0.198 (RPD=0.50) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

46.1 1 95.0 1 38.6 1 28.4 1 74.8 1 73.9 (RPD=1.21) 1

BQL(0.003) 1 0.009 1 BQL(0.001) 1 ND 1 0.024 1 0.024 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

17.3 1 59.7 1 8.91 1 0.148 1 160 1 158 (RPD=1.26) 1

3.25 1 4.90 1 1.73 1 1.43 1 1.41 1 1.39 (RPD=1.43) 1

6.25 1 17.0 1 8.42 1 5.96 1 39.2 1 38.6 (RPD=1.54) 1

0.189 1 0.738 1 0.197 1 0.095 1 0.636 1 0.634 (RPD=0.31) 1

BQL(0.003) 1 BQL(0.001) 1 BQL(0.002) 1 0.007 1 ND 1 ND (RPD=NA) 1

59.9 1 161 1 185 1 142 1 78.7 1 77.8 (RPD=1.15) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND 1 BQL(0.006) 1 ND 1 ND 1 0.016 1 0.014 (RPD=13.33) 1

BQL(0.007) 1 0.010 1 BQL(0.006) 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.007) (RPD=NA) 1

0.023 1 0.023 1 0.020 1 0.018 1 ND 1 ND (RPD=NA) 1

0.189 1 0.472 1 0.482 1 0.143 1 0.490 1 0.487 (RPD=0.61) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.015) 1 0.025 1 BQL(0.016) 1 BQL(0.016) 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 BQL(0.002) 1 0.020 1 BQL(0.005) 1 ND (RPD=NA) 1

BQL(0.008) 1 ND 1 BQL(0.009) 1 BQL(0.014) 1 ND 1 ND (RPD=NA) 1

14.4 1 6.13 1 12.5 1 17.0 1 10.5 1 10.4 (RPD=0.96) 1

9.86 1 88.2 1 33.3 1 35.6 1 0.514 1 0.615 (RPD=17.89) 1

1.12 1 0.047 1 0.627 1 0.083 1 0.061 1 0.060 (RPD=1.65) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ML 1-4 ML 1-6 ML 2-2 ML 2-2DUPLICATE 1 ML 1-2

1/24/07 1/24/07 1/24/07 1/24/071/24/07 1/24/07

DF Data DFDF Data DF DataDF Data DataData DF

3704-08 3704-093704-06 3704-07

Sample Results (1, 2)

1/19/07 1/20/07

3704-10 3704-10 Lab Dup.

1/20/07 1/20/07 1/20/07 1/20/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 2/11/07

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.025 1 0.034 1 0.026 1 0.021 1 0.018 1 0.021 1

0.967 1 0.257 1 0.170 1 0.175 1 1.44 1 1.20 1

1.11 1 0.064 1 0.022 1 0.019 1 1.72 1 0.465 1

ND 1 ND 1 ND 1 ND 1 BQL(0.001) 1 ND 1

271 1 43.8 1 24.2 1 23.4 1 241 1 200 1

0.041 1 BQL(0.002) 1 ND 1 ND 1 0.067 1 0.059 1

0.005 1 ND 1 ND 1 ND 1 0.008 1 0.007 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

268 1 12.6 1 1.95 1 0.670 1 419 1 366 1

4.23 1 1.50 1 0.984 1 1.24 1 205 1 7.15 1

80.7 1 10.9 1 3.37 1 4.23 1 82.1 1 95.8 1

1.64 1 0.195 1 0.099 1 0.091 1 1.28 1 1.08 1

ND 1 BQL(0.004) 1 BQL(0.003) 1 0.006 1 ND 1 ND 1

408 1 166 1 66.3 1 107 1 670 1 247 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.028 1 ND 1 ND 1 ND 1 0.045 1 0.040 1

BQL(0.006) 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.008) 1 ND 1 BQL(0.006) 1

ND 1 0.032 1 0.024 1 0.029 1 ND 1 ND 1

3.51 1 0.436 1 0.246 1 0.170 1 5.06 1 3.00 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.018 1 BQL(0.010) 1 BQL(0.009) 1 ND 1 ND 1

ND 1 ND 1 ND 1 0.014 1 ND 1 BQL(0.004) 1

ND 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.009) 1 ND 1 ND 1

11.2 1 17.3 1 15.6 1 16.4 1 5.71 1 5.36 1

BQL(0.287) 1 8.23 1 11.9 1 16.9 1 ND 1 ND 1

0.280 1 0.446 1 1.67 1 0.585 1 0.063 1 0.179 1

BQL(0.014) 1 ND 1 ND 1 ND 1 BQL(0.018) 1 BQL(0.012) 1

1/21/07 1/21/071/21/07 1/21/07

3704-15

1/21/07

3704-143704-11

1/24/07

Sample Results (1, 2)

ML 2-3 ML 2-4 ML 2-5 ML 2-6 ML 3-2 ML 3-3

3704-12 3704-13

1/20/07

Data DF

1/24/07 1/24/07 1/24/07

Data DFData DF Data DF Data DF Data DF

1/24/07 1/24/07

3704-16



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 2/11/07

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.056) 1 ND 1 BQL(0.039) 1 ND 1 BQL(0.036) 1 ND 1

BQL(0.017) 1 BQL(0.013) 1 0.030 1 0.032 1 0.053 1 0.026 1

0.321 1 1.10 1 0.526 1 0.782 1 0.211 1 0.184 1

0.066 1 0.134 1 0.177 1 0.623 1 0.171 1 0.031 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

43.6 1 115 1 104 1 124 1 50.7 1 30.8 1

0.009 1 0.049 1 0.020 1 0.024 1 BQL(0.003) 1 BQL(0.001) 1

BQL(0.001) 1 0.007 1 0.004 1 BQL(0.002) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

60.2 1 317 1 135 1 154 1 17.0 1 6.41 1

7.29 1 2.66 1 2.13 1 10.7 1 1.22 1 1.22 1

10.7 1 25.4 1 16.3 1 39.5 1 11.5 1 5.78 1

0.227 1 1.08 1 0.810 1 0.787 1 0.263 1 0.159 1

ND 1 ND 1 ND 1 ND 1 BQL(0.003) 1 BQL(0.003) 1

68.9 1 117 1 121 1 284 1 66.3 1 81.4 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.008 1 0.036 1 0.015 1 0.015 1 BQL(0.005) 1 ND 1

BQL(0.006) 1 BQL(0.008) 1 BQL(0.005) 1 BQL(0.005) 1 BQL(0.009) 1 BQL(0.007) 1

ND 1 ND 1 ND 1 ND 1 0.023 1 0.018 1

0.400 1 0.967 1 0.847 1 1.79 1 0.715 1 0.286 1

BQL(0.002) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.008) 1 ND 1 BQL(0.012) 1 BQL(0.013) 1 0.020 1 BQL(0.016) 1

ND 1 BQL(0.003) 1 ND 1 BQL(0.003) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 BQL(0.008) 1 BQL(0.007) 1

14.1 1 11.8 1 15.4 1 8.27 1 13.4 1 16.1 1

4.58 1 ND 1 ND 1 BQL(0.279) 1 6.20 1 10.7 1

1.32 1 0.526 1 0.753 1 0.081 1 0.765 1 1.21 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3713-03

1/22/07

3713-013704-17 3704-18 3704-19

Sample Results (1, 2)

ML 3-4 ML 3-6 ML 3-7 ML 4-2 ML 4-4 ML 4-6

1/21/07 1/21/07 1/22/07

1/24/07 1/24/07 1/24/07 1/30/07

Data DF Data DFData DF Data DF Data DF Data DF

1/30/07 1/30/07

1/23/07 1/23/07

3713-02



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 2/11/07

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  5  of  7

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.039 1 0.027 1 0.020 1 0.020 (RPD=0.00) 1 0.023 1 0.026 1

0.563 1 0.205 1 0.251 1 0.251 (RPD=0.00) 1 0.202 1 0.447 1

0.219 1 0.053 1 0.048 1 0.048 (RPD=0.00) 1 0.052 1 0.148 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

59.6 1 43.8 1 48.9 1 48.9 (RPD=0.00) 1 43.5 1 74.0 1

0.019 1 BQL(0.001) 1 BQL(0.004) 1 BQL(0.003) (RPD=NA) 1 BQL(0.001) 1 0.015 1

BQL(0.002) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.002) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

130 1 7.80 1 22.6 1 22.6 (RPD=0.00) 1 7.66 1 105 1

5.38 1 1.18 1 1.43 1 1.45 (RPD=1.39) 1 1.17 1 6.73 1

30.6 1 14.8 1 9.95 1 9.85 (RPD=1.01) 1 14.7 1 30.0 1

0.312 1 0.113 1 0.298 1 0.296 (RPD=0.67) 1 0.110 1 0.439 1

ND 1 BQL(0.003) 1 BQL(0.001) 1 BQL(0.001) (RPD=NA) 1 BQL(0.003) 1 ND 1

188 1 83.4 1 119 1 119 (RPD=0.00) 1 83.1 1 162 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.014 1 ND 1 ND 1 BQL(0.003) (RPD=NA) 1 ND 1 0.014 1

BQL(0.007) 1 BQL(0.007) 1 BQL(0.004) 1 BQL(0.007) (RPD=NA) 1 BQL(0.005) 1 BQL(0.009) 1

ND 1 0.020 1 BQL(0.010) 1 BQL(0.004) (RPD=NA) 1 0.015 1 ND 1

0.466 1 0.292 1 0.494 1 0.490 (RPD=0.81) 1 0.292 1 0.499 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 0.020 1 0.020 1 BQL(0.016) (RPD=NA) 1 0.018 1 BQL(0.008) 1

BQL(0.002) 1 ND 1 ND 1 BQL(0.002) (RPD=NA) 1 ND 1 ND 1

ND 1 BQL(0.008) 1 ND 1 BQL(0.006) (RPD=NA) 1 BQL(0.011) 1 ND 1

7.40 1 18.7 1 19.7 1 19.5 (RPD=1.02) 1 18.4 1 12.2 1

1.64 1 2.12 1 BQL(0.125) 1 BQL(0.100) (RPD=NA) 1 1.96 1 2.15 1

0.086 1 0.986 1 0.564 1 0.566 (RPD=0.35) 1 0.961 1 0.052 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

3713-08

1/23/07

3713-06 Lab Dup.

Sample Results (1, 2)

ML 5-2 ML 5-4 ML 5-6 ML 5-6 DUPLICATE 2 ML 6-2

3713-073713-04 3713-05 3713-06

1/23/07 1/23/07 1/23/07

1/30/07 1/30/07 1/30/07 1/30/07

Data DF Data DFData DF Data DF Data DF Data DF

1/30/07 1/30/07

1/23/07 1/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 2/11/07

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  6  of  7

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

0.024 1 0.022 1 0.024 1 0.025 (RPD=4.08) 1 0.093 1 0.025 1

0.221 1 0.253 1 1.27 1 1.28 (RPD=0.78) 1 0.389 1 0.262 1

0.076 1 0.039 1 0.433 1 0.433 (RPD=0.00) 1 0.114 1 0.042 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

37.7 1 45.1 1 122 1 123 (RPD=0.82) 1 34.4 1 47.3 1

BQL(0.002) 1 0.004 1 0.058 1 0.059 (RPD=1.71) 1 0.010 1 BQL(0.004) 1

ND 1 ND 1 0.006 1 0.006 (RPD=0.00) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

8.87 1 26.1 1 369 1 370 (RPD=0.27) 1 66.5 1 25.4 1

1.81 1 2.94 1 5.09 1 5.13 (RPD=0.78) 1 1.65 1 1.48 1

7.11 1 9.04 1 54.4 1 54.7 (RPD=0.55) 1 19.5 1 7.68 1

0.179 1 0.259 1 1.08 1 1.09 (RPD=0.92) 1 0.191 1 0.280 1

BQL(0.003) 1 BQL(0.004) 1 ND 1 ND (RPD=NA) 1 BQL(0.002) 1 BQL(0.002) 1

92.7 1 89.7 1 220 1 220 (RPD=0.00) 1 297 1 92.2 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 0.041 1 0.041 (RPD=0.00) 1 BQL(0.006) 1 ND 1

BQL(0.010) 1 BQL(0.007) 1 ND 1 BQL(0.003) (RPD=NA) 1 0.011 1 BQL(0.007) 1

0.020 1 0.015 1 ND 1 ND (RPD=NA) 1 0.018 1 0.017 1

0.444 1 0.386 1 1.29 1 1.28 (RPD=0.78) 1 0.483 1 0.506 1

ND 1 BQL(0.001) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.015) 1 BQL(0.013) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.015) 1

BQL(0.003) 1 ND 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 BQL(0.004) 1 ND 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

16.9 1 20.1 1 19.8 1 20.0 (RPD=1.01) 1 12.1 1 20.4 1

1.34 1 1.07 1 ND 1 ND (RPD=NA) 1 5.03 1 1.10 1

0.785 1 0.141 1 0.039 1 BQL(0.034) (RPD=NA) 1 0.045 1 0.303 1

ND 1 ND 1 ND 1 BQL(0.012) (RPD=NA) 1 ND 1 ND 1

3713-12 3713-13

Sample Results (1, 2)

ML 6-4 ML 6-6 ML 7-2 ML 7-2 ML 7-3 ML 7-4

1/24/07 1/24/07

3713-09 3713-10 3713-11

1/24/07 1/24/07 1/24/07 1/24/07

3713-11 Lab Dup.

1/30/07 1/30/07 1/30/07 1/30/07 1/30/07 1/30/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted.  Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2).

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 2/11/07

3ME383HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  7  of  7

ND 1 ND 1 ND 1 ND 1

BQL(0.059) 1 ND 1 ND 1 ND 1

0.017 1 0.031 1 0.021 1 0.030 1

0.213 1 0.248 1 0.234 1 0.231 1

0.093 1 0.036 1 0.152 1 0.149 1

ND 1 ND 1 ND 1 ND 1

48.9 1 50.2 1 44.4 1 44.0 1

BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.002) 1

ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1

15.0 1 15.8 1 13.0 1 12.7 1

1.31 1 1.58 1 1.71 1 1.66 1

9.42 1 5.58 1 4.89 1 4.88 1

0.232 1 0.271 1 0.289 1 0.287 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.002) 1 BQL(0.004) 1

82.0 1 181 1 182 1 183 1

ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.002) 1 BQL(0.002) 1

BQL(0.007) 1 BQL(0.007) 1 BQL(0.008) 1 BQL(0.010) 1

0.014 1 0.019 1 BQL(0.008) 1 0.016 1

0.538 1 0.732 1 0.633 1 0.628 1

ND 1 ND 1 ND 1 ND 1

0.019 1 BQL(0.017) 1 0.020 1 0.017 1

ND 1 ND 1 ND 1 ND 1

BQL(0.008) 1 BQL(0.007) 1 BQL(0.009) 1 BQL(0.009) 1

21.2 1 20.7 1 19.7 1 19.6 1

1.31 1 0.975 1 1.33 1 1.27 1

1.00 1 0.468 1 0.220 1 0.223 1

ND 1 ND 1 ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

1/30/07 1/30/07 1/30/07 1/30/07

3713-14 3713-15 3713-16

1/25/07 1/25/07 1/25/07 1/25/07

3713-17

Sample Results (1, 2)

ML 7-5 ML 7-6 ML 7-7 DUPLICATE 3



Page 1 of 1

         Laboratory: IRMS Report Date:

Tech Dir: 3OA964HW Date Analyzed:

Method: Date Received:

Analyst: Feng Lu  

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

ML2-4 3712-0020 3712-4 -22.62 -8.94

(1/21/07) 3712-0021 3712-4D -18.41 -5.63

3712-0022 3712-4D -17.77 -4.73

3712-0023 3712-4D -16.71 -3.48

3712-0024 3712-4D -17.56 -3.31

3712-0025 3712-4D -16.98 -17.27 0.41 -3.20 -3.26 0.08

ML2-6 3712-0026 3712-5 -18.49 -3.54

(1/21/07) 3712-0027 3712-5D -19.40 -3.40

3712-0028 3712-5D -16.87 -3.32

3712-0029 3712-5D -17.45 -17.16 0.41 -3.47 -3.39 0.11

ML5-4 3712-0030 3712-6 -16.34 -3.12

(1/23/07) 3712-0031 3712-6D -15.49 -2.98

3712-0032 3712-6D -16.26 -2.79

3712-0033 3712-6D -16.23 -16.25 0.02 -3.14 -2.97 0.25

ML5-6 3712-0034 3712-7 -17.61 -2.83

(1/23/07) 3712-0035 3712-7D -16.76 -3.23

3712-0036 3712-7D -17.51 -2.73

3712-0037 3712-7D -17.15 -17.33 0.25 -3.19 -2.96 0.32

Dup2 3712-0038 3712-8 -16.29 -2.92

(Duplicate 2; 1/23/07) 3712-0039 3712-8D -16.54 -3.20

3712-0040 3712-8D -15.94 -2.85

3712-0041 3712-8D -16.61 -16.27 0.47 -2.92 -2.89 0.05

PMW-3 3712-0042 3712-9 -16.44 -2.87

(1/19/07) 3712-0043 3712-9D -15.89 -2.67

3712-0044 3712-9D -16.96 -3.00

3712-0045 3712-9D -16.77 -16.86 0.14 -2.97 -2.98 0.02

PMW-5 3712-0046 3712-10 -17.19 -2.97

(1/19/07) 3712-0047 3712-10D -18.55 -3.45

3712-0048 3712-10D -16.75 -2.86

3712-0049 3712-10D -16.52 -16.64 0.16 -3.18 -3.02 0.23

Shaw Environmental, Inc.

Analytical Report - Analytical Results

Comments: 
Due to memory effect, typically the first two to four replicates (italic) of each sample were excluded from the 
calculations for the average (mean) and the standard deviation (stdev).  

02/28/07

2/6-16/2007

1/23-26/2007RSKSOP-296 in Progress
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Laboratory: General Parameters Report Date: 04/03/07

Technical Directive: 3GP967HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.010

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

Field Blank 3797-1 4/2/2007 BQL (0.029) 1

PMW-3 3797-2 4/2/2007 ND 1

PMW-4 3797-3 4/2/2007 ND 1

PMW-4 3797-3 LAB DUP 4/2/2007 ND (RPD=NA) 1

MMW-5 3797-4 4/2/2007 ND 1

Duplicate 1 3797-5 4/2/2007 ND 1

PMW-6 3797-6 4/2/2007 ND 1

ML2-3 3797-7 4/2/2007 ND 1

ML2-5 3797-8 4/2/2007 BQL (0.015) 1

ML2-7 3797-9 4/2/2007 ND 1

ML4-3 3797-10 4/2/2007 BQL (0.035) 1

ML4-3 3797-10 LAB DUP 4/2/2007 ND (RPD=NA) 1

ML4-5 3797-11 4/2/2007 BQL (0.036) 1

ML4-7 3797-12 4/2/2007 BQL (0.035) 1

ML5-3 3797-13 4/2/2007 ND 1

ML5-5 3797-14 4/2/2007 ND 1

ML5-7 3797-15 4/2/2007 ND 1

ML1-3 3797-16 4/2/2007 ND 1

ML1-5 3797-17 4/2/2007 BQL (0.011) 1

ML1-7 3797-18 4/2/2007 BQL (0.036) 1

PMW-2 3797-19 4/2/2007 BQL (0.034) 1

PMW-2 3797-19 LAB DUP 4/2/2007 BQL (0.013) (RPD=NA) 1

PMW-1 3797-20 4/2/2007 BQL (0.035) 1

ML3-3 3801-1 4/2/2007 BQL (0.094) 1

ML3-5 3801-2 4/2/2007 BQL (0.054) 1

ML3-5 3801-2 LAB DUP 4/2/2007 BQL (0.062) (RPD=NA) 1

ML3-7 3801-3 4/2/2007 BQL (0.047) 1

3/26/2007

3/27/2007

3/24/2007

3/24/2007

3/26/2007

3/26/2007

3/26/2007

3/27/2007

3/27/2007

3/23/2007

3/23/2007

3/23/2007

3/24/2007

3/22/2007

3/23/2007

3/23/2007

3/23/2007

3/23/2007

Date Collected

Analytical Service Results Report

3/21/2007

3/22/2007

3/21/2007

3/22/2007

3/21/2007

3/21/2007

3/21/2007

Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO 2+NO3-N)

3/21/2007

3/21/2007

Vanessa Scroggins

Sample Results (1)
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Laboratory: General Parameters Report Date: 04/03/07

Technical Directive: 3GP967HW

Analyst: Analytes

Codes 00630

Methods FIA 10-107-04-2-A

Unit mg/L

MDL 0.010

QL 0.100

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DFDate Collected

Analytical Service Results Report
Shaw Environmental, Inc.

     Nitrite+Nitrate-Nitrogen(NO 2+NO3-N)Vanessa Scroggins

Sample Results (1)

ML6-3 3801-4 4/2/2007 ND 1

ML6-5 3801-5 4/2/2007 ND 1

ML6-7 3801-6 4/2/2007 ND 1

ML7-3 3801-7 4/2/2007 BQL (0.036) 1

ML7-5 3801-8 4/2/2007 ND 1

ML7-7 3801-9 4/2/2007 BQL (0.035) 1

ML7-7 3801-9 LAB DUP 4/2/2007 BQL (0.034) (RPD=NA) 1

DUPLICATE 2 3801-10 4/2/2007 ND 1

Comments:

Notes:

3/29/2007

3/28/2007

3/28/2007

3/28/2007

3/29/2007

3/27/2007

3/27/2007

3/27/2007

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  NA - not applicable.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set, that are within the 
calibration range.  
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Laboratory: General Parameters Report Date: 04/11/07

Technical Directive: 3GP967HW

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

Field Blank 3797-1 3/28-4/3/07 0.560 (± 0.0034) 1 BQL (0.176) (± 0.0051) 1

PMW-3 3797-2 3/28-4/3/07 44.2 (± 0.1978) 4 169 (± 0.1715) 10

PMW-4 3797-3 3/28-4/3/07 62.2 (± 0.1227) 4 27.3 (± 0.0176) 4

PMW-5 3797-4 3/28-4/3/07 30.1 (± 0.1130) 4 192 (± 0.0785) 20

DUPLICATE 1 3797-5 3/28-4/3/07 26.7 (± 0.0483) 4 255 (± 0.0411) 20

PMW-6 3797-6 3/28-4/3/07 57.0 (± 0.1186) 4 48.5 (± 0.1551) 4

ML2-3 3797-7 3/28-4/3/07 13.2 (± 0.0513) 4 909 (± 0.0568) 80

ML2-5 3797-8 3/28-4/3/07 64.9 (± 0.2113) 4 17.8 (± 0.1293) 20

ML2-7 3797-9 3/28-4/3/07 77.6 (± 0.0739) 10 13.5 (± 0.0200) 4

ML4-3 3797-10 3/28-4/3/07 77.3 (± 0.1218) 4 65.9 (± 0.1082) 4

ML4-5 3797-11 3/23/2007 3/28-4/3/07 64.3 (± 0.1425) 4 40.0 (± 0.1453) 4

ML4-5 3797-11 LAB DUP 3/28-4/3/07 68.7 (± 0.1250) (RPD = 6.62) 4 40.4 (± 0.0355) (RPD = 0.995) 4

ML4-7 3797-12 3/28-4/3/07 79.4 (± 0.0792) 10 40.8 (± 0.0414) 4

ML5-3 3797-13 3/28-4/3/07 84.7 (± 0.1366) 10 97.9 (± 0.3956) 10

ML5-5 3797-14 3/28-4/3/07 42.9 (± 0.1407) 4 154 (± 0.0935) 10

ML5-7 3797-15 3/28-4/3/07 60.7 (± 0.1059) 4 148 (± 0.0290) 10

ML1-3 3797-16 3/28-4/3/07 104 (± 0.1055) 10 42.4 (± 0.1321) 4

ML1-5 3797-17 3/28-4/3/07 93.9 (± 0.0594) 10 29.9 (± 0.1104) 4

ML1-7 3797-18 3/28-4/3/07 78.2 (± 0.1194) 4 17.1 (± 0.0345) 4

PMW-2 3797-19 3/28-4/3/07 66.3 (± 0.0871) 4 18.3 (± 0.0357) 4

PMW-2 3797-19 LAB DUP 3/28-4/3/07 69.1 (± 0.0448) (RPD = 4.14) 4 18.2 (± 0.0301) (RPD = 0.548) 4

PMW-1 3797-20 3/28-4/3/07 65.9 (± 0.1384) 4 112 (± 0.0516) 10

Shaw Environmental, Inc.

0.500** 0.500**

3/21/2007

Date Collected

mg/L

0.018** 0.062**

Analytical Service Results Report

3/21/2007

3/21/2007

3/22/2007

3/22/2007

3/22/2007

3/23/2007

3/23/2007

3/23/2007

3/24/2007

RSKSOP-265 Rev. 2 RSKSOP-265 Rev. 2

mg/L

3/24/2007

3/24/2007

3/26/2007

3/26/2007

3/21/2007

3/21/2007

3/21/2007

3/23/2007

3/23/2007

3/23/2007

Total Organic Carbon (TOC)

7440-44-0-TOC

3/26/2007
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Laboratory: General Parameters Report Date: 04/11/07

Technical Directive: 3GP967HW

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

Shaw Environmental, Inc.

0.500** 0.500**
Date Collected

mg/L

0.018** 0.062**

Analytical Service Results Report

RSKSOP-265 Rev. 2 RSKSOP-265 Rev. 2

mg/L

Total Organic Carbon (TOC)

7440-44-0-TOC

ML3-3 3801-1 4/4-4/10/07 1.35  (±0.0118 ) 1 1806 (± 0.1661) 100

ML3-5 3801-2 4/4-4/10/07 39.7 (± 0.0426) 4 759 (± 0.0613) 40

ML3-7 3801-3 4/4-4/10/07 100 (± 0.1669) 4 204 (± 0.0460) 40

ML6-3 3801-4 4/4-4/10/07 106 (± 0.0367) 8 55.5 (± 0.1870) 4

ML6-5 3801-5 4/4-4/10/07 32.6 (± 0.0120) 8 81.9 (± 0.0563) 8

ML6-5 3801-5 LAB DUP 4/4-4/10/07 32.1 (± 0.0233) (RPD = 1.55) 8 82.7 (± 0.0227) (RPD=0.972) 8

ML6-7 3801-6 4/4-4/10/07 63.8 (± 0.0189) 8 53.3 (± 0.0772) 4

ML7-3 3801-7 4/4-4/10/07 96.5 (± 0.0636) 8 455 (± 0.0723) 40

ML7-5 3801-8 4/4-4/10/07 30.3 (± 0.0805) 4 166 (± 0.0558) 40

ML7-7 3801-9 4/4-4/10/07 58.7 (± 0.0574) 8 146 (± 0.1650) 10

DUPLICATE 2 3801-10 4/4-4/10/07 33.4 (± 0.0300) 8 81.4 (± 0.0248) 10

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; 
BQL ( ) denotes that the parameter was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  

3/26/2007

** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this 
sample set.  The data values are reported with the dilution factors applied. 

3/27/2007

3/27/2007

3/27/2007

3/29/2007

3/27/2004

3/27/2007

3/28/2007

3/28/2007

3/28/2007

3/27/2007
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Laboratory: General Parameters Report Date: 04/04/07

Technical Directive: 3GP967HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Field Blank 3797-1 3/28/2007 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

PMW-3 3797-2 3/28 & 3/29/07 100 11 1.11 1 ND 1 BQL (0.568) 1 ND 1 ND 1

PMW-4 3797-3 3/28 & 3/29/07 73.8 11 BQL (0.966) 1 ND 1 59.3 11 ND 1 ND 1

PMW-5 3797-4 3/28/2007 9.27 1 ND 1 ND 1 ND 1 ND 1 ND 1

Duplicate 1 3797-5 3/28 & 3/29/07 187 11 1.28 1 ND 1 BQL (0.849) 1 ND 1 ND 1

PMW-6 3797-6 3/28/2007 42.5 1 1.14 1 ND 1 9.41 1 ND 1 BQL (0.188) 1

ML 2-3 3797-7 3/28 & 3/29/07 724 21 ND 1 ND 1 ND 1 ND 1 BQL (0.209) 1

ML 2-5 3797-8 3/28/2007 35.9 1 BQL (0.934) 1 ND 1 30.1 1 ND 1 BQL (0.345) 1

ML 2-7 3797-9 3/28 & 3/29/07 63.7 11 1.04 1 ND 1 47.6 1 ND 1 BQL (0.403) 1

ML 4-3 3797-10 3/28 & 3/29/07 130 11 1.00 1 ND 1 3.00 1 ND 1 BQL (0.291) 1

ML 4-3 3797-10 Lab dup 3/28 & 3/29/07 129 (RPD=0.772) 11 1.07 (RPD=6.76) 1 ND (RPD=NA) 1 2.99 (RPD=0.334) 1 ND (RPD=NA) 1 BQL (0.287)(RPD=NA) 1

ML 4-5 3797-11 3/28 & 3/29/07 67.2 11 BQL (0.885) 1 ND 1 9.89 1 ND 1 BQL (0.219) 1

ML 4-7 3797-12 3/28 & 3/29/07 80.8 11 BQL (0.882) 1 ND 1 4.83 1 ND 1 BQL (0.321) 1

ML 5-3 3797-13 3/28 & 3/29/07 203 11 BQL (0.672) 1 ND 1 7.12 1 ND 1 BQL (0.338) 1

ML 5-5 3797-14 3/28 & 3/29/07 75.2 11 BQL (0.874) 1 ND 1 ND 1 ND 1 ND 1

ML 5-7 3797-15 3/28 & 3/29/07 91.7 11 1.03 1 ND 1 1.46 1 ND 1 BQL (0.276) 1

ML 1-3 3797-16 3/28 & 3/29/07 96.0 11 BQL (0.848) 1 ND 1 76.2 11 ND 1 BQL (0.419) 1

ML 1-5 3797-17 3/28 & 3/29/07 51.4 11 1.08 1 ND 1 54.4 11 ND 1 BQL (0.484) 1

ML 1-7 3797-18 3/28 & 3/29/07 104 11 BQL (0.934) 1 ND 1 89.8 11 ND 1 BQL (0.418) 1

PMW-2 3797-19 3/28/2007 37.2 1 BQL (0.856) 1 ND 1 41.4 1 ND 1 BQL (0.135) 1

PMW-1 3797-20 3/28 & 3/29/07 55.0 11 ND 1 ND 1 3.93 1 ND 1 ND 1

PMW-1 3797-20 Lab dup 3/28 & 3/29/07 55.6 (RPD=1.08) 11 ND (RPD=NA) 1 ND (RPD=NA) 1 4.03 (RPD=2.51) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

ML 3-3 3801-1 4/2/2007 105 11 1.18 1 ND 1 ND 1 ND 1 ND 1

ML 3-5 3801-2 4/2/2007 43.5 1 1.91 1 ND 1 ND 1 ND 1 ND 1

ML 3-7 3801-3 4/2/2007 98.9 11 BQL (0.988) 1 ND 1 ND 1 ND 1 BQL (0.247) 1

ML 6-3 3801-4 4/2/2007 146 11 BQL (0.652) 1 ND 1 4.97 1 ND 1 BQL (0.382) 1

ML 6-5 3801-5 4/2/2007 134 11 1.04 1 ND 1 BQL (0.501) 1 ND 1 BQL (0.108) 1

ML 6-7 3801-6 4/2/2007 139 11 BQL (0.728) 1 ND 1 ND 1 ND 1 BQL (0.311) 1

ML 7-3 3801-7 4/2/2007 210 11 BQL (0.876) 1 ND 1 ND 1 ND 1 BQL (0.213) 1

ML 7-5 3801-8 4/2/2007 79.3 11 1.00 1 ND 1 ND 1 ND 1 BQL (0.130) 1

3/24/2007

3/24/2007

3/24/2007

3/26/2007

3/26/2007

3/26/2007

3/26/2007

3/27/2007

3/23/2007

3/23/2007

3/23/2007

3/23/2007

3/22/2007

3/23/2007

3/23/2007

3/23/2007

Shaw Environmental, Inc.

mg/L mg/L

* 0.249 0.433

1.00

Analytical Service Results Report

3/22/2007

3/21/2007

3/21/2007

Date Collected

* 0.422

* 1.00

RSKSOP-288 RSKSOP-288

16887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4)

RSKSOP-288

* 1.00

Lynda Callaway

3/21/2007

3/22/2007

3/21/2007

3/21/2007

3/21/2007

Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br) Fluoride (F)

14797-65-0 7782-41-414797-55-8

RSKSOP-288RSKSOP-288 RSKSOP-288

14808-79-8

mg/L

0.106

1.000.200

mg/L

0.200

mg/L

0.102

mg/L

0.102

3/27/2007

3/27/2007

3/27/2007

3/28/2007

3/28/2007

3/28/2007
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Laboratory: General Parameters Report Date: 04/04/07

Technical Directive: 3GP967HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF Data DF Data DF

Shaw Environmental, Inc.

mg/L mg/L

* 0.249 0.433

1.00

Analytical Service Results Report

Date Collected

* 0.422

* 1.00

RSKSOP-288 RSKSOP-288

16887-00-6

Nitrite-N (NO2-N) Sulfate (as SO4)

RSKSOP-288

* 1.00

Lynda Callaway Nitrate-N (NO3-N)Chloride (Cl) Bromide (Br) Fluoride (F)

14797-65-0 7782-41-414797-55-8

RSKSOP-288RSKSOP-288 RSKSOP-288

14808-79-8

mg/L

0.106

1.000.200

mg/L

0.200

mg/L

0.102

mg/L

0.102

ML 7-7 3801-9 4/2/2007 97.2 11 BQL (0.608) 1 ND 1 ND 1 ND 1 BQL (0.358) 1

ML 7-7 3801-9 Lab dup 4/2/2007 96.7 (RPD=0.516) 11 BQL (0.635)(RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1 BQL (0.342)(RPD=NA) 1

Duplicate 2 3801-10 4/2/2007 133 11 BQL (0.713) 1 ND 1 BQL (0.537) 1 ND 1 ND 1

Comments:

Notes:

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample 
set within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted.  MDL determinations were made for 
all parameters on 12-11-06, except for bromide which was done on 4-2-07.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the 
quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected 
with dilution factors (DF), if applicable.  

3/27/2007

3/29/2007

3/29/2007



Laboratory: Report Date: Page  1  of  7

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7429-90-5 mg/L 0.040 0.133 BQL(0.056) 1 BQL(0.099) 1 0.275 1 0.316 (PRD=13.87) 1 BQL(0.102) 1 BQL(0.118) 1

7440-38-2 mg/L 0.006 0.019 ND 1 0.019 1 BQL(0.013) 1 BQL(0.013) (RPD=NA) 1 BQL(0.009) 1 BQL(0.010) 1

7440-42-8 mg/L 0.014 0.049 ND 1 0.231 1 0.219 1 0.217 (RPD=0.92) 1 0.354 1 0.357 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.056 1 0.086 1 0.087 (RPD=1.16) 1 0.084 1 0.085 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7440-70-2 mg/L 0.027 0.089 BQL(0.041) 1 44.2 1 19.1 1 19.1 (RPD=0.00) 1 53.9 1 54.6 1

7440-43-9 mg/L 0.001 0.004 ND 1 BQL(0.002) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1 0.010 1 0.010 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7440-50-8 mg/L 0.006 0.019 BQL(0.013) 1 BQL(0.007) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7439-89-6 mg/L 0.006 0.019 ND 1 19.7 1 34.5 1 34.8 (RPD=0.87) 1 76.4 1 77.3 1

7440-09-7 mg/L 0.061 0.204 ND 1 2.27 1 1.52 1 1.53 (RPD=0.66) 1 4.58 1 4.60 1

7439-95-4 mg/L 0.027 0.089 ND 1 14.9 1 10.0 1 10.1 (RPD=0.95) 1 13.4 1 13.6 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.187 1 0.089 1 0.088 (RPD=1.13) 1 0.277 1 0.282 1

7439-98-7 mg/L 0.001 0.004 BQL(0.002) 1 BQL(0.003) 1 BQL(0.001) 1 ND (RPD=NA) 1 BQL(0.002) 1 ND 1

7440-23-5 mg/L 0.047 0.155 BQL(0.140) 1 76.2 1 58.7 1 59.8 (RPD=1.86) 1 62.3 1 62.7 1

7440-02-0 mg/L 0.003 0.011 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.008 ND 1 BQL(0.004) 1 BQL(0.006) 1 BQL(0.005) (RPD=NA) 1 0.009 1 0.011 1

7440-36-0 mg/L 0.003 0.011 BQL(0.004) 1 BQL(0.010) 1 BQL(0.007) 1 BQL(0.008) (RPD=NA) 1 0.011 1 BQL(0.008) 1

7782-49-2 mg/L 0.003 0.011 BQL(0.006) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.233 1 0.116 1 0.116 (RPD=0.00) 1 0.276 1 0.279 1

7440-32-6 mg/L 0.001 0.004 BQL(0.001) 1 ND 1 0.006 1 0.007 (RPD=15.38) 1 ND 1 ND 1

7440-28-0 mg/L 0.006 0.019 ND 1 BQL(0.012) 1 ND 1 ND (RPD=NA) 1 BQL(0.008) 1 BQL(0.011) 1

7440-62-2 mg/L 0.002 0.008 ND 1 BQL(0.006) 1 BQL(0.003) 1 BQL(0.006) (RPD=NA) 1 BQL(0.006) 1 0.008 1

7440-66-6 mg/L 0.007 0.022 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7440-21-3 mg/L 0.049 0.163 BQL(0.075) 1 16.1 1 9.81 1 9.90 (RPD=0.91) 1 15.2 1 15.3 1

7704-34-9 mg/L 0.102 0.341 ND 1 ND 1 12.0 1 12.2 (RPD=1.65) 1 ND 1 ND 1

7723-14-0 mg/L 0.012 0.041 BQL(0.028) 1 0.944 1 0.579 1 0.585 (RPD=1.03) 1 0.661 1 0.642 1

7440-61-1 mg/L 0.008 0.027 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

Comments: 

Notes:

PMW-5 DUPLICATE 1FIELD BLANK PMW-3 PMW-4 PMW-4

4/10/07 4/10/074/10/07 4/10/07 4/10/07 4/10/07

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3797-01 3797-02 3797-03 3797-03 Lab Dup.*

Aluminum (Al)

Arsenic (As)

3797-04 3797-05

Metals 4/24/07

3ME393HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

3/21/07 3/21/07 3/21/07 3/21/07 3/21/07 3/21/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 4/24/07

3ME393HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  2  of  7

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.059) 1 BQL(0.048) 1 BQL(0.072) 1 BQL(0.085) (RPD=NA) 1 ND 1 ND (RPD=NA) 1

ND 1 0.030 1 ND 1 ND (RPD=NA) 1 BQL(0.007) 1 BQL(0.008) (RPD=NA) 1

0.169 1 0.739 1 0.151 1 0.151 (RPD=0.00) 1 0.160 1 0.161 (RPD=0.62) 1

0.016 1 0.998 1 0.017 1 0.017 (RPD=0.00) 1 0.021 1 0.022 (RPD=4.65) 1

ND 1 BQL(0.001) 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

26.8 1 251 1 27.6 1 27.6 (RPD=0.00) 1 32.8 1 33.0 (RPD=0.61) 1

ND 1 0.035 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.008) 1 ND 1 BQL(0.010) 1 BQL(0.009) (RPD=NA) 1 BQL(0.010) 1 BQL(0.010) (RPD=NA) 1

11.2 1 249 1 1.25 1 1.26 (RPD=0.80) 1 1.41 1 1.43 (RPD=1.41) 1

2.03 1 2.87 1 1.02 1 1.02 (RPD=0.00) 1 1.48 1 1.51 (RPD=2.01) 1

5.10 1 86.2 1 3.88 1 3.93 (RPD=1.28) 1 3.59 1 3.61 (RPD=0.56) 1

0.119 1 1.45 1 0.114 1 0.114 (RPD=0.00) 1 0.175 1 0.175 (RPD=0.00) 1

BQL(0.003) 1 ND 1 BQL(0.004) 1 BQL(0.003) (RPD=NA) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1

60.1 1 321 1 71.6 1 72.3 (RPD=0.97) 1 130 1 130 (RPD=0.00) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.003) 1 0.027 1 ND 1 BQL(0.003) (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.008) 1 0.020 1 BQL(0.009) 1 BQL(0.007) (RPD=NA) 1 BQL(0.009) 1 BQL(0.005) (RPD=NA) 1

BQL(0.003) 1 ND 1 BQL(0.005) 1 BQL(0.005) (RPD=NA) 1 0.012 1 BQL(0.011) (RPD=NA) 1

0.113 1 3.25 1 0.272 1 0.274 (RPD=0.73) 1 0.471 1 0.473 (RPD=0.42) 1

ND 1 ND 1 BQL(0.002) 1 BQL(0.001) (RPD=NA) 1 ND 1 ND (RPD=NA) 1

BQL(0.008) 1 BQL(0.007) 1 BQL(0.010) 1 BQL(0.012) (RPD=NA) 1 BQL(0.015) 1 BQL(0.013) (RPD=NA) 1

BQL(0.003) 1 0.014 1 ND 1 BQL(0.004) (RPD=NA) 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.007) (RPD=NA) 1

12.7 1 7.32 1 13.3 1 13.3 (RPD=0.00) 1 13.6 1 13.8 (RPD=1.46) 1

0.420 1 ND 1 7.33 1 7.34 (RPD=0.14) 1 13.0 1 13.0 (RPD=0.00) 1

0.710 1 0.476 1 1.02 1 1.03 (RPD=0.98) 1 0.348 1 0.349 (RPD=0.29) 1

ND 1 BQL(0.014) 1 ND 1 ND (RPD=NA) 1 ND 1 ND (RPD=NA) 1

ML 2-5 ML 2-5 ML 2-7 ML 2-7PMW-6 ML 2-3

4/10/07 4/10/07 4/11/07 4/11/074/10/07 4/9/07

DF Data DFDF Data DF DataDF Data DataData DF

3797-08 3797-08 Lab Dup. 3797-09 3797-09 Lab Dup.*3797-06 3797-07

Sample Results (1, 2)

3/21/07 3/22/07 3/22/07 3/22/07 3/22/07 3/22/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 4/24/07

3ME393HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  3  of  7

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.116) 1 0.160 1 BQL(0.044) 1 BQL(0.048) 1 BQL(0.093) 1 ND 1

0.047 1 ND 1 ND 1 0.163 1 ND 1 BQL(0.010) 1

0.213 1 0.152 1 0.152 1 0.301 1 0.184 1 0.195 1

0.195 1 0.058 1 0.116 1 0.141 1 0.115 1 0.235 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

58.5 1 37.7 1 53.9 1 44.9 1 42.6 1 65.2 1

0.005 1 ND 1 ND 1 0.009 1 ND 1 BQL(0.001) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.006) 1 ND 1 ND 1 ND 1 BQL(0.007) 1 ND 1

41.4 1 7.69 1 4.99 1 76.0 1 9.99 1 12.6 1

1.02 1 1.19 1 1.47 1 1.27 1 1.60 1 1.69 1

23.1 1 8.27 1 5.51 1 25.5 1 10.5 1 8.73 1

0.270 1 0.174 1 0.328 1 0.156 1 0.181 1 0.414 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.002) 1

70.1 1 76.6 1 99.6 1 133 1 67.8 1 108 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.005) 1 ND 1 ND 1 0.010 1 BQL(0.002) 1 ND 1

BQL(0.010) 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.010) 1 BQL(0.009) 1 0.015 1

ND 1 BQL(0.007) 1 0.011 1 ND 1 BQL(0.006) 1 0.011 1

0.729 1 0.345 1 0.729 1 0.427 1 0.415 1 0.926 1

BQL(0.002) 1 BQL(0.004) 1 ND 1 ND 1 BQL(0.003) 1 ND 1

BQL(0.015) 1 BQL(0.012) 1 0.023 1 ND 1 BQL(0.018) 1 0.028 1

BQL(0.004) 1 BQL(0.004) 1 ND 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.003) 1

BQL(0.011) 1 ND 1 ND 1 ND 1 ND 1 ND 1

7.23 1 12.4 1 13.5 1 7.23 1 15.8 1 16.2 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.177 1 0.916 1 0.544 1 0.551 1 0.882 1 0.325 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML 5-3 ML 5-5 ML 5-7

4/11/07 4/11/074/9/07 4/11/07 4/11/07 4/9/07

Data DF Data DFData DF Data DFData DF Data DF

Sample Results (1, 2)

3797-10 3797-11 3797-12 3797-13 3797-14 3797-15

ML 4-3 ML 4-5 ML 4-7

3/23/07 3/23/073/23/07 3/23/07 3/23/07 3/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 4/24/07

3ME393HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  4  of  7

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 BQL(0.104) 1 1.07 1 ND 1 BQL(0.052) 1 ND (RPD=NA) 1

BQL(0.007) (RPD=NA) 1 0.025 1 BQL(0.009) 1 ND 1 BQL(0.010) 1 BQL(0.011) (RPD=NA) 1

0.193 (RPD=1.03) 1 0.181 1 0.185 1 0.165 1 0.177 1 0.176 (RPD=0.57) 1

0.234 (RPD=0.43) 1 0.087 1 0.038 1 0.028 1 0.025 1 0.025 (RPD=0.00) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

65.1 (RPD=0.15) 1 52.7 1 29.8 1 36.9 1 35.3 1 35.4 (RPD=0.28) 1

BQL(0.001) (RPD=NA) 1 BQL(0.003) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 ND 1 BQL(0.010) 1 BQL(0.006) 1 BQL(0.006) 1 ND (RPD=NA) 1

12.6 (RPD=0.00) 1 23.5 1 5.81 1 2.43 1 10.1 1 9.81 (RPD=2.91) 1

1.74 (RPD=2.92) 1 2.05 1 1.54 1 1.52 1 1.44 1 1.44 (RPD=0.00) 1

8.65 (RPD=0.92) 1 15.0 1 4.99 1 4.14 1 8.45 1 8.51 (RPD=0.71) 1

0.411 (RPD=0.73) 1 0.254 1 0.178 1 0.191 1 0.106 1 0.106 (RPD=0.00) 1

BQL(0.002) (RPD=NA) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) (RPD=NA) 1

107 (RPD=0.93) 1 150 1 156 1 162 1 53.7 1 53.9 (RPD=0.37) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 BQL(0.004) 1 ND 1 ND 1 BQL(0.002) 1 ND (RPD=NA) 1

BQL(0.008) (RPD=NA) 1 BQL(0.008) 1 BQL(0.007) 1 BQL(0.010) 1 BQL(0.011) 1 BQL(0.009) (RPD=NA) 1

BQL(0.008) (RPD=NA) 1 ND 1 BQL(0.009) 1 BQL(0.008) 1 BQL(0.006) 1 BQL(0.006) (RPD=NA) 1

0.920 (RPD=0.65) 1 0.659 1 0.440 1 0.409 1 0.134 1 0.134 (RPD=0.00) 1

ND (RPD=NA) 1 BQL(0.002) 1 0.029 1 BQL(0.002) 1 BQL(0.001) 1 ND (RPD=NA) 1

0.027 (RPD=3.64) 1 BQL(0.017) 1 BQL(0.010) 1 BQL(0.015) 1 BQL(0.016) 1 BQL(0.019) (RPD=NA) 1

BQL(0.004) (RPD=NA) 1 BQL(0.003) 1 BQL(0.004) 1 ND 1 BQL(0.003) 1 ND (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

16.2 (RPD=0.00) 1 7.01 1 12.8 1 14.2 1 13.6 1 13.6 (RPD=0.00) 1

ND (RPD=NA) 1 16.7 1 14.7 1 24.4 1 8.47 1 8.40 (RPD=0.83) 1

0.320 (RPD=1.55) 1 0.150 1 0.541 1 0.342 1 0.815 1 0.795 (RPD=2.48) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DF

4/12/07 4/12/07

3/26/07 3/26/07

Data DF Data DF

4/11/07

Data DF Data DF

3/23/07 3/24/07 3/24/07

4/11/07 4/9/07 4/11/07

3/24/07

3797-18

Sample Results (1, 2)

ML 5-7 ML 1-3 ML 1-5 ML 1-7 PMW-2 PMW-2

3797-19 3797-19 Lab Dup.*3797-15 Lab Dup. 3797-16 3797-17



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 4/24/07

3ME393HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  5  of  7

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

1.17 1 ND 1 ND (RPD=NA) 1 0.147 1 BQL(0.048) 1 ND 1

BQL(0.007) 1 0.027 1 0.028 (RPD=3.64) 1 BQL(0.013) 1 ND 1 0.076 1

0.220 1 1.24 1 1.25 (RPD=0.80) 1 0.502 1 0.324 1 0.218 1

0.078 1 0.631 1 0.640 (RPD=1.42) 1 0.408 1 0.135 1 0.074 1

ND 1 BQL(0.002) 1 BQL(0.001) (RPD=NA) 1 ND 1 ND 1 ND 1

59.3 1 231 1 234 (RPD=1.29) 1 130 1 76.9 1 64.8 1

0.007 1 0.067 1 0.068 (RPD=1.48) 1 0.021 1 0.010 1 BQL(0.003) 1

ND 1 0.005 1 0.005 (RPD=0.00) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.006) 1

55.2 1 462 1 470 (RPD=1.72) 1 151 1 81.6 1 30.7 1

2.58 1 6.34 1 6.45 (RPD=1.72) 1 23.8 1 1.90 1 1.71 1

7.81 1 115 1 116 (RPD=0.87) 1 26.2 1 12.4 1 20.6 1

0.299 1 1.14 1 1.14 (RPD=0.00) 1 0.860 1 0.628 1 0.301 1

BQL(0.002) 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 BQL(0.003) 1

42.2 1 236 1 240 (RPD=1.68) 1 109 1 124 1 141 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 0.015 1 ND 1

BQL(0.006) 1 0.048 1 0.045 (RPD=6.45) 1 0.013 1 0.011 1 BQL(0.004) 1

0.011 1 0.015 1 0.015 (RPD=0.00) 1 0.012 1 BQL(0.006) 1 0.015 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.263 1 3.50 1 3.55 (RPD=1.42) 1 1.01 1 0.640 1 0.805 1

0.025 1 ND 1 ND (RPD=NA) 1 BQL(0.003) 1 ND 1 ND 1

BQL(0.010) 1 ND 1 ND (RPD=NA) 1 0.025 1 BQL(0.015) 1 0.020 1

BQL(0.005) 1 0.026 1 0.028 (RPD=7.41) 1 0.008 1 BQL(0.003) 1 BQL(0.007) 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7.79 1 3.73 1 3.77 (RPD=1.07) 1 10.9 1 13.7 1 10.7 1

ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

0.440 1 0.630 1 0.659 (RPD=4.50) 1 0.678 1 0.671 1 0.129 1

ND 1 BQL(0.019) 1 BQL(0.019) (RPD=NA) 1 ND 1 ND 1 ND 1

Data DF Data DF

4/9/07 4/9/07

3/27/07 3/27/07

3801-04

Data DF Data DF Data DF Data DF

4/9/07 4/9/07 4/9/07 4/12/07

3797-20 3801-01 3801-01 Lab Dup.*

3/26/07 3/26/07 3/26/07 3/27/07

3801-02

Sample Results (1, 2)

PMW-1 ML 3-3 ML 3-3 ML 3-5 ML 3-7 ML 6-3

3801-03



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 4/24/07

3ME393HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  6  of  7

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.044) 1 BQL(0.042) (RPD=NA) 1

0.080 (RPD=5.13) 1 BQL(0.006) 1 ND 1 0.057 1 ND 1 ND (RPD=NA) 1

0.219 (RPD=0.46) 1 0.191 1 0.182 1 0.446 1 0.182 1 0.184 (RPD=1.09) 1

0.074 (RPD=0.00) 1 0.126 1 0.166 1 0.159 1 0.137 1 0.138 (RPD=0.73) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

65.5 (RPD=1.07) 1 48.4 1 58.7 1 46.8 1 53.7 1 53.8 (RPD=0.19) 1

BQL(0.003) (RPD=NA) 1 BQL(0.001) 1 BQL(0.001) 1 0.015 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.007) (RPD=NA) 1 ND 1 BQL(0.006) 1 ND 1 ND 1 ND (RPD=NA) 1

30.7 (RPD=0.00) 1 12.2 1 12.2 1 116 1 14.7 1 14.7 (RPD=0.00) 1

1.74 (RPD=1.74) 1 3.84 1 2.36 1 1.51 1 1.13 1 1.13 (RPD=0.00) 1

20.6 (RPD=0.00) 1 10.5 1 6.42 1 29.5 1 10.0 1 10.1 (RPD=1.00) 1

0.303 (RPD=0.66) 1 0.208 1 0.307 1 0.265 1 0.253 1 0.256 (RPD=1.18) 1

BQL(0.003) (RPD=NA) 1 BQL(0.003) 1 BQL(0.003) 1 ND 1 BQL(0.003) 1 BQL(0.003) (RPD=NA) 1

142 (RPD=0.71) 1 79.5 1 125 1 324 1 71.7 1 71.9 (RPD=0.28) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

BQL(0.006) (RPD=NA) 1 ND 1 ND 1 0.016 1 ND 1 ND (RPD=NA) 1

BQL(0.011) (RPD=NA) 1 BQL(0.009) 1 BQL(0.011) 1 BQL(0.010) 1 BQL(0.007) 1 0.013 (RPD=NA) 1

ND (RPD=NA) 1 BQL(0.006) 1 BQL(0.006) 1 ND 1 BQL(0.005) 1 BQL(0.005) (RPD=NA) 1

0.813 (RPD=0.99) 1 0.384 1 0.833 1 0.651 1 0.587 1 0.589 (RPD=0.34) 1

ND (RPD=NA) 1 ND 1 BQL(0.003) 1 ND 1 ND 1 ND (RPD=NA) 1

0.019 (RPD=5.13) 1 0.021 1 0.027 1 ND 1 0.028 1 0.026 (RPD=7.41) 1

BQL(0.006) (RPD=NA) 1 BQL(0.004) 1 BQL(0.003) 1 0.012 1 BQL(0.002) 1 BQL(0.005) (RPD=NA) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

10.7 (RPD=0.00) 1 20.7 1 19.3 1 10.1 1 17.4 1 17.4 (RPD=0.00) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

0.126 (RPD=2.35) 1 0.791 1 0.191 1 0.184 1 0.851 1 0.853 (RPD=0.23) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DF

4/12/07 4/12/07

3/28/07 3/28/07

Data DF Data DF Data DF Data DF

4/9/07 4/12/07 4/12/07 4/9/07

3801-04 Lab Dup. 3801-05 3801-06

3/27/07 3/27/07 3/28/07 3/28/07

3801-07

Sample Results (1, 2)

ML 6-3 ML 6-5 ML 6-7 ML 7-3 ML 7-5 ML 7-5

3801-08 3801-08 Lab Dup.



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.011

7429-90-5 mg/L 0.040 0.133

7440-38-2 mg/L 0.006 0.019

7440-42-8 mg/L 0.014 0.049

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.027 0.089

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.006 0.019

7439-89-6 mg/L 0.006 0.019

7440-09-7 mg/L 0.061 0.204

7439-95-4 mg/L 0.027 0.089

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.047 0.155

7440-02-0 mg/L 0.003 0.011

7439-92-1 mg/L 0.002 0.008

7440-36-0 mg/L 0.003 0.011

7782-49-2 mg/L 0.003 0.011

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.006 0.019

7440-62-2 mg/L 0.002 0.008

7440-66-6 mg/L 0.007 0.022

7440-21-3 mg/L 0.049 0.163

7704-34-9 mg/L 0.102 0.341

7723-14-0 mg/L 0.012 0.041

7440-61-1 mg/L 0.008 0.027

Comments: 

Notes:

No problems noted.    Samples were not analyzed for mercury by ICP since all results for the ICP-MS analysis of mercury were 
below the ICP MDL.  The MDL's and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-
213(2)  * = digested duplicate

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Sulfur (S)

Phosphorus (P)

Uranium (U)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Sodium (Na)

Magnesium (Mg)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Metals 4/24/07

3ME393HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

S. Markham/S. Saye

Page  7  of  7

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

0.194 1 0.190 1

0.308 1 0.128 1

ND 1 ND 1

61.7 1 48.2 1

BQL(0.001) 1 BQL(0.001) 1

ND 1 ND 1

ND 1 ND 1

BQL(0.010) 1 BQL(0.008) 1

11.8 1 12.1 1

1.94 1 4.06 1

6.63 1 10.4 1

0.405 1 0.208 1

BQL(0.002) 1 BQL(0.003) 1

152 1 80.3 1

ND 1 ND 1

BQL(0.003) 1 ND 1

0.012 1 BQL(0.007) 1

BQL(0.008) 1 BQL(0.007) 1

0.945 1 0.383 1

BQL(0.001) 1 ND 1

0.030 1 0.019 1

BQL(0.006) 1 ND 1

ND 1 ND 1

17.9 1 20.8 1

ND 1 ND 1

0.142 1 0.803 1

ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

4/12/07 4/12/07

3801-09 3801-10

3/29/07 3/27/07

Sample Results (1, 2)

ML 7-7 DUPLICATE 2



Laboratory: Report Date: Page  1  of  7

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089 BQL(0.145) 5 18.4 5 18.5 (RPD=0.54) 5 15.9 5 16.0 (RPD=0.63) 5 6.09 5

7440-47-3 μg/L 0.094 0.352 ND 5 BQL(1.18) 5 BQL(1.13) (RPD=NA) 5 BQL(0.900) 5 BQL(0.985) (RPD=NA) 5 BQL(0.930) 5

7440-50-8 μg/L 0.034 0.115 1.66 5 1.42 5 1.43 (RPD=0.70) 5 1.82 5 1.66 (RPD=9.20) 5 0.785 5

7439-89-6 μg/L 0.251 0.836 ND 5 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.020 0.067 ND 5 BQL(0.200) 5 BQL(0.215) (RPD=NA) 5 BQL(0.320) 5 0.445 (RPD=NA) 5 ND 5

7782-49-2 μg/L 0.203 0.677 ND 5 9.52 5 8.25 (RPD=14.29) 5 5.68 5 6.36 (RPD=11.30) 5 9.80 5

7440-61-1 μg/L 0.002 0.008 ND 5 BQL(0.035) 5 BQL(0.035) (RPD=NA) 5 0.110 5 0.115 (RPD=4.44) 5 ND 5

7440-62-2 μg/L 0.123 0.411 5.05 5 2.86 5 2.86 (RPD=0.00) 5 14.7 5 14.0 (RPD=4.88) 5 1.98 5

7439-97-6 μg/L 0.033 0.111 ND 5 ND 5 ND (RPD=NA) 5 ND 5 ND (RPD=NA) 5 ND 5

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

4/5, 4/9 & 4/10/07

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL Data DF DataDF

S. Markham/S. Saye

RSKSOP 257(1)

DF

FIELD BLANK PMW-3

3797-02

3/21/07

4/9 & 4/10/07

DF Data

3/21/07

3797-01

3/21/07

3797-02 Lab Dup.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

DF

Selenium (Se)

Copper (Cu)

4/9 & 4/10/07

DataQL DataDataUnit DF

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW Sample Results (1, 2)

PMW-3 PMW-4

3797-03 Lab Dup.*

3/21/07

4/9 & 4/10/07

PMW-4

3797-03

3/21/07

4/9 & 4/10/07

PMW-5

3797-04

3/21/07

4/9 & 4/10/07

Iron (Fe)



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW

Iron (Fe)

Page  2  of  7

6.12 5 3.06 5 14.4 5 2.86 5 4.62 5 39.3 5

BQL(0.935) 5 BQL(0.435) 5 BQL(1.59) 5 1.90 5 ND 5 ND 5

0.740 5 BQL(0.390) 5 0.587 5 1.83 5 0.695 5 BQL(0.376) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.455 5 ND 5 0.622 5 0.610 5 1.54 5 0.495 5

9.90 5 4.76 5 4.56 5 3.93 5 3.36 5 5.46 5

ND 5 ND 5 BQL(0.016) 5 BQL(0.030) 5 0.625 5 ND 5

2.29 5 ND 5 ND 5 BQL(1.26) 5 BQL(1.14) 5 22.1 5

ND 5 ND 5 ND 5 ND 5 ND 5 ND 5

Data DF

Sample Results (1, 2)

DUPLICATE 1 PMW-6 ML 2-3 ML 2-5 ML 4-3ML 2-7

3797-05 3797-06

Data DF Data DFData DF Data DF Data DF

3797-08

3/22/07

3797-07

3/21/07 3/21/07 3/22/07

4/9 & 4/10/07 4/9 & 4/10/07 4/9 & 4/10/07 4/9 & 4/10/07

3797-09

3/22/07

4/9 & 4/10/07

3797-10

3/23/07

4/9 & 4/10/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW

Iron (Fe)

Page  3  of  7

2.62 5 2.56 (RPD=2.32) 5 2.26 5 142 5 2.12 5 2.34 (RPD=9.87) 5

BQL(0.810) 5 BQL(0.745) (RPD=NA) 5 BQL(0.485) 5 ND 5 BQL(1.19) 5 BQL(1.12) (RPD=NA) 5

0.880 5 0.665 (RPD=27.83) 5 0.880 5 0.600 5 0.855 5 0.870 (RPD=1.74) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.26 5 1.14 (RPD=10.00) 5 1.48 5 0.635 5 1.22 5 1.34 (RPD=9.38) 5

5.04 5 4.30 (RPD=15.85) 5 4.07 5 5.92 5 6.19 5 6.42 (RPD=3.65) 5

0.105 5 0.095 (RPD=1.00) 5 BQL(0.030) 5 ND 5 BQL(0.025) 5 BQL(0.030) (RPD=NA) 5

3.46 5 BQL(0.840) (RPD=NA) 5 BQL(1.30) 5 BQL(1.58) 5 BQL(1.81) 5 2.30 (RPD=NA) 5

ND 5 ND (RPD=NA) 5 ND 5 ND 5 ND 5 ND (RPD=NA) 5

Sample Results (1, 2)

ML 4-5 ML 4-5 ML 4-7 ML 5-5 ML 5-5ML 5-3

3797-11 3797-11 Lab Dup.* 3797-12

3/23/07 3/23/07 3/23/07

Data DF

4/9 & 4/10/07 4/9 & 4/10/07

Data DF Data DF Data DFData DF Data DF

3/23/07

3797-13

4/9 & 4/10/074/9 & 4/10/07 4/9 & 4/10/07 4/9 & 4/10/07

3797-14 3797-14 Lab Dup.

3/23/07 3/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW

Iron (Fe)
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3.18 5 18.2 5 5.14 5 4.18 9.51 5 3.77 5

BQL(1.04) 5 ND 5 1.88 5 ND ND 5 BQL(1.69) 5

BQL(0.370) 5 BQL(0.452) 5 0.725 5 BQL(0.520) 0.710 5 BQL(0.514) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

1.22 5 0.669 5 1.76 5 1.30 5 0.925 5 0.942 5

5.82 5 5.64 5 5.44 5 3.40 5 3.55 5 3.06 5

ND 5 0.125 5 0.345 5 0.080 5 0.180 5 0.247 5

2.90 5 BQL(1.32) 5 BQL(1.38) 5 2.10 5 4.17 5 2.00 5

ND 5 ND 5 ND 5 ND 5 ND 5 ND 5

Sample Results (1, 2)

ML 5-7 ML 1-3 ML 1-5 ML 1-7 PMW-2 PMW-1

3797-15 3797-16 3797-17 3797-18 3797-19 3797-20

3/23/07 3/24/07 3/24/07 3/24/07

4/9 & 4/10/07 4/9 & 4/10/07 4/9 & 4/10/07 4/9 & 4/10/07

Data DF Data DF Data DF Data DF

3/26/07 3/26/07

4/9, 4/10 & 4/11/07 4/9 & 4/10/07

Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW

Iron (Fe)
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3.56 (RPD=5.78) 5 6.68 5 6.34 5 6.44 (RPD=1.56) 5 2.22 5 1.96 (RPD=12.44) 5

BQL(1.57) (RPD=NA) 5 3.30 5 1.76 5 BQL(1.73) (RPD=NA) 5 ND 5 ND (RPD=NA) 5

BQL(0.500) (RPD=NA) 5 1.93 5 0.690 5 0.735 (RPD=6.32) 5 3.74 5 3.40 (RPD=9.52) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.924 (RPD=1.93) 5 0.759 5 2.01 5 1.73 (RPD=14.97) 5 1.71 5 1.67 (RPD=2.37) 5

3.98 (RPD=26.14) 5 7.44 5 8.65 5 10.3 (RPD=17.41) 5 6.82 5 6.64 (RPD=2.67) 5

0.243 (RPD=1.63) 5 ND 5 0.050 5 0.050 (RPD=0.00) 5 BQL(0.012) 5 ND (RPD=NA) 5

2.26 (RPD=12.21) 5 BQL(0.755) 5 BQL(1.69) 5 3.60 (RPD=NA) 5 BQL(0.895) 5 BQL(1.00) (RPD=NA) 5

ND (RPD=NA) 5 BQL(0.172) 5 ND 5 ND (RPD=NA) 5 ND 5 ND (RPD=NA) 5

3/27/07

3801-02 Lab Dup.*

Sample Results (1, 2)

PMW-1 ML 3-3 ML 3-5 ML 3-5 ML 3-7 ML 3-7

3801-033797-20 Lab Dup. 3801-01 3801-02

3/26/07 3/26/07 3/27/07

4/9 & 4/10/07 4/9 & 4/10/07 4/9, 4/10 & 4/11/07 4/9, 4/10 & 4/11/07

Data DF Data DFData DF Data DF Data DF Data DF

4/9 & 4/10/07 4/9 & 4/10/07

3/27/07 3/27/07

3801-03 Lab Dup.*



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW

Iron (Fe)
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69.0 5 2.95 5 2.69 (RPD=9.22) 5 3.23 5 43.9 5 3.03 5

ND 5 BQL(0.825) 5 BQL(0.690) (RPD=NA) 5 ND 5 BQL(1.04) 5 BQL(1.05) 5

BQL(0.526) 5 0.650 5 BQL(0.555) (RPD=NA) 5 0.685 5 0.721 5 BQL(0.300) 5

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.509 5 1.24 5 1.46 (RPD=16.30) 5 1.41 5 0.659 5 1.08 5

4.59 5 4.20 5 3.80 (RPD=10.00) 5 3.14 5 7.20 5 3.48 5

ND 5 ND 5 ND (RPD=NA) 5 BQL(0.030) 5 BQL(0.018) 5 ND 5

BQL(1.22) 5 3.46 5 3.76 (RPD=8.31) 5 3.41 5 BQL(0.825) 5 3.39 5

ND 5 ND 5 ND (RPD=NA) 5 ND 5 ND 5 ND 5

3801-08

3/28/07

3801-06

Sample Results (1, 2)

ML 6-3 ML 6-5 ML 6-5 ML 6-7 ML 7-3 ML 7-5

3801-073801-04 3801-05 3801-05 Lab Dup.

3/27/07 3/27/07 3/27/07

4/9 & 4/10/07 4/9, 4/10 & 4/11/07 4/9, 4/10 & 4/11/07 4/9, 4/10 & 4/11/07

Data DF Data DFData DF Data DF Data DF Data DF

4/9 & 4/10/07 4/9, 4/10 & 4/11/07

3/28/07 3/28/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.027 0.089

7440-47-3 μg/L 0.094 0.352

7440-50-8 μg/L 0.034 0.115

7439-89-6 μg/L 0.251 0.836

7439-92-1 μg/L 0.020 0.067

7782-49-2 μg/L 0.203 0.677

7440-61-1 μg/L 0.002 0.008

7440-62-2 μg/L 0.123 0.411

7439-97-6 μg/L 0.033 0.111

Comments:

Notes:

Lead (Pb)

Field sample digestates were diluted by a factor of five to match the acid concentration of the 

calibration standards.   All other QC results met criteria established in RSKSOP 257(1).  The MDL's 

and QL's reported represent those completed in June 2006, but not yet updated in RSKSOP-257(1).    

* = digestion duplicate

Analytes

Names 

Arsenic (As)

Chromium (Cr)

MDL

S. Markham/S. Saye

RSKSOP 257(1)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Uranium (U)

Zinc (Zn)

Mercury (Hg)

Selenium (Se)

Copper (Cu)

QLUnit

Shaw Environmental, Inc.
Analytical Service Results Report

4/25/07Metals 

3ME393HW

Iron (Fe)

Page  7  of  7

3.28 5 2.94 5

ND 5 BQL(0.645) 5

BQL(0.245) 5 0.615 5

⎯ ⎯ ⎯ ⎯

1.22 5 1.24 5

3.54 5 3.50 5

ND 5 ND 5

3.99 5 5.28 5

ND 5 ND 5

Sample Results (1, 2)

ML 7-7 DUPLICATE 2

3801-09 3801-10

3/29/07 3/27/07

4/9, 4/10 & 4/11/07 4/9, 4/10 & 4/11/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  6

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080 ND 1 12.3 1 17.4 1 17.2 (RPD=1.16) 1 3.09 1 3.21 1

7440-47-3 μg/L 0.085 0.317 BQL(0.288) 1 0.647 1 0.580 1 0.583 (RPD=0.52) 1 0.695 1 0.667 1

7440-50-8 μg/L 0.031 0.104 ND 1 0.141 1 ND 1 ND (RPD=NA) 1 0.165 1 ND 1

7439-89-6 μg/L 0.226 0.753 ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.018 0.060 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

7782-49-2 μg/L 0.183 0.610 ND 1 5.15 1 5.37 1 5.37 (RPD=0.00) 1 5.59 1 5.76 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.036 1 0.119 1 0.119 (RPD=0.00) 1 0.008 1 0.010 1

7440-62-2 μg/L 0.111 0.370 ND 1 0.875 1 12.0 1 12.0 (RPD=0.00) 1 2.41 1 1.45 1

7439-97-6 μg/L 0.030 0.100 BQL(0.051) 1 ND 1 BQL(0.080) 1 BQL(0.057) (RPD=NA) 1 BQL(0.057) 1 BQL(0.043) 1

Comments:

Notes:

3/21/07

3/29 & 4/3/07

PMW-5

3/29 & 4/3/07

3798-04

3/21/07

3ME394HW Sample Results (1, 2)

PMW-4

Shaw Environmental, Inc.
Analytical Service Results Report

4/16/07Metals 

DUPLICATE 1PMW-4PMW-3

3798-03 Lab Dup.

3/21/07

Steve Markham FIELD BLANK

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

3798-02

3/21/07 3/21/07

3798-01

Unit
Analytes

Names 

RSKSOP 257(1)

DFMDL Data DF Data DF DataQL

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data

3/29, 4/3 & 4/5/07 3/29 & 4/3/07

3/21/07

3798-03

3/29 & 4/3/07 3/29 & 4/3/07

3798-05



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

3ME394HW

Shaw Environmental, Inc.
Analytical Service Results Report

4/16/07Metals 

Steve Markham

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

Page  2  of  6

2.12 1 17.6 1 2.62 1 4.65 1 56.4 1 1.56 1

0.503 1 BQL(0.273) 1 0.384 1 BQL(0.235) 1 0.410 1 BQL(0.287) 1

ND 1 BQL(0.085) 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

4.92 1 5.76 1 5.11 1 4.73 1 6.44 1 4.58 1

0.010 1 BQL(0.003) 1 0.302 1 0.554 1 ND 1 0.043 1

ND 1 7.47 1 ND 1 1.21 1 0.558 1 0.409 1

BQL(0.035) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.038) 1

Data

3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07

Data DF DF DataData

3/29 & 4/3/07

DF

3798-06 3798-07 3798-08

DFDF Data DF Data

Sample Results (1, 2)

PMW-6 ML 2-3 ML 2-5 ML 4-5ML 4-3ML 2-7

3/21/07 3/22/07 3/22/07 3/22/07

3798-09 3798-10

3/23/07

3/29 & 4/3/07 3/29 & 4/3/07

3798-11

3/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

3ME394HW

Shaw Environmental, Inc.
Analytical Service Results Report

4/16/07Metals 

Steve Markham

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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1.58 (RPD=1.27) 1 1.46 1 177 5 1.03 1 1.56 1 24.4 1

BQL(0.292) (RPD=NA) 1 BQL(0.258) 1 0.319 1 0.590 1 0.563 1 BQL(0.152) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

4.54 (RPD=0.88) 1 4.87 1 7.09 1 5.85 1 5.77 1 6.73 1

0.041 (RPD=4.76) 1 0.016 1 0.012 1 BQL(0.003) 1 ND 1 0.116 1

0.412 (RPD=0.73) 1 0.520 1 BQL(0.162) 1 ND 1 0.699 1 0.285 1

ND (RPD=NA) 1 ND 1 BQL(0.037) 1 ND 1 ND 1 BQL(0.033) 1

Sample Results (1, 2)

ML 4-5 ML 4-7 ML 5-3 ML 5-5 ML 5-7 ML 1-3

3798-13 3798-14 3798-15 3798-16

3/23/07 3/23/07 3/23/07 3/23/07 3/23/07 3/24/07

3798-11 Lab Dup. 3798-12

3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

3ME394HW

Shaw Environmental, Inc.
Analytical Service Results Report

4/16/07Metals 

Steve Markham

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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4.12 1 5.20 1 10.4 1 3.63 1 6.91 1 6.92 (RPD=0.14) 1

BQL(0.284) 1 BQL(0.146) 1 0.487 1 0.475 1 ND 1 ND (RPD=NA) 1

ND 1 ND 1 BQL(0.058) 1 ND 1 0.285 1 0.296 (RPD=3.79) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

5.92 1 4.21 1 4.93 1 3.60 1 3.21 1 3.18 (RPD=0.94) 1

0.156 1 0.050 1 0.175 1 0.097 1 ND 1 ND (RPD=NA) 1

0.487 1 0.431 1 1.41 1 1.13 1 2.48 1 2.50 (RPD=0.80) 1

BQL(0.036) 1 BQL(0.042) 1 ND 1 ND 1 BQL(0.039) 1 ND (RPD=NA) 1

Data DF Data DF

4/2 & 4/3/07 4/2 & 4/3/07

3/26/07 3/26/07

Data DF Data DF Data DF Data DF

3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07 3/29 & 4/3/07

3798-17 3798-18 3798-19

3/24/07 3/24/07 3/26/07

Sample Results (1, 2)

ML 1-5 ML 1-7 PMW-2 PMW-1 ML 3-3 ML 3-3

3802-01 Lab Dup.

3/26/07

3798-20 3802-01



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

3ME394HW

Shaw Environmental, Inc.
Analytical Service Results Report

4/16/07Metals 

Steve Markham

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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1.95 1 1.36 1 94.2 1 1.06 1 2.08 1 55.8 1

BQL(0.120) 1 ND 1 0.367 1 0.670 1 0.456 1 0.590 1

BQL(0.038) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.049) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

4.28 1 2.10 1 3.03 1 1.83 1 1.81 1 3.75 1

BQL(0.004) 1 BQL(0.007) 1 0.009 1 BQL(0.003) 1 0.029 1 0.022 1

0.390 1 2.91 1 1.11 1 BQL(0.243) 1 BQL(0.126) 1 1.77 1

ND 1 ND 1 BQL(0.038) 1 ND 1 ND 1 ND 1

Data DF Data DF

4/2 & 4/3/07 4/2 & 4/3/07

Data DF Data DF Data DF Data DF

4/2 & 4/3/07 4/2 & 4/3/07 4/2 & 4/3/07 4/2 & 4/3/07

3/28/07 3/28/07

3802-02 3802-03 3802-04

3/27/07 3/27/07 3/27/07 3/27/07

3802-05

Sample Results (1, 2)

ML 3-5 ML 3-7 ML 6-3 ML 6-5 ML 6-7 ML 7-3

3802-06 3802-07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.024 0.080

7440-47-3 μg/L 0.085 0.317

7440-50-8 μg/L 0.031 0.104

7439-89-6 μg/L 0.226 0.753

7439-92-1 μg/L 0.018 0.060

7782-49-2 μg/L 0.183 0.610

7440-61-1 μg/L 0.002 0.007

7440-62-2 μg/L 0.111 0.370

7439-97-6 μg/L 0.030 0.100

Comments:

Notes:

3ME394HW

Shaw Environmental, Inc.
Analytical Service Results Report

4/16/07Metals 

Steve Markham

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes 
that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was 
detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all.  All the results are corrected with dilution 
factors (DF), if applicable.  Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2006, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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0.859 1 1.66 1 1.14 1

0.607 1 0.434 1 0.668 1

ND 1 BQL(0.036) 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1

1.88 1 1.95 1 1.97 1

BQL(0.007) 1 ND 1 ND 1

0.633 1 BQL(0.278) 1 BQL(0.210) 1

ND 1 ND 1 ND 1

Sample Results (1, 2)

ML 7-5 ML 7-7 DUPLICATE 2

3802-08 3802-09 3802-10

3/28/07 3/29/07 3/27/07

4/2 & 4/3/07 4/2 & 4/3/07 4/2 & 4/3/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  6

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

7429-90-5 mg/L 0.036 0.120 ND 1 ND 1 BQL(0.048) 1 BQL(0.050)(RPD=NA) 1 ND 1 ND 1

7440-38-2 mg/L 0.005 0.017 ND 1 0.042 1 0.054 1 0.056(RPD=3.64) 1 0.032 1 0.035 1

7440-42-8 mg/L 0.013 0.044 ND 1 0.230 1 0.217 1 0.218(RPD=0.46) 1 0.358 1 0.357 1

7440-39-3 mg/L 0.001 0.004 ND 1 0.059 1 0.086 1 0.086(RPD=0.00) 1 0.092 1 0.092 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

7440-70-2 mg/L 0.024 0.080 ND 1 43.3 1 18.5 1 18.5(RPD=0.00) 1 53.0 1 52.9 1

7440-43-9 mg/L 0.001 0.004 ND 1 BQL(0.004) 1 0.005 1 0.005(RPD=0.00) 1 0.012 1 0.012 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 BQL(0.001) 1 BQL(0.001)(RPD=NA) 1 BQL(0.003) 1 BQL(0.003) 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

7440-50-8 mg/L 0.005 0.017 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 ND 1 19.5 1 34.0 1 34.0((RPD=0.00) 1 76.2 1 75.3 1

7440-09-7 mg/L 0.055 0.184 ND 1 2.23 1 1.47 1 1.53(RPD=4.00) 1 4.58 1 4.54 1

7439-95-4 mg/L 0.024 0.080 ND 1 14.3 1 9.50 1 9.52(RPD=0.21) 1 12.8 1 12.8 1

7439-96-5 mg/L 0.001 0.004 ND 1 0.183 1 0.086 1 0.086(RPD=0.00) 1 0.271 1 0.271 1

7439-98-7 mg/L 0.001 0.004 ND 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 ND 1 ND 1

7440-23-5 mg/L 0.042 0.140 ND 1 73.5 1 56.2 1 56.8(RPD=1.06) 1 59.5 1 59.2 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 ND 1 ND 1 ND 1 BQL(0.004)(RPD=NA) 1 BQL(0.006) 1 0.008 1

7440-36-0 mg/L 0.003 0.010 ND 1 BQL(0.010) 1 BQL(0.007) 1 BQL(0.008)(RPD=NA) 1 BQL(0.006) 1 0.013 1

7782-49-2 mg/L 0.003 0.010 ND 1 0.020 1 0.025 1 0.024(RPD=4.08) 1 ND 1 BQL(0.004) 1

7440-24-6 mg/L 0.001 0.004 ND 1 0.230 1 0.113 1 0.113(RPD=0.00) 1 0.273 1 0.271 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND 1 ND 1 BQL(0.002)(RPD=NA) 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 BQL(0.016) 1 ND 1 ND(RPD=NA) 1 BQL(0.010) 1 BQL(0.010) 1

7440-62-2 mg/L 0.002 0.007 ND 1 ND 1 BQL(0.004) 1 ND(RPD=NA) 1 BQL(0.005) 1 BQL(0.004) 1

7440-66-6 mg/L 0.006 0.020 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

7440-21-3 mg/L 0.044 0.147 BQL(0.068) 1 16.6 1 9.79 1 9.79(RPD=0.00) 1 15.6 1 15.5 1

7704-34-9 mg/L 0.092 0.307 ND 1 14.1 1 13.6 1 13.5(RPD=0.74) 1 ND 1 ND 1

7723-14-0 mg/L 0.011 0.037 ND 1 1.08 1 0.600 1 0.601(RPD=0.17) 1 1.02 1 1.02 1

7440-61-1 mg/L 0.007 0.024 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

Comments: 

Notes:

4/2/07 4/2/07 4/2/07 4/2/074/2/07

No problems noted. The MD'L and QL'S represent those determined in June 2006, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

3798-1 3798-3 3798-3 Lab Dup

Aluminum (Al)

Arsenic (As)

4/2/07

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Metals 4/12/07

3ME394HW Sample Results (1, 2)

3/21/07 3/21/07 3/21/07

3798-4

3/21/07

Field Blank Duplicate1PMW-3 PMW-4 PMW-4 PMW-5

3798-2

3/21/2007

3798-5

3/21/2007



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted. The MD'L and QL'S represent those determined in June 2006, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Metals 4/12/07

3ME394HW

Page  2  of  6

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.039 1 0.067 1 0.036 1 0.040 1 0.092 1 0.035 1

0.178 1 0.773 1 0.152 1 0.160 1 0.234 1 0.146 1

0.030 1 0.973 1 0.026 1 0.024 1 0.204 1 0.060 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

28.9 1 248 1 26.9 1 32.8 1 57.4 1 37.2 1

BQL(0.002) 1 0.043 1 ND 1 ND 1 0.007 1 BQL(0.001) 1

ND 1 0.004 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

14.6 1 248 1 2.27 1 1.91 1 46.4 1 7.88 1

2.08 1 2.90 1 1.01 1 1.49 1 0.997 1 1.15 1

5.27 1 86.6 1 3.68 1 3.57 1 22.4 1 8.26 1

0.131 1 1.42 1 0.112 1 0.174 1 0.267 1 0.169 1

BQL(0.003) 1 ND 1 0.004 1 0.005 1 BQL(0.002) 1 0.005 1

57.2 1 306 1 67.8 1 126 1 66.7 1 72.9 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.025 1 ND 1 ND 1 BQL(0.003) 1 ND 1

BQL(0.008) 1 0.017 1 BQL(0.008) 1 0.011 1 0.011 1 BQL(0.010) 1

0.027 1 ND 1 0.029 1 0.031 1 0.014 1 0.026 1

0.124 1 3.10 1 0.270 1 0.459 1 0.697 1 0.325 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.007) 1 BQL(0.008) 1 BQL(0.007) 1 BQL(0.010) 1 BQL(0.014) 1 BQL(0.012) 1

BQL(0.003) 1 0.014 1 ND 1 ND 1 0.007 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

13.0 1 7.47 1 13.5 1 14.2 1 7.67 1 12.5 1

2.06 1 ND 1 8.21 1 14.4 1 ND 1 ND 1

1.28 1 0.403 1 1.41 1 0.477 1 0.178 1 1.13 1

ND 1 BQL(0.022) 1 ND 1 ND 1 ND 1 ND 1

4/2/07 4/2/07 4/2/07 4/2/074/2/07 4/2/07

ML4-5

DF Data DFDF Data DF DataDF Data DataData DF

3798-8 3798-9

Sample Results (1, 2)

3798-10 3798-113798-6 3798-7

3/23/073/21/07 3/22/07

ML2-7 ML4-3

3/22/07 3/22/07 3/23/07

ML2-3 ML2-5PMW-6



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted. The MD'L and QL'S represent those determined in June 2006, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Metals 4/12/07

3ME394HW

Page  3  of  6

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

0.027 1 0.023(RPD=16.00) 1 0.257 1 0.037 1 0.035 1 0.069 1

0.150 1 0.149(RPD=0.67) 1 0.328 1 0.181 1 0.194 1 0.191 1

0.118 1 0.118(RPD=0.00) 1 0.147 1 0.114 1 0.237 1 0.089 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

53.0 1 52.9(RPD=0.19) 1 44.8 1 42.5 1 64.2 1 53.1 1

BQL(0.001) 1 BQL(0.001)(RPD=NA) 1 0.012 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.004) 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

5.32 1 5.31(RPD=0.19) 1 82.7 1 9.86 1 13.4 1 26.9 1

1.42 1 1.41(RPD=0.71) 1 1.16 1 1.60 1 1.63 1 2.00 1

5.43 1 5.40(RPD=0.55) 1 25.1 1 10.6 1 8.65 1 15.0 1

0.325 1 0.322(RPD=0.93) 1 0.156 1 0.178 1 0.414 1 0.257 1

BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 BQL(0.004) 1 BQL(0.004) 1 0.005 1 0.005 1

95.1 1 95.0(RPD=0.11) 1 125 1 64.2 1 99.6 1 141 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.002)(RPD=NA) 1 0.008 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.002) 1

BQL(0.009) 1 BQL(0.007)(RPD=NA) 1 0.016 1 0.015 1 0.013 1 0.017 1

0.021 1 0.021(RPD=0.00) 1 0.029 1 0.027 1 0.030 1 0.035 1

0.703 1 0.703(RPD=0.00) 1 0.411 1 0.398 1 0.864 1 0.641 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

0.020 1 0.021(RPD=4.88) 1 ND 1 BQL(0.012) 1 0.022 1 BQL(0.012) 1

ND 1 BQL(0.003)(RPD=NA) 1 BQL(0.007) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.002) 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

13.8 1 13.9(RPD=0.72) 1 7.57 1 16.0 1 16.6 1 7.10 1

BQL(0.165) 1 BQL(0.196)(RPD=NA) 1 ND 1 ND 1 ND 1 18.1 1

0.672 1 0.673(RPD=0.15) 1 0.607 1 0.955 1 0.480 1 0.141 1

ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF Data DF

4/2/07 4/2/07

3/24/07

4/2/07

Data DF Data DF Data DF

4/2/07

3/23/07

Sample Results (1, 2)

3798-12 3798-12 Lab Dup 3798-13 3798-14 3798-15 3798-16

3/23/07

ML5-3

3/23/07 3/23/07 3/23/07

4/2/07 4/2/07

ML4-7ML4-7 ML5-5 ML5-7 ML1-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted. The MD'L and QL'S represent those determined in June 2006, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Metals 4/12/07

3ME394HW

Page  4  of  6

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.046 1 0.037 1 0.041 1 0.034 1 0.049 1 0.058 1

0.178 1 0.167 1 0.174 1 0.229 1 1.26 1 0.476 1

0.036 1 0.031 1 0.027 1 0.080 1 0.632 1 0.399 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

29.9 1 36.5 1 35.8 1 62.7 1 229 1 128 1

ND 1 BQL(0.001) 1 BQL(0.002) 1 0.008 1 0.073 1 0.022 1

ND 1 ND 1 ND 1 ND 1 0.007 1 BQL(0.002) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.73 1 3.46 1 12.0 1 59.0 1 450 1 149 1

1.45 1 1.46 1 1.44 1 2.55 1 6.40 1 23.1 1

4.80 1 3.91 1 8.63 1 7.87 1 114 1 25.2 1

0.175 1 0.217 1 0.110 1 0.313 1 1.13 1 0.850 1

0.006 1 0.006 1 BQL(0.004) 1 BQL(0.003) 1 ND 1 ND 1

146 1 153 1 51.0 1 37.4 1 224 1 103 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.005) 1 BQL(0.007) 1 0.047 1 0.012 1

0.014 1 BQL(0.009) 1 0.014 1 0.014 1 0.015 1 0.018 1

0.043 1 0.030 1 0.027 1 0.010 1 ND 1 BQL(0.008) 1

0.418 1 0.415 1 0.133 1 0.266 1 3.33 1 0.973 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.006) 1 BQL(0.015) 1 BQL(0.011) 1 BQL(0.009) 1 ND 1 BQL(0.006) 1

BQL(0.003) 1 ND 1 ND 1 BQL(0.006) 1 0.027 1 0.007 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

11.6 1 14.9 1 12.1 1 6.27 1 3.88 1 9.34 1

15.8 1 26.9 1 9.37 1 ND 1 ND 1 ND 1

0.556 1 0.455 1 0.966 1 0.411 1 0.493 1 0.732 1

ND 1 ND 1 ND 1 ND 1 BQL(0.019) 1 BQL(0.007) 1

DF Data DF

3/26/07

Data DF Data DF Data DF Data DF Data

4/2/07 4/2/07 4/2/07 4/2/07

PMW-2 PMW-1

3/24/07 3/24/07 3/26/07 3/26/07

4/2/07 4/2/07

Sample Results (1, 2)

3798-17 3798-18 3798-19 3798-20 3802-1 3802-2

ML1-7

3/27/07

ML1-5 ML3-3 ML3-5



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted. The MD'L and QL'S represent those determined in June 2006, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Metals 4/12/07

3ME394HW
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ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.055(RPD=5.31) 1 0.086 1 0.189 1 0.054 1 0.056 1 0.155 1

0.474(RPD=0.42) 1 0.334 1 0.219 1 0.180 1 0.174 1 0.439 1

0.403(RPD=1.00) 1 0.142 1 0.076 1 0.127 1 0.161 1 0.158 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

129(RPD=0.78) 1 77.6 1 64.9 1 47.6 1 57.2 1 46.0 1

0.022(RPD=0.00) 1 0.012 1 0.005 1 BQL(0.002) 1 BQL(0.002) 1 0.016 1

BQL(0.002)(RPD=NA) 1 BQL(0.002) 1 ND 1 ND 1 ND 1 BQL(0.002) 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

150(RPD=0.67) 1 85.8 1 33.2 1 11.9 1 13.6 1 112 1

23.3(RPD=0.86) 1 1.84 1 1.65 1 3.77 1 2.27 1 1.43 1

25.3(RPD=0.40) 1 12.3 1 20.3 1 10.1 1 6.05 1 28.6 1

0.851(RPD=0.12) 1 0.639 1 0.301 1 0.205 1 0.299 1 0.260 1

ND(RPD=NA) 1 0.006 1 0.009 1 0.006 1 0.005 1 0.005 1

104(RPD=0.97) 1 117 1 131 1 75.8 1 115 1 300 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.016(RPD=28.57) 1 BQL(0.007) 1 ND 1 BQL(0.003) 1 BQL(0.003) 1 0.010 1

0.020(RPD=10.53) 1 0.021 1 0.021 1 0.014 1 0.015 1 0.023 1

BQL(0.008)(RPD=NA) 1 0.058 1 0.083 1 0.046 1 0.053 1 0.067 1

0.982(RPD=0.92) 1 0.625 1 0.780 1 0.374 1 0.796 1 0.617 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.006)(RPD=NA) 1 ND 1 ND 1 BQL(0.009) 1 BQL(0.008) 1 ND 1

BQL(0.005)(RPD=NA) 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.005) 1 ND 1 0.012 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

9.34(RPD=0.00) 1 13.7 1 10.8 1 18.2 1 17.1 1 10.0 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.733(RPD=0.14) 1 0.723 1 0.064 1 0.849 1 0.198 1 0.109 1

BQL(0.013)(RPD=NA) 1 BQL(0.011) 1 ND 1 ND 1 ND 1 BQL(0.013) 1

Data DF Data DF Data DF

4/2/07 4/2/07

3/28/073/27/07 3/27/07

4/2/07 4/2/07 4/2/07

3/27/07

Sample Results (1, 2)

3802-2 Lab Dup 3802-3 3802-4 3802-5 3802-6 3802-7

3/28/073/27/07

4/2/07

Data DF Data DF Data DF

ML3-5 ML3-7 ML6-3 ML6-5 ML6-7 ML7-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.036 0.120

7440-38-2 mg/L 0.005 0.017

7440-42-8 mg/L 0.013 0.044

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.024 0.080

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.005 0.017

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.055 0.184

7439-95-4 mg/L 0.024 0.080

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.042 0.140

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.003 0.010

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.002 0.007

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.044 0.147

7704-34-9 mg/L 0.092 0.307

7723-14-0 mg/L 0.011 0.037

7440-61-1 mg/L 0.007 0.024

Comments: 

Notes:

No problems noted. The MD'L and QL'S represent those determined in June 2006, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Metals 4/12/07

3ME394HW
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ND 1 ND 1 ND 1

BQL(0.037) 1 ND 1 ND 1

0.049 1 0.054 1 0.040 1

0.175 1 0.198 1 0.181 1

0.135 1 0.315 1 0.127 1

ND 1 ND 1 ND 1

52.9 1 60.5 1 47.5 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.002) 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

14.5 1 16.9 1 11.7 1

1.09 1 1.64 1 3.75 1

9.83 1 6.38 1 10.1 1

0.252 1 0.402 1 0.204 1

0.005 1 0.005 1 0.005 1

67.9 1 143 1 76.0 1

ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.004) 1

0.014 1 0.014 1 0.011 1

0.039 1 0.042 1 0.025 1

0.564 1 0.913 1 0.372 1

ND 1 ND 1 ND 1

BQL(0.013) 1 BQL(0.013) 1 0.018 1

ND 1 BQL(0.002) 1 BQL(0.003) 1

ND 1 ND 1 ND 1

15.3 1 16.0 1 18.4 1

ND 1 ND 1 ND 1

0.902 1 0.177 1 0.868 1

ND 1 ND 1 ND 1

DFDF Data DF DataData DF Data DF Data DF Data

3/29/07 3/27/07

4/2/07 4/2/07 4/2/07

Sample Results (1, 2)

3802-8 3802-9 3802-10

3/28/07

ML7-5 ML7-7 Duplicate 2



Page 1 of 1

         Laboratory: IRMS Report Date:

Tech Dir: 3OA110HW Date Analyzed:

Method: RSKSOP-296 Analyst:

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

ML2-3 3797-0019 3797-3 -27.44 -4.10

(3/22/07) 3797-0020 3797-3D -17.00 -3.49

3797-0021 3797-3D -15.93 -3.77

3797-0022 3797-3D -18.37 -3.94

3797-0023 3797-3D -15.80 -3.79

3797-0024 3797-3D -16.55 -16.18 0.53 -3.80 -3.80 0.01

ML2-5 3797-0025 3797-4 -17.32 -3.51

(3/22/07) 3797-0026 3797-4D -17.30 -3.39

3797-0027 3797-4D -16.88 -3.36

3797-0028 3797-4D -16.80 -16.84 0.06 -3.40 -3.38 0.03

ML5-3 3797-0029 3797-5 -18.09 -3.52

(3/23/07) 3797-0030 3797-5D -17.87 -3.41

3797-0031 3797-5D -17.73 -3.32

3797-0032 3797-5D -17.77 -17.75 0.03 -3.41 -3.36 0.06

ML5-5 3797-0033 3797-6 -15.87 -2.91

(3/23/07) 3797-0034 3797-6D -16.57 -3.09

3797-0035 3797-6D -16.23 -2.95

3797-0036 3797-6D -15.87 -16.05 0.26 -3.05 -3.00 0.08

PMW-3 3797-0044 3797-8 -30.32 -6.65

(3/21/07) 3797-0045 3797-8D -21.30 -4.67

3797-0046 3797-8D -18.32 -4.01

3797-0047 3797-8D -18.14 -3.83

3797-0048 3797-8D -16.63 -3.50

3797-0049 3797-8D -16.85 -16.74 0.15 -3.49 -3.50 0.00

PMW-5 3797-0050 3797-9 -18.75 -3.73

(3/21/07) 3797-0051 3797-9D -17.83 -3.36

3797-0052 3797-9D -15.93 -3.32

3797-0053 3797-9D -16.42 -16.18 0.35 -3.37 -3.34 0.04

Dup1 3797-0054 3797-10 -14.07 -3.17

(3/21/07) 3797-0055 3797-10D -15.91 -3.37

3797-0056 3797-10D -16.10 -3.34

3797-0057 3797-10D -16.47 -16.29 0.27 -3.31 -3.32 0.03

Shaw Environmental, Inc.

Analytical Report - Analytical Results

Comments: 
Due to memory effect, typically the first two to four replicates (italic) of each sample were excluded from the 
calculations for the average (mean) and the standard deviation (stdev).  

04/24/07

4/5-16/2007

Feng Lu



Client    EPA
Project name #   Paris Island
OU Project Ref. # 173
Number/Type of Samples 7; water
Analysis Required d13C in 1,1-DCE, t-DCE, c-DCE, TCE, PCE
Date Received 3/27/2007
Date Analysis Completed 6/19/2008

Notes: na/nd–peak not acquired (above quantitation limit, if so the sample was rerun with higher dilution x) or compound not detected
coel – peak coelutes
highlighted values of 1,1-DCE: abnormal peak geometry, possibly coelution with unidentified compound

Run # Sample ID Dilution x 1,1DCE trans-DCE cis-DCE TCE PCE 1,1DCE trans-DCE cis-DCE TCE PCE 
1651 DUPLICATE 1 12500 na/nd na/nd -29.7 -26.9 -27.9 DUPLICATE 1 -39.1 -38.8 -29.7 -26.8 -27.9
1654 DUPLICATE 1 6250 na/nd na/nd -29.7 -26.6 -27.9 ML-2-3 coel -40.7 -26.5 -24.6 -26.4
1667 DUPLICATE 1 100 na/nd -38.4 na/nd na/nd na/nd ML-2-5 -41.9 -41.5 -30.5 -33.1 -29.0
1678 DUPLICATE 1 19 -39.1 -39.1 na/nd na/nd na/nd ML-5-3 -34.4 -36.7 -26.0 -23.6 -18.3
1644 ML-2-3 35714 na/nd na/nd -26.5 na/nd na/nd ML-5-5 -39.8 -40.1 -28.1 -23.7 -14.0
1660 ML-2-3 417 na/nd na/nd na/nd -24.6 na/nd PMW-3 -39.2 -39.4 -28.3 -25.3 -24.5
1664 ML-2-3 50 na/nd -40.7 na/nd na/nd -26.6 PMW-5 -39.1 -39.7 -29.5 -26.9 -28.1
1677 ML-2-3 100 na/nd na/nd na/nd na/nd -26.2
1645 ML-2-5 50000 na/nd na/nd na/nd na/nd -29
1662 ML-2-5 2500 na/nd na/nd -30.5 -33.1 na/nd
1663 ML-2-5 1923 na/nd na/nd -30.5 -33.0 na/nd
1666 ML-2-5 19 na/nd -40.9 na/nd na/nd na/nd 1,1DCE trans-DCE cis-DCE TCE PCE 
1679 ML-2-5 4 -41.9 -42.1 na/nd na/nd na/nd DUPLICATE 1 0.5 0.0 0.2 0.0
1647 ML-5-3 25000 na/nd na/nd -26.1 na/nd na/nd ML-2-3 0.3
1652 ML-5-3 16667 na/nd na/nd -25.9 na/nd na/nd ML-2-5 0.8 0.0 0.1
1655 ML-5-3 417 na/nd -37.0 na/nd -23.6 na/nd ML-5-3 0.5 0.4 0.1 0.0 0.3
1656 ML-5-3 417 na/nd -36.4 na/nd -23.6 na/nd ML-5-5 0.4
1672 ML-5-3 21 -34.7 na/nd na/nd na/nd -18.5 PMW-3 0.1
1673 ML-5-3 13 -34.0 na/nd na/nd na/nd -18.1
1648 ML-5-5 7143 na/nd na/nd -28.1 na/nd na/nd
1658 ML-5-5 167 na/nd na/nd na/nd -23.4 na/nd
1661 ML-5-5 125 na/nd na/nd na/nd -24 na/nd
1665 ML-5-5 25 na/nd -40.1 na/nd na/nd na/nd
1676 ML-5-5 5 -39.8 na/nd na/nd na/nd -14.0
1649 PMW-3 10000 na/nd na/nd -28.3 na/nd na/nd
1657 PMW-3 83 na/nd -39.4 na/nd na/nd na/nd
1670 PMW-3 8 -39.2 na/nd na/nd -25.3 na/nd
1674 PMW-3 3 -39.1 na/nd na/nd na/nd -24.5
1650 PMW-5 12500 na/nd na/nd -29.5 -26.9 -28.1
1668 PMW-5 50 -39.1 -39.7 na/nd na/nd na/nd

QAQC – external standards 

Run # Sample ID cis-DCE TCE PCE
1643 standard -25.9 -31.0 -27.2
1653 standard -25.8 -30.9 -27.4
1659 standard -25.7 -30.8 -27.3
1669 standard -26.0 -30.7 -27.4

average d13C -25.9 -30.9 -27.3
stdev n=3 0.1 0.1 0.1
max stdev n=2 0.2 0.2 0.1

off-line d13C of Std compound -26.1 -30.7 -27.1

d13C d13C

StDev of replicate d13C

d13C



Client    EPA
Project     Paris Island/Nano Iron for Source Zones
OU Project Ref. # 173a
Number/Type of Samples 7 water samples 
Analysis Required d13C of ethane, ethene, VC
Date Received: 27-Mar-07
Date Analysis Completed 14-May-07

Notes: na/nd–peak not acquired (above quantitation limit, if so the sample was rerun with higher dilution x) or compound not detected

Replicate Runs Averages

run # sample ID dilution x ethene ethane VC sample ID ethene ethane VC
6120 ML2-3 2500 -37.0 -43.2 -37.0 ML2-3 -37.1 -43.3 -36.8
6129 ML2-3 1000 -37.2 -43.3 -36.5 ML2-5 -42.1 -52.6 -34.9
6122 ML2-5 13 -42.0 -52.6 na/nd ML5-3 -34.8 nd -29.0
6131 ML2-5 50 -42.1 na/nd -34.9 ML5-5 -38.2 -46.5 -32.5
6121 ML5-3 5000 -34.6 na/nd -28.9 PMW-3 -41.8 -48.0 -36.7
6130 ML5-3 5000 -35.0 na/nd -29.1 PMW-5 -41.6 -47.9 -36.0
6136 ML5-5 167 -38.0 -46.8 -32.3 DUPLICATE -42.1 -48.0 -35.9
6143 ML5-5 167 -37.9 -46.1 -32.2
6124 ML5-5 1000 -38.7 na/nd -32.9
6116 PMW-3 25 na/nd na/nd na/nd QAQC – precision 
6117 PMW-3 500 -41.1 na/nd -36.7
6128 PMW-3 250 -42.0 na/nd -36.9 sample ID ethene ethane VC
6137 PMW-3 250 -42.0 -48.0 -36.6 ML2-3 0.1 0.1 0.4
6142 PMW-3 250 -41.9 -47.9 -36.7 ML2-5 0.1
6125 PMW-5 13 na/nd -48.9 -35.8 ML5-3 0.3 0.1
6134 PMW-5 50 na/nd -47.5 -36.1 ML5-5 0.4 0.5 0.4
6135 PMW-5 250 -41.8 -47.9 na/nd PMW-3 0.4 0.1 0.1
6144 PMW-5 1000 -41.4 -47.4 na/nd PMW-5 0.3 0.7 0.2
6127 DUPLICATE 25 na/nd na/nd -35.9 DUPLICATE 0.1 0.1
6138 DUPLICATE 250 -42.1 -48.1 na/nd
6141 DUPLICATE 500 -42.0 -47.9 na/nd

QAQC – external standards 

run # sample ID ethene VC
6115 standard -28.6 -28.2
6119 standard -29.1 -28.3
6123 standard -28.9 -28.4
6126 standard -28.4 -28.5
6132 standard -29.4 -29.2
6133 standard -29 -28.6
6140 standard -29 -28.5

average Std -28.9 -28.5
stdev Std n=4 0.3 0.3
max stdev n=2 0.7 0.7

off-line d13C of std. compound -29.2 -28

d13C d13C

stdev of replicate d13C

d13C



tbl_Temp

OurLabID Sample ID Delta 37Cl x 1000 State Code Country Code
J-481 PMW-3 4.71 0 US
J-482 PMW-5 4.55 0 US
J-483 Duplicate 1 4.38 0 US
J-484 ML 2-3 5.43 0 US
J-485 ML 2-5 3.3 0 US
J-486 ML 5-3 5.11 0 US
J-487 ML 5-5 4.85 0 US

Page 1
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Laboratory: General Parameters Report Date: 08/01/07

Technical Directive: 4GP994HW

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

Field Blank 3987-1 7/19-7/30/2007 0.391 (± 0.0031) 1 0.110 (± 0.0080) 1 - -

PMW-2 3987-2 7/19-7/30/2007 62.9 (± 0.0912) 8 21.1 (± 0.0134) 4 - -

PMW-3 3987-3 7/19-7/30/2007 49.2 (± 0.0569) 8 53.2 (± 0.1327) 4 - -

DUPLICATE 1 3987-4 7/19-7/30/2007 49.8 (± 0.0475) 8 53.8 (± 0.0918) 4 - -

PMW-1 3987-5 7/19-7/30/2007 50.8 (± 0.0300) 8 - - 260 (± 1.0692) 4

PMW-6 3987-6 7/19-7/30/2007 48.5 (± 0.0411) 8 49.8 (± 0.1137) 4 - -

PMW-5 3987-7 7/19-7/30/2007 30.8 (± 0.0407) 8 - - 181 (± 0.7589) 4

PMW-4 3987-8 7/19-7/30/2007 57.3 (± 0.0575) 8 19.7 (± 0.0526) 4 - -

ML1-2 3987-9 7/19-7/30/2007 102 (± 0.0728) 8 41.2 (± 0.2770) 4 - -

ML2-2 3987-10 7/19-7/30/2007 30.4 (± 0.0332) 8 - - 640 (± 1.4409) 8

ML2-2 3987-10 LAB DUP 7/12/2007 7/19-7/30/2007 32.4 (± 0.0475)(RPD=6.37) 8 - - - -

ML1-4 3987-11 7/12/2007 7/19-7/30/2007 81.3 (± 0.1179) 8 24.0 (± 0.0772) 4 - -

ML1-5 3987-12 7/12/2007 7/19-7/30/2007 90.2 (± 0.1013) 8 21.4 (± 0.0410) 4 - -

ML1-6 3987-13 7/12/2007 7/19-7/30/2007 65.0 (± 0.0899) 8 12.3 (± 0.0014) 4 - -

ML1-7 3987-14 7/19-7/30/2007 88.3 (± 0.1101) 8 12.8 (± 0.0150) 4 - -

ML2-4 3987-15 7/19-7/30/2007 78.7 (± 0.0530) 8 - - 133 (± 0.5130) 4

ML2-5 3987-16 7/19-7/30/2007 67.2 (± 0.0411) 8 15.6 (± 0.1150) 4 - -

ML2-6 3987-17 7/19-7/30/2007 71.5 (± 0.0851) 8 11.9 (± 0.0228) 4 - -

ML2-7 3987-18 7/19-7/30/2007 85.7 (± 0.0728) 8 14.3 (± 0.0624) 4 - -

ML2-7 3987-18 LAB DUP 7/13/2007 7/19-7/30/2007 - - 14.8 (± 0.0296) (RPD=3.44) 4 - -

ML3-2 3987-19 7/19-7/30/2007 5.48 (± 0.0352) 8 - - 2451 (± 3.2883) 20

ML3-4 3987-20 7/19-7/30/2007 31.9 (± 0.1084) 4 - - 754 (± 2.4047) 8

ML3-4 3987-20 LAB DUP 7/19-7/30/2007 31.0 (± 0.0492) (RPD = 2.86) 4 - - - -

ML3-5 3987-21 7/19-7/30/2007 77.5 (± 0.2036) 4 - - 775 (± 1.2132) 10

ML3-6 3987-22 7/19-7/30/2007 56.9 (± 0.3209) 4 - - 445 (± 0.7747) 10

ML3-6 3987-22 LAB DUP 7/19-7/30/2007 - - - - 436 (± 1.3044) (RPD=2.04) 10

ML3-7 3987-23 7/19-7/30/2007 103  (±0.1565 ) 4 11.2 (± 0.0454) 4 - -

ML4-2 3987-24 7/19-7/30/2007 51.7 (± 0.1782) 8 - - 616 (± 1.0907) 8

ML4-4 3987-25 7/19-7/30/2007 66.0 (± 0.0412) 8 57.9 (± 0.1502) 4 - -

ML4-5 3987-26 7/19-7/30/2007 65.8 (± 0.0582) 8 53.3 (± 0.1201) 4 - -

ML4-6 3987-27 7/19-7/30/2007 68.3 (± 0.0433) 8 45.4 (± 0.1730) 4 - -

DUPLICATE 2 3987-28 7/19-7/30/2007 63.1 (± 0.0503) 8 52.2 (± 0.1683) 4 - -

ML4-7 3987-29 7/19-7/30/2007 85.0 (± 0.0868) 8 51.5 (± 0.2242) 4 - -

ML4-7 3987-29 LAB DUP 7/19-7/30/2007 85.7 (± 0.0668) (RPD = 0.820) 8 - - - -

20.0**

0.018** 0.062**

Analytical Service Results Report

RSKSOP-265 Rev. 3

mg/L

0.322**

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

Shaw Environmental, Inc.

0.100** 0.100**

7/11/2007

Date Collected

mg/L

7/12/2007

7/13/2007

7/13/2007

7/14/2007

7/13/2007

7/14/2007

7/13/2007

7/13/2007

7/14/2007

7/11/2007

7/12/2007

7/12/2007

7/12/2007

7/11/2007

7/11/2007

7/11/2007

Total Organic Carbon (TOC)

7440-44-0-TOC

mg/L

7/16/2007

7/16/2007

7/12/2007

7/14/2007

7/13/2007

7/16/2007

RSKSOP-265 Rev. 3

7/14/2007

7/14/2007

7/16/2007

7/16/2007

7/16/2007

7/14/2007



Page 2 of 2

Laboratory: General Parameters Report Date: 08/01/07

Technical Directive: 4GP994HW

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF
20.0**

0.018** 0.062**

Analytical Service Results Report

RSKSOP-265 Rev. 3

mg/L

0.322**

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

Shaw Environmental, Inc.

0.100** 0.100**
Date Collected

mg/L

Total Organic Carbon (TOC)

7440-44-0-TOC

mg/L

RSKSOP-265 Rev. 3

ML5-2 3994-1 7/16/2007 7/19-7/30/2007 83.1 (± 0.0190) 8 - - 230 (± 0.7418) 8

ML5-4 3994-2 7/16/2007 7/19-7/30/2007 47.7 (± 0.0247) 8 - - 113 (± 0.9039) 4

ML5-5 3994-3 7/16/2007 7/19-7/30/2007 50.4 (± 0.0239) 8 - - 93.0 (± 0.7279) 4

ML5-6 3994-4 7/16/2007 7/19-7/30/2007 66.8 (± 0.0353) 8 75.5 (± 0.0830) 8 - -

ML5-7 3994-5 7/16/2007 7/19-7/30/2007 95.3 (± 0.0877) 8 60.4 (± 0.0298) 8 - -

ML6-2 3994-6 7/17/2007 7/19-7/30/2007 72.3 (± 0.0724) 8 - - 172 (± 0.2546) 8

ML6-4 3994-7 7/17/2007 7/19-7/30/2007 61.3 (± 0.0492) 8 69.0 (± 0.1380) 4 - -

ML6-5 3994-8 7/17/2007 7/19-7/30/2007 29.5 (± 0.0140) 8 - - 122 (± 0.7713) 4

ML6-6 3994-9 7/17/2007 7/19-7/30/2007 40.8 (± 0.0413) 8 - - 88.3 (± 0.6719) 4

ML6-7 3994-10 7/17/2007 7/19-7/30/2007 80.6 (± 0.0849) 8 37.0 (± 0.1298) 4 - -

ML6-7 3994-10 LAB DUP 7/17/2007 7/19-7/30/2007 - - 37.1 (± 0.0480) (RPD=0.270) 4 - -

ML7-2 3994-11 7/17/2007 7/19-7/30/2007 7.25 (± 0.0171) 8 - - 1719 (± 1.4138) 20

ML7-4 3994-12 7/18/2007 7/19-7/30/2007 53.0 (± 0.0407) 8 - - 201 (± 1.5191) 4

ML7-5 3994-13 7/18/2007 7/19-7/30/2007 12.9 (± 0.0114) 8 - - 324 (± 1.4003) 4

ML7-6 3994-14 7/19-7/30/2007 48.4 (± 0.0270) 8 - - 273 (± 1.5230) 4

ML7-7 3994-15 7/19-7/30/2007 61.4 (± 0.0534) 8 - - 210 (± 1.1109) 4

ML7-7 3994-15 LAB DUP 7/19-7/30/2007 61.0 (± 0.0524) (RPD=0.654) 8 - - 205 (± 1.7924) (RPD=2.41) 4

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/18/2007

7/18/2007

7/18/2007

** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.  New MDL studies have been performed for the Phoenix 8000.  The new MDL values are 0.018 for TIC range 
0.1-20 mg/L performed on 11-27-06, 0.062 for TOC range 0.1-20 mg/L performed on 10-27-06, and 0.322 for TOC range 20-200 mg/L performed on 7-31-07. 

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter 
was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF 
means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set.  The data values are 
reported with the dilution factors applied. Due to the wide range of TOC concentrations in  the sample sets, the TOC samples were analyzed at a mid-calibration range and at a low-calibration range as is 
described in RSKSOP-265/3 . 
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Laboratory: General Parameters Report Date: 07/30/07

Technical Directive: 4GP994HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Field Blank 3987-1 7/24/2007 ND 1 ND 1 ND 1 ND 1

PMW-2 3987-2 7/24/2007 33.9 1 BQL (0.449) 1 22.7 1 BQL (0.178) 1

PMW-3 3987-3 7/24 & 7/25/2007 64.5 6 BQL (0.737) 1 13.2 1 BQL (0.048) 1

Duplicate 1 3987-4 7/24 & 7/25/2007 65.4 6 BQL (0.773) 1 13.6 1 BQL (0.042) 1

PMW-1 3987-5 7/24 & 7/25/2007 70.5 6 ND 1 3.29 1 ND 1

PMW-6 3987-6 7/24/2007 36.9 1 BQL (0.638) 1 13.2 1 BQL (0.123) 1

PMW-5 3987-7 7/24 & 7/25/2007 208 11 BQL (0.643) 1 BQL (0.837) 1 ND 1

PMW-4 3987-8 7/24/2007 43.9 1 BQL (0.758) 1 39.6 1 BQL (0.091) 1

ML1-2 3987-9 7/24 & 7/25/2007 136 6 BQL (0.546) 1 61.1 6 BQL (0.127) 1

ML2-2 3987-10 7/24 & 7/25/2007 524 21 ND 1 BQL (0.649) 1 0.708 1

ML2-2 3987-10 Lab dup 7/24 & 7/25/2007 520 (RPD=0.766) 21 ND (RPD=NA) 1 BQL (0.682) (RPD=NA) 1 0.753 (RPD=6.16) 1

ML1-4 3987-11 7/24/2007 40.5 1 BQL (0.719) 1 39.3 1 0.294 1

ML1-5 3987-12 7/24/2007 34.1 1 BQL (0.412) 1 33.5 1 0.364 1

ML1-6 3987-13 7/24 & 7/25/2007 101 6 BQL (0.522) 1 59.0 6 0.292 1

ML1-7 3987-14 7/24 & 7/25/2007 116 6 ND 1 36.6 1 0.400 1

ML2-4 3987-15 7/24 & 7/25/2007 256 11 BQL (0.664) 1 3.68 1 BQL (0.131) 1

ML2-5 3987-16 7/24/2007 34.1 1 BQL (0.629) 1 30.6 1 0.211 1

ML2-6 3987-17 7/24 & 7/25/2007 55.5 6 1.11 1 39.2 1 0.232 1

ML2-7 3987-18 7/24 & 7/25/2007 93.9 6 BQL (0.726) 1 47.1 1 0.325 1

ML3-2 3987-19 7/24 & 7/25/2007 206 21 1.36 1 2.35 1 BQL (0.087) 1

ML3-4 3987-20 7/24/2007 30.1 1 BQL (0.823) 1 BQL (0.326) 1 0.217 1

ML3-4 3987-20 Lab dup 7/24/2007 29.8 (RPD=1.00) 1 BQL (0.800) (RPD=NA) 1 BQL (0.324) (RPD=NA) 1 0.222 (RPD=2.28) 1

ML3-5 3987-21 7/24/2007 39.7 1 1.41 1 BQL (0.508) 1 BQL (0.112) 1

ML3-6 3987-22 7/24 & 7/25/2007 94.6 6 1.14 1 BQL (0.262) 1 BQL (0.036) 1

ML3-7 3987-23 7/24 & 7/25/2007 121 6 BQL (0.666) 1 BQL (0.181) 1 0.295 1

ML4-2 3987-24 7/24 & 7/25/2007 362 21 1.47 1 BQL (0.371) 1 BQL (0.062) 1

ML4-4 3987-25 7/24 & 7/25/2007 56.5 6 BQL (0.826) 1 ND 1 BQL (0.188) 1

ML4-5 3987-26 7/24 & 7/25/2007 62.9 6 BQL (0.430) 1 ND 1 BQL (0.169) 1

ML4-6 3987-27 7/24 & 7/25/2007 73.5 6 BQL (0.471) 1 BQL (0.203) 1 0.221 1

Duplicate 2 3987-28 7/24 & 7/25/2007 62.6 6 BQL (0.524) 1 BQL (0.123) 1 BQL (0.130) 1

ML4-7 3987-29 7/24 & 7/25/2007 92.9 6 BQL (0.524) 1 BQL (0.130) 1 0.338 1

ML4-7 3987-29 Lab dup 7/24 & 7/25/2007 91.9 (RPD=1.08) 6 BQL (0.490)(RPD=NA) 1 BQL (0.143) (RPD=NA) 1 0.342 (RPD=1.18) 1

7/13/2007

7/13/2007

7/13/2007

7/13/2007

7/14/2007

7/14/2007

7/14/2007

7/14/2007

7/12/2007

7/12/2007

7/13/2007

7/13/2007

7/12/2007

7/12/2007

7/12/2007

7/12/2007

Shaw Environmental, Inc.

mg/L mg/L

* 0.079 0.341

Analytical Service Results Report

Sulfate (as SO4)

7/12/2007

7/11/2007

7/11/2007

Date Collected
* 1.00

Chloride (Cl) Bromide (Br)

1.00

RSKSOP-288/1 RSKSOP-288/1

16887-00-6

Lynda Callaway

7/12/2007

7/12/2007

7/11/2007

7/11/2007

7/11/2007

Fluoride (F)

7782-41-4

RSKSOP-288/1RSKSOP-288/1

14808-79-8

mg/L

0.024

0.200

mg/L

* 0.049

* 1.00

7/14/2007

7/14/2007

7/16/2007

7/16/2007

7/16/2007

7/16/2007

7/16/2007

7/16/2007
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Laboratory: General Parameters Report Date: 07/30/07

Technical Directive: 4GP994HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Shaw Environmental, Inc.

mg/L mg/L

* 0.079 0.341

Analytical Service Results Report

Sulfate (as SO4)

Date Collected
* 1.00

Chloride (Cl) Bromide (Br)

1.00

RSKSOP-288/1 RSKSOP-288/1

16887-00-6

Lynda Callaway Fluoride (F)

7782-41-4

RSKSOP-288/1RSKSOP-288/1

14808-79-8

mg/L

0.024

0.200

mg/L

* 0.049

* 1.00

ML5-2 3994-1 7/26 & 7/27/2007 351 11 ND 1 BQL (0.167) 1 ND 1

ML5-4 3994-2 7/26 & 7/27/2007 58.3 11 BQL (0.521) 1 ND 1 BQL (0.083) 1

ML5-5 3994-3 7/26 & 7/27/2007 73.7 11 BQL (0.804) 1 BQL (0.200) 1 ND 1

ML5-6 3994-4 7/26 & 7/27/2007 83.2 11 BQL (0.344) 1 ND 1 ND 1

ML5-7 3994-5 7/26 & 7/27/2007 118 11 BQL (0.353) 1 ND 1 0.294 1

ML6-2 3994-6 7/26 & 7/27/2007 251 11 BQL (0.355) 1 BQL (0.697) 1 ND 1

ML6-4 3994-7 7/26 & 7/27/2007 96.8 11 ND 1 ND 1 BQL (0.058) 1

ML6-4 3994-7 Lab dup 7/26 & 7/27/2007 97.2 (RPD=0.412) 11 BQL (0.391) (RPD=NA) 1 ND (RPD=NA) 1 BQL (0.068)(RPD=NA) 1

ML6-5 3994-8 7/26 & 7/27/2007 174 11 BQL (0.612) 1 BQL (0.149) 1 BQL (0.079) 1

ML6-6 3994-9 7/26 & 7/27/2007 163 11 BQL (0.433) 1 BQL (0.053) 1 ND 1

ML6-7 3994-10 7/26 & 7/27/2007 168 11 BQL (0.523) 1 ND 1 ND 1

ML7-2 3994-11 7/26 & 7/27/2007 339 11 BQL (0.470) 1 BQL (0.834) 1 ND 1

ML7-4 3994-12 7/26 & 7/27/2007 117 11 BQL (0.449) 1 ND 1 ND 1

ML7-5 3994-13 7/26 & 7/27/2007 149 11 ND 1 ND 1 ND 1

ML7-6 3994-14 7/26 & 7/27/2007 156 11 ND 1 ND 1 ND 1

ML7-7 3994-15 7/26 & 7/27/2007 147 11 BQL (0.438) 1 ND 1 ND 1

ML7-7 3994-15 Lab dup 7/26 & 7/27/2007 146 (RPD=0.683) 11 BQL (0.528) (RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

Comments:

Notes:

7/17/2007

7/18/2007

7/18/2007

7/18/2007

7/18/2007

7/17/2007

7/17/2007

7/17/2007

7/18/2007

7/16/2007

7/17/2007

7/17/2007

7/17/2007

7/16/2007

7/16/2007

7/16/2007

7/16/2007

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples 
within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were diluted.  MDL determinations 
were made for chloride and sulfate on 7-13-07 and for bromide and fluoride on 7-24-07.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation 
limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all; NA means not applicable; NSF means not sufficient amount for analyses.  All the results are corrected with dilution factors 
(DF), if applicable.  



Laboratory: Report Date: Page  1  of  9

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047 BQL(0.015) 1 9.80 1 9.55 (RPD=2.58) 1 11.6 1 11.5 1 12.7 1

7440-47-3 μg/L 0.030 0.100 BQL(0.057) 1 0.427 1 0.412 (RPD=3.58) 1 0.559 1 0.565 1 0.664 1

7440-50-8 μg/L 0.072 0.240 ND 1 0.379 1 0.379 (RPD=0.00) 1 0.288 1 BQL(0.156) 1 0.549 1

7439-89-6 μg/L 0.289 0.964 ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.025 0.084 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7782-49-2 μg/L 0.169 0.564 ND 1 4.74 1 4.75 (RPD=0.21) 1 5.08 1 5.14 1 4.30 1

7440-61-1 μg/L 0.002 0.007 ND 1 0.027 1 0.026 (RPD=3.77) 1 BQL(0.005) 1 BQL(0.006) 1 0.106 1

7440-66-6 μg/L 0.079 0.264 ND 1 0.397 1 0.417 (RPD=4.91) 1 ND 1 ND 1 1.13 1

7439-97-6 μg/L 0.017 0.057 ND 1 BQL(0.049) 1 BQL(0.046) (RPD=NA) 1 BQL(0.033) 1 BQL(0.026) 1 ND 1

Comments:

Notes:

7/11/07

7/18 & 7/19/07

DUPLICATE 1

7/18 & 7/19/07

3987-04

7/11/07

4ME421HW Sample Results (1, 2)

PMW-2

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

PMW-1PMW-3PMW-2

3987-03

7/11/07

S.Markham/L. Callaway FIELD BLANK

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

3987-02

7/11/07 7/11/07

3987-01

Unit
Analytes

Names 

RSKSOP 257(1)

DFMDL Data DF Data DF DataQL

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data

7/18, 7/19 & 7/26/07 7/18 & 7/19/07

7/11/07

3987-02 Lab Dup.

7/18 & 7/19/07 7/18 & 7/19/07

3987-05



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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4.43 1 7.93 1 24.5 1 8.68 1 14.0 1 13.0 1

0.504 1 0.712 1 0.540 1 0.176 1 0.422 1 0.374 1

0.250 1 0.460 1 BQL(0.213) 1 0.537 1 1.12 1 BQL(0.135) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.05 1 6.42 1 5.87 1 6.12 1 8.47 1 6.67 1

BQL(0.003) 1 0.011 1 0.034 1 0.021 1 0.023 1 0.013 1

ND 1 0.926 1 7.95 1 3.74 1 0.477 1 0.426 1

BQL(0.025) 1 BQL(0.021) 1 ND 1 BQL(0.027) 1 ND 1 0.060 1

Data

7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07

Data DF DF DataData

7/18 & 7/19/07

DF

3987-06 3987-07 3987-08

DFDF Data DF Data

Sample Results (1, 2)

PMW-6 PMW-5 PMW-4 ML 1-4ML 2-2ML 1-2

7/12/07 7/12/07 7/12/07 7/12/07

3987-09 3987-10

7/12/07

7/18 & 7/19/07 7/18 & 7/19/07

3987-11

7/12/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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13.0 (RPD=0.00) 1 7.65 1 7.95 1 4.38 1 7.44 1 5.17 1

0.367 (RPD=1.89) 1 0.349 1 0.180 1 0.127 1 0.606 1 0.377 1

BQL(0.131) (RPD=NA) 1 BQL(0.114) 1 BQL(0.131) 1 0.284 1 0.704 1 2.59 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 0.104 1

6.55 (RPD=1.82) 1 5.76 1 4.25 1 4.35 1 7.09 1 5.30 1

0.013 (RPD=0.00) 1 0.047 1 0.854 1 0.141 1 0.034 1 0.216 1

0.425 (RPD=0.24) 1 ND 1 1.86 1 BQL(0.196) 1 ND 1 2.53 1

BQL(0.041) (RPD=NA) 1 BQL(0.031) 1 0.062 1 BQL(0.032) 1 ND 1 ND 1

Sample Results (1, 2)

ML 1-4 ML 1-5 ML 1-6 ML 1-7 ML 2-4 ML 2-5

3987-13 3987-14 3987-15 3987-16

7/12/07 7/12/07 7/12/07 7/13/07 7/13/07 7/13/07

3987-11 Lab Dup. 3987-12

7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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5.86 1 8.75 1 20.2 1 8.61 1 7.66 1 6.96 (RPD=9.58) 1

0.229 1 0.285 1 0.583 1 0.261 1 ND 1 ND (RPD=NA) 1

BQL(0.212) 1 1.48 1 3.98 1 1.24 1 1.38 1 1.34 (RPD=2.94) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 1.38 1 0.363 1 ND 1 ND 1 ND (RPD=NA) 1

5.08 1 4.94 1 18.1 1 8.20 1 9.23 1 8.82 (RPD=4.54) 1

0.663 1 1.08 1 0.094 1 ND 1 BQL(0.005) 1 BQL(0.005) (RPD=NA) 1

0.883 1 ND 1 5.33 1 ND 1 0.378 1 0.342 (RPD=10.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DF

7/18 & 7/19/07 7/18 & 7/19/07

7/14/07 7/14/07

Data DF Data DF Data DF Data DF

7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07

3987-17 3987-18 3987-19

7/13/07 7/13/07 7/13/07

Sample Results (1, 2)

ML 2-6 ML 2-7 ML 3-2 ML 3-4 ML 3-5 ML 3-5

3987-21 Lab Dup.

7/14/07

3987-20 3987-21



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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7.86 1 5.24 1 21.2 1 9.51 1 4.33 1 5.21 1

ND 1 BQL(0.099) 1 0.722 1 0.509 1 0.398 1 0.334 1

BQL(0.223) 1 0.346 1 1.62 1 0.322 1 0.319 1 0.319 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

9.58 1 6.75 1 11.0 1 7.46 1 6.19 1 6.15 1

ND 1 0.012 1 0.014 1 BQL(0.006) 1 0.020 1 ND 1

BQL(0.143) 1 0.442 1 7.92 1 ND 1 BQL(0.196) 1 BQL(0.127) 1

ND 1 BQL(0.044) 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

7/18 & 7/19/07 7/18 & 7/19/07

Data DF Data DF Data DF Data DF

7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07 7/18 & 7/19/07

7/16/07 7/16/07

3987-22 3987-23 3987-24

7/14/07 7/14/07 7/14/07 7/16/07

3987-25

Sample Results (1, 2)

ML 3-6 ML 3-7 ML 4-2 ML 4-4 ML 4-5 ML 4-6

3987-26 3987-27



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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4.26 1 6.10 1 20.5 1 19.9 (RPD=2.97) 1 3.92 1 4.42 1

0.387 1 0.212 1 0.778 1 0.783 (RPD=0.64) 1 0.588 1 0.512 1

0.311 1 0.658 1 0.587 1 0.593 (RPD=1.02) 1 BQL(0.234) 1 0.366 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

6.05 1 6.14 1 6.67 1 6.73 (RPD=0.90) 1 5.64 1 5.16 1

0.020 1 0.008 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

BQL(0.119) 1 ND 1 1.06 1 1.03 (RPD=2.87) 1 ND 1 BQL(0.226) 1

ND 1 ND 1 BQL(0.036) 1 BQL(0.034) (RPD=NA) 1 BQL(0.025) 1 BQL(0.055) 1

3994-02 3994-03

Sample Results (1, 2)

DUPLICATE 2 ML 4-7 ML 5-2 ML 5-2 ML 5-4 ML 5-5

7/16/07 7/16/07

3987-28 3987-29 3994-01

7/16/07 7/16/07 7/16/07 7/16/07

3994-01 Lab Dup.

7/18 & 7/19/07 7/18 & 7/19/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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4.56 1 7.19 1 12.6 1 4.18 1 5.02 1 6.76 1

0.490 1 0.203 1 0.362 1 0.619 1 0.630 1 0.510 1

0.301 1 0.572 1 0.629 1 0.347 1 0.477 1 0.373 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.10 1 5.08 1 5.01 1 5.75 1 5.26 1 4.67 1

ND 1 ND 1 BQL(0.004) 1 BQL(0.004) 1 ND 1 ND 1

ND 1 BQL(0.234) 1 1.36 1 BQL(0.240) 1 BQL(0.138) 1 0.411 1

BQL(0.017) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.040) 1

3994-07

Sample Results (1, 2)

ML 5-6 ML 5-7 ML 6-2 ML 6-4 ML 6-5 ML 6-6

3994-08 3994-09

7/16/07 7/16/07 7/17/07 7/17/07 7/17/07 7/17/07

3994-04 3994-05 3994-06

7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)
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6.49 (RPD=4.08) 1 5.90 1 19.6 1 6.14 1 5.60 1 6.71 1

0.508 (RPD=0.39) 1 0.217 1 1.17 1 0.591 1 0.607 1 0.306 1

0.362 (RPD=2.99) 1 0.528 1 1.75 1 0.794 1 0.731 1 1.21

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

4.78 (RPD=2.33) 1 4.67 1 8.34 1 5.89 1 5.45 1 5.60 1

ND (RPD=NA) 1 0.011 1 BQL(0.003) 1 ND 1 ND 1 ND

0.352 (RPD=15.47) 1 ND 1 2.75 1 0.696 1 0.586 1 0.310

BQL(0.040) (RPD=NA) 1 BQL(0.032) 1 ND 1 ND 1 ND 1 ND 1

3994-12

Sample Results (1, 2)

ML 6-6 ML 6-7 ML 7-2 ML 7-4 ML 7-5 ML 7-6

3994-13 3994-14

7/17/07 7/17/07 7/17/07 7/18/07 7/18/07 7/18/07

3994-09 Lab Dup. 3994-10 3994-11

7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07 7/25 & 7/26/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

7/27/07Metals 

S.Markham/L. Callaway

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Arsenic, chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce 
the interferences of the polyatomic species.  The MDL's and QL's reported represent those completed in 
June 2007, but not yet updated in RSKSOP-257(1).

Mercury (Hg)

Zinc (Zn)

Unit
Analytes

Names 

RSKSOP 257(1)

MDL QL

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

Page  9  of  9

6.67 1

0.276 1

0.912 1

⎯ ⎯

ND 1

5.40 1

ND 1

BQL(0.111) 1

ND 1

Sample Results (1, 2)

ML 7-7

7/18/07

3994-15

7/25 & 7/26/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  8

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.030 0.100 ND 1 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.031) 1 ND 1

7440-38-2 mg/L 0.008 0.027 ND 1 BQL(0.018) 1 BQL(0.017)(RPD=NA) 1 BQL(0.020) 1 BQL(0.019) 1 BQL(0.023) 1

7440-42-8 mg/L 0.004 0.014 ND 1 0.188 1 0.191(RPD=1.58) 1 0.218 1 0.214 1 0.616 1

7440-39-3 mg/L 0.001 0.004 0.114 1 0.023 1 0.023(RPD=0.00) 1 0.030 1 0.029 1 0.129 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.028 0.094 ND 1 33.1 1 33.6(RPD=1.50) 1 20.3 1 20.4 1 73.7 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND 1 ND(RPD=NA) 1 BQL(0.001) 1 BQL(0.001) 1 0.015 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 BQL(0.002) 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.003 0.010 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.008 0.027 ND 1 6.50 1 6.51(RPD=0.15) 1 10.1 1 9.79 1 134 1

7440-09-7 mg/L 0.092 0.307 ND 1 1.15 1 1.18(RPD=2.58) 1 1.37 1 1.35 1 3.27 1

7439-95-4 mg/L 0.023 0.077 ND 1 6.57 1 6.62(RPD=0.76) 1 7.16 1 7.14 1 10.0 1

7439-96-5 mg/L 0.002 0.007 ND 1 0.087 1 0.088(RPD=1.14) 1 0.065 1 0.065 1 0.413 1

7439-98-7 mg/L 0.001 0.004 ND 1 0.005 1 0.005(RPD=0.00) 1 BQL(0.003) 1 BQL(0.004) 1 ND 1

7440-23-5 mg/L 0.091 0.304 ND 1 52.7 1 53.4(RPD=1.32) 1 61.2 1 61.1 1 40.4 1

7440-02-0 mg/L 0.006 0.020 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.003 0.010 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 0.012 1

7440-36-0 mg/L 0.004 0.014 ND 1 ND 1 BQL(0.005)(RPD=NA) 1 BQL(0.005) 1 ND 1 ND 1

7782-49-2 mg/L 0.007 0.024 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7440-24-6 mg/L 0.001 0.004 BQL(0.001) 1 0.131 1 0.132(RPD=0.76) 1 0.107 1 0.108 1 0.316 1

7440-32-6 mg/L 0.002 0.007 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 0.031 1 0.032(RPD=3.17) 1 0.017 1 BQL(0.017) 1 0.034 1

7440-62-2 mg/L 0.004 0.014 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 BQL(0.004) 1

7440-66-6 mg/L 0.016 0.054 ND 1 BQL(0.026) 1 BQL(0.025)(RPD=NA) 1 ND 1 ND 1 ND 1

7440-21-3 mg/L 0.047 0.157 BQL(0.123) 1 14.5 1 14.5(RPD=0.00) 1 17.0 1 17.0 1 8.49 1

7704-34-9 mg/L 0.054 0.180 ND 1 1.42 1 1.38(RPD=2.86) 1 ND 1 ND 1 ND 1

7723-14-0 mg/L 0.012 0.040 ND 1 1.16 1 1.16(RPD=0.00) 1 1.41 1 1.41 1 0.504 1

7440-61-1 mg/L 0.006 0.020 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

Comments: 

Notes:

3987-2

7/11/07

3987-5

7/11/07

Field Blank PMW-1PMW-2 PMW-2 PMW-3 Duplicate1

7/11/07

3987-4

7/11/07 7/11/07 7/11/07

Metals 7/29/07

4ME421HW Sample Results (1, 2)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

3987-1 3987-2 Lab Dup 3987-3

Aluminum (Al)

Arsenic (As)

7/23/07

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/23/07 7/23/07 7/23/07 7/23/077/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=(NA) 1

ND 1 BQL(0.057) 1 ND 1 ND 1 ND 1 ND(RPD=(NA) 1

BQL(0.018) 1 BQL(0.019) 1 0.037 1 BQL(0.026) 1 0.034 1 0.030(RPD=.12.50) 1

0.215 1 0.469 1 0.229 1 0.342 1 1.37 1 1.38(RPD=0.73) 1

0.031 1 0.094 1 0.059 1 0.172 1 0.221 1 0.221(RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=(NA) 1

20.1 1 57.1 1 14.2 1 72.1 1 109 1 109(RPD=0.00) 1

BQL(0.001) 1 0.008 1 BQL(0.002) 1 0.006 1 0.036 1 0.036(RPD=0.00) 1

ND 1 BQL(0.002) 1 ND 1 ND 1 BQL(0.004) 1 BQL(0.004)(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

13.0 1 75.5 1 17.0 1 48.3 1 317 1 317(RPD=0.00) 1

1.29 1 4.38 1 1.15 1 4.15 1 2.67 1 2.70(RPD=1.12) 1

5.18 1 13.3 1 6.54 1 14.1 1 62.9 1 63.0(RPD=0.16) 1

0.083 1 0.281 1 0.056 1 0.514 1 0.813 1 0.814(RPD=0.12) 1

BQL(0.003) 1 BQL(0.003) 1 BQL(0.003) 1 0.005 1 ND 1 ND(RPD=(NA) 1

59.7 1 65.7 1 55.0 1 123 1 101 1 101(RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=(NA) 1

ND 1 BQL(0.008) 1 ND 1 BQL(0.006) 1 0.029 1 0.028(RPD=3.51) 1

BQL(0.005) 1 BQL(0.007) 1 BQL(0.004) 1 BQL(0.008) 1 BQL(0.006) 1 BQL(0.007)(RPD=NA) 1

ND 1 ND 1 BQL(0.008) 1 ND 1 ND 1 ND(RPD=(NA) 1

0.097 1 0.290 1 0.085 1 0.441 1 0.700 1 0.699(RPD=0.14) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=(NA) 1

0.020 1 0.032 1 BQL(0.012) 1 0.044 1 BQL(0.011) 1 BQL(0.010)(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 0.015 1 0.015(RPD=0.00) 1

ND 1 BQL(0.020) 1 ND 1 BQL(0.039) 1 ND 1 ND(RPD=(NA) 1

17.5 1 20.7 1 14.5 1 7.99 1 15.8 1 15.8(RPD=0.00) 1

1.25 1 ND 1 6.86 1 8.13 1 ND 1 ND(RPD=(NA) 1

1.44 1 1.09 1 0.961 1 0.083 1 0.297 1 0.294(RPD=1.02) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=(NA) 1

PMW-5 PMW-4PMW-6 ML1-2 ML2-2

7/12/07 7/12/07 7/12/07 7/12/077/12/07 7/12/07

3987-10 Lab Dup3987-6 3987-7 3987-10

Sample Results (1, 2)

3987-8 3987-9

DF DataData DF Data DFDF Data DF DataDF Data

7/23/07 7/23/07

ML2-2

7/23/07 7/23/07 7/23/07 7/23/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 BQL(0.036) 1 ND 1

0.027 1 BQL(0.020) 1 BQL(0.022) 1 BQL(0.023) 1 0.029 1 BQL(0.019) 1

0.237 1 0.227 1 0.194 1 0.175 1 0.323 1 0.178 1

0.039 1 0.036 1 0.027 1 0.039 1 0.301 1 0.030 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

28.2 1 26.9 1 26.6 1 46.5 1 87.4 1 32.2 1

BQL(0.001) 1 ND 1 ND 1 ND 1 BQL(0.002) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.003) 1

9.62 1 6.31 1 4.43 1 3.79 1 22.5 1 2.26 1

1.63 1 1.65 1 1.50 1 1.79 1 2.38 1 1.28 1

7.84 1 4.05 1 5.69 1 5.23 1 18.2 1 3.85 1

0.130 1 0.151 1 0.137 1 0.235 1 0.384 1 0.137 1

0.006 1 0.005 1 0.006 1 0.007 1 0.007 1 0.006 1

101 1 131 1 144 1 154 1 165 1 61.7 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.003) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.008) 1 BQL(0.009) 1 BQL(0.006) 1 BQL(0.006) 1 BQL(0.010) 1 BQL(0.007) 1

BQL(0.010) 1 BQL(0.012) 1 BQL(0.009) 1 BQL(0.008) 1 BQL(0.015) 1 BQL(0.011) 1

0.244 1 0.367 1 0.130 1 0.528 1 1.01 1 0.320 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.026 1 0.025 1 0.023 1 0.040 1 0.054 1 0.027 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.023) 1 BQL(0.020) 1 BQL(0.022) 1 BQL(0.035) 1 0.058 1 BQL(0.029) 1

16.4 1 16.3 1 18.5 1 19.2 1 23.4 1 17.0 1

5.76 1 7.95 1 13.9 1 7.88 1 ND 1 6.31 1

1.01 1 0.845 1 0.950 1 0.729 1 0.402 1 1.61 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML1-7 ML2-4 ML2-5ML1-5ML1-4 ML1-6

7/12/07 7/12/07 7/12/07

7/23/07 7/23/07 7/23/07

7/13/07

Sample Results (1, 2)

3987-11 3987-12 3987-13 3987-14 3987-15 3987-16

7/13/07

7/23/07

Data DF Data DF Data DF Data DF Data DF Data DF

7/23/07 7/23/07

7/13/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 0.260 1 ND 1 ND(RPD=NA) 1 ND 1

BQL(0.023) 1 BQL(0.021) 1 BQL(0.025) 1 BQL(0.021) 1 BQL(0.020)(RPD=NA) 1 0.032 1

0.188 1 0.191 1 1.64 1 0.808 1 0.809(RPD=0.12) 1 0.896 1

0.023 1 0.037 1 2.72 1 0.251 1 0.249(RPD=0.80) 1 0.459 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

38.1 1 49.9 1 303 1 116 1 115(RPD=0.87) 1 136 1

ND 1 ND 1 0.044 1 0.020 1 0.020(RPD=0.00 1 0.023 1

ND 1 ND 1 0.005 1 BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 BQL(0.003) 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

3.82 1 2.61 1 381 1 178 1 179(RPD=0.56) 1 210 1

1.58 1 2.00 1 290 1 22.8 1 22.6(RPD=0.88) 1 33.4 1

5.73 1 4.23 1 77.2 1 19.1 1 19.1(RPD=0.00) 1 29.2 1

0.146 1 0.239 1 1.15 1 0.432 1 0.433(RPD=0.23) 1 0.853 1

0.007 1 0.007 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

87.6 1 134 1 691 1 83.1 1 82.3(RPD=0.97) 1 122 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 0.032 1 0.016 1 0.016(RPD=0.00) 1 0.020 1

BQL(0.007) 1 BQL(0.007) 1 ND 1 BQL(0.007) 1 BQL(0.007)(RPD=NA) 1 BQL(0.008) 1

BQL(0.008) 1 BQL(0.010) 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

0.368 1 0.762 1 7.14 1 1.28 1 1.27(RPD=0.78) 1 1.15 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

0.028 1 0.039 1 0.032 1 0.038 1 0.037(RPD=2.67) 1 0.040 1

ND 1 ND 1 0.015 1 BQL(0.007) 1 ND(RPD=NA) 1 BQL(0.007) 1

BQL(0.027) 1 0.055 1 BQL(0.044) 1 BQL(0.019) 1 ND(RPD=NA) 1 BQL(0.021) 1

17.5 1 17.6 1 6.07 1 15.0 1 15.0(RPD=0.00) 1 11.2 1

6.88 1 12.0 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

1.08 1 0.403 1 0.307 1 1.07 1 1.08(RPD=0.93) 1 0.736 1

ND 1 ND 1 BQL(0.017) 1 ND 1 ND(RPD=NA) 1 ND 1

ML3-4 ML3-5ML2-6

7/14/07

7/23/07 7/23/07

Sample Results (1, 2)

3987-17 3987-18 3987-19 3987-20 3987-20Lab Duplicate 3987-21

ML2-7 ML3-2 ML3-4

7/13/07 7/13/07 7/13/07 7/14/07

7/23/07 7/23/07 7/23/07 7/23/07

7/14/07

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.019) 1 BQL(0.024) 1 0.032 1 BQL(0.025) 1 BQL(0.018) 1 BQL(0.021) 1

0.987 1 0.256 1 1.35 1 0.253 1 0.198 1 0.208 1

0.039 1 0.087 1 0.762 1 0.197 1 0.107 1 0.091 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

33.6 1 47.1 1 133 1 42.4 1 43.8 1 42.6 1

0.025 1 BQL(0.004) 1 0.029 1 BQL(0.002) 1 ND 1 BQL(0.001) 1

0.005 1 ND 1 BQL(0.003) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

223 1 33.6 1 254 1 18.0 1 8.79 1 12.3 1

2.24 1 1.76 1 10.2 1 1.51 1 1.31 1 1.38 1

12.2 1 7.60 1 53.0 1 10.4 1 8.79 1 9.14 1

0.362 1 0.374 1 0.845 1 0.202 1 0.202 1 0.208 1

ND 1 0.005 1 ND 1 0.005 1 0.005 1 0.005 1

111 1 113 1 218 1 66.7 1 69.6 1 80.9 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.021 1 BQL(0.004) 1 0.023 1 ND 1 ND 1 ND 1

ND 1 BQL(0.010) 1 BQL(0.010) 1 BQL(0.006) 1 BQL(0.006) 1 BQL(0.006) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.313 1 0.385 1 1.82 1 0.494 1 0.399 1 0.339 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.035 1 0.027 1 0.036 1 0.038 1 0.030 1

BQL(0.006) 1 ND 1 BQL(0.012) 1 ND 1 ND 1 ND 1

ND 1 BQL(0.024) 1 ND 1 BQL(0.026) 1 BQL(0.030) 1 BQL(0.031) 1

15.0 1 20.0 1 9.22 1 17.3 1 17.7 1 17.5 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.689 1 1.07 1 0.235 1 1.01 1 1.21 1 1.00 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML4-2 ML4-4 ML4-5 ML4-6ML3-6 ML3-7

7/23/07

Data DF Data DF Data DF

7/16/07

Sample Results (1, 2)

3987-22 3987-23 3987-24 3987-25 3987-26 3987-27

7/16/077/14/07 7/14/07 7/14/07

7/23/07 7/23/07 7/23/07

Data DF Data DF Data DF

7/23/07 7/23/07

7/16/07



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

   Page  6  of  8

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.048) 1 ND 1 ND 1

BQL(0.021) 1 BQL(0.018) 1 0.049 1 BQL(0.026) 1 BQL(0.025) 1 BQL(0.020) 1

0.199 1 0.193 1 0.849 1 0.216 1 0.226 1 0.253 1

0.106 1 0.276 1 0.252 1 0.042 1 0.138 1 0.078 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

43.9 1 76.4 1 66.7 1 32.8 1 46.0 1 45.0 1

ND 1 ND 1 0.019 1 ND 1 BQL(0.001) 1 BQL(0.002) 1

ND 1 ND 1 BQL(0.002) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

8.75 1 9.48 1 167 1 8.47 1 12.9 1 18.8 1

1.27 1 1.69 1 3.40 1 3.15 1 2.08 1 1.38 1

8.85 1 7.29 1 35.9 1 11.1 1 9.98 1 8.12 1

0.201 1 0.443 1 0.299 1 0.090 1 0.222 1 0.253 1

0.006 1 0.007 1 ND 1 0.006 1 0.007 1 0.006 1

70.0 1 106 1 174 1 66.6 1 70.5 1 95.6 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 0.014 1 ND 1 ND 1 ND 1

BQL(0.004) 1 BQL(0.010) 1 BQL(0.011) 1 BQL(0.007) 1 BQL(0.008) 1 BQL(0.010) 1

ND 1 ND 1 ND 1 BQL(0.019) 1 BQL(0.014) 1 BQL(0.014) 1

0.398 1 0.942 1 0.565 1 0.202 1 0.454 1 0.396 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.038 1 0.052 1 0.019 1 0.026 1 0.034 1 0.039 1

ND 1 ND 1 BQL(0.006) 1 ND 1 ND 1 ND 1

BQL(0.031) 1 BQL(0.054) 1 ND 1 BQL(0.021) 1 BQL(0.031) 1 BQL(0.029) 1

17.8 1 18.0 1 8.29 1 19.2 1 20.1 1 20.2 1

ND 1 ND 1 ND 1 15.8 1 ND 1 ND 1

1.22 1 0.643 1 0.175 1 1.24 1 0.962 1 0.736 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML5-5 ML5-6DUPLICATE2 ML4-7 ML5-2 ML5-4

7/16/07

7/23/07

Sample Results (1, 2)

3987-28 3987-29 3994-1 3994-2 3994-3 3994-4

7/23/07

7/16/07 7/16/07 7/16/07

7/23/07 7/23/07 7/23/07 7/23/07

7/16/07 7/16/07

Data DF Data DF Data DF Data DFDF Data DF Data



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.038) 1 ND 1

BQL(0.024)(RPD=NA) 1 0.036 1 0.036 1 0.027 1 0.027 1 BQL(0.025) 1

0.253(RPD=0.00) 1 0.197 1 0.598 1 0.238 1 0.234 1 0.273 1

0.078(RPD=0.00) 1 0.291 1 0.147 1 0.195 1 0.179 1 0.085 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

45.0(RPD=0.00) 1 70.2 1 70.0 1 45.1 1 63.8 1 55.7 1

BQL(0.002)(RPD=NA) 1 BQL(0.001) 1 0.014 1 BQL(0.001) 1 BQL(0.002) 1 BQL(0.003) 1

ND(RPD=NA) 1 ND 1 BQL(0.002) 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

18.9(RPD=0.53) 1 10.4 1 122 1 10.7 1 18.0 1 28.0 1

1.42(RPD=2.86) 1 2.04 1 17.6 1 3.07 1 3.91 1 2.87 1

8.08(RPD=0.49) 1 7.43 1 24.8 1 6.98 1 13.5 1 11.2 1

0.254(RPD=0.39) 1 0.404 1 0.296 1 0.217 1 0.280 1 0.306 1

0.006(RPD=0.00) 1 0.008 1 BQL(0.003) 1 0.008 1 0.007 1 0.007 1

95.5(RPD=0.10) 1 145 1 103 1 79.0 1 76.7 1 83.8 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 0.012 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.003) 1

BQL(0.008)(RPD=NA) 1 BQL(0.011) 1 BQL(0.011) 1 BQL(0.009) 1 BQL(0.010) 1 BQL(0.008) 1

BQL(0.007)(RPD=NA) 1 BQL(0.013) 1 ND 1 BQL(0.018) 1 BQL(0.010) 1 ND 1

0.396(RPD=0.00) 1 0.995 1 0.486 1 0.568 1 0.455 1 0.395 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.034(RPD=13.70) 1 0.046 1 0.027 1 0.037 1 0.043 1 0.039 1

ND(RPD=NA) 1 ND 1 BQL(0.006) 1 ND 1 ND 1 ND 1

BQL(0.030)(RPD=NA) 1 BQL(0.048) 1 ND 1 BQL(0.026) 1 BQL(0.037) 1 BQL(0.031) 1

20.2(RPD=0.00) 1 18.9 1 14.4 1 21.8 1 24.5 1 23.6 1

ND(RPD=NA) 1 ND 1 ND 1 11.5 1 12.2 1 ND 1

0.738(RPD=0.27) 1 0.520 1 0.115 1 0.968 1 0.911 1 0.245 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Sample Results (1, 2)

Data DF

7/17/07

7/23/07 7/23/07 7/23/07

ML6-6

3994-7 3994-8 3994-9

Data DF

ML6-4 ML6-5

7/17/07 7/17/07

Data DF Data DFData DF Data DF

7/16/07 7/16/07 7/17/07

7/23/07 7/23/07 7/23/07

ML5-6 ML5-7 ML6-2

3994-4 Lab Dup 3994-5 3994-6



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Metals 7/29/07

4ME421HW

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(2)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. The MD'L and QL'S represent those determined in June 2007, but not yet updated in RSKSOP-213(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.077) 1 ND 1 ND 1

0.032 1 0.034 1 0.030 1 BQL(0.022) 1 BQL(0.024) 1 BQL(0.022) 1

0.203 1 1.82 1 0.357 1 0.334 1 0.281 1 0.253 1

0.212 1 0.418 1 0.086 1 0.252 1 0.581 1 0.527 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

69.7 1 151 1 91.9 1 89.6 1 138 1 106 1

BQL(0.001) 1 0.051 1 0.005 1 0.005 1 BQL(0.003) 1 BQL(0.002) 1

ND 1 0.005 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

12.9 1 442 1 43.1 1 45.5 1 25.7 1 17.4 1

2.28 1 6.29 1 1.66 1 1.62 1 2.33 1 2.22 1

7.41 1 73.3 1 13.7 1 17.4 1 14.9 1 10.0 1

0.416 1 0.900 1 0.469 1 0.414 1 0.764 1 0.613 1

0.008 1 ND 1 0.006 1 BQL(0.004) 1 0.006 1 0.006 1

128 1 253 1 81.6 1 75.0 1 127 1 151 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.041 1 BQL(0.004) 1 BQL(0.005) 1 ND 1 ND 1

BQL(0.010) 1 BQL(0.005) 1 BQL(0.010) 1 BQL(0.008) 1 BQL(0.010) 1 BQL(0.010) 1

BQL(0.013) 1 ND 1 ND 1 ND 1 ND 1 ND 1

1.00 1 1.44 1 1.06 1 0.893 1 2.24 1 1.63 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.049 1 ND 1 0.048 1 0.046 1 0.062 1 0.061 1

ND 1 0.023 1 ND 1 ND 1 ND 1 ND 1

BQL(0.044) 1 ND 1 BQL(0.049) 1 BQL(0.054) 1 0.080 1 0.069 1

20.3 1 24.4 1 23.8 1 22.9 1 21.8 1 20.9 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.290 1 0.345 1 0.102 1 0.766 1 0.250 1 0.204 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF

Sample Results (1, 2)

Data DF Data DFData DF Data DF

7/18/07

7/23/07 7/23/07 7/23/07 7/23/07 7/23/07 7/23/07

7/17/07

ML7-7

3994-10 3994-11 3994-12 3994-13 3994-14 3994-15

ML7-2 ML7-4 ML7-5 ML7-6ML6-7

7/17/07

Data DF

7/18/077/18/077/18/07
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         Laboratory: IRMS Report Date:

Tech Dir: 4OA269HW Date Analyzed:

Method: RSKSOP-296 Analyst:

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

PMW-3 4118-0019 4118-1 -23.02 -5.08

(7/11/07) 4118-0020 4118-1 -18.00 -3.49

4118-0021 4118-1 -19.06 -3.57

4118-0022 4118-1 -18.28 -3.35

4118-0023 4118-1 -16.79 -3.34

4118-0024 4118-1 -17.01 -3.36

4118-0025 4118-1 -16.90 -3.12

4118-0033 4118-1 -16.79 -3.12

4118-0034 4118-1 -17.18 -16.98 0.27 -3.34 -3.23 0.15

PMW-5 4118-0035 4118-2 -18.34 -3.39

(7/12/07) 4118-0036 4118-2 -16.86 -3.14

4118-0037 4118-2 -16.82 -3.49

4118-0038 4118-2 -15.98 -16.40 0.59 -3.44 -3.47 0.04

ML2-4 4118-0030 4118-3 -17.23 -3.63

(7/13/07) 4118-0031 4118-3 -19.60 -3.18

4118-0032 4118-3 -16.58 -3.42

4118-0039 4118-3 -16.64 -3.36

4118-0040 4118-3 -16.96 -3.47

4118-0041 4118-3 -16.19 -3.19

4118-0042 4118-3 -17.43 -16.81 0.88 -3.31 -3.25 0.09

ML2-5 4118-0043 4118-4 -18.78 -3.25

(7/13/07) 4118-0044 4118-4 -16.32 -3.30

4118-0045 4118-4 -16.43 -3.19

4118-0046 4118-4 -17.18 -16.81 0.53 -3.07 -3.13 0.08

ML5-4 4118-0047 4118-5 -15.46 -3.37

(7/16/07) 4118-0048 4118-5 -16.66 -3.27

4118-0049 4118-5 -16.76 -3.24

4118-0050 4118-5 -16.89 -16.82 0.09 -3.19 -3.21 0.04

ML5-5 4118-0051 4118-6 -16.34 -3.27

(7/16/07) 4118-0052 4118-6 -17.36 -2.99

4118-0053 4118-6 -17.45 -3.24

4118-0054 4118-6 -16.68 -17.06 0.55 -3.36 -3.30 0.09

Duplicate1 4118-0055 4118-7 -17.42 -3.16

(7/11/07) 4118-0056 4118-7 -17.20 -3.44

4118-0057 4118-7 -16.40 -3.17

4118-0058 4118-7 -17.68 -17.04 0.91 -3.22 -3.19 0.03

Shaw Environmental, Inc.

Analytical Report - Analytical Results

11/29/07

11/11-28/2007

Feng Lu
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         Laboratory: IRMS Report Date:

Tech Dir: 4OA269HW Date Analyzed:

Method: RSKSOP-296 Analyst:

1000 δ2HVSMOW 1000 δ18OVSMOW

Field Sample ID IRMS      
Tracking ID Lab ID Measured Mean Stdev Measured Mean Stdev

Shaw Environmental, Inc.

Analytical Report - Analytical Results

11/29/07

11/11-28/2007

Feng Lu

Comments: 
Due to memory effect, typically the first two to seven replicates (italic) of each sample were excluded from the 
calculations for the average (mean) and the standard deviation (stdev).  



Page 1 of 2

Laboratory: General Parameters Report Date: 02/01/08

Technical Directive: 4GP148HW

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Method: RSKSOP-265 Rev. 3 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF

PMW-1 4217-1 1/24-1/31/2008 53.0  (± 0.0051) 8 91.7 (± 0.2054) 8 - -

PMW-2 4217-2 1/24-1/31/2008 80.0 (± 0.0514) 4 23.7 (± 0.0583) 4 - -

DUPLICATE 1 4217-3 1/24-1/31/2008 48.3 (± 0.0458) 4 - - 158 (± 2.1204) 4

PMW-3 4217-4 1/24-1/31/2008 63.4 (± 0.0968) 4 - - 158 (± 1.4114) 4

PMW-4 4217-5 1/24-1/31/2008 33.9 (± 0.0244) 4 29.4 (± 0.1877) 4 - -

PMW-5 4217-6 1/24-1/31/2008 67.9 (± 0.1405) 4 - - 333 (± 0.9346) 8

PMW-5 4217-6 LAB DUP 1/24-1/31/2008 - - - - 338 (± 1.7715)(RPD=1.49) 8

PMW-6 4217-7 1/24-1/31/2008 69.7 (± 0.1371) 4 22.7 (± 0.0591) 4 - -

DUPLICATE 2 4217-8 1/24-1/31/2008 44.2 (± 0.0819) 4 18.4 (± 0.0610) 4 - -

ML 1-2 4217-9 1/24-1/31/2008 91.3 (± 0.0714) 8 42.8 (± 0.1481) 4 - -

ML 1-2 4217-9 LAB DUP 1/17/2008 1/24-1/31/2008 - - 41.6 (± 0.1579)(RPD=2.84) 4 - -

ML 1-3 4217-10 1/24-1/31/2008 82.0 (± 0.0396) 8  45.1 (± 0.2261) 4 - -

ML 1-3 4217-10 LAB DUP 1/18/2008 1/24-1/31/2008  80.4(± 0.0544)(RPD=1.97) 8 43.1 (± 0.3483)(RPD=4.54) 4 - -

ML 1-4 4217-11 1/18/2008 1/24-1/31/2008 80.6 (± 0.0294) 8 27.6 (± 0.0436) 4 - -

ML 1-5 4217-12 1/18/2008 1/24-1/31/2008 84.5 (± 0.0598) 8 24.5 (± 0.0375) 4 - -

ML 1-7 4217-13 1/18/2008 1/24-1/31/2008 81.6 (± 0.0484) 8 13.6 (± 0.0524) 4 - -

ML 2-3 4217-14 1/24-1/31/2008 9.52 (± 0.0269) 8 - - 873 (± 1.7032) 20

ML 2-4 4217-15 1/20/2008 1/24-1/31/2008 69.8 (± 0.0012) 8 - - 174 (± 1.2443) 8

ML 2-5 4217-16 1/20/2008 1/24-1/31/2008 55.0 (± 0.0426) 8 14.3 (± 0.0756) 4 - -

ML 2-6 4217-17 1/20/2008 1/24-1/31/2008 71.4 (± 0.0479) 8 13.1 (± 0.0217) 4 - -

ML 2-7 4217-18 1/20/2008 1/24-1/31/2008 83.8 (± 0.0347) 8 14.9 (± 0.0278) 4 - -

FIELD BLANK 4217-19 1/20/2008 1/24-1/31/2008 BQL  (0.317) (± 0.0039) 1 BQL (0.238)(± 0.0670) 1 - -

ML 3-3 4217-20 1/20/2008 1/24-1/31/2008 22.9 (± 0.0429) 4 - - 1880 (± 1.1175) 20

ML 3-3 4217-20 LAB DUP 1/20/2008 1/24-1/31/2008 22.5 (± 0.0444)(RPD=1.76) 4 - - - -

ML3-4 4217-21 1/21/2008 1/24-1/31/2008 45.8 (± 0.0991) 4 - - 794 (±1.0537) 10

ML3-5 4217-22 1/21/2008 1/24-1/31/2008 158 (± 0.1127) 8 - - 511 (± 1.0958) 20

ML 3-7 4217-23 1/21/2008 1/24-1/31/2008 91.2 (± 0.0506) 8 8.07 (± 0.0141) 4 - -

ML 4-2 4217-24 1/21/2008 1/24-1/31/2008 58.7 (± 0.0527) 8 - - 747 (± 1.4612) 10

ML 4-3 4217-25 1/22/2008 1/24-1/31/2008 84.1  (±0.0523 ) 8 - - 94.2 (± 0.7355) 4

ML 4-5 4217-26 1/22/2008 1/24-1/31/2008 73.1 (± 0.0388) 8 13.1 (± 0.0133) 8 - -

ML 4-6 4217-27 1/22/2008 1/24-1/31/2008 80.8 (± 0.0376) 8 12.9 (± 0.0292) 8 - -

ML 4-7 4217-28 1/22/2008 1/24-1/31/2008 88.9 (± 0.0545) 8 17.2 (± 0.0082) 8 - -

ML 4-7 4217-28 LAB DUP 1/22/2008 1/24-1/31/2008 89.5 (± 0.0490)(RPD=0.673) 8 17.2 (± 0.0097)(RPD=0) 8 - -

20.0**

0.024** 0.040**

Analytical Service Results Report

RSKSOP-265 Rev. 3

mg/L

0.322**

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

1/18/2008

Shaw Environmental, Inc.

0.500** 0.500**

1/16/2008

Date Collected

mg/L

1/17/2008

1/17/2008

1/17/2008

1/17/2008

1/17/2008

Total Organic Carbon (TOC)

7440-44-0-TOC

mg/L

RSKSOP-265 Rev. 3

1/18/2008

1/16/2008

1/16/2008

1/16/2008

1/17/2008
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Laboratory: General Parameters Report Date: 02/01/08

Technical Directive: 4GP148HW

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Method: RSKSOP-265 Rev. 3 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF
20.0**

0.024** 0.040**

Analytical Service Results Report

RSKSOP-265 Rev. 3

mg/L

0.322**

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

Shaw Environmental, Inc.

0.500** 0.500**
Date Collected

mg/L

Total Organic Carbon (TOC)

7440-44-0-TOC

mg/L

RSKSOP-265 Rev. 3

ML5-2 4221-1 1/22/2008 1/24-1/31/2008 65.5 (± 0.0962) 8 - - 238 (± 0.9619) 8

ML5-3 4221-2 1/22/2008 1/24-1/31/2008 80.0 (± 0.0592) 8 - - 88.9 (± 1.5108) 4

DUPLICATE 3 4221-3 1/22/2008 1/24-1/31/2008 80.9 (± 0.0545) 8 - - 94.2 (± 0.9304) 4

ML 5-5 4221-4 1/22/2008 1/24-1/31/2008 38.2 (± 0.0119) 8 - - 188 (± 1.0941) 8

ML5-6 4221-5 1/23/2008 1/24-1/31/2008 51.4 (± 0.0108) 8 - - 158 (± 0.7326) 4

ML 5-7 4221-6 1/23/2008 1/24-1/31/2008 86.3 (± 0.0305) 8  67.8 (± 0.1589) 4 - -

ML 6-3 4221-7 1/23/2008 1/24-1/31/2008 107 (± 0.0926) 8  84.5 (± 0.0451) 8 - -

ML 6-4 4221-8 1/23/2008 1/24-1/31/2008 54.8 (± 0.1478) 8 56.9 (± 0.0465) 4 - -

DUPLICATE 4 4221-9 1/23/2008 1/24-1/31/2008 55.9 (± 0.0396) 8 56.2 (± 0.0642) 4 - -

ML 6-5 4221-10 1/23/2008 1/24-1/31/2008 31.7 (± 0.0691) 8 - - 173 (± 0.7407) 8

ML6-5 4221-10 LAB DUP 1/23/2008 1/24-1/31/2008 31.5 (± 0.0409) (RPD=0.633) 8 - - 170 (± 0.6121) (RPD=1.75) 8

ML 6-6 4221-11 1/23/2008 1/24-1/31/2008 39.0 (± 0.0155) 8 - - 115 (± 0.2192) 4

ML 6-7 4221-12 1/23/2008 1/24-1/31/2008 72.7 (± 0.0307) 8 41.3 (± 0.1108) 4 - -

ML 6-7 4221-12 LAB DUP 1/23/2008 1/24-1/31/2008 - - 41.6 (± 0.1693)(RPD=0.724) 4 - -

ML 7-3 4221-13 1/23/2008 1/24-1/31/2008 36.8 (± 0.0224) 8 - - 1080  (± 0.9574) 20

ML 7-4 4221-14 1/23/2008 1/24-1/31/2008 34.1 (± 0.0563) 8 - - 265 (± 0.8094) 8

ML 7-5 4221-15 1/24/2008 1/24-1/31/2008 16.2 (± 0.0045) 8 - - 366 (± 0.6444) 4

ML 7-6 4221-16 1/24/2008 1/24-1/31/2008 42.3 (± 0.0066) 8 - - 332 (± 0.4451) 8

ML7-7 4221-17 1/24/2008 1/24-1/31/2008 43.3 (± 0.0204) 8 - - 273 (± 0.3738) 4

ML7-7 4221-17 LAB DUP 1/24/2008 1/24-1/31/2008 43.6 (± 0.0326) (RPD=0.690) 8 - - 272 (± 3.6079) (RPD=0.367) 4

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.  New MDL studies have been performed for the Phoenix 8000.  The new MDL values are 0.024 for TIC range 
0.1-20 mg/L performed on 11-19-07, 0.040 for TOC range 0.1-20 mg/L performed on 11-16-07, and 0.322 for TOC range 20-200 mg/L performed on 7-31-07. 

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter 
was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF 
means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set.  The data values are 
reported with the dilution factors applied. Due to the wide range of TOC concentrations in  the sample sets, the TOC samples were analyzed at a mid-calibration range and at a low-calibration range as is 
described in RSKSOP-265/3 . 
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Laboratory: General Parameters Report Date: 01/31/08

Technical Directive: 4GP148HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

PMW-1 4217-1 1/24 - 1/30/08 75.0 6 BQL (0.468) 1 9.33 1 ND 1

PMW-2 4217-2 1/24 - 1/30/08 43.9 1 BQL (0.728) 1 37.2 1 ND 1

Duplicate-1 4217-3 1/24 - 1/30/08 116 6 1.20 1 1.33 1 ND 1

PMW-3 4217-4 1/24 - 1/30/08 122 6 1.17 1 1.31 1 ND 1

PMW-4 4217-5 1/24 - 1/30/08 57.3 6 1.14 1 37.2 6 ND 1

PMW-5 4217-6 1/24 - 1/30/08 260 21 BQL (0.824) 1 BQL (0.907) 1 ND 1

PMW-6 4217-7 1/24 - 1/30/08 46.8 1 1.14 1 24.7 1 ND 1

Duplicate-2 4217-8 1/24 - 1/30/08 48.8 1 1.03 1 25.2 1 BQL (0.025) 1

ML1-2 4217-9 1/24 - 1/30/08 144 6 1.18 1 74.7 6 ND 1

ML1-3 4217-10 1/24 - 1/30/08 79.3 6 BQL (0.995) 1 24.1 1 0.315 1

ML1-3 4217-10 Lab dup 1/24 - 1/30/08 76.9 (RPD=3.07) 6 1.04 (RPD=N/A) 1 23.6 (RPD=2.10) 1 0.294 (RPD=6.90) 1

ML1-4 4217-11 1/24 - 1/30/08 44.0 6 1.17 1 33.3 1 BQL (0.063) 1

ML1-5 4217-12 1/24 - 1/30/08 43.3 1 BQL (0.893) 1 29.6 1 BQL (0.121) 1

ML1-7 4217-13 1/24 - 1/30/08 83.4 6 BQL (0.992) 1 22.7 1 0.339 1

ML2-3 4217-14 1/24 - 1/30/08 652 51 ND 1 BQL (0.267) 1 ND 1

ML2-4 4217-15 1/24 - 1/30/08 215 6 1.01 1 1.82 1 ND 1

ML2-5 4217-16 1/24 - 1/30/08 32.8 1 1.14 1 29.8 1 BQL (0.106) 1

ML2-6 4217-17 1/24 - 1/30/08 49.2 1 1.16 1 33.4 1 BQL (0.090) 1

ML2-7 4217-18 1/24 - 1/30/08 86.1 6 1.23 1 37.9 1 0.283 1

ML2-7 4217-18 Lab dup 1/24 - 1/30/08 86.3 (RPD=0.232) 6 1.15 (RPD=6.72) 1 37.6 (RPD=0.795) 1 0.272 (RPD=3.96) 1

Field Blank 4217-19 1/24 - 1/30/08 ND 1 ND 1 ND 1 ND 1

ML3-3 4217-20 1/24 - 1/30/08 96.7 11 BQL (0.857) 1 BQL (0.839) 1 ND 1

ML3-4 4217-21 1/24 - 1/30/08 31.3 1 1.32 1 BQL (0.297) 1 BQL (0.134) 1

ML3-5 4217-22 1/24 - 1/30/08 37.8 1 1.88 1 BQL (0.087) 1 BQL (0.041) 1

ML 3-7 4217-23 1/24 - 1/30/08 113 6 BQL (0.822) 1 ND 1 ND 1

ML4-2 4217-24 1/24 - 1/30/08 364 11 BQL (0.808) 1 BQL (0.131) 1 ND 1

ML4-3 4217-25 1/24 - 1/30/08 155 11 BQL (0.693) 1 BQL (0.268) 1 0.275 1

ML4-5 4217-26 1/24 - 1/30/08 45.5 6 BQL (0.604) 1 10.3 1 0.226 1

ML4-6 4217-27 1/24 - 1/30/08 54.8 6 BQL (0.555) 1 5.17 1 0.319 1

ML4-7 4217-28 1/24 - 1/30/08 68.5 6 BQL (0.591) 1 2.53 1 0.281 1

ML4-7 4217-28 Lab dup 1/24 - 1/30/08 69.9 (RPD=2.02) 6 BQL (0.564) (RPD=NA) 1 2.59 (RPD=2.34) 1 0.292 (RPD=3.84) 1

ML5-2 4221-1 1/29 & 1/30/08 394 11 BQL (0.768) 1 BQL (0.084) 1 ND 1

ML5-3 4221-2 1/29 & 1/30/08 237 6 ND 1 BQL (0.117) 1 0.293 1

Duplicate-3 4221-3 1/29 & 1/30/08 229 6 ND 1 BQL (0.137) 1 0.286 1

ML5-5 4221-4 1/29 & 1/30/08 87.4 6 BQL (0.585) 1 ND 1 BQL (0.068) 1

1/22/2008

1/22/2008

1/22/2008

1/22/2008

0.200

mg/L

1/17/2008

1/21/2008

RSKSOP-288/1

14808-79-8

mg/L

0.024

Fluoride (F)

1/20/2008

* 0.049

* 1.00* 1.00 1.00

1/17/2008

1/18/2008

7782-41-4

RSKSOP-288/1

Lynda Callaway

1/17/2008

1/17/2008

1/16/2008

1/16/2008

1/16/2008

Shaw Environmental, Inc.

mg/L mg/L

* 0.079 0.341

Analytical Service Results Report

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

RSKSOP-288/1 RSKSOP-288/1

16887-00-6

1/18/2008

1/16/2008

1/17/2008

Date Collected

1/20/2008

1/20/2008

1/20/2008

1/20/2008

1/20/2008

1/22/2008

1/22/2008

1/22/2008

1/22/2008

1/21/2008

1/21/2008

1/18/2008

1/18/2008

1/18/2008

1/18/2008

1/20/2008

1/21/2008

1/22/2008
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Laboratory: General Parameters Report Date: 01/31/08

Technical Directive: 4GP148HW

Analyst: Analytes

Codes 7726-95-6-BR
Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF
0.200

mg/L

RSKSOP-288/1

14808-79-8

mg/L

0.024

Fluoride (F)

* 0.049

* 1.00* 1.00 1.00

7782-41-4

RSKSOP-288/1

Lynda Callaway

Shaw Environmental, Inc.

mg/L mg/L

* 0.079 0.341

Analytical Service Results Report

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

RSKSOP-288/1 RSKSOP-288/1

16887-00-6

Date Collected

ML5-6 4221-5 1/29 & 1/30/08 110 6 BQL (0.712) 1 ND 1 BQL (0.096) 1

ML5-7 4221-6 1/29 & 1/30/08 126 6 BQL (0.542) 1 ND 1 0.353 1

ML6-3 4221-7 1/29 & 1/30/08 226 6 BQL (0.386) 1 ND 1 0.332 1

ML6-4 4221-8 1/29 & 1/30/08 115 6 BQL (0.779) 1 ND 1 BQL (0.148) 1

Duplicate-4 4221-9 1/29 & 1/30/08 117 6 BQL (0.838) 1 ND 1 BQL (0.144) 1

ML6-5 4221-10 1/29 & 1/30/08 252 6 BQL (0.725) 1 ND 1 ND 1

ML6-5 4221-10 Lab dup 1/29 & 1/30/08 249 (RPD=1.20) 6 BQL (0.627) (RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

ML6-6 4221-11 1/29 & 1/30/08 205 6 BQL (0.550) 1 ND 1 BQL (0.047) 1

ML6-7 4221-12 1/29 & 1/30/08 166 6 BQL (0.836) 1 ND 1 0.320 1

ML7-3 4221-13 1/29 & 1/30/08 228 6 BQL (0.616) 1 BQL (0.222) 1 BQL (0.036) 1

ML7-4 4221-14 1/29 & 1/30/08 99.7 6 BQL (0.979) 1 ND 1 BQL (0.031) 1

ML7-5 4221-15 1/29 & 1/30/08 149 6 BQL (0.755) 1 ND 1 ND 1

ML7-6 4221-16 1/29 & 1/30/08 154 6 BQL (0.757) 1 ND 1 BQL (0.109) 1

ML7-7 4221-17 1/29 & 1/30/08 144 6 BQL (0.861) 1 ND 1 0.226 1

ML7-7 4221-17 Lab dup 1/29 & 1/30/08 142 (RPD=1.40) 6 BQL (0.804) (RPD=NA) 1 ND (RPD=NA) 1 0.229 (RPD=1.32) 1

Comments:

Notes:

1/24/2008

1/24/2008

1/24/2008

1/24/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

1/23/2008

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the 
quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in 
parenthesis; ND denotes that the parameter was not detected at all; NA   means not applicable; NSF   means not sufficient amount for analyses.  All the results are corrected 
with dilution factors (DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate 
samples in this sample set within the calibration range.  *MDL and QL should be raised by the same factor as the dilution factor for those samples that were 
diluted.  The MDLs were determined on 7/13/07 & 7/24/07.



Laboratory: Report Date: Page  1  of  9

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.030 0.100 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.008 0.027 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-42-8 mg/L 0.004 0.014 0.091 1 0.094(RPD=3.24) 1 0.155 1 0.184 1 0.184 1 0.140 1

7440-39-3 mg/L 0.001 0.004 0.065 1 0.066(RPD=1.53) 1 0.029 1 0.053 1 0.051 1 0.092 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.028 0.094 58.3 1 58.7(RPD=0.68) 1 45.2 1 48.0 1 46.9 1 16.7 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.003 0.010 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.008 0.027 75.0 1 74.8(RPD=0.27) 1 13.2 1 20.4 1 19.9 1 36.5 1

7440-09-7 mg/L 0.092 0.307 2.27 1 2.27(RPD=0.00) 1 2.06 1 3.11 1 3.02 1 1.47 1

7439-95-4 mg/L 0.023 0.077 9.62 1 9.61(RPD=0.10) 1 10.1 1 14.5 1 14.2 1 9.54 1

7439-96-5 mg/L 0.002 0.007 0.310 1 0.310(RPD=0.00) 1 0.127 1 0.191 1 0.186 1 0.064 1

7439-98-7 mg/L 0.001 0.004 BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 0.006 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.001) 1

7440-23-5 mg/L 0.091 0.304 46.4 1 46.7(RPD=0.64) 1 56.1 1 68.7 1 67.6 1 57.1 1

7440-02-0 mg/L 0.006 0.020 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.003 0.010 0.013 1 0.012(RPD=8.00) 1 ND 1 BQL(0.005) 1 BQL(0.005) 1 BQL(0.005) 1

7440-36-0 mg/L 0.004 0.014 BQL(0.011) 1 BQL(0.011)(RPD=NA) 1 BQL(0.008) 1 BQL(0.010) 1 BQL(0.007) 1 BQL(0.005) 1

7782-49-2 mg/L 0.007 0.024 BQL(0.011) 1 BQL(0.014)(RPD=NA) 1 BQL(0.014) 1 BQL(0.011) 1 ND 1 BQL(0.012) 1

7440-24-6 mg/L 0.001 0.004 0.264 1 0.266(RPD=0.75) 1 0.162 1 0.265 1 0.257 1 0.111 1

7440-32-6 mg/L 0.002 0.007 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-62-2 mg/L 0.004 0.014 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-66-6 mg/L 0.016 0.054 BQL(0.022) 1 BQL(0.024)(RPD=NA) 1 BQL(0.020) 1 BQL(0.020) 1 BQL(0.022) 1 ND 1

7440-21-3 mg/L 0.047 0.157 9.35 1 9.34(RPD=0.11) 1 15.5 1 18.7 1 18.8 1 13.6 1

7704-34-9 mg/L 0.054 0.180 3.41 1 3.40(RPD=0.29) 1 12.5 1 25.6 1 17.6 1 17.1 1

7723-14-0 mg/L 0.012 0.040 0.445 1 0.451(RPD=1.34) 1 0.980 1 1.09 1 1.09 1 0.607 1

7440-61-1 mg/L 0.006 0.020 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

1/31/08 1/31/08 1/31/08 1/31/081/31/08

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

DF Data DFData DF DataData DF Data DFData
Analytes

Unit DF

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

4217-01 4217-02 4217-03

Aluminum (Al)

Arsenic (As)

1/31/08

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW Sample Results (1, 2)

PMW-1 PMW-4

1/16/08 1/16/08 1/16/08 1/16/08

PMW-1 PMW-2 DUPLICATE-1 PMW-3

4217-044217-01 Lab Dup

1/16/08

4217-05

1/17/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW

Page  2  of  9

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

0.175 1 0.144 1 0.144 1 0.097 1 0.103(RPD=6.00) 1 0.140 1

0.153 1 0.050 1 0.049 1 0.229 1 0.226(RPD=1.32) 1 0.171 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

101 1 34.9 1 34.2 1 87.7 1 86.5(RPD=1.38) 1 58.4 1

ND 1 ND 1 ND 1 BQL(0.001) 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

150 1 23.3 1 22.6 1 62.7 1 62.3(RPD=0.64) 1 28.0 1

9.38 1 2.23 1 2.14 1 4.41 1 4.36(RPD=1.14) 1 2.27 1

19.9 1 7.12 1 7.00 1 15.5 1 15.3(RPD=1.30) 1 15.8 1

0.546 1 0.184 1 0.178 1 0.645 1 0.645(RPD=0.00) 1 0.264 1

BQL(0.002) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.004)(RPD=NA) 1 BQL(0.003) 1

71.4 1 61.4 1 61.1 1 103 1 102(RPD=0.98) 1 106 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

0.026 1 BQL(0.005) 1 BQL(0.005) 1 0.012 1 0.011(RPD=8.70) 1 BQL(0.004) 1

BQL(0.013) 1 BQL(0.008) 1 BQL(0.008) 1 0.015 1 0.015(RPD=0.00) 1 BQL(0.010) 1

BQL(0.016) 1 BQL(0.016) 1 BQL(0.014) 1 0.025 1 BQL(0.022)(RPD=NA) 1 BQL(0.023) 1

0.559 1 0.163 1 0.158 1 0.548 1 0.540(RPD=1.47) 1 0.772 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

BQL(0.005) 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

BQL(0.038) 1 ND 1 BQL(0.017) 1 BQL(0.038) 1 BQL(0.036)(RPD=NA) 1 BQL(0.029) 1

18.7 1 17.2 1 17.3 1 7.46 1 7.47(RPD=0.13) 1 11.0 1

32.0 1 33.9 1 33.4 1 30.5 1 30.2(RPD=0.99) 1 9.73 1

0.961 1 1.38 1 1.37 1 BQL(0.030) 1 BQL(0.028)(RPD=NA) 1 0.150 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

1/31/08 1/31/08 1/31/08 1/31/081/31/08 1/31/08

DF Data DFDF Data DF DataDF Data DataData DF

4217-08 4217-094217-07

Sample Results (1, 2)

ML1-3PMW-5

1/18/081/17/08 1/17/08 1/17/08 1/17/08 1/17/08

4217-10

PMW-6 DUPLICATE-2 ML1-2 ML1-2

4217-09 Lab Dup4217-06



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW

Page  3  of  9

ND 1 ND 1 ND 1 BQL(0.004) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.181 1 0.186 1 0.173 1 0.075 1 0.199 1 0.161 1

0.106 1 0.094 1 0.070 1 1.20 1 0.485 1 0.031 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

37.1 1 40.4 1 38.4 1 275 1 119 1 29.8 1

ND 1 ND 1 ND 1 BQL(0.003) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

8.54 1 6.92 1 3.99 1 293 1 23.3 1 2.25 1

1.44 1 1.51 1 1.49 1 2.43 1 1.86 1 0.968 1

8.55 1 5.38 1 4.14 1 104 1 21.7 1 3.60 1

0.175 1 0.207 1 0.189 1 1.49 1 0.538 1 0.131 1

BQL(0.002) 1 BQL(0.002) 1 0.005 1 ND 1 BQL(0.003) 1 BQL(0.003) 1

91.3 1 99.9 1 142 1 187 1 112 1 57.5 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 0.044 1 BQL(0.004) 1 ND 1

BQL(0.004) 1 BQL(0.012) 1 BQL(0.009) 1 0.017 1 BQL(0.011) 1 BQL(0.009) 1

BQL(0.015) 1 BQL(0.017) 1 BQL(0.014) 1 BQL(0.023) 1 0.024 1 BQL(0.009) 1

0.496 1 0.626 1 0.462 1 4.10 1 1.52 1 0.293 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 BQL(0.009) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.021) 1 BQL(0.020) 1 BQL(0.016) 1 0.070 1 BQL(0.050) 1 ND 1

16.5 1 17.0 1 19.0 1 9.72 1 23.2 1 17.6 1

12.4 1 11.7 1 8.71 1 1.46 1 1.47 1 10.5 1

0.973 1 0.930 1 1.10 1 0.284 1 0.353 1 1.65 1

ND 1 ND 1 ND 1 BQL(0.007) 1 ND 1 ND 1

Data DF Data DF Data DF

1/31/08 1/31/08

1/20/08

1/31/08

Data DF Data DF Data DF

1/31/08 1/31/08

1/18/08

Sample Results (1, 2)

4217-11 4217-12 4217-13 4217-14 4217-15 4217-16

ML1-5ML1-4 ML2-3

1/20/08

ML1-7

1/18/08 1/18/08 1/18/08

1/31/08

ML2-4 ML2-5



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW

Page  4  of  9

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

0.169 1 0.172 1 0.172(RPD=0.00) 1 ND 1 ND 1 0.050 1

0.027 1 0.039 1 0.038(RPD=2.60) 1 0.111 1 1.05 1 0.276 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

43.8 1 53.2 1 52.5(RPD=1.32) 1 ND 1 295 1 128 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 0.008 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

3.73 1 2.55 1 2.54(RPD=0.39) 1 ND 1 627 1 200 1

1.29 1 1.59 1 1.62(RPD=1.87) 1 ND 1 8.42 1 32.4 1

5.72 1 4.62 1 4.60(RPD=0.43) 1 ND 1 122 1 18.4 1

0.163 1 0.266 1 0.265(5RPD=0.38) 1 ND 1 0.916 1 0.353 1

BQL(0.003) 1 BQL(0.004) 1 BQL(0.004)(RPD=NA) 1 ND 1 ND 1 BQL(0.002) 1

74.1 1 104 1 103(RPD=0.97) 1 ND 1 189 1 87.7 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 0.097 1 0.031 1

BQL(0.009) 1 BQL(0.010) 1 BQL(0.006)(RPD=NA) 1 ND 1 0.022 1 BQL(0.012) 1

BQL(0.010) 1 BQL(0.014) 1 BQL(0.013)(RPD=NA) 1 ND 1 ND 1 BQL(0.010) 1

0.505 1 0.825 1 0.812(RPD=1.59) 1 BQL(0.001) 1 3.79 1 1.66 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 0.048 1 BQL(0.010) 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

BQL(0.021) 1 BQL(0.027) 1 BQL(0.025)(RPD=NA) 1 ND 1 BQL(0.052) 1 BQL(0.042) 1

18.3 1 19.0 1 19.0(RPD=0.00) 1 BQL(0.120) 1 4.54 1 9.07 1

11.6 1 12.7 1 12.6(RPD=0.79) 1 BQL(0.109) 1 ND 1 ND 1

1.21 1 0.435 1 0.435(RPD=0.00) 1 ND 1 0.257 1 0.499 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.019) 1 ND 1

Data DF Data DF

1/31/08 1/31/08

1/20/08 1/21/08

Data DF Data DF Data DF Data DF

1/31/08 1/31/08 1/31/08 1/31/08

4217-17 4217-18 4217-18 Lab Dup

1/20/08 1/20/08 1/20/08 1/20/08

4217-19

Sample Results (1, 2)

ML2-6 ML2-7 ML2-7 Field Blank ML3-3 ML3-4

4217-20 4217-21



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW

Page  5  of  9

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 0.035 1 ND 1 ND 1

0.044 1 0.122 1 0.215 1 0.118 1 0.145 1 0.149 1

0.492 1 0.069 1 0.966 1 0.253 1 0.096 1 0.088 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

144 1 39.5 1 146 1 66.3 1 42.3 1 39.6 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

184 1 25.9 1 338 1 68.9 1 8.68 1 8.80 1

39.3 1 1.67 1 9.93 1 0.984 1 1.33 1 1.28 1

27.0 1 6.71 1 63.4 1 27.9 1 8.58 1 8.44 1

0.857 1 0.298 1 0.909 1 0.294 1 0.180 1 0.186 1

BQL(0.002) 1 BQL(0.002) 1 ND 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.003) 1

127 1 111 1 200 1 64.5 1 65.4 1 72.4 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.030 1 BQL(0.005) 1 0.053 1 0.012 1 ND 1 ND 1

0.015 1 BQL(0.009) 1 0.018 1 BQL(0.012) 1 BQL(0.009) 1 BQL(0.010) 1

BQL(0.022) 1 BQL(0.012) 1 BQL(0.014) 1 BQL(0.019) 1 BQL(0.010) 1 BQL(0.013) 1

1.37 1 0.299 1 2.17 1 0.736 1 0.361 1 0.316 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 0.020 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.047) 1 BQL(0.020) 1 BQL(0.036) 1 BQL(0.025) 1 BQL(0.023) 1 BQL(0.019) 1

10.3 1 22.0 1 8.39 1 10.9 1 15.3 1 16.3 1

ND 1 ND 1 ND 1 ND 1 3.25 1 2.12 1

0.483 1 1.19 1 0.143 1 0.163 1 1.24 1 1.16 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

1/31/08 1/31/08

Data DF Data DF Data DF Data DF

1/31/08 1/31/08 1/31/08 1/31/08

1/22/08 1/22/08

4217-22 4217-23 4217-24

1/21/08 1/21/08 1/21/08 1/22/08

4217-25

Sample Results (1, 2)

ML3-5 ML3-7 ML4-2 ML4-3 ML4-5 ML4-6

4217-26 4217-27



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 BQL(0.040) 1 ND 1

ND 1 ND 1 0.218 1 0.215 1 ND 1 ND 1

0.151 1 0.103 1 0.082 1 0.085 1 0.159 1 0.165 1

0.232 1 0.293 1 0.220 1 0.219 1 0.175 1 0.169 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

59.7 1 70.0 1 63.1 1 62.6 1 69.1 1 65.8 1

ND 1 BQL(0.001) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

7.85 1 191 1 113 1 113 1 20.4 1 23.7 1

1.36 1 2.77 1 1.34 1 1.32 1 2.99 1 2.24 1

6.27 1 37.8 1 32.9 1 32.3 1 14.2 1 14.7 1

0.346 1 0.322 1 0.218 1 0.218 1 0.334 1 0.338 1

BQL(0.003) 1 BQL(0.003) 1 0.005 1 0.005 1 BQL(0.002) 1 BQL(0.003) 1

86.7 1 167 1 117 1 115 1 63.7 1 89.4 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.030 1 0.018 1 0.017 1 BQL(0.004) 1 BQL(0.005) 1

BQL(0.011) 1 0.015 1 BQL(0.011) 1 BQL(0.014) 1 BQL(0.009) 1 BQL(0.011) 1

BQL(0.013) 1 ND 1 BQL(0.012) 1 0.026 1 ND 1 BQL(0.007) 1

0.633 1 0.715 1 0.675 1 0.671 1 0.685 1 0.596 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.025) 1 BQL(0.024) 1 BQL(0.023) 1 BQL(0.023) 1 BQL(0.030) 1 BQL(0.031) 1

17.9 1 7.39 1 10.6 1 10.5 1 20.2 1 21.5 1

0.885 1 1.71 1 0.884 1 0.932 1 1.31 1 0.214 1

0.862 1 0.142 1 0.669 1 0.677 1 1.09 1 0.744 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Sample Results (1, 2)

Data DF

2/4/08

4221-05

ML5-6

Data DF

1/22/08

2/4/08

ML5-5

4221-04

1/23/08

Data DF Data DFData DF Data DF

1/31/08 2/4/08 2/4/08 2/4/08

1/22/08 1/22/08 1/22/08 1/22/08

4217-28 4221-01 4221-02 4221-03

ML4-7 ML5-2 ML5-3 DUPLICATE-3



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW

Page  7  of  9

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.034) 1 BQL(0.056) 1

ND(RPD=NA) 1 ND 1 0.138 1 ND 1 ND 1 ND 1

0.169(RPD=2.40) 1 0.162 1 0.137 1 0.180 1 0.174 1 0.152 1

0.170(RPD=0.59) 1 0.367 1 0.160 1 0.245 1 0.244 1 0.210 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

66.0(RPD=0.30) 1 80.9 1 82.8 1 56.7 1 56.7 1 96.8 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

23.7(RPD=0.00) 1 14.2 1 60.7 1 9.78 1 9.78 1 33.5 1

2.18(RPD=2.71) 1 1.79 1 1.46 1 2.77 1 2.80 1 3.51 1

14.8(RPD=0.68) 1 8.60 1 28.8 1 8.87 1 8.83 1 21.0 1

0.343(RPD=1.47) 1 0.436 1 0.356 1 0.269 1 0.261 1 0.404 1

BQL(0.003)(RPD=NA) 1 BQL(0.003) 1 0.004 1 BQL(0.004) 1 0.004 1 BQL(0.004) 1

89.6(RPD=0.22) 1 114 1 127 1 65.1 1 65.7 1 75.8 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.003)(RPD=NA) 1 ND 1 BQL(0.008) 1 ND 1 ND 1 BQL(0.007) 1

BQL(0.010)(RPD=NA) 1 BQL(0.010) 1 BQL(0.013) 1 BQL(0.011) 1 BQL(0.009) 1 BQL(0.012) 1

BQL(0.008)(RPD=NA) 1 BQL(0.017) 1 0.027 1 BQL(0.015) 1 BQL(0.017) 1 BQL(0.008) 1

0.597(RPD=0.17) 1 1.07 1 1.11 1 0.728 1 0.724 1 0.652 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.030)(RPD=NA) 1 BQL(0.035) 1 BQL(0.034) 1 BQL(0.028) 1 BQL(0.025) 1 BQL(0.041) 1

21.5(RPD=0.00) 1 20.6 1 16.6 1 21.4 1 21.5 1 23.0 1

0.215(RPD=0.47) 1 0.401 1 0.666 1 3.23 1 6.47 1 2.74 1

0.752(RPD=1.07) 1 0.594 1 0.109 1 1.02 1 1.02 1 0.781 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Sample Results (1, 2)

Data DF

2/4/08

1/23/08

4221-10

ML6-5

Data DF Data DF

1/23/08 1/23/08

2/4/08 2/4/08

Data DF Data DFData DF

1/23/08 1/23/08

2/4/08 2/4/08 2/4/08

ML6-4 DUPLICATE-4

4221-05 Lab Dup 4221-06 4221-07 4221-08 4221-09

ML5-6 ML5-7 ML6-3

1/23/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW
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ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.054)(RPD=NA) 1 BQL(0.033) 1 ND 1 ND 1 ND 1 BQL(0.065) 1

ND(RPD=NA) 1 ND 1 ND 1 0.072 1 ND 1 ND 1

0.150(RPD=1.32) 1 0.153 1 0.154 1 0.039 1 0.152 1 0.114 1

0.209(RPD=0.48) 1 0.171 1 0.385 1 0.866 1 0.242 1 0.213 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

96.7(RPD=0.10) 1 80.8 1 94.8 1 129 1 92.0 1 97.3 1

ND(RPD=NA) 1 ND 1 ND 1 BQL(0.002) 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

33.6(RPD=0.30) 1 36.8 1 13.6 1 264 1 37.0 1 60.3 1

3.50(RPD=0.29) 1 2.54 1 2.17 1 1.72 1 1.65 1 1.42 1

21.0(RPD=0.00) 1 17.1 1 9.22 1 67.3 1 16.0 1 20.6 1

0.401(RPD=0.75) 1 0.425 1 0.521 1 0.701 1 0.489 1 0.446 1

0.004(RPD=NA) 1 0.004 1 BQL(0.002) 1 BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) 1

75.6(RPD=0.26) 1 86.8 1 122 1 315 1 85.0 1 75.5 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.006)(RPD=NA) 1 BQL(0.005) 1 ND 1 0.041 1 BQL(0.007) 1 0.010 1

BQL(0.012)(RPD=NA) 1 BQL(0.010) 1 BQL(0.013) 1 0.018 1 0.015 1 BQL(0.012) 1

BQL(0.009)(RPD=NA) 1 BQL(0.010) 1 BQL(0.008) 1 0.026 1 BQL(0.010) 1 BQL(0.007) 1

0.651(RPD=0.15) 1 0.537 1 1.42 1 2.32 1 1.07 1 0.888 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 BQL(0.007) 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.041)(RPD=NA) 1 BQL(0.035) 1 BQL(0.039) 1 BQL(0.037) 1 BQL(0.035) 1 BQL(0.039) 1

23.0(RPD=0.00) 1 23.7 1 22.4 1 12.4 1 22.7 1 20.7 1

2.78(RPD=1.45) 1 1.59 1 0.686 1 0.863 1 0.721 1 0.719 1

0.781(RPD=0.00) 1 0.233 1 0.281 1 0.123 1 0.183 1 0.715 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Sample Results (1, 2)

Data DF Data DF

1/23/08 1/24/08

2/4/08 2/4/08

ML7-4 ML7-5

4221-14 4221-15

Data DF Data DFData DF Data DF

1/23/08 1/23/08

2/4/08 2/4/08 2/4/08 2/4/08

1/23/08 1/23/08

ML6-7 ML7-3

4221-10 Lab Dup 4221-11 4221-12 4221-13

ML6-5 ML6-6



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.004 0.014

7429-90-5 mg/L 0.030 0.100

7440-38-2 mg/L 0.008 0.027

7440-42-8 mg/L 0.004 0.014

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.028 0.094

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.003 0.010

7439-89-6 mg/L 0.008 0.027

7440-09-7 mg/L 0.092 0.307

7439-95-4 mg/L 0.023 0.077

7439-96-5 mg/L 0.002 0.007

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.091 0.304

7440-02-0 mg/L 0.006 0.020

7439-92-1 mg/L 0.003 0.010

7440-36-0 mg/L 0.004 0.014

7782-49-2 mg/L 0.007 0.024

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.016 0.054

7440-21-3 mg/L 0.047 0.157

7704-34-9 mg/L 0.054 0.180

7723-14-0 mg/L 0.012 0.040

7440-61-1 mg/L 0.006 0.020

Comments: 

Notes:

Iron (Fe)

Nickel (Ni)

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Sillicon (Si)

Uranium (U)

Sulfur (S)

Phosphorus(P)

No problems noted. 

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected abov
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that 
the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the 
applicable MDL is given only for the case DF=1.

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Silver (Ag)

Analytes
Unit

Boron (B)

Barium (Ba)

MDL QL
Names 

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Shaw Environmental, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Metals 2/4/08

4ME471HW

Page  9  of  9

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

0.149 1 0.165 1

0.872 1 0.759 1

ND 1 ND 1

165 1 130 1

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

31.0 1 22.2 1

1.92 1 1.96 1

17.2 1 14.2 1

0.812 1 0.825 1

ND 1 BQL(0.001) 1

97.9 1 120 1

ND 1 ND 1

BQL(0.005) 1 BQL(0.003) 1

BQL(0.013) 1 0.014 1

BQL(0.012) 1 BQL(0.012) 1

2.79 1 2.00 1

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

0.056 1 BQL(0.050) 1

21.2 1 21.9 1

0.399 1 0.506 1

0.215 1 0.177 1

ND 1 ND 1

Sample Results (1, 2)

Data DF

2/4/08

4221-17

ML7-7ML7-6

4221-16

1/24/08

2/4/08

Data DF

1/24/08



Laboratory: Report Date: Page  1  of  9

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047 7.38 1 7.28 (RPD=1.36) 1 14.6 1 5.24 1 4.65 1 20.6 1

7440-47-3 μg/L 0.030 0.100 0.515 1 0.514 (RPD=0.19) 1 0.512 1 0.615 1 0.603 1 0.574 1

7440-50-8 μg/L 0.072 0.240 0.366 1 0.347 (RPD=5.33) 1 0.328 1 BQL(0.157) 1 BQL(0.229) 1 BQL(0.228) 1

7439-89-6 μg/L 0.289 0.964 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.025 0.084 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7782-49-2 μg/L 0.169 0.564 3.35 1 3.53 (RPD=5.23) 1 3.25 1 4.13 1 3.85 1 4.50 1

7440-61-1 μg/L 0.002 0.007 0.080 1 0.079 (RPD=1.26) 1 1.74 1 0.019 1 0.015 1 0.062 1

7440-66-6 μg/L 0.079 0.264 0.498 1 0.458 (RPD=8.37) 1 0.991 1 ND 1 BQL(0.230) 1 5.42 1

7439-97-6 μg/L 0.017 0.057 BQL(0.037) 1 BQL(0.029) (RPD=NA) 1 BQL(0.029) 1 BQL(0.018) 1 ND 1 BQL(0.041) 1

Comments:

Notes:

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

1/16/08

4217-02

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

4217-05

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data DFMDL Data DF Data DF DataQLUnit
Analytes

Names 

RSKSOP 257(2)

4217-01 Lab Dup.

1/16/08 1/16/08

4217-01

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

4217-03

1/16/08

Steve Markham PMW-1

4ME471HW Sample Results (1, 2)

PMW-2

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals 

PMW-4DUPLICATE-1PMW-1

1/17/08

1/24, 1/25 & 1/28/08

PMW-3

1/24, 1/25 & 1/28/08

4217-04

1/16/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  2  of  9

5.41 1 5.70 1 5.36 1 11.0 1 25.1 1 25.4 (RPD=1.19) 1

0.776 1 0.473 1 0.474 1 0.196 1 0.220 1 0.214 (RPD=2.76) 1

0.296 1 BQL(0.125) 1 BQL(0.155) 1 BQL(0.201) 1 BQL(0.192) 1 BQL(0.169) (RPD=NA) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

6.50 1 5.38 1 4.98 1 6.01 1 5.75 1 5.64 (RPD=1.93) 1

0.020 1 0.347 1 0.303 1 0.038 1 0.047 1 0.047 (RPD=0.00) 1

2.20 1 ND 1 ND 1 0.626 1 0.896 1 0.876 (RPD=2.26) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

4217-10 Lab Dup.

1/18/08

1/24, 1/25 & 1/28/08

4217-10

1/18/08

1/24, 1/25 & 1/28/08

ML 1-2

1/17/08 1/17/08 1/17/08 1/17/08

4217-09

Sample Results (1, 2)

PMW-5 PMW-6 DUPLICATE-2 ML 1-3ML 1-3

DFDF Data DF DataDF

4217-06 4217-07 4217-08

Data

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

Data DF DF DataData

1/24, 1/25 & 1/28/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  3  of  9

14.2 1 10.1 1 7.01 1 24.0 1 5.42 1 2.79 1

0.345 1 0.352 1 0.168 1 0.172 1 0.534 1 0.445 1

BQL(0.121) 1 BQL(0.145) 1 BQL(0.150) 1 1.00 1 0.388 1 BQL(0.099) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3.95 1 3.47 1 2.09 1 5.04 1 3.99 1 3.02 1

0.008 1 0.012 1 0.008 1 ND 1 ND 1 0.082 1

0.878 1 1.12 1 1.07 1 2.26 1 1.46 1 0.994 1

ND 1 0.102 1 0.085 1 BQL(0.018) 1 0.072 1 BQL(0.024) 1

Data DF Data DFData DF Data DFData DF Data DF

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

4217-11 4217-12

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

4217-15 4217-16

1/18/08 1/18/08 1/18/08 1/18/08 1/20/08 1/20/08

Sample Results (1, 2)

ML 1-4 ML 1-5 ML 1-7 ML 2-3 ML 2-4 ML 2-5

4217-13 4217-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  4  of  9

3.22 1 5.17 1 ND 1 6.77 1 6.82 (RPD=0.74) 1 1.13 1

0.361 1 0.307 1 ND 1 ND 1 ND (RPD=NA) 1 BQL(0.098) 1

BQL(0.158) 1 BQL(0.157) 1 BQL(0.077) 1 1.08 1 1.12 (RPD=3.64) 1 0.368 1

⎯ ⎯ ⎯ ⎯ ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

3.22 1 3.16 1 ND 1 6.52 1 6.72 (RPD=3.02) 1 4.70 1

0.392 1 0.287 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

1.30 1 0.600 1 ND 1 1.72 1 1.78 (RPD=3.43) 1 1.00 1

0.070 1 BQL(0.033) 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

4217-21

1/20/08

4217-20 4217-20 Lab Dup.

Sample Results (1, 2)

ML 2-6 ML 2-7 FIELD BLANK ML 3-3 ML 3-3 ML 3-4

4217-17 4217-18 4217-19

1/20/08 1/20/08 1/20/08

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25, 1/28 & 2/5/08 1/24, 1/25 & 1/28/08

Data DF Data DFData DF Data DF Data DF Data DF

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

1/20/08 1/21/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  5  of  9

1.42 1 0.797 1 7.09 1 74.9 1 0.751 1 0.938 1

BQL(0.030) 1 0.156 1 0.737 1 0.485 1 0.337 1 0.340 1

0.518 1 BQL(0.174) 1 0.599 1 BQL(0.239) 1 BQL(0.117) 1 BQL(0.136) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.64 1 3.14 1 8.03 1 5.53 1 3.34 1 3.38 1

0.012 1 ND 1 0.007 1 ND 1 BQL(0.004) 1 ND 1

1.23 1 0.533 1 1.35 1 0.882 1 0.853 1 0.442 1

BQL(0.035) 1 ND 1 ND 1 ND 1 ND 1 ND 1

4217-26 4217-27

Sample Results (1, 2)

ML 3-5 ML 3-7 ML 4-2 ML 4-3 ML 4-5 ML 4-6

1/22/08 1/22/08

4217-22 4217-23 4217-24

1/21/08 1/21/08 1/21/08 1/22/08

4217-25

1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08 1/24, 1/25 & 1/28/08

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  6  of  9

0.979 1 9.06 1 ⎯ ⎯ ⎯ ⎯ 1.50 1 1.39 1

0.283 1 0.774 1 0.290 1 0.299 1 0.589 1 0.538 1

0.708 1 BQL(0.097) 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

3.18 1 4.32 1 4.55 1 4.69 1 2.22 1 2.19 1

0.015 1 0.007 1 BQL(0.002) 1 ND 1 BQL(0.002) 1 ND 1

3.16 1 0.583 1 0.582 1 0.381 1 0.547 1 BQL(0.231) 1

ND 1 BQL(0.028) 1 BQL(0.031) 1 ND 1 BQL(0.024) 1 ND 1

Data DF Data DF

1/28 & 1/29/08 1/28 & 1/29/08

Data DF Data DF Data DF Data DF

1/24, 1/25 & 1/28/08 1/28 & 1/29/08 1/28 & 1/29/08 1/28 & 1/29/08

1/22/08 1/23/08

4217-28 4221-01 4221-02

1/22/08 1/22/08 1/22/08 1/22/08

4221-03

Sample Results (1, 2)

ML 4-7 ML 5-2 ML 5-3 DUPLICATE-3 ML 5-5 ML 5-6

4221-04 4221-05



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  7  of  9

1.41 (RPD=1.43) 1 1.88 1 ⎯ ⎯ 1.94 1 1.91 1 2.25 1

0.537 (RPD=0.19) 1 0.369 1 0.409 1 0.655 1 0.650 1 0.720 1

ND (RPD=NA) 1 BQL(0.090) 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

2.23 (RPD=1.81) 1 2.02 1 3.89 1 2.20 1 2.56 1 2.44 1

ND (RPD=NA) 1 0.024 1 BQL(0.003) 1 BQL(0.005) 1 BQL(0.005) 1 ND 1

0.348 (RPD=NA) 1 BQL(0.086) 1 0.607 1 ND 1 2.87 1 BQL(0.133) 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.019) 1

Data DF Data DF

1/28 & 1/29/08 1/28 & 1/29/08

Data DF Data DF Data DF Data DF

1/28 & 1/29/08 1/28 & 1/29/08 1/28 & 1/29/08 1/28 & 1/29/08

1/23/08 1/23/08

4221-05 Lab Dup. 4221-06 4221-07

1/23/08 1/23/08 1/23/08 1/23/08

4221-08

Sample Results (1, 2)

ML 5-6 ML 5-7 ML 6-3 ML 6-4 DUPLICATE-4 ML 6-5

4221-09 4221-10



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  8  of  9

2.23 (RPD=0.89) 1 3.90 1 2.19 1 ⎯ ⎯ 1.40 1 1.50 1

0.712 (RPD=1.12) 1 0.569 1 0.300 1 0.451 1 0.659 1 0.558 1

BQL(0.139) (RPD=NA) 1 ND 1 ND 1 BQL(0.188) 1 BQL(0.139) 1 BQL(0.167) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

2.35 (RPD=3.76) 1 2.29 1 1.99 1 6.03 1 2.50 1 2.42 1

ND (RPD=NA) 1 ND 1 0.010 1 0.014 1 ND 1 ND 1

0.265 (RPD=NA) 1 0.342 1 BQL(0.151) 1 0.692 1 1.25 1 0.379 1

ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

1/28 & 1/29/08 1/28 & 1/29/08

Data DF Data DF Data DF Data DF

1/28 & 1/29/08 1/28 & 1/29/08 1/28 & 1/29/08 1/28 & 1/29/08

1/23/08 1/24/08

4221-10 Lab Dup. 4221-11 4221-12

1/23/08 1/23/08 1/23/08 1/23/08

4221-13

Sample Results (1, 2)

ML 6-5 ML 6-6 ML 6-7 ML 7-3 ML 7-4 ML 7-5

4221-14 4221-15



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Chromium, iron and selenium were analyzed using the Collision Cell Technology (CCT) to reduce the 
interferences of the polyatomic species.  

Mercury (Hg)

Zinc (Zn)

Steve Markham

4ME471HW

Shaw Environmental, Inc.
Analytical Service Results Report

2/6/08Metals Page  9  of  9

1.77 1 2.37 1

0.340 1 0.327 1

0.250 1 BQL(0.174) 1

⎯ ⎯ ⎯ ⎯

ND 1 ND 1

2.44 1 2.25 1

BQL(0.003) 1 ND 1

0.633 1 ND 1

ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

1/28 & 1/29/08 1/28 & 1/29/08

4221-16 4221-17

1/24/08 1/24/08

Sample Results (1, 2)

ML 7-6 ML 7-7



Laboratory: Report Date: Page  1  of  10

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.022 0.074 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.006 0.020 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-42-8 mg/L 0.005 0.017 0.164 1 0.166(RPD=1.21) 1 0.166 1 0.084 1 0.148 1 0.162 1

7440-39-3 mg/L 0.001 0.004 0.021 1 0.022(RPD=4.65) 1 0.018 1 0.073 1 0.028 1 0.022 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.036 0.120 17.7 1 17.9(RPD=1.12) 1 23.0 1 56.7 1 19.2 1 17.7 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.002 0.007 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.005 0.017 6.84 1 6.94(RPD=1.45) 1 4.55 1 61.4 1 9.63 1 6.86 1

7440-09-7 mg/L 0.058 0.194 1.62 1 1.64(RPD=1.23) 1 0.903 1 2.47 1 1.12 1 1.63 1

7439-95-4 mg/L 0.007 0.024 5.82 1 5.87(RPD=0.86) 1 4.87 1 7.74 1 5.19 1 5.73 1

7439-96-5 mg/L 0.001 0.004 0.062 1 0.062(RPD=0.00) 1 0.050 1 0.281 1 0.064 1 0.062 1

7439-98-7 mg/L 0.002 0.007 BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 BQL(0.005) 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.004) 1

7440-23-5 mg/L 0.034 0.114 57.4 1 57.7(RPD=0.52) 1 55.3 1 42.8 1 55.7 1 57.1 1

7440-02-0 mg/L 0.002 0.007 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.002 0.007 BQL(0.002) 1 BQL(0.002)(RPD=NA) 1 ND 1 0.008 1 ND 1 ND 1

7440-36-0 mg/L 0.003 0.010 BQL(0.008) 1 BQL(0.007)(RPD=NA) 1 BQL(0.010) 1 0.015 1 BQL(0.009) 1 BQL(0.009) 1

7782-49-2 mg/L 0.004 0.014 0.018 1 0.018(RPD=0.00) 1 0.029 1 0.039 1 0.031 1 0.031 1

7440-24-6 mg/L 0.001 0.004 0.099 1 0.100(RPD=1.01) 1 0.096 1 0.251 1 0.090 1 0.099 1

7440-32-6 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.017 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-62-2 mg/L 0.004 0.014 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-66-6 mg/L 0.006 0.020 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-21-3 mg/L 0.029 0.097 16.5 1 16.5(RPD=0.00) 1 17.0 1 10.4 1 17.5 1 16.3 1

7704-34-9 mg/L 0.021 0.070 26.0 1 25.9(RPD=0.39) 1 12.4 1 3.84 1 71.9 1 33.1 1

7723-14-0 mg/L 0.028 0.094 1.52 1 1.52(RPD=0.00) 1 1.46 1 0.720 1 1.59 1 1.52 1

7440-61-1 mg/L 0.009 0.030 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Comments: 

Notes:

4408-07 Lab Dup 4408-11

PMW-3 Duplicate1PMW-3 PMW-2 PMW-1 PMW-6

7/16/08 7/16/08

4408-10

7/16/08 7/16/08 7/16/087/16/08

Metals 8/4/08

5ME512SF Sample Results (1, 2)

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

4408-07 4408-08 4408-09

Aluminum (Al)

Arsenic (As)

7/24/08

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/24/08 7/24/08 7/24/08 7/24/087/24/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Page  2  of  10

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.002) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.122 1 0.156 1 0.154 1 0.182 1 0.159 1 ND 1

0.084 1 0.046 1 0.193 1 0.097 1 0.024 1 1.30 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

48.1 1 12.9 1 69.5 1 29.4 1 24.9 1 277 1

ND 1 ND 1 ND 1 ND 1 ND 1 0.006 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.002) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.004) 1

68.0 1 12.7 1 37.8 1 10.4 1 6.02 1 256 1

4.45 1 0.978 1 3.16 1 1.25 1 1.15 1 2.40 1

10.0 1 5.88 1 12.5 1 7.79 1 5.21 1 102 1

0.245 1 0.038 1 0.433 1 0.145 1 0.137 1 1.27 1

BQL(0.006) 1 BQL(0.005) 1 BQL(0.006) 1 BQL(0.005) 1 BQL(0.003) 1 ND 1

57.0 1 54.6 1 80.2 1 65.6 1 123 1 159 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.004) 1

0.008 1 ND 1 BQL(0.005) 1 ND 1 ND 1 0.039 1

0.014 1 BQL(0.008) 1 0.016 1 0.013 1 BQL(0.007) 1 0.019 1

0.026 1 0.030 1 0.046 1 0.033 1 0.014 1 0.017 1

0.269 1 0.075 1 0.803 1 0.320 1 0.131 1 4.29 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

17.9 1 15.2 1 9.84 1 17.4 1 19.1 1 10.0 1

126 1 14.2 1 7.29 1 17.0 1 11.8 1 4.46 1

1.36 1 1.19 1 0.110 1 1.15 1 2.49 1 0.378 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.029) 1

PMW-4 ML1-2PMW-5 ML1-4 ML1-6

7/17/08 7/17/08 7/17/08 7/17/087/16/08 7/16/08

4408-174408-12 4408-13 4408-16

Sample Results (1, 2)

4408-14 4408-15

DF DataData DF Data DFDF Data DF DataDF Data

7/24/08 7/24/08

ML2-3

7/24/08 7/24/08 7/24/08 7/24/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Page  3  of  10

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.012)(RPD=NA) 1 0.158 1 0.159 1 0.158 1 0.061 1 0.040 1

1.29(RPD=0.77) 1 0.041 1 0.027 1 0.053 1 0.430 1 0.187 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

277(RPD=0.00) 1 33.0 1 43.4 1 66.6 1 57.4 1 78.6 1

0.006(RPD=0.00) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.001) 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.004) 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.004)(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.002) 1

256(RPD=0.00) 1 2.85 1 3.55 1 3.15 1 46.5 1 119 1

2.42(RPD=0.83) 1 0.819 1 1.11 1 1.55 1 97.3 1 22.7 1

103(RPD=0.98) 1 3.86 1 5.29 1 5.52 1 10.5 1 11.0 1

1.27(RPD=0.00) 1 0.151 1 0.163 1 0.320 1 0.244 1 0.187 1

ND(RPD=NA) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.005) 1 BQL(0.003) 1 BQL(0.006) 1

159(RPD=0.00) 1 56.5 1 68.2 1 101 1 139 1 64.5 1

BQL(0.004)(RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.006) 1 BQL(0.002) 1

0.040(RPD=2.53) 1 ND 1 ND 1 ND 1 0.008 1 0.019 1

0.020(RPD=5.13) 1 BQL(0.007) 1 BQL(0.009) 1 0.011 1 0.012 1 0.013 1

0.021(RPD=21.05) 1 0.021 1 0.021 1 0.027 1 BQL(0.011) 1 0.023 1

4.28(RPD=0.23) 1 0.301 1 0.480 1 0.970 1 1.08 1 1.03 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

10.1(RPD=1.00) 1 17.6 1 17.7 1 17.4 1 2.88 1 9.10 1

4.68(RPD=4.81) 1 13.7 1 12.9 1 11.4 1 1.61 1 1.08 1

0.379(RPD=0.26) 1 1.73 1 1.35 1 0.571 1 BQL(0.042) 1 0.525 1

BQL(0.017)(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML2-7 ML3-2 ML3-4ML2-5ML2-3 ML2-6

7/17/08 7/17/08 7/17/08

7/24/08 7/24/08 7/24/08

7/17/08

Sample Results (1, 2)

4408-17 Lab Dup 4408-18 4408-19 4408-20 4408-21 4408-22

7/17/08

7/24/08

Data DF Data DF Data DF Data DF Data DF Data DF

7/24/08 7/24/08

7/18/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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BQL(0.002) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.160 1 ND 1 ND 1 ND 1 ND 1

0.074 1 0.111 1 0.177 1 0.159 1 0.157 1 0.145 1

0.040 1 0.235 1 0.020 1 0.081 1 0.108 1 0.273 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

20.6 1 63.8 1 19.9 1 32.5 1 48.2 1 67.6 1

BQL(0.002) 1 BQL(0.001) 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.002) 1 ND 1 ND 1 ND 1 ND 1 ND 1

115 1 75.1 1 4.82 1 8.30 1 13.9 1 8.13 1

1.48 1 1.48 1 1.54 1 1.49 1 1.22 1 1.67 1

12.6 1 31.2 1 7.40 1 5.60 1 8.21 1 7.52 1

0.221 1 0.240 1 0.045 1 0.152 1 0.272 1 0.377 1

BQL(0.007) 1 BQL(0.007) 1 BQL(0.003) 1 BQL(0.004) 1 BQL(0.005) 1 BQL(0.005) 1

114 1 121 1 57.1 1 56.7 1 78.8 1 118 1

BQL(0.003) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.014 1 0.011 1 ND 1 ND 1 ND 1 ND 1

0.021 1 0.015 1 BQL(0.008) 1 BQL(0.008) 1 0.011 1 0.015 1

0.064 1 0.039 1 0.021 1 0.024 1 0.022 1 0.031 1

0.310 1 0.667 1 0.119 1 0.307 1 0.436 1 0.821 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

16.5 1 10.8 1 17.2 1 17.8 1 19.7 1 18.9 1

BQL(0.032) 1 1.37 1 14.8 1 8.95 1 2.47 1 0.705 1

0.461 1 0.602 1 1.61 1 1.41 1 1.02 1 0.718 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML5-6 ML5-7ML3-6 ML5-4 ML5-5

7/18/08

7/24/08 7/24/08

Sample Results (1, 2)

4408-23 4408-24 4408-25 4408-26 4408-27 4408-28

ML5-3

7/18/08 7/18/08 7/18/08 7/18/08

7/24/08 7/24/08 7/24/08 7/24/08

7/18/08

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.038) 1 BQL(0.026) 1

ND 1 0.043 1 0.041(RPD=4.76) 1 ND 1 ND 1 ND 1

ND 1 0.156 1 0.161(RPD=3.15) 1 0.163 1 0.117 1 0.131 1

ND 1 0.417 1 0.413(RPD=0.96) 1 0.238 1 0.153 1 0.116 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 108 1 108(RPD=0.00) 1 61.3 1 76.9 1 77.8 1

ND 1 BQL(0.001) 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 40.5 1 40.6(RPD=0.25) 1 9.78 1 33.8 1 32.0 1

ND 1 1.68 1 1.67(RPD=0.60) 1 2.42 1 2.22 1 2.01 1

ND 1 26.2 1 26.3(RPD=0.38) 1 10.1 1 16.3 1 16.2 1

ND 1 0.501 1 0.508(RPD=1.39) 1 0.274 1 0.358 1 0.453 1

ND 1 BQL(0.004) 1 BQL(0.003)(RPD=NA) 1 BQL(0.003) 1 BQL(0.005) 1 BQL(0.004) 1

ND 1 86.7 1 86.1(RPD=0.69) 1 56.0 1 65.7 1 84.5 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 0.009 1 0.008(RPD=11.76) 1 BQL(0.004) 1 BQL(0.005) 1 0.007 1

ND 1 0.014 1 0.013(RPD=7.41) 1 BQL(0.007) 1 0.010 1 BQL(0.009) 1

ND 1 0.018 1 0.018(RPD=0.00) 1 BQL(0.005) 1 ND 1 BQL(0.006) 1

ND 1 1.51 1 1.50(RPD=0.66) 1 0.698 1 0.467 1 0.466 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 20.9 1 21.0(RPD=0.48) 1 18.9 1 19.4 1 22.2 1

ND 1 1.01 1 1.00(RPD=1.00) 1 35.2 1 18.7 1 2.37 1

ND 1 0.152 1 0.150(RPD=1.32) 1 1.06 1 0.796 1 0.290 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ML6-6FIELD BLANK ML6-3

7/28/08

Data DF Data DF Data DF

Sample Results (1, 2)

4408-29 4408-30 4408-30 Lab Dup 4408-31 4408-32 4408-33

ML6-3 ML6-4 ML6-5

7/24/08 7/28/08 7/28/08

7/19/087/19/08

7/28/08

7/19/087/19/08 7/19/08 7/19/08

Data DF Data DF Data DF

7/28/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 BQL(0.029) 1 BQL(0.048) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 0.070 1

0.135 1 0.153 1 0.088 1 0.131 1 0.148 1 0.080 1

0.318 1 0.229 1 0.182 1 1.01 1 0.954 1 0.163 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

84.4 1 99.2 1 107 1 198 1 148 1 52.1 1

ND 1 ND 1 BQL(0.002) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

12.7 1 36.8 1 98.9 1 45.4 1 20.3 1 64.3 1

1.98 1 1.36 1 2.13 1 2.03 1 2.01 1 1.29 1

9.30 1 15.2 1 26.1 1 24.3 1 15.3 1 27.2 1

0.490 1 0.481 1 0.525 1 1.16 1 0.888 1 0.207 1

BQL(0.004) 1 BQL(0.003) 1 BQL(0.005) 1 ND 1 BQL(0.002) 1 BQL(0.004) 1

126 1 69.1 1 73.2 1 102 1 132 1 52.8 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.003) 1 0.008 1 0.018 1 0.009 1 BQL(0.005) 1 0.013 1

0.010 1 0.012 1 0.014 1 0.012 1 0.011 1 0.013 1

0.014 1 BQL(0.013) 1 0.014 1 BQL(0.013) 1 BQL(0.011) 1 0.017 1

1.06 1 1.02 1 0.736 1 2.90 1 2.00 1 0.499 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

21.3 1 22.6 1 18.3 1 20.7 1 21.1 1 8.91 1

0.812 1 2.00 1 4.89 1 2.49 1 0.942 1 0.868 1

0.367 1 0.109 1 0.760 1 0.323 1 0.211 1 0.287 1

ND 1 ND 1 ND 1 BQL(0.009) 1 ND 1 ND 1

ML7-7 ML4-3ML6-7 ML7-4 ML7-5 ML7-6

7/28/08

7/19/08 7/21/08

Sample Results (1, 2)

4408-34 4408-35 4408-36 4408-37 4408-38 4408-39

7/28/08 7/28/08 7/28/08 7/28/08

Data DF Data

7/19/08 7/19/08

Data DF Data DF DFDF Data DF Data

7/28/08

7/19/08 7/19/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

Page  7  of  10

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.067(RPD=4.38) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.081(RPD=1.24) 1 0.155 1 0.139 1 0.139 1 0.134 1 BQL(0.013) 1

0.165(RPD=1.22) 1 0.166 1 0.106 1 0.084 1 0.264 1 0.353 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

52.4(RPD=0.57) 1 34.9 1 46.0 1 42.4 1 71.1 1 103 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 BQL(0.002) 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

64.4(RPD=0.16) 1 13.7 1 8.96 1 8.69 1 9.00 1 97.7 1

1.28(RPD=0.78) 1 1.25 1 1.52 1 1.42 1 1.40 1 28.7 1

27.4(RPD=0.73) 1 7.55 1 9.04 1 8.70 1 7.48 1 18.0 1

0.208(RPD=0.48) 1 0.171 1 0.203 1 0.204 1 0.404 1 0.573 1

BQL(0.005)(RPD=NA) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.005) 1 BQL(0.006) 1

53.2(RPD=0.75) 1 55.8 1 66.4 1 71.7 1 92.9 1 103 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.013(RPD=0.00) 1 BQL(0.004) 1 BQL(0.002) 1 BQL(0.003) 1 ND 1 0.015 1

0.013(RPD=0.00) 1 0.012 1 BQL(0.008) 1 0.011 1 0.012 1 0.019 1

0.018(RPD=5.71) 1 0.026 1 0.018 1 0.028 1 0.036 1 0.038 1

0.504(RPD=1.00) 1 0.368 1 0.370 1 0.329 1 0.630 1 0.931 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

8.90(RPD=0.11) 1 16.6 1 16.1 1 16.1 1 17.5 1 8.64 1

0.924(RPD=6.25) 1 0.930 1 0.397 1 0.352 1 0.520 1 ND 1

0.293(RPD=2.07) 1 1.27 1 1.35 1 1.22 1 0.939 1 0.579 1

ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1 ND 1

4411-02 4411-03

Sample Results (1, 2)

ML4-3 ML4-4 ML4-5 ML4-6 ML4-7 ML3-5

7/21/08 7/21/08

4408-39 Lab Dup 4408-40 4408-41

7/21/08 7/21/08 7/21/08 7/21/08

4411-01

7/28/08 7/28/08 7/28/08 7/28/08 7/28/08 7/28/08

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 BQL(0.038) 1 ND 1 ND 1 ND(RPD=NA) 1 BQL(0.024) 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

0.106 1 0.172 1 0.179 1 0.174 1 0.174(RPD=0.00) 1 0.136 1

0.049 1 0.469 1 0.290 1 0.144 1 0.144(RPD=0.00) 1 0.140 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

33.6 1 114 1 63.1 1 45.9 1 46.1(RPD=0.43) 1 45.4 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

17.1 1 23.0 1 10.6 1 6.16 1 6.17(RPD=0.16) 1 4.55 1

1.62 1 1.60 1 1.82 1 1.35 1 1.33(RPD=1.49) 1 1.48 1

5.71 1 21.4 1 11.6 1 5.85 1 5.86(RPD=0.17) 1 5.21 1

0.237 1 0.523 1 0.287 1 0.245 1 0.245(RPD=0.00) 1 0.260 1

BQL(0.004) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 BQL(0.004) 1

101 1 79.5 1 88.6 1 87.7 1 88.0(RPD=0.34) 1 137 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

BQL(0.003) 1 BQL(0.005) 1 BQL(0.003) 1 ND 1 ND(RPD=NA) 1 BQL(0.003) 1

BQL(0.008) 1 0.012 1 BQL(0.009) 1 BQL(0.007) 1 BQL(0.007)(RPD=NA) 1 BQL(0.008) 1

0.019 1 0.029 1 0.026 1 BQL(0.013) 1 0.016(RPD=NA) 1 0.016 1

0.222 1 1.41 1 0.998 1 0.687 1 0.690(RPD=0.44) 1 0.490 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

21.1 1 21.2 1 15.1 1 17.3 1 17.4(RPD=0.58) 1 19.7 1

0.879 1 2.56 1 11.0 1 9.95 1 10.0(RPD=0.50) 1 1.67 1

1.31 1 0.595 1 0.710 1 0.974 1 0.983(RPD=0.92) 1 1.08 1

ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1

7/22/08

4411-07

Sample Results (1, 2)

ML3-7 ML2-4 ML1-3 ML1-5 ML1-5 ML1-7

4411-07 Lab Dup4411-04 4411-05 4411-06

7/21/08 7/21/08 7/22/08

7/28/08 7/28/08 7/28/08 7/28/08

Data DF Data DFData DF Data DF Data DF Data DF

7/28/08 7/28/08

7/22/08 7/22/08

4411-08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.026) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 0.024 1 ND 1 ND 1 0.141 1

0.226 1 0.953 1 0.297 1 0.178 1 1.03 1 0.662 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

88.4 1 259 1 70.0 1 99.7 1 229 1 109 1

0.005 1 0.014 1 BQL(0.003) 1 BQL(0.003) 1 0.020 1 0.006 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.002) 1 BQL(0.005) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.005) 1 BQL(0.002) 1

254 1 506 1 194 1 191 1 648 1 271 1

1.91 1 9.28 1 2.72 1 7.62 1 6.46 1 9.18 1

62.1 1 88.2 1 38.1 1 34.3 1 97.1 1 54.7 1

0.570 1 0.712 1 0.301 1 0.281 1 1.31 1 0.618 1

0.008 1 BQL(0.004) 1 BQL(0.007) 1 BQL(0.006) 1 ND 1 BQL(0.006) 1

92.8 1 159 1 125 1 119 1 234 1 154 1

BQL(0.003) 1 0.009 1 BQL(0.003) 1 BQL(0.002) 1 0.009 1 BQL(0.004) 1

0.042 1 0.083 1 0.033 1 0.031 1 0.102 1 0.043 1

0.022 1 0.031 1 0.017 1 0.019 1 0.034 1 0.021 1

0.025 1 0.021 1 0.020 1 BQL(0.014) 1 0.020 1 0.016 1

0.740 1 3.36 1 0.662 1 0.854 1 3.49 1 1.43 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.029 1 ND 1 ND 1 0.039 1 BQL(0.007) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

12.5 1 5.99 1 7.26 1 13.8 1 23.0 1 7.65 1

5.63 1 ND 1 4.36 1 3.59 1 2.13 1 2.63 1

0.254 1 0.335 1 0.186 1 0.146 1 0.434 1 0.188 1

ND 1 0.030 1 ND 1 ND 1 BQL(0.021) 1 ND 1

4411-14

7/23/08/

4411-12

Sample Results (1, 2)

ML2-2 ML3-3 ML5-2 ML6-2 ML7-2 ML4-2

4411-134411-09 4411-10 4411-11

7/22/08 7/22/08 7/22/08

7/28/08 7/28/08 7/28/08 7/28/08

Data DF Data DFData DF Data DF Data DF Data DF

7/28/08 7/28/08

7/23/08/ 7/23/08/



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.002 0.007

7429-90-5 mg/L 0.022 0.074

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.005 0.017

7440-39-3 mg/L 0.001 0.004

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.036 0.120

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.002 0.007

7439-89-6 mg/L 0.005 0.017

7440-09-7 mg/L 0.058 0.194

7439-95-4 mg/L 0.007 0.024

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.002 0.007

7440-23-5 mg/L 0.034 0.114

7440-02-0 mg/L 0.002 0.007

7439-92-1 mg/L 0.002 0.007

7440-36-0 mg/L 0.003 0.010

7782-49-2 mg/L 0.004 0.014

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.001 0.004

7440-28-0 mg/L 0.005 0.017

7440-62-2 mg/L 0.004 0.014

7440-66-6 mg/L 0.006 0.020

7440-21-3 mg/L 0.029 0.097

7704-34-9 mg/L 0.021 0.070

7723-14-0 mg/L 0.028 0.094

7440-61-1 mg/L 0.009 0.030

Comments: 

Notes:

Metals 8/4/08

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

The MD'L and QL'S represent those determined in June 2008, but not yet updated in RSKSOP-213(3)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1

BQL(0.030) 1 BQL(0.049) 1

0.022 1 ND 1

ND 1 0.170 1

0.914 1 0.484 1

ND 1 ND 1

112 1 116 1

0.005 1 ND 1

ND 1 ND 1

ND 1 ND 1

BQL(0.002) 1 ND 1

239 1 22.9 1

1.80 1 1.62 1

67.0 1 21.3 1

0.554 1 0.528 1

BQL(0.005) 1 BQL(0.004) 1

262 1 81.3 1

BQL(0.004) 1 ND 1

0.038 1 BQL(0.005) 1

0.022 1 0.014 1

0.021 1 0.027 1

1.89 1 1.44 1

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

ND 1 ND 1

14.0 1 21.2 1

3.59 1 2.46 1

0.186 1 0.578 1

ND 1 ND 1

Sample Results (1, 2)

ML7-3 Duplicate 2

4411-15 4411-16

7/23/08/ 7/21/08

7/28/08 7/28/08

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  10

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047 4.02 1 6.25 1 6.15 (RPD=1.61) 1 7.54 1 2.51 1 5.43 1

7440-47-3 μg/L 0.030 0.100 0.606 1 0.567 1 0.557 (RPD=1.78) 1 0.680 1 0.510 1 0.588 1

7440-50-8 μg/L 0.072 0.240 BQL(0.131) 1 BQL(0.148) 1 BQL(0.139) (RPD=NA) 1 0.368 1 BQL(0.171) 1 BQL(0.173) 1

7439-89-6 μg/L 0.289 0.964 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.025 0.084 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

7782-49-2 μg/L 0.169 0.564 4.43 1 2.87 1 2.95 (RPD=2.75) 1 2.77 1 3.47 1 3.89 1

7440-61-1 μg/L 0.002 0.007 0.010 1 0.028 1 0.029 (RPD=3.51) 1 0.118 1 0.017 1 0.007 1

7440-66-6 μg/L 0.079 0.264 0.357 1 0.555 1 0.542 (RPD=2.27) 1 0.838 1 BQL(0.150) 1 BQL(0.228) 1

7439-97-6 μg/L 0.017 0.057 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1

Comments:

Notes:

7/28 & 8/4/08 7/28 & 8/4/08

7/16/08

4408-08 Lab Dup.

7/28 & 8/4/08 7/28 & 8/4/08

4408-11

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data DFMDL Data DF Data DF DataQLUnit
Analytes

Names 

RSKSOP 257(2)

4408-08

7/16/08 7/16/08

4408-07

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

4408-09

7/16/08

Steve Markham PMW-3

5ME512SF Sample Results (1, 2)

PMW-2

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals 

DUPLICATE 1PMW-1PMW-2

7/16/08

7/28 & 8/4/08

PMW-6

7/28 & 8/4/08

4408-10

7/16/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals Page  2  of  10

5.58 1 19.8 1 3.90 1 10.0 1 1.04 1 1.06 (RPD=1.90) 1

0.810 1 0.618 1 0.226 1 0.458 1 0.231 1 0.222 (RPD=3.97) 1

0.402 1 BQL(0.185) 1 0.367 1 BQL(0.165) 1 BQL(0.188) 1 BQL(0.188) (RPD=NA) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

5.23 1 4.40 1 4.99 1 4.46 1 2.99 1 3.03 (RPD=1.33) 1

0.011 1 0.033 1 0.015 1 0.016 1 0.063 1 0.062 (RPD=1.60) 1

0.698 1 2.26 1 0.782 1 1.25 1 3.22 1 3.20 (RPD=0.62) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

4408-16 Lab Dup.

7/17/08

7/28, 7/30 & 8/4/08

4408-16

7/17/08

7/28, 7/30 & 8/4/08

ML 1-4

7/16/08 7/16/08 7/17/08 7/17/08

4408-15

Sample Results (1, 2)

PMW-5 PMW-4 ML 1-2 ML 1-6ML 1-6

DFDF Data DF DataDF

4408-12 4408-13 4408-14

Data

7/28 & 8/4/08 7/28 & 8/4/08 7/28 & 8/4/08

Data DF DF DataData

7/28 & 8/4/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals Page  3  of  10

30.6 1 2.33 1 2.42 1 4.89 1 19.5 1 8.29 1

0.164 1 0.512 1 0.370 1 0.267 1 BQL(0.098) 1 0.210 1

2.76 1 BQL(0.239) 1 0.310 1 0.469 1 0.601 1 0.656 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.41 1 3.81 1 4.10 1 4.19 1 2.40 1 5.34 1

BQL(0.006) 1 0.056 1 0.174 1 0.695 1 0.033 1 0.009 1

3.45 1 0.387 1 1.36 1 1.83 1 11.3 1 2.09 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DFData DF Data DFData DF Data DF

7/28, 7/30 & 8/4/08 7/28, 7/30 & 8/4/08 7/28, 7/30 & 8/4/08 7/28, 7/30 & 8/4/08

4408-17 4408-18

7/28, 7/30 & 8/4/08 7/28, 7/30 & 8/4/08

4408-21 4408-22

7/17/08 7/17/08 7/17/08 7/17/08 7/17/08 7/18/08

Sample Results (1, 2)

ML 2-3 ML 2-5 ML 2-6 ML 2-7 ML 3-2 ML 3-4

4408-19 4408-20



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals Page  4  of  10

0.857 1 ⎯ ⎯ 1.06 1 1.24 1 1.31 (RPD=5.49) 1 1.39 1

0.115 1 0.470 1 0.599 1 0.602 1 0.580 (RPD=3.72) 1 0.546 1

BQL(0.184) 1 0.592 1 BQL(0.177) 1 BQL(0.196) 1 BQL(0.201) (RPD=NA) 1 0.299 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

5.30 1 6.13 1 4.44 1 4.33 1 4.24 (RPD=2.10) 1 4.57 1

BQL(0.002) 1 BQL(0.003) 1 BQL(0.003) 1 BQL(0.004) 1 BQL(0.003) RPD=NA) 1 ND 1

2.16 1 0.678 1 BQL(0.176) 1 ND 1 ND (RPD=NA) 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

4408-27

7/18/08

4408-26 4408-26 Lab Dup.

Sample Results (1, 2)

ML 3-6 ML 5-3 ML 5-4 ML 5-5 ML 5-5 ML 5-6

4408-23 4408-24 4408-25

7/18/08 7/18/08 7/18/08

7/28, 7/30 & 8/4/08 7/28, 7/30 & 8/4/08 7/28, 7/30 & 8/4/08 7/28, 8/4 & 8/5/08

Data DF Data DFData DF Data DF Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

7/18/08 7/18/08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals Page  5  of  10

2.08 1 ND 1 ⎯ ⎯ 1.90 1 3.29 1 5.39 1

0.261 1 ND 1 0.751 1 0.634 1 0.686 1 0.604 1

0.504 1 ND 1 0.819 1 0.431 1 0.539 1 0.537 1

⎯ ⎯ ND 1 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

4.44 1 ND 1 6.16 1 4.88 1 4.70 1 4.97 1

0.113 1 ND 1 ND 1 BQL(0.005) 1 BQL(0.004) 1 BQL(0.004) 1

ND 1 ND 1 0.559 1 ND 1 ND 1 0.266 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

4408-32 4408-33

Sample Results (1, 2)

ML 5-7 FIELD BLANK ML 6-3 ML 6-4 ML 6-5 ML 6-6

7/19/08 7/19/08

4408-28 4408-29 4408-30

7/18/08 7/19/08 7/19/08 7/19/08

4408-31

7/28, 8/4 & 8/5/08 7/28, 7/30 & 8/4/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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3.01 1 2.90 1 4.23 1 3.72 1 3.65 (RPD=1.90) 1 3.18 1

0.256 1 0.755 1 0.729 1 0.336 1 0.347 (RPD=3.22) 1 0.257 1

0.619 1 0.723 1 0.845 1 1.80 1 1.78 (RPD=1.12) 1 1.33 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

4.90 1 5.21 1 5.88 1 5.23 1 5.50 (RPD=5.03) 1 5.06 1

0.041 1 BQL(0.004) 1 BQL(0.005) 1 ND 1 ND (RPD=NA) 1 BQL(0.007) 1

ND 1 BQL(0.209) 1 BQL(0.097) 1 2.57 1 2.49 (RPD=3.16) 1 0.522 1

ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1

Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

Data DF Data DF Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

7/19/08 7/19/08

4408-34 4408-35 4408-36

7/19/08 7/19/08 7/19/08 7/19/08

4408-37

Sample Results (1, 2)

ML 6-7 ML 7-4 ML 7-5 ML 7-6 ML 7-6 ML 7-7

4408-37 Lab Dup. 4408-38



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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⎯ ⎯ 3.79 1 2.29 1 1.61 1 1.46 1 1.73 1

0.582 1 0.560 1 0.425 1 0.391 1 0.316 1 BQL(0.096) 1

0.428 1 0.243 1 0.327 1 0.296 1 0.583 1 0.940 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

5.69 1 4.79 1 4.22 1 4.23 1 4.37 1 6.62 1

0.301 1 0.058 1 0.127 1 0.012 1 0.171 1 0.025 1

0.358 1 ND 1 BQL(0.188) 1 0.467 1 0.549 1 2.03 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

Data DF Data DF Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

7/21/08 7/21/08

4408-39 4408-40 4408-41

7/21/08 7/21/08 7/21/08 7/21/08

4411-01

Sample Results (1, 2)

ML 4-3 ML 4-4 ML 4-5 ML 4-6 ML 4-7 ML 3-5

4411-02 4411-03



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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5.36 1 5.42 1 10.5 1 10.4 (RPD=0.96) 1 1.39 1 1.14 1

0.161 1 0.708 1 0.333 1 0.299 (RPD=10.76) 1 0.296 1 0.155 1

BQL(0.217) 1 0.958 1 0.444 1 0.421 (RPD=5.32) 1 0.294 1 0.271 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND (RPD=NA) 1 ND 1 ND 1

4.07 1 6.57 1 5.13 1 4.81 (RPD=6.44) 1 3.48 1 3.06 1

0.147 1 0.008 1 0.033 1 0.034 (RPD=2.99) 1 0.032 1 0.015 1

1.12 1 0.285 1 ND 1 ND (RPD=NA) 1 0.781 1 1.87 1

ND 1 ND 1 BQL(0.022) 1 BQL(0.025) (RPD=NA) 1 ND 1 BQL(0.024) 1

Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

Data DF Data DF Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

7/22/08 7/22/08

4411-04 4411-05 4411-06

7/21/08 7/21/08 7/22/08 7/22/08

4411-06 Lab Dup.

Sample Results (1, 2)

ML 3-7 ML 2-4 ML 1-3 ML 1-3 ML 1-5 ML 1-7

4411-07 4411-08



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals Page  9  of  10

8.43 1 6.60 1 16.4 1 8.88 1 6.16 1 17.7 1

0.272 1 ND 1 0.715 1 0.393 1 0.677 1 0.718 1

0.814 1 2.61 1 0.991 1 0.856 1 2.54 1 1.10 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

6.08 1 8.20 1 6.00 1 4.91 1 7.59 1 6.79 1

BQL(0.004) 1 ND 1 0.008 1 BQL(0.003) 1 BQL(0.003) 1 0.052 1

3.09 1 5.34 1 3.15 1 1.20 1 1.88 1 2.94 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

Data DF Data DF Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

7/23/08 7/23/08

4411-09 4411-10 4411-11

7/22/08 7/22/08 7/22/08 7/23/08

4411-12

Sample Results (1, 2)

ML 2-2 ML 3-3 ML 5-2 ML 6-2 ML 7-2 ML 4-2

4411-13 4411-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive, selective elements with values less than the ICP quantitation limit where 
analyzed by ICP-MS.  Chromium, iron and selenium were analyzed using the Collision Cell Technology 
(CCT) to reduce the interferences of the polyatomic species.

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME512SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

8/8/08Metals Page  10  of  10

⎯ ⎯ 4.79 1

0.590 1 0.596 1

1.26 1 0.970 1

⎯ ⎯ ⎯ ⎯

ND 1 ND 1

7.07 1 6.12 1

BQL(0.007) 1 0.008 1

1.41 1 0.965 1

ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

7/28, 8/4 & 8/5/08 7/28, 8/4 & 8/5/08

7/23/08 7/21/08

4411-15 4411-16

Sample Results (1, 2)

ML 7-3 DUPLICATE 2



Page 1 of 2

Laboratory: General Parameters Report Date: 08/13/08

Technical Directive: EPAGP038

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

PMW-3 4408-7 8/4-8/11/2008 55.9 (± 0.1008) 8 18.9 (± 0.0125) 10

PMW-2 4408-8 8/4-8/11/2008 54.4 (± 0.0928) 8 14.7 (± 0.0132) 4

PMW-1 4408-9 8/4-8/11/2008 71.2 (± 0.0978) 8 45.0 (± 0.0900) 8

PMW-6 4408-10 8/4-8/11/2008 64.4 (± 0.0396) 8 15.4 (± 0.0186) 4

DUPLICATE 1 4408-11 8/4-8/11/2008 54.2 (± 0.0595) 8 18.8 (± 0.0495) 4

PMW-5 4408-12 8/4-8/11/2008 33.6 (± 0.0696) 8 148 (± 0.0229) 20

PMW-4 4408-13 8/4-8/11/2008 49.2 (± 0.0346) 8 18.8 (± 0.0112) 4

ML 1-2 4408-14 7/17/2008 8/4-8/11/2008 97.5 (± 0.1837) 8 34.7 (± 0.0840) 4

ML 1-4 4408-15 7/17/2008 8/4-8/11/2008 59.5 (± 0.0756) 8 21.6 (± 0.1038) 4

ML 1-6 4408-16 7/17/2008 8/4-8/11/2008 54.9 (± 0.0545) 8 8.33 (± 0.0507) 4

ML 1-6 4408-16 Lab Dup 7/17/2008 8/4-8/11/2008 55.0 (± 0.0728) (RPD=0.182) 8 8.18 (± 0.0095) (RPD=1.82) 4

ML 2-3 4408-17 7/17/2008 8/4-8/11/2008 4.82 (± 0.0087) 4 1,010 (± 0.1108) 101

ML 2-5 4408-18 7/17/2008 8/4-8/11/2008 50.5 (± 0.0338) 8 15.5 (± 0.0617) 4

ML 2-6 4408-19 7/17/2008 8/4-8/11/2008 65.1 (± 0.0887) 8 12.5 (± 0.0117) 4

ML 2-7 4408-20 7/17/2008 8/4-8/11/2008 81.2 (± 0.1421) 8 15.1 (± 0.0436) 4

ML 3-2 4408-21 8/4-8/11/2008 24.9 (± 0.0360) 4 1,490 (± 0.1154) 101

ML 3-4 4408-22 8/4-8/11/2008 41.8 (± 0.1166) 4 428 (± 0.0762) 40

ML 3-6 4408-23 8/4-8/11/2008 145 (± 0.1908) 8 37.8 (± 0.0712) 20

ML 5-3 4408-24 8/4-8/11/2008 80.9 (± 0.0682) 8 83.5 (± 0.0702) 10

ML 5-4 4408-25 7/18/2008 8/4-8/11/2008 55.3 (± 0.0115) 8 18.5 (± 0.0554) 8

ML 5-5 4408-26 8/4-8/11/2008 52.7 (± 0.0761) 8 24.6 (± 0.0159) 10

ML5-5 4408-26 Lab Dup 8/4-8/11/2008 51.8 (± 0.0298) (RPD=1.72) 8 24.3 (± 0.0113) (RPD=1.23) 10

ML 5-6 4408-27 8/4-8/11/2008 65.2 (± 0.0717) 8 29.8 (± 0.0106) 20

ML 5-7 4408-28 8/4-8/11/2008 94.3 (± 0.1779) 8 14.6 (± 0.0496) 4

FIELD BLANK 4408-29 7/19/2008 8/4-8/11/2008 0.396 (± 0.0623) 1 0.111 (± 0.0065) 1

ML 6-3 4408-30 7/19/2008 8/4-8/11/2008 73.1  (±0.0333) 8 150 (± 0.0654) 8

ML 6-4 4408-31 7/19/2008 8/4-8/11/2008 44.3  (±0.0628) 8 135 (± 0.0874) 10

ML 6-5 4408-32 7/19/2008 8/4-8/11/2008 24.0 (± 0.0270) 8 183 (± 0.0875) 10

ML 6-6 4408-33 7/19/2008 8/4-8/11/2008 41.1 (± 0.1054) 4 150 (± 0.0922) 10

ML 6-7 4408-34 7/19/2008 8/4-8/11/2008 74.7 (± 0.0685) 8 54.4 (± 0.2639) 4

ML 7-4 4408-35 7/19/2008 8/4-8/11/2008 57.5 (± 0.0524) 4 158 (± 0.0232) 20

ML 7-5 4408-36 7/19/2008 8/4-8/11/2008 28.3 (± 0.0369) 4 332 (± 0.0618) 20

ML 7-5 4408-36 Lab Dup 7/19/2008 8/4-8/11/2008 - - 330 (± 0.0936) (RPD=0.604) 20

ML 7-6 4408-37 7/19/2008 8/4-8/11/2008 40.6 (± 0.0451) 4 374 (± 0.1840) 20

ML 7-6 4408-37 7/19/2008 8/4-8/11/2008 40.4 (± 0.0384) (RPD = 0.494) 4 - -

ML 7-7 4408-38 8/4-8/11/2008 72.7 (± 0.1498) 4 238 (± 0.0985) 20

Analytical Results Report

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

EPA - General Parameters

0.100** 0.100**

7/16/2008

Date Collected

mg/L

0.024**

7/18/2008

7/18/2008

7/18/2008

7/18/2008

7/16/2008

7/16/2008

7/16/2008

7/18/2008

7/17/2008

7/16/2008

mg/L

0.040**

RSKSOP-265 Rev. 3

7/18/2008

7/19/2008

7/18/2008

7/16/2008

7/16/2008



Page 2 of 2

Laboratory: General Parameters Report Date: 08/13/08

Technical Directive: EPAGP038

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

Analytical Results Report

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

EPA - General Parameters

0.100** 0.100**
Date Collected

mg/L

0.024**

mg/L

0.040**

RSKSOP-265 Rev. 3

ML 4-3 4408-39 7/21/2008 8/4-8/11/2008 76.3 (± 0.1289) 8 33.3 (± 0.0241) 8

ML 4-4 4408-40 7/21/2008 8/4-8/11/2008 70.4 (± 0.1117) 8 22.5 (± 0.0140) 8

ML4-4 4408-40 Lab Dup 7/21/2008 8/4-8/11/2008 - - 22.2 (± 0.0127) (RPD=0.1.34) 8

ML 4-5 4408-41 7/21/2008 8/4-8/11/2008 70.7 (± 0.1224) 8 21.0 (± 0.0235) 4

ML 4-6 4411-1 7/21/2008 8/4-8/11/2008 61.2 (± 0.0664) 8 15.0 (± 0.0435) 4

ML 4-7 4411-2 7/21/2008 8/4-8/11/2008 93.5 (± 0.0815) 8 13.3 (± 0.0165) 4

ML 3-5 4411-3 7/21/2008 8/4-8/11/2008 148 (± 0.0759) 8 206 (± 0.0313) 101

ML 3-7 4411-4 7/21/2008 8/4-8/11/2008 71.3 (± 0.0929) 8 7.64 (± 0.0307) 4

ML 2-4 4411-5 7/21/2008 8/4-8/11/2008 62.6 (± 0.0825) 4 159 (± 0.0127) 10

ML 1-3 4411-6 7/22/2008 8/4-8/11/2008 90.6 (± 0.1366) 8 30.7 (± 0.0492) 4

ML 1-5 4411-7 7/22/2008 8/4-8/11/2008 84.0 (± 0.1120) 8 18.3 (± 0.0407) 4

ML 1-7 4411-8 7/22/2008 8/4-8/11/2008 88.6 (± 0.0941) 8 10.9 (± 0.0426) 4

ML 1-7 4411-8 Lab Dup 7/22/2008 8/4-8/11/2008 87.0 (± 0.0918)(RPD=1.82) 8 10.8 (± 0.0070) (RPD=0.922) 4

ML 2-2 4411-9 7/22/2008 8/4-8/11/2008 39.2 (± 0.1200) 4 388 (± 0.2016) 20

ML 3-3 4411-10 7/22/2008 8/4-8/11/2008 32.5 (± 0.0343) 4 1,870 (± 0.0393) 101

ML 5-2 4411-11 8/4-8/11/2008 52.1 (± 0.0175) 8 213 (± 0.0508) 20

ML 6-2 4411-12 8/4-8/11/2008 48.1 (± 0.0166) 8 366 (± 0.0450) 20

ML 7-2 4411-13 8/4-8/11/2008 5.13 (± 0.0166) 2 2,450 (± 0.0319) 201

ML 4-2 4411-14 8/4-8/11/2008 68.0 (± 0.0121) 8 570 (± 0.0521) 101

ML 7-3 4411-15 8/4-8/11/2008 34.6 (± 0.0222) 8 994 (± 0.0755) 101

ML 7-3 4411-15 Lab Dup 8/4-8/11/2008 - - 983 (± 0.0516)(RPD=1.11) 101

DUPLICATE 2 4411-16 8/4-8/11/2008 54.7 (± 0.0264) 8 154 (± 0.0116) 20

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/21/2008

7/23/2008

7/23/2008

7/23/2008

7/23/2008

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter 
was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF 
means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set.   The samples were diluted to accommodate the 
wide range of concentrations in  the sample sets. The data values are reported with the dilution factors applied. MDL studies have been performed for the Phoenix 8000.  The current MDL value is 0.024 mg/L for TIC range 0.1-20 
mg/L performed on 11/19/2007, and 0.040 mg/L for TOC range 0.1-20 mg/L performed on 11/16/2007.  ** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.

7/23/2008

7/22/2008
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Laboratory: General Parameters

Work Request: EPAGP038

Analyst: Lynda Callaway Analytes

Codes 7726-95-6-BR

Report Date: 08/14/08 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

PMW-3 4408-7 7/24 - 7/25/08 48.1 2 BQL (0.903) 1 14.5 1 BQL (0.168) 1

PMW-2 4408-8 7/24 - 7/25/08 25.4 1 BQL (0.533) 1 35.1 1 BQL (0.182) 1

PMW-1 4408-9 7/24 - 7/25/08 70.5 2 ND 1 10.8 1 BQL (0.106) 1

PMW-6 4408-10 7/24 - 7/25/08 34.0 1 BQL (0.688) 1 5.05 1 BQL (0.154) 1

Duplicate 1 4408-11 7/24 - 7/25/08 47.3 1 BQL (0.511) 1 15.1 1 BQL (0.138) 1

PMW-5 4408-12 7/24 - 7/25/08 195 6 BQL (0.765) 1 BQL (0.993) 1 BQL (0.079) 1

PMW-4 4408-13 7/24 - 7/25/08 34.1 1 BQL (0.985) 1 38.7 1 0.226 1

ML 1-2 4408-14 7/24 - 7/25/08 86.3 6 1.04 1 16.7 1 0.207 1

ML 1-4 4408-15 7/24 - 7/25/08 35.7 1 1.05 1 47.2 1 0.312 1

ML 1-6 4408-16 7/24 - 7/25/08 96.8 6 BQL (0.489) 1 31.8 1 0.332 1

ML 2-3 4408-17 7/24 - 7/25/08 862 21 ND 1 1.10 1 0.239 1

ML 2-5 4408-18 7/24 - 7/25/08 34.3 1 BQL (0.693) 1 37.1 1 0.237 1

ML 2-6 4408-19 7/24 - 7/25/08 48.8 1 BQL (0.770) 1 36.0 1 0.272 1

ML 2-7 4408-20 7/24 - 7/25/08 98.4 6 BQL (0.808) 1 31.8 1 0.374 1

ML 3-2 4408-21 7/24 - 7/25/08 111 6 BQL (0.982) 1 1.68 1 BQL (0.176) 1

ML 3-2 4408-21 Lab dup 7/24 - 7/25/08 110 (RPD=0.905) 6 BQL (0.719)(RPD=NA) 1 1.64 (RPD=2.41) 1 BQL (0.171) (RPD=NA) 1

ML 3-4 4408-22 7/24 - 7/25/08 27.8 1 BQL (0.586) 1 2.02 1 0.221 1

ML 3-6 4408-23 7/24 - 7/25/08 94.9 6 1.23 1 BQL (0.397) 1 0.217 1

ML 5-3 4408-24 7/24 - 7/25/08 248 6 BQL (0.570) 1 ND 1 0.327 1

ML 5-4 4408-25 7/24 - 7/25/08 35.9 1 1.17 1 39.2 1 BQL (0.185) 1

ML 5-5 4408-26 7/24 - 7/25/08 61.4 6 BQL (0.581) 1 18.6 1 0.217 1

ML 5-6 4408-27 7/24 - 7/25/08 106 6 1.03 1 1.84 1 0.246 1

ML 5-7 4408-28 7/24 - 7/25/08 136 6 BQL (0.641) 1 ND 1 0.346 1

Field Blank 4408-29 7/24 - 7/25/08 ND 1 ND 1 ND 1 ND 1

ML 6-3 4408-30 7/24 - 7/25/08 174 6 1.01 1 ND 1 0.299 1

ML 6-3 4408-30 Lab dup 7/24 - 7/25/08 171 (RPD=1.74) 6 1.07 (RPD=5.77) 1 ND (RPD=NA) 1 0.280 (RPD=6.56) 1

ML 6-4 4408-31 7/24 - 7/25/08 61.1 6 BQL (0.657) 1 ND 1 BQL (0.169) 1

ML 6-5 4408-32 7/24 - 7/25/08 169 6 BQL (0.681) 1 ND 1 BQL (0.128) 1

ML 6-6 4408-33 7/24 - 7/25/08 187 6 BQL (0.653) 1 ND 1 BQL (0.135) 1

ML 6-7 4408-34 7/24 - 7/25/08 182 6 BQL (0.583) 1 ND 1 0.393 1

ML 7-4 4408-35 7/24 - 7/25/08 157 6 BQL (0.670) 1 ND 1 BQL (0.158) 1

ML 7-5 4408-36 7/24 - 7/25/08 272 6 BQL (0.688) 1 BQL (0.399) 1 ND 1

ML 7-6 4408-37 7/24 - 7/25/08 205 6 BQL (0.665) 1 ND 1 BQL (0.181) 1

ML 7-7 4408-38 7/24 - 7/25/08 179 6 BQL (0.547) 1 ND 1 0.306 1

ML 4-3 4408-39 7/24 - 7/25/08 139 6 ND 1 ND 1 0.251 1

ML 4-4 4408-40 7/24 - 7/25/08 28.3 1 BQL (0.872) 1 ND 1 0.226 1

7/17/2008

7/18/2008

7/19/2008

7/19/2008

7/19/2008

7/19/2008

7/19/2008

7/18/2008

7/19/2008

7/19/2008

RSKSOP-288/2

7/17/2008

7/17/2008

7/17/2008

7/17/2008

RSKSOP-288/2

16887-00-6

7/17/2008

7/16/2008

7/16/2008

Date Collected

EPA - General Parameters

mg/L mg/L

* 0.259 0.297

Analytical Results Report

Sample Results 

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

7/16/2008

7/16/2008

7/19/2008

7/18/2008

7/18/2008

Fluoride (F)

7/18/2008

0.388

1.00* 1.00 1.00

7/17/2008

7/17/2008

7782-41-4

RSKSOP-288/2RSKSOP-288/2

14808-79-8

mg/L

0.044

0.200

mg/L

7/17/2008

7/19/2008

7/19/2008

7/16/2008

7/16/2008

7/16/2008

7/18/2008

7/18/2008

7/19/2008

7/21/2008

7/21/2008
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Laboratory: General Parameters

Work Request: EPAGP038

Analyst: Lynda Callaway Analytes

Codes 7726-95-6-BR

Report Date: 08/14/08 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

RSKSOP-288/2 RSKSOP-288/2

16887-00-6

Date Collected

EPA - General Parameters

mg/L mg/L

* 0.259 0.297

Analytical Results Report

Sample Results 

Sulfate (as SO4)Chloride (Cl) Bromide (Br) Fluoride (F)

0.388

1.00* 1.00 1.00

7782-41-4

RSKSOP-288/2RSKSOP-288/2

14808-79-8

mg/L

0.044

0.200

mg/L

ML 4-5 4408-41 7/24 - 7/25/08 42.9 1 BQL (0.492) 1 ND 1 0.274 1

ML 4-5 4408-41 Lab dup 7/24 - 7/25/08 41.9 (RPD=2.36) 1 BQL (0.497) (RPD=NA) 1 ND (RPD=NA) 1 0.282 (RPD=2.88) 1

ML 4-6 4411-1 8/4 - 8/6/08 67.0 6 BQL (0.417) 1 ND 1 BQL (0.190) 1

ML 4-7 4411-2 8/4 - 8/6/08 91.4 6 BQL (0.397) 1 ND 1 0.224 1

ML 3-5 4411-3 8/4 - 8/6/08 32.1 1 BQL (0.343) 1 ND 1 BQL (0.116) 1

ML 3-7 4411-4 8/4 - 8/6/08 132 6 ND 1 BQL (0.928) 1 BQL (0.154) 1

ML 2-4 4411-5 8/4 - 8/6/08 208 6 BQL (0.612) 1 2.06 1 BQL (0.073) 1

ML 1-3 4411-6 8/4 - 8/6/08 36.1 1 ND 1 19.9 1 0.223 1

ML 1-5 4411-7 8/4 - 8/6/08 18.8 1 ND 1 17.2 1 BQL (0.143) 1

ML 1-7 4411-8 8/4 - 8/6/08 129 6 ND 1 2.71 1 0.203 1

ML 1-7 4411-8 Lab dup 8/4 - 8/6/08 130 (RPD=0.772) 6 ND (RPD=NA) 1 2.72 (RPD=0.368) 1 BQL (0.199) (RPD=NA) 1

ML 2-2 4411-9 8/4 - 8/6/08 574 21 ND 1 ND 1 ND 1

ML 3-3 4411-10 8/4 - 8/6/08 92.3 6 BQL (0.698) 1 BQL (0.875) 1 ND 1

ML 5-2 4411-11 8/4 - 8/6/08 413 21 BQL (0.394) 1 ND 1 BQL (0.069) 1

ML 6-2 4411-12 8/4 - 8/6/08 293 21 BQL (0.304) 1 ND 1 0.210 1

ML 7-2 4411-13 8/4 - 8/6/08 367 21 BQL (0.818) 1 1.05 1 BQL (0.077) 1

ML 4-2 4411-14 8/4 - 8/6/08 369 21 1.05 1 BQL (0.410) 1 BQL (0.097) 1

ML 7-3 4411-15 8/4 - 8/6/08 235 21 BQL (0.463) 1 ND 1 BQL (0.123) 1

Duplicate 2 4411-16 8/4 - 8/6/08 225 21 BQL (0.717) 1 1.85 1 BQL (0.150) 1

Duplicate 2 4411-16 Lab dup 8/4 - 8/6/08 219 (RPD=2.70) 21 BQL (0.723) (RPD=NA) 1 1.91 (RPD=3.19) 1 BQL (0.153) (RPD=NA) 1

Comments:

Notes:

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set within the calibration range.  *MDL and QL should be raised by 
the same factor as the dilution factor for those samples that were diluted.  The MDLs were determined on 8/7/2008.

7/22/2008

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

7/22/2008

7/21/2008

7/22/2008

7/21/2008

7/21/2008

7/21/2008

7/21/2008

7/23/2008

7/23/2008

7/23/2008

7/22/2008

7/22/2008

7/22/2008

7/22/2008

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA   means not applicable; NSF   means not sufficient amount for analyses.  All the 
results are corrected with dilution factors (DF), if applicable.  

7/21/2008

7/21/2008

7/21/2008

7/21/2008

7/23/2008



Chunming Su VOC samples for d37Cl
+/- 0.20 permill

Lab ID Sample ID d37Cl
J-818 PMW-3 -
J-819 PMW-5 2.8
J-820 ML-2-3 -
J-821 ML-2-5 3.8
J-822 Duplicate-1 -
J-823 ML-5-3 4.2
J-824 ML-5-5 3.2



Laboratory: Report Date: Page  1  of  10

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7429-90-5 mg/L 0.034 0.111 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-38-2 mg/L 0.006 0.020 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.007) 1 ND 1 ND 1

7440-42-8 mg/L 0.003 0.010 0.161 1 0.160(RPD=0.62) 1 0.106 1 ND 1 ND 1 ND 1

7440-39-3 mg/L 0.002 0.007 0.032 1 0.032(RPD=0.00) 1 0.029 1 ND 1 0.089 1 0.094 1

7440-41-7 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-70-2 mg/L 0.255 0.851 24.8 1 24.8(RPD=0.00) 1 53.0 1 ND 1 88.5 1 93.0 1

7440-43-9 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 BQL(0.003) 1 BQL(0.002) 1

7440-48-4 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-47-3 mg/L 0.001 0.004 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-50-8 mg/L 0.004 0.013 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-89-6 mg/L 0.026 0.087 15.7 1 15.7(RPD=0.00) 1 13.8 1 ND 1 75.8 1 79.6 1

7440-09-7 mg/L 0.047 0.156 2.07 1 2.09(RPD=0.96) 1 2.41 1 BQL(0.093) 1 2.48 1 2.49 1

7439-95-4 mg/L 0.034 0.111 8.28 1 8.30(RPD=0.24) 1 10.7 1 ND 1 10.7 1 11.2 1

7439-96-5 mg/L 0.001 0.004 0.112 1 0.110(RPD=1.80) 1 0.139 1 ND 1 0.435 1 0.456 1

7439-98-7 mg/L 0.001 0.004 0.006 1 0.006(RPD=0.00) 1 0.012 1 BQL(0.001) 1 0.010 1 0.010 1

7440-23-5 mg/L 0.061 0.201 56.8 1 56.9(RPD=0.18) 1 49.8 1 BQL(0.106) 1 32.8 1 31.4 1

7440-02-0 mg/L 0.003 0.010 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7439-92-1 mg/L 0.001 0.004 BQL(0.002) 1 BQL(0.002)(RPD=NA) 1 ND 1 ND 1 0.012 1 0.012 1

7440-36-0 mg/L 0.004 0.013 BQL(0.006) 1 BQL(0.005)(RPD=NA) 1 BQL(0.013) 1 ND 1 0.019 1 0.023 1

7782-49-2 mg/L 0.005 0.015 0.028 1 0.027(RPD=3.64) 1 0.045 1 ND 1 0.061 1 0.066 1

7440-24-6 mg/L 0.001 0.004 0.140 1 0.140(RPD=0.00) 1 0.174 1 ND 1 0.360 1 0.377 1

7440-32-6 mg/L 0.002 0.007 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-28-0 mg/L 0.005 0.015 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-62-2 mg/L 0.003 0.010 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-66-6 mg/L 0.040 0.134 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

7440-21-3 mg/L 0.186 0.618 17.6 1 17.3(RPD=1.72) 1 12.9 1 ND 1 9.56 1 8.83 1

7704-34-9 mg/L 0.069 0.228 10.6 1 10.2(RPD=3.85) 1 10.4 1 BQL(0.108) 1 4.17 1 3.77 1

7723-14-0 mg/L 0.017 0.056 1.54 1 1.52(RPD=1.31) 1 0.971 1 BQL(0.019) 1 0.688 1 0.613 1

7440-61-1 mg/L 0.004 0.013 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1 BQL(0.005) 1

Comments: 

Notes:

4732-01 Lab Dup 4732-05

PMW-3 DUP-1PMW-3 PMW-2 Field Blank PMW-1

3/4/09 3/4/09

4732-04

3/4/09 3/4/09 3/4/093/4/09

Metals 3/24/09

5ME566SF Sample Results (1, 2)

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

4732-01 4732-02 4732-03

Aluminum (Al)

Arsenic (As)

3/12/09

Boron (B)

Barium (Ba)

MDL QL
Names 

Data
Analytes

Unit DF Data DF Data DF Data DF Data DF Data DF

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

3/12/09 3/12/09 3/12/09 3/12/093/12/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 BQL(0.004) 1 BQL(0.004) 1 ND 1 BQL(0.005) 1 BQL(0.005)(RPD=NA) 1

ND 1 ND 1 ND 1 BQL(0.035) 1 ND 1 ND(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

0.128 1 0.041 1 0.032 1 0.091 1 ND 1 ND(RPD=NA) 1

0.032 1 0.150 1 0.152 1 0.105 1 0.989 1 0.992(RPD=0.30) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

25.6 1 74.5 1 75.5 1 17.3 1 238 1 239(RPD=0.42) 1

ND 1 0.004 1 0.004 1 BQL(0.001) 1 0.014 1 0.015(RPD=6.90) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

ND 1 BQL(0.005) 1 BQL(0.005) 1 BQL(0.006) 1 0.014 1 BQL(0.013)(RPD=NA) 1

14.2 1 125 1 126 1 40.1 1 335 1 336(RPD=0.30) 1

1.40 1 6.81 1 6.88 1 1.39 1 1.85 1 1.85(RPD=0.00) 1

5.37 1 14.8 1 15.0 1 10.0 1 115 1 115(RPD=0.00) 1

0.111 1 0.408 1 0.407 1 0.062 1 1.28 1 1.28(RPD=0.00) 1

0.006 1 0.009 1 0.008 1 0.005 1 BQL(0.004) 1 BQL(0.004)(RPD=NA) 1

50.2 1 57.4 1 57.8 1 54.7 1 128 1 128(RPD=0.00) 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.003)(RPD=NA) 1

BQL(0.002) 1 0.021 1 0.020 1 0.008 1 0.056 1 0.059(RPD=5.22) 1

BQL(0.004) 1 0.019 1 0.019 1 ND 1 0.029 1 0.030(RPD=3.39) 1

0.033 1 0.044 1 0.046 1 0.025 1 0.055 1 0.056(RPD=1.80) 1

0.110 1 0.424 1 0.430 1 0.114 1 3.53 1 3.54(RPD=0.28) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.005)(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND(RPD=NA) 1

17.5 1 17.8 1 17.8 1 13.6 1 7.67 1 7.76(RPD=1.17) 1

9.36 1 25.9 1 19.7 1 18.7 1 13.0 1 13.3(RPD=2.28) 1

1.65 1 1.41 1 1.41 1 0.727 1 0.445 1 0.446(RPD=0.22) 1

ND 1 ND 1 ND 1 ND 1 0.019 1 0.019(RPD=0.00) 1

PMW-5 DUP-2PMW-6 PMW-4 ML2-2

3/5/09 3/5/09 3/5/09 3/5/093/4/09 3/5/09

4732-10 Lab Dup4732-06 4732-07 4732-10

Sample Results (1, 2)

4732-08 4732-09

DF DataData DF Data DFDF Data DF DataDF Data

3/12/09 3/12/09

ML2-2

3/12/09 3/12/09 3/12/09 3/12/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.004) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.142 1 0.135 1 0.143 1 0.146 1 0.154 1 ND 1

0.498 1 0.404 1 0.031 1 0.028 1 0.054 1 0.271 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

111 1 100 1 26.2 1 48.4 1 57.5 1 73.7 1

BQL(0.001) 1 BQL(0.001) 1 ND 1 ND 1 ND 1 0.008 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.008) 1

22.8 1 25.1 1 1.73 1 3.81 1 2.98 1 207 1

1.24 1 1.17 1 0.720 1 1.10 1 1.45 1 2.52 1

20.5 1 20.1 1 2.93 1 5.84 1 5.16 1 41.2 1

0.507 1 0.436 1 0.124 1 0.185 1 0.309 1 0.291 1

0.009 1 0.009 1 0.006 1 0.008 1 0.009 1 0.008 1

64.1 1 64.6 1 49.0 1 65.0 1 91.1 1 111 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

BQL(0.002) 1 BQL(0.004) 1 ND 1 ND 1 ND 1 0.031 1

0.016 1 0.016 1 BQL(0.009) 1 0.015 1 BQL(0.013) 1 0.024 1

0.048 1 0.047 1 0.036 1 0.041 1 0.051 1 0.062 1

1.28 1 1.17 1 0.217 1 0.499 1 0.764 1 0.674 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

19.5 1 19.5 1 17.8 1 18.0 1 19.4 1 6.00 1

3.25 1 3.72 1 9.86 1 10.1 1 10.1 1 4.71 1

0.620 1 0.838 1 1.90 1 1.39 1 0.750 1 0.217 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML2-6 ML2-7 ML5-2ML2-4ML2-3 ML2-5

3/5/09 3/6/09 3/6/09

3/12/09 3/12/09 3/12/09

3/6/09

Sample Results (1, 2)

4732-11 4732-12 4732-13 4732-14 4732-15 4732-16

3/6/09

3/12/09

Data DF Data DF Data DF Data DF Data DF Data DF

3/12/09 3/12/09

3/6/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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BQL(0.003) 1 BQL(0.003) 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

0.178 1 0.182 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 0.161 1 0.163(RPD=1.23) 1 0.153 1 0.153 1

0.203 1 0.205 1 0.021 1 0.021(RPD=0.00) 1 0.080 1 0.101 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

84.7 1 85.0 1 22.7 1 22.6(RPD=0.44) 1 35.2 1 41.5 1

0.005 1 0.005 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

BQL(0.005) 1 BQL(0.006) 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

147 1 149 1 4.87 1 4.85(RPD=0.41) 1 7.06 1 10.1 1

1.29 1 1.34 1 1.20 1 1.21(RPD=0.83) 1 1.26 1 1.28 1

48.1 1 47.9 1 8.71 1 8.71(RPD=0.00) 1 7.96 1 7.06 1

0.282 1 0.280 1 0.058 1 0.058(RPD=0.00) 1 0.141 1 0.236 1

0.010 1 0.010 1 0.005 1 0.005(RPD=0.00) 1 0.006 1 0.007 1

73.1 1 74.3 1 54.5 1 54.1(RPD=0.74) 1 54.6 1 66.5 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

0.023 1 0.022 1 BQL(0.002) 1 ND(RPD=NA) 1 ND 1 BQL(0.001) 1

0.019 1 0.022 1 BQL(0.005) 1 BQL(0.008)(RPD=NA) 1 BQL(0.008) 1 BQL(0.010) 1

0.064 1 0.057 1 0.038 1 0.040(RPD=5.13) 1 0.044 1 0.044 1

0.785 1 0.797 1 0.153 1 0.152(RPD=0.66) 1 0.288 1 0.363 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

8.76 1 8.71 1 17.9 1 17.9(RPD=0.00) 1 18.4 1 19.3 1

2.57 1 2.15 1 2.83 1 2.85(RPD=0.70) 1 2.46 1 1.72 1

0.717 1 0.711 1 1.50 1 1.51(RPD=0.66) 1 1.42 1 1.30 1

BQL(0.007) 1 BQL(0.007) 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1

ML5-5 ML5-6ML5-3 ML5-4 ML5-4

3/7/09

3/12/09 3/12/09

Sample Results (1, 2)

4732-17 4732-18 4732-19 4732-19 Lab Dup 4732-20 4732-21

DUP-3

3/6/09 3/6/09 3/7/09 3/7/09

3/12/09 3/12/09 3/12/09 3/12/09

3/7/09

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.142 1 0.018 1 0.082 1 0.144 1 0.149 1 0.150 1

0.235 1 0.255 1 0.241 1 0.131 1 0.190 1 0.026 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

63.2 1 84.6 1 58.7 1 42.8 1 49.6 1 25.2 1

ND 1 BQL(0.002) 1 BQL(0.001) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

8.56 1 68.7 1 28.6 1 9.74 1 6.06 1 5.36 1

1.47 1 3.81 1 2.08 1 1.22 1 1.28 1 1.16 1

8.15 1 15.7 1 19.0 1 9.66 1 5.95 1 5.27 1

0.382 1 0.640 1 0.240 1 0.168 1 0.254 1 0.133 1

0.009 1 0.010 1 0.008 1 0.008 1 0.007 1 0.006 1

102 1 63.7 1 74.8 1 65.7 1 67.7 1 125 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 0.009 1 BQL(0.002) 1 ND 1 ND 1 ND 1

BQL(0.012) 1 0.016 1 0.015 1 BQL(0.009) 1 BQL(0.011) 1 BQL(0.006) 1

0.058 1 0.067 1 0.064 1 0.051 1 0.045 1 0.042 1

0.659 1 0.477 1 0.677 1 0.535 1 0.751 1 0.137 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

19.6 1 6.53 1 9.31 1 15.8 1 16.3 1 19.4 1

0.840 1 12.6 1 4.58 1 10.9 1 10.1 1 9.18 1

0.915 1 0.083 1 0.340 1 1.16 1 1.13 1 2.38 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ML1-6ML5-7 ML1-2

3/12/09

Data DF Data DF Data DF

Sample Results (1, 2)

4732-22 4732-23 4732-24 4732-25 4732-26 4732-27

ML1-3 ML1-4 ML1-5

3/12/09 3/12/09 3/12/09

3/9/093/7/09

3/12/09

3/9/093/7/09 3/7/09 3/9/09

Data DF Data DF Data DF

3/12/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 BQL(0.006) 1 BQL(0.006)(RPD=NA) 1 BQL(0.004) 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 BQL(0.058) 1

ND 1 ND 1 ND(RPD=NA) 1 0.048 1 ND 1 ND 1

0.145 1 ND 1 ND(RPD=NA) 1 ND 1 0.109 1 ND 1

0.141 1 0.678 1 0.682(RPD=0.59) 1 1.16 1 0.243 1 0.189 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

50.2 1 173 1 174(RPD=0.58) 1 151 1 112 1 98.6 1

ND 1 0.033 1 0.033(RPD=0.00) 1 0.013 1 BQL(0.002) 1 0.005 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 0.018 1 0.019(RPD=5.41) 1 BQL(0.010) 1 ND 1 BQL(0.007) 1

5.02 1 661 1 667(RPD=0.90) 1 312 1 40.6 1 121 1

1.43 1 5.09 1 5.07(RPD=0.39) 1 1.41 1 1.43 1 1.91 1

5.49 1 91.7 1 92.0(RPD=0.33) 1 84.9 1 17.4 1 22.1 1

0.252 1 0.838 1 0.838(RPD=0.00) 1 0.841 1 0.579 1 0.534 1

0.009 1 BQL(0.001) 1 BQL(0.002)(RPD=NA) 1 BQL(0.004) 1 0.006 1 0.008 1

133 1 173 1 174(RPD=0.58) 1 226 1 69.6 1 66.8 1

ND 1 BQL(0.005) 1 BQL(0.004)(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 0.118 1 0.117(RPD=0.85) 1 0.050 1 0.006 1 0.020 1

BQL(0.010) 1 0.030 1 0.036(RPD=18.18) 1 0.021 1 0.015 1 0.017 1

0.052 1 0.048 1 0.052(RPD=8.00) 1 0.037 1 0.026 1 0.024 1

0.506 1 2.34 1 2.36(RPD=0.85) 1 2.52 1 1.14 1 0.651 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 0.038 1 0.040(RPD=5.13) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

19.7 1 17.0 1 17.0(RPD=0.00) 1 10.7 1 20.8 1 18.0 1

4.42 1 5.17 1 5.24(RPD=1.34) 1 4.98 1 2.99 1 3.70 1

1.68 1 0.496 1 0.502(RPD=1.20) 1 0.247 1 0.121 1 0.773 1

ND 1 0.027 1 0.027(RPD=0.00) 1 0.018 1 ND 1 ND 1

ML7-4 ML7-5ML1-7 ML7-2 ML7-2 ML7-3

3/23/09

3/9/09 3/10/09

Sample Results (1, 2)

4732-28 4744-01 4744-01 Lab Dup 4744-02 4744-03 4744-04

3/12/09 3/23/09 3/23/09 3/23/09

Data DF Data

3/9/09 3/9/09

Data DF Data DF DFDF Data DF Data

3/23/09

3/9/09 3/10/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 BQL(0.005) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.053) 1

ND 1 ND 1 ND 1 0.125 1 ND 1 ND 1

0.075 1 0.129 1 ND 1 ND 1 0.160 1 0.079 1

1.04 1 0.773 1 0.383 1 0.295 1 0.165 1 0.122 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

194 1 139 1 153 1 110 1 39.7 1 65.6 1

BQL(0.002) 1 BQL(0.001) 1 0.013 1 BQL(0.004) 1 ND 1 BQL(0.002) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.012) 1 ND 1 ND 1 ND 1

59.5 1 24.0 1 337 1 110 1 5.31 1 55.0 1

1.81 1 1.73 1 5.56 1 1.34 1 1.27 1 1.69 1

25.2 1 17.1 1 58.6 1 44.1 1 5.55 1 13.9 1

1.11 1 0.824 1 0.467 1 0.444 1 0.190 1 0.334 1

0.005 1 0.007 1 0.006 1 0.007 1 0.005 1 0.007 1

92.6 1 127 1 108 1 105 1 47.6 1 58.5 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.011 1 0.004 1 0.057 1 0.019 1 ND 1 0.011 1

0.018 1 0.018 1 0.021 1 0.019 1 BQL(0.010) 1 0.014 1

0.029 1 0.042 1 0.049 1 0.045 1 0.027 1 0.022 1

2.51 1 1.66 1 1.47 1 1.36 1 0.472 1 0.386 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

19.7 1 21.2 1 11.2 1 15.1 1 18.6 1 20.7 1

4.46 1 2.81 1 7.65 1 4.30 1 4.49 1 8.88 1

0.322 1 0.238 1 0.261 1 0.253 1 1.41 1 0.946 1

BQL(0.009) 1 ND 1 0.014 1 BQL(0.006) 1 ND 1 ND 1

4744-09 4744-10

Sample Results (1, 2)

ML7-6 ML7-7 ML6-2 ML6-3 ML6-4 ML6-5

3/11/09 3/11/09

4744-05 4744-06 4744-07

3/10/09 3/10/09 3/10/09 3/10/09

4744-08

3/23/09 3/23/09 3/23/09 3/23/09 3/23/09 3/23/09

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 BQL(0.004) 1 ND 1 ND 1 ND 1

BQL(0.049) 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 0.038 1 ND 1 ND 1

0.103 1 0.129 1 ND 1 BQL(0.006) 1 0.152 1 0.120 1

0.118 1 0.439 1 0.474 1 0.180 1 0.118 1 0.092 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

68.6 1 101 1 92.5 1 61.4 1 29.7 1 44.4 1

BQL(0.001) 1 ND 1 0.008 1 BQL(0.002) 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 BQL(0.009) 1 ND 1 ND 1 ND 1

41.2 1 16.5 1 241 1 80.9 1 10.4 1 11.0 1

1.73 1 1.92 1 7.55 1 0.839 1 1.02 1 1.47 1

14.3 1 11.4 1 49.0 1 33.3 1 8.00 1 8.84 1

0.407 1 0.567 1 0.455 1 0.236 1 0.124 1 0.192 1

0.007 1 0.008 1 0.007 1 0.007 1 0.005 1 0.006 1

78.1 1 119 1 128 1 52.1 1 54.2 1 61.5 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

0.008 1 0.004 1 0.042 1 0.015 1 0.005 1 BQL(0.003) 1

0.016 1 0.017 1 0.026 1 0.014 1 BQL(0.009) 1 BQL(0.010) 1

0.019 1 0.034 1 0.046 1 0.053 1 0.026 1 0.017 1

0.401 1 1.10 1 1.08 1 0.594 1 0.254 1 0.308 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

23.5 1 22.4 1 5.95 1 8.31 1 16.5 1 16.1 1

5.98 1 2.98 1 3.88 1 2.77 1 9.76 1 4.05 1

0.330 1 0.367 1 0.229 1 0.323 1 1.35 1 1.37 1

ND 1 ND 1 BQL(0.011) 1 BQL(0.006) 1 ND 1 ND 1

3/11/09

4744-14

Sample Results (1, 2)

ML6-6 ML6-7 ML4-2 ML4-3 ML4-4 ML4-5

4744-154744-11 4744-12 4744-13

3/11/09 3/11/09 3/11/09

3/23/09 3/23/09 3/23/09 3/23/09

Data DF Data DFData DF Data DF Data DF Data DF

3/23/09 3/23/09

3/12/09 3/12/09

4744-16



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.005) 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

0.128 1 0.129 1 0.131(RPD=1.54) 1 0.147 1 ND 1 ND 1

0.081 1 0.254 1 0.254(RPD=0.00) 1 0.958 1 0.585 1 0.112 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

40.8 1 71.3 1 71.4(RPD=0.14) 1 109 1 169 1 52.9 1

ND 1 ND 1 ND(RPD=NA) 1 BQL(0.004) 1 0.015 1 BQL(0.003) 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.012) 1 ND 1

9.28 1 8.93 1 8.95(RPD=0.22) 1 99.3 1 378 1 92.0 1

1.30 1 1.36 1 1.42(RPD=4.32) 1 278 1 6.94 1 17.8 1

8.47 1 8.00 1 8.02(RPD=0.25) 1 29.6 1 67.9 1 8.55 1

0.194 1 0.393 1 0.393(RPD=0.00) 1 0.274 1 0.410 1 0.133 1

0.006 1 0.006 1 0.007(RPD=15.38) 1 0.005 1 0.006 1 0.007 1

67.6 1 84.3 1 84.3(RPD=0.00) 1 597 1 137 1 63.9 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 BQL(0.003) 1 ND 1

0.004 1 BQL(0.003) 1 BQL(0.003)(RPD=NA) 1 0.019 1 0.066 1 0.017 1

0.014 1 BQL(0.012) 1 0.014(RPD=NA) 1 0.019 1 0.033 1 0.013 1

0.031 1 0.027 1 0.026(RPD=3.77) 1 0.039 1 0.052 1 0.036 1

0.287 1 0.558 1 0.559(RPD=0.18) 1 2.83 1 2.14 1 0.748 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND(RPD=NA) 1 ND 1 ND 1 ND 1

16.9 1 17.6 1 17.7(RPD=0.57) 1 7.71 1 8.53 1 9.74 1

3.25 1 1.94 1 1.94(RPD=0.00) 1 1.35 1 1.85 1 0.986 1

1.36 1 1.11 1 1.11(RPD=0.00) 1 0.067 1 0.303 1 0.539 1

ND 1 ND 1 ND(RPD=NA) 1 BQL(0.010) 1 0.020 1 BQL(0.010) 1

4744-21

3/13/09

4744-19

Sample Results (1, 2)

ML4-6 ML4-7 ML4-7 ML3-2 ML3-3 ML3-4

4744-204744-17 4744-18 4744-18 Lab Dup

3/12/09 3/12/09 3/12/09

3/23/09 3/23/09 3/23/09 3/23/09

Data DF Data DFData DF Data DF Data DF Data DF

3/23/09 3/23/09

3/13/09 3/14/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-22-4 mg/L 0.003 0.010

7429-90-5 mg/L 0.034 0.111

7440-38-2 mg/L 0.006 0.020

7440-42-8 mg/L 0.003 0.010

7440-39-3 mg/L 0.002 0.007

7440-41-7 mg/L 0.001 0.004

7440-70-2 mg/L 0.255 0.851

7440-43-9 mg/L 0.001 0.004

7440-48-4 mg/L 0.001 0.004

7440-47-3 mg/L 0.001 0.004

7440-50-8 mg/L 0.004 0.013

7439-89-6 mg/L 0.026 0.087

7440-09-7 mg/L 0.047 0.156

7439-95-4 mg/L 0.034 0.111

7439-96-5 mg/L 0.001 0.004

7439-98-7 mg/L 0.001 0.004

7440-23-5 mg/L 0.061 0.201

7440-02-0 mg/L 0.003 0.010

7439-92-1 mg/L 0.001 0.004

7440-36-0 mg/L 0.004 0.013

7782-49-2 mg/L 0.005 0.015

7440-24-6 mg/L 0.001 0.004

7440-32-6 mg/L 0.002 0.007

7440-28-0 mg/L 0.005 0.015

7440-62-2 mg/L 0.003 0.010

7440-66-6 mg/L 0.040 0.134

7440-21-3 mg/L 0.186 0.618

7704-34-9 mg/L 0.069 0.228

7723-14-0 mg/L 0.017 0.056

7440-61-1 mg/L 0.004 0.013

Comments: 

Notes:

Metals 3/24/09

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

RSKSOP 213(3)

Sandra Saye

Beryllium (Be)

Calcium (Ca)

Aluminum (Al)

Arsenic (As)

Boron (B)

Barium (Ba)

MDL QL
Names 

Analytes
Unit

Silver (Ag)

Cadmium (Cd)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

Iron (Fe)

Nickel (Ni)

Lead (Pb)

Antimony (Sb)

Potassium (K)

Manganese (Mn)

Molybdenum (Mo)

Magnesium (Mg)

Sodium (Na)

Selenium (Se)

Strontium (Sr)

Titanium (Ti)

Thallium (Tl)

Vanadium (V)

Zinc (Zn)

Phosphorus (P)

Sillicon (Si)

Uranium (U)

Sulfur (S)

No problems noted.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the 
parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the 
parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicable.  Note that the applicable 
MDL is given only for the case DF=1.

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.
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ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 0.107 1

0.336 1 0.053 1 0.046 1

ND 1 ND 1 ND 1

94.8 1 28.1 1 35.3 1

BQL(0.002) 1 BQL(0.003) 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

85.8 1 109 1 17.3 1

25.0 1 1.48 1 1.52 1

17.5 1 17.3 1 6.10 1

0.490 1 0.269 1 0.248 1

0.009 1 0.006 1 0.005 1

103 1 122 1 107 1

ND 1 ND 1 ND 1

0.015 1 0.021 1 0.006 1

0.022 1 0.018 1 BQL(0.011) 1

0.067 1 0.056 1 0.021 1

0.880 1 0.434 1 0.221 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

ND 1 ND 1 ND 1

8.55 1 15.3 1 23.6 1

0.696 1 0.405 1 0.895 1

0.639 1 0.349 1 1.45 1

0.014 1 ND 1 ND 1

Sample Results (1, 2)

ML3-5 ML3-6 ML3-7

4744-22 4744-23 4744-24

3/14/09 3/14/09 3/14/09

3/23/09 3/23/09 3/23/09

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date: Page  1  of  10

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047 8.49 1 8.41 (RPD=0.95) 1 24.5 1 ND 1 12.8 1 13.9 1

7440-47-3 μg/L 0.030 0.100 4.53 1 4.62 (RPD=1.97) 1 9.93 1 ND 1 16.3 1 18.9 1

7440-50-8 μg/L 0.072 0.240 1.14 1 1.22 (RPD=6.78) 1 1.05 1 0.292 1 1.20 1 1.89 1

7439-89-6 μg/L 0.289 0.964 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ 1.89 1 ⎯ ⎯ ⎯ ⎯

7439-92-1 μg/L 0.025 0.084 0.181 1 0.171 (RPD=5.68) 1 BQL(0.026) 1 ND 1 BQL(0.059) 1 BQL(0.069) 1

7782-49-2 μg/L 0.169 0.564 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ND 1 ⎯ ⎯ ⎯ ⎯

7440-61-1 μg/L 0.002 0.007 0.014 1 0.013 (RPD=7.41) 1 8.94 1 ND 1 0.139 1 0.137 1

7440-66-6 μg/L 0.079 0.264 1.06 1 1.08 (RPD=1.87) 1 1.10 1 ND 1 1.60 1 1.95 1

7439-97-6 μg/L 0.017 0.057 ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

Comments:

Notes:

3/18 & 3/25/09 3/18 & 3/25/09

3/4/09

4732-02

3/18 & 3/25/09 3/18, 3/25 & 3/26/09

4732-05

Arsenic (As)

Data DF

Iron (Fe)

Chromium (Cr)

Copper (Cu)

DFDataDF Data DFMDL Data DF Data DF DataQLUnit
Analytes

Names 

RSKSOP 257(2)

4732-01 Lab Dup.

3/4/09 3/4/09

4732-01

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

4732-03

3/4/09

Steve Markham PMW-3

5ME566SF Sample Results (1, 2)

PMW-2

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

3/31/09Metals 

Dup-1Field BlankPMW-3

3/4/09

3/18 & 3/25/09

PMW-1

3/18 & 3/25/09

4732-04

3/4/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

3/31/09Metals Page  2  of  10

9.03 1 8.44 1 8.02 1 17.9 1 23.2 1 4.10 1

7.91 1 10.7 1 8.11 1 6.43 1 13.2 1 8.14 1

0.761 1 1.58 1 1.16 1 1.80 1 4.21 1 2.10 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.107 1 0.761 1 BQL(0.031) 1 0.392 1 0.172 1 0.367 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.929 1 0.013 1 0.012 1 0.061 1 BQL(0.004) 1 BQL(0.007) 1

0.272 1 1.24 1 1.02 1 8.15 1 2.66 1 0.632 1

ND 1 ND 1 ND 1 ND 1 ND 1 BQL(0.027) 1

4732-11

3/5/09

3/18 & 3/25/09

4732-10

3/5/09

3/18 & 3/25/09

PMW-4

3/4/09 3/5/09 3/5/09 3/5/09

4732-09

Sample Results (1, 2)

PMW-6 PMW-5 Dup-2 ML 2-3ML 2-2

DFDF Data DF DataDF

4732-06 4732-07 4732-08

Data

3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09

Data DF DF DataData

3/18 & 3/25/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

3/31/09Metals Page  3  of  10

4.03 (RPD=1.72) 1 3.43 1 1.77 1 2.71 1 3.83 1 13.5 1

8.48 (RPD=4.09) 1 10.5 1 7.09 1 8.69 1 9.85 1 12.0 1

2.12 (RPD=0.95) 1 1.48 1 1.05 1 0.996 1 2.25 1 1.32 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.368 (RPD=0.27) 1 ND 1 BQL(0.059) 1 BQL(0.050) 1 0.987 1 0.127 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.007) (RPD=NA) 1 BQL(0.003) 1 0.034 1 0.177 1 0.447 1 BQL(0.006) 1

0.637 (RPD=0.79) 1 0.767 1 0.370 1 0.409 1 0.674 1 0.979 1

BQL(0.023) (RPD=NA) 1 ND 1 BQL(0.023) 1 BQL(0.021) 1 BQL(0.020) 1 BQL(0.026) 1

Data DF Data DFData DF Data DFData DF Data DF

3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09

4732-11 Lab Dup. 4732-12

3/18 & 3/25/09 3/18 & 3/25/09

4732-15 4732-16

3/5/09 3/6/09 3/6/09 3/6/09 3/6/09 3/6/09

Sample Results (1, 2)

ML 2-3 ML 2-4 ML 2-5 ML 2-6 ML 2-7 ML 5-2

4732-13 4732-14



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

3/31/09Metals Page  4  of  10

⎯ ⎯ ⎯ ⎯ 2.16 1 1.94 1 2.09 1 2.15 (RPD=2.83) 1

12.5 1 8.43 1 5.90 1 8.84 1 11.8 1 12.1 (RPD=2.51) 1

1.38 1 1.70 1 1.56 1 0.608 1 0.735 1 0.740 (RPD=0.68) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.085 1 BQL(0.080) 1 BQL(0.053) 1 BQL(0.048) 1 ND 1 ND (RPD=NA) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.004) 1 BQL(0.005) 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

1.35 1 0.772 1 0.673 1 BQL(0.199) 1 0.583 1 0.626 (RPD=7.11) 1

BQL(0.019) 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

4732-21 Lab Dup.

3/7/09

4732-20 4732-21

Sample Results (1, 2)

ML 5-3 Dup-3 ML 5-4 ML 5-5 ML 5-6 ML 5-6

4732-17 4732-18 4732-19

3/6/09 3/6/09 3/7/09

3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09

Data DF Data DFData DF Data DF Data DF Data DF

3/18 & 3/25/09 3/18 & 3/25/09

3/7/09 3/7/09



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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2.43 1 4.95 1 35.4 1 12.0 1 9.75 1 2.19 1

14.6 1 18.4 1 17.0 1 13.4 1 13.0 1 8.32 1

1.11 1 1.29 1 0.877 1 0.537 1 0.679 1 2.01 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.067) 1 BQL(0.030) 1 BQL(0.066) 1 ND 1 BQL(0.032) 1 0.289 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.151 1 0.035 1 0.042 1 0.008 1 0.016 1 0.042 1

0.760 1 1.33 1 0.581 1 1.40 1 1.54 1 3.27 1

ND 1 ND 1 BQL(0.018) 1 BQL(0.017) 1 ND 1 BQL(0.031) 1

4732-26 4732-27

Sample Results (1, 2)

ML 5-7 ML 1-2 ML 1-3 ML 1-4 ML 1-5 ML 1-6

3/9/09 3/9/09

4732-22 4732-23 4732-24

3/7/09 3/7/09 3/7/09 3/9/09

4732-25

3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09 3/18 & 3/25/09

Data DF Data DF Data DF Data DF Data DF Data DF



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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1.86 1 8.12 1 7.77 (RPD=4.41) 1 86.0 1 1.71 1 2.27 1

15.4 1 0.401 1 0.390 (RPD=2.78) 1 0.427 1 0.639 1 0.605 1

0.741 1 1.87 1 1.84 (RPD=1.62) 1 0.885 1 0.568 1 2.22 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

BQL(0.029) 1 0.101 1 0.107 (RPD=5.77) 1 ND 1 ND 1 0.795 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.009 1 BQL(0.002) 1 BQL(0.002) (RPD=NA) 1 BQL(0.004) 1 BQL(0.004) 1 BQL(0.003) 1

2.39 1 1.54 1 1.25 (RPD=20.79) 1 0.961 1 0.407 1 0.451 1

BQL(0.032) 1 ND 1 ND (RPD=NA) 1 ND 1 BQL(0.042) 1 ND 1

Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

Data DF Data DF Data DF Data DF

3/18 & 3/25/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

3/10/09 3/10/09

4732-28 4744-01 4744-01 Lab Dup.

3/9/09 3/9/09 3/9/09 3/9/09

4744-02

Sample Results (1, 2)

ML 1-7 ML 7-2 ML 7-2 ML 7-3 ML 7-4 ML 7-5

4744-03 4744-04



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report

3/31/09Metals Page  7  of  10

1.80 1 2.04 1 10.7 1 ⎯ ⎯ 1.24 1 2.01 1

0.290 1 0.180 1 0.369 1 0.426 1 0.451 1 0.543 1

0.628 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 BQL(0.003) 1 ND 1 ND 1 ND 1 ND 1

0.391 1 0.799 1 ND 1 ND 1 ND 1 ND 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1

Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

Data DF Data DF Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

3/11/09 3/11/09

4744-05 4744-06 4744-07

3/10/09 3/10/09 3/10/09 3/10/09

4744-08

Sample Results (1, 2)

ML 7-6 ML 7-7 ML 6-2 ML 6-3 ML 6-4 ML 6-5

4744-09 4744-10



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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3.36 1 3.36 (RPD=0.00) 1 1.96 1 9.93 1 ⎯ ⎯ 4.01 1

0.485 1 0.488 (RPD=0.62) 1 0.247 1 0.441 1 0.452 1 0.378 1

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND (RPD=NA) 1 ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND (RPD=NA) 1 BQL(0.002) 1 0.019 1 0.012 1 BQL(0.007) 1

1.30 1 1.25 (RPD=3.92) 1 ND 1 ND 1 ND 1 0.581 1

ND 1 ND (RPD=NA) 1 ND 1 BQL(0.019) 1 ND 1 ND 1

Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

Data DF Data DF Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

3/11/09 3/12/09

4744-11 4744-11 Lab Dup. 4744-12

3/11/09 3/11/09 3/11/09 3/11/09

4744-13

Sample Results (1, 2)

ML 6-6 ML 6-6 ML 6-7 ML 4-2 ML 4-3 ML 4-4

4744-14 4744-15



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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1.09 1 1.00 1 0.933 1 16.7 1 20.2 1 20.1 (RPD=0.50) 1

0.298 1 0.300 1 0.233 1 0.123 1 ND 1 ND (RPD=NA) 1

0.363 1 ND 1 ND 1 ND 1 BQL(0.089) 1 BQL(0.075) (RPD=NA) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1 BQL(0.069) 1 BQL(0.066) (RPD=NA) 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

0.008 1 ND 1 0.016 1 0.031 1 BQL(0.004) 1 BQL(0.005) (RPD=NA) 1

1.44 1 0.724 1 0.737 1 1.16 1 5.82 1 5.74 (RPD=1.38) 1

ND 1 ND 1 ND 1 ND 1 ND 1 ND (RPD=NA) 1

Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

Data DF Data DF Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

3/13/09 3/13/09

4744-16 4744-17 4744-18

3/12/09 3/12/09 3/12/09 3/13/09

4744-19

Sample Results (1, 2)

ML 4-5 ML 4-6 ML 4-7 ML 3-2 ML 3-3 ML 3-3

4744-20 4744-20 Lab Dup.



Laboratory: Report Date:

Technical Directive:

Analysts: Field Sample ID

Sample Lab ID

Method: Date Collected

Date Analyzed

Codes

7440-38-2 μg/L 0.014 0.047

7440-47-3 μg/L 0.030 0.100

7440-50-8 μg/L 0.072 0.240

7439-89-6 μg/L 0.289 0.964

7439-92-1 μg/L 0.025 0.084

7782-49-2 μg/L 0.169 0.564

7440-61-1 μg/L 0.002 0.007

7440-66-6 μg/L 0.079 0.264

7439-97-6 μg/L 0.017 0.057

Comments:

Notes:

Arsenic (As)

Iron (Fe)

Chromium (Cr)

Copper (Cu)

MDL QLUnit
Analytes

Names 

RSKSOP 257(2)

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that 
the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected 
above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND 
denotes that the parameter was not detected at all.  All the results are corrected with dilution factors (DF), if applicab
Note that the applicable MDL is given only for the case DF=1.

Lead (Pb)

Selenium (Se)

Uranium (U)

Per the Technical Directive selected analytes were to be analyzed by ICP-MS if less than the quantitation 
limit for the ICP analysis.  All QC results met criteria established in RSKSOP 257(2).  

Mercury (Hg)

Zinc (Zn)

Steve Markham

5ME566SF

Shaw Environmental and Infrastructure, Inc.
Analytical Service Results Report
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1.39 1 1.31 1 1.38 1 1.31 1

BQL(0.094) 1 ND 1 0.106 1 BQL(0.091) 1

ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 ND 1 ND 1 ND 1

⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯

ND 1 BQL(0.006) 1 ND 1 0.010 1

1.94 1 ND 1 0.643 1 ND 1

ND 1 ND 1 ND 1 ND 1

Data DF Data DFData DF Data DF Data DF Data DF

3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09 3/25, 3/26 & 3/30/09

3/14/09 3/14/09 3/14/09 3/14/09

4744-21 4744-22 4744-23 4744-24

Sample Results (1, 2)

ML 3-4 ML 3-5 ML 3-6 ML 3-7
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Laboratory: General Parameters Report Date: 03/25/09

Technical Directive: EPAGP077

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

PMW-3 4732-1 3/18-3/24/2009 46.1(± 0.0249) 8 46.9 (± 0.0341) 10

PMW-2 4732-2 3/18-3/24/2009 72.3 (± 0.0656) 8 21.3 (± 0.0289) 4

FIELD BLANK 4732-3 3/18-3/24/2009 BQL (0.217) (± 0.0215) 1 ND (0.038)(± 0.0462) 1

PMW-1 4732-4 3/18-3/24/2009 99.3 (± 0.0599) 8 28.9 (± 0.0494) 8

DUPLICATE 1 4732-5 3/18-3/24/2009 95.6 (± 0.0770) 8 27.7 (± 0.0505) 8

PMW-6 4732-6 3/18-3/24/2009 55.9 (± 0.0396) 8 10.6 (± 0.0028) 4

PMW-5 4732-7 3/18-3/24/2009 48.0 (± 0.0020) 8 183 (± 0.0280) 20

DUPLICATE 2 4732-8 3/18-3/24/2009 39.7 (± 0.0666) 8 182 (± 0.0405) 20

PMW-4 4732-9 3/18-3/24/2009 48.1 (± 0.0214) 8 25.5 (± 0.0692) 4

ML2-2 4732-10 3/18-3/24/2009 7.58 (± 0.0384) 2 961 (± 0.0453) 50

ML2-2 4732-10 Lab Dup 3/18-3/24/2009 7.33 (± 0.0215) (RPD=3.35) 2 958 (± 0.0771) (RPD=0.313) 50

ML2-3 4732-11 3/18-3/24/2009 65.5 (± 0.0167) 8 121 (± 0.0107) 10

ML2-4 4732-12 3/6/2009 3/18-3/24/2009 46.0 (± 0.0337) 8 128 (± 0.1793) 10

ML2-5 4732-13 3/6/2009 3/18-3/24/2009 47.1 (± 0.0457) 8 7.10 (± 0.1190) 4

ML2-6 4732-14 3/6/2009 3/18-3/24/2009 62.5 (± 0.0436) 8 9.23 (± 0.0144) 4

ML2-7 4732-15 3/6/2009 3/18-3/24/2009 72.3 (± 0.0549) 8 12.7 (± 0.0298) 4

ML5-2 4732-16 3/18-3/24/2009 57.3 (± 0.0183) 8 195 (± 0.2149) 10

ML5-3 4732-17 3/18-3/24/2009 62.9 (± 0.0168) 8 139 (± 0.0801) 10

DUPLICATE 3 4732-18 3/18-3/24/2009 52.2 (± 0.0746) 8 135 (± 0.0552) 10

ML5-4 4732-19 3/7/2009 3/18-3/24/2009 42.9 (± 0.0377) 8 43.2 (± 0.0294) 8

ML5-5 4732-20 3/7/2009 3/18-3/24/2009 46.9 (± 0.0351) 8 38.6 (± 0.0228) 10

ML5-5 4732-20 Lab Dup 3/7/2009 3/18-3/24/2009 44.0 (± 0.0309) (RPD=6.38) 8 38.8 (± 0.0153)  (RPD=0.517) 10

ML5-6 4732-21 3/7/2009 3/18-3/24/2009 48.4 (± 0.0294) 8 30.4 (± 0.0197) 10

ML5-7 4732-22 3/7/2009 3/18-3/24/2009 79.9 (± 0.0871) 8 12.8 (± 0.0024) 4

ML1-2 4732-23 3/7/2009 3/18-3/24/2009 67.5 (± 0.0585) 8 36.6 (± 0.2347) 4

ML1-3 4732-24 3/7/2009 3/18-3/24/2009 83.9 (± 0.0343) 8 36.8 (± 0.1042) 4

ML1-4 4732-25 3/9/2009 3/18-3/24/2009 63.8 (± 0.0492) 8 24.9 (± 0.0432) 4

ML1-5 4732-26 3/9/2009 3/18-3/24/2009 62.5  (±0.0356) 8 21.8 (± 0.0250) 4

ML1.5 4732-26 Lab Dup 3/9/2009 3/18-3/24/2009 62.3 (±0.0589) (RPD=0.321) 8 - -

ML1-6 4732-27 3/9/2009 3/18-3/24/2009 60.0 (±0.0588) 8 8.04 (± 0.0315) 4

ML1-7 4732-28 3/9/2009 3/18-3/24/2009 80.8 (± 0.0738) 8 9.90(± 0.0183) 4

ML1-7 4732-28 Lab Dup 3/9/2009 3/18-3/24/2009 - - 9.94(± 0.0282) (RPD=0.403) 4

ML7-2 4744-1 3/9/2009 3/18-3/24/2009 4.74 (± 0.0234) 1 193 (± 0.0473) 20

ML7-3 4744-2 3/9/2009 3/18-3/24/2009 24.0 (± 0.0126) 4 1180 (± 0.0444) 100

ML7-4 4744-3 3/10/2009 3/18-3/24/2009 36.8 (± 0.0412) 4 242 (± 0.0345) 20

ML7-5 4744-4 3/10/2009 3/18-3/24/2009 20.3 (± 0.0285) 4 343 (± 0.0822) 20

Analytical Results Report

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

0.049**

3/6/2009

EPA - General Parameters

0.500** 0.500**

3/4/2009

Date Collected

mg/L

3/6/2009

3/6/2009

3/5/2009

3/5/2009

3/5/2009

3/5/2009

3/5/2009

3/4/2009

3/4/2009

3/5/2009

0.025**

mg/L

RSKSOP-265 Rev. 3

3/4/2009

3/4/2009

3/4/2009
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Laboratory: General Parameters Report Date: 03/25/09

Technical Directive: EPAGP077

Analyst:  Kristie Hargrove Analytes Total Inorganic Carbon (TIC)
Codes 7440-44-0-TIC

Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF

Analytical Results Report

RSKSOP-265 Rev. 3

Total Organic Carbon (TOC)

7440-44-0-TOC

0.049**

EPA - General Parameters

0.500** 0.500**
Date Collected

mg/L

0.025**

mg/L

RSKSOP-265 Rev. 3

ML7-6 4744-5 3/10/2009 3/18-3/24/2009 37.6 (± 0.0146) 4 381 (± 0.0873) 20

ML7-7 4744-6 3/10/2009 3/18-3/24/2009 90.3 (± 0.0364) 8 121 (± 0.2239) 20

ML6-2 4744-7 3/10/2009 3/18-3/24/2009 32.1 (± 0.0166) 4 653 (± 0.0582) 40

ML6-3 4744-8 3/10/2009 3/18-3/24/2009 57.2 (± 0.0220) 4 233 (± 0.1033) 20

ML6-4 4744-9 3/11/2009 3/18-3/24/2009 53.3 (± 0.0423) 4 40.9 (± 0.0822) 10

ML6-5 4744-10 3/11/2009 3/18-3/24/2009 23.3 (± 0.0369) 4 136 (± 0.0626) 10

ML6-5 4744-10 Lab Dup 3/11/2009 3/18-3/24/2009 22.8 (± 0.0562) (RPD=2.17) 4 135 (± 0.0219) (RPD=0.738) 10

ML6-6 4744-11 3/11/2009 3/18-3/24/2009 26.3 (± 0.0209) 4 107 (± 0.0429) 10

ML6-7 4744-12 3/11/2009 3/18-3/24/2009 71.6 (± 0.0820) 4 68.2 (± 0.1600) 10

ML4-2 4744-13 3/11/2009 3/18-3/24/2009 154 (± 0.0295) 8 78.5 (± 0.1732) 8

ML4-3 4744-14 3/11/2009 3/18-3/24/2009 83.2 (± 0.0463) 8 36.6 (± 0.0751) 8

ML4-4 4744-15 3/12/2009 3/18-3/24/2009 58.8 (± 0.0465) 8 13.1 (± 0.0559) 8

ML4-5 4744-16 3/12/2009 3/18-3/24/2009 62.8 (± 0.0355) 8 10.3 (± 0.0356) 4

ML4-5 4744-16 Lab Dup 3/12/2009 3/18-3/24/2009 - - 10.4 (± 0.0187) (RPD=0.966) 4

ML4-6 4744-17 3/12/2009 3/18-3/24/2009 64.9 (± 0.0186) 8 9.76 (± 0.0129) 4

ML4-7 4744-18 3/12/2009 3/18-3/24/2009 97.3 (± 0.0645) 8 10.9 (± 0.0085) 4

ML3-2 4744-19 3/13/2009 3/18-3/24/2009 131 (± 0.1294) 8 868 (± 0.0497) 100

ML3-3 4744-20 3/13/2009 3/18-3/24/2009 49.6 (± 0.0435) 4 1130 (± 0.0273) 100

ML3-4 4744-21 3/14/2009 3/18-3/24/2009 58.3 (± 0.0425) 4 220 (± 0.0225) 40

ML3-4 4744-21 Lab Dup 3/14/2009 3/18-3/24/2009 57.9 (± 0.0319) (RPD=0.689) 4 222 (± 0.0016) (RPD=0.905) 40

ML3-5 4744-22 3/14/2009 3/18-3/24/2009 122 (± 0.0537) 20 125 (± 0.0265) 20

ML3-6 4744-23 3/18-3/24/2009 118 (± 0.0206) 20 21.6 (± 0.0213) 10

ML3-7 4744-24 3/18-3/24/2009 63.6 (± 0.0325) 4 6.57 (± 0.0091) 10

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit ( QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter 
was detected above the method detection limit ( MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable; NSF 
means not sufficient amount for analyses.  All the results are corrected with dilution factors ( DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set.   The samples were diluted to accommodate the 
wide range of concentrations in  the sample sets. The data values are reported with the dilution factors applied. MDL studies have been performed for the Phoenix 8000.  The current MDL value is 0.025 mg/L for TIC range 0.1-20 
mg/L performed on 1/30/2009, and 0.049 mg/L for TOC range 0.1-20 mg/L performed on 12/23/2008.  ** The MDL and QL should be raised by the same factor as the dilution factor in the samples that were diluted.

3/14/2009

3/14/2009
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Laboratory: General Parameters

Work Request: EPAGP077

Analyst: Lynda Callaway Analytes

Codes 7726-95-6-BR

Report Date: 04/01/09 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

PMW-3 4732-1 3/23 & 3/24/09 78.3 6 BQL (0.442) 1 8.98 1 BQL (0.123) 1

PMW-2 4732-2 3/23 & 3/24/09 39.5 1 BQL (0.390) 1 31.5 1 BQL (0.166) 1

Field Blank 4732-3 3/23 & 3/24/09 ND 1 ND 1 ND 1 ND 1

PMW-1 4732-4 3/23 & 3/24/09 125 6 BQL (0.666) 1 11.1 1 BQL (0.076) 1

Dup-1 4732-5 3/23 & 3/24/09 125 6 BQL (0.648) 1 11.1 1 BQL (0.098) 1

PMW-6 4732-6 3/23 & 3/24/09 42.4 1 BQL (0.284) 1 26.7 1 BQL (0.152) 1

PMW-5 4732-7 3/23 & 3/24/09 274 6 BQL (0.678) 1 2.17 1 BQL (0.168) 1

Dup-2 4732-8 3/23 & 3/24/09 270 6 BQL (0.496) 1 1.82 1 BQL (0.064) 1

Dup-2 4732-8 Lab dup 3/23 & 3/24/09 267 (RPD=1.12) 6 BQL (0.440)(RPD=NA) 1 1.89 (RPD=3.77) 1 BQL (0.081)(RPD=NA) 1

PMW-4 4732-9 3/23 & 3/24/09 84.1 6 BQL (0.831) 1 56.6 6 BQL (0.050) 1

ML 2-2 4732-10 3/23 & 3/24/09 888 21 ND 1 BQL (0.873) 1 0.225 1

ML 2-3 4732-11 3/23 & 3/24/09 192 6 1.14 1 2.46 1 0.228 1

ML 2-4 4732-12 3/23 & 3/24/09 194 6 BQL (0.867) 1 5.19 1 BQL (0.167) 1

ML 2-5 4732-13 3/23 & 3/24/09 29.3 1 BQL (0.588) 1 28.8 1 0.210 1

ML 2-6 4732-14 3/23 & 3/24/09 58.1 6 BQL (0.509) 1 30.4 1 0.224 1

ML 2-7 4732-15 3/23 & 3/24/09 117 6 BQL (0.558) 1 29.4 1 0.257 1

ML 5-2 4732-16 3/23 & 3/24/09 468 21 BQL (0.142) 1 BQL (0.595) 1 BQL (0.055) 1

ML 5-3 4732-17 3/23 & 3/24/09 333 21 BQL (0.199) 1 BQL (0.730) 1 0.280 1

ML 5-3 4732-17 Lab dup 3/23 & 3/24/09 351 (RPD=5.26) 21 BQL (0.153)(RPD=NA) 1 BQL (0.678)(RPD=NA) 1 0.282 (RPD=0.712) 1

Dup-3 4732-18 3/23 & 3/24/09 331 21 ND 1 BQL (0.264) 1 0.227 1

ML 5-4 4732-19 3/23 & 3/24/09 49.1 1 BQL (0.917) 1 1.74 1 BQL (0.163) 1

ML 5-5 4732-20 3/23 & 3/24/09 72.0 6 BQL (0.680) 1 1.48 1 BQL (0.141) 1

ML 5-6 4732-21 3/23 & 3/24/09 91.8 11 BQL (0.557) 1 BQL (0.248) 1 0.215 1

ML 5-7 4732-22 3/23 & 3/24/09 133 11 BQL (0.769) 1 ND 1 0.237 1

ML 1-2 4732-23 3/23 & 3/24/09 200 6 BQL (0.805) 1 35.1 1 BQL (0.056) 1

ML 1-3 4732-24 3/23 & 3/24/09 83.8 6 BQL (0.964) 1 8.80 1 0.350 1

ML 1-4 4732-25 3/23 & 3/24/09 43.9 1 BQL (0.968) 1 32.8 1 0.248 1

ML 1-5 4732-26 3/23 & 3/24/09 39.0 1 1.13 1 29.6 1 0.292 1

ML 1-6 4732-27 3/23 & 3/24/09 97.8 6 BQL (0.699) 1 26.9 1 0.252 1

ML 1-7 4732-28 3/23 & 3/24/09 112 6 BQL (0.764) 1 11.0 1 0.394 1

ML 1-7 4732-28 Lab dup 3/23 & 3/24/09 111 (RPD=0.897) 6 BQL (0.747)(RPD=NA) 1 10.5 (RPD=4.65) 1 0.408 (RPD=3.49) 1

ML 7-2 4744-1 3/25 & 3/26/09 406 11 1.07 1 1.41 1 BQL (0.141) 1

ML 7-3 4744-2 3/25 & 3/26/09 248 11 BQL (0.733) 1 BQL (0.907) 1 BQL (0.133) 1

ML 7-4 4744-3 3/25 & 3/26/09 146 11 BQL (0.820) 1 ND 1 BQL (0.044) 1

ML 7-5 4744-4 3/25 & 3/26/09 260 11 BQL (0.761) 1 BQL (0.162) 1 ND 1

Fluoride (F)

* 0.074

* 1.00* 1.00 * 1.00

7782-41-4

RSKSOP-288/2RSKSOP-288/2

14808-79-8

RSKSOP-288/2

EPA - General Parameters

mg/L mg/L

* 0.055 * 0.087

Analytical Results Report

Sample Results for Aqueous Samples

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

RSKSOP-288/2

* 0.034

* 0.200

mg/L

3/4/2009

3/4/2009

mg/L

3/4/2009

3/5/2009

3/5/2009

3/5/2009

16887-00-6

Date Collected

3/4/2009

3/4/2009

3/5/2009

3/4/2009

3/5/2009

3/5/2009

3/6/2009

3/6/2009

3/6/2009

3/7/2009

3/7/2009

3/7/2009

3/6/2009

3/6/2009

3/6/2009

3/6/2009

3/6/2009

3/7/2009

3/7/2009

3/7/2009

3/9/2009

3/9/2009

3/9/2009

3/9/2009

3/9/2009

3/9/2009

3/9/2009

3/10/2009

3/10/2009
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Laboratory: General Parameters

Work Request: EPAGP077

Analyst: Lynda Callaway Analytes

Codes 7726-95-6-BR

Report Date: 04/01/09 Methods

Unit

MDL

QL

Field Sample ID Lab Sample ID Date Analyzed Data DF Data DF Data DF Data DF

Fluoride (F)

* 0.074

* 1.00* 1.00 * 1.00

7782-41-4

RSKSOP-288/2RSKSOP-288/2

14808-79-8

RSKSOP-288/2

EPA - General Parameters

mg/L mg/L

* 0.055 * 0.087

Analytical Results Report

Sample Results for Aqueous Samples

Sulfate (as SO4)Chloride (Cl) Bromide (Br)

RSKSOP-288/2

* 0.034

* 0.200

mg/L mg/L

16887-00-6

Date Collected

ML 7-6 4744-5 3/25 & 3/26/09 246 11 BQL (0.823) 1 ND 1 BQL (0.134) 1

ML 7-7 4744-6 3/25 & 3/26/09 214 11 BQL (0.795) 1 ND 1 0.307 1

ML 6-2 4744-7 3/25 & 3/26/09 374 11 BQL (0.445) 1 BQL (0.749) 1 BQL (0.060) 1

ML 6-3 4744-8 3/25 & 3/26/09 261 11 BQL (0.571) 1 BQL (0.213) 1 0.317 1

ML 6-4 4744-9 3/25 & 3/26/09 57.1 11 BQL (0.576) 1 ND 1 BQL (0.127) 1

ML 6-5 4744-10 3/25 & 3/26/09 211 11 BQL (0.749) 1 BQL (0.085) 1 ND 1

ML 6-5 4744-10 Lab dup 3/25 & 3/26/09 212 (RPD=0.473) 11 BQL (0.611)(RPD=NA) 1 ND (RPD=NA) 1 ND (RPD=NA) 1

ML 6-6 4744-11 3/25 & 3/26/09 204 11 BQL (0.736) 1 ND 1 BQL (0.102) 1

ML 6-7 4744-12 3/25 & 3/26/09 198 11 BQL (0.662) 1 ND 1 BQL (0.182) 1

ML 4-2 4744-13 3/25 & 3/26/09 400 11 BQL (0.902) 1 BQL (0.351) 1 0.246 1

ML 4-3 4744-14 3/25 & 3/26/09 183 11 1.01 1 BQL (0.364) 1 0.282 1

ML 4-4 4744-15 3/25 & 3/26/09 43.6 11 BQL (0.680) 1 27.1 1 0.309 1

ML 4-5 4744-16 3/25 & 3/26/09 62.5 11 BQL (0.581) 1 11.1 1 0.293 1

ML 4-6 4744-17 3/25 & 3/26/09 69.1 11 BQL (0.951) 1 8.18 1 0.241 1

ML 4-7 4744-18 3/25 & 3/26/09 79.1 11 BQL (0.520) 1 3.48 1 0.344 1

ML 3-2 4744-19 3/25 & 3/26/09 124 11 1.82 1 BQL (0.880) 1 0.320 1

ML 3-3 4744-20 3/25 & 3/26/09 91.7 11 1.52 1 1.32 1 BQL (0.099) 1

ML 3-3 4744-20 Lab dup 3/25 & 3/26/09 90.2 (RPD=1.65) 11 1.64 (RPD=7.59) 1 1.33 (RPD=0.755) 1 BQL (0.111)(RPD=NA) 1

ML 3-4 4744-21 3/25 & 3/26/09 32.4 1 BQL (0.856) 1 BQL (0.881) 1 0.288 1

ML 3-5 4744-22 3/25 & 3/26/09 41.8 1 1.10 1 BQL (0.385) 1 0.295 1

ML 3-6 4744-23 3/25 & 3/26/09 89.8 11 1.19 1 ND 1 BQL (0.182) 1

ML 3-7 4744-24 3/25 & 3/26/09 153 11 1.06 1 1.16 1 0.351 1

ML 3-7 4744-24 Lab dup 3/25 & 3/26/09 151 (RPD=1.32) 11 1.12 (RPD=5.50) 1 1.12 (RPD=3.51) 1 0.341 (RPD=2.89) 1

Comments:

Notes:

2.  " -"  denotes  that the information is not available or the analyte is not analyzed.

1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the 
method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA   means not applicable; NSF   means not sufficient amount for analyses.  All the 
results are corrected with dilution factors (DF), if applicable.  

The data quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples in this sample set within the calibration ranges.  *MDL and QL should be raised by 
the same factor as the dilution factor for those samples that were diluted.  The MDLs were determined on 8/14/2008.  

3/10/2009

3/10/2009

3/10/2009

3/11/2009

3/11/2009

3/10/2009

3/11/2009

3/11/2009

3/11/2009

3/11/2009

3/11/2009

3/14/2009

3/14/2009

3/13/2009

3/13/2009

3/13/2009

3/14/2009

3/14/2009

3/14/2009

3/12/2009

3/12/2009

3/12/2009

3/12/2009



Client    EPA
Project name #   Paris Island/Nano Iron for Source Zones
OU Project Ref. # 341
Number/Type of Samples 7 water samples 
Analysis Required d13C of DCEs, TCE, PCE
Date Received Mar-10-2009
Date Analysis Completed Mar-26-2009

Notes
"corrected δ13C": the correction [X] accounts for the method bias, based on the external standard runs, see QAQC data below.
"corrected δ13C" should be used to compare data from different sampling events
na/nd–peak not acquired (above quantitation limit, if so the sample was rerun with higher dilution x) or compound not detected
nd–peak not detected
values highlighted green: precision/accuracy reduced to ±1 permil due to low signal

Replicate Runs Averages

run # sample ID dilution x 11DCE t-DCE c-DCE TCE PCE sample ID 11DCE t-DCE c-DCE TCE PCE
4794 DUP-2 417 na/nd -39.4 na/nd na/nd na/nd DUP-2 -37.9 -39.5 -27.5 -27.1 -27.6
4808 DUP-2 63 -37.9 -39.5 na/nd na/nd na/nd ML2-3 -37.4 -38.5 -25.0 coel nd
4819 DUP-2 12500 na/nd na/nd -27.7 -26.8 -27.7 ML2-5 -42.9 -41.3 -29.2 -31.8 -28.4
4825 DUP-2 12500 na/nd na/nd -27.3 -27.3 -27.5 ML5-3 nd -24.7 -6.7 -39.7 nd
4773 ML2-3 12500 na/nd na/nd -25.2 na/nd na/nd ML5-5 -36.3 -37.2 -24.8 -40.8 nd
4774 ML2-3 500 na/nd na/nd na/nd coel na/nd PMW-3 nd -35.8 -24.8 -30.6 -23.7
4805 ML2-3 42 -37.3 -38.5 na/nd na/nd na/nd PMW-5 -38.2 -39.6 -27.2 -27.4 -27.4
4814 ML2-3 17 -37.4 na/nd na/nd na/nd na/nd
4821 ML2-3 12500 na/nd na/nd -24.8 na/nd na/nd
4827 ML2-3 500 na/nd na/nd na/nd coel na/nd Averages, corrected
4777 ML2-5 8333 na/nd na/nd na/nd -31.6 na/nd
4778 ML2-5 2500 na/nd na/nd -29.2 -31.9 na/nd c-DCE TCE PCE
4795 ML2-5 8 -43 -41.8 na/nd na/nd na/nd DUP-2 -27.5 -27.1 -27.6
4815 ML2-5 4 -42.8 -40.7 na/nd na/nd na/nd ML2-3 -25.0 coel nd
4822 ML2-5 25000 na/nd na/nd na/nd na/nd -28.4 ML2-5 -29.2 -31.8 -28.4
4770 ML5-3 1000 na/nd na/nd -6.7 na/nd na/nd ML5-3 -6.7 -39.8 nd
4810 ML5-3 192 na/nd -24.5 na/nd na/nd na/nd ML5-5 -24.8 -40.9 nd
4816 ML5-3 192 na/nd -24.8 na/nd na/nd na/nd PMW-3 -24.8 -30.7 -23.7
4828 ML5-3 13 na/nd na/nd na/nd -39.7 na/nd PMW-5 -27.2 -27.4 -27.4
4767 ML5-5 8333 na/nd na/nd -24.8 na/nd na/nd
4796 ML5-5 21 -36.5 -37.5 na/nd na/nd na/nd QAQC – precision 
4830 ML5-5 42 -36.1 -36.9 na/nd -40.8 na/nd
4762 PMW-3 167 na/nd na/nd na/nd -31.1 -23.5 sample ID 11DCE t-DCE c-DCE TCE PCE
4781 PMW-3 8333 na/nd na/nd -24.8 na/nd na/nd DUP-2 0.1 0.3 0.4 0.1
4782 PMW-3 167 na/nd na/nd na/nd -30.4 -23.5 ML2-3 0.1 0.3
4788 PMW-3 167 na/nd na/nd na/nd -30.3 -24 ML2-5 0.1 0.8 0.2
4804 PMW-3 56 na/nd -35.8 na/nd na/nd na/nd ML5-3 0.2
4813 PMW-3 42 na/nd -35.8 na/nd na/nd na/nd ML5-5 0.3 0.4
4824 PMW-3 5000 na/nd na/nd -24.8 na/nd na/nd PMW-3 0.0 0.0 0.4 0.3
4768 PMW-5 4167 na/nd na/nd na/nd -27.2 -27.5 PMW-5 0.1 0.1 0.2 0.1
4769 PMW-5 10000 na/nd na/nd -27.2 -27.5 -27.3
4790 PMW-5 278 na/nd -39.7 na/nd na/nd na/nd
4797 PMW-5 42 -38.1 na/nd na/nd na/nd na/nd
4803 PMW-5 83 -38.2 -39.5 na/nd na/nd na/nd

QAQC – external standards 

run # sample ID c-DCE TCE PCE
4765 standard -26.2 -30.5 -27.0
4772 standard -26.5 -30.7 -27.0
4780 standard -26.2 -30.4 -26.8
4787 standard -26.0 -30.8 -27.2
4792 standard -25.8 -30.6 -26.6
4802 standard -25.9 -30.6 -27.2
4809 standard -25.8 -30.5 -27.2
4818 standard -26.1 -30.7 -27.3
4820 standard -26.0 -30.9 -27.3
4823 standard -26.1 -30.5 -27.0

average δ13C -26.1 -30.6 -27.1
max stdev n=2 0.5 0.4 0.5

off-line δ13C of Std compound -26.1 -30.7 -27.1
correction [x] 0.0 -0.1 0.0

δ13C ‰

corrected δ13C ‰

stdev of replicate δ13C ‰

δ13C ‰ δ13C ‰



Client    EPA
Project name #   Paris Island/Nano Iron for Source Zones
OU Project Ref. # 341a
Number/Type of Samples 7 water samples 
Analysis Required d13C of ethane, ethene, VC
Date Received Mar-10-2009
Date Analysis Completed Apr-8-2009

Notes
"corrected δ13C": the correction [X] accounts for the method bias, based on the external standard runs, see QAQC data below.
"corrected δ13C" should be used to compare data from different sampling events

Notes: na/nd–peak not acquired (above quantitation limit, if so the sample was rerun with higher dilution x) or compound not detected

Replicate Runs Averages

run # sample ID dilution x ethene ethane VC sample ID ethene ethane VC
4844 DUP-2 1000 -36.1 -43.6 -25.8 DUP-2 -36.1 -43.6 -25.8
4843 ML2-3 4167 -37.7 na/nd -26.3 ML2-3 -37.7 -44.5 -26.2
4841 ML2-3 2500 -37.6 na/nd -26.1 ML2-5 -38.1 -42.8 -23.9
4857 ML2-3 1000 na/nd -44.5 na/nd ML5-3 -31.3 -46.0 -9.0
4851 ML2-5 100 -37.9 -42.8 -24.1 ML5-5 -37.1 -41.9 -31.4
4846 ML2-5 50 -38.3 -42.8 -23.7 PMW-3 -33.7 -42.5 -31.0
4837 ML5-3 5000 -31.3 na/nd -9.0 PMW-5 -36.0 -43.6 -26.1
4847 ML5-3 4167 -31.2 na/nd -9.0
4856 ML5-3 625 na/nd -46.2 na/nd Averages, corrected
4860 ML5-3 625 na/nd -45.8 na/nd
4848 ML5-5 1250 -37.1 na/nd -31.4 sample ID ethene VC
4838 ML5-5 1000 -37.0 na/nd -31.4 DUP-2 -36.0 -25.4
4858 ML5-5 500 na/nd -41.8 na/nd ML2-3 -37.5 -25.8
4862 ML5-5 500 na/nd -42.0 na/nd ML2-5 -38.0 -23.5
4850 PMW-3 1000 -33.6 na/nd -31.1 ML5-3 -31.1 -8.6
4842 PMW-3 500 -33.8 na/nd -30.8 ML5-5 -36.9 -31.0
4863 PMW-3 417 na/nd -42.5 na/nd PMW-3 -33.6 -30.6
4839 PMW-5 1000 -36.0 -43.6 -26.1 PMW-5 -35.9 -25.7

QAQC – precision 
QAQC – external standards 

sample ID ethene ethane VC
run # sample ID ethene VC ML2-3 0.1 0.1

4835 standard -29.4 -28.3 ML2-5 0.3 0.0 0.3
4836 standard -29.4 -28.7 ML5-3 0.1 0.3 0.0
4840 standard -29.5 -28.4 ML5-5 0.1 0.1 0.0
4845 standard -29.3 -28.3 PMW-3 0.1 0.2
4849 standard -29.4 -28.3
4854 standard -29.3 -28.5
4859 standard -29.1 -28.2

average δ13C -29.3 -28.4
max stdev n=2 0.3 0.4

off-line δ13C of Std compound -29.2 -28.0
correction [x] 0.1 0.4

δ13C ‰ δ13C ‰

stdev of replicate δ13C ‰
δ13C ‰

corrected δ13C ‰
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1.0 INTRODUCTION 

 

Pneumatic Fracturing, Inc. (PFI) was retained by GeoSyntec Consultants, Inc. (GeoSyntec) to 

perform pneumatic fracturing (PF) and pneumatic liquid injection (PLI) at Solid Waste 

Management Unit (SWMU) 45 at the Marine Corps Recruit Depot (MCRD) at Parris Island, 

South Carolina (Site).  The objective of the field activities was to demonstrate the pneumatic 

injection methodology of emulsified zero valent iron (EZVI) as part of the Environmental 

Security Technology Demonstration Program (ESTCP).  To accomplish this, PFI utilized 

pneumatic fracturing as an enhancement of the permeability of the geologic formation prior to 

the pneumatic liquid injection of EZVI.  The EZVI injection is intended to facilitate Chlorinated 

Volatile Organic Compounds (CVOC) mass reduction and enhance naturally occurring 

biodegradation/dechlorination processes.  The Target Zone was designed with five injection 

points, located near the northern wall of the demolished building (Building 193) which was 

situated at SWMU-45 (Figure 1) and within an existing monitoring well network. 

 

The purpose of this report is to document the field activities conducted at the Site.  The sections 

of this report present the following:  

• a description of the site background, geology and hydrogeology (Section 2.0);  

• a description of the field activities (Section 3.0); 

• a summary of results from pneumatic fracturing/pneumatic injection activities, including 
observed radius of influence (Section 4.0); and 

• conclusions (Section 5.0). 
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2.0 BACKGROUND 

 

2.1 GEOLOGY 

 

The geology in the area of pneumatic fracturing/pneumatic injection activities is composed of a 

fine to medium, permeable sand from the surface to 17 feet below ground surface (bgs).  Thin, 

discontinuous lenses of silty clay are also encountered in this range.  A layer of peat exists from 

17 to 21 feet bgs, which is underlain by clay.  Field activities were conducted in the vicinity of 

the demolished building which is immediately underlain by fill material. 

 

2.2 HYDROGEOLOGY 

 

Water table elevations range from three to five feet above sea level.  The groundwater flow 

direction is generally to the southeast. 

  

2.3 SITE BACKGROUND AND CONTAMINANTS 

 

The location of the SWMU-45 site is in the vicinity of the former dry cleaning facility at 

Building 193.  Contaminants of concern (COCs) include tetrachloroethene, trichloroethene 

(TCE), dichloroethene (DCE), and vinyl chloride (VC).  A network of wells exist at the site to 

monitor the groundwater and to evaluate the performance of the injection demonstration, 

including five monitoring wells (labeled MW-), seven multi-level wells (labeled ML-) and five 

pressure monitoring wells (labeled PMW-), all within 20 feet of the target area. 

 

2.4 PREVIOUS ACTIVITIES AT SWMU-45 

 

The SWMU-45 site is in the location of the former Morale, Welfare, and Recreation (MWR) Dry 

Cleaning Facility, Building 193, Marine Corps Recruit Depot (MCRD), Parris Island, South 

Carolina.  Four above ground storage tanks were situated along the northern side of former 

Building 193.  The tanks were installed in 1988 to replace underground storage tanks.  The 

location and capacity of the underground storage system are not known.  The new storage tanks 
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were positioned within a concrete catch basin used to contain any overflow during tank filling.  

It was reported that on 11 March 1994 that one of the tanks was overfilled with PCE.  An 

unknown amount of the contaminant flowed into the concrete catch basin.  The PCE overflow 

was not collected at that time, and heavy rainfall subsequently washed the contaminant onto the 

surrounding soil.  The exact dates of operation of former Building 193 are unknown (Tetra Tech 

NUS, 2004b). 
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3.0 DESCRIPTION OF FIELD ACTIVITIES 

 

3.1 OVERVIEW OF PROGRAM 

 

PFI was contracted to demonstrate pneumatic fracturing/pneumatic liquid injection (PF/PLI) at 

five injection points (IP-1, IP-2, IP-3, IP-4, and IP-5) within the target area, to enhance the 

permeability of subsurface soils prior to the co-injection of EZVI.  Fractures and injection would 

be performed utilizing PFI’s proprietary 90 degree directional nozzle, which has successfully 

been used to inject EZVI prior to this demonstration. 

 

The objective of the field activities is to determine the efficiency of distributing the EZVI 

without damage to the emulsion; significantly reduce the mass flux of VOCs from the source 

zone; and reduce the Dense Non-Aqueous Phase Liquid (DNAPL) mass in the source zone.  

Additionally, the technology will be evaluated based on the level of complexity and cost for 

field-scale implementation. 

 

3.2 PLANNING, PREPARATION, AND MOBILIZATION 

 

This task included planning and preparation required for the implementation of field activities.  

Preparation activities included the preparation of a Health & Safety Plan (HASP); discussions 

with GeoSyntec regarding the injection plot; layout of PFI equipment; scheduling of the nitrogen 

supplier; and discussions with the driller.  The following vendors were required for field 

activities at SWMU-45:  1.) nozzle installation and injection point completion were conducted 

by Vironex, LLC of North Carolina and directly subcontracted by GeoSyntec; and 2.) National 

Welders Supply Company from Charlotte, North Carolina supplied the nitrogen tube trailer.  One 

nitrogen trailer was staged on site.  The supply of EZVI was mixed and supplied by GeoSyntec. 

 

PFI personnel arrived at the site on 11 October 2006 to mobilize the injection equipment and 

initiate site activities.  The regulator valve assembly and control panel were assembled and 

installed on the nitrogen trailer and the mechanicals were leak tested to ensure that no damage 

occurred during shipment to the site.  During inspection, a flange on the injection skid was 
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observed to have developed a crack during transport and required repair, which was corrected 

prior to injection activities.  Additionally, PFI’s injection hose were damaged during transport, 

requiring confirmation from PFI’s hose supplier that the hose was still safe based on the damage.  

PFI repaired the hose based on the manufacturer’s recommendations.  The nozzle casing was 

prepared and measured to ensure accurate target depths during injection and installed by 

Vironex.  Additional set-up activities included installation of the floats on PFI’s injection skid to 

monitor volumes injected; the assembly of a “straw” to easily remove the EZVI from the drums; 

calibration and op testing of all fracturing and injection equipment. 

 

As part of the initiation of site activities, PFI assembled, calibrated and temporarily installed 

pressure relief valves (PRV) and gauges at fifteen surrounding wells (PMW-1, PMW-2, PMW-3, 

PMW-4, PMW-5, PMW-6, ML-1, ML-2, ML-3, ML-4, ML-5, ML-6, ML-7, MW-08SU, and 

MW-24SU) to measure pressure influence and provide a vent for excessive pressure release of 

nitrogen during PF/PLI activities.  The PRVs were connected to hoses, which were further 

directed to a drum.  The function of the PRVs was to relieve and direct groundwater and/or 

nitrogen to a container in the event that fracturing/injection activities caused the wells to 

evacuate.  The purpose of the pressure gauges and Magnehelics was to document pressure 

influence during PF/PLI activities.  Retrofitting of the wells with the PRV installation was 

conducted on 13 October 2006, upon the completion of a pump-test, during which the 

monitoring wells had to remain sealed.  Retrofitting of the wells included removing concrete and 

bentonite from the annular space to secure slip by thread caps; securing line for suspension of 

GeoSyntec’s Leveloggers at four locations; using a dremel tool to shave PVC to retrofit the caps; 

and add QuikCrete in the annular space of the wells to minimize potential blow-by. 

 

Additionally, surface monitoring equipment was set up to monitor heave.  Monitoring included 

the arrangement of eight electronic biaxial tiltmeters, as well as heave rods and a surveying 

transit. 
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3.3 TARGET ZONE 

 

The PF/PLI at SWMU-45 was completed from 14 October 2006 to 17 October 2006.  The target 

area included five injection points arranged to cover an area of 15 feet by 10 feet.  Injections 

were initially scheduled to be performed from 6 to 18 feet bgs and the vertical spacing for 

fracturing/injection was typically at two foot intervals.  At IP-1, IP-2, IP-3 and IP-4, the target 

depths included injection in one direction, from 17.5 feet bgs to 7.5 feet bgs.  At IP-5, the target 

depths included injection in four directions, from 18.5 feet bgs to 6.5 feet bgs. 

 

3.3.1 Injection Point Installation 

 

Vironex installed the five injection points, designated IP-X, where X indicates the number of the 

injection point.  Injection points IP-1, IP-2, IP-3 and IP-4 were installed on 12 October 2006; IP-

5 was installed on 15 October; and IP-10 was added to the project and installed on 17 October.  

Injection points were installed using a Geoprobe 6610 to drive PFI’s three inch casing and 

directional nozzle. 

 

Following the removal of the injection nozzle, Vironex completed each injection point by 

grouting the remaining hole with concrete bentonite slurry mix. 

 

3.3.2 PF/PLI Activities 

 

A two-step pneumatic injection procedure was executed at each depth interval.  First, the 

formation was pneumatically fractured using nitrogen discharged through the directional nozzle.  

Fracturing was employed in an attempt to create horizontal fractures and fluidize a selected 

target depth where the EZVI could be delivered.  The fracturing and injection were completed 

using a concentric injection casing and nozzle. 

 

The injection nozzle is designed to deliver a 90 degree pattern of nitrogen gas during fracturing 

or liquid during injection.  The nozzle can be rotated in the ground to target different directions 

at the same depth interval.  A burst of nitrogen gas is delivered below ground to generate a path 
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for subsequent liquid injection.  After a metered amount of liquid was injected, the nozzle was 

withdrawn 2 feet to a shallower depth interval.  This process is then repeated until all target 

depths and directions have been addressed. 

 

It was originally projected that 104,000 cubic feet of nitrogen would be required to complete all 

injections.  Additionally, the injection activities were scheduled to be completed in two days, 

beginning on 13 October 2006. 

 

3.4 MONITORING 

 

PFI monitored the immediate and surrounding vicinity of the PF/PLI field activities.  The 

immediate vicinity of the injection point was visually monitored for heave and daylighting.  

Each surrounding well was monitored for pressure influence, and real-time performance 

monitoring was conducted by recording well influence during each injection.  Monitoring wells 

within 20 feet from the active injection point were fitted with pressure gauges and Magnehelics 

to monitor any immediate influence during injection.   

 

Fracture initiation, maintenance, and injection pressures were logged during all injection events.  

All measurements pertaining to fracture initiation and maintenance at the injection points were 

collected utilizing a pressure transducer located at the nitrogen control manifold during PF 

activities.  A pressure transducer down line of the injection skid monitored maintenance and 

injection pressure during PLI.  Data collected from these transducers was visually observed in 

graphic format using WinDaq software.  This enabled PFI to determine and monitor formation 

pressure during PF and PLI.  Monitoring data from each fracture/injection is presented in Table 1 

while graphic data is provided in Appendix A. 
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3.4.1 Pressure Influence 

 

The radius of influence of PF/PLI activities can be interpolated from pressure influence observed 

at nearby monitoring wells.  Influence and inter-connection between the injection point and 

nearby wells was measured by monitoring pressure indicated on gauges affixed to surrounding 

monitoring wells.  Fifteen wells fitted with 25 psi pressure relief vents (PMW-1, PMW-2, PMW-

3, PMW-4, PMW-5, PMW-6, ML-1, ML-2, ML-3, ML-4, ML-5, ML-6, ML-7, MW-08SU, and 

MW-24SU) were directed to a drum which collected groundwater in the event of evacuation.  

Their respective pressure influences are documented in the pressure log table located in Table 2. 

 

3.4.2 Surface Monitoring 

 

PFI continuously monitored the fracturing area for surface heave and evidence of daylighting to 

represent the effects of fracturing at the surface.  A graduated heave rod was positioned near the 

injection point and monitored using a surveyor’s level.  Initial measurements were recorded prior 

to each fracture/injection.  Pre- and post-injection measurements were logged to identify if any 

residual heave occurred during field activities.  Maximum heave measurements were recorded 

during each fracture/injection and evidence of daylighting was monitored.  Surface heave 

monitoring data is included in Table 3. 

 

Bi-axial tiltmeters were positioned during field activities to monitor bi-directional movement or 

tilt of the ground surface.  Eight tiltmeters were arranged around the injection plot and were 

monitored real time for excessive axial heave.  A data-logger unit connected to a computer was 

used to perform real-time monitoring of surface heave.  The LoggerNet software also supports 

alarm levels, such that heave observed at any tiltmeter in excess of 0.5 degree or 1 degree would 

trigger a strobe for low or high alarm, respectively.  Real-time monitoring assists in confirming 

the direction of the injection nozzle as well as determining excessive heave or subsidence during 

injection activities.  The cumulative data collected during each day of injection was used to 

generate a surface heave map, representative of the surface heave observed with the tiltmeter 

matrix.  Results of the tiltmeter data are presented in Appendix B. 
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IP-1 and IP-3 were injected on the same day so a combined tiltmeter graph for the day was 

collected.  IP-2 and IP-4 were also injected the same day but the files were separately 

downloaded to allow individual observations of each injection point.  The tiltmeters were not run 

the day IP-5 and IP-10 were injected.  This was due to the weather (i.e., threat of rain), and more 

importantly, the drill rig was limited by the tiltmeters and cables to access the injection points. 

 

3.5 DEMOBILIZATION 

 

PFI completed field activities on 18 October 2006.  Upon completion of field activities, PFI 

removed all pressure gauges and PRVs from surrounding wells.  PFI’s injection nozzles were 

removed and decontaminated.  Associated injection equipment and miscellaneous tools used 

during injection activities were decontaminated using biodegradable soap and a pressure washer 

prior to demobilization from the site. 

 

3.6 DEVIATIONS FOR SCHEDULED PF/PLI ACTIVITIES 

 

Several events occurred during PF/PLI activities that deviated from the original scope of work.  

These events included the following: 

 

1. The initial scope of work specified that PF/PLI activities would occur from 6 to 18 feet 

bgs.  Due to significant daylighting during injections at shallower intervals, three 

injection points were abandoned before their completion.  During injection at IP-1 and 

IP-2, daylighting was observed in the vicinity of PMW-5.  During injection at IP-3, and 

IP-4, daylighting was observed in the vicinity of ML-3 and PMW-2.  During injection at 

IP-5, daylighting was observed in the vicinity of PMW-6.  IP-1 was abandoned after 

injection at 11.5 feet bgs, IP-5 was abandoned after injection at 14 feet bgs, and IP-10 

was abandoned after injection at 15 feet bgs. 

2. The initial scope of work specified that two foot vertical intervals would be utilized for 

all fractures/injections.  On certain injection intervals at IP-2 and IP-5, the target depth 

was altered to accommodate two criteria:  1.) to offset the injection depths of adjacent 
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injection points in the region where a preferential pathway existed, which was evident by 

short-circuiting during injection; and 2.) to stagger the depths injected at each injection 

point to obtain a more even vertical distribution of EZVI during injection. 

3. The initial scope of work specified that 15 gallons of EZVI be injected per interval, per 

direction at the perimeter points, and 17 gallons be injected per interval, per direction at 

the center point.  All injections were changed to 16 gallons per injection except for IP-4.  

Ten gallons per injection were projected for IP-4 based on sampling results indicating 

lower concentrations of contaminants in the northernmost corner of the injection plot. 

4. Pressure observations and daylighting indicated significant influence at the site.  

Monitoring well PRVs were initially set for 25 psi, in an attempt to prevent fractures 

from short-circuiting to these surrounding wells, and also to maintain the integrity of the 

construction of the existing multi-level and monitoring well system.  During injection at 

IP-1, pressure influence at ML-2 and PMW-5 of 5 psi was followed by daylighting in that 

area.  Due to the short-circuiting observed at IP-1, the PRVs at the surrounding 

monitoring wells were dialed to zero, allowing any subsurface pressures to be relieved 

and to prevent short-circuiting at later injections.  During injection at IP-3, pressure 

influence at ML-3 of 9.2 psi was followed by daylighting adjacent to the well.  Due to 

this short-circuiting seen at IP-3, multi-level wells fitted with PRVs were also dialed to 

zero. 

5. The original scope of work specified the injection of 850 gallons of EZVI.  Due to 

complications with daylighting and short-circuiting, the total volume injected was 508 

gallons. 

6. The original scope of work estimated 104,000 cubic feet of nitrogen gas in order to 

complete all injection activities.  Due to the short-circuiting experienced during 

injections, the amount of nitrogen used to initiate the fracture and the co-injection of 

nitrogen during EZVI injections was minimized.  Additionally, the shorter duration of 

injections, the reduced injection volume and the reduction in the number of injections 

performed were also a factor in the decreased volume. 
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7. Injection activities were estimated to be completed in two days.  The formation and the 

construction of the monitoring system disallowed the ability to complete the schedule of 

injections in a given period because the formation needed to settle between injection 

points (i.e., allow the nitrogen to dissipate in the formation).  Therefore, injection 

activities were completed in four days where PFI actually performed injections in three 

days.  (Note:  PFI did not inject on 15 October 2006 since Vironex was completing their 

demonstration activities which precluded PFI’s ability to inject since Vironex was 

providing support to PFI). 

8. Due to daylighting at IP-5, an additional point was installed in an attempt to circumvent 

the apparent preferential pathway between IP-5 and PMW-6.  At IP-10, injection depths 

were offset by six inches from the injection intervals at IP-5.  Twenty-seven gallons were 

estimated per injection at IP-10 since the location of IP-10 was in an area of high 

concentrations of VOCs.  At IP-10, EZVI was injected to capacity, which is to say that 

injection continued until daylighting was observed. 

9. The tiltmeter monitoring was not originally included as part of the scope of activities.  

However, PFI decided that valuable information can be attained for surface monitoring 

and had positioned the tiltmeters in an array surrounding the injection plot. 
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4.0 SUMMARY OF RESULTS 

 

4.1 PNEUMATIC FRACTURING/PNEUMATIC INJECTION 

 

A total of 32 fracture/injection events were attempted or completed at six injection locations, 

from 14 October to 17 October 2006:  four events at IP-1, six events at IP-2, six events at IP-3, 

six events at IP-4, seven events at IP-5, and three events at IP-10.  The locations of the injection 

points are depicted on Figure 1.  Approximately 2,714 cubic feet of nitrogen were used to 

enhance the permeability of the formation, create a network of subsurface soil fractures and 

deliver the EZVI into the fractures.  The depth of treatment ranged between 7 and 18.5 feet bgs.  

Table 1 summarizes the pertinent information related to the PF/PLI program with the following 

variables: PF/PLI depths, injection pressures and flows, volumes injected, duration of injection, 

and observations. 

 

PF/PLI was attempted at IP-1 at four intervals on 14 October 2006 from the deepest interval 

(17.5 feet bgs) upward, targeting the injection nozzle at two foot intervals.  IP-1 was abandoned 

after the injection of 70 gallons of EZVI.  IP-2 was completed on 16 October 2006, after PF/PLI 

was performed at six intervals from 17.5 to 7 feet bgs.  A total of 96 gallons of EZVI were 

injected at IP-2.  IP-3 was completed on 14 October 2006, after PF/PLI was performed at six 

intervals from 17 to 7 feet bgs.  A total of 96 gallons of EZVI were injected at IP-3.  IP-4 was 

completed on 16 October 2006, after PF/PLI was performed at six intervals from 17.5 to 7.5 feet 

bgs.  A total of 60 gallons of EZVI were injected at IP-4.  PF/PLI was attempted at IP-5 at three 

intervals on 17 October 2006 from 18.5 to 14 feet bgs.  IP-5 was abandoned after the injection of 

105 gallons of EZVI.  A total of 81 gallons of EZVI were injected at IP-10, over 3 intervals from 

18 to 15 feet bgs.  IP-10 was abandoned due to daylighting on 17 October 2006.  The starting 

pressures at the nitrogen trailer ranged between 2,500 and 1,990 psi.  Nitrogen gas flow rates 

averaged 72.7 cubic feet per minute (scfm) per fracture/injection and the duration of the 

combined fracturing and injection processes was typically 1.17 minutes. 

 

GeoSyntec_ESTCP_Final_NoAtt 4-1 PNEUMATIC FRACTURING, INC. 



 

Fractures conducted prior to or during injection events ranged between 2 and 10 seconds.  The 

readings obtained from the pressure transducer located at the nitrogen trailer indicated that 

fracture initiation pressures ranged between 19 and 79 psi. 

 

The duration of EZVI injections ranged between 36 seconds and 4:02 minutes.  Injection 

volumes per event spanned between 9 and 27 gallons with an average flow rate of 13.6 gallons 

per minute (gpm). 

 

4.2 RADIUS OF INFLUENCE 

 

Pressure influence was measured at surrounding wells to determine potential pathways of 

fracturing and injection activities; the results of which are discussed in the following sections 

and are organized by Injection Point and subsequently by fracture number. 

 

Pressure Influence 

Pressure influence data of surrounding wells during PF/PLI activities are presented on Table 2.  

The table contains pressure gauge readings and observations at nearby wells.  Monitoring wells 

within 20 feet of the target area were monitored during PF/PLI activities. 

 

Pressure influence is not an indication of actual radius of influence of either the fracture gas or 

the injected liquid, but represents potential connectivity between well locations based on depth 

and influence on the aquifer.  This is indicative of wells which exhibited influence at some 

fracture depths but not at others. 
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4.2.1 IP-1 

 

Pressure influence was visually observed or measured at the following locations during PF/PLI 

activities at IP-1: 

 

• MW-24SU (~10 feet South) – measurable pressure influence was observed during only the 
first fracture interval; 

• PMW-5 (~6 feet Southeast) - measurable pressure influence was observed at all depths; and 

• ML-2 (~5.5 feet Northeast) – measurable pressure influence was observed at all depths. 
 

The estimated radius of influence from pressure readings on surrounding wells was 

approximately 7 feet at IP-1.  Short-circuiting and daylighting of EZVI was observed 

approximately 5 feet South of IP-1.  

 

Injection Depth (ft bgs) 
Well 

Distance 
(ft from 

IP-1) 17.5 15.5 13.5 11.5 

MW-24SU 10 X  NR  

PMW-5 6.25 X X NR X 

ML-2 5.5 X X NR X 
X : Measurable pressure 
x : Some gas or odor 
NR: No Reading 

 
4.2.2 IP-2 

 

Pressure influence was visually observed or measured at the following locations during PF/PLI 

activities at IP-2: 

 

• ML-2 (~13.25 feet North) – minimal pressure influence was observed at deeper intervals and 
measurable pressure influence was observed during injection at 15.5 feet bgs; 
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• ML-4 (~10.5 feet Northeast) – minimal pressure influence was observed at all depths; and 

• ML-7 (~2.25 feet Northeast) – minimal pressure influence was observed at all depths and 
measurable pressure influence was observed during injections at 15.5 and 9 feet bgs. 

 

The estimated radius of influence from pressure readings on surrounding wells for IP-2 would be 

approximately 7 feet.  Measurable pressure influence (2 psi at ML-2) in the direction of the 

injection was observed as far as 13 feet away. 

 

Well 
Distance 
(ft from 

IP-2) 
Injection Depth (ft bgs) 

  17.5 15.5 13 11 9 7 

ML-7 2.25 x X x x X  

MW-24SU 3.25 x x     

ML-6 5   x x x  

PMW-5 6     x  

PMW-4 6.75 x   x x  

ML-5 7.25       

PMW-3 8.5  x x    

ML-4 10.5 x x x x x  

PMW-6 11.25      x 

ML-2 13.25 x X x    

ML-3 13.5 x x  x   

PMW-2 19.25 x      

AMW-3 22.5 x      
X : Measurable pressure 
x : Some gas or odor 
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4.2.3 IP-3 

 
Pressure influence was visually observed or measured at the following locations during PF/PLI 

activities at IP-3: 

 

• ML-3 (~2.25 feet South) – measurable pressure influence was observed during injection at all 
depths; 

• ML-6 (~10 feet Southwest) – minimal pressure influence was observed at all depths; and 

• PMW-3 (~9 feet South) – minimal pressure influence was observed at 13 and 11 feet bgs and 
measurable pressure influence was observed during injections at 17 feet bgs. 

 
The estimated radius of influence from pressure readings on surrounding wells for IP-3 would be 

approximately 6 feet.  Measurable pressure influence (3.4 psi at PMW-3) in the direction of the 

injection was observed as far as 10 feet away. 

 

Well 
Distance 
(ft from 

IP-3) 
Injection Depth (ft bgs) 

  17 15 13 11 9 7 

ML-3 2.25 X X X X  X 

ML-4 5.75   x x x  

PMW-2 6.25    x   

ML-5 8 x      

PMW-3 9 X  x x   

ML-6 10 x x x x x  

PMW-5 12.25     x  

ML-1 13    x   

ML-7 13.75  x     

ML-2 16     X x 
X : Measurable pressure 
x : Some gas or odor 
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4.2.4 IP-4 

 

Pressure influence was visually observed or measured at the following locations during PF/PLI 

activities at IP-4: 

 

• ML-2 (~10.25 feet Southwest) – minimal pressure influence was observed at all intervals and 
measurable pressure influence was observed during injection at 14.5 feet bgs; and 

• PMW-2 (~6.25 feet Southeast) – measurable pressure influence was observed at 17.5, 11.5, 
9.5 and 7.5 feet bgs. 

 

The estimated radius of influence from pressure readings on surrounding wells for IP-4 would be 

approximately 8 feet.  Measurable pressure influence (1.5 psi at PMW-5) in the direction of the 

injection was observed at 12.5 feet away. 

 

Well 
Distance 
(ft from 

IP-4) 
Injection Depth (ft bgs) 

  17.5 15.5 13.5 11.5 9.5 7.5 

ML-7 2.25  x     

ML-1 4.75   x    

ML-6 5   x x  x 

PMW-2 6.25 X  x X X X 

PMW-6 6.25  x    x 

PMW-4 6.75  x     

ML-2 10.25 x x X x x x 

PMW-5 12.5 X  x    

ML-4 13 x    x x 

ML-3 14.75   X x  x 

PMW-3 16.75    x  x 
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Well 
Distance 
(ft from 

IP-4) 
Injection Depth (ft bgs) 

PMW-1 19.75    x x  
X : Measurable pressure 
x : Some gas or odor 

 

4.2.5 IP-5 

 

Pressure influence was visually observed or measured at the following locations during PF/PLI 

activities at IP-5: 

 

• ML-2 (~7.75 feet Northeast) – minimal pressure influence was observed during injections in 
all directions at 18.5 feet bgs; 

• ML-3 (~9 feet Northeast) – minimal pressure influence was observed during injections in all 
directions at 18.5 feet bgs; 

• ML-4 (~8 feet Northeast) – minimal pressure influence was observed during injections in all 
directions at 18.5 feet bgs;  

• ML-5 (~6.75 feet Northeast) – minimal pressure influence was observed during injections in 
all directions at 18.5 feet bgs; 

• ML-6 (~6.75 feet Northeast) – minimal pressure influence was observed during injections in 
all directions at 18.5 feet bgs; and 

• ML-7 (~9.25 feet Northeast) – minimal pressure influence was observed during all injections. 
 

The estimated radius of influence from pressure readings on surrounding wells for IP-5 would be 

approximately 7 feet.  Measurable pressure influence (1.4 psi at PMW-4) in the direction of the 

injection was observed at 11.75 feet away. 
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Well 
Distance 
(ft from 

IP-5 
Injection Depth (ft bgs) 

  18.5 18.5 18.5 18.5 16.5 16.5 14.0 

PMW-6 3.25    x    

PMW-5 4   x x x  x 

ML-5 6.75 x x x x x   

ML-6 6.75 x x x x   x 

ML-2 7.75 x x x x x  x 

ML-4 8 x x x x x  x 

ML-3 9 X x x x x x  

ML-7 9.25 x x x x x x x 

PMW-3 10 x       

PMW-2 11.5 x x      

PMW-4 11.75 X x      

AMW-4 16.25        

PMW-1 18.25   x x x   

AMW-3 22.6  x      
X : Measurable pressure 
x : Some gas or odor 

 

4.2.6 IP-10 

 

Pressure influence was visually observed or measured at the following locations during PF/PLI 

activities at IP-10: 

 

• ML-2 (2.25 feet Northeast) – minimal pressure influence was observed during injections at all 
depths and measurable pressure influence was observed during injections at 15 ft bgs. 
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Although daylighting was seen at MW-6 (11 feet from IP-10) the estimated radius of influence 

from pressure readings on surrounding wells for IP-10 is likely less than 5 feet.  Most influence 

was probably along the path of short-circuiting between IP-10 and MW-6.  The only measurable 

pressure influence (2 psi at ML-2) in the direction of the injection was observed at 2.25 feet 

away. 

 

Well 
Distance 
(ft from 
IP-10) 

Injection Depth (ft bgs) 

  18.0 16.0 15.0 

ML-2 2.25 x x X 

PMW-5 6   x 

PMW-4 8.25  x x 

ML-7 11.75 x x x 

ML-3 15.75 x x  

PMW-3 15.75  x  
X : Measurable pressure 
x : Some gas or odor 

 

4.3 HEAVE MONITORING 

 

Since the former structure at the SWMU-45 was already demolished, monitoring surface heave 

was not of a structural concern, but is still helpful in representing the influence of fracturing 

technology.  The observed heave at the surface is representative of influence beneath the surface, 

which indicates both range and direction of the fracture.  Readings logged during PF/PLI 

activities indicated maximum heave observed at IP-1, IP-2 and IP-3 of 0.3 inch; 0.4 inch at IP-4; 

0.5 inch at IP-5; and 0.2 inch at IP-4 and IP-10.  The results of heave monitoring are presented in 

Table 3.  This table summarizes actual heave measured during PF/PLI activities and residual 

heave following PF/PLI. 

 

GeoSyntec_ESTCP_Final_NoAtt 4-9 PNEUMATIC FRACTURING, INC. 



 

Electronic heave monitoring, in the form of bi-axial tiltmeters, was also conducted during 

injection activities.  Tiltmeter data is collected from eight locations and used to interpolate a map 

representing residual surface heave, relative to the injection point.  According to data from the 

tiltmeters, residual heave at IP-2 was approximately 0.4 inch; overall heave at IP-1 and IP-3 was 

0.2 inch; and at IP-4 heave of greater than 0.75 inch was indicated.  No tiltmeter graphs exist for 

IP-5 and IP-10 for reasons discussed in Section 3.4.2.  The results of electronic surface 

monitoring via tiltmeters are included in Appendix B. 
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5.0 CONCLUSIONS 

 

Thirty-two directional fracture/injection events were completed at SWMU-45 between the 

depths of 7 and 18.5 feet bgs.  Approximately 2,714 cubic feet of nitrogen was used to fracture 

and inject 508 gallons of EZVI into the targeted area.  Based on the project proposal, 104,000 

cubic feet of nitrogen was specified for the injection of 850 gallons over forty-eight 

fracture/injection events.  Factors which led to the reduced nitrogen usage included the short 

fracturing duration, short injection duration, and reduction in injection volume, and reduction in 

the number of injections performed. 

 

Since pressure in the monitoring wells was only contained during injections at IP-1 and IP-3, the 

pressure influence data is limited.  At IP-1, pressure influence of 5 psi was noted at PMW-5, 

approximately 7 feet away.  This pressure influence, and the presence of the well, ultimately 

resulted in the short-circuiting which compromised IP-1.  Likewise, during injections at IP-3, 

pressure influence of 9 psi was observed at ML-3, approximately 3 feet away.  During injections 

at IP-3, however, there was no appreciable influence seen at ML-4 or PMW-6, which were less 

than six feet away.  The radius of influence observed at IP-3 and IP-1 were both limited by short-

circuiting to nearby wells.  In the absence of these channels for short-circuiting, the radius of 

influence would likely be in the range of 10 to 12 feet. 

 

Tiltmeters can best be used as qualitative data to indicate a general trend of heave, rather than an 

exact measurement of it.  The tiltmeter diagrams indicate at both IP-2 and IP-4 that a substantial 

depression occurred in the ground.  This is due to the designation of the injection point as the 

reference for the diagram; all influence is relative to the injection point remaining stationary.  

For example, the diagram for IP-4 indicates subsidence to the east, but more likely it is the result 

of heave at the injection point.  This is of some importance because the diagrams indicate a 

substantial compaction of the soil or negative heave, while the visual heave monitoring does not 

support such an effect. 

 

Pressure influence at monitoring wells is the most accurate representation of radius of influence 

during injection and fracturing.  Unfortunately, the presence of a well within the radius of 
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influence can lead to short-circuiting and daylighting, as observed at PMW-5 during injection at 

IP-1 and also at ML-3 during injection at IP-3.  In these cases, the pre-existing monitoring well 

system actually limited the radius of influence and the ability to more uniformly distribute the 

EZVI.  For application of the pneumatic fracturing to be practical, more spacious arrangement of 

wells would be necessary.  Following injection activities, wells could be added to accurately 

define the injection distribution and also the effectiveness in contamination reduction. 

 

With pneumatic injection, a few factors can be considered to minimize the complications 

encountered at SWMU-45.  Pneumatic fracturing is more effective with a substantial overburden 

or with ground cover such as asphalt or concrete.  Therefore, shallower injections in soft silty 

soil, like at Parris Island, are more prone to daylighting and smaller radius of influence.  Also, 

with pneumatic injection, the likelihood of short-circuiting and the homogeneous condition of 

the soil are inversely related.  At SWMU-45, the integrity of the soil had been compromised due 

to the number of wells in the vicinity, some as close as 3 feet to the injection point; thus, the 

potential for daylighting to the surface was greater.  Also, the radius of influence which has been 

obtained with pneumatic fracturing and injection can be limited by the proximity to surrounding 

wells, utilities or other ground intrusions.  The technology is most effective where the maximum 

radius can be attained with minimal short-circuiting and no daylighting (e.g., under structures, 

within more cohesive soils, with ground cover, or at deeper intervals.  More importantly, PF/PLI 

is more effective in virgin soils or at distances greater than 15 feet from nearby monitoring wells. 

 

GeoSyntec_ESTCP_Final_NoAtt 5-2 PNEUMATIC FRACTURING, INC. 



 

 

 

 

 

 

 

 

 

FIGURE 1 
Site Map 
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TABLE 1 

Pneumatic Fracturing/Injection Logs 
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Date : 14 October 2006 TABLE 1
Pneumatic Injection Log

IP-1

Site : Parris Island

Time Inj No. PI Depth 
(ft bgs) Dir. N2 Start 

P (psi)
N2 End P 

(psi)
No. of 
Tubes

Init. P 
(psi)

Actual 
P (psi)

Maint. 
P (psi)

Pump @ 
(min:sec)

Inj P 
(psi)

Pump P 
(psi)

Total 
Time 

(min:sec)

Inj. Time 
(min:sec)

Gals. 
Inj. Action Comments

1117 1 17.5 E 2200 2190 1 50 40 18 0:10 30 40 2:40 2:37 16 L Note: 200psi to load tanks

1134 2 15.5 E 2190 2160 1 50 37 25 0:10 36 40 4:02 4:00 20-22 B&B/L Gas from east side PMW-5 & bucket lift

1223 3 13.5 E 2160 2150 1 40 32 0:02 50 45 1:47 1:47 16 L Pancake heave

1230 4 11.5 E 2150 2145 1 40 30 0:02 33 40 2:02 2:00 16 B&B/L Daylighting, pillow 5' S from IP-1

Abandon IP-1 @ last 2 intervals - will make up difference @ top 3 lifts  in 2 directions @ IP-5

PI : Pneumatic Injection Dir. : Direction No. : Number min:sec : minutes:seconds R : Rotate
ft bgs : feet below ground surface N2 : Nitrogen Init. : Initiation Inj : Injection B : Bleed and Break pipe

psi : pounds per square inch P : Pressure Maint. : Maintenance gal : gallons L : Lift to next interval
E : East S : South

GeoSyntec_ESTCP_Final\Table1\IP1 2/23/2007 1:01 PMPage 1 of 6



Date : 16 October 2006 TABLE 1
Pneumatic Injection Log

IP-2

Site : Parris Island

Time Inj No. PI Depth 
(ft bgs) Dir. N2 Start 

P (psi)
N2 End P 

(psi)
No. of 
Tubes

Init. P 
(psi)

Actual 
P (psi)

Maint. 
P (psi)

Pump @ 
(min:sec)

Inj P 
(psi)

Pump P 
(psi)

Total 
Time 
(sec)

Inj. 
Time 
(sec)

Gals. 
Inj. Action Comments

1403 1 17.5 N 2450 2440 1 42 35 32 5.09 60 57.62 55.65 16 L PMW-3 evacuate H2O & gas

1411 2 15.5 N 2440 2430 1 40 30 26 3.5 60 51.12 50 16 B&B/L Ground heave near PMW-5/off set next lift
by 6"

1453 3 13 N 2430 2420 1 40 31 25 3.9 60 47 45.2 16 L

1500 4 11 N 2420 2400 1 40 31 28 3.7 60 47 45.6 16 B&B/L PMW-3 & 4 evacuate H2O 

1547 5 9 N 2400 2385 1 40 32 26 4.6 60 42.5 40.2 16 L PMW-3 evacuate H2O 

1555 6 7 N 2385 2360 1 40 31 26 3.4 60 54.7 52.9 16 Remove Heave @ PMW-5

1600 IP-2 complete

PI : Pneumatic Injection Dir. : Direction No. : Number min:sec : minutes:seconds R : Rotate

ft bgs : feet below ground surface N2 : Nitrogen Init. : Initiation Inj : Injection B : Bleed and Break pipe
psi : pounds per square inch P : Pressure Maint. : Maintenance gal : gallons L : Lift to next interval

N : North H2O : Water

GeoSyntec_ESTCP_Final\Table1\IP2 2/23/2007 1:01 PMPage 2 of 6



Date : 14 October 2006 TABLE 1
Pneumatic Injection Log

IP-3

Site : Parris Island

Time Inj No. PI Depth 
(ft bgs) Dir. N2 Start 

P (psi)
N2 End P 

(psi)
No. of 
Tubes

Init. P 
(psi)

Actual 
P (psi)

Maint. 
P (psi)

Pump @ 
(min:sec)

Inj P 
(psi)

Pump P 
(psi)

Total 
Time 

(min:sec)

Inj. Time 
(min:sec)

Gals. 
Inj. Action Comments

1525 1 17 W 2120 1 40 No frac- dialed to 55-clogged
Dialed down PRV's on MW to 0 & left 
MLs @ ~ 15psi to minimize clogging. 
For 1st 3 shots PMW-5 evacuate H2O

1539 1 17 W 2120 2095 1 40 34 28 0:05 40/50/40 1:44 1:42 16 L

1546 2 15 W 2095 2060 1 35 26 22 0:05 40/45/40 1:22 1:20 16 B&B/L EZVI blew out E side ML-3 well 
pad/load EZVI

1635 3 13 W 2055 2045 1 40 34 36 00:04.7 60 0:55 0:54 16 L
Daylight/bubbling during init. PF shot & 

2 sec. Past PF post-lifted drum(vent) 
located E of IP-3

1649 4 11 W 2045 2000 1 40 34 31 0:03 60 0:54 0:52 16 B&B/L

1736 5 9 W 2000 1990 1 40 32 26 00:02.5 60 0:35 0:34 16 L Lifted drum & same ML-3 observation

1745 6 7 W 1990 1985 1 40 31 28 00:02.7 60 0:45 0:42 16 L&Pull

levelogger from PMW-5 had EZVI on it

PI : Pneumatic Injection Dir. : Direction No. : Number min:sec : minutes:seconds R : Rotate

ft bgs : feet below ground surface N2 : Nitrogen Init. : Initiation Inj : Injection B : Bleed and Break pipe
psi : pounds per square inch P : Pressure Maint. : Maintenance gal : gallons L : Lift to next interval

W : West E : East PRV : Pressure Relief Valve

GeoSyntec_ESTCP_Final\Table1\IP3 2/23/2007 1:01 PMPage 3 of 6



Date : 16 October 2006 TABLE 1
Pneumatic Injection Log

IP-4

Site : Parris Island

Time Inj No. PI Depth 
(ft bgs) Dir. N2 Start 

P (psi)
N2 End P 

(psi)
No. of 
Tubes

Init. P 
(psi)

Actual 
P (psi)

Maint. 
P (psi)

Pump @ 
(min:sec)

Inj P 
(psi)

Pump P 
(psi)

Total 
Time 

(min:sec)

Inj. Time 
(min:sec)

Gals. 
Inj. Action Comments

1014 1 17.5 S 2500 2490 1 45 38 0:05 50 0:51 0:49 10 L PMW-6 gas, evacuate edge W side

1028 2 15.5 S 2490 2485 1 40 32 00:04.9 50 0:37 0:35 10 B&B/L PMW-6 evacuate gas

1104 3 13.5 S 2485 2480 1 40 29 00:05.3 50 0:36 0:34 10 L PMW-6 evacuate gas

1112 4 11.5 S 2480 2475 1 40 28 00:05.3 50 0:44 0:42 10 B&B/L PMW-6 evacuate  gas & water

1154 5 9.5 S 2475 2470 1 40 34 00:04.9 50 00:34.8 0:33 10 L PMW-6 evacuate  gas & water

1203 6 7.5 S 2470 2465 1 40 30 0:03 50 0:34 00:32.2 10 R 180 PMW-6 evacuate  gas & water

1210 IP-4 complete

PI : Pneumatic Injection Dir. : Direction No. : Number min:sec : minutes:seconds R : Rotate
ft bgs : feet below ground surface N2 : Nitrogen Init. : Initiation Inj : Injection B : Bleed and Break pipe

psi : pounds per square inch P : Pressure Maint. : Maintenance gal : gallons L : Lift to next interval
W : West S : South

GeoSyntec_ESTCP_Final\Table1\IP4 2/23/2007 1:01 PMPage 4 of 6



Date : 17 October 2006 TABLE 1
Pneumatic Injection Log

IP-5

Site : Parris Island

Time Inj No. PI Depth 
(ft bgs) Dir. N2 Start 

P (psi)
N2 End P 

(psi)
No. of 
Tubes

Init. P 
(psi)

Actual 
P (psi)

Maint. 
P (psi)

Pump @ 
(min:sec)

Inj P 
(psi)

Pump P 
(psi)

Total 
Time 

(min:sec)

Inj. Time 
(min:sec)

Gals. 
Inj. Action Comments

940 1 18.5 NW 2300 1 45-90 1:30

944 18.5 NW 2300 2260 1 75 66 5.5 60 60 01:10.3 01:02.6 16 R PMW-6 & 3 evacuate water; delayed PF

952 2 18.5 NE 2260 2255 1 55 41 4.9 50 60 01:02.2 00:59.7 16 R

1001 3 18.5 SE 2255 2250 1 55 38 4.9 61 60 01:03.8 00:59.8 16 R Slug of EZVI from PMW-6

1009 4 18.5 SW 2250 2245 1 50 35 4.93 57 60 01:01.5 58.12 16 L PMW-6 & 3 evacuate water; heave & 
gas evacuate from ground ~3'

1023 5 16.5 SW 2245 2235 1 40 28 3.5 60 0:49 47.03 16 R Ground heave near PMW-6

1033 6 16.5 NW 2235 2225 1 40 30 3.5 60 00:43.0 40.75 16 R Ground heave near PMW-6 & ML-3 & 
daylight 1-2 gal.

1159 7 14 NW 2225 1 25-75 no PF 2:20
50-100 no PF 1:20 Checked nozzle clogged

1232 7 14 NW 2225 2190 1 25 19 1:21 1:44 9 Daylight same spot- 5 gal @ surface

PI : Pneumatic Injection Dir. : Direction No. : Number min:sec : minutes:seconds R : Rotate
ft bgs : feet below ground surface N2 : Nitrogen Init. : Initiation Inj : Injection B : Bleed and Break pipe

psi : pounds per square inch P : Pressure Maint. : Maintenance gal : gallons L : Lift to next interval
SE : Southeast SW : Southwest NE : Northeast NW : Northwest

GeoSyntec_ESTCP_Final\Table1\IP5 2/23/2007 1:01 PMPage 5 of 6



Date : 17 October 2006 TABLE 1
Pneumatic Injection Log

IP-10

Site : Parris Island 

Time Inj No. PI Depth 
(ft bgs) Dir. N2 Start 

P (psi)
N2 End P 

(psi)
No. of 
Tubes

Init. P 
(psi)

Actual 
P (psi)

Maint. 
P (psi)

Pump @ 
(min:sec)

Inj P 
(psi)

Pump 
Inj. P 
(psi)

Total 
Time

Inj. 
Time

Gals. 
Inj. Action Comments

1542 1 18 NNE 2080 1 25-85 18 1:32

1546 18 NNE 1 50 25 00:44.7

1548 18 NNE 2060 1 60 Daylight same spot

1550 18 NNE 2060 2050 1 82 79 00:36.5 40-30 3:40 3:20 27 L

1612 2 16 NNE 2050 2035 1 25 19 00:01.4 40-35 1:57 01:56.0 27 L Lost DataQ file /  Daylight during 
injection & post-PF

1629 3 15 NNE 2035 2000 1 20 00:01.1 40 2:37 2:34 27 Continue daylighting same spot

~ 30 gallons out after injecting ~ 81 gallons in.  Abandon point - 280 gallons left to inject.  Vironex try DP.

PI : Pneumatic Injection Dir. : Direction No. : Number min:sec : minutes:seconds R : Rotate
ft bgs : feet below ground surface N2 : Nitrogen Init. : Initiation Inj : Injection B : Bleed and Break pipe

psi : pounds per square inch P : Pressure Maint. : Maintenance gal : gallons L : Lift to next interval
NNE : North Northeast

GeoSyntec_ESTCP_Final\Table1\IP10 2/23/2007 1:01 PMPage 6 of 6



 

 

 

 

 

 

 

 

 

TABLE 2 

Pressure Monitoring Logs/ Observations 

GeoSyntec_ESTCP_Final  PNEUMATIC FRACTURING, INC. 



TABLE 2
Pressure Monitoring Log

IP-1

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

10.14.06 1125 1 MW24SU 1
PMW5 2.8
ML2 5 no increase, same reading

1140 2 PMW5 4.4
ML2 5

1230 3 no readings, gauges not zeroed
1240 4 PMW5 1.4

ML2 5

No. : Number
psi : pounds per square inch

GeoSyntec_ESTCP_Final\Table2\IP1 2/23/2007 12:59 PMPage 1 of 7



TABLE 2
Pressure Monitoring Log

IP-2

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

10.16.06 1400 1 MW24SU gas, no measurable reading
PMW4 gas, no measurable reading
ML2 gas, no measurable reading

AMW3 gas, no measurable reading
PMW2 gas, no measurable reading
ML7 gas, no measurable reading
ML4 gas, no measurable reading
ML3 gas, no measurable reading

1415 2 MW24SU gas, no measurable reading
MW7 3 gas,gurgling, water
ML2 2
ML3 gas, no measurable reading
ML4 gas, no measurable reading

PMW3 gas, water, no measurable reading
1500 3 ML7 gas, little gurgle, no measurable reading

ML6 gas, no measurable reading
ML5 gas, no measurable reading

PMW3 gas, no measurable reading
ML4 gas, no measurable reading
ML2 gas, no measurable reading

1505 4 PMW4 gas, no measurable reading
ML7 gas, no measurable reading
ML6 gas, water, no measurable reading
ML5 gas, no measurable reading
ML4 gas, no measurable reading
ML3 gas, no measurable reading

1550 5 PMW4 gas, no measurable reading
PMW5 gas, no measurable reading
ML4 gas, no measurable reading
ML5 gas, no measurable reading
ML6 gas, water, no measurable reading
ML7 1.4

1600 6 ML2 gas, no measurable reading
PMW6 gas, no measurable reading
ML4 gas, no measurable reading
ML5 gas, no measurable reading
ML7 gas, no measurable reading

No. : Number
psi : pounds per square inch

GeoSyntec_ESTCP_Final\Table2\IP2 2/23/2007 12:59 PMPage 2 of 7



TABLE 2
Pressure Monitoring Log

IP-3

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

10.14.06 1530 1 PMW3 3.4 water evacuated into drum
ML3 9.2
ML5 pressure, no measurable reading
ML6 pressure, no measurable reading

1550 2 ML7 pressure, no measurable reading
ML6 pressure & water, no measurable reading

ML3 6.5 significant daylighting of EZVI adjacent to this 
well

1645 3 ML6 pressure & water, no measurable reading
ML4 pressure, no measurable reading

PMW3 pressure, no measurable reading
ML3 6

1655 4 ML1 pressure, no measurable reading
ML3 3.5

PMW2 pressure, no measurable reading
ML4 pressure, no measurable reading
ML6 pressure, no measurable reading

PMW3 pressure, no measurable reading
1745 5 ML2 2 holding 0.5 lbs.

ML4 pressure, no measurable reading
ML3 pressure, no measurable reading

PMW5 pressure, no measurable reading

ML7 pressure, no measurable reading

1755 6 ML3 1.5
ML2 pressure, no measurable reading

No. : Number
psi : pounds per square inch

GeoSyntec_ESTCP_Final\Table2\IP3 2/23/2007 12:59 PMPage 3 of 7



TABLE 2
Pressure Monitoring Log

IP-4

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

10.16.06 1020 1 ML4 gas, no measurable reading
PMW2 2
ML2 gas, no measurable reading

PMW5 1.5
1030 2 ML7 gas, no measurable reading

PMW4 gas, no measurable reading
ML2 gas, no measurable reading

PMW6 gas, no measurable reading
1110 3 PMW5 gas, no measurable reading

ML2 1.5
ML6 water, gas, no measurable reading
ML1 gas, no measurable reading

PMW2 a lot of gas(more than usual), no reading
ML3 0.6 a little gas

1120 4 PMW2 5 gas also
PMW1 gas, no measurable reading
ML3 0.04 gas
ML6 gas & water, no measurable reading

PMW3 gas & water, no measurable reading
ML2 gas & water, no measurable reading

1200 5 ML2 gas & water, no measurable reading
PMW2 5 gas, residual pressure
PMW1 gas
ML4 gas, no measurable reading

ML6 gas & water, no measurable reading

1210 6 ML2 gas, no measurable reading

ML6 gas, no measurable reading
ML4 gas, no measurable reading
ML3 gas, no measurable reading

PMW2 1 gas

No. : Number
psi : pounds per square inch

GeoSyntec_ESTCP_Final\Table2\IP4 2/23/2007 12:59 PMPage 4 of 7



TABLE 2
Pressure Monitoring Log

IP-5

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

10.17.06 940 1 PMW4 1.4 gas
ML2 gas, no measurable reading

PMW2 gas, no measurable reading
ML3 1.5 gas
ML4 gas, no measurable reading

PMW3 gas, no measurable reading
ML5 gas, no measurable reading
ML6 gas, no measurable reading
ML7 gas, & odor, no measurable reading

955 2 ML7 gas & water, w/ residual of both, no reading
PMW4 gas, no measurable reading
ML2 gas, no measurable reading

PMW2 gas, no measurable reading
955 2 AMW3 gas, no measurable reading

ML3 gas, no measurable reading
ML4 gas, no measurable reading

ML5 gas, no measurable reading

ML6 continuous gas & water
1005 3 ML2 gas, odor

PMW5 gas, water
ML7 gas
ML6 gas
ML5 gas
ML4 gas
ML3 gas

PMW1 gas
1015 4 PMW5 gas

ML7 continuous gas & water
ML6 gas
ML5 gas
ML4 gas
ML3 gas

PMW6 gas
PMW1 gas
ML2 gas

1025 5 ML2 gas
PMW5 gas
ML7 gas & water
ML5 gas
ML4 gas
ML3 gas

GeoSyntec_ESTCP_Final\Table2\IP5 2/23/2007 12:59 PMPage 5 of 7



TABLE 2
Pressure Monitoring Log

IP-5

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

1025 5 PMW1 gas
1035 6 ML7 gas & water & odor

ML3 gas, major daylighting & mounding between this 
well & PMW6

1205 7 ML7 gas w/residual
PMW5 gas
ML2 gas
ML4 gas
ML6 gas

No. : Number
psi : pounds per square inch

GeoSyntec_ESTCP_Final\Table2\IP5 2/23/2007 12:59 PMPage 6 of 7



TABLE 2
Pressure Monitoring Log

IP-10

Date Time Fracture 
No. Well

Pressure 
Influence 

(psi)
Observations

10.17.06 1550 1 ML2 gas
ML3 gas
ML7 gas

1619 2 PMW4 gas
ML2 gas
ML3 gas

PMW3 gas
ML7 gas

1634 3 PMW4 gas
PMW5 gas
ML7 gas
ML2 2 no gas

No. : Number
psi : pounds per square inch

GeoSyntec_ESTCP_Final\Table2\IP10 2/23/2007 12:59 PMPage 7 of 7



 

 

 

 

 

 

 

 

 

TABLE 3 

Surface Heave Measurement Logs 

GeoSyntec_ESTCP_Final  PNEUMATIC FRACTURING, INC. 



TABLE 3
Surface Heave Measurement Log

IP-1

Date Location Inj 
No.

Initial 
Measurement

Fracture 
Measurement

Maximum Heave 
(in)

Final 
Measurement

Residual 
Heave (in) Comments

10.14.06 Heave Rod 1 16-11/16" 16-7/16" 1/4" 16-10/16" 1/16" Heave rod is 1.5' below grade / 4' 
ENE from IP-1  

2 16-10/16" 16-5/16" 5/16" 16-9/16" 1/16"
3 16-11/16" 16-9/16" 1/8" 16-5/8" 1/16"

4 16-5/8" 16-1/2" 1/8" 16-11/16" 0      Daylighting EZVI, switching points

Inj : Injection in : inch
No. : Number ENE : East Northeast

Reference Location : Utility shed 61' 2.5" from transit: 8 11/16"

GeoSyntec_ESTCP_Final\Table3\IP1 2/23/2007 12:58 PMPage 1 of 6



TABLE 3
Surface Heave Measurement Log

IP-2

Date Location Inj 
No.

Initial 
Measurement

Fracture 
Measurement

Maximum Heave 
(in)

Final 
Measurement

Residual 
Heave (in) Comments

10.16.06 S 1 16-3/16" same 0      same 0      
NE 51-5/16" 51-1/4" 1/16" 51-5/16" 0      
S 2 16-3/16" same 0      same 0      

NE 51-5/16" 51-1/16" 1/4" 51-1/4" 1/16"
S 3 16-3/16" same 0      same 0      

NE 51-5/16" 51-3/16" 1/8" 51-5/16" 0      
S 4 16-3/16" 16-1/8" 1/16" 16-3/16" 0      

NE 51-5/16" 51-3/16" 1/8" 51-1/4" 1/16"
S 5 16-3/16" same 0      same 0      

NE 51-5/16" 50-15/16" 3/8" 51-3/16" 1/8"
S 6 16-3/16" same 0      same 0      

NE 51-3/16" 50-15/16" 1/4" 51" 3/16"

Inj : Injection in : inch S : South
No. : Number NE : Northeast

Reference Location : Utility shed 61' 2.5" from transit: 8 11/16"

GeoSyntec_ESTCP_Final\Table3\IP2 2/23/2007 12:58 PMPage 2 of 6



TABLE 3
Surface Heave Measurement Log

IP-3

Date Location Inj 
No.

Initial 
Measurement

Fracture 
Measurement

Maximum Heave 
(in)

Final 
Measurement

Residual 
Heave (in) Comments

10.14.06 Heave Rod 1 50-3/8" 50-1/16" 5/16" 50-5/16" 1/16" Heave rod is 1.5' below grade / 4' 
ENE from IP-1  

2 50-5/16" 50-1/4" 1/16" 50-3/8"

0 - 
subsidence to 

initial 
reading @ 

1st frac

Significant daylighting 3' S of IP

3 50-3/8" 50" 3/8" 50-5/16" 1/16"

4 50-5/16" 50-1/16" 1/4" 50-5/16" 0      at 1730,Tiltmeter #1 was bumped, 
I630 according to computer's clock

5 50-5/16" 50-1/4" 1/16" 50-5/16" 0      
6 50-5/16" 50-3/16" 1/8" 50-5/16" 0      

Inj : Injection in : inch S : South
No. : Number ENE : East Northeast

Reference Location : Utility shed 61' 2.5" from transit: 8 11/16"

GeoSyntec_ESTCP_Final\Table3\IP3 2/23/2007 12:58 PMPage 3 of 6



TABLE 3
Surface Heave Measurement Log

IP-4

Date Location Inj 
No.

Initial 
Measurement

Fracture 
Measurement

Maximum Heave 
(in)

Final 
Measurement

Residual 
Heave (in) Comments

10.16.06 S 1 16-3/4" 16-1/2" 1/4" 16-11/16" 1/16"
E 52-7/16" same 0      same 0      
S 2 16-3/4" 16-9/16" 3/16" 16-3/4" 0      
E 52-7/16" same 0      same 0      
S 3 16-3/4" 16-11/16" 1/16" 16-3/4" 0      
E 52-7/16" same 0      same 0      
S 4 16-3/4" 16-5/8" 1/8" 16-3/4" 0      
E 52-7/16" same 0      same 0      

S 5 16-13/16" 16-11/16" 1/8" 16-13/16" 0      1/16" subsidence from initial 
reading

E 52-7/16" same 0      same 0      
S 6 16-13/16" 16-3/4" 1/16" 16-13/16" 0      
E 52-7/16" same 0      same 0      

Inj : Injection in : inch S : South
No. : Number E : East

Reference Location : Utility shed 61' 2.5" from transit: 8 11/16"

GeoSyntec_ESTCP_Final\Table3\IP4 2/23/2007 12:58 PMPage 4 of 6



TABLE 3
Surface Heave Measurement Log

IP-5

Date Location Inj 
No.

Initial 
Measurement

Fracture 
Measurement

Maximum Heave 
(in)

Final 
Measurement

Residual 
Heave (in) Comments

10.17.06 NW 1 17-1/8" same 0      same 0      
NE 17-3/16" same 0      same 0      
SE 53" same 0      same 0      
SW 28-1/2" same 0      same 0      
NW 2 17-1/8" same 0      same 0      
NE 17-3/16" 17-1/8" 1/16" 17-3/16" 0      
SE 53" same 0      same 0      
SW 28-1/2" same 0      same 0      
NW 3 17-1/8" same 0      same 0      
NE 17-3/16" same 0      same 0      
SE 53-1/16" 52-9/16" 1/2" 53" 0      1/16" subsidence before heave
SW 28-1/2" same 0      same 0      
NW 4 17-1/8" same 0      same 0      
NE 17-3/16" same 0      same 0      
SE 53"0 same 0      same 0      
SW 28-1/2" 28-7/16" 1/16" same 0
NW 5 17-1/8" 17-1/16" 1/16" 17-1/8" 0      
NE 17-3/16" same 0      same 0      
SE 53" 52-1/2" 1/2" 52-11/16" 5/16"
SW 28-1/2" same 0      same 0      
NW 6 17-1/8" 17-13/16" subsidence 1/16" 17-3/16" subsidence Major mounding & EZVI daylighting
NE 17-3/16" same 0      same 0      in opposite direction of injection
SE 52-11/16" 52-7/16" 1/4" 52-11/16" 0      between 2 monoriting wells -
SW 28-1/2" same 0      same 0      PMW-6 & ML-3
NW 7 17-13/16" same 0      same 0      subsidence from earlier initial
NE 17-5/16" same 0      same 0      subsidence from earlier initial
SE 52-7/8" 52-3/4" 1/8" 52-13/16" 1/16" 3/16" residual heave from earlier
SW 28-9/16" same 0      same 0      subsidence from earlier initial

abandon hole

Inj : Injection in : inch SE : Southeast SW : Southwest
No. : Number NE : Northeast NW : Northwest

Reference Location : Steamline Pole Support West of Transit: 5 1/16"

GeoSyntec_ESTCP_Final\Table3\IP5 2/23/2007 12:58 PMPage 5 of 6



TABLE 3
Surface Heave Measurement Log

IP-10

Date Location Inj 
No.

Initial 
Measurement

Fracture 
Measurement

Maximum Heave 
(in)

Final 
Measurement

Residual 
Heave (in) Comments

10.17.06 NW 1 17-7/16" same 0      same 0      
formation would not break, tried 

small pressure increments, when it 
finally let go, N2 caused daylighting 

around monoriting well PMW-6
SW 16" same 0      same 0      

E 52-15/16" 52-3/4" 3/16" 52-15/16" 0      
SE 31-1/4" same 0      same 0      
NW 2 17-7/16" same 0      same 0      
SW 16" same 0      same 0      
E 52-15/16" same 0      same 0      

SE 31-1/4" 31-3/16" 1/16" 31-3/16" 1/16"
NW 3 17-7/16" same 0      same 0      
SW 16" same 0      same 0      
E 52-15/16" 52-7/8" 1/16" 52-13/16" 1/8"

SE 31-3/16" same 0      same 0      

Inj : Injection in : inch SE : Southeast SW : Southwest
No. : Number E : East NW : Northwest

Reference Location : Steamline Pole Support West of Transit: 5 1/16"

GeoSyntec_ESTCP_Final\Table3\IP10 2/23/2007 12:58 PMPage 6 of 6
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APPENDIX A 

Pressure-Time History Curves 
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Pressure Time History Curve
IP-1

IP-1\Inj1 2/22/2007  4:54 PM
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Pressure Time History Curve
IP-1

IP-1\Inj2 2/22/2007  4:59 PM

15.5 ft bgs, East
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Pressure Time History Curve
IP-2

IP-2\Inj1 2/22/2007  5:06 PM

17.5 ft bgs, North
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Pressure Time History Curve
IP-3

IP-3\Inj1 2/22/2007  5:13 PM

17 ft bgs, West
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Pressure Time History Curve
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Pressure Time History Curve
IP-3

IP-3\Inj5 2/22/2007  5:23 PM

9 ft bgs, West
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Pressure Time History Curve
IP-3

IP-3\Inj6 2/22/2007  5:24 PM

7 ft bgs, West
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Pressure Time History Curve
IP-4

IP-4\Inj1 2/22/2007  5:25 PM

17.5 ft bgs, South
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Pressure Time History Curve
IP-4

IP-4\Inj2 2/22/2007  5:26 PM

15.5 ft bgs, South
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Pressure Time History Curve
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IP-4\Inj3 2/22/2007   5:27 PM

13.5 ft bgs, South

0

10

20

30

40

50

60

70

80

90

100

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93 96 99 10
2

10
5

10
8

Time (sec)

Pr
es

su
re

 (p
si

)

Fracturing Pressure

Injection Pressure



Pressure Time History Curve
IP-4

IP-4\Inj4 2/22/2007  5:29 PM

11.5 ft bgs, South
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Pressure Time History Curve
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IP-4\Inj5 2/22/2007  5:30 PM

9.5 ft bgs, South

0

10

20

30

40

50

60

70

80

90

100

0 4 8 11 15 19 23 27 30 34 38 42 46 49 53 57 61 65 68 72 76 80 84 87 91 95 99 10
3

10
6

11
0

11
4

11
8

12
2

12
5

12
9

13
3

13
7

Time (sec)

Pr
es

su
re

 (p
si

)

Fracturing Pressure

Injection Pressure



Pressure Time History Curve
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IP-4\Inj6 2/22/2007  5:31 PM

7.5 ft bgs, South
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Pressure Time History Curve
IP-5

IP-5\Inj1 2/22/2007  5:33 PM

18.5 ft bgs, Northwest
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Pressure Time History Curve
IP-5

IP-5\Inj2 2/22/2007  5:34 PM

18.5 ft bgs, Northeast
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Pressure Time History Curve
IP-5

IP-5\Inj3 2/22/2007  5:35 PM

18.5 ft bgs, Southeast
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Pressure Time History Curve
IP-5

IP-5\Inj4 2/22/2007  5:36 PM

18.5 ft bgs, Southwest
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Pressure Time History Curve
IP-5

IP-5\Inj5 2/22/2007  5:37 PM

16.5 ft bgs, Southwest
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Pressure Time History Curve
IP-5

IP-5\Inj6 2/22/2007  5:38 PM

16.5 ft bgs, Northwest
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Pressure Time History Curve
IP-5

IP-5\Inj7 2/22/2007  5:40 PM

14 ft bgs, Northwest
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Pressure Time History Curve
IP-10

IP-10\Inj1 2/22/2007  5:41 PM

18 ft bgs, North Northeast
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Pressure Time History Curve
IP-10

IP-10\Inj3 2/22/2007  5:42 PM

15 ft bgs, North Northeast
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VIRONEX DAILY INJECTION FIELD LOG SHEET 
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A summary of the data quality evaluation findings is provided below.  Data validation 
summary tables are presented in Tables G-1 through G-5.  Completed data validation 
checklists are presented in Attachment 1.  All data for VOC, DHG, and VFA samples 
was validated using USEPA data qualifiers for organic and inorganic data (540/R-99/008 
[USEPA, 1999] and 540-R-04-004 [USEPA, 2004]).  Data for samples collected by the 
USEPA (anions, alkalinity, TOC, cations, dissolved metals) was not validated as the data 
was deemed validated by USEPA. 
 
March 2009 Groundwater Sampling 
 
Field Duplicates – For ML 5-3, the sample and field duplicate had detections for ethane 
of 0.52 mg/L and 0.36 mg/L, respectively.  For ML 5-3, the sample and field duplicate 
had detections for methane of 5.6 mg/L and 3.7 mg/L, respectively.  For ML 5-3, the 
sample and field duplicate had detections for ethene of 29 mg/L and 20 mg/L, 
respectively.  All other field duplicates had relative percent difference (RPD) values 
meeting Geosyntec’s project QA precision goal of 20%. 
 
MS/MSD Samples – For the MS/MSD analysis of sample ML1-4, percent recovery of 
cDCE in the MSD was below acceptable limits.  However, the percent recovery of cDCE 
in the corresponding MS and laboratory control sample (LCS) were within Geosyntec’s 
QA accuracy limits and laboratory QC limits.  In the same sample analysis percent 
recoveries of VC were below acceptable limits in MS and MSD.  However, the percent 
recovery of the corresponding LCS was within laboratory QC limits.  For MS/MSD 
analysis of sample ML3-5, percent recovery of PCE in the MSD was above acceptable 
limits.  However, the percent recovery of PCE in the corresponding MS and LCS were 
within Geosyntec’s QA accuracy limits and laboratory QC limits.  As such, no action was 
deemed necessary.  All other spike recoveries for the six VOC analytes were within 
Geosyntec’s QA accuracy limits. 
 
Sample Holding Times – Holding time exceeded 14 days for acetylene analysis of sample 
ML7-7 in order to obtain the lowest possible detection limit. 
 
Laboratory Surrogates – Recovery of toluene-d8 for PMW-6 was below the laboratory 
QC limit.  As such, detected VOC concentrations for that sample were qualified with a 
“J” as estimated.  This resulted in the application of a “J” qualifier to the TCE, cDCE, 
tDCE and VC concentrations for that sample.  All other surrogate recoveries were within 
laboratory control limits. 
 
Other – Cooler temperature was greater than 4 ºC for groundwater samples sent under 
submission R0901473 (ML3-2, ML8-1, ML3-3, ML3-4, ML3-5, ML3-6, and ML3-7). 
 
March 2009 Soil Sampling 
 
Field Duplicates – For SC-11 (12-14), the sample and field duplicate had detections for 
cDCE of 420 µg/kg and 710 µg/kg, respectively.  For SC-13 (12-14), the sample and 
field duplicate had detections for PCE of 580 µg/kg and 1,900 µg/kg, respectively.  For 
SC-13 (12-14), the sample and field duplicate had detections for cDCE of 18,000 µg/kg 
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and 23,000 µg/kg, respectively.  All other field duplicates had RPD values meeting 
Geosyntec’s project QA precision goal of 20%. 
 
Other – Due to difficult sample matrix, the laboratory reporting limits (RLs) for VOCs 
were above the required quantitation limit (QL) developed for this demonstration. 
 
July 2008 Groundwater Sampling 
 
Field Duplicates – For PMW-3, the sample and field duplicate had detections for ethane 
of 0.77 mg/L and 0.54 mg/L, respectively.  For PMW-3, the sample and field duplicate 
had detections for methane of 9 mg/L and 6.4 mg/L, respectively.  All other field 
duplicates had RPD values meeting Geosyntec’s project QA precision goal of 20%. 
 
MS/MSD Samples – For one MS/MSD sample analysis, percent recovery of 1,1-DCE in 
the MS and MSD was below acceptable limits.  However, the percent recovery of 1,1-
DCE in the corresponding LCS was within laboratory QC limits.  In the same MS/MSD 
sample analysis, 1,1-DCE and trans-1,2-DCE percent recoveries in the MS were above 
acceptable limits.  However, the percent recovery of 1,1-DCE and trans-1,2-DCE in the 
MSD and corresponding LCS was within Geosyntec’s QA accuracy limits and laboratory 
QC limits, respectively.  For another MS/MSD sample analysis, percent recovery of vinyl 
chloride in the MS and MSD was below acceptable limits.  However, the percent 
recovery of vinyl chloride in the corresponding LCS was within laboratory QC limits.  As 
such, no action was deemed necessary.  All other spike recoveries for the six VOC 
analytes were within Geosyntec’s QA accuracy limits. 
 
Other – All laboratory method blanks for DHG analyses contained low levels of methane 
above the method detection/reporting limit but below the quantitation limit (“J”-
qualified).  Because these levels were below the quantitation limit no action was deemed 
necessary. 
 
January 2008 Groundwater Sampling 
 
Field Duplicates – For PMW-6, the sample and field duplicate had detections for tDCE of 
82 µg/L and 62 µg/L, respectively.  For ML-5-3, the sample and field duplicate had 
detections for acetic acid of 120 mg/L and 76 mg/L, respectively.  For ML-5-3, the 
sample had a detection for butyric acid of 6 mg/L, while the duplicate had a non-detect 
for butyric acid (<2 mg/L).  For ML-5-3, the sample and field duplicate had detections 
for propionic acid of 16 mg/L and 3.4 mg/L, respectively.  All other field duplicates had 
RPD values meeting Geosyntec’s project QA precision goal of 20%. 
 
MS/MSD Samples – For one MS/MSD sample analysis, 1,1-DCE percent recovery in the 
MS was above acceptable limits.  The percent recovery of 1,1-DCE in the corresponding 
LCS was also at the upper laboratory QC limit.  However, all samples analyzed on the 
same analytical run had a non-detect for 1,1-DCE.  As such, no action was deemed 
necessary.  For a second MS/MSD sample analysis, cDCE percent recovery in the MS 
was below acceptable limits.  However, the percent recovery of cDCE in the MSD and 
corresponding LCS was within Geosyntec’s QA accuracy limits and laboratory QC 
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limits, respectively.  As such, no action was deemed necessary.  All other spike 
recoveries for the six VOC analytes were within Geosyntec’s QA accuracy limits. 
 
Trip Blanks – One trip blank had a trace detection of PCE (0.29 J µg/L).  To prevent the 
inclusion of non-site-related detections in the data set, samples in which concentrations of 
PCE were below the QL and less than five times the amount detected in the trip blank 
were reported at the QL and qualified by Geosyntec as non-detected (i.e., applied a “U”-
qualifier).  For samples in which concentrations of PCE were above the quantitation limit 
but were less than five times the amount detected in the trip blank, PCE concentrations 
were qualified by Geosyntec with a “U”.  This resulted in application of a “U”-qualifier 
to the PCE concentration for ML-3-4.  All other trip blanks were non-detect for the six 
VOC analytes. 
 
July 2007 Groundwater Sampling 
 
Field Duplicates – For PMW-3, the sample and field duplicate had detections for PCE of 
1,200 µg/L and 2,100 µg/L, respectively.  For PMW-3, the sample and field duplicate 
had detections for TCE of 1,800 µg/L and 3,000 µg/L, respectively.  For PMW-3, the 
sample had a detection for tDCE of 250 µg/L, while the duplicate had a trace detection of 
tDCE (200 J µg/L).  For PMW-3, the sample and field duplicate had detections for VC of 
3,200 µg/L and 2,500 µg/L, respectively.  For PMW-3, the sample and field duplicate 
had detections for ethene of 260 mg/L and 330 mg/L, respectively.  For PMW-3, the 
sample and field duplicate had detections for methane of 1,000 mg/L and 1,300 mg/L, 
respectively.  All other field duplicates had RPD values meeting Geosyntec’s project QA 
precision goal of 20%. 
 
Trip Blanks – One trip blank had a detection for PCE of 1 µg/L.  To prevent the inclusion 
of non-site-related detections in the data set, samples in which concentrations of PCE 
were below the QL and less than five times the amount detected in the trip blank were 
reported at the QL and qualified by Geosyntec as non-detected (i.e., applied a “U”-
qualifier).  For samples in which concentrations of PCE were above the quantitation limit 
but were less than five times the amount detected in the trip blank, PCE concentrations 
were qualified by Geosyntec with a “U”.  This resulted in application of a “U”-qualifier 
to the PCE concentrations for ML-3-4, ML-3-5 and ML-3-6.  A second trip blank had 
trace detections of PCE (0.5 J µg/L) and cDCE (0.3 J µg/L).  To prevent the inclusion of 
non-site-related detections in the data set, samples in which concentrations of PCE or 
cDCE were below the QL and less than five times the amount detected in the trip blank 
were reported at the QL and qualified by Geosyntec as non-detected (i.e., applied a “U”-
qualifier).  For samples in which concentrations of PCE or cDCE were above the 
quantitation limit but were less than five times the amount detected in the trip blank, PCE 
or cDCE concentrations were qualified by Geosyntec with a “U”.  This resulted in 
application of a “U”-qualifier to zero site sample.  All other trip blanks were non-detect 
for the six VOC analytes. 
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March  2007 Groundwater Sampling 
 
Field Duplicates – For ML-6-5, the sample and field duplicate had detections for tDCE of 
430 µg/L and 350 µg/L, respectively.  For PMW-5, the sample and field duplicate had 
detections for acetylene of 0.039 mg/L and 0.031 mg/L, respectively.  For ML-6-5, the 
sample and field duplicate had detections for acetylene of 0.015 mg/L and 0.012 mg/L, 
respectively.  All other field duplicates had RPD values meeting Geosyntec’s project QA 
precision goal of 20%. 
 
MS/MSD Samples – For one MS/MSD sample analysis, 1,1-DCE percent recovery in the 
MSD was above acceptable limits.  However, the percent recovery of cDCE in the MS 
and corresponding LCS was within Geosyntec’s QA accuracy limits and laboratory QC 
limits, respectively.  As such, no action was deemed necessary.  All other spike 
recoveries for the six VOC analytes were within Geosyntec’s QA accuracy limits. 
 
January 2007 Groundwater Sampling 
 
Field Duplicates – For ML-5-4, the sample and field duplicate had detections for methane 
of 5.3 mg/L and 3.9 mg/L, respectively.  All other field duplicates had RPD values 
meeting Geosyntec’s project QA precision goal of 20%. 
 
MS/MSD Samples – The VOCs listed for one of the MS/MSD sample analyses were not 
project-specific VOCs.  The laboratory corrected this and issued a revised MS/MSD form 
for project-specific VOCs. 
 
Laboratory Surrogates – Recovery of dibromofluoromethane for ML-2-5 (10,000 dilution 
sample) was below the laboratory QC limit.  As such, detected VOC concentrations for 
that sample were qualified with a “J” as estimated.  This resulted in the application of a 
“J” qualifier to the PCE, TCE and cDCE concentrations for that sample.  All other 
surrogate recoveries were within laboratory control limits. 
 
Sample Holding Times - Sample ML-3-2 arrived at the laboratory with a pH>2 and was 
analyzed after 7 days.  As such, detected VOC concentrations for that sample were 
qualified with a “J” as estimated.  This resulted in the application of a “J” qualifier to all 
VOC concentrations for that sample except for 1,1-DCE.  All other samples were 
analyzed within their recommended holding time. 
 
Other – The case narrative for one of the laboratory reports references a sample that was 
not present in that sample submission.  The laboratory corrected this and issued a revised 
case narrative. 
 
November 2006 Groundwater Sampling 
 
Field Duplicates - For PMW-5, the sample and field duplicate had detections for PCE of 
32,000 µg/L and 40,000 µg/L, respectively.  For PMW-5, the sample and field duplicate 
had detections for cDCE of 47,000 µg/L and 58,000 µg/L, respectively.  For ML-5-5, the 
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sample and field duplicate had detections for butyric acid of 6.2 mg/L and 8.2 mg/L, 
respectively.  All other field duplicates had RPD values meeting Geosyntec’s project QA 
precision goal of 20%. 
 
MS/MSD Samples – For one MS/MSD sample analysis, PCE and TCE percent 
recoveries in both the MS and MSD were below acceptable limits.  The percent recovery 
of TCE in the corresponding LCS was also below Geosyntec’s QA accuracy limits.  
However, the percent recovery of PCE in the corresponding LCS was within Geosyntec’s 
QA accuracy limits.  As such, TCE concentrations for samples on the same analytical run 
as the MS/MSD were qualified with a “J” as estimated.  This resulted in the application 
of a “J” qualifier to TCE concentrations for ML-3-5, ML-3-7, ML-7-5, PMW-5 (sample 
and field duplicate) and PMW-6.  For another MS/MSD sample analysis, PCE percent 
recoveries in both the MS and MSD and cDCE percent recovery in the MS were below 
acceptable limits.  However, the percent recoveries of PCE and cDCE in the 
corresponding LCS were within Geosyntec’s QA accuracy limits.  As such, no action was 
deemed necessary.  All other spike recoveries for the six VOC analytes were within 
Geosyntec’s QA accuracy limits. 
 
Trip Blanks – A trip blank was omitted from one of the sample submissions.  Field 
sampling protocols were reviewed by QA/QC Officer and inclusion of a trip blank with 
each sample submission was verified through review of laboratory acknowledgement of 
sample receipt letters for subsequent sampling events. 
 
Other – The sample dates on listed in the EDDs did not match the sample dates listed on 
the chain of custody.  As such, the sample dates in the database were updated to match 
those listed on the chain of custody. 
 
October 2006 Groundwater Sampling 
 
Field Duplicates - For ML-6-5, the sample and field duplicate had detections for PCE of 
39,000 µg/L and 48,000 µg/L, respectively.  For PMW-3, the sample and field duplicate 
had detections for PCE of 22,000 µg/L and 33,000 µg/L, respectively.  For PMW-3, the 
sample and field duplicate had detections for cDCE of 27,000 µg/L and 21,000 µg/L, 
respectively.  For ML-6-5, the sample and field duplicate had detections for ethene of 
0.0012 mg/L and 0.0017 mg/L, respectively.  All other field duplicates had RPD values 
meeting Geosyntec’s project QA precision goal of 20%. 
 
MS/MSD Samples – For one MS/MSD sample analysis, PCE and cDCE percent 
recoveries in both the MS and MSD were below acceptable limits.  For the same sample 
analysis, TCE percent recovery in the MSD was also below acceptable limits.  However, 
the percent recoveries of PCE, TCE and cDCE in the corresponding LCS were within 
Geosyntec’s QA accuracy limits.  As such, no action was deemed necessary.  All other 
spike recoveries for the six VOC analytes were within Geosyntec’s QA accuracy limits. 
 
Other – For one laboratory submission, several VOC and DHG sample vials were 
reported as being either totally or partially frozen upon arrival at the lab.  Sample 
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handling procedures were reviewed as necessary to avoid similar issues for subsequent 
sampling events. 
 
August 2006 Groundwater Sampling 
 
MS/MSD Samples – MS/MSD samples were not collected during this event.  As a result 
sampling protocols were reviewed to avoid this from occurring during subsequent 
sampling events. 
 
June 2006 Groundwater Sampling 
 
Field Duplicates – Field duplicate samples were not collected during this event.  As a 
result sampling protocols were reviewed to avoid this from occurring during subsequent 
sampling events. 
 
Other – The laboratory RL for lactic acid (10 mg/L) was below the required QL 
developed for this demonstration.  However, because the laboratory method detection 
limit (MDL) did not exceed the desired QL, and no samples yielded hits for lactic acid 
between the lab RL and MDL (i.e., “J”-flagged”), no action was deemed necessary. 
 
June 2006 Soil Sampling 
 
Field Duplicates – Field duplicate samples were not collected for foc and porosity during 
this event.  However because these samples were only being collected during this one 
event, no action was deemed necessary. 
 
Other – The laboratory RLs for foc were above the required QL developed for this 
demonstration.  However, because all soil foc results were above the RLs, no action was 
deemed necessary.  Due to difficult sample matrix, the laboratory RLs for VOCs were 
above the required QL developed for this demonstration. 
 
June 2005 Groundwater Sampling 
 
June 2005 groundwater data was not validated as is was not used as part of the 
technology performance assessment. 
 
June 2005 Soil Sampling 
 
Laboratory Surrogates – Recovery of bromofluorobenzene for SC-2-8 was above the 
laboratory QC limit.  However, because all VOCs were below the laboratory RL for this 
sample, no action was deemed necessary.  All other surrogate recoveries were within 
laboratory control limits. 
 
Other – Temperatures for moisture (15ºC) and methanol (8ºC) blanks were greater than 
6ºC for all blanks).  As such sample shipping protocols were adjusted to avoid elevated 
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sample temperatures during future sampling events.  Due to difficult sample matrix, the 
laboratory RLs for VOCs were above the required QL developed for this demonstration. 
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TABLE G-1: GROUNDWATER VOC RPD SUMMARY
Parris Island, South Carolina

Geosyntec Consultants

Sample Location Duplicate
Event

Aug-06 ML-5-6 23-Aug-06 -- 50 U 50 U 11,000 120 50 U 110
ML-5-6 23-Aug-06 Duplicate 100 U 100 U 12,000 120 100 U 100

N/A N/A -8.7 0.0 N/A 9.5
PMW-5 21-Aug-06 -- 76,000 21,000 19,000 500 U 500 U 500 U
PMW-5 21-Aug-06 Duplicate 78,000 22,000 20,000 500 U 500 U 500 U

-2.6 -4.7 -5.1 0.0 0.0 0.0
Oct-06 ML-6-5 05-Oct-06 -- 39,000 6,900 15,000 250 U 250 U 250 U

ML-6-5 05-Oct-06 Field Duplicate 48,000 8,400 16,000 200 U 200 U 200 U
-20.7 -19.6 -6.5 N/A N/A N/A

PMW-3 10-Oct-06 -- 22,000 5,700 27,000 800 250 U 1,200
PMW-3 10-Oct-06 Field Duplicate 33,000 6,800 21,000 660 200 U 990

-40.0 -17.6 25.0 19.2 N/A 19.2
Nov-06 ML-5-5 29-Nov-06 -- 7,600 3,800 21,000 200 200 U 1,000

ML-5-5 29-Nov-06 Field Duplicate 7,300 3,600 21,000 220 100 U 1,200
4.0 5.4 0.0 -9.5 N/A -18.2

PMW-5 02-Dec-06 -- 32,000 17,000 47,000 250 U 250 U 250 U
PMW-5 02-Dec-06 Field Duplicate 40,000 20,000 58,000 500 U 500 U 500 U

-22.2 -16.2 -21.0 N/A N/A N/A
Jan-07 ML-5-4 23-Jan-07 -- 100 U 130 16,000 180 100 U 2,800

ML-5-4 23-Jan-07 Duplicate 100 U 150 16,000 180 100 U 2,700
0.0 -14.3 0.0 0.0 0.0 3.6

PMW-6 19-Jan-07 -- 2,300 1,000 4,300 130 40 U 3,000
PMW-6 19-Jan-07 Duplicate 2,300 1,000 4,200 110 40 U 3,000

0.0 0.0 2.4 16.7 0.0 0.0
Mar-07 PMW-5 21-Mar-07 -- 32,000 18,000 56,000 280 500 U 170

PMW-5 21-Mar-07 Duplicate 33,000 18,000 65,000 270 200 U 190
-3.1 0.0 -14.9 3.6 N/A -11.1

ML-6-5 27-Mar-07 -- 400 U 3,400 73,000 430 400 U 10,000
ML-6-5 26-Mar-07 Duplicate 200 U 3,700 77,000 350 200 U 8,400

N/A -8.5 -5.3 20.5 N/A 17.4
Jul-07 PMW-3 11-Jul-07 -- 1,200 1,800 25,000 250 200 U 3200

PMW-3 11-Jul-07 Duplicate 2,100 3,000 22,000 200 J 200 U 2500
-54.5 -50.0 12.8 22.2 0.0 24.6

ML-4-5 16-Jul-07 -- 20 U 20 U 810 22 20 U 3,300
ML-4-5 16-Jul-07 Duplicate 20 U 20 U 890 19 20 U 3,800

0.0 0.0 -9.4 14.6 0.0 -14.1
Jan-08 PMW-3 16-Jan-08 -- 520 510 38,000 240 48 J 4,200

PMW-3 16-Jan-08 Duplicate 450 470 39,000 230 50 J 4,200
14.4 8.2 -2.6 4.3 -4.1 0.0

PMW-6 17-Jan-08 -- 51 170 860 82 2.0 J 780
PMW-6 17-Jan-08 Duplicate 55 180 800 62 1.9 J 720

-7.5 -5.7 7.2 27.8 5.1 8.0
ML-6-4 23-Jan-08 -- 200 U 440 57,000 350 82 J 13,000
ML-6-4 23-Jan-08 Duplicate 500 U 360 J 54,000 320 J 500 U 13,000

N/A 20.0 5.4 9.0 N/A 0.0
Jul-08 PMW-3 16-Jul-08 -- 720 1,100 8,800 100 50 U 2200

PMW-3 16-Jul-08 Duplicate 740 1,200 8,900 110 12 J 2600
-2.7 -8.7 -1.1 -9.5 N/A -16.7

ML-2-4 21-Jul-08 -- 500 U 1000 72,000 420 J 500 U 32,000
ML-2-4 21-Jul-08 Duplicate 500 U 1100 77,000 440 J 500 U 34,000

N/A -9.5 -6.7 -4.7 N/A -6.1
Mar-09 PMW-1 04-Mar-09 -- 76 86 1,800 36 10 U 780

PMW-1 04-Mar-09 Duplicate 68 81 1,600 36 10 U 660
11.1 6.0 11.8 0.0 N/A 16.7

PMW-5 05-Mar-09 -- 33000 18000 81,000 500 U 500 U 4,200
PMW-5 05-Mar-09 Duplicate 35000 18000 89,000 500 U 500 U 4,600

N/A 0.0 -9.4 0.0 N/A -9.1
ML-5-3 06-Mar-09 -- 200 U 200 U 4,200 720 200 U 15,000
ML-5-3 06-Mar-09 Duplicate 100 U 100 U 3,700 700 100 U 17,000

RPD (%) N/A N/A 12.7 2.8 N/A -12.5

Notes:

"U" - not detected (reported at detection limit)
"J" - estimated result
N/A - not applicable
RPD - relative percent difference

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

TCE

RPD (%)

RPD (%)

RPD (%)

cDCE

µg/L - micrograms per liter

RPD (%)

RPD (%)

RPD (%)

RPD (%)

Date
Sampled

RPD (%)

RPD (%)

RPD (%)

tDCE 1,1-DCE VC
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)
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TABLE G-2: SOIL VOC RPD SUMMARY
Parris Island, South Carolina

Geosyntec Consultants

Sample Location Sample Depth Duplicate
Event (ft)
Jun-05 SC-1 6-8 13-Jun-05 -- 140,000 4,200 2,400 U 2,400 U 2,400 U 4,800 U

SC-1 6-8 13-Jun-05 Duplicate 130,000 3,900 2,400 U 2,400 U 2,400 U 4,800 U
7.4 7.4 N/A N/A N/A N/A

SC-2 18-20 13-Jun-05 -- 670 U 670 U 670 U 670 U 670 U 1,300 U
SC-2 18-20 13-Jun-05 Duplicate 670 U 670 U 670 U 670 U 670 U 1,300 U

N/A N/A N/A N/A N/A N/A
SC-3 16-18 13-Jun-05 -- 1,300 560 U 560 U 560 U 560 U 1,100 U
SC-3 16-18 13-Jun-05 Duplicate 1,100 560 U 560 U 560 U 560 U 1,100 U

16.7 N/A N/A N/A N/A N/A
SC-4 10-12 13-Jun-05 -- 8,800 2,500 1,100 330 U 330 U 660 U
SC-4 10-12 13-Jun-05 Duplicate 7,500 2,200 1,000 330 U 330 U 660 U

16.0 12.8 9.5 N/A N/A N/A
SC-8 8-10 15-Jun-05 -- 6,700 27,000 25,000 750 690 U 1,400 U
SC-8 8-10 15-Jun-05 Duplicate 6,400 28,000 25,000 720 720 U 1,400 U

4.6 -3.6 0.0 4.1 N/A N/A
Jun-06 SC-9 14-16 21-Jun-06 -- 330 U 330 U 330 U 330 U 330 U 660 U

SC-9 14-16 21-Jun-06 Field Duplicate 340 U 340 U 340 U 340 U 340 U 670 U
N/A N/A N/A N/A N/A N/A

Mar-09 SC-11 12-14 17-Mar-09 -- 320 U 320 U 420 320 U 320 U 650 U
SC-11 12-14 17-Mar-09 Field Duplicate 320 U 320 U 710 320 U 320 U 650 U

N/A N/A -51.3 N/A N/A N/A
SC-13 12-14 17-Mar-09 -- 580 320 U 18,000 320 U 320 U 650 U
SC-13 12-14 17-Mar-09 Field Duplicate 1,900 320 U 23,000 320 U 320 U 640 U

-106.5 N/A -24.4 N/A N/A N/A

Notes:

"U" - not detected (reported at detection limit)
"J" - estimated result
N/A - not applicable
RPD - relative percent difference

cDCETCE

RPD (%)

RPD (%)
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(µg/kg)(µg/kg) (µg/kg) (µg/kg)
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RPD (%)
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RPD (%)
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TABLE G-3: GROUNDWATER DHG RPD SUMMARY
Parris Island, South Carolina

Geosyntec Consultants

Sample Location Duplicate
Event

Aug-06 ML-5-6 23-Aug-06 -- -- 0.005 U 0.0078 0.26
ML-5-6 23-Aug-06 Duplicate -- 0.005 U 0.0075 0.24

N/A 0.0 3.9 8.0
PMW-5 21-Aug-06 -- -- 0.0023 0.0062 0.12
PMW-5 21-Aug-06 Duplicate -- 0.0021 0.0057 0.1

N/A 9.1 8.4 18.2
Oct-06 ML-6-5 05-Oct-06 -- 0.003 U 0.001 U 0.0012 0.085

ML-6-5 05-Oct-06 Field Duplicate 0.003 U 0.001 U 0.0017 0.082
0.0 0.0 -34.5 3.6

PMW-3 10-Oct-06 -- 0.003 U 0.0014 0.11 0.44
PMW-3 10-Oct-06 Field Duplicate 0.003 U 0.0015 0.11 0.44

0.0 -6.9 0.0 0.0
Nov-06 ML-5-5 29-Nov-06 -- 0.003 U 0.010 0.053 0.34

ML-5-5 29-Nov-06 Field Duplicate 0.003 U 0.010 0.055 0.30
0.0 0.0 -3.7 12.5

PMW-5 02-Dec-06 -- 0.11 J 0.14 0.54 0.056
PMW-5 02-Dec-06 Field Duplicate 0.1 J 0.15 0.55 0.053

9.5 -6.9 -1.8 5.5
Jan-07 ML-5-4 23-Jan-07 -- 0.003 U 0.072 0.28 5.3

ML-5-4 23-Jan-07 Duplicate 0.003 U 0.068 0.26 3.9
0.0 5.7 7.4 30.4

PMW-6 19-Jan-07 -- 0.003 U 0.021 0.23 0.37
PMW-6 19-Jan-07 Duplicate 0.003 U 0.020 0.22 0.34

0.0 4.9 4.4 8.5
Mar-07 PMW-5 21-Mar-07 -- 0.039 0.65 2.3 0.43

PMW-5 21-Mar-07 Duplicate 0.031 0.58 2 0.4
22.9 11.4 14.0 7.2

ML-6-5 27-Mar-07 -- 0.015 0.5 1.8 0.15
ML-6-5 26-Mar-07 Duplicate 0.012 0.46 1.6 0.14

22.2 8.3 11.8 6.9
Jul-07 PMW-3 11-Jul-07 -- 0.003 U 0.057 260 1000

PMW-3 11-Jul-07 Duplicate 0.003 U 0.057 330 1300
0.0 0.0 -23.7 -26.1

ML-4-5 16-Jul-07 -- 0.003 U 0.0043 1.4 5.4
ML-4-5 16-Jul-07 Duplicate 0.003 U 0.0051 1.4 5.2

0.0 -17.0 0.0 3.8
Jan-08 PMW-3 16-Jan-08 -- 0.003 U 0.55 1.9 6.7

PMW-3 16-Jan-08 Duplicate 0.003 U 0.52 1.8 6.4
0.0 5.6 5.4 4.6

PMW-6 17-Jan-08 -- 0.003 U 0.0052 0.51 5.3
PMW-6 17-Jan-08 Duplicate 0.003 U 0.0047 0.61 5.9

0.0 10.1 -17.9 -10.7
ML-6-4 23-Jan-08 -- 0.003 U 1 4.4 1.4
ML-6-4 23-Jan-08 Duplicate 0.003 U 1 4.5 1.3

0.0 0.0 -2.2 7.4
Jul-08 PMW-3 16-Jul-08 -- 0.003 U 0.084 0.77 9

PMW-3 16-Jul-08 Duplicate 0.003 U 0.09 0.54 6.4
0.0 -6.9 35.1 33.8

ML-2-4 21-Jul-08 -- 0.003 U 0.72 5.5 0.62
ML-2-4 21-Jul-08 Duplicate 0.003 U 0.67 4.8 0.54

0.0 7.2 13.6 13.8
Mar-09 PMW-5 05-Mar-09 -- 0.1 U 0.83 3.1 1.6

PMW-5 05-Mar-09 Duplicate 0.1 U 0.82 2.8 1.5
0.0 1.2 10.2 6.5

PMW-1 04-Mar-09 -- 0.2 U 0.1 U 0.41 9.2
PMW-1 04-Mar-09 Duplicate 0.2 U 0.1 U 0.43 8.6

0.0 0.0 -4.8 6.7
ML-5-3 06-Mar-09 -- 1 U 0.52 29 5.6
ML-5-3 06-Mar-09 Duplicate 0.5 U 0.36 20 3.7

RPD (%) N/A 36.4 36.7 40.9

Notes:

"U" - not detected (reported at detection limit)
"J" - estimated result
N/A - not applicable
RPD - relative percent difference

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

(mg/L)
Acetylene Ethane Ethene Methane

RPD (%)

mg/L - milligrams per liter

(mg/L) (mg/L) (mg/L)
Date

Sampled

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)
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TABLE G-4: GROUNDWATER VFA RPD SUMMARY
Parris Island, South Carolina

Geosyntec Consultants

Sample Location Duplicate
Event

Nov-06 ML-5-5 29-Nov-06 -- 65 6.2 1 U 110 0.5 U
ML-5-5 29-Nov-06 Field Duplicate 66 8.2 1 U 110 0.5 U

-1.5 -27.8 0.0 0.0 0.0
Jan-06 ML-7-7 25-Jan-07 -- 89 9.1 1 U 130 0.5 U

ML-7-7 25-Jan-07 Duplicate 94 11 1 U 140 0.5 U
-5.5 -18.9 0.0 -7.4 0.0

Mar-07 PMW-5 21-Mar-07 -- 100 33 10 U 160 5 U
PMW-5 21-Mar-07 Duplicate 100 36 1.0 U 160 0.50 U

0.0 -8.7 N/A 0.0 N/A
ML-6-5 27-Mar-07 -- 62 6.3 1.0 U 79 0.50 U
ML-6-5 26-Mar-07 Duplicate 62 6.2 1.0 U 78 0.50 U

0.0 1.6 0.0 1.3 0.0
Jan-08 PMW-6 17-Jan-08 -- 12 2 U 1 U 1.4 0.5 U

PMW-6 17-Jan-08 Duplicate 12 2 U 1 U 1.4 0.5 U
0.0 0.0 0.0 0.0 0.0

ML-5-3 22-Jan-08 -- 120 6 1 U 16 0.5 U
ML-5-3 22-Jan-08 Duplicate 76 2 U 1 U 3.4 0.5 U

44.9 100.0 0.0 129.9 0.0
Mar-09 PMW-5 05-Mar-09 -- 100 30 1 U 71 0.5 U

PMW-5 05-Mar-09 Duplicate 100 30 1 U 72 0.5 U
0.0 0.0 N/A -1.4 N/A

ML-5-3 06-Mar-09 -- 170 5.1 1 U 24 0.5 U
ML-5-3 06-Mar-09 Duplicate 170 6.1 1 U 24 0.5 U

RPD (%) 0.0 -17.9 0.0 0.0 0.0

Notes:

"U" - not detected (reported at detection limit)
N/A - not applicable
RPD - relative percent difference

mg/L - milligrams per liter

RPD (%)

Date
Sampled

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

Pyruvic Acid
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Acetic Acid Butyric Acid Lactic Acid Propionic Acid
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TABLE G-5: GROUNDWATER VOC MS/MSD RECOVERY SUMMARY
Parris Island, South Carolina

Geosyntec Consultants

Sample Location MS/MDS PCE TCE cDCE tDCE 1,1-DCE VC
Event (%R) (%R) (%R) (%R) (%R) (%R)

Aug-06 -- MS -- -- -- -- -- --
-- MSD -- -- -- -- -- --

N/A N/A N/A N/A N/A N/A
-- MS -- -- -- -- -- --
-- MSD -- -- -- -- -- --

N/A N/A N/A N/A N/A N/A
Oct-06 PMW3-15M MS 32% 80% 40% 104% 112% 88%

PMW3-15M MSD 32% 64% 24% 88% 96% 80%
0% 10% 6% 15% 15% 8%

ML-2-7 MS 112% 104% 96% 100% 104% 100%
ML-2-7 MSD 112% 108% 88% 100% 108% 96%

0% 3% 3% 0% 4% 4%
Nov-06 ML-3-5 MS 66% 76% 80% 101% 94% 110%

ML-3-5 MSD 72% 76% 100% 83% 82% 90%
4% 0% 5% 17% 14% 7%

PMW-3 MS 60% 88% 76% 96% 112% 97%
PMW-3 MSD 68% 92% 84% 104% 120% 105%

3% 3% 5% 8% 7% 8%
Jan-07 ML-6-6 MS 100% 100% 112% 99% 108% 115%

ML-6-6 MSD 104% 104% 108% 107% 112% 119%
4% 4% 1% 8% 4% 3%

ML-3-4 MS 99% 96% 104% 94% 108% 104%
ML-3-4 MSD 103% 92% 100% 98% 112% 104%

4% 4% 1% 4% 4% 0%
Mar-07 ML-1-5 MS 96% 100% 104% 114% 116% 104%

ML-1-5 MSD 104% 108% 104% 118% 124% 104%
7% 8% 0% 3% 7% 0%

ML-7-7 MS 86% 88% 98% 101% 102% 100%
ML-7-7 MSD 88% 90% 98% 97% 104% 80%

2% 2% 0% 4% 2% 6%
Jul-07 ML-2-4 MS 103% 102% 100% 106% 114% 114%

ML-2-4 MSD 105% 104% 80% 106% 120% 114%
2% 2% 6% 0% 5% 0%

ML-7-6 MS 100% 96% 112% 101% 108% 120%
ML-7-6 MSD 96% 92% 104% 93% 100% 80%

4% 4% 3% 8% 8% 4%
Jan-08 ML-1-7 MS 100% 99% 70% 113% 120% 90%

ML-1-7 MSD 100% 99% 110% 113% 120% 110%
0% 0% 10% 0% 0% 8%

ML-3-3 MS 105% 106% 113% 111% 128% 116%
ML-3-3 MSD 87% 90% 101% 99% 110% 106%

19% 16% 11% 11% 15% 7%
ML-4-6 MS 100% 104% 101% 98% 120% 90%
ML-4-6 MSD 100% 94% 101% 98% 120% 90%

0% 10% 0% 0% 0% 0%
Jul-08 PMW-3 MS 83% 88% 24% 124% 124% 116%

PMW-3 MSD 83% 84% 40% 112% 116% 100%
0% 3% 4% 10% 7% 8%

ML-7-6 MS 110% 110% 120% 109% 120% 130%
ML-7-6 MSD 120% 120% 120% 109% 120% 140%

9% 9% 0% 0% 0% 3%
Mar-09 ML-1-4 MS 104% 98% 73% 96% 92% 66%

ML-1-4 MSD 109% 101% 68% 94% 94% 59%
1% 2% 1% 5% 3% 3%

ML-3-5 MS 120% 108% 102% 97% 97% 100%
ML-3-5 MSD 122% 111% 101% 98% 98% 98%

2% 3% 0% 1% 1% 2%
ML-6-4 MS 103% 103% 93% 100% 102% 120%
ML-6-4 MSD 106% 107% 77% 100% 104% 85%

4% 4% 5% 1% 2% 14%

Notes:

MS - matrix spike
MSD - matrix spike duplicate
N/A - not applicable
RPD - relative percent difference

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

%R - percent recovery

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)

RPD (%)
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ESTCP Final Report 
ER-0431  April 2010 
 

ATTACHMENT 1 

COMPLETED DATA VALIDATION CHECKLISTS 



GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: H5F200109 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling Methanol temp blank = 8 degrees C
Cooler temperature < 6ºC procedure Moisture temp blank = 15 degrees C
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

N/A

N/A

X

X

N/A

X

X

X

N/A

N/A

N/A

X

Lab reports elevated reporting limits due to difficult sample matrix.

30-Jun-05

TR0173\QAQC - H5F200109 - soil.xls Page 1 of 1



GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: H5F200114 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?

Surrogate recoveries meet QC acceptance criteria? X Surrogate recoveries for SC-2-8 were outside QC limits due to obvious matrix interferences

Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

N/A

N/A

X

X

N/A

X

X

X

X

N/A

N/A

X

Lab reports elevated reporting limits due to difficult sample matrix.

30-Jun-05
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: H5F170338 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling Methanol temp blank = 8 degrees C
Cooler temperature < 6ºC procedure Moisture temp blank = 15 degrees C
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

N/A

N/A

X

X

N/A

X

X

X

X

N/A

N/A

X

Lab reports elevated reporting limits due to difficult sample matrix.

5-Jul-05
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: H6F220268 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

N/A

N/A

X

X

N/A

X

X

X

X

N/A

N/A

X

Lab reports elevated reporting limits due to difficult sample matrix.

5-Jul-06
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: 680-18113-1 CoC No: -
Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols

Samples collected as per frequency criteria in SAP?
X

QA/QC Officer to review/revise sampling protocols

duplicates not collected; sampling protocols reviewed 
and duplicates samples will be collected for future events

MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

18-Jul-06

Required Action if False

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

N/A

X

X

X
none; lab RL for lactic acid higher than QL in SAP, 
however lab MDL does not exceed QL in SAP
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: 680-18060-1 CoC No: -
Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols

Samples collected as per frequency criteria in SAP?
X

QA/QC Officer to review/revise sampling protocols

duplicates not collected; sampling protocols reviewed 
and duplicates samples will be collected for future events

MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

12-Jul-06

Required Action if False

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

N/A

X

X

X
none; lab RL for lactic acid higher than QL in SAP, 
however lab MDL does not exceed QL in SAP
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: 680-17908-1 CoC No: -
Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols

Samples collected as per frequency criteria in SAP?
X

QA/QC Officer to review/revise sampling protocols

duplicates not collected for foc or porosity; sampling 
protocols reviewed and duplicates samples will be 
collected for future events

MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

10-Jul-06

Required Action if False

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

N/A

X

X

X
none; lab RL for foc exceeded QL in SAP for all samples; 
however all samples had results greater than RL

TR0173\QAQC - 680-17908-1-soil.xls Page 1 of 1



GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2633276 CoC No: -
Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

30-Aug-06

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

X

N/A

N/A

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2633276 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols

Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD not collected; sampling protocols reviewed and MS/MSD samples will be added for 
future events

MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

30-Aug-06

X

X

X

N/A

X

N/A

N/A

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2633277 CoC No: -
Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

5-Sep-06

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

X

N/A

N/A

X

X

TR0173\QAQC - R2633277.xls Page 1 of 1



GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2633277 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 29-September-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols

Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD not collected; sampling protocols reviewed and MS/MSD samples will be added for 
future events

MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

5-Sep-06

X

X

X

N/A

X

N/A

N/A

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2633904 CoC No: -
Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
ckecklist shows many vials being partially or totally 
frozen upon arrival at lab

Cooler temperature < 6ºC procedure sample handling procedures reviewed as necessary
Samples arrived intact and without air bubbles review completeness several vials broken upon arrival at lab

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

X

N/A

N/A

X

X

X

N/A

N/A

26-Oct-06

Required Action if False

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2633904 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling ckecklist shows many vials being partially or totally frozen upon arrival at lab;
Cooler temperature < 6ºC procedure sample handling procedures reviewed as necessary
Samples arrived intact and without air bubbles review completeness several vials broken upon arrival at lab

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

X

X

N/A

X

26-Oct-06
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2633906 CoC No: -
Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

N/A

X

X

X

N/A

N/A

31-Oct-06

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2633906 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

N/A

N/A

X

X

X

X

X

X

N/A

N/A

X

31-Oct-06
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2633908 CoC No: -
Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

N/A

N/A

N/A

X

X

X

N/A

N/A

31-Oct-06

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2633908 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria? X none; %R for PCE, TCE, and cDCE below acceptable limits, but LCS %R's within limits
review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

X

31-Oct-06
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2634246 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 4-December-2006

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

N/A

N/A

X

X

X

X

X

N/A

N/A

N/A

X

19-Oct-06
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2634902 CoC No: -
Completed by: M. Watling Date: 13-February-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report

Electronic data match the lab report X Resolve which is incorrect and correct
Sample dates in EDD do not match CoC.  Dates in 
database corrected to match CoC

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

N/A

X

X

X

N/A

N/A

20-Dec-06

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2634902 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 13-February-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria? X none; PCE %R in MS and MSD and cDCE %R in MS below acceptable limits, but PCE and 
cDCE %R in LCS within limits

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct Sample dates in EDD do not match CoC.  Dates in database corrected to match CoC

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

X

X

N/A

X

20-Dec-06
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2634988 CoC No: -
Completed by: M. Watling Date: 13-February-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report

Electronic data match the lab report X Resolve which is incorrect and correct
Sample dates in EDD do not match CoC.  Dates in 
database corrected to match CoC

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

21-Dec-06

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

X

N/A

N/A

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2634988 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 13-February-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols Trip blank omitted from this submission; will be included in future submissions
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X TCE values "J" flagged for samples in same analytical run as MS/MSD

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct Sample dates in EDD do not match CoC.  Dates in database corrected to match CoC

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

21-Dec-06

X

N/A

N/A

X

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X

TR0173\QAQC - R2634988.xls Page 1 of 1



GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2735772 CoC No: -
Completed by: M. Watling Date: 22-March-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

N/A

X

X

X

N/A

N/A

13-Feb-07

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2735772 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 22-March-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report

Electronic data match the lab report X Resolve which is incorrect and correct Lab report references samples from another submission; CAS issued re-vised case narrative

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

Lab report references samples from another submission; CAS issued re-vised case narraRPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

20-Mar-07
22-Mar-07

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

X

X

N/A

X

13-Feb-07
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2735773 CoC No: -
Completed by: M. Watling Date: 22-March-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

N/A

X

X

X

N/A

N/A

8-Feb-07

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2735773 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 22-March-2007; 3-April-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times samples analyzed within 14day hold time; however, sample ML-3-2 had pH>2 and
Samples were analyzed within 14 days of collection was analyzed after 7days; VOC data for ML-3-2 flagged as "J"
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?

Surrogate recoveries meet QC acceptance criteria? X one surrogate for ML-2-5 was below limit in second diluted sample; VOCs for that 
sample/dilution flagged as "J"

Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent MS/MSD data not for project specific VOCs; lab re-issued MS/MSD data for
samples samples project specific VOCs on 28-March-08
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

       provided project specific VOC data for MS/MSD RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report: N/A

24-Mar-08

28-Mar-08

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

X

X

N/A

X

8-Feb-07
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2736709 CoC No: -
Completed by: M. Watling Date: 27-April-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

19-Apr-07

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2736709 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 27-April-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria? X none; MS %R for 1,1-DCE above acceptable limit, but RPD for MS/MSD 1,1-DCE values 
within limits and all LCSs have %R for 1,1-DCE within limits

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

19-Apr-07

X

X

X

N/A

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2736853 CoC No: -
Completed by: M. Watling Date: 27-April-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocol
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correc

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

19-Apr-07

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2736853 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 27-April-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

19-Apr-07

X

X

N/A

X

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2738625 CoC No: -
Completed by: M. Watling Date: 20-August-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocol
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correc

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

N/A

X

X

X

N/A

N/A

1-Aug-07

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2738625 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 20-August-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible sampling methods reviewed; no issued found
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

X

X

N/A

X

1-Aug-07
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2738636 CoC No: -
Completed by: M. Watling Date: 20-August-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

N/A

X

X

X

N/A

N/A

2-Aug-07

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2738636 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 20-August-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)

review/revise handling 
samples with PCE <QL and <5ppb reported at QL and "U" flagged; samples with PCE >QL 
and <5ppb "U" flagged

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

X

X

X

X

N/A

N/A

X

X

X

N/A

X

2-Aug-07
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2738681 CoC No: -
Completed by: M. Watling Date: 20-August-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference
Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

6-Aug-07

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

N/A

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2738681 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 20-August-2007

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)

review/revise handling 
samples with PCE <2.5ppb and <QL, data reported at QL and "U" flagged; samples with 
PCE <2.5ppb and >QL, data "U" flagged

Trip blanks are ND? procedures if necessary
samples with cDCE <1.5ppb and <QL, data reported at QL and "U" flagged; samples with 
cDCE <1.5ppb and >QL, data "U" flagged

review/revise cleaning
Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

6-Aug-07

X

N/A

N/A

X

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2841383 CoC No: -
Completed by: M. Watling Date: 11-March-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

8-Feb-08

Required Action if False

X

X

X

X

X

X

X

X

X

X

N/A

N/A

X

N/A

N/A

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2841383 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 11-March-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria? X none; RPD for MS/MSD cDCE values within limits and LCS for same run has %R for cDCE 
within limits

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

8-Feb-08

X

X

N/A

X

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2841878 CoC No: -
Completed by: M. Watling Date: 12-March-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

N/A

N/A

N/A

X

X

X

N/A

N/A

11-Feb-08

Required Action if False

X

X

X

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2841878 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 12-March-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X none; samples in same analytical run as MS/MSD were non-detect for 1,1-DCE

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)

review/revise handling 
samples with PCE <1.45ppb and <QL, data reported at QL and "U" flagged; samples with 
PCE <1.45ppb and >QL, data "U" flagged

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

X

X

X

X

X

X

X

X

X

X

X

X

X

N/A

N/A

X

11-Feb-08
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2841909 CoC No: -
Completed by: M. Watling Date: 12-March-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks?
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

X

X

N/A

13-Feb-08

N/A

N/A

X

X

X

X

N/A

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2841909 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 12-March-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

13-Feb-08

Required Action if False

X

X

X

X

X

X

X

X

X

N/A

N/A

X

X

N/A

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2845027 CoC No: -
Completed by: M. Watling Date: 17-Nov-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information none; methane hit below detection limit (J flagged)
Method blanks are non-detect? for both method blanks
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method none; samples contain detectable methane, but
blanks? methane in method blanks hit below detection limit
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method sampling methods reviewed; no issued found

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

6-Aug-08

Required Action if False

X

X

X

X

X

X

X

X

N/A

N/A

N/A

N/A

X

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2845027 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 17-Nov-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness none; one trip blank sample had significant bubbles, all other samples OK

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria? X none; %R for cDCE was below QC limits for both MS and MSD; %R for 1,1-DCE and trans-
1,2-DCE was above QC limits for MS

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

6-Aug-08

X

X

X

N/A

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R2845077 CoC No: -
Completed by: M. Watling Date: 17-Nov-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed 
within holding times
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information none; methane hit below detection limit (J flagged)
Method blanks are non-detect? for both method blanks
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method none; samples contain detectable methane, but
blanks? methane in method blanks hit below detection limit
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

11-Aug-08

Required Action if False

X

X

X

X

X

X

X

X

N/A

N/A

X

N/A

N/A

X

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R2845077 CoC No: -
FOR VOC DATA (EPA METHOD 8260) Completed by: M. Watling Date: 17-Nov-2008

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC procedure 
Samples arrived intact and without air bubbles review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect?
At least 1 method blank was analyzed per sample set? Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria? X none; %R for vinyl chloride was above QC limits for both MS and MSD but LCS had %R 
within QC limits

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? revision(s)
review/revise handling 

Trip blanks are ND? procedures if necessary
review/revise cleaning

Equipment blanks are ND? procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: N/A CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: N/A %R - percent recovery

Revisions - Date and nature of revisions requested: N/A - not applicable

Revisions Received:
Date of receipt of correct and complete lab report:

11-Aug-08

X

X

X

N/A

X

X

X

X

X

X

X

X

X

Required Action if False

X

X

X
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R0901192 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E. Ney Date: 7 July 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles review completeness

X  requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method N/A
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant N/A Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and N/A
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

3/16/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: RO901263 CoC No:
Completed by: E. Ney Date: 6 Jul 2009

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times X

Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks? N/A
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples N/A samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? X revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

30/3/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: RO901263 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E. Ney Date: 6 Jul 2009

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method N/A
blanks?

Surrogate recoveries meet QC acceptance criteria?
X  PMW-6(surrogate toluene-d8) %Rec = 84 limits 

88-124, Matrix interference suspect

Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples N/A samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present N/A Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? X revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits X Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

30/3/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: RO901288 CoC No:
Completed by: E. Ney Date: 7 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times X

Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method
blanks? N/A
Laboratory control samples, duplicates, and spikes meet QC
acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples X samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present X Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible Field Dup RPD's for Ethane,Ethene, 
sampling or analysis method and Methane are > 20%

Field replicates have RPD < or = 20%? X revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits X Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

31/3/09
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: RO901288 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E. Ney Date: 7 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks? N/A
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant Ignore results if not site or relevent
samples X samples
MS/MSD pre-spike concentration, amount added. %R and
RPD present X Lab to complete or correct lab report. </= 20%

MS/MSD meet QC acceptance criteria?

X

MS/MSD= 66/59 (%Rec limits 70-130) 
not met for VC; MSD = 68 (%Rec 

limits 70-130) not met for cis-DCE.

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? X revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report N/A Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

3/31/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R0901391 CoC No:
Completed by: E. Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling Samples R0901391-001-010 were 48 hrs 

procedure in transit; 011-019 24 hrs in transit
Holding Times

Samples were extracted/digested (if applicable) and analyzed within 
holding times

X
ML7-7 Acetylene reanalyzed 17 days from 
collection to obtain lowest possible detection 
limits.

Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method N/A
blanks?
Laboratory control samples, duplicates, and spikes meet QC X
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant X Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and X
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits X Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

4/3/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R0901391 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E. Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling Samples R0901391-001-010 were 48 hrs 

procedure in transit; 011-019 24 hrs in transit
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method
blanks? N/A
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant X Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and X
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? X

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

4/3/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R0901473 CoC No:
Completed by: E.Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling Cooler temp = 5 degrees C
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times X

Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method N/A
blanks?
Laboratory control samples, duplicates, and spikes meet QC X
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant X Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and X
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits X Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

2 Apr 09
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R0901473 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E.Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure Cooler temp at 5 degrees C
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method N/A
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant X Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and X
RPD present Lab to complete or correct lab report.

MS/MSD meet QC acceptance criteria?
X

PCE MS/MSD = 120,122                        
(% Rec limit = 80-120) RPD = 2

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

2 Apr 09
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R0901566 CoC No:
Completed by: E.Ney Date: 8 July09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times X

Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method N/A
blanks?
Laboratory control samples, duplicates, and spikes meet QC X
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant N/A Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and N/A
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

14 Apr 09
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R0901566 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E.Ney Date: 8 July09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness Receipt log indicates 3rd vial

 requirement  of TB with Air Bubbles
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method N/A
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant N/A Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and N/A
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? X procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits X Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

14 Apr 09
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST - GENERIC Lab Report No: R0901587 CoC No:
Completed by: E. Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were extracted/digested (if applicable) and analyzed within 
holding times X

Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples X Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable analytes found in method N/A
blanks?
Laboratory control samples, duplicates, and spikes meet QC X
acceptance criteria?
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant N/A Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and N/A
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? N/A procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

4/14/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: R0901587 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E. Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits
QLs do not exceed SAP Table B-2, except for diluted samples Lab to complete or correct lab report

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method N/A
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant N/A Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and N/A
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? N/A revision(s)
review/revise handling 

Trip blanks are ND? X procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits N/A Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

4/14/2009
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GeoSyntec Consultants

DATA VALIDATION CHECKLIST Lab Report No: H9C19110 CoC No:
FOR VOC DATA (EPA METHOD 8260) Completed by: E. Ney Date: 8 Jul 09

Item True False
Data Action

Qualification Corrective Action Taken
Chain of Custody 

review/revise handling 
Cooler temperature < 6ºC X procedure 
Samples arrived intact and without air bubbles X review completeness

 requirement 
Signature(s) and name(s) of recipient for lab provided X Lab to complete or correct CoC
Date & time of receipt by lab provided X Lab to complete or correct CoC
Samples arrived within 24 hours of shipment X review/revise handling 

procedure 
Holding Times
Samples were analyzed within 14 days of collection X
Quantitation Limits

QLs do not exceed SAP Table B-2, except for diluted samples
X

Lab to complete or correct lab report
Lab reports elevated reporting limits 
due to difficult sample matrix.

QA/QC Officer review/revise analytical method
QLs adjusted for dilutions X Lab to complete or correct lab report
Dilutions specified X Lab to complete or correct lab report
Lab QA/QC Information
Method blanks are non-detect? X
At least 1 method blank was analyzed per sample set? X Lab to complete or correct lab report.

If still false, QA/QC Officer to review with lab.
Samples do not contain detectable VOCs found in method N/A
blanks?
Surrogate recoveries meet QC acceptance criteria? X
Field QA/QC Information
Samples collected as per protocols in SAP? X QA/QC Officer to review/revise sampling protocols
Samples collected as per frequency criteria in SAP? X QA/QC Officer to review/revise sampling protocols
MS/MSD data presented are for site or project relevant N/A Ignore results if not site or relevent
samples samples
MS/MSD pre-spike concentration, amount added. %R and N/A
RPD present Lab to complete or correct lab report.
MS/MSD meet QC acceptance criteria? N/A

review for possible
sampling or analysis method 

Field replicates have RPD < or = 20%? X revision(s)
review/revise handling 

Trip blanks are ND? X procedures if necessary
review/revise cleaning

Equipment blanks are ND? N/A procedures if necessary
Case Narrative
Completely addresses any lab QC results outside QC limits X Lab to complete or correct lab report
Other
Data qualifiers used in lab report are explained in lab report X Lab to complete or correct lab report
Electronic data match the lab report X Resolve which is incorrect and correct

Notes:

Chronology of Lab Report Revisions QL - quantitation limit (or reporting limit)

Date of first lab report: MS/MSD - matrix spike/matrix spike duplicate

Revisions - Date and nature of revisions requested: CoC - chain-of-custody

RPD - relative percent difference

Revisions Received: %R - percent recovery

Revisions - Date and nature of revisions requested:

Revisions Received:
Date of receipt of correct and complete lab report:

Required Action if False

3/31/2009

sampling methods reviewed; no issued 
found
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1.  Introduction 

The field investigation of the Former MWR Dry Cleaning Facility, Site SWMU-45, Marine Corp 
Recruit Depot (MCRD), Parris Island, South Carolina under the Environmental Security 
Technology Certification Program (ESTCP) project ER-0705, Assessment of the Natural 

Attenuation of NAPL Source Zones and Post-Treatment NAPL Source Zones, was performed 
October 16 through October 26, 2008.  Figure 1 provides a site map that identifies the specific 
area of interest for this field investigation. 
 
Consistent with the objectives set forth under the ER-0705 Demonstration Plan, the field 
investigation at this site included the following:  

 
- Verification of the site geological/hydro-geological conceptual model; 
- Collection of data necessary to determine groundwater concentrations, dissolved phase 

contaminant flux, and biodegradation activity; 
- Collection of data necessary to determine soil gas concentrations above the source zone 

and the vapor phase contaminant flux; and, 
- Collection of soil and groundwater samples for assessment of biodegraders 

 
 

2.  Field Investigation 
 
In accordance with the approved generic demonstration plan for this project, field investigations 
were performed to complete the objectives mentioned above.  Tables 1 and 2 outline the types of 
sampling/testing performed, the locations for which are shown in Figure 2.  Site activities are as 
follows:  
 
 2.1  Verification of the site hydro-geological conceptual model: 

 
a. Basic Geologic Profile:  Continuous soil cores were collected for geologic 

evaluation. Using the Geoprobe Macro Core sampler, soil cores were collected to 
a total depth of 18 ft bgs at the two locations shown in Figure 2.  A basic geologic 
profile can be found in Table 3. 
 

b. Depth-to-water:  Depth-to-water (DTW) was measured in select permanent 
monitoring wells to determine groundwater elevation, flow direction, and 
hydraulic gradient.  Table 4 contains DTW data for selected sampling locations.  
Based on data collected, the dominant groundwater flow direction is to the 
southeast with a gradient of 0.006.  A groundwater elevation map can be found in 
Figure 3.  

 
c. Hydraulic Conductivity Testing – Slug Tests:  Slug tests were performed in select 

permanent monitoring wells to provide general information on the hydraulic 
characteristics of the formation.  Slug tests were performed as described in the 
non-site-specific version of the demonstration plan and were analyzed using both 
the Hvorslev and Bouwer and Rice methods.  Results for slug testing are shown in 
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Table 5.  Slug testing in additional wells will be performed during future field 
investigations. 

 
d. Hydraulic Conductivity Testing – Aquifer Specific-Capacity Tests:   

Depth-discrete, aquifer specific-capacity tests were conducted at direct push 
locations ASU-1 through ASU-10 (see Figure 2).  Data from depth-discrete 
aquifer-specific capacity testing provides additional detailed information on 
hydraulic characteristics at the site and is also used in mass flux calculations.  
Aquifer specific-capacity tests involve the measurement of the flowrate achieved 
under a fixed drawdown, and hydraulic conductivity is estimated using the Theim 
equation.  Aquifer specific-capacity tests are described in further detail in the non-
site-specific version of the Demonstration Plan.  Results for aquifer specific-
capacity testing are shown in Table 6. 
 

2.2 Collection and analysis of groundwater samples and collection of data necessary to 
determine groundwater concentrations, dissolved phase contaminant flux, and 
biodegradation activity: 

 
a. Depth-Discrete Groundwater Sampling:  Depth-discrete groundwater sampling 

was performed at direct push locations ASU-1 through ASU-10 shown in 
Figure 2.  Groundwater samples were collected using a Geoprobe Screenpoint 
Sampler and a peristaltic pump.  Groundwater samples were collected and 
preserved as outlined in the non-site-specific Demonstration Plan.   

 
b. Depth Discrete Groundwater Sample Analysis:  At the time of groundwater 

sample collection, field water quality parameters including pH, electrical 
conductivity (EC), temperature (T), dissolved oxygen (DO), and oxidation 
reduction potential (ORP) were measured.  Field water quality data is shown in 
Table 7. 

 
General water chemistry analyses including anions (Cl-, NO3

2-, SO4
2-), cations 

(Fe2+, Mn2+) dissolved organic carbon (DOC), chemical oxygen demand (COD), 
and alkalinity were performed as possible on all direct push samples collected.   
General water chemistry analyses were performed as outlined in the non-site-
specific Demonstration Plan.  General water chemistry data can be found in 
Tables 8, 9, and 10. 
 
Chlorinated aliphatic hydrocarbon (CAH) analyses were performed on-site by 
heated-headspace analysis and gas chromatography (GC) using a dry electrolytic 
conductivity detector (DELCD) and a flame-ionization detector (FID), the details 
for which are provided in the non-site-specific demonstration plan.  Data for CAH 
analyses can be found in Table 11.   
 

c. Permanent Monitoring Well Groundwater Sampling and Analysis:  To aid in the 
delineation of source zone extent, groundwater samples were also collected from 
a select package of permanent, single completion and multi-level monitoring 
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wells for CAH analysis.  Monitoring wells sampled are shown in Table 12.  
Chlorinated aliphatic hydrocarbon analyses were performed on site as described 
above.  Analytical results for monitoring well CAH analyses are shown in 
Table 12.    

 
d. Volatile Fatty Acid Analysis: To determine if oil breakdown products continue to 

be available to contribute to DNAPL degradation, a subset of seven samples were 
collected from permanent, single completion and multi-level monitoring wells 
directly down-gradient of the zero-valent iron (ZVI) injections performed by 
Geosyntec under ESTCP Project ER-0431.  Sample locations included PMW1 
and multilevel wells ML4-7.5, ML4-12.5, ML4-17.5, ML6-7.5, ML6-12.5, and 
ML6-17.5.  Samples were collected in 40ml VOA bottles, preserved with 
benzalkonium chloride, and were shipped via Fedex overnight to Microseeps, 
Inc., Pittsburgh, PA for analysis.  Holding time for the samples was specified at 
14 days.  However, although samples were submitted immediately after 
collection, holding times were exceeded at the lab by over two weeks due to the 
lab’s inability to analyze the samples as a result of instrument malfunction.  As 
such, the sampling team chose to have only three of the samples analyzed.  
Results for volatile fatty acid analyses can be found in Table 13. 

 
e. Dehalococcoides Analysis:  Water Samples were collected to evaluate 

dehalococcoides biodegrader populations.  One liter (1L) samples were collected 
at the 10 depth-discrete, direct push locations shown in Table 1.  Samples were 
extracted using a Mobio Water DNA Extraction Kit and amplified using nested 
PCR (polymerase chain reaction).  However, using conventional methods for 
extraction and amplification of DNA, results for the current sample set are 
inconclusive.  There appear to be PCR inhibitors in the extracted samples, as 
general bacterial PCR was inhibited in all samples.  This has been verified by 
spiking extracted samples with amplifiable DNA and retesting for amplification:  
No samples displayed positive results.  Methods are currently being tested to 
purify the samples and allow for dehalococcoides detection to take place.  When 
the samples have been analyzed, there will be a supplemental report submitted. 
 

2.3 Collection of data necessary to determine soil gas concentrations above the source zone 
and the vapor phase contaminant flux  

 
a. Soil Gas Sampling and Analysis:  Soil gas samples were collected from temporary 

soil gas sampling installations within the source zone area, the locations for which 
are shown in Figure 2.  Using a Geoprobe slide hammer, a 1-inch drive rod, and 
disposable stainless steel drive tips, 6” Geoprobe soil gas sampling implants were 
installed at 1.5 ft below ground surface, a depth estimated to be 1 ft short of the 
water table.  Soil gas sampling implants were installed with a sand-pack and 
bentonite seal to facilitate soil gas sampling and diffusion tests.  Vapor samples 
were collected in tedlar bags using a lung sampler and were analyzed on-site at 
the time of collection by gas chromatography (GC) using a dry electrolytic 
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conductivity detector (DELCD) and a flame-ionization detector (FID).  Soil 
sampling results can be found in Table 14. 

 
Note that soil gas sampling location Vapor 2 was saturated at its’ installation 
depth of 1.5 ft below ground surface.  No soil gas sampling or diffusion testing 
was performed at this location. 
 

b. Soil Diffusion Testing:  In situ diffusion tests were performed at all soil gas 
sampling locations except gas sampling location Vapor 2.  After installation of the 
sampling point and collection of a soil gas sample, 1 L of a mix of up to 10% 
helium in soil gas was injected into the sample interval.  After waiting a 
predetemined amount of time, 1 L of soil gas was withdrawn for helium analysis.  
Diffusion test data is used in conjunction with soil gas concentration data to 
estimate mass losses of contaminant in the vapor phase.  Results for diffusion 
testing can be found in Table 15. 

 
To facilitate contaminant mass flux calculations (vapor or dissolved phase), concentration 
contour plotting, and references to the total mass of contaminant at the site, PCE equivalence 
was used.  Use of PCE equivalence allows the total mass of contaminant to be expressed as the 
concentration equivalent of a single compound.  For MCRD Parris Island reporting, CAH 
constituency was converted to PCE equivalents using an adjustment factor based on the molar 
equivalence of each compound.  Adjustment factors are shown as a secondary table under 
Table 16.  Details concerning the use of PCE equivalents and calculation of adjustment factors 
will be defined at a later date in a document to ESTCP. 
 
Figure 5 shows a vertical chemical concentration (PCE equivalents) contour plot along transect 
A-A’ (see Figure 2) using dissolved CAH concentration data from direct push locations ASU3 
through ASU8.  Transect A-A’ is drawn roughly perpendicular to the dominant groundwater 
flow direction and data from the sampling locations are projected.  
 
Using the CAH groundwater concentration data, depth-discrete hydraulic conductivity estimates 
(see Table 6), and the calculated gradient of 0.006 ft/ft, a mass flux calculation was performed 
using the Mass Flux Toolkit, Version 1.0.  The Mass Flux Toolkit is a freeware program 
developed by Groundwater Services, Inc. and others under a contract funded by ESTCP.  
Figure 6 is a snapshot of the VOC inputs used to perform the mass flux analysis.  Linear spatial 
and vertical interpolation of the concentration, hydraulic conductivity, hydraulic gradient, and 
mass flux data were used for the analysis.  Figures 7 and 8 show the interpolated concentration 
grid and the interpolated hydraulic conductivity grid, respectively.  Finally, Figure 9 shows the 
mass flux result for chlorinated aliphatic hydrocarbons as PCE equivalents.  The mass flux of 
chlorinated aliphatic hydrocarbons is estimated to be 3.36 kg/yr as PCE. 
 
Using CAH vapor concentration data, contaminant diffusion coefficient estimates, and an 
estimated area of impact (50 sqft per sample location), mass flux on contaminant in the vapor 
phase was calculated.  Vapor flux estimates for each well, and adjustment factors are located in 
Table 16.  The vapor flux was estimated to be 0.68 kg/yr as PCE.  
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Of interest during the purging of multi-level monitoring well ML6-9 (9 ft bgs) was that a light, 
non-aqueous phase liquid (LNAPL) with a petroleum hydrocarbon odor was produced.  Analysis 
of the relative mass of product with respect to carbon range was evaluated using gas 
chromatography (direct injection technique).   A table showing the relative mass of product 
within in each carbon range and a chromatogram for the NAPL direct injection are shown in 
Table 17.  No quantification, speciation, or further analysis was performed on the product 
collected.  

 
 
3.  References 
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Table 1 
Depth-Discrete, Direct Push Sampling Locations and Analyses  

Lo
ca

tio
n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Dhc Ethene 

/Ethane 

ASU1 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- --- 
17 X X X X --- X --- X --- X 

ASU2 

5 X --- --- X --- --- X X --- X 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X --- X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU3 

5 X --- --- X --- --- X X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU4 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU5 

5 --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- X X --- --- X --- X 

ASU6 

5 X --- X X X X X X --- X 
8 X X X X X X X X -- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU7 

5 X --- --- --- --- --- --- X --- X 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU8 

5 X --- --- --- --- --- --- X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X X X X --- X X X --- X 

ASU9 

5 --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X X 
11 X X X X X --- --- X X X 
14 X X X X X X X X X X 
17 X X X X X X X X X X 

ASU10 

5 X --- --- --- --- --- --- X --- X 
8 X X X X X X X X X X 
11 X X X X X X X X X X 
14 X X X X X X X X X X 
17 X --- X X X X X X --- X 

a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 2 
Monitoring Well Sampling Locations and Tests Performed 

Well 
Depth 

(ft bgs) DTW CAH 

Volatile 

Fatty 

Acid
1
 

 Well 
Depth 

(interval) DTW CAH 

Volatile 

Fatty 

Acid 

ML3 

4  X   
MW01 

SL X   
6.5  X   SU X   
9  X   MW02 SL  X  

11.5  X   MW03 SU  X  
14  X   

MW05 
SL X   

16.5  X   SU X   
19  X   

MW06 
SL X X  

ML4 

4  X   SU X X  
6.5  X X  

MW07 
SL X X  

9  X   SU X X  
11.5  X X**  

MW08 
SL X   

14  X   SU X   
16.5  X X  

MW10 
SL X   

19  X   SU X   

ML5 

4  X   
MW13 

SL X   
6.5  X   SU X   

11.5  X   
MW14 

SL X   
14  X   SU X   

16.5  X   
MW15 

SL X   
19  X   SU X   

ML6 

4  X   
MW16 

SL X   
6.5  X X**  SU X   
9  X   

MW21 
SL X X  

11.5  X X**  SU X X  
14  X   

MW22 
SL X   

16.5  X X  SU X   
19  X   

MW23 
SL X   

ML7 

3.5  X   SU X   
6.5  X   MW24  X   
8.5  X   PMW1   X X 
11  X        

13.5  X        
16  X        

18.5  X        
1)  Samples for volatile fatty acid analysis were collected at the locations shown.  Samples were immediately submitted, but 
exceeded the 14 day holding time at the lab due to the lab’s inability analyze the samples in time as a result of instrument 
malfunction. As such, only the samples identified with ** were analyzed. 

 



 

Data Analysis Report  T3 

Parris Island SWMU-45 Evt. 1       

Table 3 
Geologic Description of Parris Island Soil Core ASU9 

Depth 

 (ft bgs) Description 

0 – 2 Very fine sand with trace silt/clay, and substantial organic matter 
2 – 3 Fine sand with silt/clay, trace gravel 
3 – 4 Clay with abundant fine sand 
4 – 5 Fine sand with some silt/clay 
5 – 6 Clayey/silty fine sand 
6 – 8 Clay/silt with some fine sand 
8 - 10 Clay with trace fine sand 

10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand 
13 – 16 Fine sand with trace silt/clay 
16 - 17 Clay 
17 – 18 Peat 
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Table 4 
Depth-to Water Measurements and Calculated Groundwater  

Elevations for Permanent Monitoring Wells 

Location 
Depth 

(interval) 
Elev TOC 

(ft amsl) 
DTW 

(m btoc) 
DTW 

(ft btoc) 

Groundwater 

Elevation 

(m amsl) 

Groundwater 

Elevation 

(ft amsl) 

MW01 SL 7.57 0.361 1.185 1.946 6.385 
SU 7.60 0.177 0.582 2.139 7.018 

MW05 SL 8.26 1.021 3.351 1.496 4.909 
SU 8.60 1.124 3.689 1.497 4.911 

MW06 SL 7.57 0.591 1.939 1.716 5.631 
SU Unknown 0.878 2.882 Unknown Unknown 

MW07 SL Unknown 0.588 1.928 Unknown Unknown 

SU Unknown 0.493 1.617 Unknown Unknown 

MW08 SL 7.53 0.488 1.601 1.807 5.929 
SU Unknown 0.483 1.584 Unknown Unknown 

MW10 SL 5.89 0.413 1.356 1.382 4.534 
SU 5.92 0.432 1.416 1.373 4.504 

MW13 SL 6.41 0.669 2.196 1.284 4.214 
SU 6.27 0.668 2.192 1.243 4.078 

MW14 SL 5.89 0.520 1.705 1.276 4.185 
SU 5.96 0.567 1.860 1.250 4.100 

MW15 SL 8.15 1.134 3.720 1.350 4.430 
SU 8.34 1.200 3.937 1.342 4.403 

MW16 SL Unknown 1.582 5.189 Unknown Unknown 

SU 9.25 1.596 5.236 1.223 4.014 

MW21 SL 6.39 0.400 1.313 1.547 5.077 
SU 6.43 0.434 1.423 1.526 5.007 

MW22 SL 6.56 0.378 1.241 1.621 5.319 
SU 6.61 0.426 1.398 1.589 5.212 

MW23 SL 6.39 0.694 2.276 1.254 4.114 
SU 6.50 0.713 2.338 1.269 4.162 

MW24  6.63 0.496 1.626 1.525 5.004 

DTW – Depth to water 
toc – Top of casing 
btoc – Below top of casing 
bgs – Below ground surface 
amsl – Above mean sea level 
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Table 5 
Slug Test Data 

 
  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW007-SU 12.13 4.28E-03 30.81 1.09E-02 
MW007-SL 28.45 1.00E-02 81.26 2.87E-02 
MW008-SU 9.69 3.42E-03 27.93 9.85E-03 
MW008-SL 39 1.38E-02 89.36 3.15E-02 
MW022-SU 1.88 6.63E-04 8.27 2.92E-03 
MW022-SL 16.76 5.91E-03 42.56 1.50E-02 
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Table 6 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing 

Location 

Depth 
(ft bgs) 

K 
(ft/d) 

K 

(cm/sec)   Location 

Depth 
(ft bgs) 

K 

(ft/d) 
K 

(cm/sec) 

ASU1 

5 1.5E-01 5.3E-05   

ASU6 

5 8.9E-01 3.1E-04 
8 2.5E-01 8.9E-05   8 1.4E+00 4.8E-04 

11 3.7E+00 1.3E-03   11 1.1E+01 4.0E-03 
14 1.2E-01 4.1E-05   14 2.8E-01 9.8E-05 
17 8.1E-01 2.9E-04   17 5.4E-02 1.9E-05 

ASU2 

5 1.2E-01 4.2E-05   

ASU7 

5 1.1E-01 3.8E-05 
8 2.1E-01 7.3E-05   8 5.9E-01 2.1E-04 

11 6.3E-01 2.2E-04   11 1.2E+01 4.1E-03 
14 1.1E-01 3.7E-05   14 2.1E+00 7.5E-04 
17 7.0E-02 2.5E-05   17 6.5E-02 2.3E-05 

ASU3 

5 3.3E-01 1.1E-04   

ASU8 

5 2.6E-02 9.1E-06 
8 1.2E+00 4.1E-04   8 5.0E-01 1.7E-04 

11 1.3E+00 4.5E-04   11 6.8E-01 2.4E-04 
14 5.0E-01 1.8E-04   14 2.2E-01 7.6E-05 
17 7.4E-02 2.6E-05   17 1.1E-01 4.0E-05 

ASU4 

5 2.5E-01 8.7E-05   

ASU9 

5 --- --- 
8 1.2E+00 4.1E-04   8 5.7E-01 2.0E-04 

11 2.9E-01 1.0E-04   11 4.4E+00 1.6E-03 
14 3.1E-01 1.1E-04   14 2.7E-01 9.5E-05 
17 4.3E-02 1.5E-05   17 1.3E-01 4.6E-05 

ASU5 

5 --- ---   

ASU10 

5 5.1E-02 1.8E-05 
8 4.8E-01 1.7E-04   8 5.3E-01 1.9E-04 

11 6.0E+00 2.1E-03   11 1.1E+01 3.8E-03 

14 2.3E-01 8.2E-05   14 3.3E-01 1.2E-04 
17 2.5E-02 8.8E-06   17 8.3E-02 2.9E-05 

---  – No water available for analysis 
  
 
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 7 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU1 

5.0 --- --- --- --- --- 
8.0 5.8 318 25.5 1.2 23.2 

11.0 6.0 335 26.5 <1 -1.7 
14.0 6.5 715 25.4 --- -9.3 
17.0 6.8 1101 25.4 <1 -89.8 

ASU2 

5.0 --- --- --- --- --- 
8.0 6.1 353 27.5 Unk 53.3 

11.0 6.2 391 27.3 1.2 -0.7 
14.0 --- --- --- --- --- 
17.0 --- --- --- --- --- 

ASU3 

5.0 --- --- --- --- --- 
8.0 5.4 536 24.9 <1 31.3 

11.0 6.2 315 26.0 <1 -2.6 
14.0 6.0 1151 26.2 1.7 66.0 
17.0 --- --- --- --- --- 

ASU4 

5.0 --- --- --- --- --- 
8.0 5.4 524 25.1 <1 29.5 

11.0 6.1 426 24.8 <1 -420.0 
14.0 6.3 708 25.4 <1 -70.3 
17.0 --- --- --- --- --- 

ASU5 

5.0 --- --- --- --- --- 
8.0 6.1 700 25.5 <1 -64.5 

11.0 6.3 439 25.9 <1 -68.0 
14.0 6.2 552 25.6 <1 -10.7 
17.0 --- --- --- --- --- 

ASU6 

5.0 --- --- --- --- --- 
8.0 6.1 570 22.2 <1 -35.9 

11.0 5.8 407 22.5 <1 3.4 
14.0 6.0 481 21.2 <1 21.8 
17.0 --- --- --- --- --- 

ASU7 

5.0 --- --- --- --- --- 
8.0 6.3 559 24.2 <1 -47.6 

11.0 5.8 386 24.4 <1 -3.5 
14.0 5.9 610 23.8 <1 19.4 
17.0 --- --- --- --- --- 

ASU8 

5.0 --- --- --- --- --- 
8.0 5.5 571 22.5 <1 78.1 

11.0 5.7 553 23.5 <1 -16.9 
14.0 5.9 1830 23.2 <1 37.5 
17.0 6.0 6167 2172.0 1.2 21.0 

ASU9 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 6.0 371 24.7 <1 -0.7 
14.0 6.0 740 24.5 <1 -29.3 
17.0 6.1 694 24.2 <1 15.0 

ASU10 

5.0 --- --- --- --- --- 
8.0 6.3 1501 21.8 <1 -99.5 

11.0 5.6 447 22.4 <1 -41.2 
14.0 5.7 780 21.2 <1 23.8 
17.0 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 8 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
1 

5 --- --- --- --- ---  
A
S
U
6 

5 141 2 5 74 ND 
8 11 <1 38 5 ND  8 77 1 17 29 ND 

11 15 <1 26 4 ND  11 42 <1 23 6 ND 
14 112 <1 23 4 ND  14 56 2 31 4 ND 
17 200 <1 <1 7 ND  17 133 <1 5 3 ND 

A
S
U
2 

5 --- --- --- 13 ND  
A
S
U
7 

5 --- --- --- --- --- 
8 16 <1 38 3 ND  8 29 <1 41 10 ND 

11 25 1 20 3 ND  11 25 <1 33 7 ND 
14 74 <1 22 5 ND  14 84 1 37 5 ND 
17 127 <1 1 7 ND  17 609 <1 19 10 ND 

A
S
U
3 

5 --- --- --- 60 ND  
A
S
U
8 

5 --- --- --- --- --- 
8 79 <1 65 7 ND  8 61 1 90 2 ND 

11 13 <1 28 5 ND  11 57 <1 84 11 ND 
14 131 <1 448 82 1  14 425 <1 83 2 ND 
17 249 1 183 32 1  17 2184 <1 15 14 ND 

A
S
U
4 

5 --- --- --- --- ---  
A
S
U
9 

5 --- --- --- --- --- 
8 39 <1 146 24 ND  8 217 2 5 77 ND 

11 23 <1 51 13 ND  11 19 <1 36 4 ND 
14 72 <1 129 13 ND  14 72 <1 10 42 14 
17 149 <1 9 2 ND  17 119 1 <1 4 ND 

A
S
U
5 

5 --- --- --- --- ---  
A
S
U
10 

5 --- --- --- --- --- 
8 113 1 29 20 ND  8 305 1 1 108 ND 

11 31 <1 14 4 ND  11 56 <1 <1 6 ND 
14 80 <1 22 3 ND  14 167 <1 11 9 ND 
17 80 <1 21 3 ND  17 133 <1 20 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
<1   – Indicates analyte was detected, but was below practical quantitation limit of 1 mg/L 
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Table 9 

DOC/COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

DOC COD  DOC COD 

ASU1 

5 --- ---  

ASU6 

5 50 201 
8 23 58  8 43 113 
11 14 77  11 25 79 
14 5 32  14 13 71 
17 --- 18  17 7 141 

ASU2 

5 18 ---  

ASU7 

5 --- --- 
8 11 493  8 33 117 
11 6 3  11 27 75 
14 5 25  14 19 42 
17 5 15  17 6 84 

ASU3 

5 32 ---  

ASU8 

5 --- --- 
8 11 39  8 43 121 
11 5 11  11 17 67 
14 4 41  14 21 53 
17 6 29  17 11 195 

ASU4 

5 --- ---  

ASU9 

5 --- --- 
8 14 44  8 45 513 
11 6 35  11 --- --- 
14 6 29  14 150 645 
17 11 42  17 51 241 

ASU5 

5 --- ---  

ASU10 

5 --- --- 
8 31 123  8 110 458 
11 17 44  11 14 225 
14 6 23  14 71 263 
17 --- ---  17 7 43 

---  – No water available for analysis 
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Table 10 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples 

Location 
Depth 

(ft bgs) 
Alkalinity 

(mg/L as CaCO3) 
 

Location 
Depth 

(ft bgs) 
Alkalinity 

(mg/L as CaCO3)  

ASU1 

5 ---  

ASU6 

5 200 
8 100  8 160 
11 120  11 120 
14 180  14 120 
17 ---  17 100 

ASU2 

5 ---  

ASU7 

5 --- 
8 ---  8 --- 
11 120  11 140 
14 160  14 100 
17 200  17 80 

ASU3 

5 ---  

ASU8 

5 --- 
8 80  8 100 
11 120  11 100 
14 80  14 140 
17 200  17 --- 

ASU4 

5 ---  

ASU9 

5 --- 
8 40  8 260 
11 100  11 120 
14 ---  14 240 
17 100  17 160 

ASU5 

5 ---  

ASU10 

5 --- 
8 80  8 200 
11 140  11 140 
14 120  14 120 
17 ---  17 120 

---   No water available for analysis 
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Table 11 
CAH, Ethene, and Ethane Concentration Data for Depth-Discrete Groundwater Samples 

L
o
c
a

ti
o

n
 

Depth 

(ft bgs) 

CAH Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalence1 

ASU1 

5 1 ND ND ND 22 6 47 --- --- 96 

8 ND ND ND ND 3 ND 3 ND ND 8 

11 ND ND ND ND 3 1 8 ND ND 14 

14 1 ND ND ND 4 1 11 --- --- 21 

17 ND ND ND ND 1 ND 2 ND ND 3 

ASU2 

5 ND ND ND ND ND ND 2 ND ND 2 

8 ND ND ND ND ND ND ND ND ND ND 

11 ND ND ND ND ND ND 1 ND ND 1 

14 ND ND ND ND ND ND 3 6 ND 37 

17 ND ND ND ND ND ND ND ND ND ND 

ASU3 

5 550 24 96 ND 6300 470 190 3 ND 13000 

8 180 5 35 ND 1600 390 530 <1 ND 4300 

11 7 ND ND ND 24 1 7 ND ND 67 

14 2 ND 1 ND 39 9 1 ND ND 85 

17 7 ND 1 ND 4 1 6 ND ND 35 

ASU4 

5 210 8 60 ND 2900 1100 790 --- --- 7800 

8 300 7 62 ND 3200 4800 7300 ND ND 20000 

11 190 6 42 ND 1700 1100 3500 1 ND 8400 

14 14 3 9 ND 830 180 49 ND ND 1700 

17 7 ND ND ND 7 10 18 ND ND 59 

ASU5 

5 --- --- --- --- --- --- --- --- --- --- 
8 4700 9 180 5 4900 54 33 580 ND 25000 

11 1700 1 59 ND 860 4 13 77 ND 6600 

14 98 4 29 ND 330 2500 83 1 ND 4100 

17 13 ND ND ND 14 19 3 ND ND 86 

ASU6 

5 3400 3 98 1 1300 3 1 180 ND 13000 

8 3400 31 450 ND 15000 3300 800 310 7 42000 

11 190 47 350 4 16000 10300 16000 15 3 58000 

14 1400 21 17 3 2800 15000 7300 7 ND 35000 

17 310 3 2 ND 610 920 660 ND ND 3700 

ASU7 

5 2 ND ND ND 21 1 11 ND ND 56 

8 350 30 80 ND 3200 5000 1800 2 ND 15000 

11 12 2 8 ND 280 1200 42 ND ND 2100 

14  1 ND ND 11 654 5 ND ND 850 

17 1 1 ND ND 7 93 27 ND ND 160 

ASU8 

5 29 4 3 ND 180 110 110 ND ND 650 

8 2 3 4 ND 310 1600 1200 ND ND 3800 

11 ND ND ND ND 24 99 40 ND ND 200 

14 ND ND ND ND 1 4 11 ND ND 17 

17 ND ND ND ND 1 2 7 ND ND 11 

ASU9 

5 --- --- --- --- --- --- --- --- --- --- 
8 18000 200 2100 ND 96000 26000 66000 1700 87 32000 

11 270 4 48 ND 1300 2100 2800 7 ND 8500 

14 340 42 48 ND 19000 1500 32000 250 320 70000 

17 4 1 1 ND 370 31 280 12 21 1200 

ASU10 

1 4700 24 72 ND 16000 2 5 ND ND 41000 

5 15000 18 750 8 29000 ND 190 3000 ND 110000 

8 23000 25 19000 14 25000 ND 22 4000 66 130000 

11 48000 24 57 ND 14000 7 67 1000 440 46000 

14 4500 100 290 7 5700 2200 8600 530 250 38000 

17 180 8 3 4 310 514 2200 4 ND 4000 
1)      PCE equivalence based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 

at a later date. 
NW   - No water available for analysis 
ND    - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
---     - Not enough water available for analysis 
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Table 12 
CAH Concentration Data for Permanent Monitoring Wells 

Well 
Depth 
(ft bgs) 

CAH Concentration (μg/L) 
VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

ML3 

4 740 3 19 11 380 14 13 
6.5 15 ND 3 3 1 1 2 
9 78 ND 26 12 12 ND ND 

11.5 65 ND 6 ND 9 4 3 
14 5 ND ND ND 2 ND ND 

16.5 18 ND ND ND 5 ND ND 
19 820 ND 27 ND 810 470 600 

ML4 

4 6500 7 140 13 9400 4 5 
6.5 725 ND 62 240 260 ND 2 
9 12000 8 460 15 9100 ND ND 

11.5 690 3 250 7 630 ND 4 
14 1500 8 59 18 460 70 ND 

16.5 1900 ND 51 11 440 4 5 
19 73 ND 5 1 11 ND ND 

ML5 

4 5200 ND 280 230 790 ND 98 
6.5 12000 ND 57 77 51 ND ND 

11.5 5000 180 690 ND 11000 ND ND 
14 11000 130 440 ND 8900 26 46 

16.5 4900 ND 22 5 81 1 8 
19 8100 200 270 ND 3600 1570 3700 

ML6 

4 9100 9 120 43 5000 5 7 
6.5 4500 ND 380 250 870 4 ND 
9 40000 ND 1100 33 5000 ND ND 

11.5 13000 11000 220 24 2700 ND ND 
14 13000 93 200 ND 4300 30 ND 

16.5 33000 67 60 ND 270 120 ND 
19 24000 33 95 8 9700 541 2600 

ML7 

3.5 930 ND 11 2 150 6 5 
6.5 11000 ND 210 130 520 27 19 
8.5 12000 28 1200 81 4800 ND ND 
11 23000 24 110 ND 14000 1 ND 

13.5 17000 520 1200 ND 46000 ND ND 
16 8000 ND 230 140 770 180 46 

18.5 810 ND 280 ND 89 ND 6 
MW2 SL (9-14ft) 4 ND ND ND ND 1 3 
MW3 SU (3-7ft) 3 ND ND ND ND 1 5 

MW21 SL (9-14ft) 3 ND 0 ND 14 23 6 
SU (3-7ft) 83 8 49 ND 1800 1500 250 

MW6 SL (9-14ft) 11 4 14 ND 590 56 5 
SU (3-7ft) 46 1 2 ND 82 22 23 

MW7 SU (12ft) 340 20 170 ND 2800 7700 6400 
SL (5ft) 280 21 190 ND 5500 8300 7500 

PMW1   220 ND 11 <1 120 14 9 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
ND – Non-detect; less than detection limit of 1ug/L 
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Table 13 
Fatty Acid Analysis Resultsa 

Fatty Acid 

Well ML4 ML6 

Depth 

(ft bgs) 11.5 6.5 11.5 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 ND 330 57 
N Butyric Acid 0.07 ND 28 3.1 

N Hexanoic Acid 0.1 ND 2.4 ND 
N i-Hexanoic Acid 0.1 ND 0.2 ND 
N i-Pentanoic Acid 0.07 ND 1.3 0.26 

N Lactic Acid and HIBA 0.1 0.25 13 1.4 
N Pentanoic Acid 0.07 ND 25 2.2 
N Propionic Acid 0.07 ND 150 8.7 
N Pyruvic Acid 0.07 ND 15 1.7 

PQL – Practical quantitation limit 
ND   – Non-detect 
a – Samples were immediately submitted, but exceeded holding time at the lab due to inability of lab to analyze the 
samples in time as a result of instrument malfunction. 
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Table 14 

Soil Gas Concentration Data 

Vapor 

Point 

Soil Gas Concentration (μg/L) 
VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

VP1 24 2 25 1 1200 890 10000 
VP2 --- --- --- --- --- --- --- 
VP3 5 ND ND ND 6 1 4 
VP4 9 ND <1 ND 4 <1 <1 
VP5 180 ND ND ND 35 ND 1 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

  
 
 
 
 

Table 15 
Diffusion Coefficients 

Location Test 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 
(cm2/s) 

VP1 1 1.41E-02 2.29E-02 
VP1 2 1.19E-02 1.94E-02 
VP2 1 NS NS 
VP2 2 NS NS 
VP3 1 8.86E-03 1.44E-02 
VP3 2 1.03E-02 1.67E-02 
VP4 1 8.50E-03 1.38E-02 
VP4 2 1.29E-02 2.09E-02 
VP5 1 6.67E-03 1.08E-02 
VP5 2 1.07E-02 1.73E-02 

NS – No sample collected due to submerged sampling screen 
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Table 16  
Vapor Flux Calculation 

Vapor 

Point 

Depth 
(cm) 

PCE Flux 

Equivalence 
(kg/yr) 

Estimated 

Area 
 (ft2) 

VP1 45.72 0.67 50 
VP2 NQ  NQ NQ 
VP3 45.72 0.0012 50 
VP4 45.72 0.0017 50 
VP5 45.72 0.025 50 

NQ – not quantified due to partially submerged sampling screen 
     
Vapor Flux Calculation 

 

Where:  
  – Diffusion coefficient of compound i in air (cm2/s) 
  – Measured effective helium diffusion coefficient (cm2/s) 
  – Diffusion coefficient of helium in air (cm2/s) 
 Cv,i – Concentration of compound i in vapor (μg/L) 
 Z – depth of sample (cm)  
  – Adjustment Factor for measured chemical i in terms of chemical j 
 Ai - Impacted Area (cm2) 
 

Diffusion Coefficients in Air (cm2/s) 

He VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

 6.71E-1 1.06E-01 9.00E-02 7.07E-02 7.42E-02 7.36E-02 7.90E-02 7.20E-02 
 

Adjustment Factors  

  PCE Equivalent (adjustment factor) 

  PCA PCE TCA TCE DCA DCE 

M
ea

su
re

d 

PCA 1.000 0.700 0.564 0.555 0.418 0.409 
PCE 1.428 1.000 0.804 0.792 0.597 0.585 
TCA 1.775 1.243 1.000 0.985 0.742 0.727 
TCE 1.802 1.262 1.015 1.000 0.753 0.738 
DCA 2.392 1.676 1.348 1.328 1.000 0.980 
DCE 2.442 1.711 1.376 1.355 1.021 1.000 

Chloroethane 3.670 2.570 2.068 2.037 1.534 1.503 
VC 3.788 2.653 2.135 2.102 1.583 1.551 

Ethane 7.873 5.515 4.436 4.369 3.291 3.224 
Ethene 8.440 5.912 4.756 4.684 3.528 3.456 

Adjustment factors calculated by ASU.  Calculation will be detailed in a document to ESTCP at a later date.  
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Table 17 
ML6 – 9ftbgs - LNAPL Carbon Range Distribution 

Range Percentage 
Cumulative 

Percentage 

C1-C8 0.00% 0.00% 
C8-C9 0.05% 0.05% 
C9-C10 44.86% 44.92% 
C10+ 55.08% 100.00% 

 
 
 
 

Chromatogram for direct injection of LNAPL from ML6 – 9ftbgs 
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Figure 1 

Site Map - MCRD Parris Island SWMU45 
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Figure 2 
Direct Push Water/Soil Sampling Locations 

 

 
 Source: ER-0341 Demo Plan Final 
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Figure 3 

Groundwater Contour Map 

 
  

 Note: Contour elevations are listed in ft amsl 
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Figure 4 
Vapor Sampling Locations 
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Figure 5 
Groundwater Concentration Vertical Contour Plot 

 

 
 

Transect orientation is from ASU8 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8 

 

PC
E 

 E
qu

iv
 

Distance along Transect (ft) 

D
ep

th
 (f

t) 



 

Data Analysis Report F6 

Parris Island SWMU-45 Evt. 1       

 
Figure 6 

Mass Flux Calculation - Inputs 
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Figure 7 
Mass Flux Calculation - Interpolated Concentration Profile 
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Figure 8 
Mass Flux Calculation - Interpolated Hydraulic Conductivity Profile 
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Figure 9 
Mass Flux Calculation - Results 
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1.  Introduction 

The second field sampling event at the Former MWR Dry Cleaning Facility, Site SWMU-45, 
Marine Corp Recruit Depot (MCRD), Parris Island, South Carolina under the Environmental 
Security Technology Certification Program (ESTCP) project ER-0705, Assessment of the 

Natural Attenuation of NAPL Source Zones and Post-Treatment NAPL Source Zones, was 
performed August 15-22, 2009.  Figures 1and 2 identify the specific area of interest for this field 
investigation. 
 
Consistent with the objectives set forth under the ER-0705 Demonstration Plan, the field 
investigation at this site included the following:  

 
- Verification of the site geological/hydro-geological conceptual model; 
- Collection of data necessary to determine if source zone natural attenuation is occurring 

(i.e., dissolved groundwater concentrations up- and down-gradient of the source zone and 
vapor concentrations above the source zone) 

- Collection of data necessary to determine the rate of source zone natural attenuation (i.e., 
dissolved groundwater concentrations up- and down-gradient of the source zone, vapor 
concentrations above the source zone, hydraulic gradient and hydraulic conductivities, 
effective diffusion coefficients); and, 

- Collection of soil and groundwater samples for assessment of the presence of known 
chorinated hydrocarbon biodegrading organisms. 

 
 

2.  Field Investigation 
 
Field investigations were performed in accordance with the approved ER-0705 Demonstration 
Plan and the site-specific demonstration plan.  Tables 1 and 2 outline the types of 
sampling/testing performed, the locations for which are shown in Figure 2.  These included: 
 
 2.1  Verification of the site hydro-geological conceptual model: 

 
a. Basic Geologic Profile:  A continuous soil core was collected for geologic 

evaluation. Using the Geoprobe Macro Core sampler, soil cores were collected to 
a total depth of 18 ft below ground surface (bgs) at the two locations shown in 
Figure 2.  The basic geologic profile found in Table 3 was prepared based on 
visual observation of these soil cores. 
 

b. Depth-to-water:  Depth-to-water (DTW) was measured in selected permanent 
monitoring wells to determine groundwater elevation, flow direction, and 
hydraulic gradient. Based on data collected and presented in Table 4, the 
groundwater flow direction is to the southeast with a gradient of 0.005 ft/ft in the 
upper aquifer and a gradient of 0.006 ft/ft in the lower aquifer.  A groundwater 
elevation map is presented in Figure 3.  
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c. Aquifer Characterization: Hydraulic Conductivity Testing – Slug Tests:  Slug 
tests were performed in selected permanent monitoring wells during the first field 
event (October 16 – 26, 2008).  Slug tests were performed as described in the ER-
0705 Demonstration Plan and were analyzed using both the Hvorslev and Bouwer 
and Rice methods.  Slug testing results are shown in Table 5.  Time constraints 
did not allow for the slug tests to be repeated during the second field event. Slug 
testing may occur, time permitting, in future field events. 

 
d. Aquifer Characterization: Hydraulic Conductivity Testing – Aquifer Specific-

Capacity Tests:   
Depth-discrete, aquifer specific-capacity tests were conducted at direct push 
locations ASU-2 through ASU-8 and ASU-11 shown in Figure 2.  Data from 
depth-discrete aquifer-specific capacity testing provide increased spatial 
resolution of hydraulic characteristics and they are used in mass flux calculations 
discussed below.  Aquifer specific-capacity tests involve the measurement of the 
flowrate achieved under a fixed drawdown, and those data are used with the 
Theim equation to estimate the hydraulic conductivity at each location and depth.  
Aquifer specific-capacity tests are described in further detail in the non-site-
specific ER-0705 Demonstration Plan.  Results are shown in Table 6 and a 
comparison of hydraulic conductivities results from both field events is given in 
Figure 4. 
 

2.2 Collection and analysis of groundwater samples necessary to determine groundwater 
concentrations, dissolved phase contaminant flux, and biodegradation activity: 

 
a. Depth-Discrete Groundwater Sampling:  Depth-discrete groundwater sampling 

was performed at direct push locations ASU-2 through ASU-8 and ASU11 shown 
in Figure 2.  Groundwater samples were collected using a Geoprobe Screen point 
Sampler and a peristaltic pump.  Groundwater samples were collected and 
preserved as outlined in the non-site-specific ER-0705 Demonstration Plan.   

 
b. Depth Discrete Groundwater Sample Analysis:  At the time of groundwater 

sample collection, field water quality parameters including pH, electrical 
conductivity (EC), temperature (T), dissolved oxygen (DO), and oxidation 
reduction potential (ORP) were measured.  Field water quality parameter results 
are summarized in Table 7. 

 
General water chemistry analyses including anions (Cl-, NO3

2-, SO4
2-), cations 

(Fe2+, Mn2+) dissolved organic carbon (DOC), chemical oxygen demand (COD), 
and alkalinity were performed as possible on all direct push samples collected.   
General water chemistry analyses were performed as outlined in the non-site-
specific ER-0705 Demonstration Plan.  General water chemistry data are 
summarized in Tables 8, 9, and 10. 
 
Dissolved volatile organic compound (VOC) analyses were performed on-site by 
heated-headspace analysis and gas chromatography (GC) using a dry electrolytic 
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conductivity detector (DELCD) and a flame-ionization detector (FID).  The 
details of these analyses methods are provided in the non-site-specific ER-0705 
Demonstration Plan.  Dissolved VOC concentrations are presented in Table 11.   
 

c. Permanent Monitoring Well Groundwater Sampling and Analysis:  To aid in the 
delineation of source zone extent, groundwater samples were also collected from 
a selected group of permanent, single completion and multi-level monitoring 
wells for VOC analysis.  Monitoring wells sampled and types of analyses 
conducted on the samples are shown in Table 2.  Dissolved volatile organic 
compound analyses were performed on site as described above.  The results are 
presented in Table 12.    

 
d. Volatile Fatty Acid Analysis: To determine if oil breakdown products continue to 

be available to contribute to DNAPL degradation, a subset of seven samples were 
collected from permanent, single completion and multi-level monitoring wells 
directly down-gradient of the zero-valent iron (ZVI) injections performed by 
Geosyntec under ESTCP Project ER-0431.  Sample locations included multilevel 
wells ML6-9, ML6-14, and ML6-19.  Samples were collected in 40 ml VOA 
bottles, preserved with benzalkonium chloride, and were shipped via FedEx 
overnight to Microseeps, Inc., Pittsburgh, PA for analysis. Results for volatile 
fatty acid analyses are presented in Table 13. 

 
e. Dehalococcoides Analysis:  Water Samples were collected to evaluate the 

presence and numbers of Dehalococcoides biodegrading organisms.  One-liter (1 
L) samples were collected at the 11 depth-discrete, direct push locations identified 
in Table 1.  Samples were extracted using a Mobio Water DNA Extraction Kit 
and amplified using nested PCR (polymerase chain reaction. Results are given in 
Table 14. 

 
2.3 Collection of data necessary to determine soil gas concentrations above the source zone 

and the vapor phase contaminant flux  
 

a. Soil Gas Sampling and Analysis:  Soil gas samples were collected from temporary 
soil gas sampling installations above the source zone area, at the locations shown 
in Figure 5.  Using a Geoprobe slide hammer, a 1-inch drive rod, and disposable 
stainless steel drive tips, 6-inch Geoprobe soil gas sampling implants were 
installed to 1.5 ft below ground surface, a depth estimated to be 1 ft above the 
water table.  Soil gas sampling implants were installed with a sand-pack and 
bentonite seal to minimize potential short-circuiting from ground surface.  Vapor 
samples were collected in tedlar bags using a lung sampler and were analyzed on-
site at the time of collection by gas chromatography (GC) using a dry electrolytic 
conductivity detector (DELCD) and a flame-ionization detector (FID).  Soil gas 
sampling results are summarized in Table 15. 
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Note that soil gas sampling locations Vapor 3, 4, 5 were water-saturated at the 
installation depth of 1.5 ft below ground surface, so soil gas sampling and 
diffusion testing were not performed at these locations. 
 
To verify the integrity of the soil gas implants helium was used as a tracer to 
determine if ambient air leakage was diluting the samples.  To do this, a helium 
halo was used as is described by Banikowski et al. (2009).  It was found that 
helium concentrations of 6% and 1.8% were detected in samples from locations 1 
and 2, respectively. The concentration data for those locations were adjusted using 
a simple dilution calculation and the measured helium concentrations (i.e., actual 
concentration = measured concentration (1-% helium/100)). 
 

b. Soil Diffusion Coefficient Measurement:  In situ diffusion coefficient tests were 
performed during the first field event. After installation of the sampling point and 
collection of a soil gas sample, 1 L of a mix of up to 10% helium in soil gas was 
injected into the sample implant.  After waiting a predetemined amount of time, 1 
L of soil gas was withdrawn for helium analysis.  The helium mass recovery, time 
for the test, and volumes injected and extracted are used to calculate the effective 
diffusion coefficients. Results from the first sampling event are given in Table 16. 

 
Prior to calculating source zone loss rates, all dissolved and vapor concentrations were converted 
to equivalent PCE mass concentrations assuming that PCE was the parent compound for this 
source zone.  This is necessary to account for the unmeasured mass of Cl- ions generated with 
each dechlorination step. For MCRD Parris Island reporting, VOC concentrations were 
converted to “PCE equivalents” using adjustment factors based on the molar equivalence of each 
compound.  Adjustment factors are shown as a secondary table under Table 17. The dissolved 
concentration data were also summarized in lateral transect contour plots as discussed below.  
 
Figure 6 shows a vertical dissolved chemical concentration (PCE equivalents) contour plot along 
transect A-A’ (see Figure 2) using data from direct push locations ASU3 through ASU8 and 
ASU11.  Transect A-A’ is drawn roughly perpendicular to the groundwater flow direction and 
data from the sampling locations are projected onto this transect before preparing the contour 
plot.  
 
Using the VOC groundwater concentration data converted to equivalent PCE concentrations, 
depth-discrete hydraulic conductivity estimates (see Table 6), and the calculated upper- and 
lower-level hydraulic gradients of 0.005 ft/ft and 0.006 ft/ft, respectively, a mass flux calculation 
was performed using the Mass Flux Toolkit, Version 1.0.  The Mass Flux Toolkit is a freeware 
program developed by Groundwater Services, Inc. and others under a contract funded by 
ESTCP.  Figure 7 presents a snapshot of the input screen for the mass flux analysis. There are 
three interpolation schemes available for analysis within the Mass Flux Toolkit, and all possible 
combinations of interpolation schemes were tested in order to assess the sensitivity of the results 
to the interpolation scheme used.  The resulting hydraulic conductivity and concentration profiles 
generated by various interpolation schemes are displayed in Figures 8 and 9. Figure 10 shows as 
an example the output of the linear interpolation scheme for the mass flux result for all 
chlorinated aliphatic hydrocarbons expressed consistently as PCE equivalents.  Mass flux results 
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from nine possible interpolation combinations are summarized in Figure 11.  The results are 
similar for all methods, with the difference between the lowest and highest value being only 
about a factor of two [Evt. 1: 2.97-4.55kg/yr; Evt. 2: 0.92-1.63] 
 
The Mass Flux Toolkit contains an uncertainty analysis that allows users to identify specific data 
points that most influence the calculated results.  Use of this option on Event 1 data with several 
interpolation options indicated that the calculated mass flux was most sensitive to changes in the 
hydraulic conductivity profile, especially in the vicinity of ASU5.  Thus, those results suggested 
that uncertainty in the mass flux estimate might be decreased by increasing the vertical sampling 
resolution through the highly conductive zone surrounding ASU5 and ASU6, as a large 
contribution to the overall mass flux comes through this section of the transect.  
 
To accomplish this during the second field event sampling, additional samples were collected on 
either side of ASU5 and ASU6 at depths vertically off-set from those at ASU5 and ASU6.  This 
approach was used rather than increased vertical resolution in a single borehole because it was 
felt that the latter goes beyond the vertical resolution possible in a single borehole with the direct 
push sampling tools and methods being used.   This also allowed us to retain the same sampling 
point and depths at ASU5 and ASU6 for the benefit of data continuity, while adding more 
vertical resolution and allowing us to better define the bounds of the highly conductive zone.  
 
Using VOC vapor concentration data converted to equivalent PCE concentrations, VOC 
diffusion coefficient estimates, and an estimated area of impact (200 sq ft total), source zone 
mass loss associated with vapor transport was calculated.  Vapor flux estimates at each 
measurement location, and concentration adjustment factors are located in Table 17.  The vapor 
flux was estimated to be 0.68 kg/y and 1.21kg/y as PCE during the first and second field events, 
respectively.  
 
Of interest from the first field event was the light, non-aqueous phase liquid (LNAPL) with a 
petroleum hydrocarbon odor produced while purging multi-level monitoring well ML6-9 (9 ft 
bgs).  Analysis of the relative mass of product with respect to carbon range was evaluated using 
gas chromatography (direct injection technique).   A table showing the relative mass of product 
within each carbon range and a chromatogram for the NAPL direct injection are shown in Table 
18.  No quantification, speciation, or further analysis was performed on the product collected.  
LNAPL was not observed in the second phase of field sampling, presumable because of the 
elevated water table.  
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Table 1A 
Depth-Discrete, Direct Push Sampling Locations and Analyses:  

Event 1: October 16 – 26, 2008 
Lo

ca
tio

n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Dhc Ethene 

/Ethane 

ASU1 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- --- 
17 X X X X --- X --- X --- X 

ASU2 

5 X --- --- X --- --- X X --- X 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X --- X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU3 

5 X --- --- X --- --- X X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU4 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU5 

5 --- ---  --- --- --- --- --- --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- X X --- --- X --- X 

ASU6 

5 X --- X X X X X X --- X 
8 X X X X X X X X -- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU7 

5 X --- --- --- --- --- --- X --- X 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU8 

5 X --- --- --- --- --- --- X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X X X X --- X X X --- X 

ASU9 

5 --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X X 
11 X X X X X --- --- X X X 
14 X X X X X X X X X X 
17 X X X X X X X X X X 

ASU10 

5 X --- --- --- --- --- --- X --- X 
8 X X X X X X X X X X 
11 X X X X X X X X X X 
14 X X X X X X X X X X 
17 X --- X X X X X X --- X 

a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 1B 
Depth-Discrete, Direct Push Sampling Locations and Analyses:  

Event 2: August 15-22, 2009 
Lo

ca
tio

n Depth 
(ft 

bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Dhc Ethene 

/Ethane 

ASU2 

5 X --- --- --- --- --- --- X --- X 
8 X --- --- --- --- --- --- X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X X X X X X X X --- X 

ASU3 

5 X --- --- X --- --- X X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- --- X X X X --- X 

ASU4 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X --- --- X X X X --- X 
17 X --- X X X X X X --- X 

ASU5 

5 --- --- --- --- --- --- --- --- --- --- 
8 --- X --- --- X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- X X --- --- X --- X 

ASU5B 

6.5 X --- --- --- --- --- --- --- --- --- 
9.5 X X --- --- X X X X --- X 
12.5 X X X X X X X X --- X 
15.5 X X X X --- X X X --- X 

ASU6 

5 X --- X X X X X X --- X 
8 X X --- --- X X X X -- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU6B 

6.5 X X X X --- X X X --- X 
9.5 X --- --- --- --- --- --- X --- X 
12.5 X X X X X X X X --- X 
15.5 X --- --- --- --- --- --- X --- X 

ASU7 

5 --- --- --- --- --- --- --- --- --- --- 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU7B 

6.5 X X X X X X X X --- X 
9.5 X X X X --- X X X --- X 
12.5 X X X X X X X X --- X 
15.5 X --- X X X X X X --- X 

ASU8 

5 --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X X X X --- X X X --- X 

ASU11 5 --- --- --- --- --- --- --- --- --- --- 
 8 X X X X X X X X --- X 
 11 X X X X X X X X --- X 
 14 X X X X X X X X --- X 
 17 X X X --- --- X X X --- X 

a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 2A 
Monitoring Well Sampling Locations and Tests Performed:  

Event 1: October 16 – 26, 2008 

Well 
Depth 

(ft bgs) DTW CAH 

Volatile 

Fatty 

Acid
1
 

 Well 
Depth 

(interval) DTW CAH 

Volatile 

Fatty 

Acid
1
 

ML3 

4 --- X ---  
MW01 

SL X --- --- 
6.5 --- X ---  SU X --- --- 
9 --- X ---  MW02 SL --- X --- 

11.5 --- X ---  MW03 SU --- X --- 
14 --- X ---  

MW05 
SL X --- --- 

16.5 --- X ---  SU X --- --- 
19 --- X ---  

MW06 
SL X X --- 

ML4 

4 --- X ---  SU X X --- 
6.5 --- X X  

MW07 
SL X X --- 

9 --- X ---  SU X X --- 
11.5 --- X X**  

MW08 
SL X --- --- 

14 --- X ---  SU X --- --- 
16.5 --- X X  

MW10 
SL X --- --- 

19 --- X ---  SU X --- --- 

ML5 

4 --- X ---  
MW13 

SL X --- --- 
6.5 --- X ---  SU X --- --- 

11.5 --- X ---  
MW14 

SL X --- --- 
14 --- X ---  SU X --- --- 

16.5 --- X ---  
MW15 

SL X --- --- 
19 --- X ---  SU X --- --- 

ML6 

4 --- X ---  
MW16 

SL X --- --- 
6.5 --- X X**  SU X --- --- 
9 --- X ---  

MW21 
SL X X --- 

11.5 --- X X**  SU X X --- 
14 --- X ---  

MW22 
SL X --- --- 

16.5 --- X X  SU X --- --- 
19 --- X ---  

MW23 
SL X --- --- 

ML7 

3.5 --- X ---  SU X --- --- 
6.5 --- X ---  MW24  X --- --- 
8.5 --- X ---  PMW1  --- X X 
11 --- X ---       

13.5 --- X ---       
16 --- X ---       

18.5 --- X ---       
1)  Samples for volatile fatty acid analysis were collected at the locations shown.  Samples were immediately submitted, but 
exceeded the 14 day holding time at the lab due to the lab’s inability analyze the samples in time as a result of instrument 
malfunction. As such, only the samples identified with ** were analyzed. 
---  Not enough water for test or location not identified for testing 
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Table 2B 
Monitoring Well Sampling Locations and Tests Performed:  

Event 2 Aug 15-22, 2009 

Well 
Depth 

(ft bgs) DTW CAH 

Volatile 

Fatty 

Acid 

 Well 
Depth 

(interval) DTW CAH 

Volatile 

Fatty 

Acid 

ML3 

4 --- X ---  
MW01 

SL --- --- --- 
6.5 --- --- ---  SU --- --- --- 
9 --- X ---  MW03 SU X --- --- 

11.5 --- X ---  
MW05 

SL --- --- --- 
14 --- X ---  SU --- --- --- 

16.5 --- --- ---  
MW06 

SL X --- --- 
19 --- X ---  SU X --- --- 

ML4 

4 --- X ---  
MW07 

SL X --- --- 
6.5 --- X ---  SU X --- --- 
9 --- X ---  

MW08 
SL X --- --- 

11.5 --- X ---  SU X --- --- 
14 --- X ---  

MW10 
SL X --- --- 

16.5 --- X ---  SU X --- --- 
19 --- X ---  

MW13 
SL X --- --- 

ML5 

4 --- X ---  SU X --- --- 
6.5 --- X ---  

MW14 
SL X --- --- 

11.5 --- X ---  SU X --- --- 
14 --- X ---  

MW15 
SL X --- --- 

16.5 --- X ---  SU X --- --- 
19 --- X ---  

MW16 
SL X --- --- 

ML6 

4 --- X ---  SU X --- --- 
6.5 --- X ---  

MW19 
SL X --- --- 

9 --- X X  SU X --- --- 
11.5 --- X ---  

MW21 
SL --- --- --- 

14 --- X X  SU --- --- --- 
16.5 --- X ---  

MW22 
SL X --- --- 

19 --- X X  SU X --- --- 

ML7 

3.5 --- X ---  
MW23 

SL X --- --- 
6.5 --- X ---  SU X --- --- 
8.5 --- X ---  MW24  X --- --- 
11 --- X ---  PMW1  --- --- --- 

13.5 --- X ---       
16 --- X ---       

18.5 --- X ---       
1)  Samples for volatile fatty acid analysis were collected at the locations shown.  Samples were immediately submitted, but 
exceeded the 14 day holding time at the lab due to the lab’s inability analyze the samples in time as a result of instrument 
malfunction. As such, only the samples identified with ** were analyzed. 



Data Analysis Report  12 

Parris Island SWMU-45 Evt. 2       

Table 3A 
Geologic Description of Parris Island Soil Core ASU9:  

Event 1: October 16 – 26, 2008 

Depth 

 (ft bgs) Description 

0 – 2 Very fine sand with trace silt/clay, and substantial organic matter 
2 – 3 Fine sand with silt/clay, trace gravel 
3 – 4 Clay with abundant fine sand 
4 – 5 Fine sand with some silt/clay 
5 – 6 Clayey/silty fine sand 
6 – 8 Clay/silt with some fine sand 
8 - 10 Clay with trace fine sand 

10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand 
13 – 16 Fine sand with trace silt/clay 
16 - 17 Clay 
17 – 18 Peat 

 
Table 3B 

Geologic Description of Parris Island Soil Core near ASU6:  
Event 2: Aug 15-22, 2009 

Depth 

 (ft bgs) Description 

0 – 3 Sandy loam with substantial organic matter and some gravel 
3 – 5 Fine sand with silt/clay 
5 – 8 Fine sand with increased silt/clay content 
8 – 10 Clay with trace silt/sand 
10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand with silt/clay 
13 – 15 Fine sand with increased silt/clay content 
15 – 16 Fine sand with substantial silt/clay 
16 – 17 Clay with trace sand and substantial organic matter 
17 – 18 Peat 
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Table 4 
Depth-to Water Measurements and Calculated Groundwater  

Elevations for Permanent Monitoring Wells: Events 1, 2 

Location 
Depth 

(interval) 
Elev TOC 

(ft amsl) 

DTW 

(ft btoc) 
Groundwater Elevation 

(ft amsl) 
Event 1 Event 2 Event 1 Event 2 

MW01 
SU 7.6 0.47 -- 7.13 -- 
SL 7.57 1.19 -- 6.38 -- 

MW03 SU Unknown -- 2.29 -- Unknown 

MW05 
SU 7.98 3.69 -- 4.29 -- 
SL 7.66 3.35 -- 4.31 -- 

MW06 
SU 6.82 2.88 2.53 3.94 4.29 
SL 6.69 1.94 2.34 4.75 4.35 

MW07 
SU 6.79 1.62 2.42 5.17 4.37 
SL Unknown 1.93 2.38 Unknown Unknown 

MW08 
SU 6.7 1.58 2.22 5.12 4.48 
SL Unknown 1.60 2.13 Unknown Unknown 

MW10 
SU 6.28 1.42 1.79 4.86 4.49 
SL 6.23 1.36 1.73 4.87 4.5 

MW13 
SU 6.8 2.19 2.47 4.61 4.33 
SL 6.75 2.20 2.37 4.55 4.38 

MW14 
SU 6.24 1.86 1.61 4.38 4.63 
SL 6.19 1.70 1.53 4.49 4.66 

MW15 
SU 8.61 3.94 3.85 4.67 4.76 
SL 8.47 3.72 3.6 4.75 4.87 

MW16 
SU 9.58 5.24 4.63 4.34 4.95 
SL 9.63 5.19 4.72 4.44 4.91 

MW19 
SU 6.01 -- 1.8 -- 4.21 
SL 6.05 -- 1.58 -- 4.47 

MW21 
SU 6.81 1.42 -- 5.39 -- 
SL 6.73 1.31 -- 5.42 -- 

MW22 
SU 6.9 1.40 2.02 5.50 4.88 
SL 6.89 1.24 1.92 5.65 4.97 

MW23 
SU 6.78 2.34 2.29 4.44 4.49 
SL 6.78 2.28 2.28 4.50 4.5 

MW24 SU 7.06 1.63 2.22 5.43 4.84 

Event 1: October 16-26, 2008 
Event 2: August 15-22, 2009 
DTW – Depth to water 
toc – Top of casing 

btoc – Below top of casing 
bgs – Below ground surface 
amsl – Above mean sea level 
-- – No Water available for analysis 
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Table 5 
Slug Test Data: Event 1: October 16 – 26, 2008 

  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW007-SU 12 4.3 x 10-3 31 1.1 x 10-2 
MW007-SL 28 1.0 x 10-2 81 2.9 x 10-2 
MW008-SU 10 3.4 x 10-3 28 9.9 x 10-3 
MW008-SL 39 1.4 x 10-2 89 3.2 x 10-2 
MW022-SU 1.9 6.6 x 10-4 8 2.9 x 10-3 
MW022-SL 17 5.9 x 10-3 43 1.5 x 10-2 
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Table 6 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing: 

Events 1 & 2 

Location 

Depth 
(ft bgs) 

K (cm/sec)   
Location 

Depth 
(ft bgs) 

K (cm/sec) 
Event 1 Event 2  Event 1 Event 2 

ASU1 

5 1.8 x 10-4 X   

ASU6B 

6.5 X 9.6 x 10-4 

8 3.0 x 10-4 X   9.5 X 8.6 x 10-5 

11 1.4 x 10-3 X   12.5 X 3.1 x 10-5 

14 1.4 x 10-4 X   15.5 X 5.1 x 10-5 

17 9.8 x 10-4 X   

ASU7 

5 1.3 x 10-4 --- 

ASU2 

5 1.5 x 10-4 1.2 x 10-4   8 7.1 x 10-4 3.5 x 10-4 

8 2.5 x 10-4 9.2 x 10-5   11 4.3 x 10-3 2.1 x 10-4 

11 --- 4.8 x 10-4   14 7.8 x 10-4 1.3 x 10-3 

14 1.3 x 10-4 1.2 x 10-4   17 7.8 x 10-5 7.1 x 10-5 

17 8.5 x 10-5 7.9 x 10-4   

ASU7B 

6.5 X 4.1 x 10-4 

ASU3 

5 1.2 x 10-4 5.2 x 10-5   9.5 X 5.2 x 10-4 

8 1.4 x 10-3 3.9 x 10-4   12.5 X 1.4 x 10-3 

11 4.7 x 10-4 6.0 x 10-3   15.5 X 7.9 x 10-5 

14 6.1 x 10-4 3.5 x 10-4   

ASU8 

5 3.1 x 10-5 --- 

17 8.9 x 10-5 5.2 x 10-5   8 6.0 x 10-4 3.2 x 10-4 

ASU4 

5 3.0 x 10-4 2.1 x 10-4   11 8.2 x 10-4 2.8 x 10-4 

8 1.4 x 10-3 8.6 x 10-4   14 2.6 x 10-4 2.9 x 10-4 

11 3.6 x 10-4 1.7 x 10-3   17 1.4 x 10-4 7.3 x 10-5 

14 3.7 x 10-4 1.9 x 10-4   

ASU9 

5 --- X 

17 5.2 x 10-5 5.4 x 10-5   8 6.8 x 10-4 X 

ASU5 

5 --- ---   11 1.6 x 10-3 X 

8 5.9 x 10-4 ---  14 3.3 x 10-4 X 

11 2.2 x 10-3 2.8 x 10-4   17 1.6 x 10-4 X 

14 2.8 x 10-4 2.9 x 10-4   

ASU10 

5 6.2 x 10-5 X 

17 3.0 x 10-4 3.2 x 10-5   8 2.0 x 10-4 X 

ASU5B 

6.5 X ---  11 3.9 x 10-3 X 

9.5 X 2.6 x 10-4  14 4.0 x 10-4 X 

12.5 X 1.9 x 10-3  17 1.0 x 10-4 X 

15.5 X 9.1 x 10-5  

ASU 11 

5 X 7.5 x 10-5 

ASU6 

5 3.3 x 10-4 7.1 x 10-5  8 X 4.3 x 10-4 

8 1.6 x 10-3 2.0 x 10-4  11 X 2.1 x 10-4 

11 4.2 x 10-3 6.4 x 10-4  14 X 7.0 x 10-4 

14 3.4 x 10-4 1.7 x 10-4  17 X 2.0 x 10-4 

17 6.5 x 10-5 5.7 x 10-5      

---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 

  
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 7A 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU1 

5.0 --- --- --- --- --- 
8.0 5.8 320 25.5 1.2 23 

11.0 6.0 340 26.5 <1 -1.7 
14.0 6.5 720 25.4 --- -9.3 
17.0 6.8 1100 25.4 <1 -90 

ASU2 

5.0 --- --- --- --- --- 
8.0 6.1 350 27.5 Unk 53 

11.0 6.2 390 27.3 1.2 -0.7 
14.0 --- --- --- --- --- 
17.0 --- --- --- --- --- 

ASU3 

5.0 --- --- --- --- --- 
8.0 5.4 540 24.9 <1 31 

11.0 6.2 320 26.0 <1 -2.6 
14.0 6.0 1200 26.2 1.7 66 
17.0 --- --- --- --- --- 

ASU4 

5.0 --- --- --- --- --- 
8.0 5.4 520 25.1 <1 30 

11.0 6.1 430 24.8 <1 -420 
14.0 6.3 710 25.4 <1 -70 
17.0 --- --- --- --- --- 

ASU5 

5.0 --- --- --- --- --- 
8.0 6.1 700 25.5 <1 -65 

11.0 6.3 440 25.9 <1 -68 
14.0 6.2 550 25.6 <1 -11 
17.0 --- --- --- --- --- 

ASU6 

5.0 --- --- --- --- --- 
8.0 6.1 570 22.2 <1 -36 

11.0 5.8 410 22.5 <1 3.4 
14.0 6.0 480 21.2 <1 22 
17.0 --- --- --- --- --- 

ASU7 

5.0 --- --- --- --- --- 
8.0 6.3 560 24.2 <1 -48 

11.0 5.8 390 24.4 <1 -3.5 
14.0 5.9 610 23.8 <1 19 
17.0 --- --- --- --- --- 

ASU8 

5.0 --- --- --- --- --- 
8.0 5.5 570 22.5 <1 78 

11.0 5.7 550 23.5 <1 -17 
14.0 5.9 1800 23.2 <1 38 
17.0 6.0 6200 21.7 1.2 21 

ASU9 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 6.0 370 24.7 <1 -0.7 
14.0 6.0 740 24.5 <1 -29 
17.0 6.1 690 24.2 <1 15 

ASU10 

5.0 --- --- --- --- --- 
8.0 6.3 1500 21.8 <1 -100 

11.0 5.6 450 22.4 <1 -41 
14.0 5.7 780 21.2 <1 24 
17.0 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 7B 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2 Aug 15-22, 2009 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-2 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 6.1 360 29.0 <1 0.5 
14.0 6.4 600 29.3 Unk -38 
17.0 6.6 900 29.3 Unk -66 

ASU-3 

5.0 --- --- --- --- --- 
8.0 5.9 500 27.3 <1 -58 

11.0 5.9 320 26.3 <1 -2.2 
14.0 5.5 480 26.1 <1 -29 
17.0 --- --- --- --- --- 

ASU-4 

5.0 --- --- --- --- --- 
8.0 5.2 470 27.4 1.8 84 

11.0 5.5 370 26.4 <1 -57 
14.0 5.7 620 26.7 <1 -44 
17.0 --- --- --- --- --- 

ASU-5 

5.0 --- --- --- --- --- 
8.0 5.9 780 26.8 <1 -1.5 

11.0 6.0 460 26.8 <1 -12 
14.0 6.1 510 26.0 <1 49 
17.0 --- --- --- --- --- 

ASU-5B 

6.5 --- --- --- --- --- 
9.5 5.9 510 25.9 <1 9.3 

12.5 6.0 470 26.6 <1 21 
15.5 6.2 690 26.9 <1 17 

ASU-6 

5.0 --- --- --- --- --- 
8.0 6.5 620 27.2 <1 -50 

11.0 6.4 460 26.0 <1 -18 
14.0 6.7 470 24.1 <1 4.3 
17.0 --- --- --- --- --- 

ASU-6B 

6.5 6.1 1100 27.6 <1 -44 
9.5 --- --- --- --- --- 

12.5 6.1 410 24.9 <1 31 
15.5 --- --- --- --- --- 

ASU-7 

5.0 --- --- --- --- --- 
8.0 6.1 550 28.9 <1 5.1 

11.0 5.8 360 29.1 <1 30 
14.0 5.9 560 29.1 <1 34 
17.0 --- --- --- --- --- 

ASU-7B 

6.5 6.1 730 28.0 <1 -46 
9.5 5.7 340 27.2 1.31 92 

12.5 5.8 540 26.9 <1 21 
15.5 --- --- --- --- --- 

ASU-8 

5.0 --- --- --- --- --- 
8.0 5.8 600 29.4 Unk 73 

11.0 5.6 500 26.6 <1 44 
14.0 6.1 1900 25.3 <1 42 
17.0 6.1 5900 26.5 Unk 23 

ASU-11 

5.0 --- --- --- --- --- 
8.0 6.3 780 26.2 <1 -33 

11.0 6.1 610 26.3 <1 11 
14.0 6.0 820 25.3 <1 -7.0 
17.0 5.9 2000 24.6 <1 33 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
Unk – not enough water for accurate reading 
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Table 8A 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
1 

5 --- --- --- --- ---  
A
S
U
6 

5 140 2 5 74 ND 
8 11 ND 38 5 ND  8 77 1 17 29 ND 
11 15 ND 26 4 ND  11 42 ND 23 6 ND 
14 110 ND 23 4 ND  14 56 2 31 4 ND 
17 200 ND ND 7 ND  17 130 ND 5 3 ND 

A
S
U
2 

5 --- --- --- 13 ND  
A
S
U
7 

5 --- --- --- --- --- 
8 16 ND 38 3 ND  8 29 ND 41 10 ND 
11 25 1 20 3 ND  11 25 ND 33 7 ND 
14 74 ND 22 5 ND  14 84 1 37 5 ND 
17 130 ND 1 7 ND  17 610 ND 19 10 ND 

A
S
U
3 

5 --- --- --- 60 ND  
A
S
U
8 

5 --- --- --- --- --- 
8 79 ND 65 7 ND  8 61 1 90 2 ND 
11 13 ND 28 5 ND  11 57 ND 84 11 ND 
14 130 ND 450 82 1  14 430 ND 83 2 ND 
17 250 1 180 32 1  17 2200 ND 15 14 ND 

A
S
U
4 

5 --- --- --- --- ---  
A
S
U
9 

5 --- --- --- --- --- 
8 39 ND 150 24 ND  8 220 2 5 77 ND 
11 23 ND 51 13 ND  11 19 ND 36 4 ND 
14 72 ND 130 13 ND  14 72 ND 10 42 14 
17 150 ND 9 2 ND  17 120 1 ND 4 ND 

A
S
U
5 

5 --- --- --- --- ---  
A
S
U
10 

5 --- --- --- --- --- 
8 110 1 29 20 ND  8 310 1 1 110 ND 
11 31 ND 14 4 ND  11 56 ND ND 6 ND 
14 80 ND 22 3 ND  14 170 ND 11 9 ND 
17 80 ND 21 3 ND  17 130 ND 20 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 8B 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2: Aug 15-22, 2009 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
2 

5 25 ND 96 2 ND  A
S
U
6 
B 

6.5 210 ND 26 93 ND 
8 --- --- --- --- ---  9.5 --- --- --- --- --- 
11 28 ND 35 3 ND  12.5 40 ND 53 5 ND 
14 90 ND 28 4 ND  15.5 --- --- --- --- --- 
17 180 ND 1 6 ND  

A
S
U
7 

5 --- --- --- --- --- 

A
S
U
3 

5 --- --- --- --- ---  8 34 1 98 19 ND 

8 45 ND 69 26 ND  11 31 1 50 9 ND 

11 28 ND 62 5 ND  14 100 ND 57 6 ND 

14 62 ND 100 30 ND  17 530 ND 16 9 ND 

17 --- --- --- --- ---  A
S
U
7 
B 

6.5 32 ND 170 45 ND 

A
S
U
4 

5 --- --- --- --- ---  9.5 35 ND 53 2 ND 

8 52 5 170 --- ---  12.5 61 ND 50 8 ND 

11 39 ND 93 14 ND  15.5 470 1 39 10 ND 

14 --- --- --- --- ---   
A
S
U
8 

5 --- --- --- --- --- 
17 55 1 140 8 ND  8 62 ND 96 2 ND 

A
S
U
5 

5 150 1 29 3 ND  11 57 1 99 7 ND 

8 --- --- --- --- ---  14 490 ND 100 --- --- 
11 140 1 25 34 ND  17 2200 1 33 13 ND 
14 40 ND 42 8 ND  

A
S
U
11 

5 --- --- --- --- --- 
17 94 ND 35 --- ---  8 47 ND 15 47 ND 

A
S
U
5 
B 

6.5 --- --- --- --- ---  11 62 ND 130 13 ND 

9.5 --- --- --- --- ---  14 170 ND 130 6 ND 

12.5 100 1 30 14 ND  17 600 11 70 --- --- 
15.5 49 1 51 5 ND         

A
S
U
6 

5 130 1 3 8 ND         
8 --- --- --- --- ---         
11 110 ND 19 12 ND         
14 56 ND 45 6 ND         
17 76 1 21 1 ND         

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 9A 
DOC/COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1: October 16 – 26, 2008 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

DOC COD  DOC COD 

ASU1 

5 --- ---  

ASU6 

5 50 200 
8 23 58  8 43 110 
11 14 77  11 25 79 
14 5 32  14 13 71 
17 --- 18  17 7 140 

ASU2 

5 18 ---  

ASU7 

5 --- --- 
8 11 490  8 33 120 
11 6 3  11 27 75 
14 5 25  14 19 42 
17 5 15  17 6 84 

ASU3 

5 32 ---  

ASU8 

5 --- --- 
8 11 39  8 43 120 
11 5 11  11 17 67 
14 4 41  14 21 53 
17 6 29  17 11 200 

ASU4 

5 --- ---  

ASU9 

5 --- --- 
8 14 44  8 45 510 
11 6 35  11 --- --- 
14 6 29  14 150 650 
17 11 42  17 51 241 

ASU5 

5 --- ---  

ASU10 

5 --- --- 
8 31 120  8 110 460 
11 17 44  11 14 230 
14 6 23  14 71 260 
17 --- ---  17 7 43 

---  – No water available for analysis 
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Table 9B 
DOC/COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 2: August 15 – 22, 2009 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

DOC COD  DOC COD 

ASU-2 

5 11 ---  

ASU-6B 

6.5 42 140 
8 --- ---  9.5 --- --- 
11 8 3  12.5 16 74 
14 9 26  15.5 --- --- 
17 40 17  

ASU-7 

5 --- --- 

ASU-3 

5 --- ---  8 34 130 
8 31 34  11 26 99 
11 7 14  14 20 28 
14 6 52  17 9 99 
17 --- 38  

ASU-7B 

6.5 24 64 

ASU-4 

5 --- ---  9.5 33 120 
8 14 35  12.5 21 69 
11 10 41  15.5 9 61 
14 6 30  

ASU-8 

5 --- --- 
17 9 47  8 100 130 

ASU-5 

5 27 ---  11 77 86 
8 11 150  14 51 48 
11 --- 42  17 40 210 
14 --- 25  

ASU-11 

5 --- --- 
17 --- ---  8 44 74 

ASU-5B 

6.5  ---  11 22 14 
9.5 39 89  14 20 37 
12.5 10 33  17 13 29 
15.5 8 29      

ASU-6 

5 --- 290      
8 40 130      
11 20 89      
14 13 58      
17 --- 190      

---  – No water available for analysis 
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Table 10 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples: Events 1, 2 

Location 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3)   
Location 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3) 
Event 1 Event 2  Event 1 Event 2 

ASU1 

5 --- X   

ASU6B 

6.5 X --- 

8 100 X   9.5 X --- 

11 120 X   12.5 X 160 

14 180 X   15.5 X --- 

17 --- X   

ASU7 

5 --- --- 

ASU2 

5 --- ---   8 --- --- 

8 --- ---   11 140 120 

11 120 120   14 100 100 

14 160 160   17 80 80 

17 200 200   

ASU7B 

6.5 X 160 

ASU3 

5 --- ---   9.5 X --- 

8 80 80   12.5 X 40 

11 120 100   15.5 X 40 

14 80 80   

ASU8 

5 --- --- 

17 200 180   8 100 100 

ASU4 

5 --- ---   11 100 100 

8 40 40   14 140 160 

11 100 100   17 --- --- 

14 --- 40   

ASU9 

5 --- X 

17 100 100   8 260 X 

ASU5 

5 --- ---   11 120 X 

8 80 100  14 240 X 

11 140 140   17 160 X 

14 120 ---   

ASU10 

5 --- X 

17 --- 160   8 200 X 

ASU5B 

6.5 X ---  11 140 X 

9.5 X 80  14 120 X 

12.5 X 100  17 120 X 

15.5 X ---  

ASU 11 

5 X --- 

ASU6 

5 200 220  8 X 160 

8 160 160  11 X 140 

11 120 120  14 X --- 

14 120 120  17 X --- 

17 100 40      
---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
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Table 11A 
VOC Concentration Data for Depth-Discrete Groundwater Samples: 

Event 1: October 16 – 26, 2008  
L

o
c
a

ti
o

n
 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU1 

5 1 - - - 22 6 47 NW NW 96 

8 - - - - 3 - 3 - - 8 

11 - - - - 3 1 8 - - 14 

14 1 - - - 4 1 11 NW NW 21 

17 - - - - 1 - 2 - - 3 

ASU2 

5 - - - - - - 2 - - 2 

8 - - - - - - - - - ND 

11 - - - - - - 1 - - 1 

14 - - - - - - 3 6 - 37 

17 - - - - - - - - - ND 

ASU3 

5 550 24 96 - 6300 470 190 3 - 13000 

8 180 5 35 - 1600 390 530 <1 - 4300 

11 7 - - - 24 1 7 - - 67 

14 2 - 1 - 39 9 1 - - 85 

17 7 - 1 - 4 1 6 - - 35 

ASU4 

5 210 8 60 - 2900 1100 790 NW NW 7800 

8 300 7 62 - 3200 4800 7300 - - 20000 

11 190 6 42 - 1700 1100 3500 1 - 8400 

14 14 3 9 - 830 180 49 - - 1700 

17 7 - - - 7 10 18 - - 59 

ASU5 

5 NW NW NW NW NW NW NW NW NW NW 

8 4700 9 180 5 4900 54 33 580 - 25000 

11 1700 1 59 - 860 4 13 77 - 6600 

14 98 4 29 - 330 2500 83 1 - 4100 

17 13 - - - 14 19 3 - - 86 

ASU6 

5 3400 3 98 1 1300 3 1 180 - 13000 

8 3400 31 450 - 15000 3300 800 310 7 42000 

11 190 47 350 4 16000 10300 16000 15 3 58000 

14 1400 21 17 3 2800 15000 7300 7 - 35000 

17 310 3 2 - 610 920 660 - - 3700 

ASU7 

5 2 - - - 21 1 11 - - 56 

8 350 30 80 - 3200 5000 1800 2 - 15000 

11 12 2 8 - 280 1200 42 - - 2100 

14  1 - - 11 654 5 - - 850 

17 1 1 - - 7 93 27 - - 160 

ASU8 

5 29 4 3 - 180 110 110 - - 650 

8 2 3 4 - 310 1600 1200 - - 3800 

11 - - - - 24 99 40 - - 200 

14 - - - - 1 4 11 - - 17 

17 - - - - 1 2 7 - - 11 

ASU9 

5 NW NW NW NW NW NW NW NW NW NW 

8 18000 200 2100 - 96000 26000 66000 1700 87 32000 

11 270 4 48 - 1300 2100 2800 7 - 8500 

14 340 42 48 - 19000 1500 32000 250 320 70000 

17 4 1 1 - 370 31 280 12 21 1200 

ASU10 

1 4700 24 72 - 16000 2 5 ND - 41000 

5 15000 18 750 8 29000 - 190 3000 - 110000 

8 23000 25 19000 14 25000 - 22 4000 66 130000 

11 48000 24 57 - - 7 67 1000 440 46000 

14 4500 100 290 7 5700 2200 8600 530 250 38000 

17 180 8 3 4 310 514 2200 4 - 4000 
1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 

at a later date. 
NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 11B 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 2 August 15 -22, 2009 
L

o
c
a

ti
o

n
 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU-2 

5 - - - - - <1 <1 - - 0 

8 - - - - - <1 <1 - - 0 

11 - - - - - <1 <1 - - 0 

14 - - - - - <1 <1 - - 0 

17 - - - - <1 <1 <1 - - 0 

ASU-3 

5 270 6 32 - 1800 - - - - 3800 

8 260 13 50 - 4200 400 290 3 - 8800 

11 7 <1 1 - 35 <1 <1 - - 80 

14 1 1 2 - 36 16 1 - - 91 

17 24 1 6 - 150 9 4 <1 - 340 

ASU-4 

5 73 3 22 - 1900 450 160 - - 4300 

8 670 26 130 - 6100 6900 11000 10 - 32000 

11 310 - 69 - 3100 5900 9000 3 - 23000 

14 8 - 15 - 1300 500 50 <1 - 3000 

17 12 <1 1 - 26 27 40 <1 - 150 

ASU-5 

5 NW NW NW NW NW NW NW NW NW NW 

8 2700 12 170 - 390 34 18 290 <1 16000 

11 310 <1 18 - 230 14 <1 58 <1 1600 

14 180 9 35 - 1300 5200 53 6 - 9400 

17 1 - <1 - 15 4 1 - - 34 

ASU-5B 

6.5 NW NW NW NW NW NW NW NW NW NW 

9.5 1100 2 90 - 1000 8 3 430 2 7400 

12.5 250 3 29 - 1000 630 <1 12 <1 3400 

15.5 5 <1 6 - 64 52 <1 - - 200 

ASU-6 

5 850 <1 22 - 97 9 <1 - - 2500 

8 6400 46 480 - 15000 26 - 450 10 47000 

11 5800 - 380 - 12000 4000 1300 320 7 44000 

14 6400 65 140 - 16000 6800 5600 130 3 59000 

17 1000 <1 2 1 110 6 7 96 <1 3400 

ASU-6B 

6.5 2400 35 470 - 9900 2300 130   27000 

9.5 800 28 280 - 12000 5500 1500 28 <1 32000 

12.5 45 10 45 - 603 6016 24653 <1 <1 33000 

15.5 2000 16 23 - 2400 1900 540 71 <1 13000 

ASU7 

5 NW NW NW NW NW NW NW NW NW NW 

8 300 15 58 - 2300 3400 1300 5 <1 10000 

11 18 1 4 - 340 1100 5 <1 <1 2000 

14 <1 1 1 <1 15 1000 23 - - 1300 

17 <1 <1 - - 2 24 11 - - 45 

ASU-7B 

6.5 57 <1 25 - 740 360 100 <1 - 2000 

9.5 270 24 89 - 3100 5500 1400 5 - 15000 

12.5 <1 1 1 <1 10 600 39 <1 <1 820 

15.5 3 1 <1 - 4 120 46 - - 220 

ASU-8 

5 NW NW NW NW NW NW NW NW NW NW 

8 5 9 11 - 280 1600 870 - - 3400 

11 1 1 3 - 41 110 40 - - 260 

14 - - - - <1 1 <1 - - 1 

17 - - - - <1 <1 <1 - - 0 

ASU-11 

5 39 - <1 <1 <1 1 1 38 <1 330 

8 42 <1 1 - <1 <1 <1 26  270 

11 - - - - - <1 <1 <1 <1 0 

14 - - - - - - <1 - - 0 

17 - - - - <1 <1 <1 - - 0 
1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 

at a later date. 
NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12A 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 1: October 16 – 26, 2008 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 740 3 19 11 380 14 13 NQ NQ 2700 
6.5 15 - 3 3 1 1 2 NQ NQ 55 
9 78 - 26 12 12 - - NQ NQ 290 

11.5 65 - 6 - 9 4 3 NQ NQ 210 
14 5 - - - 2 - - NQ NQ 17 

16.5 18 - - - 5 - - NQ NQ 56 
19 820 - 27 - 810 470 600 NQ NQ 4800 

ML4 

4 6500 7 140 13 9400 4 5 NQ NQ 34000 
6.5 725 - 62 240 260 - 2 NQ NQ 2900 
9 12000 8 460 15 9100 - - NQ NQ 48000 

11.5 690 3 250 7 630 - 4 NQ NQ 3300 
14 1500 8 59 18 460 70 - NQ NQ 5000 

16.5 1900 - 51 11 440 4 5 NQ NQ 5900 
19 73 - 5 1 11 - - NQ NQ 220 

ML5 

4 5200 - 280 230 790 - 98 NQ NQ 16000 
6.5 12000 - 57 77 51 - - NQ NQ 32000 

11.5 5000 180 690 - 11000 - - NQ NQ 34000 
14 11000 130 440 - 8900 26 46 NQ NQ 45000 

16.5 4900 - 22 5 81 1 8 NQ NQ 13000 
19 8100 200 270 - 3600 1570 3700 NQ NQ 34000 

ML6 

4 9100 9 120 43 5000 5 7 NQ NQ 33000 
6.5 4500 - 380 250 870 4 - NQ NQ 15000 
9 40000 - 1100 33 5000 - - NQ NQ 120000 

11.5 13000 11000 220 24 2700 - - NQ NQ 58000 
14 13000 93 200 - 4300 30 - NQ NQ 42000 

16.5 33000 67 60 - 270 120 - NQ NQ 88000 
19 24000 33 95 8 9700 541 2600 NQ NQ 84000 

ML7 

3.5 930 - 11 2 150 6 5 NQ NQ 2700 
6.5 11000 - 210 130 520 27 19 NQ NQ 31000 
8.5 12000 28 1200 81 4800 - - NQ NQ 42000 
11 23000 24 110 - 14000 1 - NQ NQ 85000 

13.5 17000 520 1200 - 46000 - - NQ NQ 130000 
16 8000 - 230 140 770 180 46 NQ NQ 23000 

18.5 810 - 280 - 89 - 6 NQ NQ 2800 
MW2 SL (9-14ft) 4 - - - - 1 3 NQ NQ 15 
MW3 SU (3-7ft) 3 - - - - 1 5 NQ NQ 14 

MW21 SL (9-14ft) 3 - 0 - 14 23 6 NQ NQ 67 
SU (3-7ft) 83 8 49 - 1800 1500 250 NQ NQ 5500 

MW6 SL (9-14ft) 11 4 14 - 590 56 5 NQ NQ 1100 
SU (3-7ft) 46 1 2 - 82 22 23 NQ NQ 320 

MW7 SU (12ft) 340 20 170 - 2800 7700 6400 NQ NQ 22000 
SL (5ft) 280 21 190 - 5500 8300 7500 NQ NQ 28000 

PMW1   220 - 11 <1 120 14 9 NQ NQ 840 
NQ – Not quantified 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 12B 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 2: August 15 – 22, 2009 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 300 66 45 77 160 100 180 - 300 1700 
6.5 NW NW NW NW NW NW NW NW NW 0 
9 16 0 5 1 20 11 39 3 <1 140 

11.5 16 0 2 - 22 2 27 3 <1 110 
14 16 - - - 13 1 10 - - 76 

16.5 NW NW NW NW NW NW NW NW NW 0 
19 2700 46 72  12000 4200 35000 96 7 68000 

ML4 

4 4700 58 460 16 16000 - 1200 350 4 42000 
6.5 310 29 17 - 160 29 43 2500 34 1300 
9 5100 17 - - 890 - 5 12000 130 15000 

11.5 2400 - 120 - 400 12 36 180 11 7300 
14 2100 35 66 - 1100 0 16 210 18 7600 

16.5 1700 4 29 - 1000 110 23 1900 380 6400 
19 250 13 25 3 200 16 27 13 110 1100 

ML5 

4 4600 18 120 69 3000 - 55 3600 48 18000 
6.5 4600 24 38 120 140 41 440 6300 120 13000 

11.5 4700 20 470 56 750 38 4 6000 150 15000 
14 5100 9 91 - 3700 17 52 310 55 20000 

16.5 27000 36 230 - 14000 130 - 2100 88 96000 
19 3800 - 22 23 58 38 3 2100 45 10000 

ML6 

4 7700 97 250 22 6200 150 250 1200 76 32000 
6.5 1900 - 69 62 160 160 94 6800 360 5800 
9 5400 110 1100 - 1600 220 95 8000 340 20000 

11.5 5800 32 130 - 2800 67 28 1200 110 21000 
14 13000 460 610 - 82000 1100 220 2600 910 180000 

16.5 33000 140 190 - 2700 410 32 3800 380 93000 
19 21000 28 220 - 15000 1700 2700 2500 130 87000 

ML7 

3.5 6800 39 44 30 310 250 30 1800 270 19000 
6.5 4800 120 370 20 8000 310 - 3000 510 28000 
8.5 8200 20 130 - 9600 84 - 2400 370 39000 
11 8400 170 160 - 42000 620 - 1900 600 95000 

13.5 6100 160 26 - 830 310 85 1700 41 18000 
16 700 27 6 - 140 79 540 380 <1 2800 

18.5 6800 39 44 30 310 250 30 1800 270 19000 

NW – No water for analysis 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 13A 
Fatty Acid Analysis Resultsa: Event 1: October 16 – 26, 2008  

Fatty Acid 

Well ML4 ML6 

Depth 

(ft bgs) 11.5 6.5 11.5 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 ND 330 57 
N Butyric Acid 0.07 ND 28 3.1 

N Hexanoic Acid 0.1 ND 2.4 ND 
N i-Hexanoic Acid 0.1 ND 0.2 ND 
N i-Pentanoic Acid 0.07 ND 1.3 0.26 

N Lactic Acid and HIBA 0.1 0.25 13 1.4 
N Pentanoic Acid 0.07 ND 25 2.2 
N Propionic Acid 0.07 ND 150 8.7 
N Pyruvic Acid 0.07 ND 15 1.7 

PQL – Practical quantitation limit 
ND   – Non-detect 
a – Samples were immediately submitted, but exceeded holding time at the lab due to inability of lab to analyze the 
samples in time as a result of instrument malfunction. 

  

Table 13B 
Fatty Acid Analysis Results: Event 2: August 15-22, 2009 

Fatty Acid 

Well ML6 

Depth 

(ft bgs) 9 14 19 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 580 140 75 
N Butyric Acid 0.07 80 22 1.5 

N Hexanoic Acid 0.1 ND ND ND 
N i-Hexanoic Acid 0.1 0.45 ND ND 
N i-Pentanoic Acid 0.07 ND 0.98 0.33 

N Lactic Acid and HIBA 0.1 ND 0.46 ND 
N Pentanoic Acid 0.07 64 19 0.73 
N Propionic Acid 0.07 270 140 20 
N Pyruvic Acid 0.07 75 9.2 2.2 

PQL – Practical quantitation limit 
ND   – Non-detect 
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Table 14 
Dehalococcoides Testing: Event 2: August 15-22, 2009  

Location 
Depth  

(ft bgs) 
General 

Bacteria 
Dehalococcoides 

ASU 3 11 X --- 
14 --- --- 

ASU 4 
8 --- --- 
11 --- --- 
14 --- --- 

ASU 7 
8 --- --- 
11 X --- 
14 X --- 

ASU 11 
8 X X 
11 X X 
14 --- --- 

 X – Indicates positive  
 --- – indicates non-detect 
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Table 15A 
Soil Gas Concentration Data: Event 1: October 16 – 26, 2008 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 24 2 25 1 1200 890 10000 13000 

VP2 --- --- --- --- --- --- --- --- 

VP3 5 ND ND ND 6 1 4 29 

VP4 9 ND <1 ND 4 <1 <1 30 

VP5 180 ND ND ND 35 ND 1 540 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 

  
 

Table 15B 
Soil Gas Concentration Data: Event 2: August 15-22, 2009 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 14 1 11 2 830 620 7900 10000 

VP2 37 <1 ND ND 10 <1 4 120 

VP3 --- --- --- --- --- --- --- --- 

VP4 --- --- --- --- --- --- --- --- 

VP5 --- --- --- --- --- --- --- --- 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 
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Table 16 
Diffusion Coefficients: Event 1: October 16 – 26, 2008 

Location Test 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 

(cm2/s) 
VP1 1 1.4 x 10-2 2.3 x 10-2 
VP1 2 1.2 x 10-2 1.9 x 10-2 
VP2 1 NS NS 
VP2 2 NS NS 
VP3 1 8.9 x 10-3 1.4 x 10-2 
VP3 2 1.0 x 10-2 1.7 x 10-2 
VP4 1 8.5 x 10-3 1.4 x 10-2 
VP4 2 1.3 x 10-2 2.1 x 10-2 
VP5 1 6.7 x 10-3 1.1 x 10-2 
VP5 2 1.1 x 10-2 1.7 x 10-2 

NS – No sample collected due to submerged sampling screen 
 

  



 

Data Analysis Report 31 

Parris Island SWMU-45 Evt. 2       

Table 17A  
Vapor Flux Calculation: Event 1: October 16 – 26, 2008 

Vapor Point 
Depth PCE Equivalents 

Flux 
Area 

Applied to 
PCE Equivalents 

Vapor Emission 
 (cm) (kg/m2-y) (m2) (kg/y) 

VP1 45.72 1.4 x 10-1 4.64 6.7 x 10-1 
VP2 NQ NQ NQ NQ 
VP3 45.72 2.6 x 10-4 4.64 1.2 x 10-3 
VP4 45.72 3.7 x 10-4 4.64 1.7 x 10-3 
VP5 45.72 5.4 x 10-3 4.64 2.5 x 10-2 

Totals for 
Source Area   18.6 7.0 x 10-1 

NQ – not quantified due to partially submerged sampling screen  

     
 

Table 17B 
Vapor Flux Calculation: Event 2: August 15-22, 2009 

Vapor Point 
Depth PCE Equivalents 

Flux 
Area 

Applied to 
PCE Equivalents 

Vapor Emission 
 (cm) (kg/m2-y) (m2) (kg/y) 

VP1 38.1 1.3E-01 9.29 1.2 
VP2 38.1 1.1E-03 9.29 1.0 x 10-2 
VP3 NQ NQ NQ NQ 
VP4 NQ NQ NQ NQ 
VP5 NQ NQ NQ NQ 

Totals for 
Source Area   18.6 1.20 

  NQ – not quantified due to partially submerged sampling screen 
 
Vapor Flux Calculation 

 

Where:  
  – Diffusion coefficient of compound i in air (cm2/s) 
  – Measured effective helium diffusion coefficient (cm2/s) 
  – Diffusion coefficient of helium in air (cm2/s) 
 Cv,i – Concentration of compound i in vapor (μg/L) 
 Z – Depth of sample (cm)  
  – Adjustment Factor for measured chemical i in terms of chemical j 
 Ai - Impacted Area (cm2) 
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Diffusion Coefficients in Air (cm2/s) 

He VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

 6.71E-1 1.06E-01 9.00E-02 7.07E-02 7.42E-02 7.36E-02 7.90E-02 7.20E-02 
 

Adjustment Factors  

  PCE Equivalent (adjustment factor) 

  PCA PCE TCA TCE DCA DCE 

M
ea

su
re

d 

PCA 1.000 0.700 0.564 0.555 0.418 0.409 
PCE 1.428 1.000 0.804 0.792 0.597 0.585 
TCA 1.775 1.243 1.000 0.985 0.742 0.727 
TCE 1.802 1.262 1.015 1.000 0.753 0.738 
DCA 2.392 1.676 1.348 1.328 1.000 0.980 
DCE 2.442 1.711 1.376 1.355 1.021 1.000 

Chloroethane 3.670 2.570 2.068 2.037 1.534 1.503 
VC 3.788 2.653 2.135 2.102 1.583 1.551 

Ethane 7.873 5.515 4.436 4.369 3.291 3.224 
Ethene 8.440 5.912 4.756 4.684 3.528 3.456 

Adjustment factors calculated by ASU.  Calculation will be detailed in a document to ESTCP at a later date.  
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Table 18 
ML6 – 9ftbgs - LNAPL Carbon Range Distribution: Event 1: October 16-26, 2008 

Range Percentage 
Cumulative 

Percentage 

C1-C8 0.00% 0.00% 
C8-C9 0.05% 0.05% 
C9-C10 44.86% 44.92% 
C10+ 55.08% 100.00% 

 
Chromatogram for direct injection of LNAPL from ML6 – 9ftbgs: Event 1: October 16-26, 2008 
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Figure 1 

Site Map - MCRD Parris Island SWMU45 
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Figure 2 
Direct Push Water/Soil Sampling Locations 

 

 
 Note: Not all locations sampled  Source: ER-0341 Demo Plan Final - 

A’ 
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Figure 3A 
Groundwater Contour Map: Upper Aquifer 

Event 1: October 16 – 26, 2008 

 
  

0.008 ft/ft 



 

Data Analysis Report  38 

Parris Island SWMU-45 Evt. 2       

Figure 3B 
Groundwater Contour Map: Lower Aquifer 

Event 1: October 16 – 26, 2008 

 
 
 

 

 

0.005 ft/ft 
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Figure 3C 
Groundwater Contour Map: Upper Aquifer 

Event 2: August 15-22, 2009 

 
 
 

 

 

0.005 ft/ft 
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Figure 3D 
Groundwater Contour Map: Lower Aquifer 

Event 2: August 15-22, 2009 
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Figure 4 
Hydraulic Conductivity Estimate Comparison for Depth-Discrete Aquifer Specific-Capacity Testing: Events 1 and 2 

 
 
Percent Difference: 
 

 

 Where:  
   K1 = Hydraulic conductivity (cm/sec) for Event 1 
   K2  = Hydraulic conductivity (cm/sec) for Event 2 
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Figure 5 
Vapor Sampling Locations 
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Figure 6A 
Groundwater Concentration Vertical Contour Plot: Event 1: October 16 – 26, 2008 

  
Transect orientation is from ASU8 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8 
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Figure 6B 
Groundwater Concentration Vertical Contour Plot: Event 2: August 15-22, 2009 

 
Transect orientation is from ASU11 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8, 11 
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Figure 7 
Mass Flux Calculation – Inputs: Event 2: Aug 15-22, 2009 
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Figure 8A 
Mass Flux Calculation – Linear Interpolated Concentration Profile: Event 2: Aug 15-22, 2009 
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Figure 8B 
Mass Flux Calculation – Nearest Neighbor Interpolated Concentration Profile: Event 2: Aug 15-22, 2009 
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Figure 8C 
Mass Flux Calculation – Log Interpolated Concentration Profile: Event 2: Aug 15-22, 2009 
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Figure 9A 
Mass Flux Calculation – Linear Interpolated Hydraulic Conductivity Profile: Event 2: Aug 15-22, 2009 
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Figure 9B 
Mass Flux Calculation – Nearest Neighbor Interpolated Hydraulic Conductivity Profile: Event 2: Aug 15-22, 2009 
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Figure 9C 
Mass Flux Calculation – Log Interpolated Hydraulic Conductivity Profile: Event 2: Aug 15-22, 2009 
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Figure 10 
Mass Flux Calculation – Output Example 

Linear-Linear Interpolated - Event 2: Aug 15-22, 2009 
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Figure 11A 
Mass Flux Calculation – Interpolation Combinations:  

Event 1: October 16 – 26, 2008 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on
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ct

iv
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 Linear 
x   4.36E0 
 x  3.48E0 
  x 4.38E0 

Log 
x   3.69E0 
 x  2.97E0 
  x 3.70E0 

NN 
x   4.39E0 
 x  3.48E0 
  x 4.55E0 

 
Figure 11B 

Mass Flux Calculation – Interpolation Combinations:  
Event 2: Aug 15-22, 2009 
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Figure 12A 
Uncertainty Analysis – Linear-Linear Interpolation Combination 
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Figure 12B 
Uncertainty Analysis – Nearest Neighbor (NN)-NN Interpolation Combination 
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Figure 12C 
Uncertainty Analysis – Log-Log Interpolation Combination 
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1.  Introduction 

The third field sampling event at the Former MWR Dry Cleaning Facility, Site SWMU-45, 
Marine Corp Recruit Depot (MCRD), Parris Island, South Carolina under the Environmental 
Security Technology Certification Program (ESTCP) project ER-0705, Assessment of the 

Natural Attenuation of NAPL Source Zones and Post-Treatment NAPL Source Zones, was 
performed July 5-19th, 2010.  Figures 1and 2 identify the specific area of interest for this field 
investigation. 
 
Consistent with the objectives set forth under the ER-0705 Demonstration Plan, the field 
investigation at this site included the following:  

 
- Verification of the site geological/hydro-geological conceptual model; 
- Collection of data necessary to determine if source zone natural attenuation is occurring 

(i.e., dissolved groundwater concentrations up- and down-gradient of the source zone and 
vapor concentrations above the source zone) 

- Collection of data necessary to determine the rate of source zone natural attenuation (i.e., 
dissolved groundwater concentrations up- and down-gradient of the source zone, vapor 
concentrations above the source zone, hydraulic gradient and hydraulic conductivities, 
effective diffusion coefficients); and, 

- Collection of soil and groundwater samples for assessment of the presence of known 
chorinated hydrocarbon biodegrading organisms. 

 
 

2.  Field Investigation 
 
Field investigations were performed in accordance with the approved ER-0705 Demonstration 
Plan and the site-specific demonstration plan.  Tables 1 and 2 outline the types of 
sampling/testing performed, the locations for which are shown in Figure 2.  These included: 
 
 2.1  Verification of the site hydro-geological conceptual model: 

 
a. Basic Geologic Profile:  A continuous soil core was collected for geologic 

evaluation. Using the Geoprobe Macro Core sampler, soil cores were collected to 
a total depth of 18 ft below ground surface (bgs) at the two locations shown in 
Figure 2.  The basic geologic profile found in Table 3 was prepared based on 
visual observation of these soil cores. 
 

b. Depth-to-water:  Depth-to-water (DTW) was measured in selected permanent 
monitoring wells to determine groundwater elevation, flow direction, and 
hydraulic gradient. Based on data collected and presented in Table 4, the 
groundwater flow direction is to the southeast with a gradient of 0.005 ft/ft in the 
upper aquifer and a gradient of 0.006 ft/ft in the lower aquifer.  A groundwater 
elevation map is presented in Figure 3.  
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c. Aquifer Characterization: Hydraulic Conductivity Testing – Slug Tests:  Slug 
tests were performed in selected permanent monitoring wells during the first and 
third field event (October 16 – 26, 2008; July 5-19, 2010).  Slug tests were 
performed as described in the ER-0705 Demonstration Plan and were analyzed 
using both the Hvorslev and Bouwer and Rice methods.  Slug testing results are 
shown in Table 5.  Time constraints did not allow for the slug tests to be repeated 
during the second field event. Slug testing may occur, time permitting, in future 
field events. 

 
d. Aquifer Characterization: Hydraulic Conductivity Testing – Aquifer Specific-

Capacity Tests:   
Depth-discrete, aquifer specific-capacity tests were conducted at direct push 
locations shown in Figure 2.  Data from depth-discrete aquifer-specific capacity 
testing provide increased spatial resolution of hydraulic characteristics and they 
are used in mass flux calculations discussed below.  Aquifer specific-capacity 
tests involve the measurement of the flowrate achieved under a fixed drawdown, 
and those data are used with the Theim equation to estimate the hydraulic 
conductivity at each location and depth.  Aquifer specific-capacity tests are 
described in further detail in the non-site-specific ER-0705 Demonstration Plan.  
Results are shown in Table 6 and a comparison of hydraulic conductivities results 
from all field events is given in Figure 4. 
 

2.2 Collection and analysis of groundwater samples necessary to determine groundwater 
concentrations, dissolved phase contaminant flux, and biodegradation activity: 

 
a. Depth-Discrete Groundwater Sampling:  Depth-discrete groundwater sampling 

was performed at direct push locations shown in Figure 2.  Groundwater samples 
were collected using a Geoprobe Screen point Sampler and a peristaltic pump.  
Groundwater samples were collected and preserved as outlined in the non-site-
specific ER-0705 Demonstration Plan.   

 
b. Depth Discrete Groundwater Sample Analysis:  At the time of groundwater 

sample collection, field water quality parameters including pH, electrical 
conductivity (EC), temperature (T), dissolved oxygen (DO), and oxidation 
reduction potential (ORP) were measured.  Field water quality parameter results 
are summarized in Table 7. 

 
General water chemistry analyses including anions (Cl-, NO3

2-, SO4
2-), cations 

(Fe2+, Mn2+) dissolved organic carbon (DOC), chemical oxygen demand (COD), 
and alkalinity were performed as possible on all direct push samples collected.   
General water chemistry analyses were performed as outlined in the non-site-
specific ER-0705 Demonstration Plan.  General water chemistry data are 
summarized in Tables 8, 9, and 10. 
 
Dissolved volatile organic compound (VOC) analyses were performed on-site by 
heated-headspace analysis and gas chromatography (GC) using a dry electrolytic 
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conductivity detector (DELCD) and a flame-ionization detector (FID).  The 
details of these analyses methods are provided in the non-site-specific ER-0705 
Demonstration Plan.  Dissolved VOC concentrations are presented in Table 11.   
 

c. Permanent Monitoring Well Groundwater Sampling and Analysis:  To aid in the 
delineation of source zone extent, groundwater samples were also collected from 
a selected group of permanent, single completion and multi-level monitoring 
wells for VOC analysis.  Monitoring wells sampled and types of analyses 
conducted on the samples are shown in Table 2.  Dissolved volatile organic 
compound analyses were performed on site as described above.  The results are 
presented in Table 12.    

 
d. Volatile Fatty Acid Analysis: To determine if oil breakdown products continue to 

be available to contribute to DNAPL degradation, a subset of seven samples were 
collected from permanent, single completion and multi-level monitoring wells 
directly down-gradient of the zero-valent iron (ZVI) injections performed by 
Geosyntec under ESTCP Project ER-0431.  Sample locations included multilevel 
wells ML6-9, ML6-14, and ML6-19.  Samples were collected in 40 ml VOA 
bottles, preserved with benzalkonium chloride, and were shipped via FedEx 
overnight to Microseeps, Inc., Pittsburgh, PA for analysis. Results for volatile 
fatty acid analyses are presented in Table 13. 

 
e. Dehalococcoides Analysis:  Water Samples were collected to evaluate the 

presence and numbers of Dehalococcoides biodegrading organisms.  One-liter (1 
L) samples were collected at the 11 depth-discrete, direct push locations identified 
in Table 1.  Samples were extracted using a Mobio Water DNA Extraction Kit 
and amplified using nested PCR (polymerase chain reaction. Results are given in 
Table 14. 

 

f. Stable Isotope Analysis:  Water samples were collected to examine the potential 
benefits of isotope analysis data in relation to source zone natural attenuation.  
Samples were collected in 40mL VOA bottles at sampling locations ASU3 to 
ASU8 and ASU11 at the eleven foot interval.  Samples were preserved with 
hydrochloric acid to below pH 2.  Preserved samplese were shipped via FedEx 
overnight to Microseeps, Inc., Pittsburgh, PA for analyses.  Results are presented 
in Table 16. 

 
2.3 Collection of data necessary to determine soil gas concentrations above the source zone 

and the vapor phase contaminant flux  
 

a. Soil Gas Sampling and Analysis:  Soil gas samples were collected from temporary 
soil gas sampling installations above the source zone area, at the locations shown 
in Figure 5.  Using a 3 inch hand auger, Geoprobe slide hammer, a 1-inch drive 
rod, and disposable stainless steel drive tips, vapor implants were installed to 
approximately 2 to2.5 ft below ground surface, a depth estimated to be 1 ft above 
the water table.  Soil gas sampling implants were installed with a sand-pack and 
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bentonite seal to minimize potential short-circuiting from ground surface.  Vapor 
samples were collected in tedlar bags using a lung sampler and were analyzed on-
site at the time of collection by gas chromatography (GC) using a dry electrolytic 
conductivity detector (DELCD) and a flame-ionization detector (FID).  Soil gas 
sampling results are summarized in Table 15. 

 
 

To verify the integrity of the soil gas implants helium was used as a tracer to 
determine if ambient air leakage was diluting the samples.  To do this, a helium 
halo was used as is described by Banikowski et al. (2009).  Helium was not 
detected above any of the vapor sampling locations during the integrity testing.  
 

b. Soil Diffusion Coefficient Measurement:  In situ diffusion coefficient tests were 
performed during the first field event. After installation of the sampling point and 
collection of a soil gas sample, 1 L of a mix of up to 10% helium in soil gas was 
injected into the sample implant.  After waiting a predetemined amount of time, 1 
L of soil gas was withdrawn for helium analysis.  The helium mass recovery, time 
for the test, and volumes injected and extracted are used to calculate the effective 
diffusion coefficients. Results from the first sampling event are given in Table 16. 

 
Prior to calculating source zone loss rates, all dissolved and vapor concentrations were converted 
to equivalent PCE mass concentrations assuming that PCE was the parent compound for this 
source zone.  This is necessary to account for the unmeasured mass of Cl- ions generated with 
each dechlorination step. For MCRD Parris Island reporting, VOC concentrations were 
converted to “PCE equivalents” using adjustment factors based on the molar equivalence of each 
compound.  Adjustment factors are shown as a secondary table under Table 17. The dissolved 
concentration data were also summarized in lateral transect contour plots as discussed below.  
 
Figures 6A-6E shows a vertical dissolved chemical concentration (PCE equivalents) contour plot 
along transect A-A’, B-B’ and C-C’ (see Figure 2) using data from direct push locations ASU3 
through ASU8 and ASU11 through ASU24.  The transects are drawn roughly perpendicular to 
the groundwater flow direction and data from the sampling locations are projected onto this 
transect before preparing the contour plot.  
 
Using the VOC groundwater concentration data converted to equivalent PCE concentrations, 
depth-discrete hydraulic conductivity estimates (see Table 6), and the calculated upper- and 
lower-level hydraulic gradients of 0.005 ft/ft and 0.006 ft/ft, respectively, a mass flux calculation 
was performed using the Mass Flux Toolkit, Version 1.0.  The Mass Flux Toolkit is a freeware 
program developed by Groundwater Services, Inc. and others under a contract funded by 
ESTCP.  Figure 7 presents a snapshot of the input screen for the mass flux analysis. There are 
three interpolation schemes available for analysis within the Mass Flux Toolkit, and all possible 
combinations of interpolation schemes were tested in order to assess the sensitivity of the results 
to the interpolation scheme used.  The resulting hydraulic conductivity and concentration profiles 
generated by various interpolation schemes are displayed in Figures 8 and 9. Figure 10 shows as 
an example the output of the linear interpolation scheme for the mass flux result for all 
chlorinated aliphatic hydrocarbons expressed consistently as PCE equivalents.  Mass flux results 
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from nine possible interpolation combinations are summarized in Figure 11.  The results are 
similar for all methods, with the difference between the lowest and highest value being only 
about a factor of two [Evt. 1: 2.97-4.55kg/yr; Evt. 2: 0.92-1.63] 
 
The Mass Flux Toolkit contains an uncertainty analysis that allows users to identify specific data 
points that most influence the calculated results.  Use of this option on Event 1 data with several 
interpolation options indicated that the calculated mass flux was most sensitive to changes in the 
hydraulic conductivity profile, especially in the vicinity of ASU5.  Thus, those results suggested 
that uncertainty in the mass flux estimate might be decreased by increasing the vertical sampling 
resolution through the highly conductive zone surrounding ASU5 and ASU6, as a large 
contribution to the overall mass flux comes through this section of the transect.  
 
To accomplish this during the second field event sampling, additional samples were collected on 
either side of ASU5 and ASU6 at depths vertically off-set from those at ASU5 and ASU6.  This 
approach was used rather than increased vertical resolution in a single borehole because it was 
felt that the latter goes beyond the vertical resolution possible in a single borehole with the direct 
push sampling tools and methods being used.   This also allowed us to retain the same sampling 
point and depths at ASU5 and ASU6 for the benefit of data continuity, while adding more 
vertical resolution and allowing us to better define the bounds of the highly conductive zone.  
 
Using VOC vapor concentration data converted to equivalent PCE concentrations, VOC 
diffusion coefficient estimates, and an estimated area of impact (200 sq ft total), source zone 
mass loss associated with vapor transport was calculated.  Vapor flux estimates at each 
measurement location, and concentration adjustment factors are located in Table 17.  The vapor 
flux was estimated to be 0.68 kg/y and 1.21kg/y as PCE during the first and second field events, 
respectively.  
 
Of interest from the first field event was the light, non-aqueous phase liquid (LNAPL) with a 
petroleum hydrocarbon odor produced while purging multi-level monitoring well ML6-9 (9 ft 
bgs).  Analysis of the relative mass of product with respect to carbon range was evaluated using 
gas chromatography (direct injection technique).   A table showing the relative mass of product 
within each carbon range and a chromatogram for the NAPL direct injection are shown in Table 
18.  No quantification, speciation, or further analysis was performed on the product collected.  
LNAPL was not observed in the second phase of field sampling, presumable because of the 
elevated water table.  
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Table 1 
Depth-Discrete, Direct Push Sampling Locations and Analyses: Event 3: July 5-19, 2010 

Lo
ca

tio
n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Ethene/ 

Ethane Dhc CSIA 

ASU2 

5 X --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X X --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X --- --- 
17 X --- --- X X X X X X --- --- 

ASU3 

5 --- --- --- --- --- --- --- X X --- --- 
8 X X X X X X --- X X --- --- 
11 X X X X X X X X X --- X 
14 X X X X X X X X X --- --- 
17 X --- --- X X X --- X X --- --- 

ASU4 

5 --- --- --- X --- --- --- X X --- --- 
8 X X X X X X --- X X --- --- 
11 X X X X X X --- X X X X 
14 X --- X --- X X X X X --- --- 
17 X X --- X X X X X X --- --- 

ASU5 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- X --- X X X X X --- --- 
11 X X X X X X X X X X X 
14 X --- --- --- X X X X X --- --- 
17 X --- --- --- --- X --- X X --- --- 

ASU5B 

6.5 --- --- --- --- --- --- --- --- --- --- --- 
9.5 X X X X X X --- X X  --- 
12.5 X X X X X X X X X X --- 
15.5 X --- --- --- X X X X X --- --- 

ASU6 

5 X ---  --- X X ---- X X --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X X X 
14 X X --- --- X X X X X --- --- 
17 X --- X --- --- --- X X X --- --- 

ASU6B 

6.5 X --- X X X X X X X --- --- 
9.5 X X X X X X X X X --- --- 
12.5 X X X X X X X X X --- --- 
15.5 X --- --- X X X X X X --- --- 

ASU7 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X --- X X --- X 
14 X X X X X X X X X X --- 
17 X X X X X X X X X --- --- 

ASU7B 

6.5 X --- --- --- X X ---- X X --- --- 
9.5 X X X X X X X X X --- --- 
12.5 X X X X X X --- X X --- --- 
15.5 X ---- X X X X X X X --- --- 

ASU8 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X --- --- 
11 X X X X X X X X X --- X 
14 X X --- X X X X X X --- --- 
17 X X --- X X X X X X --- --- 

 
a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 1 - Continued 
Depth-Discrete, Direct Push Sampling Locations and Analyses: Event 3: July 5-19, 2010 

Lo
ca

tio
n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Ethene 

/Ethane Dhc CSIA 

ASU11 

5 --- --- --- --- --- --- --- X X --- --- 
8 --- --- --- --- --- --- --- X X --- --- 
11 X X X X X X X X X X X 
14 X X X X X X X X X --- --- 
17 X X X X X X X X X --- --- 

ASU12 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X X --- 
17 X --- --- --- --- --- --- --- --- --- --- 

ASU13 

5 X --- X X --- X X X X --- --- 
8 X X X X X X X X X X --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X --- --- 
17 X --- --- --- X  --- X X --- --- 

ASU14 

5 X --- --- --- --- --- --- --- --- --- --- 
8 X X  --- X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X --- --- --- X X --- X X --- --- 
17 X --- --- --- X X --- X X --- --- 

ASU15 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X X --- 
17 X X X X X X X X X --- --- 

ASU16 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X X --- --- X X --- X X X --- 
17 X --- X X X X --- X X --- --- 

ASU17 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X --- X X X X --- X X --- --- 
17 X X X X X X X X --- --- --- 

ASU18 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X --- X X X X X X --- --- 
11 X X --- X X X X X X X --- 
14 X --- X X X --- X X X --- --- 
17 X --- X X X X X X X --- --- 

ASU19 

5 --- --- --- --- --- --- --- X X --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X X --- 
14 X --- X X X X --- X X --- --- 
17 X X X X X X X X X --- --- 

ASU20 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X --- X X --- X X X --- --- 
14 X X X X X X X X X X --- 
17 X --- --- --- --- --- --- X X --- --- 

 
 
a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 1 - Continued 
Depth-Discrete, Direct Push Sampling Locations and Analyses:  

Event 3: July 5-19, 2010 
Lo

ca
tio

n Depth 
(ft 

bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Ethene 

/Ethane Dhc CSIA 

ASU21 

5 X --- --- --- X X --- X X --- --- 
8 X --- X X X X X X X --- --- 
11 X X --- X X X X X X --- --- 
14 X X X X --- X --- X X --- --- 
17 X --- --- --- X --- X X X --- --- 

ASU22 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X X --- 
11 X X X X X X X X X --- --- 
14 X X --- X --- X X X X --- --- 
17 X --- X X X X X X X --- --- 

ASU23 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X --- X X --- X X X X X --- 
17 X X X --- --- --- X X X --- --- 

ASU24 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- --- --- X X --- X X --- --- 
11 X X X X X --- --- X X X --- 
14 X X X X X X X X X --- --- 
17 X X X X X --- X X X --- --- 

 
a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 2 
Monitoring Well Sampling Locations and Tests Performed:  

Event 3: July 5-19, 2010 

Well 
Depth 

(ft bgs) DTW CAH  Well 
Depth 

(interval) DTW CAH 

ML3 

4 --- X  
MW01 

SL --- --- 
6.5 --- ---  SU --- --- 
9 --- X  MW03 SU X --- 

11.5 --- X  
MW05 

SL --- --- 
14 --- X  SU --- --- 

16.5 --- ---  
MW06 

SL X --- 
19 --- X  SU X --- 

ML4 

4 --- X  
MW07 

SL X --- 
6.5 --- X  SU X --- 
9 --- X  

MW08 
SL X --- 

11.5 --- X  SU X --- 
14 --- X  

MW10 
SL X --- 

16.5 --- X  SU X --- 
19 --- X  

MW13 
SL X --- 

ML5 

4 --- X  SU X --- 
6.5 --- X  

MW14 
SL X --- 

11.5 --- X  SU X --- 
14 --- X  

MW15 
SL X --- 

16.5 --- X  SU X --- 
19 --- X  

MW16 
SL X --- 

ML6 

4 --- X  SU X --- 
6.5 --- X  

MW19 
SL X --- 

9 --- X  SU X --- 
11.5 --- X  

MW21 
SL --- --- 

14 --- X  SU --- --- 
16.5 --- X  

MW22 
SL X --- 

19 --- X  SU X --- 

ML7 

3.5 --- X  
MW23 

SL X --- 
6.5 --- X  SU X --- 
8.5 --- X  MW24  X --- 
11 --- X  PMW1  --- --- 

13.5 --- X      
16 --- X      

18.5 --- X      
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Table 3A 
Geologic Description of Parris Island Soil Core ASU9:  

Event 1: October 16 – 26, 2008 

Depth 

 (ft bgs) Description 

0 – 2 Very fine sand with trace silt/clay, and substantial organic matter 
2 – 3 Fine sand with silt/clay, trace gravel 
3 – 4 Clay with abundant fine sand 
4 – 5 Fine sand with some silt/clay 
5 – 6 Clayey/silty fine sand 
6 – 8 Clay/silt with some fine sand 
8 - 10 Clay with trace fine sand 

10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand 
13 – 16 Fine sand with trace silt/clay 
16 - 17 Clay 
17 – 18 Peat 

 
Table 3B 

Geologic Description of Parris Island Soil Core near ASU6:  
Event 2: Aug 15-22, 2009 

Depth 

 (ft bgs) Description 

0 – 3 Sandy loam with substantial organic matter and some gravel 
3 – 5 Fine sand with silt/clay 
5 – 8 Fine sand with increased silt/clay content 
8 – 10 Clay with trace silt/sand 
10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand with silt/clay 
13 – 15 Fine sand with increased silt/clay content 
15 – 16 Fine sand with substantial silt/clay 
16 – 17 Clay with trace sand and substantial organic matter 
17 – 18 Peat 
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Table 4 
Depth-to Water Measurements and Calculated Groundwater  

Elevations for Permanent Monitoring Wells: Events 1, 2, and 3 

Location 
Depth 

(interval) 
Elev TOC 

(ft amsl) 

DTW 

(ft btoc) 
Groundwater Elevation 

(ft amsl) 
Event 1 Event 2 Event 3 Event 1 Event 2 Event 3 

AMW2  Unknown -- -- 4.04 -- -- Unknown 

MW01 
SU 7.6 0.47 -- -- 7.13 -- -- 
SL 7.57 1.19 -- -- 6.38 -- -- 

MW03 
SU Unknown -- 2.29 4.08 -- Unknown Unknown 
SL Unknown -- -- 4.08 -- -- Unknown 

MW05 
SU 7.98 3.69 -- 4.17 4.29 -- 3.81 
SL 7.66 3.35 -- -- 4.31 -- -- 

MW06 
SU 6.82 2.88 2.53 4.07 3.94 4.29 2.75 
SL 6.69 1.94 2.34 4.05 4.75 4.35 2.64 

MW07 
SU 6.79 1.62 2.42 4.17 5.17 4.37 2.62 
SL Unknown 1.93 2.38 -- Unknown Unknown -- 

MW08 
SU 6.7 1.58 2.22 3.94 5.12 4.48 2.76 
SL Unknown 1.60 2.13 3.90 Unknown Unknown Unknown 

MW10 
SU 6.28 1.42 1.79 -- 4.86 4.49 -- 
SL 6.23 1.36 1.73 -- 4.87 4.5 -- 

MW13 
SU 6.8 2.19 2.47 -- 4.61 4.33 -- 
SL 6.75 2.20 2.37 -- 4.55 4.38 -- 

MW14 
SU 6.24 1.86 1.61 -- 4.38 4.63 -- 
SL 6.19 1.70 1.53 -- 4.49 4.66 -- 

MW15 
SU 8.61 3.94 3.85 -- 4.67 4.76 -- 
SL 8.47 3.72 3.6 -- 4.75 4.87 -- 

MW16 
SU 9.58 5.24 4.63 -- 4.34 4.95 -- 
SL 9.63 5.19 4.72 -- 4.44 4.91 -- 

MW19 
SU 6.01 -- 1.8 -- -- 4.21 -- 
SL 6.05 -- 1.58 -- -- 4.47 -- 

MW21 
SU 6.81 1.42 -- 3.84 5.39 -- 1.42 
SL 6.73 1.31 -- 3.71 5.42 -- 3.02 

MW22 
SU 6.9 1.40 2.02 3.88 5.50 4.88 3.02 
SL 6.89 1.24 1.92 -- 5.65 4.97 -- 

MW23 
SU 6.78 2.34 2.29 -- 4.44 4.49 -- 
SL 6.78 2.28 2.28 -- 4.50 4.5 -- 

MW24 SU 7.06 1.63 2.22 4.07 5.43 4.84 2.99 

Event 1: October 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
DTW – Depth to water 
toc – Top of casing 

 
btoc – Below top of casing 
bgs – Below ground surface 
amsl – Above mean sea level 
--  – Not sampled 
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Table 5A 
Slug Test Data: Event 1: October 16 – 26, 2008 

  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW007-SU 12 4.3 x 10-3 31 1.1 x 10-2 
MW007-SL 28 1.0 x 10-2 31 1.1 x 10-2 
MW008-SU 10 3.4 x 10-3 28 9.9 x 10-3 
MW008-SL 39 1.4 x 10-2 40 1.4 x 10-2 
MW022-SU 1.9 6.6 x 10-4 8 2.9 x 10-3 
MW022-SL 17 5.9 x 10-3 21 7.5 x 10-3 

 
 

Table 5B 
Slug Test Data: Event 3: July 5-19, 2010 

  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW006-SL 2.7 9.6 x 10-4 26 9.3 x 10-3 
MW007-SL 3.8 1.4 x 10-3 34 1.2 x 10-2 
MW022-SL 2.3 8.2 x 10-4 19 6.6 x 10-3 
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Table 6 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing: 

Events 1, 2, and 3 

Location 

Depth 
(ft bgs) 

K (cm/sec)   
Location 

Depth 
(ft bgs) 

K (cm/sec) 
Event 1 Event 2 Event 3  Event 1 Event 2 Event 3 

ASU1 

5 1.8 x 10-4 X X   

ASU6B 

6.5 X 9.6 x 10-4 7.1 x 10-4 
8 3.0 x 10-4 X X   9.5 X 3.7 x 10-4 2.8 x 10-3 
11 1.4 x 10-3 X X   12.5 X 3.8 x 10-4 1.8 x 10-2 
14 1.4 x 10-4 X X   15.5 X 5.1 x 10-5 1.0 x 10-4 
17 9.8 x 10-4 X X   

ASU7 

5 1.3 x 10-4 --- --- 

ASU2 

5 1.5 x 10-4 1.2 x 10-4 1.6 x 10-4   8 7.1 x 10-4 3.5 x 10-4 2.0 x 10-3 
8 2.5 x 10-4 9.2 x 10-5 2.7 x 10-3   11 4.3 x 10-3 2.1 x 10-4 1.8 x 10-3 
11 --- 4.8 x 10-4 4.2 x 10-4   14 7.8 x 10-4 1.3 x 10-3 3.7 x 10-3 
14 1.3 x 10-4 1.2 x 10-4 7.8 x 10-5   17 7.8 x 10-5 7.1 x 10-5 1.0 x 10-4 
17 8.5 x 10-5 7.9 x 10-4 1.2 x 10-4   

ASU7B 

6.5 X 4.1 x 10-4 5.9 x 10-4 

ASU3 

5 1.2 x 10-4 5.2 x 10-5 ---   9.5 X 5.2 x 10-4 1.2 x 10-3 
8 1.4 x 10-3 3.9 x 10-4 1.3 x 10-3   12.5 X 1.4 x 10-3 7.6 x 10-3 
11 4.7 x 10-4 6.0 x 10-3 1.9 x 10-2   15.5 X 7.9 x 10-5 9.6 x 10-5 
14 6.1 x 10-4 3.5 x 10-4 2.9 x 10-4   

ASU8 

5 3.1 x 10-5 --- --- 
17 8.9 x 10-5 5.2 x 10-5 2.3 x 10-5   8 6.0 x 10-4 3.2 x 10-4 5.9 x 10-4 

ASU4 

5 3.0 x 10-4 2.1 x 10-4 ---   11 8.2 x 10-4 2.8 x 10-4 1.4 x 10-2 
8 1.4 x 10-3 8.6 x 10-4 1.6 x 10-3   14 2.6 x 10-4 2.9 x 10-4 2.9 x 10-4 
11 3.6 x 10-4 1.7 x 10-3 3.9 x 10-4   17 1.4 x 10-4 7.3 x 10-5 1.1 x 10-4 
14 3.7 x 10-4 1.9 x 10-4 1.7 x 10-4   

ASU9 

5 --- X X 
17 5.2 x 10-5 5.4 x 10-5 2.4 x 10-4   8 6.8 x 10-4 X X 

ASU5 

5 --- --- ---   11 1.6 x 10-3 X X 
8 5.9 x 10-4 --- 1.9 x 10-4  14 3.3 x 10-4 X X 
11 2.2 x 10-3 2.8 x 10-4 4.1 x 10-4   17 1.6 x 10-4 X X 
14 2.8 x 10-4 2.9 x 10-4 1.0 x 10-4   

ASU10 

5 6.2 x 10-5 X X 
17 3.0 x 10-4 3.2 x 10-5 ---   8 2.0 x 10-4 X X 

ASU5B 

6.5 X --- ---  11 3.9 x 10-3 X X 
9.5 X 2.6 x 10-4 7.6 x 10-4  14 4.0 x 10-4 X X 

12.5 X 1.9 x 10-3 2.9 x 10-4  17 1.0 x 10-4 X X 
15.5 X 9.1 x 10-5 2.0 x 10-5  

ASU 11 

5 X 7.5 x 10-5 1.0 x 10-4 

ASU6 

5 3.3 x 10-4 7.1 x 10-5 5.1 x 10-4  8 X 4.3 x 10-4 --- 
8 1.6 x 10-3 2.0 x 10-4 1.2 x 10-3  11 X 2.1 x 10-4 1.2 x 10-4 
11 4.2 x 10-3 6.4 x 10-4 6.8 x 10-3  14 X 7.0 x 10-4 9.0 x 10-4 
14 3.4 x 10-4 1.7 x 10-4 1.1 x 10-4  17 X 2.0 x 10-4 2.8 x 10-4 
17 6.5 x 10-5 5.7 x 10-5 6.2 x 10-5       

 
---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 

 

  
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 6 - Continued 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing: 

Events 1, 2, and 3 

Location 

Depth 
(ft bgs) 

K (cm/sec)   
Location 

Depth 
(ft bgs) 

K (cm/sec) 
Event 1 Event 2 Event 3  Event 1 Event 2 Event 3 

ASU12 

5 X X 3.4 x 10-4  

ASU19 

5 X X --- 
8 X X 9.2 x 10-4  8 X X 4.6 x 10-4 
11 X X 2.6 x 10-4  11 X X 1.6 x 10-4 
14 X X 2.6 x 10-4  14 X X 1.4 x 10-4 
17 X X 4.5 x 10-5  17 X X 9.7 x 10-5 

ASU13 

5 X X 1.1 x 10-3  

ASU20 

5 X X --- 
8 X X 8.7 x 10-4  8 X X 6.3 x 10-4 
11 X X 6.4 x 10-3  11 X X 3.0 x 10-4 
14 X X 1.9 x 10-4  14 X X 2.1 x 10-4 
17 X X 5.9 x 10-5  17 X X 6.8 x 10-5 

ASU12 

5 X X ---  

ASU21 

5 X X 7.3 x 10-4 
8 X X 8.9 x 10-4  8 X X 3.7 x 10-4 
11 X X 3.8 x 10-4  11 X X 3.4 x 10-3 
14 X X 1.5 x 10-4  14 X X 1.4 x 10-4 
17 X X 8.0 x 10-5  17 X X 9.1 x 10-5 

ASU15 

5 X X ---  

ASU22 

5 X X --- 
8 X X 1.7 x 10-3  8 X X 8.9 x 10-4 
11 X X 3.1 x 10-4  11 X X 3.2 x 10-4 
14 X X 2.3 x 10-4  14 X X 5.6 x 10-4 
17 X X 5.4 x 10-6  17 X X 1.0 x 10-4 

ASU16 

5 X X ---  

ASU23 

5 X X --- 
8 X X 2.1 x 10-4  8 X X 4.1 x 10-3 
11 X X 1.8 x 10-4  11 X X 8.4 x 10-4 
14 X X 1.0 x 10-3  14 X X 1.6 x 10-4 
17 X X 8.0 x 10-5  17 X X 1.7 x 10-4 

ASU17 

5 X X ---  

ASU24 

5 X X --- 
8 X X 5.2 x 10-4  8 X X 1.4 x 10-4 
11 X X 5.1 x 10-4  11 X X 1.3 x 10-2 
14 X X 1.3 x 10-4  14 X X 2.2 x 10-4 
17 X X 1.2 x 10-4  17 X X 7.6 x 10-5 

ASU18 

5 X X ---       
8 X X 7.6 x 10-4  

 
    

11 X X 5.9 x 10-4      
14 X X 1.8 x 10-4      
17 X X 1.0 x 10-4       

 
---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 

  
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 7A 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU1 

5 --- --- --- --- --- 
8 5.8 320 25.5 1.2 23 

11 6.0 340 26.5 <1 -1.7 
14 6.5 720 25.4 --- -9.3 
17 6.8 1100 25.4 <1 -90 

ASU2 

5 --- --- --- --- --- 
8 6.1 350 27.5 Unk 53 

11 6.2 390 27.3 1.2 -0.7 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU3 

5 --- --- --- --- --- 
8 5.4 540 24.9 <1 31 

11 6.2 320 26.0 <1 -2.6 
14 6.0 1200 26.2 1.7 66 
17 --- --- --- --- --- 

ASU4 

5 --- --- --- --- --- 
8 5.4 520 25.1 <1 30 

11 6.1 430 24.8 <1 -420 
14 6.3 710 25.4 <1 -70 
17 --- --- --- --- --- 

ASU5 

5 --- --- --- --- --- 
8 6.1 700 25.5 <1 -65 

11 6.3 440 25.9 <1 -68 
14 6.2 550 25.6 <1 -11 
17 --- --- --- --- --- 

ASU6 

5 --- --- --- --- --- 
8 6.1 570 22.2 <1 -36 

11 5.8 410 22.5 <1 3.4 
14 6.0 480 21.2 <1 22 
17 --- --- --- --- --- 

ASU7 

5 --- --- --- --- --- 
8 6.3 560 24.2 <1 -48 

11 5.8 390 24.4 <1 -3.5 
14 5.9 610 23.8 <1 19 
17 --- --- --- --- --- 

ASU8 

5 --- --- --- --- --- 
8 5.5 570 22.5 <1 78 

11 5.7 550 23.5 <1 -17 
14 5.9 1800 23.2 <1 38 
17 6.0 6200 21.7 1.2 21 

ASU9 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.0 370 24.7 <1 -0.7 
14 6.0 740 24.5 <1 -29 
17 6.1 690 24.2 <1 15 

ASU10 

5 --- --- --- --- --- 
8 6.3 1500 21.8 <1 -100 

11 5.6 450 22.4 <1 -41 
14 5.7 780 21.2 <1 24 
17 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 7B 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2 Aug 15-22, 2009 
Location 

Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-2 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.1 360 29.0 <1 0.5 
14 6.4 600 29.3 Unk -38 
17 6.6 900 29.3 Unk -66 

ASU-3 

5 --- --- --- --- --- 
8 5.9 500 27.3 <1 -58 

11 5.9 320 26.3 <1 -2.2 
14 5.5 480 26.1 <1 -29 
17 --- --- --- --- --- 

ASU-4 

5 --- --- --- --- --- 
8 5.2 470 27.4 1.8 84 

11 5.5 370 26.4 <1 -57 
14 5.7 620 26.7 <1 -44 
17 --- --- --- --- --- 

ASU-5 

5 --- --- --- --- --- 
8 5.9 780 26.8 <1 -1.5 

11 6.0 460 26.8 <1 -12 
14 6.1 510 26.0 <1 49 
17 --- --- --- --- --- 

ASU-5B 

6.5 --- --- --- --- --- 
9.5 5.9 510 25.9 <1 9.3 

12.5 6.0 470 26.6 <1 21 
15.5 6.2 690 26.9 <1 17 

ASU-6 

5 --- --- --- --- --- 
8 6.5 620 27.2 <1 -50 

11 6.4 460 26.0 <1 -18 
14 6.7 470 24.1 <1 4.3 
17 --- --- --- --- --- 

ASU-6B 

6.5 6.1 1100 27.6 <1 -44 
9.5 --- --- --- --- --- 

12.5 6.1 410 24.9 <1 31 
15.5 --- --- --- --- --- 

ASU-7 

5 --- --- --- --- --- 
8 6.1 550 28.9 <1 5.1 

11 5.8 360 29.1 <1 30 
14 5.9 560 29.1 <1 34 
17 --- --- --- --- --- 

ASU-7B 

6.5 6.1 730 28.0 <1 -46 
9.5 5.7 340 27.2 1.31 92 

12.5 5.8 540 26.9 <1 21 
15.5 --- --- --- --- --- 

ASU-8 

5 --- --- --- --- --- 
8 5.8 600 29.4 Unk 73 

11 5.6 500 26.6 <1 44 
14 6.1 1900 25.3 <1 42 
17 6.1 5900 26.5 Unk 23 

ASU-11 

5 --- --- --- --- --- 
8 6.3 780 26.2 <1 -33 

11 6.1 610 26.3 <1 11 
14 6.0 820 25.3 <1 -7.0 
17 5.9 2000 24.6 <1 33 

---  Not enough water available for analysis 
<1-  DO below PQL Unk – not enough water for accurate reading 
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Table 7C 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T 

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-2 

5 --- --- --- --- --- 
8 6.4 320 28.1 <1 130 

11 6.2 290 26.8 <1 40 
14 6.3 580 26.9 Unk 40 
17 --- --- --- --- --- 

ASU-3 

5 --- --- --- --- --- 
8 5.9 430 28.2 <1 55 

11 6.0 320 28.6 <1 21 
14 5.7 500 26.1 <1 19 
17 --- --- --- --- --- 

ASU-4 

5 --- --- --- --- --- 
8 5.3 530 26.8 <1 87 

11 5.9 440 27.8 Unk -0.2 
14 --- --- --- --- --- 
17 5.8 510 26.4 <1 48 

ASU-5 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.0 570 24.5 <1 22 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU-5B 

6.5 --- --- --- --- --- 
9.5 5.8 490 25.1 1.3 340 

12.5 5.9 430 24.1 <1 55 
15.5 --- --- --- --- --- 

ASU-6 

5 --- --- --- --- --- 
8 6.1 570 25.4 Unk -17 

11 5.7 390 24.3 <1 74 
14 10.8 730 27.1 Unk -24 
17 --- --- --- --- --- 

ASU-6B 

6.5 --- --- --- --- --- 
9.5 7.1 500 26.0 <1 -140 

12.5 6.0 440 25.9 <1 -8.3 
15.5 --- --- --- --- --- 

ASU-7 

5 --- --- --- --- --- 
8 5.8 480 25.6 Unk 37 

11 5.6 330 24.1 Unk 65 
14 5.0 490 23.6 Unk 54 
17 5.8 1900 26.7 Unk 56 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
Unk – not enough water for accurate reading 
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Table 7C - Continued 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-7B 

6.5 --- --- --- --- --- 
9.5 5.5 330 25.3 Unk 110 

12.5 5.8 410 23.7 Unk 29 
15.5 --- --- --- --- --- 

ASU-8 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 5.1 520 25.7 Unk 12 
14 6.1 1600 25.0 Unk 52 
17 5.9 5800 32.0 Unk 38 

ASU-11 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.0 6000 25.6 Unk 11 
14 5.9 990 25.6 Unk 42 
17 6.2 1000 30.8 Unk -4 

ASU12 

5 --- --- --- --- --- 
8 5.7 330 26.5 <1 40 

11 6.0 320 25.9 <1 -3 
14 6.0 510 25.4 <1 52 
17 --- --- --- --- --- 

ASU13 

5 --- --- --- --- --- 
8 5.8 480 25.0 Unk 30 

11 5.8 390 25.2 <1 -1.5 
14 5.8 470 25.1 <1 53 
17 --- --- --- --- --- 

ASU14 

5 --- --- --- --- --- 
8 6.2 1600 26.6 <1 -50 

11 6.0 580 26.0 <1 -15 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU15 

5 --- --- --- --- --- 
8 5.8 470 25.1 <1 140 

11 5.7 360 24.9 1.09 30 
14 --- --- --- --- --- 
17 6.0 660 25.5 <1 60 

ASU16 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 5.8 330 28.5 Unk 10 
14 5.9 520 25.0 <1 50 
17 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 7C - Continued 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T 

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU17 

5 --- --- --- --- --- 
8 5.9 530 29.0 Unk Unk 

11 5.8 440 27.7 <1 26 
14 --- --- --- --- --- 
17 6.0 3300 27.0 <1 40 

ASU18 

5 --- --- --- --- --- 
8 6.5 660 32.4 Unk -5.9 

11 5.6 550 24.5 Unk 35 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU19 

5 --- --- --- --- --- 
8 5.9 570 28.9 Unk 50 

11 --- --- --- --- --- 
14 --- --- --- --- --- 
17 6.0 710 26.4 Unk Unk 

ASU20 

5 --- --- --- --- --- 
8 6.2 770 28.5 <1 -37 

11 6.1 460 27.5 Unk -4.8 
14 6.0 460 29.8 <1 30 
17 --- --- --- --- --- 

ASU21 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 5.9 780 26.6 <1 15 
14 5.7 700 25.9 Unk 52 
17 --- --- --- --- --- 

ASU22 

5.0 --- --- --- --- --- 
8.0 5.9 590 26.4 <1 19 

11.0 5.1 340 26.2 <1 25 
14.0 5.9 440 25.4 <1 53 
17.0 --- --- --- --- --- 

ASU23 

5.0 --- --- --- --- --- 
8.0 5.1 370 27 <1 98 

11.0 5.7 390 26.7 1.23 33 
14.0 --- --- --- --- --- 
17.0 6 1500 30.3 <1 23 

ASU24 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 5.6 550 24.0 Unk 26 
14.0 6.1 730 25.3 Unk 35 
17.0 6.5 1100 32.3 Unk -26 

  ---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 8A 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
1 

5 --- --- --- --- ---  
A
S
U
6 

5 140 2 5 74 ND 
8 11 ND 38 5 ND  8 77 1 17 29 ND 
11 15 ND 26 4 ND  11 42 ND 23 6 ND 
14 110 ND 23 4 ND  14 56 2 31 4 ND 
17 200 ND ND 7 ND  17 130 ND 5 3 ND 

A
S
U
2 

5 --- --- --- 13 ND  
A
S
U
7 

5 --- --- --- --- --- 
8 16 ND 38 3 ND  8 29 ND 41 10 ND 
11 25 1 20 3 ND  11 25 ND 33 7 ND 
14 74 ND 22 5 ND  14 84 1 37 5 ND 
17 130 ND 1 7 ND  17 610 ND 19 10 ND 

A
S
U
3 

5 --- --- --- 60 ND  
A
S
U
8 

5 --- --- --- --- --- 
8 79 ND 65 7 ND  8 61 1 90 2 ND 
11 13 ND 28 5 ND  11 57 ND 84 11 ND 
14 130 ND 450 82 1  14 430 ND 83 2 ND 
17 250 1 180 32 1  17 2200 ND 15 14 ND 

A
S
U
4 

5 --- --- --- --- ---  
A
S
U
9 

5 --- --- --- --- --- 
8 39 ND 150 24 ND  8 220 2 5 77 ND 
11 23 ND 51 13 ND  11 19 ND 36 4 ND 
14 72 ND 130 13 ND  14 72 ND 10 42 14 
17 150 ND 9 2 ND  17 120 1 ND 4 ND 

A
S
U
5 

5 --- --- --- --- ---  
A
S
U
10 

5 --- --- --- --- --- 
8 110 1 29 20 ND  8 310 1 1 110 ND 
11 31 ND 14 4 ND  11 56 ND ND 6 ND 
14 80 ND 22 3 ND  14 170 ND 11 9 ND 
17 80 ND 21 3 ND  17 130 ND 20 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 8B 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2: Aug 15-22, 2009 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
2 

5 25 ND 96 2 ND  A
S
U
6 
B 

6.5 210 ND 26 93 ND 
8 --- --- --- --- ---  9.5 --- --- --- --- --- 
11 28 ND 35 3 ND  12.5 40 ND 53 5 ND 
14 90 ND 28 4 ND  15.5 --- --- --- --- --- 
17 180 ND 1 6 ND  

A
S
U
7 

5 --- --- --- --- --- 

A
S
U
3 

5 --- --- --- --- ---  8 34 1 98 19 ND 
8 45 ND 69 26 ND  11 31 1 50 9 ND 
11 28 ND 62 5 ND  14 100 ND 57 6 ND 
14 62 ND 100 30 ND  17 530 ND 16 9 ND 
17 --- --- --- --- ---  A

S
U
7 
B 

6.5 32 ND 170 45 ND 

A
S
U
4 

5 --- --- --- --- ---  9.5 35 ND 53 2 ND 
8 52 5 170 --- ---  12.5 61 ND 50 8 ND 
11 39 ND 93 14 ND  15.5 470 1 39 10 ND 
14 --- --- --- --- ---   

A
S
U
8 

5 --- --- --- --- --- 
17 55 1 140 8 ND  8 62 ND 96 2 ND 

A
S
U
5 

5 150 1 29 3 ND  11 57 1 99 7 ND 
8 --- --- --- --- ---  14 490 ND 100 --- --- 
11 140 1 25 34 ND  17 2200 1 33 13 ND 
14 40 ND 42 8 ND  

A
S
U
11 

5 --- --- --- --- --- 
17 94 ND 35 --- ---  8 47 ND 15 47 ND 

A
S
U
5 
B 

6.5 --- --- --- --- ---  11 62 ND 130 13 ND 
9.5 --- --- --- --- ---  14 170 ND 130 6 ND 

12.5 100 1 30 14 ND  17 600 11 70 --- --- 
15.5 49 1 51 5 ND         

A
S
U
6 

5 130 1 3 8 ND         
8 --- --- --- --- ---         
11 110 ND 19 12 ND         
14 56 ND 45 6 ND         
17 76 1 21 1 ND         

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 8C 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl- NO3
-2 SO4

-2 Fe2+ Mn2+ Cl- NO3
-2 SO4

-2 Fe2+ Mn2+ 

A 
S 
U 
2 

5 --- --- --- --- --- 
A 
S 
U 
7 

5 --- --- --- --- --- 
8 16 ND 45 2 ND 8 1 1 1 14 ND 
11 21 1 25 1 ND 11 21 ND 32 4 ND 
14 60 ND 15 ND ND 14 53 ND 30 4 ND 
17 --- --- --- 5 ND 17 48 ND 160 8 ND 

A 
S 
U 
3 

5 --- --- --- --- --- A 
S 
U 
7
B 

6.5 --- --- --- --- --- 
8 31 ND 57 5 ND 9.5 27 ND 38 2 ND 
11 31 ND 24 4 ND 12.5 42 ND 20 9 ND 
14 59 ND 79 17 ND 15.5 180 ND 20 5 ND 
17 --- --- --- --- --- 

A 
S 
U 
8 

5 --- --- --- --- --- 

A 
S 
U 
4 

5 --- --- --- --- --- 8 41 ND 66 1 ND 
8 57 ND 100 22 ND 11 38 ND 45 5 ND 
11 33 ND 45 19 ND 14 --- --- --- 1 ND 
14 73 ND 67 --- --- 17 --- --- --- 12 ND 
17 --- --- --- 4 ND 

A 
S 
U 
11 

5 --- --- --- --- --- 

A 
S 
U 
5 

5 --- --- --- --- --- 8 --- --- --- --- --- 
8 180 ND 60 --- --- 11 38 ND 82 14 ND 
11 50 ND 10 ND ND 14 190 ND 82 3 ND 
14 --- --- --- --- --- 17 550 ND 21 4 ND 
17 --- --- --- --- --- 

A 
S 
U 
12 

5 --- --- --- --- --- 

A 
S 
U 
5B 

6.5 --- --- --- --- --- 8 35 ND 43 7 ND 
9.5 ND ND ND 13 ND 11 21 ND 34 --- ND 

12.5 62 ND 15 3 ND 14 59 ND 33 3 ND 
15.5 --- --- --- --- --- 17 --- --- --- --- --- 

A 
S 
U 
6 

5 61 ND 16 --- --- 
A 
S 
U 
13 

5 44 1 64 64 ND 
8 42 ND 41 22 ND 8 43 ND 71 17 ND 
11 110 ND 15 5 ND 11 34 ND 36 10 ND 
14 --- --- --- --- --- 14 60 ND 25 3 ND 
17 220 ND 5 --- --- 17 --- --- --- --- --- 

A 
S 
U 
6B 

6.5 62 ND 26 50 ND 
A 
S 
U 
14 

5 --- --- --- --- --- 
9.5 33 ND 32 7 ND 8 250 1 3 --- --- 

12.5 90 ND 6 1 ND 11 78 ND 4 18 ND 
15.5 --- --- --- 5 ND 14 --- --- --- --- --- 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 

 

17 --- --- --- --- --- 
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Table 8C - Continued 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 
L

o
ca

ti
o
n

 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl- NO3
-2 SO4

-2 Fe2+ Mn2+  Cl- NO3
-2 SO4

-2 Fe2+ Mn2+ 

A
S
U
15 

5 --- --- --- --- ---  
A 
S 
U 
20 

5 --- --- --- --- --- 
8 64 ND 27 33 ND  8 52 ND 1 87 ND 
11 130 ND 7 6 ND  11 --- --- --- 13 ND 
14 130 ND 21 3 ND  14 48 ND 25 3 ND 
17 16 1 32 4 ND  17 --- --- --- --- --- 

A
S
U
16 

5 --- --- --- --- ---  
A 
S 
U 
21 

5 --- --- --- --- --- 
8 190 ND ND 18 ND  8 32 ND 52 --- --- 
11 47 ND 53 11 ND  11 84 ND 1 24 ND 
14 --- --- --- --- ---  14 150 1 5 6 ND 
17 38 ND 43 7 ND  17 --- --- --- 3 ND 

A
S
U
17 

5 --- --- --- --- ---  

A 
S 
U 
22 

5 --- --- --- --- --- 
8 280 ND 73 1 ND  8 49 ND 40 29 ND 

11 
110
0 6 15 

9 ND  11 18 ND 33 
9 ND 

14 38 ND 70 2 ND  14 --- --- --- 3 ND 
17 51 ND 98 6 ND  17 63 ND 23 3 ND 

A
S
U
18 

5 --- --- --- --- ---  
A
S
U
23 

5 --- --- --- --- --- 
8 --- --- --- 4 ND  8 45 ND 62 2 ND 
11 --- --- --- 12 ND  11 32 ND 39 10 ND 
14 65 ND 49 8 ND  14 99 ND 40 4 ND 
17 19 ND 40 9 ND  17 440 3 1 --- --- 

A
S
U
19 

5 --- --- --- --- ---  
A
S
U
24 

5 --- --- --- --- --- 
8 16 ND 30 17 ND  8 --- --- --- --- --- 
11 93 ND 31 16 ND  11 130 ND 21 7 ND 
14 64 ND 27 9 ND  14 100 ND 53 5 ND 
17 130 ND 7 2 ND  17 270 ND 9 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 9 
DOC Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU1 

5 --- X ---  

ASU 6B 

6.5 X 42 48 
8 23 X 8  9.5 X --- 20 
11 14 X 3  12.5 X 16 15 
14 5 X 5  15.5 X --- 10 
17 --- X 6  

ASU7 

5 --- --- --- 

ASU2 

5 18 --- ---  8 33 34 24 
8 11 11 10  11 27 26 --- 
11 6 8 9  14 19 20 24 
14 5 9 4  17 6 9 12 
17 5 40 6  

ASU7B 

6.5 X 24 --- 

ASU3 

5 32 --- ---  9.5 X 33 50 
8 11 31 ---  12.5 X 21 --- 
11 5 7 120  15.5 X 9 15 
14 4 6 11  

ASU8 

5 --- --- --- 
17 6 --- ---  8 43 100 30 

ASU4 

5 --- --- ---  11 17 77 26 
8 14 14 ---  14 21 51 16 
11 6 10 ---  17 11 40 43 
14 6 6 13  

ASU9 

5 --- X X 
17 11 9 5  8 45 X X 

ASU5 

5 --- 27 ---  11 --- X X 
8 31 11 21  14 150 X X 
11 17 --- 28  17 51 X X 
14 6 --- 9  

ASU10 

5 --- X X 
17 --- --- ---  8 110 X X 

ASU5B 

6.5 X --- ---  11 14 X X 
9.5 X 39 ---  14 71 X X 

12.5 X 10 13  17 7 X X 
15.5 X 8 9  

ASU11 

5 X --- --- 

ASU6 

5 50 --- ---  8 X 44 --- 
8 43 40 ---  11 X 22 18 
11 25 20 8  14 X 20 21 
14 13 13 3  17 X 13 <1 
17 7 --- 5   

---  – No water available for analysis 
X – location not sampled 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 9 - Continued 
DOC Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU12 

5 X X ---  

ASU19 

5 X X --- 
8 X X 60  8 X X 13 
11 X X 10  11 X X 9 
14 X X 9  14 X X --- 
17 X X ---  17 X X 15 

ASU13 

5 X X 35  

ASU20 

5 X X --- 
8 X X 24  8 X X 62 
11 X X 10  11 X X 58 
14 X X 4  14 X X 10 
17 X X ---  17 X X --- 

ASU14 

5 X X ---  

ASU21 

5 X X --- 
8 X X 59  8 X X 230 
11 X X 25  11 X X 115 
14 X X ---  14 X X --- 
17 X X ---  17 X X 10 

ASU15 

5 X X ---  

ASU22 

5 X X --- 
8 X X 27  8 X X 28 
11 X X 12  11 X X 14 
14 X X 11  14 X X 9 
17 X X <1  17 X X 8 

ASU16 

5 X X ---  

ASU23 

5 X X --- 
8 X X 47  8 X X 6 
11 X X 29  11 X X <1 
14 X X ---  14 X X 17 
17 X X ---  17 X X <1 

ASU17 

5 X X ---  

ASU24 

5 X X --- 
8 X X 27  8 X X --- 
11 X X 18  11 X X --- 
14 X X ---  14 X X 25 
17 X X <1  17 X X <1 

ASU18 

5 X X ---  

 

    

8 X X <1      

11 X X 16      

14 X X 7      

17 X X 3      

---  – No water available for analysis 
X – location not sampled 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 10 
COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU1 

5 --- X X  

ASU 6B 

6.5 X 140 120 
8 58 X X  9.5 X --- 76 
11 77 X X  12.5 X 74 42 
14 32 X X  15.5 X --- 4 
17 18 X X  

ASU7 

5 --- --- --- 

ASU2 

5 --- --- ---  8 120 130 160 
8 490 --- 33  11 75 99 59 
11 3 3 15  14 42 28 32 
14 25 26 12  17 84 99 48 
17 15 17 7  

ASU7B 

6.5 X 64 37 

ASU3 

5 --- --- ---  9.5 X 120 46 
8 39 34 31  12.5 X 69 53 
11 11 14 6  15.5 X 61 12 
14 41 52 14  

ASU8 

5 --- --- --- 
17 29 38 72  8 120 130 80 

ASU4 

5 --- --- ---  11 67 86 60 
8 44 35 ND  14 53 48 40 
11 35 41 21  17 200 210 130 
14 29 30 31  

ASU9 

5 --- X X 
17 42 47 5  8 510 X X 

ASU5 

5 --- --- ---  11 --- X X 
8 120 150 97  14 650 X X 
11 44 42 29  17 241 X X 
14 23 25 ---  

ASU10 

5 --- X X 
17 --- --- 41  8 460 X X 

ASU5B 

6.5 X --- ---  11 230 X X 
9.5 X 89 110  14 260 X X 

12.5 X 33 28  17 43 X X 
15.5 X 29 17  

ASU11 

5 X --- --- 

ASU6 

5 200 290 180  8 X 74 --- 
8 110 130 110  11 X 14 7 
11 79 89 40  14 X 37 ND 
14 71 58 56  17 X 29 25 
17 140 190 ---   

---  – No water available for analysis 
X – location not sampled 
ND – Non-detect with a MDL of 1mg/L 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 10 - Continued 
COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU12 

5 X X ---  

ASU19 

5 X X --- 
8 X X ND  8 X X 50 

11 X X 21  11 X X 11 
14 X X 31  14 X X 170 
17 X X ---  17 X X --- 

ASU13 

5 X X 90  

ASU20 

5 X X --- 
8 X X 66  8 X X 45 

11 X X 44  11 X X --- 
14 X X 25  14 X X 32 
17 X X 36  17 X X --- 

ASU14 

5 X X ---  

ASU21 

5 X X 630 
8 X X 280  8 X X 450 

11 X X 160  11 X X 150 
14 X X 35  14 X X 30 
17 X X 24  17 X X --- 

ASU15 

5 X X ---  

ASU22 

5 X X --- 
8 X X 96  8 X X 120 

11 X X 25  11 X X 48 
14 X X 39  14 X X 51 
17 X X 31  17 X X 23 

ASU16 

5 X X ---  

ASU23 

5 X X --- 
8 X X 120  8 X X 47 

11 X X 55  11 X X 41 
14 X X 28  14 X X 32 
17 X X 41  17 X X --- 

ASU17 

5 X X ---  

ASU24 

5 X X --- 
8 X X 100  8 X X ND 

11 X X 65  11 X X --- 
14 X X 51  14 X X 28 
17 X X 59  17 X X --- 

ASU18 

5 X X ---  

 

    

8 X X 77      

11 X X 27      

14 X X ---      

17 X X 30      

---  – No water available for analysis 
X – location not sampled 
ND – Non-detect with an MDL of 1mg/L 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 11 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples: Events 1, 2, and 3 

L
o

ca
ti

o
n

 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3)   

L
o

ca
ti

o
n

 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3) 

Event 1 Event 2 Event 3  Event 1 Event 2 Event 3 

A
S
U
1 

5 --- X X  A
S
U
6B 

6.5 X --- 180 
8 100 X X  9.5 X --- 120 
11 120 X X  12.5 X 160 80 
14 180 X X  15.5 X --- 100 
17 --- X X  

A
S
U
7 

5 --- --- --- 

A
S
U
2 

5 --- --- ---  8 --- --- 80 
8 --- --- 80  11 140 120 100 
11 120 120 80  14 100 100 100 
14 160 160 160  17 80 80 60 
17 200 200 200  A

S
U
7B 

6.5 X 160 190 

A
S
U
3 

5 --- --- ---  9.5 X --- 80 
8 80 80 40  12.5 X 40 80 
11 120 100 80  15.5 X 40 100 
14 80 80 40  

A
S
U
8 

5 --- --- --- 
17 200 180 60  8 100 100 60 

A
S
U
4 

5 --- --- ---  11 100 100 80 
8 40 40 20  14 140 160 120 
11 100 100 80  17 --- --- 120 
14 --- 40 80  

A
S
U
9 

5 --- X X 
17 100 100 80  8 260 X X 

A
S
U
5 

5 --- --- ---  11 120 X X 
8 80 100 100  14 240 X X 
11 140 140 200  17 160 X X 
14 120 --- 80  

A
S
U
10 

5 --- X X 
17 --- 160 ---  8 200 X X 

A
S
U
5B 

6.5 X --- ---  11 140 X X 
9.5 X 80 70  14 120 X X 

12.5 X 100 100  17 120 X X 
15.5 X --- 80  

A
S
U 
11 

5 X --- --- 

A
S
U
6 

5 200 220 60  8 X 160 --- 
8 160 160 100  11 X 140 80 
11 120 120 100  14 X --- 100 
14 120 120 100  17 X --- 120 
17 100 40 ---       

---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 
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Table 11 - Continued 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples: Events 1, 2, and 3 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

Alkalinity 

(mg/L as CaCO3)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

Alkalinity 

(mg/L as CaCO3) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

A
S
U 
12 

5 X X ---  
A
S
U
19 

5 X X --- 
8 X X 100  8 X X 100 
11 X X 80  11 X X 60 
14 X X 120  14 X X 80 
17 X X ---  17 X X 120 

A
S
U 
13 

5 X X ---  
A
S
U
20 

5 X X --- 
8 X X 60  8 X X 160 
11 X X 80  11 X X 120 
14 X X 100  14 X X 80 
17 X X 120  17 X X --- 

A
S
U 
14 

5 X X ---  
A
S
U
21 

5 X X 200 
8 X X 180  8 X X 140 
11 X X 130  11 X X 100 
14 X X 120  14 X X --- 
17 X X 100  17 X X 80 

A
S
U 
15 

5 X X 40  
A
S
U
22 

5 X X --- 
8 X X 100  8 X X 100 
11 X X 100  11 X X 80 
14 X X 120  14 X X --- 
17 X X 100  17 X X 40 

A
S
U 
16 

5 X X ---  
A
S
U
23 

5 X X --- 
8 X X 140  8 X X 120 
11 X X 90  11 X X 80 
14 X X 80  14 X X --- 
17 X X 80  17 X X --- 

A
S
U 
17 

5 X X ---  
A
S
U
24 

5 X X --- 
8 X X 100  8 X X 100 
11 X X 100  11 X X 150 
14 X X 100  14 X X 120 
17 X X 100  17 X X 100 

A
S
U 
18 

5 X X ---  

 

    

8 X X 180      

11 X X 80      

14 X X 120      

17 X X 80      

---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 
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Table 12A 
VOC Concentration Data for Depth-Discrete Groundwater Samples: 

Event 1: October 16 – 26, 2008  

L
o

ca
ti

o
n

 Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents
1
 

ASU1 

5 1 - - - 22 6 47 NW NW 96 
8 - - - - 3 - 3 - - 8 
11 - - - - 3 1 8 - - 14 
14 1 - - - 4 1 11 NW NW 21 
17 - - - - 1 - 2 - - 3 

ASU2 

5 - - - - - - 2 - - 2 
8 - - - - - - - - - ND 
11 - - - - - - 1 - - 1 
14 - - - - - - 3 6 - 37 
17 - - - - - - - - - ND 

ASU3 

5 550 24 96 - 6300 470 190 3 - 13000 
8 180 5 35 - 1600 390 530 <1 - 4300 
11 7 - - - 24 1 7 - - 67 
14 2 - 1 - 39 9 1 - - 85 
17 7 - 1 - 4 1 6 - - 35 

ASU4 

5 210 8 60 - 2900 1100 790 NW NW 7800 
8 300 7 62 - 3200 4800 7300 - - 20000 
11 190 6 42 - 1700 1100 3500 1 - 8400 
14 14 3 9 - 830 180 49 - - 1700 
17 7 - - - 7 10 18 - - 59 

ASU5 

5 NW NW NW NW NW NW NW NW NW NW 
8 4700 9 180 5 4900 54 33 580 - 25000 
11 1700 1 59 - 860 4 13 77 - 6600 
14 98 4 29 - 330 2500 83 1 - 4100 
17 13 - - - 14 19 3 - - 86 

ASU6 

5 3400 3 98 1 1300 3 1 180 - 13000 
8 3400 31 450 - 15000 3300 800 310 7 42000 
11 190 47 350 4 16000 10300 16000 15 3 58000 
14 1400 21 17 3 2800 15000 7300 7 - 35000 
17 310 3 2 - 610 920 660 - - 3700 

ASU7 

5 2 - - - 21 1 11 - - 56 
8 350 30 80 - 3200 5000 1800 2 - 15000 
11 12 2 8 - 280 1200 42 - - 2100 
14  1 - - 11 654 5 - - 850 
17 1 1 - - 7 93 27 - - 160 

ASU8 

5 29 4 3 - 180 110 110 - - 650 
8 2 3 4 - 310 1600 1200 - - 3800 
11 - - - - 24 99 40 - - 200 
14 - - - - 1 4 11 - - 17 
17 - - - - 1 2 7 - - 11 

ASU9 

5 NW NW NW NW NW NW NW NW NW NW 
8 18000 200 2100 - 96000 26000 66000 1700 87 32000 
11 270 4 48 - 1300 2100 2800 7 - 8500 
14 340 42 48 - 19000 1500 32000 250 320 70000 
17 4 1 1 - 370 31 280 12 21 1200 

ASU10 

1 4700 24 72 - 16000 2 5 ND - 41000 
5 15000 18 750 8 29000 - 190 3000 - 110000 
8 23000 25 19000 14 25000 - 22 4000 66 130000 
11 48000 24 57 - - 7 67 1000 440 46000 
14 4500 100 290 7 5700 2200 8600 530 250 38000 
17 180 8 3 4 310 514 2200 4 - 4000 

1)      PCE equivalents based on adjustment factors in Table 16.  
Adjustment factors and their calculation will be detailed in a 
document to ESTCP at a later date. 

<1     - Indicates analyte was detected, but below the practical 
quantitation limit of 1 ug/L 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
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Table 12B 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 2: July 5-19, 2010 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU-2 

5 NW NW NW NW NW NW NW NW NW NW 
8 - - - - - - - - - - 
11 - - - - - - - - - - 
14 - - - - - - - - - - 
17 - - - - - - - - - - 

ASU-3 

5 NW NW NW NW NW NW NW NW NW NW 
8 135 9 33 - 1900 600 870 2 <1 5300 
11 7 <1 <1 - 56 8 14 - - 140 
14 <1 <1 <1 - 40 7 - <1 - 77 
17 1 - - - 7 <1 <1 <1 3 29 

ASU-4 

5 NW NW NW NW NW NW NW NW NW NW 
8 390 17 99 - 4200 5100 6200 <1 - 21000 
11 160 8 53 - 2500 1900 2700 <1 <1 9900 
14 - 1 1 - 700 120 20 <1 <1 1400 
17 56 - 12 - 690 4 - <1 - 1400 

ASU-5 

5 NW NW NW NW NW NW NW NW NW NW 
8 1400 2 110 12 1500 13 - 380 <1 8800 
11 270 - 29 - 200 - - 40 <1 1300 
14 110 8 31 - 1800 160 22 5 <1 3700 
17 NW NW NW NW NW NW NW NW NW NW 

ASU-5B 

6.5 NW NW NW NW NW NW NW NW NW NW 
9.5 550 2 67 - 640 8 3 680 3 6700 
12.5 200 3 24 - 730 49 - 21 <1 2000 
15.5 9 4 6 - 170 94 - <1 <1 450 

ASU-6 

5 390 - 23 - 130 9 - 40 - 1500 
8 2300 38 440 - 15000 470 160 190 7 35000 
11 340 33 410 - 7100 15000 9700 9 - 42000 
14 1800 56 92 - 10000 2300 1800 25 - 27000 
17 330 6 3 - 1300 21 8 - - 3200 

ASU-6B 

6.5 1800 21 290 - 7600 6 - 500 9 21000 
9.5 1900 53 750 - 23000 8000 760 120 4 57000 
12.5 240 54 390 - 13000 13000 9400 8 4 50000 
15.5 280 17 24 - 3200 1500 2200 5 <1 10000 

ASU7 

5 NW NW NW NW NW NW NW NW NW NW 
8 290 20 80 - 2600 4100 1500 11 <1 12000 
11 56 7 35 - 960 3600 310 2 2 6700 
14 - 6 - - 17 560 2 <1 <1 750 
17 - - - - 1 24 8 <1 <1 40 

ASU-7B 

6.5 13 1 3 - 210 1 - <1 - 400 
9.5 120 16 97 - 3200 3200 270 2 <1 10000 
12.5 <1 <1 <1 - 12 440 <1 <1 <1 580 
15.5 - <1 - - 9 230 50 - - 360 

ASU-8 

5 NW NW NW NW NW NW NW NW NW NW 
8 5 6 10 - 270 1300 980 <1 <1 3100 
11 3 <1 1 - 63 78 14 <1 <1 230 
14 - - - - - <1 1 <1 <1 1 
17 - - - - - - - - - 0 

ASU-11 

5 NW NW NW NW NW NW NW NW NW NW 
8 57 - <1 - - - - - - 150 
11 - - - - - - - - - - 
14 - - - - - - - - - - 
17 - - - - - - - - - - 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to 
ESTCP at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12C 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 3: August 15 -22, 2009 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU-2 

5 - - - - - <1 <1 - - 0 
8 - - - - - <1 <1 - - 0 
11 - - - - - <1 <1 - - 0 
14 - - - - - <1 <1 - - 0 
17 - - - - <1 <1 <1 - - 0 

ASU-3 

5 270 6 32 - 1800 - - - - 3800 
8 260 13 50 - 4200 400 290 3 - 8800 
11 7 <1 1 - 35 <1 <1 - - 80 
14 1 1 2 - 36 16 1 - - 91 
17 24 1 6 - 150 9 4 <1 - 340 

ASU-4 

5 73 3 22 - 1900 450 160 - - 4300 
8 670 26 130 - 6100 6900 11000 10 - 32000 
11 310 - 69 - 3100 5900 9000 3 - 23000 
14 8 - 15 - 1300 500 50 <1 - 3000 
17 12 <1 1 - 26 27 40 <1 - 150 

ASU-5 

5 NW NW NW NW NW NW NW NW NW NW 
8 2700 12 170 - 390 34 18 290 <1 16000 
11 310 <1 18 - 230 14 <1 58 <1 1600 
14 180 9 35 - 1300 5200 53 6 - 9400 
17 1 - <1 - 15 4 1 - - 34 

ASU-5B 

6.5 NW NW NW NW NW NW NW NW NW NW 
9.5 1100 2 90 - 1000 8 3 430 2 7400 
12.5 250 3 29 - 1000 630 <1 12 <1 3400 
15.5 5 <1 6 - 64 52 <1 - - 200 

ASU-6 

5 850 <1 22 - 97 9 <1 - - 2500 
8 6400 46 480 - 15000 26 - 450 10 47000 
11 5800 - 380 - 12000 4000 1300 320 7 44000 
14 6400 65 140 - 16000 6800 5600 130 3 59000 
17 1000 <1 2 1 110 6 7 96 <1 3400 

ASU-6B 

6.5 2400 35 470 - 9900 2300 130   27000 
9.5 800 28 280 - 12000 5500 1500 28 <1 32000 
12.5 45 10 45 - 603 6016 24653 <1 <1 33000 
15.5 2000 16 23 - 2400 1900 540 71 <1 13000 

ASU7 

5 NW NW NW NW NW NW NW NW NW NW 
8 300 15 58 - 2300 3400 1300 5 <1 10000 
11 18 1 4 - 340 1100 5 <1 <1 2000 
14 <1 1 1 <1 15 1000 23 - - 1300 
17 <1 <1 - - 2 24 11 - - 45 

ASU-7B 

6.5 57 <1 25 - 740 360 100 <1 - 2000 
9.5 270 24 89 - 3100 5500 1400 5 - 15000 
12.5 <1 1 1 <1 10 600 39 <1 <1 820 
15.5 3 1 <1 - 4 120 46 - - 220 

ASU-8 

5 NW NW NW NW NW NW NW NW NW NW 
8 5 9 11 - 280 1600 870 - - 3400 
11 1 1 3 - 41 110 40 - - 260 
14 - - - - <1 1 <1 - - 1 
17 - - - - <1 <1 <1 - - 0 

ASU-11 

5 39 - <1 <1 <1 1 1 38 <1 330 
8 42 <1 1 - <1 <1 <1 26  270 
11 - - - - - <1 <1 <1 <1 0 
14 - - - - - - <1 - - 0 
17 - - - - <1 <1 <1 - - 0 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 
at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12C - Continued 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 3: August 15 -22, 2009 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU12 

5 NW NW NW NW NW NW NW NW NW NW 
8 230 6 32 - 1400 1600 5200 10 <1 10000 
11 18 1 2 - 470 2 5 <1 <1 860 
14 12 3 7 - 620 720 70 <1 <1 2100 
17 NW NW NW NW NW NW NW NW NW NW 

ASU13 

5 290  26 - 1200 16 13 12 <1 3000 
8 580 14 120 - 5700 2700 910 - - 16000 
11 610 27 130 - 6400 4000 4400 53 <1 23000 
14 5 3 3 - 670 340 18 <1 <1 1600 
17 <1 <1 <1 - 10 10 1 <1 <1 30 

ASU14 

5 NW NW NW NW NW NW NW NW NW NW 
8 150 - 42 23 1 <1 1 4500 58 27000 
11 3200 37 97 - 2000 91 140 2100 64 25000 
14 11000 32 150 - 9100 1600 850 630 50 52000 
17 60 1 <1 <1 46 410 150 25 <1 1100 

ASU15 

5 NW NW NW NW NW NW NW NW NW NW 
8 600 24 350 - 7600 350 8 46 <1 16000 
11 60 5 55 - 970 1800 27 2 <1 4200 
14 - 23 12 - 200 7500 39 <1 <1 9900 
17 - 5 1 - 50 970 150 <1 <1 1500 

ASU16 

5 NW NW NW NW NW NW NW NW NW NW 
8 690 26 120 - 4400 3600 820 48 <1 15000 
11 2 <1 2 - 59 240 14 <1 <1 430 
14 - 4 2 - 13 940 190 <1 <1 1400 
17 - - - - 10 48 33 <1 <1 110 

ASU17 

5 NW NW NW NW NW NW NW NW NW NW 
8 9 12 46 - 470 470 280 <1 - 1800 
11 <1 - <1 - 11 11 7 <1 <1 40 
14 - - - - <1 <1 <1 - - - 
17 - - - - - - - <1 <1 - 

ASU18 

5 NW NW NW NW NW NW NW NW NW NW 
8 <1 - - <1 6 <1 - - - 10 
11 - - - - - - - - - - 
14 - - - - - - - - - - 
17 - - - - - - - NW NW - 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to 
ESTCP at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12C - Continued 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 3: August 15 -22, 2009 
 

L
o
c
a

ti
o

n
 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU19 

5 650 30 120 - 7100 1800 2500 - - 19000 
8 690 30 100 - 4900 4300 17000 17 <1 33000 

11 13 - 9 - 610 230 370 <1 <1 1800 
14 10 4 3 - 350 330 1400 - - 2500 
17 4 - - - 9 9 13 <1 <1 50 

ASU20 

5 NW NW NW NW NW NW NW NW NW NW 
8 27 - 11 35 7 - - 440 3 2800 

11 460 - 48 - 610 - 190 79 2 3000 
14 110 2 9 2 120 62 180 18 <1 880 
17 <1 - - - 5 90 100 <1 <1 220 

ASU21 

5 850 - 69 49 170 1 6 2200 41 16000 
8 2900 12 580 - 2600 34 170 5300 170 46000 

11 6500 47 330 - 23000 190 350 1000 260 65000 
14        110 62 990 
17 47 14 3 10 260 490 1500 <1 <1 2700 

ASU22 

5 NW NW NW NW NW NW NW NW NW NW 
8 1300 51 670 - 1400 14000 25000 33 <1 50000 

11 20 3 13 - 330 2300 510 <1 <1 4100 
14 11 - 18 - 250 2300 1700 <1 <1 5100 
17 <1 - - - 5 120 110 <1 <1 270 

ASU23 

5 NW NW NW NW NW NW NW NW NW NW 
8 6 7 12 - 200 370 260 - - 1100 

11 - - - - 9 11 48 <1 <1 77 
14 - - - - - - - - - - 
17 - - 7 - - 2 2 - - 16 

ASU24 

5 NW NW NW NW NW NW NW NW NW NW 
8 4 <1 <1 1 1 2 6 <1 <1 23 

11 - - - - - - - - - - 
14 4 - - - - <1 <1 <1 <1 11 
17 - - - - - - - - - - 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to 
ESTCP at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
 
 
 
 
 
 
 
 
 



 

Data Analysis Report 37 

Parris Island SWMU-45 Evt. 3       

Table 13A 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 1: October 16 – 26, 2008 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 740 3 19 11 380 14 13 NQ NQ 2700 
6.5 15 - 3 3 1 1 2 NQ NQ 55 
9 78 - 26 12 12 - - NQ NQ 290 

11.5 65 - 6 - 9 4 3 NQ NQ 210 
14 5 - - - 2 - - NQ NQ 17 

16.5 18 - - - 5 - - NQ NQ 56 
19 820 - 27 - 810 470 600 NQ NQ 4800 

ML4 

4 6500 7 140 13 9400 4 5 NQ NQ 34000 
6.5 725 - 62 240 260 - 2 NQ NQ 2900 
9 12000 8 460 15 9100 - - NQ NQ 48000 

11.5 690 3 250 7 630 - 4 NQ NQ 3300 
14 1500 8 59 18 460 70 - NQ NQ 5000 

16.5 1900 - 51 11 440 4 5 NQ NQ 5900 
19 73 - 5 1 11 - - NQ NQ 220 

ML5 

4 5200 - 280 230 790 - 98 NQ NQ 16000 
6.5 12000 - 57 77 51 - - NQ NQ 32000 

11.5 5000 180 690 - 11000 - - NQ NQ 34000 
14 11000 130 440 - 8900 26 46 NQ NQ 45000 

16.5 4900 - 22 5 81 1 8 NQ NQ 13000 
19 8100 200 270 - 3600 1570 3700 NQ NQ 34000 

ML6 

4 9100 9 120 43 5000 5 7 NQ NQ 33000 
6.5 4500 - 380 250 870 4 - NQ NQ 15000 
9 40000 - 1100 33 5000 - - NQ NQ 120000 

11.5 13000 11000 220 24 2700 - - NQ NQ 58000 
14 13000 93 200 - 4300 30 - NQ NQ 42000 

16.5 33000 67 60 - 270 120 - NQ NQ 88000 
19 24000 33 95 8 9700 541 2600 NQ NQ 84000 

ML7 

3.5 930 - 11 2 150 6 5 NQ NQ 2700 
6.5 11000 - 210 130 520 27 19 NQ NQ 31000 
8.5 12000 28 1200 81 4800 - - NQ NQ 42000 
11 23000 24 110 - 14000 1 - NQ NQ 85000 

13.5 17000 520 1200 - 46000 - - NQ NQ 130000 
16 8000 - 230 140 770 180 46 NQ NQ 23000 

18.5 810 - 280 - 89 - 6 NQ NQ 2800 
MW2 SL (9-14ft) 4 - - - - 1 3 NQ NQ 15 
MW3 SU (3-7ft) 3 - - - - 1 5 NQ NQ 14 

MW21 SL (9-14ft) 3 - 0 - 14 23 6 NQ NQ 67 
SU (3-7ft) 83 8 49 - 1800 1500 250 NQ NQ 5500 

MW6 SL (9-14ft) 11 4 14 - 590 56 5 NQ NQ 1100 
SU (3-7ft) 46 1 2 - 82 22 23 NQ NQ 320 

MW7 SU (12ft) 340 20 170 - 2800 7700 6400 NQ NQ 22000 
SL (5ft) 280 21 190 - 5500 8300 7500 NQ NQ 28000 

PMW1   220 - 11 <1 120 14 9 NQ NQ 840 
NQ – Not quantified 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 13B 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 2: August 15 – 22, 2009 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 300 66 45 77 160 100 180 - 300 1700 
6.5 NW NW NW NW NW NW NW NW NW 0 
9 16 0 5 1 20 11 39 3 <1 140 

11.5 16 0 2 - 22 2 27 3 <1 110 
14 16 - - - 13 1 10 - - 76 

16.5 NW NW NW NW NW NW NW NW NW 0 
19 2700 46 72  12000 4200 35000 96 7 68000 

ML4 

4 4700 58 460 16 16000 - 1200 350 4 42000 
6.5 310 29 17 - 160 29 43 2500 34 1300 
9 5100 17 - - 890 - 5 12000 130 15000 

11.5 2400 - 120 - 400 12 36 180 11 7300 
14 2100 35 66 - 1100 0 16 210 18 7600 

16.5 1700 4 29 - 1000 110 23 1900 380 6400 
19 250 13 25 3 200 16 27 13 110 1100 

ML5 

4 4600 18 120 69 3000 - 55 3600 48 18000 
6.5 4600 24 38 120 140 41 440 6300 120 13000 

11.5 4700 20 470 56 750 38 4 6000 150 15000 
14 5100 9 91 - 3700 17 52 310 55 20000 

16.5 27000 36 230 - 14000 130 - 2100 88 96000 
19 3800 - 22 23 58 38 3 2100 45 10000 

ML6 

4 7700 97 250 22 6200 150 250 1200 76 32000 
6.5 1900 - 69 62 160 160 94 6800 360 5800 
9 5400 110 1100 - 1600 220 95 8000 340 20000 

11.5 5800 32 130 - 2800 67 28 1200 110 21000 
14 13000 460 610 - 82000 1100 220 2600 910 180000 

16.5 33000 140 190 - 2700 410 32 3800 380 93000 
19 21000 28 220 - 15000 1700 2700 2500 130 87000 

ML7 

3.5 6800 39 44 30 310 250 30 1800 270 19000 
6.5 4800 120 370 20 8000 310 - 3000 510 28000 
8.5 8200 20 130 - 9600 84 - 2400 370 39000 
11 8400 170 160 - 42000 620 - 1900 600 95000 

13.5 6100 160 26 - 830 310 85 1700 41 18000 
16 700 27 6 - 140 79 540 380 <1 2800 

18.5 6800 39 44 30 310 250 30 1800 270 19000 

NW – No water for analysis 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 13C 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 3: July 5-19, 2010 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 NW NW NW NW NW NW NW NW NW NW 
6.5 NW NW NW NW NW NW NW NW NW NW 
9 6 3 <1 - 1 1 2 - - 26 

11.5 4 - 1 - <1 <1 - <1 <1 12 
14 2 - - - - - - <1 <1 5 

16.5 29 - - - - - - 13 <1 150 
19 2500 91 210 - 26000 9400 34000 53 3 100000 

ML4 

4 NW NW NW NW NW NW NW NW NW NW 
6.5 37 - 14 46 40 13 - 300 9 2100 
9 1700 - 130 - 24 19 - 1200 30 12000 

11.5 1900 - 130 - 990 15 52 200 13 8300 
14 1600 21 40 - 1400 76 - 155 42 8000 

16.5 2100 11 42 - 1400 8 - 180 33 9300 
19 35 - 3 <1 1 - - 56 160 1300 

ML5 

4 NW NW NW NW NW NW NW NW NW NW 
6.5 68 - 20 63 - - - 5100 110 31000 

11.5 1800 6 330 - 280 120 - 7400 210 51000 
14 6200 12 160 - 6300 33 12 750 58 32000 

16.5 7300 - 64 - 2400 130 - 2500 82 39000 
19 2100 - 8 - 5 92 58 2400 59 20000 

ML6 

4 2300 35 44 - 2900 1500 3900 1300 26 25000 
6.5 NW NW NW NW NW NW NW NW NW NW 
9 360 24 37 44 110 97 - 8300 340 52000 

11.5 - 15 500 - 770 170 15 - - 2400 
14 3900 - 64 - 500 87 - 11 - 11000 

16.5 7800 81 300 - 35000 710 29 1900 740 97000 
19 19000 - 120 - 1800 320 - 3800 490 80000 

ML7 

3.5 6700 73 200 - 18000 2800 1600 1800 81 65000 
6.5 NW NW NW NW NW NW NW NW NW NW 
8.5 1100 12 12 13 80 170 - - - 3300 
11 2400 22 230 15 4000 260 - 3000 530 35000 

13.5 5700 15 93 - 6500 100 - 1800 430 40000 
16 4900 66 150 - 32000 720 - 2200 650 86000 

18.5 210 3 6 - 10 280 - 650 31 5000 

NW – No water for analysis 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 14A 
Fatty Acid Analysis Resultsa: Event 1: October 16 – 26, 2008  

Fatty Acid 

Well ML4 ML6 

Depth 

(ft bgs) 11.5 6.5 11.5 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 ND 330 57 
N Butyric Acid 0.07 ND 28 3.1 

N Hexanoic Acid 0.1 ND 2.4 ND 
N i-Hexanoic Acid 0.1 ND 0.2 ND 
N i-Pentanoic Acid 0.07 ND 1.3 0.26 

N Lactic Acid and HIBA 0.1 0.25 13 1.4 
N Pentanoic Acid 0.07 ND 25 2.2 
N Propionic Acid 0.07 ND 150 8.7 
N Pyruvic Acid 0.07 ND 15 1.7 

PQL – Practical quantitation limit 
ND   – Non-detect 
a – Samples were immediately submitted, but exceeded holding time at the lab due to inability of lab to analyze the 
samples in time as a result of instrument malfunction. 

  

Table 14B 
Fatty Acid Analysis Results: Event 2: August 15-22, 2009 

Fatty Acid 

Well ML6 

Depth 

(ft bgs) 9 14 19 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 580 140 75 
N Butyric Acid 0.07 80 22 1.5 

N Hexanoic Acid 0.1 ND ND ND 
N i-Hexanoic Acid 0.1 0.45 ND ND 
N i-Pentanoic Acid 0.07 ND 0.98 0.33 

N Lactic Acid and HIBA 0.1 ND 0.46 ND 
N Pentanoic Acid 0.07 64 19 0.73 
N Propionic Acid 0.07 270 140 20 
N Pyruvic Acid 0.07 75 9.2 2.2 

PQL – Practical quantitation limit 
ND   – Non-detect 
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Table 15A 
Dehalococcoides Testing: Event 2: August 15-22, 2009  

Location 
Depth  

(ft bgs) 
General 

Bacteria 
Dehalococcoides 

ASU 3 11 X --- 
14 --- --- 

ASU 4 
8 --- --- 
11 --- --- 
14 --- --- 

ASU 7 
8 --- --- 
11 X --- 
14 X --- 

ASU 11 
8 X X 
11 X X 
14 --- --- 

 X – Indicates positive  
 --- – indicates non-detect 
 

 
 

Table 15B 
Dehalococcoides Testing: Event 3: July 5-19, 2010 

Location 
Depth  

(ft bgs) 
General 

Bacteria 
Dehalococcoides 

 ASU 2 8 X --- 
ASU 4 11 --- --- 
ASU 5 11 X --- 

ASU 5B 12.5 --- --- 
ASU 6 11 X --- 
ASU 7 14 X --- 
ASU 11 11 X X 
ASU 12 14 --- --- 
ASU 13 8 --- --- 
ASU 15 14 X X 
ASU 16 14 --- --- 
ASU 18 11 X --- 
ASU 19 11 --- --- 
ASU 20 14 --- --- 
ASU 22 8 X X 
ASU 23 14 --- --- 
ASU 24 11 X --- 

 X – Indicates positive  
 --- – indicates non-detect 
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Table 16 
Stable Isotope Analysis – Event 3: July 15, 2010 

Location
1 Depth     

(ft bgs) 

VC c-DCE TCE PCE 

Conc 
(µg/L) 

Del 
(‰) 

Conc 
(µg/L) 

Del 
(‰) 

Conc 
(µg/L) 

Del 
(‰) 

Conc 
(µg/L) 

Del 
(‰) 

ASU3 11 4 (J) - 43 -23.11 4 (J) -10.58 1 (J) -18.96 
ASU4 11 600 -27.00 3000 .25.88 3000 -27.76 3000 -19.19 
ASU5 11 1000 -23.13 300 -17.82 <50 - <50 - 
ASU6 11 10000 -41.87 20000 -26.32 2000 -21.12 200 (J) -14.28 
ASU7 11 20 (J) -28.29 1000 -31.12 100 -23.39 <50 (U) - 
ASU8 11 2 - 60 -29.83 100 -26.89 4 (J) -3.16 
ASU11 11 2 (J) - 0.3 (J) - 2 (J) - <5 (U) - 

 1  –  A second direct push sampling location was used to collect CSIA samples; location was within 1ft of existing  
   sampling locations 
 J   –  The number is an estimated concentration because something in the sample interfered with the analysis. 
 U  – The contaminant was not detected at a concentration greater than the detection limit. 
 Conc - Concentration 
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Table 17A 
Soil Gas Concentration Data: Event 1: October 16 – 26, 2008 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 24 2 25 1 1200 890 10000 13000 
VP2 --- --- --- --- --- --- --- --- 
VP3 5 ND ND ND 6 1 4 29 
VP4 9 ND <1 ND 4 <1 <1 30 
VP5 180 ND ND ND 35 ND 1 540 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 

  

Table 17B 
Soil Gas Concentration Data: Event 2: August 15-22, 2009 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 14 1 11 2 830 620 7900 10000 
VP2 37 <1 ND ND 10 <1 4 120 
VP3 --- --- --- --- --- --- --- --- 
VP4 --- --- --- --- --- --- --- --- 
VP5 --- --- --- --- --- --- --- --- 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 

Table 17C 
Soil Gas Concentration Data: Event 3: July 5-19, 2010 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE 

PCE 

Equivalents 

VP6 21 ND 130 ND 410 112 470 1600 
VP7 1 ND <1 <1 <1 <1 6 9 
VP8 <1 ND ND ND ND ND 4 4 
VP9 <1 <1 <1 ND <1 2 ND 2 

VP10 <1 ND ND ND ND ND ND ND 
VP11 <1 ND <1 ND <1 1 2 4 
VP12 <1 ND ND ND ND ND ND ND 
VP13 <1 ND ND ND ND <1 6 6 
VP14 <1 ND ND ND ND ND ND ND 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 



 

Data Analysis Report 44 

Parris Island SWMU-45 Evt. 3       

Table 18A 
Diffusion Coefficients: Event 1: October 16 – 26, 2008 

Location Test 
Depth 

(cm) 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 

(cm2/s) 
VP1 1 46 1.4 x 10-2 2.3 x 10-2 
VP1 2 46 1.2 x 10-2 1.9 x 10-2 
VP2 1 46 NS NS 
VP2 2 46 NS NS 
VP3 1 46 8.9 x 10-3 1.4 x 10-2 
VP3 2 46 1.0 x 10-2 1.7 x 10-2 
VP4 1 46 8.5 x 10-3 1.4 x 10-2 
VP4 2 46 1.3 x 10-2 2.1 x 10-2 
VP5 1 46 6.7 x 10-3 1.1 x 10-2 
VP5 2 46 1.1 x 10-2 1.7 x 10-2 

NS – No sample collected due to submerged sampling screen 

 

 

Table 18B 
Diffusion Coefficients: Event 3: July 5 – 19, 2010 

Location 
Depth 

(cm) 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 

(cm2/s) 
VP6 61 7.4 x 10-2 1.1 x 10-1 
VP7 58 8.2 x 10-2 1.2 x 10-1 
VP8 67 2.6 x 10-2 3.9 x 10-2 
VP9 43 4.3 x 10-2 6.4 x 10-2 
VP10 59 5.9 x 10-2 8.7 x 10-2 
VP11 62 5.5 x 10-2 8.2 x 10-2 
VP12 63 2.4 x 10-2 3.5 x 10-2 
VP13 60 2.6 x 10-2 3.9 x 10-2 
VP14 43 2.7 x 10-2 4.1 x 10-2 
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Table 19  
Vapor Flux Calculation: Event 1, 2 and 3 

Event 

PCE Equivalents 

Vapor Emission 
(kg/y) 

1 7.0 x 10-1 
2 1.2a 
3 2.2 x 10-1 

Average 7.6 x 10-1 
Note: For calculation of second event diffusion coefficients 
were used from the first field event.  This was due to the 
site experiencing heavy rainfall follow sampling that did 
not allow for diffusion testing 

 
    Vapor Flux Calculation 

 

Where:  
  – Diffusion coefficient of compound i in air (cm2/s) 
  – Measured effective helium diffusion coefficient (cm2/s) 
  – Diffusion coefficient of helium in air (cm2/s) 
 Cv,i – Concentration of compound i in vapor (μg/L) 
 Z – Depth of sample (cm)  
  – Adjustment Factor for measured chemical i in terms of chemical j 
 Ai - Impacted Area (cm2) 
 

Diffusion Coefficients in Air (cm2/s) 

He VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

 6.71E-1 1.06E-01 9.00E-02 7.07E-02 7.42E-02 7.36E-02 7.90E-02 7.20E-02 
 

Adjustment Factors  

  PCE Equivalent (adjustment factor) 

  PCA PCE TCA TCE DCA DCE 

M
ea

su
re

d 

PCA 1.000 0.700 0.564 0.555 0.418 0.409 
PCE 1.428 1.000 0.804 0.792 0.597 0.585 
TCA 1.775 1.243 1.000 0.985 0.742 0.727 
TCE 1.802 1.262 1.015 1.000 0.753 0.738 
DCA 2.392 1.676 1.348 1.328 1.000 0.980 
DCE 2.442 1.711 1.376 1.355 1.021 1.000 

Chloroethane 3.670 2.570 2.068 2.037 1.534 1.503 
VC 3.788 2.653 2.135 2.102 1.583 1.551 

Ethane 7.873 5.515 4.436 4.369 3.291 3.224 
Ethene 8.440 5.912 4.756 4.684 3.528 3.456 

Adjustment factors calculated by ASU.  Calculation will be detailed in a document to ESTCP at a later date.  
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Table 20 
ML6 – 9ftbgs - LNAPL Carbon Range Distribution: Event 1: October 16-26, 2008 

Range Percentage 
Cumulative 

Percentage 

C1-C8 0.00% 0.00% 
C8-C9 0.05% 0.05% 
C9-C10 44.86% 44.92% 
C10+ 55.08% 100.00% 

 
Chromatogram for direct injection of LNAPL from ML6 – 9ftbgs: Event 1: October 16-26, 2008 
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Figure 1 

Site Map - MCRD Parris Island SWMU45 
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Figure 2 
Direct Push Water/Soil Sampling Locations 

 

 
 Note: Not all locations sampled   

 Note: Locations are approximate 
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Figure 3A 
Groundwater Contour Map: Upper Surficial Aquifer 

Event 1: October 16 – 26, 2008 

 
  

0.008 ft/ft 
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Figure 3B 
Groundwater Contour Map: Lower Surficial Aquifer 

Event 1: October 16 – 26, 2008 

 
 
 

 

 

0.005 ft/ft 
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Figure 3C 
Groundwater Contour Map: Upper Surficial Aquifer 

Event 2: August 15-22, 2009 
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Figure 3D 
Groundwater Contour Map: Lower Surficial Aquifer 

Event 2: August 15-22, 2009 
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Figure 3E 
Groundwater Contour Map: Upper Surficial Aquifer 

Event 3: August 15-22, 2009 

 
 

 

 

0.0037 ft/ft 
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Figure 3F 
Groundwater Contour Map: Lower Surficial Aquifer 

Event 3: August 15-22, 2009 

 

0.0045ft/ft 
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Figure 4 
Hydraulic Conductivity Estimate Comparison for Depth-Discrete Aquifer Specific-Capacity Testing: Events 1, 2 and 3 
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Figure 5A 
Vapor Sampling Locations – Event 1 & 2 

 

 
 
Note: Locations are approximate 
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Figure 5B 

Vapor Sampling Locations – Event 3 

 
Note: Locations are approximate 
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Figure 6A 
Groundwater Concentration Vertical Contour Plot Transect A-A’: Event 1: October 16 – 26, 2008 

  
 
Transect orientation is from ASU8 to ASU3, perpendicular to the estimated dominant flow direction. 
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Figure 6B 
Groundwater Concentration Vertical Contour Plot Transect A-A’: Event 2: August 15-22, 2009 

 
 
 
Transect orientation is from ASU11 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8, 11 
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Figure 6C 
Groundwater Concentration Vertical Contour Plot Transect A-A’: Event 3: July 5-19, 2010 

 

Transect orientation is from ASU11 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3 – 8, 11 
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Figure 7 
Groundwater Concentration Vertical Contour Plot Transect B-B’: Event 3: July 5-19, 2010 

 

 Transect orientation is from ASU 18 to ASU 12 perpendicular to the estimated dominant flow direction 
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Figure 8 
Groundwater Concentration Vertical Contour Plot Transect C-C’: Event 3: July 5-19, 2010 

 

 Transect orientation is from ASU 24 to ASU 19 perpendicular to the estimated dominant flow direction. 
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Figure 9 
Mass Flux Calculation – Input Example 
Transect A-A’ Event 3: July 5-19, 2010 
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Figure 10 

Mass Flux Calculation – Output Example 
Linear Interpolated Concentration Profile Transect A-A’: Event 3 – July 5-19, 2010 
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Figure 11 
Mass Flux Calculation – Output Example 

Linear Interpolated Hydraulic Conductivity Profile Transect A-A’: Event 3 – July 5-19, 2010 
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Figure 12 
Mass Flux Calculation – Output Example 

Linear-Linear Interpolated Mass Flux Transect A-A’ - Event 3: July 5-19, 2010 
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Figure 13A 
Mass Flux Calculation Transect A-A’– Interpolation Combinations:  

Event 1: October 16 – 26, 2008 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct

iv
ity

 
Linear 

x   5.3 
 x  4.2 
  x 5.2 

Log 
x   4.4 
 x  3.6 
  x 4.3 

NN 
x   5.3 
 x  4.2 
  x 5.2 

Average 4.6 
 

Figure 13B 
Mass Flux Calculation Transect A-A’ – Interpolation Combinations:  

Event 2: Aug 15-22, 2009 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct
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ity

 

Linear 
x   2.2 
 x  1.6 
  x 2.1 

Log 
x   1.7 
 x  1.3 
  x 1.6 

NN 
x   2.2 
 x  1.6 
  x 2.1 

Average 1.8 
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Figure 13C 
Mass Flux Calculation Transect A-A’ – Interpolation Combinations:  

Event 3: July 5-19, 2010 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 
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Linear 
x   6.2 
 x  4.6 
  x 5.66 

Log 
x   4.6 
 x  3.7 
  x 4.1 

NN 
x   5.9 
 x  4.5 
  x 5.5 

Average 5.0 
 

Figure 13D 
Mass Flux Calculation Transect B-B’ – Interpolation Combinations:  

Event 3: July 5-19, 2010 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 
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Linear 
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 x  1.4 
  x 1.7 

Log 
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 x  1.0 
  x 1.2 
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Average 1.5 
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Figure 13E 
Mass Flux Calculation Transect C-C’ – Interpolation Combinations:  

Event 3: July 5-19, 2010 

 

Concentration Mass Flux 
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x   2.1 
 x  1.4 
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Log 
x   1.6 
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NN 
x   2.1 
 x  1.4 
  x 2.2 

Average 1.7 
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Figure 14 
Uncertainty Analysis Output Example: Trasnsect A-A’: Event 3 

Linear-Linear Interpolation Combination 
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1.  Introduction 

The second field sampling event at the Former MWR Dry Cleaning Facility, Site SWMU-45, 
Marine Corp Recruit Depot (MCRD), Parris Island, South Carolina under the Environmental 
Security Technology Certification Program (ESTCP) project ER-0705, Assessment of the 

Natural Attenuation of NAPL Source Zones and Post-Treatment NAPL Source Zones, was 
performed August 15-22, 2009.  Figures 1and 2 identify the specific area of interest for this field 
investigation. 
 
Consistent with the objectives set forth under the ER-0705 Demonstration Plan, the field 
investigation at this site included the following:  

 
- Verification of the site geological/hydro-geological conceptual model; 
- Collection of data necessary to determine if source zone natural attenuation is occurring 

(i.e., dissolved groundwater concentrations up- and down-gradient of the source zone and 
vapor concentrations above the source zone) 

- Collection of data necessary to determine the rate of source zone natural attenuation (i.e., 
dissolved groundwater concentrations up- and down-gradient of the source zone, vapor 
concentrations above the source zone, hydraulic gradient and hydraulic conductivities, 
effective diffusion coefficients); and, 

- Collection of soil and groundwater samples for assessment of the presence of known 
chorinated hydrocarbon biodegrading organisms. 

 
 

2.  Field Investigation 
 
Field investigations were performed in accordance with the approved ER-0705 Demonstration 
Plan and the site-specific demonstration plan.  Tables 1 and 2 outline the types of 
sampling/testing performed, the locations for which are shown in Figure 2.  These included: 
 
 2.1  Verification of the site hydro-geological conceptual model: 

 
a. Basic Geologic Profile:  A continuous soil core was collected for geologic 

evaluation. Using the Geoprobe Macro Core sampler, soil cores were collected to 
a total depth of 18 ft below ground surface (bgs) at the two locations shown in 
Figure 2.  The basic geologic profile found in Table 3 was prepared based on 
visual observation of these soil cores. 
 

b. Depth-to-water:  Depth-to-water (DTW) was measured in selected permanent 
monitoring wells to determine groundwater elevation, flow direction, and 
hydraulic gradient. Based on data collected and presented in Table 4, the 
groundwater flow direction is to the southeast with a gradient of 0.005 ft/ft in the 
upper aquifer and a gradient of 0.006 ft/ft in the lower aquifer.  A groundwater 
elevation map is presented in Figure 3.  
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c. Aquifer Characterization: Hydraulic Conductivity Testing – Slug Tests:  Slug 
tests were performed in selected permanent monitoring wells during the first field 
event (October 16 – 26, 2008).  Slug tests were performed as described in the ER-
0705 Demonstration Plan and were analyzed using both the Hvorslev and Bouwer 
and Rice methods.  Slug testing results are shown in Table 5.  Time constraints 
did not allow for the slug tests to be repeated during the second field event. Slug 
testing may occur, time permitting, in future field events. 

 
d. Aquifer Characterization: Hydraulic Conductivity Testing – Aquifer Specific-

Capacity Tests:   
Depth-discrete, aquifer specific-capacity tests were conducted at direct push 
locations ASU-2 through ASU-8 and ASU-11 shown in Figure 2.  Data from 
depth-discrete aquifer-specific capacity testing provide increased spatial 
resolution of hydraulic characteristics and they are used in mass flux calculations 
discussed below.  Aquifer specific-capacity tests involve the measurement of the 
flowrate achieved under a fixed drawdown, and those data are used with the 
Theim equation to estimate the hydraulic conductivity at each location and depth.  
Aquifer specific-capacity tests are described in further detail in the non-site-
specific ER-0705 Demonstration Plan.  Results are shown in Table 6 and a 
comparison of hydraulic conductivities results from both field events is given in 
Figure 4. 
 

2.2 Collection and analysis of groundwater samples necessary to determine groundwater 
concentrations, dissolved phase contaminant flux, and biodegradation activity: 

 
a. Depth-Discrete Groundwater Sampling:  Depth-discrete groundwater sampling 

was performed at direct push locations ASU-2 through ASU-8 and ASU11 shown 
in Figure 2.  Groundwater samples were collected using a Geoprobe Screen point 
Sampler and a peristaltic pump.  Groundwater samples were collected and 
preserved as outlined in the non-site-specific ER-0705 Demonstration Plan.   

 
b. Depth Discrete Groundwater Sample Analysis:  At the time of groundwater 

sample collection, field water quality parameters including pH, electrical 
conductivity (EC), temperature (T), dissolved oxygen (DO), and oxidation 
reduction potential (ORP) were measured.  Field water quality parameter results 
are summarized in Table 7. 

 
General water chemistry analyses including anions (Cl-, NO3

2-, SO4
2-), cations 

(Fe2+, Mn2+) dissolved organic carbon (DOC), chemical oxygen demand (COD), 
and alkalinity were performed as possible on all direct push samples collected.   
General water chemistry analyses were performed as outlined in the non-site-
specific ER-0705 Demonstration Plan.  General water chemistry data are 
summarized in Tables 8, 9, and 10. 
 
Dissolved volatile organic compound (VOC) analyses were performed on-site by 
heated-headspace analysis and gas chromatography (GC) using a dry electrolytic 
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conductivity detector (DELCD) and a flame-ionization detector (FID).  The 
details of these analyses methods are provided in the non-site-specific ER-0705 
Demonstration Plan.  Dissolved VOC concentrations are presented in Table 11.   
 

c. Permanent Monitoring Well Groundwater Sampling and Analysis:  To aid in the 
delineation of source zone extent, groundwater samples were also collected from 
a selected group of permanent, single completion and multi-level monitoring 
wells for VOC analysis.  Monitoring wells sampled and types of analyses 
conducted on the samples are shown in Table 2.  Dissolved volatile organic 
compound analyses were performed on site as described above.  The results are 
presented in Table 12.    

 
d. Volatile Fatty Acid Analysis: To determine if oil breakdown products continue to 

be available to contribute to DNAPL degradation, a subset of seven samples were 
collected from permanent, single completion and multi-level monitoring wells 
directly down-gradient of the zero-valent iron (ZVI) injections performed by 
Geosyntec under ESTCP Project ER-0431.  Sample locations included multilevel 
wells ML6-9, ML6-14, and ML6-19.  Samples were collected in 40 ml VOA 
bottles, preserved with benzalkonium chloride, and were shipped via FedEx 
overnight to Microseeps, Inc., Pittsburgh, PA for analysis. Results for volatile 
fatty acid analyses are presented in Table 13. 

 
e. Dehalococcoides Analysis:  Water Samples were collected to evaluate the 

presence and numbers of Dehalococcoides biodegrading organisms.  One-liter (1 
L) samples were collected at the 11 depth-discrete, direct push locations identified 
in Table 1.  Samples were extracted using a Mobio Water DNA Extraction Kit 
and amplified using nested PCR (polymerase chain reaction. Results are given in 
Table 14. 

 
2.3 Collection of data necessary to determine soil gas concentrations above the source zone 

and the vapor phase contaminant flux  
 

a. Soil Gas Sampling and Analysis:  Soil gas samples were collected from temporary 
soil gas sampling installations above the source zone area, at the locations shown 
in Figure 5.  Using a Geoprobe slide hammer, a 1-inch drive rod, and disposable 
stainless steel drive tips, 6-inch Geoprobe soil gas sampling implants were 
installed to 1.5 ft below ground surface, a depth estimated to be 1 ft above the 
water table.  Soil gas sampling implants were installed with a sand-pack and 
bentonite seal to minimize potential short-circuiting from ground surface.  Vapor 
samples were collected in tedlar bags using a lung sampler and were analyzed on-
site at the time of collection by gas chromatography (GC) using a dry electrolytic 
conductivity detector (DELCD) and a flame-ionization detector (FID).  Soil gas 
sampling results are summarized in Table 15. 
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Note that soil gas sampling locations Vapor 3, 4, 5 were water-saturated at the 
installation depth of 1.5 ft below ground surface, so soil gas sampling and 
diffusion testing were not performed at these locations. 
 
To verify the integrity of the soil gas implants helium was used as a tracer to 
determine if ambient air leakage was diluting the samples.  To do this, a helium 
halo was used as is described by Banikowski et al. (2009).  It was found that 
helium concentrations of 6% and 1.8% were detected in samples from locations 1 
and 2, respectively. The concentration data for those locations were adjusted using 
a simple dilution calculation and the measured helium concentrations (i.e., actual 
concentration = measured concentration (1-% helium/100)). 
 

b. Soil Diffusion Coefficient Measurement:  In situ diffusion coefficient tests were 
performed during the first field event. After installation of the sampling point and 
collection of a soil gas sample, 1 L of a mix of up to 10% helium in soil gas was 
injected into the sample implant.  After waiting a predetemined amount of time, 1 
L of soil gas was withdrawn for helium analysis.  The helium mass recovery, time 
for the test, and volumes injected and extracted are used to calculate the effective 
diffusion coefficients. Results from the first sampling event are given in Table 16. 

 
Prior to calculating source zone loss rates, all dissolved and vapor concentrations were converted 
to equivalent PCE mass concentrations assuming that PCE was the parent compound for this 
source zone.  This is necessary to account for the unmeasured mass of Cl- ions generated with 
each dechlorination step. For MCRD Parris Island reporting, VOC concentrations were 
converted to “PCE equivalents” using adjustment factors based on the molar equivalence of each 
compound.  Adjustment factors are shown as a secondary table under Table 17. The dissolved 
concentration data were also summarized in lateral transect contour plots as discussed below.  
 
Figure 6 shows a vertical dissolved chemical concentration (PCE equivalents) contour plot along 
transect A-A’ (see Figure 2) using data from direct push locations ASU3 through ASU8 and 
ASU11.  Transect A-A’ is drawn roughly perpendicular to the groundwater flow direction and 
data from the sampling locations are projected onto this transect before preparing the contour 
plot.  
 
Using the VOC groundwater concentration data converted to equivalent PCE concentrations, 
depth-discrete hydraulic conductivity estimates (see Table 6), and the calculated upper- and 
lower-level hydraulic gradients of 0.005 ft/ft and 0.006 ft/ft, respectively, a mass flux calculation 
was performed using the Mass Flux Toolkit, Version 1.0.  The Mass Flux Toolkit is a freeware 
program developed by Groundwater Services, Inc. and others under a contract funded by 
ESTCP.  Figure 7 presents a snapshot of the input screen for the mass flux analysis. There are 
three interpolation schemes available for analysis within the Mass Flux Toolkit, and all possible 
combinations of interpolation schemes were tested in order to assess the sensitivity of the results 
to the interpolation scheme used.  The resulting hydraulic conductivity and concentration profiles 
generated by various interpolation schemes are displayed in Figures 8 and 9. Figure 10 shows as 
an example the output of the linear interpolation scheme for the mass flux result for all 
chlorinated aliphatic hydrocarbons expressed consistently as PCE equivalents.  Mass flux results 
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from nine possible interpolation combinations are summarized in Figure 11.  The results are 
similar for all methods, with the difference between the lowest and highest value being only 
about a factor of two [Evt. 1: 2.97-4.55kg/yr; Evt. 2: 0.92-1.63] 
 
The Mass Flux Toolkit contains an uncertainty analysis that allows users to identify specific data 
points that most influence the calculated results.  Use of this option on Event 1 data with several 
interpolation options indicated that the calculated mass flux was most sensitive to changes in the 
hydraulic conductivity profile, especially in the vicinity of ASU5.  Thus, those results suggested 
that uncertainty in the mass flux estimate might be decreased by increasing the vertical sampling 
resolution through the highly conductive zone surrounding ASU5 and ASU6, as a large 
contribution to the overall mass flux comes through this section of the transect.  
 
To accomplish this during the second field event sampling, additional samples were collected on 
either side of ASU5 and ASU6 at depths vertically off-set from those at ASU5 and ASU6.  This 
approach was used rather than increased vertical resolution in a single borehole because it was 
felt that the latter goes beyond the vertical resolution possible in a single borehole with the direct 
push sampling tools and methods being used.   This also allowed us to retain the same sampling 
point and depths at ASU5 and ASU6 for the benefit of data continuity, while adding more 
vertical resolution and allowing us to better define the bounds of the highly conductive zone.  
 
Using VOC vapor concentration data converted to equivalent PCE concentrations, VOC 
diffusion coefficient estimates, and an estimated area of impact (200 sq ft total), source zone 
mass loss associated with vapor transport was calculated.  Vapor flux estimates at each 
measurement location, and concentration adjustment factors are located in Table 17.  The vapor 
flux was estimated to be 0.68 kg/y and 1.21kg/y as PCE during the first and second field events, 
respectively.  
 
Of interest from the first field event was the light, non-aqueous phase liquid (LNAPL) with a 
petroleum hydrocarbon odor produced while purging multi-level monitoring well ML6-9 (9 ft 
bgs).  Analysis of the relative mass of product with respect to carbon range was evaluated using 
gas chromatography (direct injection technique).   A table showing the relative mass of product 
within each carbon range and a chromatogram for the NAPL direct injection are shown in Table 
18.  No quantification, speciation, or further analysis was performed on the product collected.  
LNAPL was not observed in the second phase of field sampling, presumable because of the 
elevated water table.  
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Table 1A 
Depth-Discrete, Direct Push Sampling Locations and Analyses:  

Event 1: October 16 – 26, 2008 
Lo

ca
tio

n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Dhc Ethene 

/Ethane 

ASU1 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- --- 
17 X X X X --- X --- X --- X 

ASU2 

5 X --- --- X --- --- X X --- X 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X --- X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU3 

5 X --- --- X --- --- X X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU4 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU5 

5 --- ---  --- --- --- --- --- --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- X X --- --- X --- X 

ASU6 

5 X --- X X X X X X --- X 
8 X X X X X X X X -- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU7 

5 X --- --- --- --- --- --- X --- X 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU8 

5 X --- --- --- --- --- --- X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X X X X --- X X X --- X 

ASU9 

5 --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X X 
11 X X X X X --- --- X X X 
14 X X X X X X X X X X 
17 X X X X X X X X X X 

ASU10 

5 X --- --- --- --- --- --- X --- X 
8 X X X X X X X X X X 
11 X X X X X X X X X X 
14 X X X X X X X X X X 
17 X --- X X X X X X --- X 

a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 1B 
Depth-Discrete, Direct Push Sampling Locations and Analyses:  

Event 2: August 15-22, 2009 
Lo

ca
tio

n Depth 
(ft 

bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Dhc Ethene 

/Ethane 

ASU2 

5 X --- --- --- --- --- --- X --- X 
8 X --- --- --- --- --- --- X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X X X X X X X X --- X 

ASU3 

5 X --- --- X --- --- X X --- X 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- --- X X X X --- X 

ASU4 

5 X --- --- --- --- --- --- X --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X --- --- X X X X --- X 
17 X --- X X X X X X --- X 

ASU5 

5 --- --- --- --- --- --- --- --- --- --- 
8 --- X --- --- X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- --- X X --- --- X --- X 

ASU5B 

6.5 X --- --- --- --- --- --- --- --- --- 
9.5 X X --- --- X X X X --- X 
12.5 X X X X X X X X --- X 
15.5 X X X X --- X X X --- X 

ASU6 

5 X --- X X X X X X --- X 
8 X X --- --- X X X X -- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU6B 

6.5 X X X X --- X X X --- X 
9.5 X --- --- --- --- --- --- X --- X 
12.5 X X X X X X X X --- X 
15.5 X --- --- --- --- --- --- X --- X 

ASU7 

5 --- --- --- --- --- --- --- --- --- --- 
8 X X X X --- X X X --- X 
11 X X X X X X X X X X 
14 X X X X X X X X --- X 
17 X --- X X X X X X --- X 

ASU7B 

6.5 X X X X X X X X --- X 
9.5 X X X X --- X X X --- X 
12.5 X X X X X X X X --- X 
15.5 X --- X X X X X X --- X 

ASU8 

5 --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X --- X 
11 X X X X X X X X --- X 
14 X X X X X X X X --- X 
17 X X X X --- X X X --- X 

ASU11 5 --- --- --- --- --- --- --- --- --- --- 
 8 X X X X X X X X --- X 
 11 X X X X X X X X --- X 
 14 X X X X X X X X --- X 
 17 X X X --- --- X X X --- X 

a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 



Data Analysis Report  10 

Parris Island SWMU-45 Evt. 2       

Table 2A 
Monitoring Well Sampling Locations and Tests Performed:  

Event 1: October 16 – 26, 2008 

Well 
Depth 

(ft bgs) DTW CAH 

Volatile 

Fatty 

Acid
1
 

 Well 
Depth 

(interval) DTW CAH 

Volatile 

Fatty 

Acid
1
 

ML3 

4 --- X ---  
MW01 

SL X --- --- 
6.5 --- X ---  SU X --- --- 
9 --- X ---  MW02 SL --- X --- 

11.5 --- X ---  MW03 SU --- X --- 
14 --- X ---  

MW05 
SL X --- --- 

16.5 --- X ---  SU X --- --- 
19 --- X ---  

MW06 
SL X X --- 

ML4 

4 --- X ---  SU X X --- 
6.5 --- X X  

MW07 
SL X X --- 

9 --- X ---  SU X X --- 
11.5 --- X X**  

MW08 
SL X --- --- 

14 --- X ---  SU X --- --- 
16.5 --- X X  

MW10 
SL X --- --- 

19 --- X ---  SU X --- --- 

ML5 

4 --- X ---  
MW13 

SL X --- --- 
6.5 --- X ---  SU X --- --- 

11.5 --- X ---  
MW14 

SL X --- --- 
14 --- X ---  SU X --- --- 

16.5 --- X ---  
MW15 

SL X --- --- 
19 --- X ---  SU X --- --- 

ML6 

4 --- X ---  
MW16 

SL X --- --- 
6.5 --- X X**  SU X --- --- 
9 --- X ---  

MW21 
SL X X --- 

11.5 --- X X**  SU X X --- 
14 --- X ---  

MW22 
SL X --- --- 

16.5 --- X X  SU X --- --- 
19 --- X ---  

MW23 
SL X --- --- 

ML7 

3.5 --- X ---  SU X --- --- 
6.5 --- X ---  MW24  X --- --- 
8.5 --- X ---  PMW1  --- X X 
11 --- X ---       

13.5 --- X ---       
16 --- X ---       

18.5 --- X ---       
1)  Samples for volatile fatty acid analysis were collected at the locations shown.  Samples were immediately submitted, but 
exceeded the 14 day holding time at the lab due to the lab’s inability analyze the samples in time as a result of instrument 
malfunction. As such, only the samples identified with ** were analyzed. 
---  Not enough water for test or location not identified for testing 
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Table 2B 
Monitoring Well Sampling Locations and Tests Performed:  

Event 2 Aug 15-22, 2009 

Well 
Depth 

(ft bgs) DTW CAH 

Volatile 

Fatty 

Acid 

 Well 
Depth 

(interval) DTW CAH 

Volatile 

Fatty 

Acid 

ML3 

4 --- X ---  
MW01 

SL --- --- --- 
6.5 --- --- ---  SU --- --- --- 
9 --- X ---  MW03 SU X --- --- 

11.5 --- X ---  
MW05 

SL --- --- --- 
14 --- X ---  SU --- --- --- 

16.5 --- --- ---  
MW06 

SL X --- --- 
19 --- X ---  SU X --- --- 

ML4 

4 --- X ---  
MW07 

SL X --- --- 
6.5 --- X ---  SU X --- --- 
9 --- X ---  

MW08 
SL X --- --- 

11.5 --- X ---  SU X --- --- 
14 --- X ---  

MW10 
SL X --- --- 

16.5 --- X ---  SU X --- --- 
19 --- X ---  

MW13 
SL X --- --- 

ML5 

4 --- X ---  SU X --- --- 
6.5 --- X ---  

MW14 
SL X --- --- 

11.5 --- X ---  SU X --- --- 
14 --- X ---  

MW15 
SL X --- --- 

16.5 --- X ---  SU X --- --- 
19 --- X ---  

MW16 
SL X --- --- 

ML6 

4 --- X ---  SU X --- --- 
6.5 --- X ---  

MW19 
SL X --- --- 

9 --- X X  SU X --- --- 
11.5 --- X ---  

MW21 
SL --- --- --- 

14 --- X X  SU --- --- --- 
16.5 --- X ---  

MW22 
SL X --- --- 

19 --- X X  SU X --- --- 

ML7 

3.5 --- X ---  
MW23 

SL X --- --- 
6.5 --- X ---  SU X --- --- 
8.5 --- X ---  MW24  X --- --- 
11 --- X ---  PMW1  --- --- --- 

13.5 --- X ---       
16 --- X ---       

18.5 --- X ---       
1)  Samples for volatile fatty acid analysis were collected at the locations shown.  Samples were immediately submitted, but 
exceeded the 14 day holding time at the lab due to the lab’s inability analyze the samples in time as a result of instrument 
malfunction. As such, only the samples identified with ** were analyzed. 
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Table 3A 
Geologic Description of Parris Island Soil Core ASU9:  

Event 1: October 16 – 26, 2008 

Depth 

 (ft bgs) Description 

0 – 2 Very fine sand with trace silt/clay, and substantial organic matter 
2 – 3 Fine sand with silt/clay, trace gravel 
3 – 4 Clay with abundant fine sand 
4 – 5 Fine sand with some silt/clay 
5 – 6 Clayey/silty fine sand 
6 – 8 Clay/silt with some fine sand 
8 - 10 Clay with trace fine sand 

10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand 
13 – 16 Fine sand with trace silt/clay 
16 - 17 Clay 
17 – 18 Peat 

 
Table 3B 

Geologic Description of Parris Island Soil Core near ASU6:  
Event 2: Aug 15-22, 2009 

Depth 

 (ft bgs) Description 

0 – 3 Sandy loam with substantial organic matter and some gravel 
3 – 5 Fine sand with silt/clay 
5 – 8 Fine sand with increased silt/clay content 
8 – 10 Clay with trace silt/sand 
10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand with silt/clay 
13 – 15 Fine sand with increased silt/clay content 
15 – 16 Fine sand with substantial silt/clay 
16 – 17 Clay with trace sand and substantial organic matter 
17 – 18 Peat 
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Table 4 
Depth-to Water Measurements and Calculated Groundwater  

Elevations for Permanent Monitoring Wells: Events 1, 2 

Location 
Depth 

(interval) 
Elev TOC 

(ft amsl) 

DTW 

(ft btoc) 
Groundwater Elevation 

(ft amsl) 
Event 1 Event 2 Event 1 Event 2 

MW01 
SU 7.6 0.47 -- 7.13 -- 
SL 7.57 1.19 -- 6.38 -- 

MW03 SU Unknown -- 2.29 -- Unknown 

MW05 
SU 7.98 3.69 -- 4.29 -- 
SL 7.66 3.35 -- 4.31 -- 

MW06 
SU 6.82 2.88 2.53 3.94 4.29 
SL 6.69 1.94 2.34 4.75 4.35 

MW07 
SU 6.79 1.62 2.42 5.17 4.37 
SL Unknown 1.93 2.38 Unknown Unknown 

MW08 
SU 6.7 1.58 2.22 5.12 4.48 
SL Unknown 1.60 2.13 Unknown Unknown 

MW10 
SU 6.28 1.42 1.79 4.86 4.49 
SL 6.23 1.36 1.73 4.87 4.5 

MW13 
SU 6.8 2.19 2.47 4.61 4.33 
SL 6.75 2.20 2.37 4.55 4.38 

MW14 
SU 6.24 1.86 1.61 4.38 4.63 
SL 6.19 1.70 1.53 4.49 4.66 

MW15 
SU 8.61 3.94 3.85 4.67 4.76 
SL 8.47 3.72 3.6 4.75 4.87 

MW16 
SU 9.58 5.24 4.63 4.34 4.95 
SL 9.63 5.19 4.72 4.44 4.91 

MW19 
SU 6.01 -- 1.8 -- 4.21 
SL 6.05 -- 1.58 -- 4.47 

MW21 
SU 6.81 1.42 -- 5.39 -- 
SL 6.73 1.31 -- 5.42 -- 

MW22 
SU 6.9 1.40 2.02 5.50 4.88 
SL 6.89 1.24 1.92 5.65 4.97 

MW23 
SU 6.78 2.34 2.29 4.44 4.49 
SL 6.78 2.28 2.28 4.50 4.5 

MW24 SU 7.06 1.63 2.22 5.43 4.84 

Event 1: October 16-26, 2008 
Event 2: August 15-22, 2009 
DTW – Depth to water 
toc – Top of casing 

btoc – Below top of casing 
bgs – Below ground surface 
amsl – Above mean sea level 
-- – No Water available for analysis 
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Table 5 
Slug Test Data: Event 1: October 16 – 26, 2008 

  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW007-SU 12 4.3 x 10-3 31 1.1 x 10-2 
MW007-SL 28 1.0 x 10-2 81 2.9 x 10-2 
MW008-SU 10 3.4 x 10-3 28 9.9 x 10-3 
MW008-SL 39 1.4 x 10-2 89 3.2 x 10-2 
MW022-SU 1.9 6.6 x 10-4 8 2.9 x 10-3 
MW022-SL 17 5.9 x 10-3 43 1.5 x 10-2 
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Table 6 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing: 

Events 1 & 2 

Location 

Depth 
(ft bgs) 

K (cm/sec)   
Location 

Depth 
(ft bgs) 

K (cm/sec) 
Event 1 Event 2  Event 1 Event 2 

ASU1 

5 1.8 x 10-4 X   

ASU6B 

6.5 X 9.6 x 10-4 

8 3.0 x 10-4 X   9.5 X 8.6 x 10-5 

11 1.4 x 10-3 X   12.5 X 3.1 x 10-5 

14 1.4 x 10-4 X   15.5 X 5.1 x 10-5 

17 9.8 x 10-4 X   

ASU7 

5 1.3 x 10-4 --- 

ASU2 

5 1.5 x 10-4 1.2 x 10-4   8 7.1 x 10-4 3.5 x 10-4 

8 2.5 x 10-4 9.2 x 10-5   11 4.3 x 10-3 2.1 x 10-4 

11 --- 4.8 x 10-4   14 7.8 x 10-4 1.3 x 10-3 

14 1.3 x 10-4 1.2 x 10-4   17 7.8 x 10-5 7.1 x 10-5 

17 8.5 x 10-5 7.9 x 10-4   

ASU7B 

6.5 X 4.1 x 10-4 

ASU3 

5 1.2 x 10-4 5.2 x 10-5   9.5 X 5.2 x 10-4 

8 1.4 x 10-3 3.9 x 10-4   12.5 X 1.4 x 10-3 

11 4.7 x 10-4 6.0 x 10-3   15.5 X 7.9 x 10-5 

14 6.1 x 10-4 3.5 x 10-4   

ASU8 

5 3.1 x 10-5 --- 

17 8.9 x 10-5 5.2 x 10-5   8 6.0 x 10-4 3.2 x 10-4 

ASU4 

5 3.0 x 10-4 2.1 x 10-4   11 8.2 x 10-4 2.8 x 10-4 

8 1.4 x 10-3 8.6 x 10-4   14 2.6 x 10-4 2.9 x 10-4 

11 3.6 x 10-4 1.7 x 10-3   17 1.4 x 10-4 7.3 x 10-5 

14 3.7 x 10-4 1.9 x 10-4   

ASU9 

5 --- X 

17 5.2 x 10-5 5.4 x 10-5   8 6.8 x 10-4 X 

ASU5 

5 --- ---   11 1.6 x 10-3 X 

8 5.9 x 10-4 ---  14 3.3 x 10-4 X 

11 2.2 x 10-3 2.8 x 10-4   17 1.6 x 10-4 X 

14 2.8 x 10-4 2.9 x 10-4   

ASU10 

5 6.2 x 10-5 X 

17 3.0 x 10-4 3.2 x 10-5   8 2.0 x 10-4 X 

ASU5B 

6.5 X ---  11 3.9 x 10-3 X 

9.5 X 2.6 x 10-4  14 4.0 x 10-4 X 

12.5 X 1.9 x 10-3  17 1.0 x 10-4 X 

15.5 X 9.1 x 10-5  

ASU 11 

5 X 7.5 x 10-5 

ASU6 

5 3.3 x 10-4 7.1 x 10-5  8 X 4.3 x 10-4 

8 1.6 x 10-3 2.0 x 10-4  11 X 2.1 x 10-4 

11 4.2 x 10-3 6.4 x 10-4  14 X 7.0 x 10-4 

14 3.4 x 10-4 1.7 x 10-4  17 X 2.0 x 10-4 

17 6.5 x 10-5 5.7 x 10-5      

---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 

  
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 7A 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU1 

5.0 --- --- --- --- --- 
8.0 5.8 320 25.5 1.2 23 

11.0 6.0 340 26.5 <1 -1.7 
14.0 6.5 720 25.4 --- -9.3 
17.0 6.8 1100 25.4 <1 -90 

ASU2 

5.0 --- --- --- --- --- 
8.0 6.1 350 27.5 Unk 53 

11.0 6.2 390 27.3 1.2 -0.7 
14.0 --- --- --- --- --- 
17.0 --- --- --- --- --- 

ASU3 

5.0 --- --- --- --- --- 
8.0 5.4 540 24.9 <1 31 

11.0 6.2 320 26.0 <1 -2.6 
14.0 6.0 1200 26.2 1.7 66 
17.0 --- --- --- --- --- 

ASU4 

5.0 --- --- --- --- --- 
8.0 5.4 520 25.1 <1 30 

11.0 6.1 430 24.8 <1 -420 
14.0 6.3 710 25.4 <1 -70 
17.0 --- --- --- --- --- 

ASU5 

5.0 --- --- --- --- --- 
8.0 6.1 700 25.5 <1 -65 

11.0 6.3 440 25.9 <1 -68 
14.0 6.2 550 25.6 <1 -11 
17.0 --- --- --- --- --- 

ASU6 

5.0 --- --- --- --- --- 
8.0 6.1 570 22.2 <1 -36 

11.0 5.8 410 22.5 <1 3.4 
14.0 6.0 480 21.2 <1 22 
17.0 --- --- --- --- --- 

ASU7 

5.0 --- --- --- --- --- 
8.0 6.3 560 24.2 <1 -48 

11.0 5.8 390 24.4 <1 -3.5 
14.0 5.9 610 23.8 <1 19 
17.0 --- --- --- --- --- 

ASU8 

5.0 --- --- --- --- --- 
8.0 5.5 570 22.5 <1 78 

11.0 5.7 550 23.5 <1 -17 
14.0 5.9 1800 23.2 <1 38 
17.0 6.0 6200 21.7 1.2 21 

ASU9 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 6.0 370 24.7 <1 -0.7 
14.0 6.0 740 24.5 <1 -29 
17.0 6.1 690 24.2 <1 15 

ASU10 

5.0 --- --- --- --- --- 
8.0 6.3 1500 21.8 <1 -100 

11.0 5.6 450 22.4 <1 -41 
14.0 5.7 780 21.2 <1 24 
17.0 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 7B 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2 Aug 15-22, 2009 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-2 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 6.1 360 29.0 <1 0.5 
14.0 6.4 600 29.3 Unk -38 
17.0 6.6 900 29.3 Unk -66 

ASU-3 

5.0 --- --- --- --- --- 
8.0 5.9 500 27.3 <1 -58 

11.0 5.9 320 26.3 <1 -2.2 
14.0 5.5 480 26.1 <1 -29 
17.0 --- --- --- --- --- 

ASU-4 

5.0 --- --- --- --- --- 
8.0 5.2 470 27.4 1.8 84 

11.0 5.5 370 26.4 <1 -57 
14.0 5.7 620 26.7 <1 -44 
17.0 --- --- --- --- --- 

ASU-5 

5.0 --- --- --- --- --- 
8.0 5.9 780 26.8 <1 -1.5 

11.0 6.0 460 26.8 <1 -12 
14.0 6.1 510 26.0 <1 49 
17.0 --- --- --- --- --- 

ASU-5B 

6.5 --- --- --- --- --- 
9.5 5.9 510 25.9 <1 9.3 

12.5 6.0 470 26.6 <1 21 
15.5 6.2 690 26.9 <1 17 

ASU-6 

5.0 --- --- --- --- --- 
8.0 6.5 620 27.2 <1 -50 

11.0 6.4 460 26.0 <1 -18 
14.0 6.7 470 24.1 <1 4.3 
17.0 --- --- --- --- --- 

ASU-6B 

6.5 6.1 1100 27.6 <1 -44 
9.5 --- --- --- --- --- 

12.5 6.1 410 24.9 <1 31 
15.5 --- --- --- --- --- 

ASU-7 

5.0 --- --- --- --- --- 
8.0 6.1 550 28.9 <1 5.1 

11.0 5.8 360 29.1 <1 30 
14.0 5.9 560 29.1 <1 34 
17.0 --- --- --- --- --- 

ASU-7B 

6.5 6.1 730 28.0 <1 -46 
9.5 5.7 340 27.2 1.31 92 

12.5 5.8 540 26.9 <1 21 
15.5 --- --- --- --- --- 

ASU-8 

5.0 --- --- --- --- --- 
8.0 5.8 600 29.4 Unk 73 

11.0 5.6 500 26.6 <1 44 
14.0 6.1 1900 25.3 <1 42 
17.0 6.1 5900 26.5 Unk 23 

ASU-11 

5.0 --- --- --- --- --- 
8.0 6.3 780 26.2 <1 -33 

11.0 6.1 610 26.3 <1 11 
14.0 6.0 820 25.3 <1 -7.0 
17.0 5.9 2000 24.6 <1 33 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
Unk – not enough water for accurate reading 
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Table 8A 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
1 

5 --- --- --- --- ---  
A
S
U
6 

5 140 2 5 74 ND 
8 11 ND 38 5 ND  8 77 1 17 29 ND 
11 15 ND 26 4 ND  11 42 ND 23 6 ND 
14 110 ND 23 4 ND  14 56 2 31 4 ND 
17 200 ND ND 7 ND  17 130 ND 5 3 ND 

A
S
U
2 

5 --- --- --- 13 ND  
A
S
U
7 

5 --- --- --- --- --- 
8 16 ND 38 3 ND  8 29 ND 41 10 ND 
11 25 1 20 3 ND  11 25 ND 33 7 ND 
14 74 ND 22 5 ND  14 84 1 37 5 ND 
17 130 ND 1 7 ND  17 610 ND 19 10 ND 

A
S
U
3 

5 --- --- --- 60 ND  
A
S
U
8 

5 --- --- --- --- --- 
8 79 ND 65 7 ND  8 61 1 90 2 ND 
11 13 ND 28 5 ND  11 57 ND 84 11 ND 
14 130 ND 450 82 1  14 430 ND 83 2 ND 
17 250 1 180 32 1  17 2200 ND 15 14 ND 

A
S
U
4 

5 --- --- --- --- ---  
A
S
U
9 

5 --- --- --- --- --- 
8 39 ND 150 24 ND  8 220 2 5 77 ND 
11 23 ND 51 13 ND  11 19 ND 36 4 ND 
14 72 ND 130 13 ND  14 72 ND 10 42 14 
17 150 ND 9 2 ND  17 120 1 ND 4 ND 

A
S
U
5 

5 --- --- --- --- ---  
A
S
U
10 

5 --- --- --- --- --- 
8 110 1 29 20 ND  8 310 1 1 110 ND 
11 31 ND 14 4 ND  11 56 ND ND 6 ND 
14 80 ND 22 3 ND  14 170 ND 11 9 ND 
17 80 ND 21 3 ND  17 130 ND 20 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 8B 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2: Aug 15-22, 2009 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
2 

5 25 ND 96 2 ND  A
S
U
6 
B 

6.5 210 ND 26 93 ND 
8 --- --- --- --- ---  9.5 --- --- --- --- --- 
11 28 ND 35 3 ND  12.5 40 ND 53 5 ND 
14 90 ND 28 4 ND  15.5 --- --- --- --- --- 
17 180 ND 1 6 ND  

A
S
U
7 

5 --- --- --- --- --- 

A
S
U
3 

5 --- --- --- --- ---  8 34 1 98 19 ND 

8 45 ND 69 26 ND  11 31 1 50 9 ND 

11 28 ND 62 5 ND  14 100 ND 57 6 ND 

14 62 ND 100 30 ND  17 530 ND 16 9 ND 

17 --- --- --- --- ---  A
S
U
7 
B 

6.5 32 ND 170 45 ND 

A
S
U
4 

5 --- --- --- --- ---  9.5 35 ND 53 2 ND 

8 52 5 170 --- ---  12.5 61 ND 50 8 ND 

11 39 ND 93 14 ND  15.5 470 1 39 10 ND 

14 --- --- --- --- ---   
A
S
U
8 

5 --- --- --- --- --- 
17 55 1 140 8 ND  8 62 ND 96 2 ND 

A
S
U
5 

5 150 1 29 3 ND  11 57 1 99 7 ND 

8 --- --- --- --- ---  14 490 ND 100 --- --- 
11 140 1 25 34 ND  17 2200 1 33 13 ND 
14 40 ND 42 8 ND  

A
S
U
11 

5 --- --- --- --- --- 
17 94 ND 35 --- ---  8 47 ND 15 47 ND 

A
S
U
5 
B 

6.5 --- --- --- --- ---  11 62 ND 130 13 ND 

9.5 --- --- --- --- ---  14 170 ND 130 6 ND 

12.5 100 1 30 14 ND  17 600 11 70 --- --- 
15.5 49 1 51 5 ND         

A
S
U
6 

5 130 1 3 8 ND         
8 --- --- --- --- ---         
11 110 ND 19 12 ND         
14 56 ND 45 6 ND         
17 76 1 21 1 ND         

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 9A 
DOC/COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1: October 16 – 26, 2008 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

DOC COD  DOC COD 

ASU1 

5 --- ---  

ASU6 

5 50 200 
8 23 58  8 43 110 
11 14 77  11 25 79 
14 5 32  14 13 71 
17 --- 18  17 7 140 

ASU2 

5 18 ---  

ASU7 

5 --- --- 
8 11 490  8 33 120 
11 6 3  11 27 75 
14 5 25  14 19 42 
17 5 15  17 6 84 

ASU3 

5 32 ---  

ASU8 

5 --- --- 
8 11 39  8 43 120 
11 5 11  11 17 67 
14 4 41  14 21 53 
17 6 29  17 11 200 

ASU4 

5 --- ---  

ASU9 

5 --- --- 
8 14 44  8 45 510 
11 6 35  11 --- --- 
14 6 29  14 150 650 
17 11 42  17 51 241 

ASU5 

5 --- ---  

ASU10 

5 --- --- 
8 31 120  8 110 460 
11 17 44  11 14 230 
14 6 23  14 71 260 
17 --- ---  17 7 43 

---  – No water available for analysis 
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Table 9B 
DOC/COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 2: August 15 – 22, 2009 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

DOC COD  DOC COD 

ASU-2 

5 11 ---  

ASU-6B 

6.5 42 140 
8 --- ---  9.5 --- --- 
11 8 3  12.5 16 74 
14 9 26  15.5 --- --- 
17 40 17  

ASU-7 

5 --- --- 

ASU-3 

5 --- ---  8 34 130 
8 31 34  11 26 99 
11 7 14  14 20 28 
14 6 52  17 9 99 
17 --- 38  

ASU-7B 

6.5 24 64 

ASU-4 

5 --- ---  9.5 33 120 
8 14 35  12.5 21 69 
11 10 41  15.5 9 61 
14 6 30  

ASU-8 

5 --- --- 
17 9 47  8 100 130 

ASU-5 

5 27 ---  11 77 86 
8 11 150  14 51 48 
11 --- 42  17 40 210 
14 --- 25  

ASU-11 

5 --- --- 
17 --- ---  8 44 74 

ASU-5B 

6.5  ---  11 22 14 
9.5 39 89  14 20 37 
12.5 10 33  17 13 29 
15.5 8 29      

ASU-6 

5 --- 290      
8 40 130      
11 20 89      
14 13 58      
17 --- 190      

---  – No water available for analysis 
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Table 10 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples: Events 1, 2 

Location 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3)   
Location 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3) 
Event 1 Event 2  Event 1 Event 2 

ASU1 

5 --- X   

ASU6B 

6.5 X --- 

8 100 X   9.5 X --- 

11 120 X   12.5 X 160 

14 180 X   15.5 X --- 

17 --- X   

ASU7 

5 --- --- 

ASU2 

5 --- ---   8 --- --- 

8 --- ---   11 140 120 

11 120 120   14 100 100 

14 160 160   17 80 80 

17 200 200   

ASU7B 

6.5 X 160 

ASU3 

5 --- ---   9.5 X --- 

8 80 80   12.5 X 40 

11 120 100   15.5 X 40 

14 80 80   

ASU8 

5 --- --- 

17 200 180   8 100 100 

ASU4 

5 --- ---   11 100 100 

8 40 40   14 140 160 

11 100 100   17 --- --- 

14 --- 40   

ASU9 

5 --- X 

17 100 100   8 260 X 

ASU5 

5 --- ---   11 120 X 

8 80 100  14 240 X 

11 140 140   17 160 X 

14 120 ---   

ASU10 

5 --- X 

17 --- 160   8 200 X 

ASU5B 

6.5 X ---  11 140 X 

9.5 X 80  14 120 X 

12.5 X 100  17 120 X 

15.5 X ---  

ASU 11 

5 X --- 

ASU6 

5 200 220  8 X 160 

8 160 160  11 X 140 

11 120 120  14 X --- 

14 120 120  17 X --- 

17 100 40      
---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
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Table 11A 
VOC Concentration Data for Depth-Discrete Groundwater Samples: 

Event 1: October 16 – 26, 2008  
L

o
c
a

ti
o

n
 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU1 

5 1 - - - 22 6 47 NW NW 96 

8 - - - - 3 - 3 - - 8 

11 - - - - 3 1 8 - - 14 

14 1 - - - 4 1 11 NW NW 21 

17 - - - - 1 - 2 - - 3 

ASU2 

5 - - - - - - 2 - - 2 

8 - - - - - - - - - ND 

11 - - - - - - 1 - - 1 

14 - - - - - - 3 6 - 37 

17 - - - - - - - - - ND 

ASU3 

5 550 24 96 - 6300 470 190 3 - 13000 

8 180 5 35 - 1600 390 530 <1 - 4300 

11 7 - - - 24 1 7 - - 67 

14 2 - 1 - 39 9 1 - - 85 

17 7 - 1 - 4 1 6 - - 35 

ASU4 

5 210 8 60 - 2900 1100 790 NW NW 7800 

8 300 7 62 - 3200 4800 7300 - - 20000 

11 190 6 42 - 1700 1100 3500 1 - 8400 

14 14 3 9 - 830 180 49 - - 1700 

17 7 - - - 7 10 18 - - 59 

ASU5 

5 NW NW NW NW NW NW NW NW NW NW 

8 4700 9 180 5 4900 54 33 580 - 25000 

11 1700 1 59 - 860 4 13 77 - 6600 

14 98 4 29 - 330 2500 83 1 - 4100 

17 13 - - - 14 19 3 - - 86 

ASU6 

5 3400 3 98 1 1300 3 1 180 - 13000 

8 3400 31 450 - 15000 3300 800 310 7 42000 

11 190 47 350 4 16000 10300 16000 15 3 58000 

14 1400 21 17 3 2800 15000 7300 7 - 35000 

17 310 3 2 - 610 920 660 - - 3700 

ASU7 

5 2 - - - 21 1 11 - - 56 

8 350 30 80 - 3200 5000 1800 2 - 15000 

11 12 2 8 - 280 1200 42 - - 2100 

14  1 - - 11 654 5 - - 850 

17 1 1 - - 7 93 27 - - 160 

ASU8 

5 29 4 3 - 180 110 110 - - 650 

8 2 3 4 - 310 1600 1200 - - 3800 

11 - - - - 24 99 40 - - 200 

14 - - - - 1 4 11 - - 17 

17 - - - - 1 2 7 - - 11 

ASU9 

5 NW NW NW NW NW NW NW NW NW NW 

8 18000 200 2100 - 96000 26000 66000 1700 87 32000 

11 270 4 48 - 1300 2100 2800 7 - 8500 

14 340 42 48 - 19000 1500 32000 250 320 70000 

17 4 1 1 - 370 31 280 12 21 1200 

ASU10 

1 4700 24 72 - 16000 2 5 ND - 41000 

5 15000 18 750 8 29000 - 190 3000 - 110000 

8 23000 25 19000 14 25000 - 22 4000 66 130000 

11 48000 24 57 - - 7 67 1000 440 46000 

14 4500 100 290 7 5700 2200 8600 530 250 38000 

17 180 8 3 4 310 514 2200 4 - 4000 
1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 

at a later date. 
NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 11B 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 2 August 15 -22, 2009 
L

o
c
a

ti
o

n
 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU-2 

5 - - - - - <1 <1 - - 0 

8 - - - - - <1 <1 - - 0 

11 - - - - - <1 <1 - - 0 

14 - - - - - <1 <1 - - 0 

17 - - - - <1 <1 <1 - - 0 

ASU-3 

5 270 6 32 - 1800 - - - - 3800 

8 260 13 50 - 4200 400 290 3 - 8800 

11 7 <1 1 - 35 <1 <1 - - 80 

14 1 1 2 - 36 16 1 - - 91 

17 24 1 6 - 150 9 4 <1 - 340 

ASU-4 

5 73 3 22 - 1900 450 160 - - 4300 

8 670 26 130 - 6100 6900 11000 10 - 32000 

11 310 - 69 - 3100 5900 9000 3 - 23000 

14 8 - 15 - 1300 500 50 <1 - 3000 

17 12 <1 1 - 26 27 40 <1 - 150 

ASU-5 

5 NW NW NW NW NW NW NW NW NW NW 

8 2700 12 170 - 390 34 18 290 <1 16000 

11 310 <1 18 - 230 14 <1 58 <1 1600 

14 180 9 35 - 1300 5200 53 6 - 9400 

17 1 - <1 - 15 4 1 - - 34 

ASU-5B 

6.5 NW NW NW NW NW NW NW NW NW NW 

9.5 1100 2 90 - 1000 8 3 430 2 7400 

12.5 250 3 29 - 1000 630 <1 12 <1 3400 

15.5 5 <1 6 - 64 52 <1 - - 200 

ASU-6 

5 850 <1 22 - 97 9 <1 - - 2500 

8 6400 46 480 - 15000 26 - 450 10 47000 

11 5800 - 380 - 12000 4000 1300 320 7 44000 

14 6400 65 140 - 16000 6800 5600 130 3 59000 

17 1000 <1 2 1 110 6 7 96 <1 3400 

ASU-6B 

6.5 2400 35 470 - 9900 2300 130   27000 

9.5 800 28 280 - 12000 5500 1500 28 <1 32000 

12.5 45 10 45 - 603 6016 24653 <1 <1 33000 

15.5 2000 16 23 - 2400 1900 540 71 <1 13000 

ASU7 

5 NW NW NW NW NW NW NW NW NW NW 

8 300 15 58 - 2300 3400 1300 5 <1 10000 

11 18 1 4 - 340 1100 5 <1 <1 2000 

14 <1 1 1 <1 15 1000 23 - - 1300 

17 <1 <1 - - 2 24 11 - - 45 

ASU-7B 

6.5 57 <1 25 - 740 360 100 <1 - 2000 

9.5 270 24 89 - 3100 5500 1400 5 - 15000 

12.5 <1 1 1 <1 10 600 39 <1 <1 820 

15.5 3 1 <1 - 4 120 46 - - 220 

ASU-8 

5 NW NW NW NW NW NW NW NW NW NW 

8 5 9 11 - 280 1600 870 - - 3400 

11 1 1 3 - 41 110 40 - - 260 

14 - - - - <1 1 <1 - - 1 

17 - - - - <1 <1 <1 - - 0 

ASU-11 

5 39 - <1 <1 <1 1 1 38 <1 330 

8 42 <1 1 - <1 <1 <1 26  270 

11 - - - - - <1 <1 <1 <1 0 

14 - - - - - - <1 - - 0 

17 - - - - <1 <1 <1 - - 0 
1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 

at a later date. 
NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12A 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 1: October 16 – 26, 2008 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 740 3 19 11 380 14 13 NQ NQ 2700 
6.5 15 - 3 3 1 1 2 NQ NQ 55 
9 78 - 26 12 12 - - NQ NQ 290 

11.5 65 - 6 - 9 4 3 NQ NQ 210 
14 5 - - - 2 - - NQ NQ 17 

16.5 18 - - - 5 - - NQ NQ 56 
19 820 - 27 - 810 470 600 NQ NQ 4800 

ML4 

4 6500 7 140 13 9400 4 5 NQ NQ 34000 
6.5 725 - 62 240 260 - 2 NQ NQ 2900 
9 12000 8 460 15 9100 - - NQ NQ 48000 

11.5 690 3 250 7 630 - 4 NQ NQ 3300 
14 1500 8 59 18 460 70 - NQ NQ 5000 

16.5 1900 - 51 11 440 4 5 NQ NQ 5900 
19 73 - 5 1 11 - - NQ NQ 220 

ML5 

4 5200 - 280 230 790 - 98 NQ NQ 16000 
6.5 12000 - 57 77 51 - - NQ NQ 32000 

11.5 5000 180 690 - 11000 - - NQ NQ 34000 
14 11000 130 440 - 8900 26 46 NQ NQ 45000 

16.5 4900 - 22 5 81 1 8 NQ NQ 13000 
19 8100 200 270 - 3600 1570 3700 NQ NQ 34000 

ML6 

4 9100 9 120 43 5000 5 7 NQ NQ 33000 
6.5 4500 - 380 250 870 4 - NQ NQ 15000 
9 40000 - 1100 33 5000 - - NQ NQ 120000 

11.5 13000 11000 220 24 2700 - - NQ NQ 58000 
14 13000 93 200 - 4300 30 - NQ NQ 42000 

16.5 33000 67 60 - 270 120 - NQ NQ 88000 
19 24000 33 95 8 9700 541 2600 NQ NQ 84000 

ML7 

3.5 930 - 11 2 150 6 5 NQ NQ 2700 
6.5 11000 - 210 130 520 27 19 NQ NQ 31000 
8.5 12000 28 1200 81 4800 - - NQ NQ 42000 
11 23000 24 110 - 14000 1 - NQ NQ 85000 

13.5 17000 520 1200 - 46000 - - NQ NQ 130000 
16 8000 - 230 140 770 180 46 NQ NQ 23000 

18.5 810 - 280 - 89 - 6 NQ NQ 2800 
MW2 SL (9-14ft) 4 - - - - 1 3 NQ NQ 15 
MW3 SU (3-7ft) 3 - - - - 1 5 NQ NQ 14 

MW21 SL (9-14ft) 3 - 0 - 14 23 6 NQ NQ 67 
SU (3-7ft) 83 8 49 - 1800 1500 250 NQ NQ 5500 

MW6 SL (9-14ft) 11 4 14 - 590 56 5 NQ NQ 1100 
SU (3-7ft) 46 1 2 - 82 22 23 NQ NQ 320 

MW7 SU (12ft) 340 20 170 - 2800 7700 6400 NQ NQ 22000 
SL (5ft) 280 21 190 - 5500 8300 7500 NQ NQ 28000 

PMW1   220 - 11 <1 120 14 9 NQ NQ 840 
NQ – Not quantified 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 

   



 

Data Analysis Report 26 

Parris Island SWMU-45 Evt. 2       

Table 12B 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 2: August 15 – 22, 2009 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 300 66 45 77 160 100 180 - 300 1700 
6.5 NW NW NW NW NW NW NW NW NW 0 
9 16 0 5 1 20 11 39 3 <1 140 

11.5 16 0 2 - 22 2 27 3 <1 110 
14 16 - - - 13 1 10 - - 76 

16.5 NW NW NW NW NW NW NW NW NW 0 
19 2700 46 72  12000 4200 35000 96 7 68000 

ML4 

4 4700 58 460 16 16000 - 1200 350 4 42000 
6.5 310 29 17 - 160 29 43 2500 34 1300 
9 5100 17 - - 890 - 5 12000 130 15000 

11.5 2400 - 120 - 400 12 36 180 11 7300 
14 2100 35 66 - 1100 0 16 210 18 7600 

16.5 1700 4 29 - 1000 110 23 1900 380 6400 
19 250 13 25 3 200 16 27 13 110 1100 

ML5 

4 4600 18 120 69 3000 - 55 3600 48 18000 
6.5 4600 24 38 120 140 41 440 6300 120 13000 

11.5 4700 20 470 56 750 38 4 6000 150 15000 
14 5100 9 91 - 3700 17 52 310 55 20000 

16.5 27000 36 230 - 14000 130 - 2100 88 96000 
19 3800 - 22 23 58 38 3 2100 45 10000 

ML6 

4 7700 97 250 22 6200 150 250 1200 76 32000 
6.5 1900 - 69 62 160 160 94 6800 360 5800 
9 5400 110 1100 - 1600 220 95 8000 340 20000 

11.5 5800 32 130 - 2800 67 28 1200 110 21000 
14 13000 460 610 - 82000 1100 220 2600 910 180000 

16.5 33000 140 190 - 2700 410 32 3800 380 93000 
19 21000 28 220 - 15000 1700 2700 2500 130 87000 

ML7 

3.5 6800 39 44 30 310 250 30 1800 270 19000 
6.5 4800 120 370 20 8000 310 - 3000 510 28000 
8.5 8200 20 130 - 9600 84 - 2400 370 39000 
11 8400 170 160 - 42000 620 - 1900 600 95000 

13.5 6100 160 26 - 830 310 85 1700 41 18000 
16 700 27 6 - 140 79 540 380 <1 2800 

18.5 6800 39 44 30 310 250 30 1800 270 19000 

NW – No water for analysis 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 13A 
Fatty Acid Analysis Resultsa: Event 1: October 16 – 26, 2008  

Fatty Acid 

Well ML4 ML6 

Depth 

(ft bgs) 11.5 6.5 11.5 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 ND 330 57 
N Butyric Acid 0.07 ND 28 3.1 

N Hexanoic Acid 0.1 ND 2.4 ND 
N i-Hexanoic Acid 0.1 ND 0.2 ND 
N i-Pentanoic Acid 0.07 ND 1.3 0.26 

N Lactic Acid and HIBA 0.1 0.25 13 1.4 
N Pentanoic Acid 0.07 ND 25 2.2 
N Propionic Acid 0.07 ND 150 8.7 
N Pyruvic Acid 0.07 ND 15 1.7 

PQL – Practical quantitation limit 
ND   – Non-detect 
a – Samples were immediately submitted, but exceeded holding time at the lab due to inability of lab to analyze the 
samples in time as a result of instrument malfunction. 

  

Table 13B 
Fatty Acid Analysis Results: Event 2: August 15-22, 2009 

Fatty Acid 

Well ML6 

Depth 

(ft bgs) 9 14 19 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 580 140 75 
N Butyric Acid 0.07 80 22 1.5 

N Hexanoic Acid 0.1 ND ND ND 
N i-Hexanoic Acid 0.1 0.45 ND ND 
N i-Pentanoic Acid 0.07 ND 0.98 0.33 

N Lactic Acid and HIBA 0.1 ND 0.46 ND 
N Pentanoic Acid 0.07 64 19 0.73 
N Propionic Acid 0.07 270 140 20 
N Pyruvic Acid 0.07 75 9.2 2.2 

PQL – Practical quantitation limit 
ND   – Non-detect 
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Table 14 
Dehalococcoides Testing: Event 2: August 15-22, 2009  

Location 
Depth  

(ft bgs) 
General 

Bacteria 
Dehalococcoides 

ASU 3 11 X --- 
14 --- --- 

ASU 4 
8 --- --- 
11 --- --- 
14 --- --- 

ASU 7 
8 --- --- 
11 X --- 
14 X --- 

ASU 11 
8 X X 
11 X X 
14 --- --- 

 X – Indicates positive  
 --- – indicates non-detect 
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Table 15A 
Soil Gas Concentration Data: Event 1: October 16 – 26, 2008 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 24 2 25 1 1200 890 10000 13000 

VP2 --- --- --- --- --- --- --- --- 

VP3 5 ND ND ND 6 1 4 29 

VP4 9 ND <1 ND 4 <1 <1 30 

VP5 180 ND ND ND 35 ND 1 540 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 

  
 

Table 15B 
Soil Gas Concentration Data: Event 2: August 15-22, 2009 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 14 1 11 2 830 620 7900 10000 

VP2 37 <1 ND ND 10 <1 4 120 

VP3 --- --- --- --- --- --- --- --- 

VP4 --- --- --- --- --- --- --- --- 

VP5 --- --- --- --- --- --- --- --- 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 
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Table 16 
Diffusion Coefficients: Event 1: October 16 – 26, 2008 

Location Test 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 

(cm2/s) 
VP1 1 1.4 x 10-2 2.3 x 10-2 
VP1 2 1.2 x 10-2 1.9 x 10-2 
VP2 1 NS NS 
VP2 2 NS NS 
VP3 1 8.9 x 10-3 1.4 x 10-2 
VP3 2 1.0 x 10-2 1.7 x 10-2 
VP4 1 8.5 x 10-3 1.4 x 10-2 
VP4 2 1.3 x 10-2 2.1 x 10-2 
VP5 1 6.7 x 10-3 1.1 x 10-2 
VP5 2 1.1 x 10-2 1.7 x 10-2 

NS – No sample collected due to submerged sampling screen 
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Table 17A  
Vapor Flux Calculation: Event 1: October 16 – 26, 2008 

Vapor Point 
Depth PCE Equivalents 

Flux 
Area 

Applied to 
PCE Equivalents 

Vapor Emission 
 (cm) (kg/m2-y) (m2) (kg/y) 

VP1 45.72 1.4 x 10-1 4.64 6.7 x 10-1 
VP2 NQ NQ NQ NQ 
VP3 45.72 2.6 x 10-4 4.64 1.2 x 10-3 
VP4 45.72 3.7 x 10-4 4.64 1.7 x 10-3 
VP5 45.72 5.4 x 10-3 4.64 2.5 x 10-2 

Totals for 
Source Area   18.6 7.0 x 10-1 

NQ – not quantified due to partially submerged sampling screen  

     
 

Table 17B 
Vapor Flux Calculation: Event 2: August 15-22, 2009 

Vapor Point 
Depth PCE Equivalents 

Flux 
Area 

Applied to 
PCE Equivalents 

Vapor Emission 
 (cm) (kg/m2-y) (m2) (kg/y) 

VP1 38.1 1.3E-01 9.29 1.2 
VP2 38.1 1.1E-03 9.29 1.0 x 10-2 
VP3 NQ NQ NQ NQ 
VP4 NQ NQ NQ NQ 
VP5 NQ NQ NQ NQ 

Totals for 
Source Area   18.6 1.20 

  NQ – not quantified due to partially submerged sampling screen 
 
Vapor Flux Calculation 

 

Where:  
  – Diffusion coefficient of compound i in air (cm2/s) 
  – Measured effective helium diffusion coefficient (cm2/s) 
  – Diffusion coefficient of helium in air (cm2/s) 
 Cv,i – Concentration of compound i in vapor (μg/L) 
 Z – Depth of sample (cm)  
  – Adjustment Factor for measured chemical i in terms of chemical j 
 Ai - Impacted Area (cm2) 
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Diffusion Coefficients in Air (cm2/s) 

He VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

 6.71E-1 1.06E-01 9.00E-02 7.07E-02 7.42E-02 7.36E-02 7.90E-02 7.20E-02 
 

Adjustment Factors  

  PCE Equivalent (adjustment factor) 

  PCA PCE TCA TCE DCA DCE 

M
ea

su
re

d 

PCA 1.000 0.700 0.564 0.555 0.418 0.409 
PCE 1.428 1.000 0.804 0.792 0.597 0.585 
TCA 1.775 1.243 1.000 0.985 0.742 0.727 
TCE 1.802 1.262 1.015 1.000 0.753 0.738 
DCA 2.392 1.676 1.348 1.328 1.000 0.980 
DCE 2.442 1.711 1.376 1.355 1.021 1.000 

Chloroethane 3.670 2.570 2.068 2.037 1.534 1.503 
VC 3.788 2.653 2.135 2.102 1.583 1.551 

Ethane 7.873 5.515 4.436 4.369 3.291 3.224 
Ethene 8.440 5.912 4.756 4.684 3.528 3.456 

Adjustment factors calculated by ASU.  Calculation will be detailed in a document to ESTCP at a later date.  

  



 

Data Analysis Report 33 

Parris Island SWMU-45 Evt. 2       

Table 18 
ML6 – 9ftbgs - LNAPL Carbon Range Distribution: Event 1: October 16-26, 2008 

Range Percentage 
Cumulative 

Percentage 

C1-C8 0.00% 0.00% 
C8-C9 0.05% 0.05% 
C9-C10 44.86% 44.92% 
C10+ 55.08% 100.00% 

 
Chromatogram for direct injection of LNAPL from ML6 – 9ftbgs: Event 1: October 16-26, 2008 
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Figure 1 

Site Map - MCRD Parris Island SWMU45 
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Figure 2 
Direct Push Water/Soil Sampling Locations 

 

 
 Note: Not all locations sampled  Source: ER-0341 Demo Plan Final - 

A’ 
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Figure 3A 
Groundwater Contour Map: Upper Aquifer 

Event 1: October 16 – 26, 2008 

 
  

0.008 ft/ft 
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Figure 3B 
Groundwater Contour Map: Lower Aquifer 

Event 1: October 16 – 26, 2008 

 
 
 

 

 

0.005 ft/ft 
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Figure 3C 
Groundwater Contour Map: Upper Aquifer 

Event 2: August 15-22, 2009 

 
 
 

 

 

0.005 ft/ft 
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Figure 3D 
Groundwater Contour Map: Lower Aquifer 

Event 2: August 15-22, 2009 

 
 

 

0.006 ft/ft 
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Figure 4 
Hydraulic Conductivity Estimate Comparison for Depth-Discrete Aquifer Specific-Capacity Testing: Events 1 and 2 

 
 
Percent Difference: 
 

 

 Where:  
   K1 = Hydraulic conductivity (cm/sec) for Event 1 
   K2  = Hydraulic conductivity (cm/sec) for Event 2 
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Figure 5 
Vapor Sampling Locations 
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Figure 6A 
Groundwater Concentration Vertical Contour Plot: Event 1: October 16 – 26, 2008 

  
Transect orientation is from ASU8 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8 
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Figure 6B 
Groundwater Concentration Vertical Contour Plot: Event 2: August 15-22, 2009 

 
Transect orientation is from ASU11 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8, 11 
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Figure 7 
Mass Flux Calculation – Inputs: Event 2: Aug 15-22, 2009 
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Figure 8A 
Mass Flux Calculation – Linear Interpolated Concentration Profile: Event 2: Aug 15-22, 2009 
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Figure 8B 
Mass Flux Calculation – Nearest Neighbor Interpolated Concentration Profile: Event 2: Aug 15-22, 2009 
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Figure 8C 
Mass Flux Calculation – Log Interpolated Concentration Profile: Event 2: Aug 15-22, 2009 
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Figure 9A 
Mass Flux Calculation – Linear Interpolated Hydraulic Conductivity Profile: Event 2: Aug 15-22, 2009 
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Figure 9B 
Mass Flux Calculation – Nearest Neighbor Interpolated Hydraulic Conductivity Profile: Event 2: Aug 15-22, 2009 
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Figure 9C 
Mass Flux Calculation – Log Interpolated Hydraulic Conductivity Profile: Event 2: Aug 15-22, 2009 
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Figure 10 
Mass Flux Calculation – Output Example 

Linear-Linear Interpolated - Event 2: Aug 15-22, 2009 
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Figure 11A 
Mass Flux Calculation – Interpolation Combinations:  

Event 1: October 16 – 26, 2008 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct

iv
ity

 Linear 
x   4.36E0 
 x  3.48E0 
  x 4.38E0 

Log 
x   3.69E0 
 x  2.97E0 
  x 3.70E0 

NN 
x   4.39E0 
 x  3.48E0 
  x 4.55E0 

 
Figure 11B 

Mass Flux Calculation – Interpolation Combinations:  
Event 2: Aug 15-22, 2009 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct

iv
ity

 Linear 
x   1.61E0 
 x  1.09E0 
  x 1.56E0 

Log 
x   1.25E0 
 x  9.20E-01 
  x 1.22E0 

NN 
x   1.62E0 
 x  1.11E0 
  x 1.63E0 
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Figure 12A 
Uncertainty Analysis – Linear-Linear Interpolation Combination 
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Figure 12B 
Uncertainty Analysis – Nearest Neighbor (NN)-NN Interpolation Combination 
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Figure 12C 
Uncertainty Analysis – Log-Log Interpolation Combination 
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1.  Introduction 

The third field sampling event at the Former MWR Dry Cleaning Facility, Site SWMU-45, 
Marine Corp Recruit Depot (MCRD), Parris Island, South Carolina under the Environmental 
Security Technology Certification Program (ESTCP) project ER-0705, Assessment of the 

Natural Attenuation of NAPL Source Zones and Post-Treatment NAPL Source Zones, was 
performed July 5-19th, 2010.  Figures 1and 2 identify the specific area of interest for this field 
investigation. 
 
Consistent with the objectives set forth under the ER-0705 Demonstration Plan, the field 
investigation at this site included the following:  

 
- Verification of the site geological/hydro-geological conceptual model; 
- Collection of data necessary to determine if source zone natural attenuation is occurring 

(i.e., dissolved groundwater concentrations up- and down-gradient of the source zone and 
vapor concentrations above the source zone) 

- Collection of data necessary to determine the rate of source zone natural attenuation (i.e., 
dissolved groundwater concentrations up- and down-gradient of the source zone, vapor 
concentrations above the source zone, hydraulic gradient and hydraulic conductivities, 
effective diffusion coefficients); and, 

- Collection of soil and groundwater samples for assessment of the presence of known 
chorinated hydrocarbon biodegrading organisms. 

 
 

2.  Field Investigation 
 
Field investigations were performed in accordance with the approved ER-0705 Demonstration 
Plan and the site-specific demonstration plan.  Tables 1 and 2 outline the types of 
sampling/testing performed, the locations for which are shown in Figure 2.  These included: 
 
 2.1  Verification of the site hydro-geological conceptual model: 

 
a. Basic Geologic Profile:  A continuous soil core was collected for geologic 

evaluation. Using the Geoprobe Macro Core sampler, soil cores were collected to 
a total depth of 18 ft below ground surface (bgs) at the two locations shown in 
Figure 2.  The basic geologic profile found in Table 3 was prepared based on 
visual observation of these soil cores. 
 

b. Depth-to-water:  Depth-to-water (DTW) was measured in selected permanent 
monitoring wells to determine groundwater elevation, flow direction, and 
hydraulic gradient. Based on data collected and presented in Table 4, the 
groundwater flow direction is to the southeast with a gradient of 0.005 ft/ft in the 
upper aquifer and a gradient of 0.006 ft/ft in the lower aquifer.  A groundwater 
elevation map is presented in Figure 3.  
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c. Aquifer Characterization: Hydraulic Conductivity Testing – Slug Tests:  Slug 
tests were performed in selected permanent monitoring wells during the first and 
third field event (October 16 – 26, 2008; July 5-19, 2010).  Slug tests were 
performed as described in the ER-0705 Demonstration Plan and were analyzed 
using both the Hvorslev and Bouwer and Rice methods.  Slug testing results are 
shown in Table 5.  Time constraints did not allow for the slug tests to be repeated 
during the second field event. Slug testing may occur, time permitting, in future 
field events. 

 
d. Aquifer Characterization: Hydraulic Conductivity Testing – Aquifer Specific-

Capacity Tests:   
Depth-discrete, aquifer specific-capacity tests were conducted at direct push 
locations shown in Figure 2.  Data from depth-discrete aquifer-specific capacity 
testing provide increased spatial resolution of hydraulic characteristics and they 
are used in mass flux calculations discussed below.  Aquifer specific-capacity 
tests involve the measurement of the flowrate achieved under a fixed drawdown, 
and those data are used with the Theim equation to estimate the hydraulic 
conductivity at each location and depth.  Aquifer specific-capacity tests are 
described in further detail in the non-site-specific ER-0705 Demonstration Plan.  
Results are shown in Table 6 and a comparison of hydraulic conductivities results 
from all field events is given in Figure 4. 
 

2.2 Collection and analysis of groundwater samples necessary to determine groundwater 
concentrations, dissolved phase contaminant flux, and biodegradation activity: 

 
a. Depth-Discrete Groundwater Sampling:  Depth-discrete groundwater sampling 

was performed at direct push locations shown in Figure 2.  Groundwater samples 
were collected using a Geoprobe Screen point Sampler and a peristaltic pump.  
Groundwater samples were collected and preserved as outlined in the non-site-
specific ER-0705 Demonstration Plan.   

 
b. Depth Discrete Groundwater Sample Analysis:  At the time of groundwater 

sample collection, field water quality parameters including pH, electrical 
conductivity (EC), temperature (T), dissolved oxygen (DO), and oxidation 
reduction potential (ORP) were measured.  Field water quality parameter results 
are summarized in Table 7. 

 
General water chemistry analyses including anions (Cl-, NO3

2-, SO4
2-), cations 

(Fe2+, Mn2+) dissolved organic carbon (DOC), chemical oxygen demand (COD), 
and alkalinity were performed as possible on all direct push samples collected.   
General water chemistry analyses were performed as outlined in the non-site-
specific ER-0705 Demonstration Plan.  General water chemistry data are 
summarized in Tables 8, 9, and 10. 
 
Dissolved volatile organic compound (VOC) analyses were performed on-site by 
heated-headspace analysis and gas chromatography (GC) using a dry electrolytic 
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conductivity detector (DELCD) and a flame-ionization detector (FID).  The 
details of these analyses methods are provided in the non-site-specific ER-0705 
Demonstration Plan.  Dissolved VOC concentrations are presented in Table 11.   
 

c. Permanent Monitoring Well Groundwater Sampling and Analysis:  To aid in the 
delineation of source zone extent, groundwater samples were also collected from 
a selected group of permanent, single completion and multi-level monitoring 
wells for VOC analysis.  Monitoring wells sampled and types of analyses 
conducted on the samples are shown in Table 2.  Dissolved volatile organic 
compound analyses were performed on site as described above.  The results are 
presented in Table 12.    

 
d. Volatile Fatty Acid Analysis: To determine if oil breakdown products continue to 

be available to contribute to DNAPL degradation, a subset of seven samples were 
collected from permanent, single completion and multi-level monitoring wells 
directly down-gradient of the zero-valent iron (ZVI) injections performed by 
Geosyntec under ESTCP Project ER-0431.  Sample locations included multilevel 
wells ML6-9, ML6-14, and ML6-19.  Samples were collected in 40 ml VOA 
bottles, preserved with benzalkonium chloride, and were shipped via FedEx 
overnight to Microseeps, Inc., Pittsburgh, PA for analysis. Results for volatile 
fatty acid analyses are presented in Table 13. 

 
e. Dehalococcoides Analysis:  Water Samples were collected to evaluate the 

presence and numbers of Dehalococcoides biodegrading organisms.  One-liter (1 
L) samples were collected at the 11 depth-discrete, direct push locations identified 
in Table 1.  Samples were extracted using a Mobio Water DNA Extraction Kit 
and amplified using nested PCR (polymerase chain reaction. Results are given in 
Table 14. 

 

f. Stable Isotope Analysis:  Water samples were collected to examine the potential 
benefits of isotope analysis data in relation to source zone natural attenuation.  
Samples were collected in 40mL VOA bottles at sampling locations ASU3 to 
ASU8 and ASU11 at the eleven foot interval.  Samples were preserved with 
hydrochloric acid to below pH 2.  Preserved samplese were shipped via FedEx 
overnight to Microseeps, Inc., Pittsburgh, PA for analyses.  Results are presented 
in Table 16. 

 
2.3 Collection of data necessary to determine soil gas concentrations above the source zone 

and the vapor phase contaminant flux  
 

a. Soil Gas Sampling and Analysis:  Soil gas samples were collected from temporary 
soil gas sampling installations above the source zone area, at the locations shown 
in Figure 5.  Using a 3 inch hand auger, Geoprobe slide hammer, a 1-inch drive 
rod, and disposable stainless steel drive tips, vapor implants were installed to 
approximately 2 to2.5 ft below ground surface, a depth estimated to be 1 ft above 
the water table.  Soil gas sampling implants were installed with a sand-pack and 
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bentonite seal to minimize potential short-circuiting from ground surface.  Vapor 
samples were collected in tedlar bags using a lung sampler and were analyzed on-
site at the time of collection by gas chromatography (GC) using a dry electrolytic 
conductivity detector (DELCD) and a flame-ionization detector (FID).  Soil gas 
sampling results are summarized in Table 15. 

 
 

To verify the integrity of the soil gas implants helium was used as a tracer to 
determine if ambient air leakage was diluting the samples.  To do this, a helium 
halo was used as is described by Banikowski et al. (2009).  Helium was not 
detected above any of the vapor sampling locations during the integrity testing.  
 

b. Soil Diffusion Coefficient Measurement:  In situ diffusion coefficient tests were 
performed during the first field event. After installation of the sampling point and 
collection of a soil gas sample, 1 L of a mix of up to 10% helium in soil gas was 
injected into the sample implant.  After waiting a predetemined amount of time, 1 
L of soil gas was withdrawn for helium analysis.  The helium mass recovery, time 
for the test, and volumes injected and extracted are used to calculate the effective 
diffusion coefficients. Results from the first sampling event are given in Table 16. 

 
Prior to calculating source zone loss rates, all dissolved and vapor concentrations were converted 
to equivalent PCE mass concentrations assuming that PCE was the parent compound for this 
source zone.  This is necessary to account for the unmeasured mass of Cl- ions generated with 
each dechlorination step. For MCRD Parris Island reporting, VOC concentrations were 
converted to “PCE equivalents” using adjustment factors based on the molar equivalence of each 
compound.  Adjustment factors are shown as a secondary table under Table 17. The dissolved 
concentration data were also summarized in lateral transect contour plots as discussed below.  
 
Figures 6A-6E shows a vertical dissolved chemical concentration (PCE equivalents) contour plot 
along transect A-A’, B-B’ and C-C’ (see Figure 2) using data from direct push locations ASU3 
through ASU8 and ASU11 through ASU24.  The transects are drawn roughly perpendicular to 
the groundwater flow direction and data from the sampling locations are projected onto this 
transect before preparing the contour plot.  
 
Using the VOC groundwater concentration data converted to equivalent PCE concentrations, 
depth-discrete hydraulic conductivity estimates (see Table 6), and the calculated upper- and 
lower-level hydraulic gradients of 0.005 ft/ft and 0.006 ft/ft, respectively, a mass flux calculation 
was performed using the Mass Flux Toolkit, Version 1.0.  The Mass Flux Toolkit is a freeware 
program developed by Groundwater Services, Inc. and others under a contract funded by 
ESTCP.  Figure 7 presents a snapshot of the input screen for the mass flux analysis. There are 
three interpolation schemes available for analysis within the Mass Flux Toolkit, and all possible 
combinations of interpolation schemes were tested in order to assess the sensitivity of the results 
to the interpolation scheme used.  The resulting hydraulic conductivity and concentration profiles 
generated by various interpolation schemes are displayed in Figures 8 and 9. Figure 10 shows as 
an example the output of the linear interpolation scheme for the mass flux result for all 
chlorinated aliphatic hydrocarbons expressed consistently as PCE equivalents.  Mass flux results 
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from nine possible interpolation combinations are summarized in Figure 11.  The results are 
similar for all methods, with the difference between the lowest and highest value being only 
about a factor of two [Evt. 1: 2.97-4.55kg/yr; Evt. 2: 0.92-1.63] 
 
The Mass Flux Toolkit contains an uncertainty analysis that allows users to identify specific data 
points that most influence the calculated results.  Use of this option on Event 1 data with several 
interpolation options indicated that the calculated mass flux was most sensitive to changes in the 
hydraulic conductivity profile, especially in the vicinity of ASU5.  Thus, those results suggested 
that uncertainty in the mass flux estimate might be decreased by increasing the vertical sampling 
resolution through the highly conductive zone surrounding ASU5 and ASU6, as a large 
contribution to the overall mass flux comes through this section of the transect.  
 
To accomplish this during the second field event sampling, additional samples were collected on 
either side of ASU5 and ASU6 at depths vertically off-set from those at ASU5 and ASU6.  This 
approach was used rather than increased vertical resolution in a single borehole because it was 
felt that the latter goes beyond the vertical resolution possible in a single borehole with the direct 
push sampling tools and methods being used.   This also allowed us to retain the same sampling 
point and depths at ASU5 and ASU6 for the benefit of data continuity, while adding more 
vertical resolution and allowing us to better define the bounds of the highly conductive zone.  
 
Using VOC vapor concentration data converted to equivalent PCE concentrations, VOC 
diffusion coefficient estimates, and an estimated area of impact (200 sq ft total), source zone 
mass loss associated with vapor transport was calculated.  Vapor flux estimates at each 
measurement location, and concentration adjustment factors are located in Table 17.  The vapor 
flux was estimated to be 0.68 kg/y and 1.21kg/y as PCE during the first and second field events, 
respectively.  
 
Of interest from the first field event was the light, non-aqueous phase liquid (LNAPL) with a 
petroleum hydrocarbon odor produced while purging multi-level monitoring well ML6-9 (9 ft 
bgs).  Analysis of the relative mass of product with respect to carbon range was evaluated using 
gas chromatography (direct injection technique).   A table showing the relative mass of product 
within each carbon range and a chromatogram for the NAPL direct injection are shown in Table 
18.  No quantification, speciation, or further analysis was performed on the product collected.  
LNAPL was not observed in the second phase of field sampling, presumable because of the 
elevated water table.  
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Table 1 
Depth-Discrete, Direct Push Sampling Locations and Analyses: Event 3: July 5-19, 2010 

Lo
ca

tio
n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Ethene/ 

Ethane Dhc CSIA 

ASU2 

5 X --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X X --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X --- --- 
17 X --- --- X X X X X X --- --- 

ASU3 

5 --- --- --- --- --- --- --- X X --- --- 
8 X X X X X X --- X X --- --- 
11 X X X X X X X X X --- X 
14 X X X X X X X X X --- --- 
17 X --- --- X X X --- X X --- --- 

ASU4 

5 --- --- --- X --- --- --- X X --- --- 
8 X X X X X X --- X X --- --- 
11 X X X X X X --- X X X X 
14 X --- X --- X X X X X --- --- 
17 X X --- X X X X X X --- --- 

ASU5 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- X --- X X X X X --- --- 
11 X X X X X X X X X X X 
14 X --- --- --- X X X X X --- --- 
17 X --- --- --- --- X --- X X --- --- 

ASU5B 

6.5 --- --- --- --- --- --- --- --- --- --- --- 
9.5 X X X X X X --- X X  --- 
12.5 X X X X X X X X X X --- 
15.5 X --- --- --- X X X X X --- --- 

ASU6 

5 X ---  --- X X ---- X X --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X X X 
14 X X --- --- X X X X X --- --- 
17 X --- X --- --- --- X X X --- --- 

ASU6B 

6.5 X --- X X X X X X X --- --- 
9.5 X X X X X X X X X --- --- 
12.5 X X X X X X X X X --- --- 
15.5 X --- --- X X X X X X --- --- 

ASU7 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X --- X X --- X 
14 X X X X X X X X X X --- 
17 X X X X X X X X X --- --- 

ASU7B 

6.5 X --- --- --- X X ---- X X --- --- 
9.5 X X X X X X X X X --- --- 
12.5 X X X X X X --- X X --- --- 
15.5 X ---- X X X X X X X --- --- 

ASU8 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X --- --- 
11 X X X X X X X X X --- X 
14 X X --- X X X X X X --- --- 
17 X X --- X X X X X X --- --- 

 
a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 1 - Continued 
Depth-Discrete, Direct Push Sampling Locations and Analyses: Event 3: July 5-19, 2010 

Lo
ca

tio
n 

Depth 
(ft bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Ethene 

/Ethane Dhc CSIA 

ASU11 

5 --- --- --- --- --- --- --- X X --- --- 
8 --- --- --- --- --- --- --- X X --- --- 
11 X X X X X X X X X X X 
14 X X X X X X X X X --- --- 
17 X X X X X X X X X --- --- 

ASU12 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X X --- 
17 X --- --- --- --- --- --- --- --- --- --- 

ASU13 

5 X --- X X --- X X X X --- --- 
8 X X X X X X X X X X --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X --- --- 
17 X --- --- --- X  --- X X --- --- 

ASU14 

5 X --- --- --- --- --- --- --- --- --- --- 
8 X X  --- X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X --- --- --- X X --- X X --- --- 
17 X --- --- --- X X --- X X --- --- 

ASU15 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X X X X X X X X X X --- 
17 X X X X X X X X X --- --- 

ASU16 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X X --- --- X X --- X X X --- 
17 X --- X X X X --- X X --- --- 

ASU17 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X --- X X X X --- X X --- --- 
17 X X X X X X X X --- --- --- 

ASU18 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X --- X X X X X X --- --- 
11 X X --- X X X X X X X --- 
14 X --- X X X --- X X X --- --- 
17 X --- X X X X X X X --- --- 

ASU19 

5 --- --- --- --- --- --- --- X X --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X X --- 
14 X --- X X X X --- X X --- --- 
17 X X X X X X X X X --- --- 

ASU20 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X --- X X --- X X X --- --- 
14 X X X X X X X X X X --- 
17 X --- --- --- --- --- --- X X --- --- 

 
 
a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 1 - Continued 
Depth-Discrete, Direct Push Sampling Locations and Analyses:  

Event 3: July 5-19, 2010 
Lo

ca
tio

n Depth 
(ft 

bgs) 

Aquifer 
Specific 
Capacity 

Test 

Field 
Parameters(a) Anions Cations Alkalinity COD DOC CAH Ethene 

/Ethane Dhc CSIA 

ASU21 

5 X --- --- --- X X --- X X --- --- 
8 X --- X X X X X X X --- --- 
11 X X --- X X X X X X --- --- 
14 X X X X --- X --- X X --- --- 
17 X --- --- --- X --- X X X --- --- 

ASU22 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X X --- 
11 X X X X X X X X X --- --- 
14 X X --- X --- X X X X --- --- 
17 X --- X X X X X X X --- --- 

ASU23 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X X X X X X X X X --- --- 
11 X X X X X X X X X --- --- 
14 X --- X X --- X X X X X --- 
17 X X X --- --- --- X X X --- --- 

ASU24 

5 --- --- --- --- --- --- --- --- --- --- --- 
8 X --- --- --- X X --- X X --- --- 
11 X X X X X --- --- X X X --- 
14 X X X X X X X X X --- --- 
17 X X X X X --- X X X --- --- 

 
a)   Field Parameters include: pH, electrical conductivity, temperature, dissolve oxygen, and oxidation reduction potential 
---  Not enough water for test or location not identified for testing 
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Table 2 
Monitoring Well Sampling Locations and Tests Performed:  

Event 3: July 5-19, 2010 

Well 
Depth 

(ft bgs) DTW CAH  Well 
Depth 

(interval) DTW CAH 

ML3 

4 --- X  
MW01 

SL --- --- 
6.5 --- ---  SU --- --- 
9 --- X  MW03 SU X --- 

11.5 --- X  
MW05 

SL --- --- 
14 --- X  SU --- --- 

16.5 --- ---  
MW06 

SL X --- 
19 --- X  SU X --- 

ML4 

4 --- X  
MW07 

SL X --- 
6.5 --- X  SU X --- 
9 --- X  

MW08 
SL X --- 

11.5 --- X  SU X --- 
14 --- X  

MW10 
SL X --- 

16.5 --- X  SU X --- 
19 --- X  

MW13 
SL X --- 

ML5 

4 --- X  SU X --- 
6.5 --- X  

MW14 
SL X --- 

11.5 --- X  SU X --- 
14 --- X  

MW15 
SL X --- 

16.5 --- X  SU X --- 
19 --- X  

MW16 
SL X --- 

ML6 

4 --- X  SU X --- 
6.5 --- X  

MW19 
SL X --- 

9 --- X  SU X --- 
11.5 --- X  

MW21 
SL --- --- 

14 --- X  SU --- --- 
16.5 --- X  

MW22 
SL X --- 

19 --- X  SU X --- 

ML7 

3.5 --- X  
MW23 

SL X --- 
6.5 --- X  SU X --- 
8.5 --- X  MW24  X --- 
11 --- X  PMW1  --- --- 

13.5 --- X      
16 --- X      

18.5 --- X      
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Table 3A 
Geologic Description of Parris Island Soil Core ASU9:  

Event 1: October 16 – 26, 2008 

Depth 

 (ft bgs) Description 

0 – 2 Very fine sand with trace silt/clay, and substantial organic matter 
2 – 3 Fine sand with silt/clay, trace gravel 
3 – 4 Clay with abundant fine sand 
4 – 5 Fine sand with some silt/clay 
5 – 6 Clayey/silty fine sand 
6 – 8 Clay/silt with some fine sand 
8 - 10 Clay with trace fine sand 

10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand 
13 – 16 Fine sand with trace silt/clay 
16 - 17 Clay 
17 – 18 Peat 

 
Table 3B 

Geologic Description of Parris Island Soil Core near ASU6:  
Event 2: Aug 15-22, 2009 

Depth 

 (ft bgs) Description 

0 – 3 Sandy loam with substantial organic matter and some gravel 
3 – 5 Fine sand with silt/clay 
5 – 8 Fine sand with increased silt/clay content 
8 – 10 Clay with trace silt/sand 
10 – 11 Fine sand with trace silt/clay 
11 – 13 Fine sand with silt/clay 
13 – 15 Fine sand with increased silt/clay content 
15 – 16 Fine sand with substantial silt/clay 
16 – 17 Clay with trace sand and substantial organic matter 
17 – 18 Peat 
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Table 4 
Depth-to Water Measurements and Calculated Groundwater  

Elevations for Permanent Monitoring Wells: Events 1, 2, and 3 

Location 
Depth 

(interval) 
Elev TOC 

(ft amsl) 

DTW 

(ft btoc) 
Groundwater Elevation 

(ft amsl) 
Event 1 Event 2 Event 3 Event 1 Event 2 Event 3 

AMW2  Unknown -- -- 4.04 -- -- Unknown 

MW01 
SU 7.6 0.47 -- -- 7.13 -- -- 
SL 7.57 1.19 -- -- 6.38 -- -- 

MW03 
SU Unknown -- 2.29 4.08 -- Unknown Unknown 
SL Unknown -- -- 4.08 -- -- Unknown 

MW05 
SU 7.98 3.69 -- 4.17 4.29 -- 3.81 
SL 7.66 3.35 -- -- 4.31 -- -- 

MW06 
SU 6.82 2.88 2.53 4.07 3.94 4.29 2.75 
SL 6.69 1.94 2.34 4.05 4.75 4.35 2.64 

MW07 
SU 6.79 1.62 2.42 4.17 5.17 4.37 2.62 
SL Unknown 1.93 2.38 -- Unknown Unknown -- 

MW08 
SU 6.7 1.58 2.22 3.94 5.12 4.48 2.76 
SL Unknown 1.60 2.13 3.90 Unknown Unknown Unknown 

MW10 
SU 6.28 1.42 1.79 -- 4.86 4.49 -- 
SL 6.23 1.36 1.73 -- 4.87 4.5 -- 

MW13 
SU 6.8 2.19 2.47 -- 4.61 4.33 -- 
SL 6.75 2.20 2.37 -- 4.55 4.38 -- 

MW14 
SU 6.24 1.86 1.61 -- 4.38 4.63 -- 
SL 6.19 1.70 1.53 -- 4.49 4.66 -- 

MW15 
SU 8.61 3.94 3.85 -- 4.67 4.76 -- 
SL 8.47 3.72 3.6 -- 4.75 4.87 -- 

MW16 
SU 9.58 5.24 4.63 -- 4.34 4.95 -- 
SL 9.63 5.19 4.72 -- 4.44 4.91 -- 

MW19 
SU 6.01 -- 1.8 -- -- 4.21 -- 
SL 6.05 -- 1.58 -- -- 4.47 -- 

MW21 
SU 6.81 1.42 -- 3.84 5.39 -- 1.42 
SL 6.73 1.31 -- 3.71 5.42 -- 3.02 

MW22 
SU 6.9 1.40 2.02 3.88 5.50 4.88 3.02 
SL 6.89 1.24 1.92 -- 5.65 4.97 -- 

MW23 
SU 6.78 2.34 2.29 -- 4.44 4.49 -- 
SL 6.78 2.28 2.28 -- 4.50 4.5 -- 

MW24 SU 7.06 1.63 2.22 4.07 5.43 4.84 2.99 

Event 1: October 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
DTW – Depth to water 
toc – Top of casing 

 
btoc – Below top of casing 
bgs – Below ground surface 
amsl – Above mean sea level 
--  – Not sampled 
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Table 5A 
Slug Test Data: Event 1: October 16 – 26, 2008 

  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW007-SU 12 4.3 x 10-3 31 1.1 x 10-2 
MW007-SL 28 1.0 x 10-2 31 1.1 x 10-2 
MW008-SU 10 3.4 x 10-3 28 9.9 x 10-3 
MW008-SL 39 1.4 x 10-2 40 1.4 x 10-2 
MW022-SU 1.9 6.6 x 10-4 8 2.9 x 10-3 
MW022-SL 17 5.9 x 10-3 21 7.5 x 10-3 

 
 

Table 5B 
Slug Test Data: Event 3: July 5-19, 2010 

  Bouwer & Rice Hvorslev 

Well ft/d cm/s ft/d cm/s 

MW006-SL 2.7 9.6 x 10-4 26 9.3 x 10-3 
MW007-SL 3.8 1.4 x 10-3 34 1.2 x 10-2 
MW022-SL 2.3 8.2 x 10-4 19 6.6 x 10-3 
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Table 6 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing: 

Events 1, 2, and 3 

Location 

Depth 
(ft bgs) 

K (cm/sec)   
Location 

Depth 
(ft bgs) 

K (cm/sec) 
Event 1 Event 2 Event 3  Event 1 Event 2 Event 3 

ASU1 

5 1.8 x 10-4 X X   

ASU6B 

6.5 X 9.6 x 10-4 7.1 x 10-4 
8 3.0 x 10-4 X X   9.5 X 3.7 x 10-4 2.8 x 10-3 
11 1.4 x 10-3 X X   12.5 X 3.8 x 10-4 1.8 x 10-2 
14 1.4 x 10-4 X X   15.5 X 5.1 x 10-5 1.0 x 10-4 
17 9.8 x 10-4 X X   

ASU7 

5 1.3 x 10-4 --- --- 

ASU2 

5 1.5 x 10-4 1.2 x 10-4 1.6 x 10-4   8 7.1 x 10-4 3.5 x 10-4 2.0 x 10-3 
8 2.5 x 10-4 9.2 x 10-5 2.7 x 10-3   11 4.3 x 10-3 2.1 x 10-4 1.8 x 10-3 
11 --- 4.8 x 10-4 4.2 x 10-4   14 7.8 x 10-4 1.3 x 10-3 3.7 x 10-3 
14 1.3 x 10-4 1.2 x 10-4 7.8 x 10-5   17 7.8 x 10-5 7.1 x 10-5 1.0 x 10-4 
17 8.5 x 10-5 7.9 x 10-4 1.2 x 10-4   

ASU7B 

6.5 X 4.1 x 10-4 5.9 x 10-4 

ASU3 

5 1.2 x 10-4 5.2 x 10-5 ---   9.5 X 5.2 x 10-4 1.2 x 10-3 
8 1.4 x 10-3 3.9 x 10-4 1.3 x 10-3   12.5 X 1.4 x 10-3 7.6 x 10-3 
11 4.7 x 10-4 6.0 x 10-3 1.9 x 10-2   15.5 X 7.9 x 10-5 9.6 x 10-5 
14 6.1 x 10-4 3.5 x 10-4 2.9 x 10-4   

ASU8 

5 3.1 x 10-5 --- --- 
17 8.9 x 10-5 5.2 x 10-5 2.3 x 10-5   8 6.0 x 10-4 3.2 x 10-4 5.9 x 10-4 

ASU4 

5 3.0 x 10-4 2.1 x 10-4 ---   11 8.2 x 10-4 2.8 x 10-4 1.4 x 10-2 
8 1.4 x 10-3 8.6 x 10-4 1.6 x 10-3   14 2.6 x 10-4 2.9 x 10-4 2.9 x 10-4 
11 3.6 x 10-4 1.7 x 10-3 3.9 x 10-4   17 1.4 x 10-4 7.3 x 10-5 1.1 x 10-4 
14 3.7 x 10-4 1.9 x 10-4 1.7 x 10-4   

ASU9 

5 --- X X 
17 5.2 x 10-5 5.4 x 10-5 2.4 x 10-4   8 6.8 x 10-4 X X 

ASU5 

5 --- --- ---   11 1.6 x 10-3 X X 
8 5.9 x 10-4 --- 1.9 x 10-4  14 3.3 x 10-4 X X 
11 2.2 x 10-3 2.8 x 10-4 4.1 x 10-4   17 1.6 x 10-4 X X 
14 2.8 x 10-4 2.9 x 10-4 1.0 x 10-4   

ASU10 

5 6.2 x 10-5 X X 
17 3.0 x 10-4 3.2 x 10-5 ---   8 2.0 x 10-4 X X 

ASU5B 

6.5 X --- ---  11 3.9 x 10-3 X X 
9.5 X 2.6 x 10-4 7.6 x 10-4  14 4.0 x 10-4 X X 

12.5 X 1.9 x 10-3 2.9 x 10-4  17 1.0 x 10-4 X X 
15.5 X 9.1 x 10-5 2.0 x 10-5  

ASU 11 

5 X 7.5 x 10-5 1.0 x 10-4 

ASU6 

5 3.3 x 10-4 7.1 x 10-5 5.1 x 10-4  8 X 4.3 x 10-4 --- 
8 1.6 x 10-3 2.0 x 10-4 1.2 x 10-3  11 X 2.1 x 10-4 1.2 x 10-4 
11 4.2 x 10-3 6.4 x 10-4 6.8 x 10-3  14 X 7.0 x 10-4 9.0 x 10-4 
14 3.4 x 10-4 1.7 x 10-4 1.1 x 10-4  17 X 2.0 x 10-4 2.8 x 10-4 
17 6.5 x 10-5 5.7 x 10-5 6.2 x 10-5       

 
---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 

 

  
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 6 - Continued 
Hydraulic Conductivity Estimates for Depth-Discrete Aquifer Specific-Capacity Testing: 

Events 1, 2, and 3 

Location 

Depth 
(ft bgs) 

K (cm/sec)   
Location 

Depth 
(ft bgs) 

K (cm/sec) 
Event 1 Event 2 Event 3  Event 1 Event 2 Event 3 

ASU12 

5 X X 3.4 x 10-4  

ASU19 

5 X X --- 
8 X X 9.2 x 10-4  8 X X 4.6 x 10-4 
11 X X 2.6 x 10-4  11 X X 1.6 x 10-4 
14 X X 2.6 x 10-4  14 X X 1.4 x 10-4 
17 X X 4.5 x 10-5  17 X X 9.7 x 10-5 

ASU13 

5 X X 1.1 x 10-3  

ASU20 

5 X X --- 
8 X X 8.7 x 10-4  8 X X 6.3 x 10-4 
11 X X 6.4 x 10-3  11 X X 3.0 x 10-4 
14 X X 1.9 x 10-4  14 X X 2.1 x 10-4 
17 X X 5.9 x 10-5  17 X X 6.8 x 10-5 

ASU12 

5 X X ---  

ASU21 

5 X X 7.3 x 10-4 
8 X X 8.9 x 10-4  8 X X 3.7 x 10-4 
11 X X 3.8 x 10-4  11 X X 3.4 x 10-3 
14 X X 1.5 x 10-4  14 X X 1.4 x 10-4 
17 X X 8.0 x 10-5  17 X X 9.1 x 10-5 

ASU15 

5 X X ---  

ASU22 

5 X X --- 
8 X X 1.7 x 10-3  8 X X 8.9 x 10-4 
11 X X 3.1 x 10-4  11 X X 3.2 x 10-4 
14 X X 2.3 x 10-4  14 X X 5.6 x 10-4 
17 X X 5.4 x 10-6  17 X X 1.0 x 10-4 

ASU16 

5 X X ---  

ASU23 

5 X X --- 
8 X X 2.1 x 10-4  8 X X 4.1 x 10-3 
11 X X 1.8 x 10-4  11 X X 8.4 x 10-4 
14 X X 1.0 x 10-3  14 X X 1.6 x 10-4 
17 X X 8.0 x 10-5  17 X X 1.7 x 10-4 

ASU17 

5 X X ---  

ASU24 

5 X X --- 
8 X X 5.2 x 10-4  8 X X 1.4 x 10-4 
11 X X 5.1 x 10-4  11 X X 1.3 x 10-2 
14 X X 1.3 x 10-4  14 X X 2.2 x 10-4 
17 X X 1.2 x 10-4  17 X X 7.6 x 10-5 

ASU18 

5 X X ---       
8 X X 7.6 x 10-4  

 
    

11 X X 5.9 x 10-4      
14 X X 1.8 x 10-4      
17 X X 1.0 x 10-4       

 
---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 

  
Theim Method: 

 

Where  Q  =   pumping rate (L3/T) 
H = Drawdown (ft) 
K   =   hydraulic conductivity (L/T) 
b   =   length of sampler or screen section (L) 
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Table 7A 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU1 

5 --- --- --- --- --- 
8 5.8 320 25.5 1.2 23 

11 6.0 340 26.5 <1 -1.7 
14 6.5 720 25.4 --- -9.3 
17 6.8 1100 25.4 <1 -90 

ASU2 

5 --- --- --- --- --- 
8 6.1 350 27.5 Unk 53 

11 6.2 390 27.3 1.2 -0.7 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU3 

5 --- --- --- --- --- 
8 5.4 540 24.9 <1 31 

11 6.2 320 26.0 <1 -2.6 
14 6.0 1200 26.2 1.7 66 
17 --- --- --- --- --- 

ASU4 

5 --- --- --- --- --- 
8 5.4 520 25.1 <1 30 

11 6.1 430 24.8 <1 -420 
14 6.3 710 25.4 <1 -70 
17 --- --- --- --- --- 

ASU5 

5 --- --- --- --- --- 
8 6.1 700 25.5 <1 -65 

11 6.3 440 25.9 <1 -68 
14 6.2 550 25.6 <1 -11 
17 --- --- --- --- --- 

ASU6 

5 --- --- --- --- --- 
8 6.1 570 22.2 <1 -36 

11 5.8 410 22.5 <1 3.4 
14 6.0 480 21.2 <1 22 
17 --- --- --- --- --- 

ASU7 

5 --- --- --- --- --- 
8 6.3 560 24.2 <1 -48 

11 5.8 390 24.4 <1 -3.5 
14 5.9 610 23.8 <1 19 
17 --- --- --- --- --- 

ASU8 

5 --- --- --- --- --- 
8 5.5 570 22.5 <1 78 

11 5.7 550 23.5 <1 -17 
14 5.9 1800 23.2 <1 38 
17 6.0 6200 21.7 1.2 21 

ASU9 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.0 370 24.7 <1 -0.7 
14 6.0 740 24.5 <1 -29 
17 6.1 690 24.2 <1 15 

ASU10 

5 --- --- --- --- --- 
8 6.3 1500 21.8 <1 -100 

11 5.6 450 22.4 <1 -41 
14 5.7 780 21.2 <1 24 
17 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 7B 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2 Aug 15-22, 2009 
Location 

Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-2 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.1 360 29.0 <1 0.5 
14 6.4 600 29.3 Unk -38 
17 6.6 900 29.3 Unk -66 

ASU-3 

5 --- --- --- --- --- 
8 5.9 500 27.3 <1 -58 

11 5.9 320 26.3 <1 -2.2 
14 5.5 480 26.1 <1 -29 
17 --- --- --- --- --- 

ASU-4 

5 --- --- --- --- --- 
8 5.2 470 27.4 1.8 84 

11 5.5 370 26.4 <1 -57 
14 5.7 620 26.7 <1 -44 
17 --- --- --- --- --- 

ASU-5 

5 --- --- --- --- --- 
8 5.9 780 26.8 <1 -1.5 

11 6.0 460 26.8 <1 -12 
14 6.1 510 26.0 <1 49 
17 --- --- --- --- --- 

ASU-5B 

6.5 --- --- --- --- --- 
9.5 5.9 510 25.9 <1 9.3 

12.5 6.0 470 26.6 <1 21 
15.5 6.2 690 26.9 <1 17 

ASU-6 

5 --- --- --- --- --- 
8 6.5 620 27.2 <1 -50 

11 6.4 460 26.0 <1 -18 
14 6.7 470 24.1 <1 4.3 
17 --- --- --- --- --- 

ASU-6B 

6.5 6.1 1100 27.6 <1 -44 
9.5 --- --- --- --- --- 

12.5 6.1 410 24.9 <1 31 
15.5 --- --- --- --- --- 

ASU-7 

5 --- --- --- --- --- 
8 6.1 550 28.9 <1 5.1 

11 5.8 360 29.1 <1 30 
14 5.9 560 29.1 <1 34 
17 --- --- --- --- --- 

ASU-7B 

6.5 6.1 730 28.0 <1 -46 
9.5 5.7 340 27.2 1.31 92 

12.5 5.8 540 26.9 <1 21 
15.5 --- --- --- --- --- 

ASU-8 

5 --- --- --- --- --- 
8 5.8 600 29.4 Unk 73 

11 5.6 500 26.6 <1 44 
14 6.1 1900 25.3 <1 42 
17 6.1 5900 26.5 Unk 23 

ASU-11 

5 --- --- --- --- --- 
8 6.3 780 26.2 <1 -33 

11 6.1 610 26.3 <1 11 
14 6.0 820 25.3 <1 -7.0 
17 5.9 2000 24.6 <1 33 

---  Not enough water available for analysis 
<1-  DO below PQL Unk – not enough water for accurate reading 
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Table 7C 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T 

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-2 

5 --- --- --- --- --- 
8 6.4 320 28.1 <1 130 

11 6.2 290 26.8 <1 40 
14 6.3 580 26.9 Unk 40 
17 --- --- --- --- --- 

ASU-3 

5 --- --- --- --- --- 
8 5.9 430 28.2 <1 55 

11 6.0 320 28.6 <1 21 
14 5.7 500 26.1 <1 19 
17 --- --- --- --- --- 

ASU-4 

5 --- --- --- --- --- 
8 5.3 530 26.8 <1 87 

11 5.9 440 27.8 Unk -0.2 
14 --- --- --- --- --- 
17 5.8 510 26.4 <1 48 

ASU-5 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.0 570 24.5 <1 22 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU-5B 

6.5 --- --- --- --- --- 
9.5 5.8 490 25.1 1.3 340 

12.5 5.9 430 24.1 <1 55 
15.5 --- --- --- --- --- 

ASU-6 

5 --- --- --- --- --- 
8 6.1 570 25.4 Unk -17 

11 5.7 390 24.3 <1 74 
14 10.8 730 27.1 Unk -24 
17 --- --- --- --- --- 

ASU-6B 

6.5 --- --- --- --- --- 
9.5 7.1 500 26.0 <1 -140 

12.5 6.0 440 25.9 <1 -8.3 
15.5 --- --- --- --- --- 

ASU-7 

5 --- --- --- --- --- 
8 5.8 480 25.6 Unk 37 

11 5.6 330 24.1 Unk 65 
14 5.0 490 23.6 Unk 54 
17 5.8 1900 26.7 Unk 56 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
Unk – not enough water for accurate reading 
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Table 7C - Continued 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T  

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU-7B 

6.5 --- --- --- --- --- 
9.5 5.5 330 25.3 Unk 110 

12.5 5.8 410 23.7 Unk 29 
15.5 --- --- --- --- --- 

ASU-8 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 5.1 520 25.7 Unk 12 
14 6.1 1600 25.0 Unk 52 
17 5.9 5800 32.0 Unk 38 

ASU-11 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 6.0 6000 25.6 Unk 11 
14 5.9 990 25.6 Unk 42 
17 6.2 1000 30.8 Unk -4 

ASU12 

5 --- --- --- --- --- 
8 5.7 330 26.5 <1 40 

11 6.0 320 25.9 <1 -3 
14 6.0 510 25.4 <1 52 
17 --- --- --- --- --- 

ASU13 

5 --- --- --- --- --- 
8 5.8 480 25.0 Unk 30 

11 5.8 390 25.2 <1 -1.5 
14 5.8 470 25.1 <1 53 
17 --- --- --- --- --- 

ASU14 

5 --- --- --- --- --- 
8 6.2 1600 26.6 <1 -50 

11 6.0 580 26.0 <1 -15 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU15 

5 --- --- --- --- --- 
8 5.8 470 25.1 <1 140 

11 5.7 360 24.9 1.09 30 
14 --- --- --- --- --- 
17 6.0 660 25.5 <1 60 

ASU16 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 5.8 330 28.5 Unk 10 
14 5.9 520 25.0 <1 50 
17 --- --- --- --- --- 

---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 7C - Continued 
Water Quality Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

Location 
Depth 

(ft bgs) pH 
EC 

(μS) 
T 

(deg C) 
DO 

(mg/L) 
ORP 
(mV) 

ASU17 

5 --- --- --- --- --- 
8 5.9 530 29.0 Unk Unk 

11 5.8 440 27.7 <1 26 
14 --- --- --- --- --- 
17 6.0 3300 27.0 <1 40 

ASU18 

5 --- --- --- --- --- 
8 6.5 660 32.4 Unk -5.9 

11 5.6 550 24.5 Unk 35 
14 --- --- --- --- --- 
17 --- --- --- --- --- 

ASU19 

5 --- --- --- --- --- 
8 5.9 570 28.9 Unk 50 

11 --- --- --- --- --- 
14 --- --- --- --- --- 
17 6.0 710 26.4 Unk Unk 

ASU20 

5 --- --- --- --- --- 
8 6.2 770 28.5 <1 -37 

11 6.1 460 27.5 Unk -4.8 
14 6.0 460 29.8 <1 30 
17 --- --- --- --- --- 

ASU21 

5 --- --- --- --- --- 
8 --- --- --- --- --- 

11 5.9 780 26.6 <1 15 
14 5.7 700 25.9 Unk 52 
17 --- --- --- --- --- 

ASU22 

5.0 --- --- --- --- --- 
8.0 5.9 590 26.4 <1 19 

11.0 5.1 340 26.2 <1 25 
14.0 5.9 440 25.4 <1 53 
17.0 --- --- --- --- --- 

ASU23 

5.0 --- --- --- --- --- 
8.0 5.1 370 27 <1 98 

11.0 5.7 390 26.7 1.23 33 
14.0 --- --- --- --- --- 
17.0 6 1500 30.3 <1 23 

ASU24 

5.0 --- --- --- --- --- 
8.0 --- --- --- --- --- 

11.0 5.6 550 24.0 Unk 26 
14.0 6.1 730 25.3 Unk 35 
17.0 6.5 1100 32.3 Unk -26 

  ---  Not enough water available for analysis 
<1- Dissolved oxygen values <1 mg/L are simply shown as <1 
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Table 8A 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 1: October 16 – 26, 2008 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
1 

5 --- --- --- --- ---  
A
S
U
6 

5 140 2 5 74 ND 
8 11 ND 38 5 ND  8 77 1 17 29 ND 
11 15 ND 26 4 ND  11 42 ND 23 6 ND 
14 110 ND 23 4 ND  14 56 2 31 4 ND 
17 200 ND ND 7 ND  17 130 ND 5 3 ND 

A
S
U
2 

5 --- --- --- 13 ND  
A
S
U
7 

5 --- --- --- --- --- 
8 16 ND 38 3 ND  8 29 ND 41 10 ND 
11 25 1 20 3 ND  11 25 ND 33 7 ND 
14 74 ND 22 5 ND  14 84 1 37 5 ND 
17 130 ND 1 7 ND  17 610 ND 19 10 ND 

A
S
U
3 

5 --- --- --- 60 ND  
A
S
U
8 

5 --- --- --- --- --- 
8 79 ND 65 7 ND  8 61 1 90 2 ND 
11 13 ND 28 5 ND  11 57 ND 84 11 ND 
14 130 ND 450 82 1  14 430 ND 83 2 ND 
17 250 1 180 32 1  17 2200 ND 15 14 ND 

A
S
U
4 

5 --- --- --- --- ---  
A
S
U
9 

5 --- --- --- --- --- 
8 39 ND 150 24 ND  8 220 2 5 77 ND 
11 23 ND 51 13 ND  11 19 ND 36 4 ND 
14 72 ND 130 13 ND  14 72 ND 10 42 14 
17 150 ND 9 2 ND  17 120 1 ND 4 ND 

A
S
U
5 

5 --- --- --- --- ---  
A
S
U
10 

5 --- --- --- --- --- 
8 110 1 29 20 ND  8 310 1 1 110 ND 
11 31 ND 14 4 ND  11 56 ND ND 6 ND 
14 80 ND 22 3 ND  14 170 ND 11 9 ND 
17 80 ND 21 3 ND  17 130 ND 20 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 8B 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 2: Aug 15-22, 2009 
L

o
ca

ti
o

n
 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl
-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
  Cl

-
 NO3

-2
 SO4

-2
 Fe

2+
 Mn

2+
 

A
S
U
2 

5 25 ND 96 2 ND  A
S
U
6 
B 

6.5 210 ND 26 93 ND 
8 --- --- --- --- ---  9.5 --- --- --- --- --- 
11 28 ND 35 3 ND  12.5 40 ND 53 5 ND 
14 90 ND 28 4 ND  15.5 --- --- --- --- --- 
17 180 ND 1 6 ND  

A
S
U
7 

5 --- --- --- --- --- 

A
S
U
3 

5 --- --- --- --- ---  8 34 1 98 19 ND 
8 45 ND 69 26 ND  11 31 1 50 9 ND 
11 28 ND 62 5 ND  14 100 ND 57 6 ND 
14 62 ND 100 30 ND  17 530 ND 16 9 ND 
17 --- --- --- --- ---  A

S
U
7 
B 

6.5 32 ND 170 45 ND 

A
S
U
4 

5 --- --- --- --- ---  9.5 35 ND 53 2 ND 
8 52 5 170 --- ---  12.5 61 ND 50 8 ND 
11 39 ND 93 14 ND  15.5 470 1 39 10 ND 
14 --- --- --- --- ---   

A
S
U
8 

5 --- --- --- --- --- 
17 55 1 140 8 ND  8 62 ND 96 2 ND 

A
S
U
5 

5 150 1 29 3 ND  11 57 1 99 7 ND 
8 --- --- --- --- ---  14 490 ND 100 --- --- 
11 140 1 25 34 ND  17 2200 1 33 13 ND 
14 40 ND 42 8 ND  

A
S
U
11 

5 --- --- --- --- --- 
17 94 ND 35 --- ---  8 47 ND 15 47 ND 

A
S
U
5 
B 

6.5 --- --- --- --- ---  11 62 ND 130 13 ND 
9.5 --- --- --- --- ---  14 170 ND 130 6 ND 

12.5 100 1 30 14 ND  17 600 11 70 --- --- 
15.5 49 1 51 5 ND         

A
S
U
6 

5 130 1 3 8 ND         
8 --- --- --- --- ---         
11 110 ND 19 12 ND         
14 56 ND 45 6 ND         
17 76 1 21 1 ND         

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 8C 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl- NO3
-2 SO4

-2 Fe2+ Mn2+ Cl- NO3
-2 SO4

-2 Fe2+ Mn2+ 

A 
S 
U 
2 

5 --- --- --- --- --- 
A 
S 
U 
7 

5 --- --- --- --- --- 
8 16 ND 45 2 ND 8 1 1 1 14 ND 
11 21 1 25 1 ND 11 21 ND 32 4 ND 
14 60 ND 15 ND ND 14 53 ND 30 4 ND 
17 --- --- --- 5 ND 17 48 ND 160 8 ND 

A 
S 
U 
3 

5 --- --- --- --- --- A 
S 
U 
7
B 

6.5 --- --- --- --- --- 
8 31 ND 57 5 ND 9.5 27 ND 38 2 ND 
11 31 ND 24 4 ND 12.5 42 ND 20 9 ND 
14 59 ND 79 17 ND 15.5 180 ND 20 5 ND 
17 --- --- --- --- --- 

A 
S 
U 
8 

5 --- --- --- --- --- 

A 
S 
U 
4 

5 --- --- --- --- --- 8 41 ND 66 1 ND 
8 57 ND 100 22 ND 11 38 ND 45 5 ND 
11 33 ND 45 19 ND 14 --- --- --- 1 ND 
14 73 ND 67 --- --- 17 --- --- --- 12 ND 
17 --- --- --- 4 ND 

A 
S 
U 
11 

5 --- --- --- --- --- 

A 
S 
U 
5 

5 --- --- --- --- --- 8 --- --- --- --- --- 
8 180 ND 60 --- --- 11 38 ND 82 14 ND 
11 50 ND 10 ND ND 14 190 ND 82 3 ND 
14 --- --- --- --- --- 17 550 ND 21 4 ND 
17 --- --- --- --- --- 

A 
S 
U 
12 

5 --- --- --- --- --- 

A 
S 
U 
5B 

6.5 --- --- --- --- --- 8 35 ND 43 7 ND 
9.5 ND ND ND 13 ND 11 21 ND 34 --- ND 

12.5 62 ND 15 3 ND 14 59 ND 33 3 ND 
15.5 --- --- --- --- --- 17 --- --- --- --- --- 

A 
S 
U 
6 

5 61 ND 16 --- --- 
A 
S 
U 
13 

5 44 1 64 64 ND 
8 42 ND 41 22 ND 8 43 ND 71 17 ND 
11 110 ND 15 5 ND 11 34 ND 36 10 ND 
14 --- --- --- --- --- 14 60 ND 25 3 ND 
17 220 ND 5 --- --- 17 --- --- --- --- --- 

A 
S 
U 
6B 

6.5 62 ND 26 50 ND 
A 
S 
U 
14 

5 --- --- --- --- --- 
9.5 33 ND 32 7 ND 8 250 1 3 --- --- 

12.5 90 ND 6 1 ND 11 78 ND 4 18 ND 
15.5 --- --- --- 5 ND 14 --- --- --- --- --- 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 

 

17 --- --- --- --- --- 
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Table 8C - Continued 
Ion Concentration Data for Depth-Discrete, Direct Push Groundwater Samples:  

Event 3: July 5-19, 2010 
L

o
ca

ti
o
n

 

Depth 

(ft bgs) 

(mg/L)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

(mg/L) 

Cl- NO3
-2 SO4

-2 Fe2+ Mn2+  Cl- NO3
-2 SO4

-2 Fe2+ Mn2+ 

A
S
U
15 

5 --- --- --- --- ---  
A 
S 
U 
20 

5 --- --- --- --- --- 
8 64 ND 27 33 ND  8 52 ND 1 87 ND 
11 130 ND 7 6 ND  11 --- --- --- 13 ND 
14 130 ND 21 3 ND  14 48 ND 25 3 ND 
17 16 1 32 4 ND  17 --- --- --- --- --- 

A
S
U
16 

5 --- --- --- --- ---  
A 
S 
U 
21 

5 --- --- --- --- --- 
8 190 ND ND 18 ND  8 32 ND 52 --- --- 
11 47 ND 53 11 ND  11 84 ND 1 24 ND 
14 --- --- --- --- ---  14 150 1 5 6 ND 
17 38 ND 43 7 ND  17 --- --- --- 3 ND 

A
S
U
17 

5 --- --- --- --- ---  

A 
S 
U 
22 

5 --- --- --- --- --- 
8 280 ND 73 1 ND  8 49 ND 40 29 ND 

11 
110
0 6 15 

9 ND  11 18 ND 33 
9 ND 

14 38 ND 70 2 ND  14 --- --- --- 3 ND 
17 51 ND 98 6 ND  17 63 ND 23 3 ND 

A
S
U
18 

5 --- --- --- --- ---  
A
S
U
23 

5 --- --- --- --- --- 
8 --- --- --- 4 ND  8 45 ND 62 2 ND 
11 --- --- --- 12 ND  11 32 ND 39 10 ND 
14 65 ND 49 8 ND  14 99 ND 40 4 ND 
17 19 ND 40 9 ND  17 440 3 1 --- --- 

A
S
U
19 

5 --- --- --- --- ---  
A
S
U
24 

5 --- --- --- --- --- 
8 16 ND 30 17 ND  8 --- --- --- --- --- 
11 93 ND 31 16 ND  11 130 ND 21 7 ND 
14 64 ND 27 9 ND  14 100 ND 53 5 ND 
17 130 ND 7 2 ND  17 270 ND 9 4 ND 

---  – No water available for analysis 
ND  – Non-detect; less than detection limit of 1 mg/L 
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Table 9 
DOC Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU1 

5 --- X ---  

ASU 6B 

6.5 X 42 48 
8 23 X 8  9.5 X --- 20 
11 14 X 3  12.5 X 16 15 
14 5 X 5  15.5 X --- 10 
17 --- X 6  

ASU7 

5 --- --- --- 

ASU2 

5 18 --- ---  8 33 34 24 
8 11 11 10  11 27 26 --- 
11 6 8 9  14 19 20 24 
14 5 9 4  17 6 9 12 
17 5 40 6  

ASU7B 

6.5 X 24 --- 

ASU3 

5 32 --- ---  9.5 X 33 50 
8 11 31 ---  12.5 X 21 --- 
11 5 7 120  15.5 X 9 15 
14 4 6 11  

ASU8 

5 --- --- --- 
17 6 --- ---  8 43 100 30 

ASU4 

5 --- --- ---  11 17 77 26 
8 14 14 ---  14 21 51 16 
11 6 10 ---  17 11 40 43 
14 6 6 13  

ASU9 

5 --- X X 
17 11 9 5  8 45 X X 

ASU5 

5 --- 27 ---  11 --- X X 
8 31 11 21  14 150 X X 
11 17 --- 28  17 51 X X 
14 6 --- 9  

ASU10 

5 --- X X 
17 --- --- ---  8 110 X X 

ASU5B 

6.5 X --- ---  11 14 X X 
9.5 X 39 ---  14 71 X X 

12.5 X 10 13  17 7 X X 
15.5 X 8 9  

ASU11 

5 X --- --- 

ASU6 

5 50 --- ---  8 X 44 --- 
8 43 40 ---  11 X 22 18 
11 25 20 8  14 X 20 21 
14 13 13 3  17 X 13 <1 
17 7 --- 5   

---  – No water available for analysis 
X – location not sampled 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 9 - Continued 
DOC Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU12 

5 X X ---  

ASU19 

5 X X --- 
8 X X 60  8 X X 13 
11 X X 10  11 X X 9 
14 X X 9  14 X X --- 
17 X X ---  17 X X 15 

ASU13 

5 X X 35  

ASU20 

5 X X --- 
8 X X 24  8 X X 62 
11 X X 10  11 X X 58 
14 X X 4  14 X X 10 
17 X X ---  17 X X --- 

ASU14 

5 X X ---  

ASU21 

5 X X --- 
8 X X 59  8 X X 230 
11 X X 25  11 X X 115 
14 X X ---  14 X X --- 
17 X X ---  17 X X 10 

ASU15 

5 X X ---  

ASU22 

5 X X --- 
8 X X 27  8 X X 28 
11 X X 12  11 X X 14 
14 X X 11  14 X X 9 
17 X X <1  17 X X 8 

ASU16 

5 X X ---  

ASU23 

5 X X --- 
8 X X 47  8 X X 6 
11 X X 29  11 X X <1 
14 X X ---  14 X X 17 
17 X X ---  17 X X <1 

ASU17 

5 X X ---  

ASU24 

5 X X --- 
8 X X 27  8 X X --- 
11 X X 18  11 X X --- 
14 X X ---  14 X X 25 
17 X X <1  17 X X <1 

ASU18 

5 X X ---  

 

    

8 X X <1      

11 X X 16      

14 X X 7      

17 X X 3      

---  – No water available for analysis 
X – location not sampled 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 10 
COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU1 

5 --- X X  

ASU 6B 

6.5 X 140 120 
8 58 X X  9.5 X --- 76 
11 77 X X  12.5 X 74 42 
14 32 X X  15.5 X --- 4 
17 18 X X  

ASU7 

5 --- --- --- 

ASU2 

5 --- --- ---  8 120 130 160 
8 490 --- 33  11 75 99 59 
11 3 3 15  14 42 28 32 
14 25 26 12  17 84 99 48 
17 15 17 7  

ASU7B 

6.5 X 64 37 

ASU3 

5 --- --- ---  9.5 X 120 46 
8 39 34 31  12.5 X 69 53 
11 11 14 6  15.5 X 61 12 
14 41 52 14  

ASU8 

5 --- --- --- 
17 29 38 72  8 120 130 80 

ASU4 

5 --- --- ---  11 67 86 60 
8 44 35 ND  14 53 48 40 
11 35 41 21  17 200 210 130 
14 29 30 31  

ASU9 

5 --- X X 
17 42 47 5  8 510 X X 

ASU5 

5 --- --- ---  11 --- X X 
8 120 150 97  14 650 X X 
11 44 42 29  17 241 X X 
14 23 25 ---  

ASU10 

5 --- X X 
17 --- --- 41  8 460 X X 

ASU5B 

6.5 X --- ---  11 230 X X 
9.5 X 89 110  14 260 X X 

12.5 X 33 28  17 43 X X 
15.5 X 29 17  

ASU11 

5 X --- --- 

ASU6 

5 200 290 180  8 X 74 --- 
8 110 130 110  11 X 14 7 
11 79 89 40  14 X 37 ND 
14 71 58 56  17 X 29 25 
17 140 190 ---   

---  – No water available for analysis 
X – location not sampled 
ND – Non-detect with a MDL of 1mg/L 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 10 - Continued 
COD Concentration Data for Depth-Discrete, Direct Push Groundwater Samples: 

Event 1, 2, and 3 

Location 
Depth 

(ft bgs) 
(mg/L)  

Location 
Depth 

(ft bgs) 
(mg/L) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

ASU12 

5 X X ---  

ASU19 

5 X X --- 
8 X X ND  8 X X 50 

11 X X 21  11 X X 11 
14 X X 31  14 X X 170 
17 X X ---  17 X X --- 

ASU13 

5 X X 90  

ASU20 

5 X X --- 
8 X X 66  8 X X 45 

11 X X 44  11 X X --- 
14 X X 25  14 X X 32 
17 X X 36  17 X X --- 

ASU14 

5 X X ---  

ASU21 

5 X X 630 
8 X X 280  8 X X 450 

11 X X 160  11 X X 150 
14 X X 35  14 X X 30 
17 X X 24  17 X X --- 

ASU15 

5 X X ---  

ASU22 

5 X X --- 
8 X X 96  8 X X 120 

11 X X 25  11 X X 48 
14 X X 39  14 X X 51 
17 X X 31  17 X X 23 

ASU16 

5 X X ---  

ASU23 

5 X X --- 
8 X X 120  8 X X 47 

11 X X 55  11 X X 41 
14 X X 28  14 X X 32 
17 X X 41  17 X X --- 

ASU17 

5 X X ---  

ASU24 

5 X X --- 
8 X X 100  8 X X ND 

11 X X 65  11 X X --- 
14 X X 51  14 X X 28 
17 X X 59  17 X X --- 

ASU18 

5 X X ---  

 

    

8 X X 77      

11 X X 27      

14 X X ---      

17 X X 30      

---  – No water available for analysis 
X – location not sampled 
ND – Non-detect with an MDL of 1mg/L 
Event 1: Oct. 16-26, 2008 
Event 2: August 15-22, 2009 
Event 3: July 5-19, 2010 
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Table 11 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples: Events 1, 2, and 3 

L
o

ca
ti

o
n

 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3)   

L
o

ca
ti

o
n

 

Depth 
(ft bgs) 

Alkalinity 

(mg/L as CaCO3) 

Event 1 Event 2 Event 3  Event 1 Event 2 Event 3 

A
S
U
1 

5 --- X X  A
S
U
6B 

6.5 X --- 180 
8 100 X X  9.5 X --- 120 
11 120 X X  12.5 X 160 80 
14 180 X X  15.5 X --- 100 
17 --- X X  

A
S
U
7 

5 --- --- --- 

A
S
U
2 

5 --- --- ---  8 --- --- 80 
8 --- --- 80  11 140 120 100 
11 120 120 80  14 100 100 100 
14 160 160 160  17 80 80 60 
17 200 200 200  A

S
U
7B 

6.5 X 160 190 

A
S
U
3 

5 --- --- ---  9.5 X --- 80 
8 80 80 40  12.5 X 40 80 
11 120 100 80  15.5 X 40 100 
14 80 80 40  

A
S
U
8 

5 --- --- --- 
17 200 180 60  8 100 100 60 

A
S
U
4 

5 --- --- ---  11 100 100 80 
8 40 40 20  14 140 160 120 
11 100 100 80  17 --- --- 120 
14 --- 40 80  

A
S
U
9 

5 --- X X 
17 100 100 80  8 260 X X 

A
S
U
5 

5 --- --- ---  11 120 X X 
8 80 100 100  14 240 X X 
11 140 140 200  17 160 X X 
14 120 --- 80  

A
S
U
10 

5 --- X X 
17 --- 160 ---  8 200 X X 

A
S
U
5B 

6.5 X --- ---  11 140 X X 
9.5 X 80 70  14 120 X X 

12.5 X 100 100  17 120 X X 
15.5 X --- 80  

A
S
U 
11 

5 X --- --- 

A
S
U
6 

5 200 220 60  8 X 160 --- 
8 160 160 100  11 X 140 80 
11 120 120 100  14 X --- 100 
14 120 120 100  17 X --- 120 
17 100 40 ---       

---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 
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Table 11 - Continued 
Alkalinity Data for Depth-Discrete, Direct Push Groundwater Samples: Events 1, 2, and 3 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

Alkalinity 

(mg/L as CaCO3)  

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

Alkalinity 

(mg/L as CaCO3) 

Event 1 Event 2 Event 3  Even 1 Event 2 Event 3 

A
S
U 
12 

5 X X ---  
A
S
U
19 

5 X X --- 
8 X X 100  8 X X 100 
11 X X 80  11 X X 60 
14 X X 120  14 X X 80 
17 X X ---  17 X X 120 

A
S
U 
13 

5 X X ---  
A
S
U
20 

5 X X --- 
8 X X 60  8 X X 160 
11 X X 80  11 X X 120 
14 X X 100  14 X X 80 
17 X X 120  17 X X --- 

A
S
U 
14 

5 X X ---  
A
S
U
21 

5 X X 200 
8 X X 180  8 X X 140 
11 X X 130  11 X X 100 
14 X X 120  14 X X --- 
17 X X 100  17 X X 80 

A
S
U 
15 

5 X X 40  
A
S
U
22 

5 X X --- 
8 X X 100  8 X X 100 
11 X X 100  11 X X 80 
14 X X 120  14 X X --- 
17 X X 100  17 X X 40 

A
S
U 
16 

5 X X ---  
A
S
U
23 

5 X X --- 
8 X X 140  8 X X 120 
11 X X 90  11 X X 80 
14 X X 80  14 X X --- 
17 X X 80  17 X X --- 

A
S
U 
17 

5 X X ---  
A
S
U
24 

5 X X --- 
8 X X 100  8 X X 100 
11 X X 100  11 X X 150 
14 X X 100  14 X X 120 
17 X X 100  17 X X 100 

A
S
U 
18 

5 X X ---  

 

    

8 X X 180      

11 X X 80      

14 X X 120      

17 X X 80      

---  – No water available for analysis 
X – Not sampled 
Event 1 – October 16-26, 2008 
Event 2 – August 15-22, 2009 
Event 3 – July 5-19, 2010 
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Table 12A 
VOC Concentration Data for Depth-Discrete Groundwater Samples: 

Event 1: October 16 – 26, 2008  

L
o

ca
ti

o
n

 Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents
1
 

ASU1 

5 1 - - - 22 6 47 NW NW 96 
8 - - - - 3 - 3 - - 8 
11 - - - - 3 1 8 - - 14 
14 1 - - - 4 1 11 NW NW 21 
17 - - - - 1 - 2 - - 3 

ASU2 

5 - - - - - - 2 - - 2 
8 - - - - - - - - - ND 
11 - - - - - - 1 - - 1 
14 - - - - - - 3 6 - 37 
17 - - - - - - - - - ND 

ASU3 

5 550 24 96 - 6300 470 190 3 - 13000 
8 180 5 35 - 1600 390 530 <1 - 4300 
11 7 - - - 24 1 7 - - 67 
14 2 - 1 - 39 9 1 - - 85 
17 7 - 1 - 4 1 6 - - 35 

ASU4 

5 210 8 60 - 2900 1100 790 NW NW 7800 
8 300 7 62 - 3200 4800 7300 - - 20000 
11 190 6 42 - 1700 1100 3500 1 - 8400 
14 14 3 9 - 830 180 49 - - 1700 
17 7 - - - 7 10 18 - - 59 

ASU5 

5 NW NW NW NW NW NW NW NW NW NW 
8 4700 9 180 5 4900 54 33 580 - 25000 
11 1700 1 59 - 860 4 13 77 - 6600 
14 98 4 29 - 330 2500 83 1 - 4100 
17 13 - - - 14 19 3 - - 86 

ASU6 

5 3400 3 98 1 1300 3 1 180 - 13000 
8 3400 31 450 - 15000 3300 800 310 7 42000 
11 190 47 350 4 16000 10300 16000 15 3 58000 
14 1400 21 17 3 2800 15000 7300 7 - 35000 
17 310 3 2 - 610 920 660 - - 3700 

ASU7 

5 2 - - - 21 1 11 - - 56 
8 350 30 80 - 3200 5000 1800 2 - 15000 
11 12 2 8 - 280 1200 42 - - 2100 
14  1 - - 11 654 5 - - 850 
17 1 1 - - 7 93 27 - - 160 

ASU8 

5 29 4 3 - 180 110 110 - - 650 
8 2 3 4 - 310 1600 1200 - - 3800 
11 - - - - 24 99 40 - - 200 
14 - - - - 1 4 11 - - 17 
17 - - - - 1 2 7 - - 11 

ASU9 

5 NW NW NW NW NW NW NW NW NW NW 
8 18000 200 2100 - 96000 26000 66000 1700 87 32000 
11 270 4 48 - 1300 2100 2800 7 - 8500 
14 340 42 48 - 19000 1500 32000 250 320 70000 
17 4 1 1 - 370 31 280 12 21 1200 

ASU10 

1 4700 24 72 - 16000 2 5 ND - 41000 
5 15000 18 750 8 29000 - 190 3000 - 110000 
8 23000 25 19000 14 25000 - 22 4000 66 130000 
11 48000 24 57 - - 7 67 1000 440 46000 
14 4500 100 290 7 5700 2200 8600 530 250 38000 
17 180 8 3 4 310 514 2200 4 - 4000 

1)      PCE equivalents based on adjustment factors in Table 16.  
Adjustment factors and their calculation will be detailed in a 
document to ESTCP at a later date. 

<1     - Indicates analyte was detected, but below the practical 
quantitation limit of 1 ug/L 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
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Table 12B 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 2: July 5-19, 2010 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU-2 

5 NW NW NW NW NW NW NW NW NW NW 
8 - - - - - - - - - - 
11 - - - - - - - - - - 
14 - - - - - - - - - - 
17 - - - - - - - - - - 

ASU-3 

5 NW NW NW NW NW NW NW NW NW NW 
8 135 9 33 - 1900 600 870 2 <1 5300 
11 7 <1 <1 - 56 8 14 - - 140 
14 <1 <1 <1 - 40 7 - <1 - 77 
17 1 - - - 7 <1 <1 <1 3 29 

ASU-4 

5 NW NW NW NW NW NW NW NW NW NW 
8 390 17 99 - 4200 5100 6200 <1 - 21000 
11 160 8 53 - 2500 1900 2700 <1 <1 9900 
14 - 1 1 - 700 120 20 <1 <1 1400 
17 56 - 12 - 690 4 - <1 - 1400 

ASU-5 

5 NW NW NW NW NW NW NW NW NW NW 
8 1400 2 110 12 1500 13 - 380 <1 8800 
11 270 - 29 - 200 - - 40 <1 1300 
14 110 8 31 - 1800 160 22 5 <1 3700 
17 NW NW NW NW NW NW NW NW NW NW 

ASU-5B 

6.5 NW NW NW NW NW NW NW NW NW NW 
9.5 550 2 67 - 640 8 3 680 3 6700 
12.5 200 3 24 - 730 49 - 21 <1 2000 
15.5 9 4 6 - 170 94 - <1 <1 450 

ASU-6 

5 390 - 23 - 130 9 - 40 - 1500 
8 2300 38 440 - 15000 470 160 190 7 35000 
11 340 33 410 - 7100 15000 9700 9 - 42000 
14 1800 56 92 - 10000 2300 1800 25 - 27000 
17 330 6 3 - 1300 21 8 - - 3200 

ASU-6B 

6.5 1800 21 290 - 7600 6 - 500 9 21000 
9.5 1900 53 750 - 23000 8000 760 120 4 57000 
12.5 240 54 390 - 13000 13000 9400 8 4 50000 
15.5 280 17 24 - 3200 1500 2200 5 <1 10000 

ASU7 

5 NW NW NW NW NW NW NW NW NW NW 
8 290 20 80 - 2600 4100 1500 11 <1 12000 
11 56 7 35 - 960 3600 310 2 2 6700 
14 - 6 - - 17 560 2 <1 <1 750 
17 - - - - 1 24 8 <1 <1 40 

ASU-7B 

6.5 13 1 3 - 210 1 - <1 - 400 
9.5 120 16 97 - 3200 3200 270 2 <1 10000 
12.5 <1 <1 <1 - 12 440 <1 <1 <1 580 
15.5 - <1 - - 9 230 50 - - 360 

ASU-8 

5 NW NW NW NW NW NW NW NW NW NW 
8 5 6 10 - 270 1300 980 <1 <1 3100 
11 3 <1 1 - 63 78 14 <1 <1 230 
14 - - - - - <1 1 <1 <1 1 
17 - - - - - - - - - 0 

ASU-11 

5 NW NW NW NW NW NW NW NW NW NW 
8 57 - <1 - - - - - - 150 
11 - - - - - - - - - - 
14 - - - - - - - - - - 
17 - - - - - - - - - - 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to 
ESTCP at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12C 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 3: August 15 -22, 2009 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU-2 

5 - - - - - <1 <1 - - 0 
8 - - - - - <1 <1 - - 0 
11 - - - - - <1 <1 - - 0 
14 - - - - - <1 <1 - - 0 
17 - - - - <1 <1 <1 - - 0 

ASU-3 

5 270 6 32 - 1800 - - - - 3800 
8 260 13 50 - 4200 400 290 3 - 8800 
11 7 <1 1 - 35 <1 <1 - - 80 
14 1 1 2 - 36 16 1 - - 91 
17 24 1 6 - 150 9 4 <1 - 340 

ASU-4 

5 73 3 22 - 1900 450 160 - - 4300 
8 670 26 130 - 6100 6900 11000 10 - 32000 
11 310 - 69 - 3100 5900 9000 3 - 23000 
14 8 - 15 - 1300 500 50 <1 - 3000 
17 12 <1 1 - 26 27 40 <1 - 150 

ASU-5 

5 NW NW NW NW NW NW NW NW NW NW 
8 2700 12 170 - 390 34 18 290 <1 16000 
11 310 <1 18 - 230 14 <1 58 <1 1600 
14 180 9 35 - 1300 5200 53 6 - 9400 
17 1 - <1 - 15 4 1 - - 34 

ASU-5B 

6.5 NW NW NW NW NW NW NW NW NW NW 
9.5 1100 2 90 - 1000 8 3 430 2 7400 
12.5 250 3 29 - 1000 630 <1 12 <1 3400 
15.5 5 <1 6 - 64 52 <1 - - 200 

ASU-6 

5 850 <1 22 - 97 9 <1 - - 2500 
8 6400 46 480 - 15000 26 - 450 10 47000 
11 5800 - 380 - 12000 4000 1300 320 7 44000 
14 6400 65 140 - 16000 6800 5600 130 3 59000 
17 1000 <1 2 1 110 6 7 96 <1 3400 

ASU-6B 

6.5 2400 35 470 - 9900 2300 130   27000 
9.5 800 28 280 - 12000 5500 1500 28 <1 32000 
12.5 45 10 45 - 603 6016 24653 <1 <1 33000 
15.5 2000 16 23 - 2400 1900 540 71 <1 13000 

ASU7 

5 NW NW NW NW NW NW NW NW NW NW 
8 300 15 58 - 2300 3400 1300 5 <1 10000 
11 18 1 4 - 340 1100 5 <1 <1 2000 
14 <1 1 1 <1 15 1000 23 - - 1300 
17 <1 <1 - - 2 24 11 - - 45 

ASU-7B 

6.5 57 <1 25 - 740 360 100 <1 - 2000 
9.5 270 24 89 - 3100 5500 1400 5 - 15000 
12.5 <1 1 1 <1 10 600 39 <1 <1 820 
15.5 3 1 <1 - 4 120 46 - - 220 

ASU-8 

5 NW NW NW NW NW NW NW NW NW NW 
8 5 9 11 - 280 1600 870 - - 3400 
11 1 1 3 - 41 110 40 - - 260 
14 - - - - <1 1 <1 - - 1 
17 - - - - <1 <1 <1 - - 0 

ASU-11 

5 39 - <1 <1 <1 1 1 38 <1 330 
8 42 <1 1 - <1 <1 <1 26  270 
11 - - - - - <1 <1 <1 <1 0 
14 - - - - - - <1 - - 0 
17 - - - - <1 <1 <1 - - 0 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to ESTCP 
at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12C - Continued 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 3: August 15 -22, 2009 

L
o

ca
ti

o
n

 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU12 

5 NW NW NW NW NW NW NW NW NW NW 
8 230 6 32 - 1400 1600 5200 10 <1 10000 
11 18 1 2 - 470 2 5 <1 <1 860 
14 12 3 7 - 620 720 70 <1 <1 2100 
17 NW NW NW NW NW NW NW NW NW NW 

ASU13 

5 290  26 - 1200 16 13 12 <1 3000 
8 580 14 120 - 5700 2700 910 - - 16000 
11 610 27 130 - 6400 4000 4400 53 <1 23000 
14 5 3 3 - 670 340 18 <1 <1 1600 
17 <1 <1 <1 - 10 10 1 <1 <1 30 

ASU14 

5 NW NW NW NW NW NW NW NW NW NW 
8 150 - 42 23 1 <1 1 4500 58 27000 
11 3200 37 97 - 2000 91 140 2100 64 25000 
14 11000 32 150 - 9100 1600 850 630 50 52000 
17 60 1 <1 <1 46 410 150 25 <1 1100 

ASU15 

5 NW NW NW NW NW NW NW NW NW NW 
8 600 24 350 - 7600 350 8 46 <1 16000 
11 60 5 55 - 970 1800 27 2 <1 4200 
14 - 23 12 - 200 7500 39 <1 <1 9900 
17 - 5 1 - 50 970 150 <1 <1 1500 

ASU16 

5 NW NW NW NW NW NW NW NW NW NW 
8 690 26 120 - 4400 3600 820 48 <1 15000 
11 2 <1 2 - 59 240 14 <1 <1 430 
14 - 4 2 - 13 940 190 <1 <1 1400 
17 - - - - 10 48 33 <1 <1 110 

ASU17 

5 NW NW NW NW NW NW NW NW NW NW 
8 9 12 46 - 470 470 280 <1 - 1800 
11 <1 - <1 - 11 11 7 <1 <1 40 
14 - - - - <1 <1 <1 - - - 
17 - - - - - - - <1 <1 - 

ASU18 

5 NW NW NW NW NW NW NW NW NW NW 
8 <1 - - <1 6 <1 - - - 10 
11 - - - - - - - - - - 
14 - - - - - - - - - - 
17 - - - - - - - NW NW - 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to 
ESTCP at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 12C - Continued 
VOC Concentration Data for Depth-Discrete Groundwater Samples:  

Event 3: August 15 -22, 2009 
 

L
o
c
a

ti
o

n
 

Depth 

(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t - DCE 

11 

DCA 
c-DCE TCE PCE Ethene Ethane 

PCE  

Equivalents1 

ASU19 

5 650 30 120 - 7100 1800 2500 - - 19000 
8 690 30 100 - 4900 4300 17000 17 <1 33000 

11 13 - 9 - 610 230 370 <1 <1 1800 
14 10 4 3 - 350 330 1400 - - 2500 
17 4 - - - 9 9 13 <1 <1 50 

ASU20 

5 NW NW NW NW NW NW NW NW NW NW 
8 27 - 11 35 7 - - 440 3 2800 

11 460 - 48 - 610 - 190 79 2 3000 
14 110 2 9 2 120 62 180 18 <1 880 
17 <1 - - - 5 90 100 <1 <1 220 

ASU21 

5 850 - 69 49 170 1 6 2200 41 16000 
8 2900 12 580 - 2600 34 170 5300 170 46000 

11 6500 47 330 - 23000 190 350 1000 260 65000 
14        110 62 990 
17 47 14 3 10 260 490 1500 <1 <1 2700 

ASU22 

5 NW NW NW NW NW NW NW NW NW NW 
8 1300 51 670 - 1400 14000 25000 33 <1 50000 

11 20 3 13 - 330 2300 510 <1 <1 4100 
14 11 - 18 - 250 2300 1700 <1 <1 5100 
17 <1 - - - 5 120 110 <1 <1 270 

ASU23 

5 NW NW NW NW NW NW NW NW NW NW 
8 6 7 12 - 200 370 260 - - 1100 

11 - - - - 9 11 48 <1 <1 77 
14 - - - - - - - - - - 
17 - - 7 - - 2 2 - - 16 

ASU24 

5 NW NW NW NW NW NW NW NW NW NW 
8 4 <1 <1 1 1 2 6 <1 <1 23 

11 - - - - - - - - - - 
14 4 - - - - <1 <1 <1 <1 11 
17 - - - - - - - - - - 

1)      PCE equivalents based on adjustment factors in Table 16.  Adjustment factors and their calculation will be detailed in a document to 
ESTCP at a later date. 

NW   - No water available for analysis 
-        - Non-detect; less than detection limit of 1 ug/L 
<1     - Indicates analyte was detected, but below the practical quantitation limit of 1 ug/L 
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Table 13A 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 1: October 16 – 26, 2008 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 740 3 19 11 380 14 13 NQ NQ 2700 
6.5 15 - 3 3 1 1 2 NQ NQ 55 
9 78 - 26 12 12 - - NQ NQ 290 

11.5 65 - 6 - 9 4 3 NQ NQ 210 
14 5 - - - 2 - - NQ NQ 17 

16.5 18 - - - 5 - - NQ NQ 56 
19 820 - 27 - 810 470 600 NQ NQ 4800 

ML4 

4 6500 7 140 13 9400 4 5 NQ NQ 34000 
6.5 725 - 62 240 260 - 2 NQ NQ 2900 
9 12000 8 460 15 9100 - - NQ NQ 48000 

11.5 690 3 250 7 630 - 4 NQ NQ 3300 
14 1500 8 59 18 460 70 - NQ NQ 5000 

16.5 1900 - 51 11 440 4 5 NQ NQ 5900 
19 73 - 5 1 11 - - NQ NQ 220 

ML5 

4 5200 - 280 230 790 - 98 NQ NQ 16000 
6.5 12000 - 57 77 51 - - NQ NQ 32000 

11.5 5000 180 690 - 11000 - - NQ NQ 34000 
14 11000 130 440 - 8900 26 46 NQ NQ 45000 

16.5 4900 - 22 5 81 1 8 NQ NQ 13000 
19 8100 200 270 - 3600 1570 3700 NQ NQ 34000 

ML6 

4 9100 9 120 43 5000 5 7 NQ NQ 33000 
6.5 4500 - 380 250 870 4 - NQ NQ 15000 
9 40000 - 1100 33 5000 - - NQ NQ 120000 

11.5 13000 11000 220 24 2700 - - NQ NQ 58000 
14 13000 93 200 - 4300 30 - NQ NQ 42000 

16.5 33000 67 60 - 270 120 - NQ NQ 88000 
19 24000 33 95 8 9700 541 2600 NQ NQ 84000 

ML7 

3.5 930 - 11 2 150 6 5 NQ NQ 2700 
6.5 11000 - 210 130 520 27 19 NQ NQ 31000 
8.5 12000 28 1200 81 4800 - - NQ NQ 42000 
11 23000 24 110 - 14000 1 - NQ NQ 85000 

13.5 17000 520 1200 - 46000 - - NQ NQ 130000 
16 8000 - 230 140 770 180 46 NQ NQ 23000 

18.5 810 - 280 - 89 - 6 NQ NQ 2800 
MW2 SL (9-14ft) 4 - - - - 1 3 NQ NQ 15 
MW3 SU (3-7ft) 3 - - - - 1 5 NQ NQ 14 

MW21 SL (9-14ft) 3 - 0 - 14 23 6 NQ NQ 67 
SU (3-7ft) 83 8 49 - 1800 1500 250 NQ NQ 5500 

MW6 SL (9-14ft) 11 4 14 - 590 56 5 NQ NQ 1100 
SU (3-7ft) 46 1 2 - 82 22 23 NQ NQ 320 

MW7 SU (12ft) 340 20 170 - 2800 7700 6400 NQ NQ 22000 
SL (5ft) 280 21 190 - 5500 8300 7500 NQ NQ 28000 

PMW1   220 - 11 <1 120 14 9 NQ NQ 840 
NQ – Not quantified 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 13B 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 2: August 15 – 22, 2009 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 300 66 45 77 160 100 180 - 300 1700 
6.5 NW NW NW NW NW NW NW NW NW 0 
9 16 0 5 1 20 11 39 3 <1 140 

11.5 16 0 2 - 22 2 27 3 <1 110 
14 16 - - - 13 1 10 - - 76 

16.5 NW NW NW NW NW NW NW NW NW 0 
19 2700 46 72  12000 4200 35000 96 7 68000 

ML4 

4 4700 58 460 16 16000 - 1200 350 4 42000 
6.5 310 29 17 - 160 29 43 2500 34 1300 
9 5100 17 - - 890 - 5 12000 130 15000 

11.5 2400 - 120 - 400 12 36 180 11 7300 
14 2100 35 66 - 1100 0 16 210 18 7600 

16.5 1700 4 29 - 1000 110 23 1900 380 6400 
19 250 13 25 3 200 16 27 13 110 1100 

ML5 

4 4600 18 120 69 3000 - 55 3600 48 18000 
6.5 4600 24 38 120 140 41 440 6300 120 13000 

11.5 4700 20 470 56 750 38 4 6000 150 15000 
14 5100 9 91 - 3700 17 52 310 55 20000 

16.5 27000 36 230 - 14000 130 - 2100 88 96000 
19 3800 - 22 23 58 38 3 2100 45 10000 

ML6 

4 7700 97 250 22 6200 150 250 1200 76 32000 
6.5 1900 - 69 62 160 160 94 6800 360 5800 
9 5400 110 1100 - 1600 220 95 8000 340 20000 

11.5 5800 32 130 - 2800 67 28 1200 110 21000 
14 13000 460 610 - 82000 1100 220 2600 910 180000 

16.5 33000 140 190 - 2700 410 32 3800 380 93000 
19 21000 28 220 - 15000 1700 2700 2500 130 87000 

ML7 

3.5 6800 39 44 30 310 250 30 1800 270 19000 
6.5 4800 120 370 20 8000 310 - 3000 510 28000 
8.5 8200 20 130 - 9600 84 - 2400 370 39000 
11 8400 170 160 - 42000 620 - 1900 600 95000 

13.5 6100 160 26 - 830 310 85 1700 41 18000 
16 700 27 6 - 140 79 540 380 <1 2800 

18.5 6800 39 44 30 310 250 30 1800 270 19000 

NW – No water for analysis 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 13C 
VOC Concentration Data for Permanent Monitoring Wells: 

Event 3: July 5-19, 2010 

Well 
Depth 
(ft bgs) 

VOC Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE Ethene Ethane 

PCE 

Equivalents1 

ML3 

4 NW NW NW NW NW NW NW NW NW NW 
6.5 NW NW NW NW NW NW NW NW NW NW 
9 6 3 <1 - 1 1 2 - - 26 

11.5 4 - 1 - <1 <1 - <1 <1 12 
14 2 - - - - - - <1 <1 5 

16.5 29 - - - - - - 13 <1 150 
19 2500 91 210 - 26000 9400 34000 53 3 100000 

ML4 

4 NW NW NW NW NW NW NW NW NW NW 
6.5 37 - 14 46 40 13 - 300 9 2100 
9 1700 - 130 - 24 19 - 1200 30 12000 

11.5 1900 - 130 - 990 15 52 200 13 8300 
14 1600 21 40 - 1400 76 - 155 42 8000 

16.5 2100 11 42 - 1400 8 - 180 33 9300 
19 35 - 3 <1 1 - - 56 160 1300 

ML5 

4 NW NW NW NW NW NW NW NW NW NW 
6.5 68 - 20 63 - - - 5100 110 31000 

11.5 1800 6 330 - 280 120 - 7400 210 51000 
14 6200 12 160 - 6300 33 12 750 58 32000 

16.5 7300 - 64 - 2400 130 - 2500 82 39000 
19 2100 - 8 - 5 92 58 2400 59 20000 

ML6 

4 2300 35 44 - 2900 1500 3900 1300 26 25000 
6.5 NW NW NW NW NW NW NW NW NW NW 
9 360 24 37 44 110 97 - 8300 340 52000 

11.5 - 15 500 - 770 170 15 - - 2400 
14 3900 - 64 - 500 87 - 11 - 11000 

16.5 7800 81 300 - 35000 710 29 1900 740 97000 
19 19000 - 120 - 1800 320 - 3800 490 80000 

ML7 

3.5 6700 73 200 - 18000 2800 1600 1800 81 65000 
6.5 NW NW NW NW NW NW NW NW NW NW 
8.5 1100 12 12 13 80 170 - - - 3300 
11 2400 22 230 15 4000 260 - 3000 530 35000 

13.5 5700 15 93 - 6500 100 - 1800 430 40000 
16 4900 66 150 - 32000 720 - 2200 650 86000 

18.5 210 3 6 - 10 280 - 650 31 5000 

NW – No water for analysis 
<1   – Indicates analyte was detected, but below practical quantitation limit of 1 ug/L 
-  – Non-detect; less than detection limit of 1ug/L 
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Table 14A 
Fatty Acid Analysis Resultsa: Event 1: October 16 – 26, 2008  

Fatty Acid 

Well ML4 ML6 

Depth 

(ft bgs) 11.5 6.5 11.5 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 ND 330 57 
N Butyric Acid 0.07 ND 28 3.1 

N Hexanoic Acid 0.1 ND 2.4 ND 
N i-Hexanoic Acid 0.1 ND 0.2 ND 
N i-Pentanoic Acid 0.07 ND 1.3 0.26 

N Lactic Acid and HIBA 0.1 0.25 13 1.4 
N Pentanoic Acid 0.07 ND 25 2.2 
N Propionic Acid 0.07 ND 150 8.7 
N Pyruvic Acid 0.07 ND 15 1.7 

PQL – Practical quantitation limit 
ND   – Non-detect 
a – Samples were immediately submitted, but exceeded holding time at the lab due to inability of lab to analyze the 
samples in time as a result of instrument malfunction. 

  

Table 14B 
Fatty Acid Analysis Results: Event 2: August 15-22, 2009 

Fatty Acid 

Well ML6 

Depth 

(ft bgs) 9 14 19 

PQL (mg/L) Concentration (mg/L) 

N Acetic Acid 0.07 580 140 75 
N Butyric Acid 0.07 80 22 1.5 

N Hexanoic Acid 0.1 ND ND ND 
N i-Hexanoic Acid 0.1 0.45 ND ND 
N i-Pentanoic Acid 0.07 ND 0.98 0.33 

N Lactic Acid and HIBA 0.1 ND 0.46 ND 
N Pentanoic Acid 0.07 64 19 0.73 
N Propionic Acid 0.07 270 140 20 
N Pyruvic Acid 0.07 75 9.2 2.2 

PQL – Practical quantitation limit 
ND   – Non-detect 
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Table 15A 
Dehalococcoides Testing: Event 2: August 15-22, 2009  

Location 
Depth  

(ft bgs) 
General 

Bacteria 
Dehalococcoides 

ASU 3 11 X --- 
14 --- --- 

ASU 4 
8 --- --- 
11 --- --- 
14 --- --- 

ASU 7 
8 --- --- 
11 X --- 
14 X --- 

ASU 11 
8 X X 
11 X X 
14 --- --- 

 X – Indicates positive  
 --- – indicates non-detect 
 

 
 

Table 15B 
Dehalococcoides Testing: Event 3: July 5-19, 2010 

Location 
Depth  

(ft bgs) 
General 

Bacteria 
Dehalococcoides 

 ASU 2 8 X --- 
ASU 4 11 --- --- 
ASU 5 11 X --- 

ASU 5B 12.5 --- --- 
ASU 6 11 X --- 
ASU 7 14 X --- 
ASU 11 11 X X 
ASU 12 14 --- --- 
ASU 13 8 --- --- 
ASU 15 14 X X 
ASU 16 14 --- --- 
ASU 18 11 X --- 
ASU 19 11 --- --- 
ASU 20 14 --- --- 
ASU 22 8 X X 
ASU 23 14 --- --- 
ASU 24 11 X --- 

 X – Indicates positive  
 --- – indicates non-detect 
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Table 16 
Stable Isotope Analysis – Event 3: July 15, 2010 

Location
1 Depth     

(ft bgs) 

VC c-DCE TCE PCE 

Conc 
(µg/L) 

Del 
(‰) 

Conc 
(µg/L) 

Del 
(‰) 

Conc 
(µg/L) 

Del 
(‰) 

Conc 
(µg/L) 

Del 
(‰) 

ASU3 11 4 (J) - 43 -23.11 4 (J) -10.58 1 (J) -18.96 
ASU4 11 600 -27.00 3000 .25.88 3000 -27.76 3000 -19.19 
ASU5 11 1000 -23.13 300 -17.82 <50 - <50 - 
ASU6 11 10000 -41.87 20000 -26.32 2000 -21.12 200 (J) -14.28 
ASU7 11 20 (J) -28.29 1000 -31.12 100 -23.39 <50 (U) - 
ASU8 11 2 - 60 -29.83 100 -26.89 4 (J) -3.16 
ASU11 11 2 (J) - 0.3 (J) - 2 (J) - <5 (U) - 

 1  –  A second direct push sampling location was used to collect CSIA samples; location was within 1ft of existing  
   sampling locations 
 J   –  The number is an estimated concentration because something in the sample interfered with the analysis. 
 U  – The contaminant was not detected at a concentration greater than the detection limit. 
 Conc - Concentration 
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Table 17A 
Soil Gas Concentration Data: Event 1: October 16 – 26, 2008 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 24 2 25 1 1200 890 10000 13000 
VP2 --- --- --- --- --- --- --- --- 
VP3 5 ND ND ND 6 1 4 29 
VP4 9 ND <1 ND 4 <1 <1 30 
VP5 180 ND ND ND 35 ND 1 540 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 

  

Table 17B 
Soil Gas Concentration Data: Event 2: August 15-22, 2009 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 
PCE 

Equivalents 

VP1 14 1 11 2 830 620 7900 10000 
VP2 37 <1 ND ND 10 <1 4 120 
VP3 --- --- --- --- --- --- --- --- 
VP4 --- --- --- --- --- --- --- --- 
VP5 --- --- --- --- --- --- --- --- 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 

 

Table 17C 
Soil Gas Concentration Data: Event 3: July 5-19, 2010 

Vapor 

Point 

Soil Gas Concentration (μg/L) 

VC 
11 

DCE 
t-DCE 

11 

DCA 
c - DCE TCE PCE 

PCE 

Equivalents 

VP6 21 ND 130 ND 410 112 470 1600 
VP7 1 ND <1 <1 <1 <1 6 9 
VP8 <1 ND ND ND ND ND 4 4 
VP9 <1 <1 <1 ND <1 2 ND 2 

VP10 <1 ND ND ND ND ND ND ND 
VP11 <1 ND <1 ND <1 1 2 4 
VP12 <1 ND ND ND ND ND ND ND 
VP13 <1 ND ND ND ND <1 6 6 
VP14 <1 ND ND ND ND ND ND ND 

ND  – Non-detect; less than detection limit of 1ug/L 
<1    – Analyte was detected, but concentration below practical quantitation limit 
---    No sample collected due to submerged screen 
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Table 18A 
Diffusion Coefficients: Event 1: October 16 – 26, 2008 

Location Test 
Depth 

(cm) 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 

(cm2/s) 
VP1 1 46 1.4 x 10-2 2.3 x 10-2 
VP1 2 46 1.2 x 10-2 1.9 x 10-2 
VP2 1 46 NS NS 
VP2 2 46 NS NS 
VP3 1 46 8.9 x 10-3 1.4 x 10-2 
VP3 2 46 1.0 x 10-2 1.7 x 10-2 
VP4 1 46 8.5 x 10-3 1.4 x 10-2 
VP4 2 46 1.3 x 10-2 2.1 x 10-2 
VP5 1 46 6.7 x 10-3 1.1 x 10-2 
VP5 2 46 1.1 x 10-2 1.7 x 10-2 

NS – No sample collected due to submerged sampling screen 

 

 

Table 18B 
Diffusion Coefficients: Event 3: July 5 – 19, 2010 

Location 
Depth 

(cm) 

Effective Helium 

Diffusion 

Coefficient 
(cm2/s) 

 

(cm2/s) 
VP6 61 7.4 x 10-2 1.1 x 10-1 
VP7 58 8.2 x 10-2 1.2 x 10-1 
VP8 67 2.6 x 10-2 3.9 x 10-2 
VP9 43 4.3 x 10-2 6.4 x 10-2 
VP10 59 5.9 x 10-2 8.7 x 10-2 
VP11 62 5.5 x 10-2 8.2 x 10-2 
VP12 63 2.4 x 10-2 3.5 x 10-2 
VP13 60 2.6 x 10-2 3.9 x 10-2 
VP14 43 2.7 x 10-2 4.1 x 10-2 
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Table 19  
Vapor Flux Calculation: Event 1, 2 and 3 

Event 

PCE Equivalents 

Vapor Emission 
(kg/y) 

1 7.0 x 10-1 
2 1.2a 
3 2.2 x 10-1 

Average 7.6 x 10-1 
Note: For calculation of second event diffusion coefficients 
were used from the first field event.  This was due to the 
site experiencing heavy rainfall follow sampling that did 
not allow for diffusion testing 

 
    Vapor Flux Calculation 

 

Where:  
  – Diffusion coefficient of compound i in air (cm2/s) 
  – Measured effective helium diffusion coefficient (cm2/s) 
  – Diffusion coefficient of helium in air (cm2/s) 
 Cv,i – Concentration of compound i in vapor (μg/L) 
 Z – Depth of sample (cm)  
  – Adjustment Factor for measured chemical i in terms of chemical j 
 Ai - Impacted Area (cm2) 
 

Diffusion Coefficients in Air (cm2/s) 

He VC 11 DCE t-DCE 11 DCA c - DCE TCE PCE 

 6.71E-1 1.06E-01 9.00E-02 7.07E-02 7.42E-02 7.36E-02 7.90E-02 7.20E-02 
 

Adjustment Factors  

  PCE Equivalent (adjustment factor) 

  PCA PCE TCA TCE DCA DCE 

M
ea

su
re

d 

PCA 1.000 0.700 0.564 0.555 0.418 0.409 
PCE 1.428 1.000 0.804 0.792 0.597 0.585 
TCA 1.775 1.243 1.000 0.985 0.742 0.727 
TCE 1.802 1.262 1.015 1.000 0.753 0.738 
DCA 2.392 1.676 1.348 1.328 1.000 0.980 
DCE 2.442 1.711 1.376 1.355 1.021 1.000 

Chloroethane 3.670 2.570 2.068 2.037 1.534 1.503 
VC 3.788 2.653 2.135 2.102 1.583 1.551 

Ethane 7.873 5.515 4.436 4.369 3.291 3.224 
Ethene 8.440 5.912 4.756 4.684 3.528 3.456 

Adjustment factors calculated by ASU.  Calculation will be detailed in a document to ESTCP at a later date.  
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Table 20 
ML6 – 9ftbgs - LNAPL Carbon Range Distribution: Event 1: October 16-26, 2008 

Range Percentage 
Cumulative 

Percentage 

C1-C8 0.00% 0.00% 
C8-C9 0.05% 0.05% 
C9-C10 44.86% 44.92% 
C10+ 55.08% 100.00% 

 
Chromatogram for direct injection of LNAPL from ML6 – 9ftbgs: Event 1: October 16-26, 2008 
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Figure 1 

Site Map - MCRD Parris Island SWMU45 

 



 

Data Analysis Report  49 

Parris Island SWMU-45 Evt. 3       

Figure 2 
Direct Push Water/Soil Sampling Locations 

 

 
 Note: Not all locations sampled   

 Note: Locations are approximate 
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Figure 3A 
Groundwater Contour Map: Upper Surficial Aquifer 

Event 1: October 16 – 26, 2008 

 
  

0.008 ft/ft 
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Figure 3B 
Groundwater Contour Map: Lower Surficial Aquifer 

Event 1: October 16 – 26, 2008 

 
 
 

 

 

0.005 ft/ft 



 

Data Analysis Report  52 

Parris Island SWMU-45 Evt. 3       

Figure 3C 
Groundwater Contour Map: Upper Surficial Aquifer 

Event 2: August 15-22, 2009 

 
 
 

 

 

0.005 ft/ft 
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Figure 3D 
Groundwater Contour Map: Lower Surficial Aquifer 

Event 2: August 15-22, 2009 

 
 

 

 

0.006 ft/ft 
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Figure 3E 
Groundwater Contour Map: Upper Surficial Aquifer 

Event 3: August 15-22, 2009 

 
 

 

 

0.0037 ft/ft 
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Figure 3F 
Groundwater Contour Map: Lower Surficial Aquifer 

Event 3: August 15-22, 2009 

 

0.0045ft/ft 
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Figure 4 
Hydraulic Conductivity Estimate Comparison for Depth-Discrete Aquifer Specific-Capacity Testing: Events 1, 2 and 3 
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Figure 5A 
Vapor Sampling Locations – Event 1 & 2 

 

 
 
Note: Locations are approximate 
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Figure 5B 

Vapor Sampling Locations – Event 3 

 
Note: Locations are approximate 
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Figure 6A 
Groundwater Concentration Vertical Contour Plot Transect A-A’: Event 1: October 16 – 26, 2008 

  
 
Transect orientation is from ASU8 to ASU3, perpendicular to the estimated dominant flow direction. 
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Figure 6B 
Groundwater Concentration Vertical Contour Plot Transect A-A’: Event 2: August 15-22, 2009 

 
 
 
Transect orientation is from ASU11 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3-8, 11 
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Figure 6C 
Groundwater Concentration Vertical Contour Plot Transect A-A’: Event 3: July 5-19, 2010 

 

Transect orientation is from ASU11 to ASU4, perpendicular to the estimated dominant flow direction, and includes  
ASU direct push locations 3 – 8, 11 
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Figure 7 
Groundwater Concentration Vertical Contour Plot Transect B-B’: Event 3: July 5-19, 2010 

 

 Transect orientation is from ASU 18 to ASU 12 perpendicular to the estimated dominant flow direction 
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Figure 8 
Groundwater Concentration Vertical Contour Plot Transect C-C’: Event 3: July 5-19, 2010 

 

 Transect orientation is from ASU 24 to ASU 19 perpendicular to the estimated dominant flow direction. 
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Figure 9 
Mass Flux Calculation – Input Example 
Transect A-A’ Event 3: July 5-19, 2010 
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Figure 10 

Mass Flux Calculation – Output Example 
Linear Interpolated Concentration Profile Transect A-A’: Event 3 – July 5-19, 2010 
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Figure 11 
Mass Flux Calculation – Output Example 

Linear Interpolated Hydraulic Conductivity Profile Transect A-A’: Event 3 – July 5-19, 2010 
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Figure 12 
Mass Flux Calculation – Output Example 

Linear-Linear Interpolated Mass Flux Transect A-A’ - Event 3: July 5-19, 2010 
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Figure 13A 
Mass Flux Calculation Transect A-A’– Interpolation Combinations:  

Event 1: October 16 – 26, 2008 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct

iv
ity

 
Linear 

x   5.3 
 x  4.2 
  x 5.2 

Log 
x   4.4 
 x  3.6 
  x 4.3 

NN 
x   5.3 
 x  4.2 
  x 5.2 

Average 4.6 
 

Figure 13B 
Mass Flux Calculation Transect A-A’ – Interpolation Combinations:  

Event 2: Aug 15-22, 2009 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct

iv
ity

 

Linear 
x   2.2 
 x  1.6 
  x 2.1 

Log 
x   1.7 
 x  1.3 
  x 1.6 

NN 
x   2.2 
 x  1.6 
  x 2.1 

Average 1.8 
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Figure 13C 
Mass Flux Calculation Transect A-A’ – Interpolation Combinations:  

Event 3: July 5-19, 2010 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 
C

on
du

ct
iv

ity
 

Linear 
x   6.2 
 x  4.6 
  x 5.66 

Log 
x   4.6 
 x  3.7 
  x 4.1 

NN 
x   5.9 
 x  4.5 
  x 5.5 

Average 5.0 
 

Figure 13D 
Mass Flux Calculation Transect B-B’ – Interpolation Combinations:  

Event 3: July 5-19, 2010 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 

C
on

du
ct

iv
ity

 

Linear 
x   1.7 
 x  1.4 
  x 1.7 

Log 
x   1.2 
 x  1.0 
  x 1.2 

NN 
x   1.7 
 x  1.4 
  x 1.8 

Average 1.5 
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Figure 13E 
Mass Flux Calculation Transect C-C’ – Interpolation Combinations:  

Event 3: July 5-19, 2010 

 

Concentration Mass Flux 
PCE Equivalents 

(kg/y) Linear Log NN 
C

on
du

ct
iv

ity
 

Linear 
x   2.1 
 x  1.4 
  x 2.1 

Log 
x   1.6 
 x  1.1 
  x 1.6 

NN 
x   2.1 
 x  1.4 
  x 2.2 

Average 1.7 



 

Data Analysis Report  71 

Parris Island SWMU-45 Evt. 3       

Figure 14 
Uncertainty Analysis Output Example: Trasnsect A-A’: Event 3 

Linear-Linear Interpolation Combination 

 



































































































































































APPENDIX A-4 
 

JANUARY 2012 BASELINE GROUNDWATER SAMPLING  
  



APPENDIX A 4.1 
 

FIELD LOG SHEETS 
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NATURAL ATTENUATION ASSESSMENT 

1 INTRODUCTION 

Natural attenuation (NA) processes, including physical processes (e.g., sorption, dilution, 

dispersion, volatilization), chemical processes (e.g., hydrolysis), and/or biological processes (e.g., 

reductive dechlorination, direct oxidation), are in general responsible for varying degrees of 

contaminant reduction in the subsurface.   

 

This document presents a weight-of-evidence approach to evaluate whether or not NA is 

occurring at MCRD Parris Island Site 45 and if it is whether or not NA is expected to continue 

reducing contaminant concentrations in the future at this site.    

 

2 BACKGROUND OF NATURAL ATTENUATION 

As identified in many guidance documents, natural attenuation is made up of a variety of physical 

(e.g., sorption, dilution, dispersion, volatilization), chemical (e.g., hydrolysis), and/or biological 

processes (AFCEE, 1996, EPA, 1998, 1999; ASTM, 1998; Weidemeier and Chapelle, 1998; and 

National Research Council, 2000).  In accordance with these guidance documents, the NA 

assessment for Site 45 was conducted using a weight-of-evidence approach. The primary line (or 

“direct” line) of evidence to support that natural attenuation is effectively working is a successful 

demonstration that contaminant mass and/or concentrations are decreasing at the site.  This line 

of evidence may include reduction in overall concentrations, the reduction in plume extent, and/or 

the degradation of “parent” compounds, and/or the presence and subsequent decrease of 

“daughter” compounds.  The secondary line of evidence includes documentation that 

hydrogeologic, microbiological, and geochemical conditions at the site are favorable for the 

degradation of contaminants. The third line (or tertiary line) of evidence, including microcosm 

studies, provide additional evidence that biological destruction of contaminants is occurring.  The 

use of molecular biological tools (MBTs) may also be used to confirm the presence of responsible 

microbes and genes. For example, MBTs can be used to identify and quantify genes responsible 

for complete reductive dechlorination such as the Dehalococcoides (Dhc) 16S rRNA gene and 

the trichloroethene (TCE) reductive dehalogenases (RDases) functional gene tceA and the vinyl 

chloride (VC) RDases functional genes vcrA and bvcA.  

 

The primary contaminants at Site 45 are chlorinated ethenes. Biological degradation is often the 

most significant and most favorable natural attenuation process for such contaminants.  There 

are three primary biological degradation processes that can reduce chlorinated ethenes: (1) 
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reductive dechlorination, where chlorinated ethenes serve as electron acceptors in which a 

chlorine atom is removed and replaced by a hydrogen atom, (2) aerobic cometabolism, an 

indirect oxidation process where microbiological breakdown of chlorinated ethenes does not 

provide energy to the organism, and (3) direct oxidation, where chlorinated ethenes serve as 

electron donors (energy source) in microbial metabolism (McCarty and Semprini, 1994; Bradley 

and Chapelle, 1998;). A combination of these biological degradation processes as well as 

physical/chemical processes is sometimes required for complete breakdown of chlorinated 

ethenes.  Note that while chemical or abiotic degradation is not a biological process, biological 

processes may generate byproducts (e.g., iron sulfide), which may stimulate abiotic degradation 

(ITRC, 2008).  

 

Reductive dechlorination is regarded as the primary biological degradation process for 

chlorinated ethenes, where chlorinated ethenes are transformed to environmentally innocuous 

compounds such as ethene, chloride, and water.  In the presence of suitable fermentable organic 

carbon and a resultant electron donor (e.g., hydrogen), a consortium of key microbiota, and 

favorable geochemical conditions, a hydrogen atom can replace a chlorine atom on a chlorinated 

ethene molecule.  This rigorously studied process occurs most favorably under anaerobic 

(oxygen-deficient) conditions.  It is widely recognized that tetrachloroethene (PCE) can be 

sequentially reduced to TCE, then predominantly to cis-1,2-dichloroethene (DCE) as well as other 

less common DCE isomers (e.g., trans-1,2-DCE and 1,1-DCE). DCE can then be reduced to vinyl 

chloride (VC), which, in turn, can be reduced to ethene and potentially ethane. DCE and VC can 

also be reduced via mineralization, to carbon dioxide, water, and chloride; and can be degraded 

rapidly under aerobic oxidation.  PCE and TCE are regarded as “parent” compounds, whereas 

the other compounds are assumed to be “daughter” compounds or degradation products. 

 

3 EVALUATION OF NATURAL ATTENUATION  

The following tools were used in this assessment: 

• Evaluation of the current contaminant spatial extents and molar ratio of cVOC products 

using plume maps 

• Evaluation of contaminant concentration trends using time plots (i.e., plots of 

concentrations vs. time) and Mann-Kendall (MK) test (statistical analysis of trends, 

detailed MK methodology description provided in Attachment A).  

• Evaluation of geochemical conditions using a data summary table 

 

The MK test was conducted for monitoring wells sampled during the January 2012 sampling 

event using available monitoring data from June 2001 through January 2012, and the test results 

are summarized in Table 1. The MK test results, as well as iso-concentration contours and 
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groundwater elevation contours, are illustrated on plume maps on Figures 1 through 8. In 

addition, maps showing the concentrations and relative molar percentage of PCE, TCE, cis-DCE, 

and VC are provided on Figures 1-25 and 1-26 in Section 1..  Available geochemical data are 

summarized in Table 2. The time plots are provided in Attachment B.  

 

3.1 Primary Line of Evidence 

Degradation products of cis-DCE and VC are observed site-wide, indicating reductive 

dechlorination is occurring site-wide. In addition, the effectiveness of sequential reductive 

dechlorination at the site is illustrated by the spatial distribution of concentrations and relative 

molar percentages of PCE, TCE, cis-DCE, and VC (Figures 1-25 and 1-26 in Section 1), which 

indicate concentrations generally decrease and the molar ratio of less chlorinated daughter 

products (cis-DCE and VC) to parent products (PCE and TCE) generally increases along the 

plume center line with distance from the source areas. Downgradient in both the northern and 

southern plumes, the remaining contaminants (primarily cis-DCE and some VC) are currently 

being intercepted by infiltrating storm sewers. However, the sequential reductive dechlorination 

processes can be expected to fully attenuate the plumes within a relatively short distance (see 

Appendix A-6 for more details) if the storm sewers were not intercepting the contaminants.  

MCRD Parris Island is considering slip-lining the sewer lines to eliminate the hydraulic connection 

with groundwater and prevent the discharge of contaminated groundwater into storm sewers.  

However, active treatment (e.g., in-situ chemical oxidation) in source areas would need to be 

conducted first to evaluate the extent of source mass reduction and enhanced plume attenuation 

capacity before any decision on repairing the sewer lines can be made. 

 

Source Zone Area 

For the northern plume, relatively high cVOC concentrations were found in a well close to the 

source zone (i.e., PAI-45-MW07-SL) in 2012. The concentrations of PCE, TCE, and cis-DCE in 

2012 were 2300 µg/L, 4100 µg/L, and 670 µg/L, respectively. VC was not detected at this well in 

2012. However, the trends for PCE, TCE, cis-DCE, and VC at this well are significantly 

decreasing from 2001 to 2005 based on evaluation of the time plots, although no MK test was 

conducted because of insufficient number of samples. Except for the non-detection of VC in 

2012, concentrations of PCE, TCE, and cis-DCE slightly increased in 2012 from 2005, but are still 

much lower than those in 2001. Overall, the decreasing trends may be the result of historical 

source treatment and/or natural attenuation. However, the results for the upper zone well in this 

location (PAI-45-MW07-SU) were significantly different possibly as a result of pilot treatment tests 

near this area and related plume migration. At well PAI-45-MW07-SU, the concentrations of all 4 

compounds were near or below MCLs in 2001 and 2005, but increased substantially by 2012. 
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The concentrations of PCE, TCE, cis-DCE, and VC in 2012 were 290 µg/L, 1900 µg/L, 5100 µg/L, 

and 330 µg/L, respectively. 

 

Other source zone wells in the northern plume area were not sampled in 2012. However, 2010 

performance monitoring of nano-scale emulsified zero-valent iron (EZVI) injection in the northern 

plume source zone area (conducted in October 2006) concluded that VOCs in groundwater at the 

site continue to degrade due to the injection of EZVI. The performance monitoring data illustrate 

that while no significant concentration changes were observed in the wells upgradient of the 

injection, decreasing trends of chlorinated VOCs (cVOCs), in particular the parent compounds of 

PCE and TCE, were observed in many locations/depths (multi-level wells) downgradient of the 

treatment zone after the injection (Geosyntec, 2011). Since the EZVI injection was conducted in 

2006, it is likely the injected reagents have been consumed; however, the enhanced reducing 

conditions resulting from the injection promoted ongoing reductive dechlorination, leading to the 

observed decreasing trends and sustained natural attenuation.   

 

For the southern plume, relatively high cVOC concentrations were found at the source zone well 

(i.e., PAI-45-MW25-SL) in 2012, where the PCE, TCE, cis-DCE, and VC concentrations were 

12000 µg/L, 4450 µg/L, 850 µg/L, and 150 µg/L, respectively, in 2012.. Relatively high 

concentrations were also found at two wells immediately downgradient of the source well (i.e., 

PAI-45-MW31-SU and PAI-45-MW31-SL), where the PCE, TCE, cis-DCE, and VC concentrations 

in 2012 were 3700 µg/L, 2800 µg/L, 2100 µg/L, and 320 µg/L, respectively for PAI-45-MW31-SU, 

and 8000 µg/L, 6600 µg/L, 3900 µg/L, and 450 µg/L, respectively for PAI-45-MW31-SL. In 

contrary to the widely observed decreasing trends in the northern plume source area, cVOC 

concentrations at these three wells in the southern plume appear to be stable or slightly 

increasing based on the examination of the time plots. The stable trend for PCE, TCE, and cis-

DCE in well PAI-45-MW25-SL is supported by the MK test result, but there is insufficient data to 

perform the MK test for wells PAI-45-MW31-SU and PAI-45-MW31-SL. The VC concentration at 

PAI-45-MW25-SL appears to be increasing based on the MK test and examination of the time 

plots. Downgradient of PAI-45-MW25-SL at PAI-45-MW31-SU and PAI-45-MW31-SL, 

concentrations of all four cVOC compounds appear to be increasing based on the time plots. As 

stated at the beginning of this section, albeit the stable or increasing trends of cVOC 

concentrations, the wide appearance of daughter compounds (i.e., cis-DCE and VC) indicates 

NA, in particular reductive dechlorination, is occurring in the source zone of the southern plume 

area. However, the concentration trends in the southern plume source area indicate that natural 

attenuation alone may not be sufficient to reduce the contaminant concentrations to the MCLs in 

a reasonable timeframe.  
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Plume Area 

Downgradient of the northern plume source zone (e.g., PAI-45-MW06-SU and –SL, PAI-45-

MW23-SU and –SL) relatively low cVOC concentrations were found in 2012 although some 

concentrations still exceeded the MCLs (Table 2). Concentrations of the cVOCs are generally 

decreasing except for cis-DCE. Based on inspection of time plots upward trend of cis-DCE 

concentrations was found at some downgradient wells when the concentrations of parent 

compounds (PCE and/or TCE) are decreasing. For example, at PAI-45-MW-06-SL TCE 

concentrations were 184 µg/L, 160 µg/L, and 2.2 µg/L in 2001, 2005, and 2012, respectively 

(PCE concentrations are near or below MCLs at this location). However, cis-DCE concentrations 

increased from 160 µg/L in 2001 to 790 µg/L in 2012. Similar trends were found at PAI-45-MW-

23-SU and PAI-45-MW21-SU. TCE concentrations at PAI-45-MW-23-SU decreased substantially 

from 500 µg/L in 2005 to 5.1 µg/L (near the MCL) in 2012, while cis-DCE concentrations 

increased from 1200 µg/L in 2005 to 1600 µg/L in 2012. At PAI-45-MW21-SU PCE and TCE 

concentrations decreased substantially from 2005 to 2012 (240 µg/L to 53 µg/L for PCE and 690 

µg/L to 110 µg/L for TCE); however, cis-DCE increased from 500 µg/L to approximately 1100 

µg/L during the same time period.  

 

The generally observed decreasing trends of cVOC concentrations in the northern plume area 

downgradient of the source indicate the cVOCs are effectively attenuated by various NA 

processes, in particular by reductive dechlorination as evidenced by the appearance and 

relatively high concentrations of degradation products. The upward trend of cis-DCE observed at 

several wells with downward trend of parent compounds suggests that further degradation of the 

daughter compound (i.e., cis-DCE) is slower than the degradation of parent compounds. This 

may be caused by temporary accumulation of interim degradation product during the degradation 

of significant amounts of parent compounds, or geochemical conditions at these wells may be 

more favorable for degradation of parent compounds, as further discussed below.     

 

Similar results were observed in the southern plume area. In wells downgradient of the southern 

source (e.g., PAI-45-MW20-SU and –SL, PAI-45-MW04-SU and -SL) contaminant concentrations 

have decreased significantly for parent compounds (PCE and TCE) and VC although 

exceedances of MCLs were still found at these wells. Cis-DCE concentrations are increasing at 

two lower zone wells, i.e., PAI-45-MW04-SL and PAI-45-MW20-SL, where the concentrations of 

PCE, TCE, and VC are decreasing (Table 1). The decreasing trends of parent compounds and 

the appearance of daughter compounds indicate reductive dechlorination is occurring and is 

effectively degrading cVOCs. The increasing cis-DCE at the two wells may be attributed to 

temporary accumulation of interim degradation product or geochemical conditions, which will be 

discussed in the following section. 
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Further downgradient in both the northern and southern plumes, the remaining contaminants 

(primarily cis-DCE and some VC) are currently being intercepted by infiltrating storm sewers. 

However, the sequential reductive dechlorination processes can be expected to fully attenuate 

the plumes within a relatively short distance if the storm sewers were not intercepting the 

contaminants.  For example, the northern plume is estimated to extend approximately 80 feet 

past the storm sewers if not intercepted by them based on simulation of natural attenuation using 

the NAS (see Appendix A-6 for more details).  Note that the estimated southern plume length 

(approximately 6,600 feet without interception by storm sewers) by NAS is not considered valid 

based on the current natural attenuation condition in the plume and would need to be re-

evaluated after mass reduction has been achieved by a selected active treatment in the source 

area.  

 

3.2 Secondary Line of Evidence 

Geochemical data were not collected at every well or during each sampling event. All of the 

available geochemical data as well as the concentrations of the four cVOC compounds from the 

wells sampled in 2012 and a background well PAI-45-MW-01-SU are summarized in Table 2. 

These data are reviewed in a weight of evidence approach to determine if they support favorable 

conditions for reductive dechlorination.  

 

Site-wide where available, chloride concentrations are in general much greater than two times of 

that from the upgradient or background well PAI-45-MW01-SU, which supports the conclusion 

from the evaluation of the primary line of evidence that reductive dechlorination is occurring site-

wide to various degrees. 

  

Source Zone Area 

For the northern plume, geochemical parameters were not analyzed at the near source zone well 

PAI-45-MW07-SL in 2012. However, results of the field parameters of dissolved oxygen (DO) (0 

mg/L) and oxidation-reduction potential (ORP) (64 mV) indicate a reducing condition (Table 2). 

Based on the geochemical parameters analyzed (e.g., anions, dissolved gases, and volatile fatty 

acids) the 2010 EZVI performance monitoring report stated that reducing conditions favorable for 

cVOC degradation continue to be present in the northern plume source area. Methanogenesis, a 

strong reducing condition and the most favorable redox condition for reductive dechlorination, 

was noted in some of the source zone wells in the northern plume (Geosyntec, 2011).    

 

In the southern plume area, a strong reducing condition is evident at the source well PAI-45-

MW25-SL. The redox conditions at this well appear to be sulfate reducing to methanogenesis as 
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high levels of hydrogen was found in 2012 (4.8 nM), as well as consistently detected elevated 

levels of VC (145 µg/L in 2012), ethene (81 µg/L in 2012), and methane (540 µg/L in 2012) (Table 

2). Immediately downgradient of the source, strong reducing conditions were also noted at PAI-

45-MW31-SU and PAI-45-MW31-SL. The redox conditions appear to be sulfate reducing, as 

evident by the hydrogen levels (1.2 nM at the upper zone and 1.5 nM at the lower zone in 2012), 

as well as relatively high levels of VC, ethene, and methane. The hydrogen levels in September 

2008 were significantly higher than those in January 2012 at the two locations, especially at PAI-

45-MW31-SL (31 nM in September 2008) indicating strong methanogenic conditions in 

September 2008, which may be the result of seasonal effects, i.e., with stronger anaerobic 

reducing conditions occurring during periods of less rainfall. Total organic carbon (TOC) in this 

well remained relatively stable during September 2008 and January 2012 at 12.4 mg/L and 14.3 

mg/L, respectively, indicating the amount of carbon substrate was not a limiting factor in the 

reducing conditions. 

 

Plume Area 

Downgradient of the northern source, sulfate reducing conditions appear to be present at PAI-45-

MW06-SU and –SL, PAI-45-MW23-SU and –SL. Ethene is generally not detected or at very low 

levels in these wells. However, concentrations of VC were found from all locations, indicating 

“DCE stall” is not happening. The hydrogen levels as well as the concentrations of anions and 

methane indicate sulfate reducing conditions at all of the four well locations. Higher levels of 

methane (6100 ug/L in 2012) and stronger reducing conditions were observed at PAI-45-MW23-

SL. Since these are favorable conditions for cis-DCE being reduced to VC and elevated VC 

concentrations were consistently found, the increasing trend of cis-DCE at PAI-45-MW-06-SL and 

PAI-45-MW-23-SU is likely the result of temporary accumulation of interim degradation products 

or transport from upgradient locations. 

 

For the southern plume, geochemical data collected in 2012 at PAI-45-MW-04-SU and –SL 

suggests the redox condition is sulfate reducing with stronger reducing conditions in the lower 

zone well than the upper (Table 2). No geochemical parameters were analyzed at PAI-45-20-SU 

and –SL; however, historical data for the two wells and their proximity to PAI-45-MW04-SU and -

SL suggest that the redox condition at the two wells is similar to those at PAI-45-MW04-SU and -

SL with stronger reducing conditions in the lower zone well. Similar to the northern plume, ethene 

is generally not detected or at very low levels at these four well locations; however, 

concentrations of VC were found at all four well locations. Therefore, the increasing DCE trend at 

PAI-45-MW04-SL and PAI-45-MW20-SL is likely a result of temporary accumulation of interim 

degradation product or contaminant transport from upgradient locations. 
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3.3 Third Line of Evidence  

A significant correlation exists between complete reductive dechlorination of PCE and TCE to 

ethene and the presence of Dhc organisms and their RDases functional genes, based upon years 

of research by the academic community. In general, a Dhc density of 1×107 cells per liter is 

considered to be necessary for active reductive dechlorination (Lu et al., 2006; Dennis, 2009). 

Detection of RDases functional genes using real-time polymerase chain reaction (qPCR) further 

provide an indication of active Dhc activity. A Guidance protocol developed by Environmental 

Security Technology Certification Program (ESTCP) suggests that with active dechlorination and 

high rates of dechlorination the Dhc 16s rRNA gene copies are typically greater than 106 per liter. 

Moderate gene copies (104 to 106 gene copies per liter) may or may not be associated with 

observable dechlorination and ethene formation (ESTCP, 2011). 

 

For Site 45, MBTs were used to determine the presence of Dhc and their RDases functional 

genes at PAI-45-MW04-SL, and PAI-45-MW20-SU and –SL by the United States Geologic 

Survey (USGS) in 2006 (Table 2).  High levels of Dhc cells (greater than 1×107 cells per liter) and 

functional genes (greater than 1×106 gene copies per liter) were found at PAI-45-MW04-SL 

during one sampling event in 2006, indicating active reductive dechlorination. At PAI-45-MW20-

SU, high levels of Dhc cells (greater than 1×107 cells per liter) were found in one sampling event 

with moderate functional gene copies (approximately 105 gene copies per liter). Moderate levels 

of Dhc cells (approximately 1×105 cells per liter) were found at PAI-45-MW20-SL; however, the 

functional genes were not detected. The USGS concluded that “sufficient quantities of 

Dehalococcoides sp. are present to produce robust biodegradation of chlorinated solvents to 

ethylene” and “the presence of these enzymes (functional genes) supports the finding that 

microbial degradation of the chlorinated solvents is occurring in the southern plume.” (USGS, 

2009)  

 

4 SUMMARY OF NATURAL ATTENUATION ASSESSMENT  

In summary reductive dechlorination is occurring site-wide at Site 45 to various degrees.  

 

The effectiveness of sequential reductive dechlorination at the site is illustrated by the spatial 

distribution of concentrations and relative molar percentages of PCE, TCE, cis-DCE, and VC 

(Figures 1 through 8 and Figures 1-25 and 1-26 in Section 1), which indicate concentrations 

generally decrease and the molar ratio of less chlorinated daughter products (cis-DCE and VC) to 

parent products (PCE and TCE) generally increases along the plume axis with distance from the 

source areas. 
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In the source zones of both northern and southern plume areas, elevated concentrations of 

degradation products cis-DCE, VC, and ethene were consistently detected and strong reducing 

conditions dominate (sulfate reducing to methanogenesis). Contaminant concentrations in the 

source zone of the northern plume area are in general decreasing; however, concentrations 

appear to be stable or slightly increasing in the source zone of the southern plume area. This 

difference is attributed to the implementation of historical source treatment(s) (e.g., EZVI 

injection) in the northern plume area. 

 

Downgradient of the sources in the plume areas for both northern and southern plumes, elevated 

concentrations of degradation products cis-DCE and VC were consistently found although ethene 

is typically not detected or is detected at low levels. Strong reducing conditions (sulfate reducing) 

were also noted in both plume areas. Contaminant concentrations in the plume areas are 

substantially lower than those in the source areas; however, exceedances of MCLs were still 

found at many wells. Contaminant concentrations are in general decreasing; however, an 

increasing trend was noted for cis-DCE at several downgradient wells. Analysis suggests that the 

increasing cis-DCE trend is likely the result of temporary accumulation of interim degradation 

product or contaminant transport, not “DCE stall”.  

 

In summary, the findings stated above suggest reductive dechlorination is actively and effectively 

reducing cVOC concentrations in both northern and southern plume areas. However, in the 

source areas, the elevated parent compounds (i.e., PCE and TCE), which appear to be 

particularly persistent in the southern plume source area, suggest that natural attenuation alone 

may not be sufficient to reduce the contaminant concentrations to the MCLs in a reasonable 

timeframe.   
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Orange text indicates 2007/2008 USGS data.

U - Undetected
J  - Estimated

Pink text indicates 2005 RI Addendum data.

Green text indicates 2001 RI data.

Black, bold text indicates the concentration 
in monitoring wells sampled in January 2012.

Red text indicates the maximum 
concentration in the multi-level monitoring wells; 
sampled in September 2010.

Blue text indicates the concentration in a PMW well 
with screen intervals across the entire (upper and lower) 
surficial aquifer; sampled in September 2010.

Legend
Statistically Significant 
Upward Trend

Statistically Stable Flat Trend

<= MCL for 3 years & No Trend or 
Statistically Stable Flat Trend

Other Monitoring Well Location

Passive Flux Meter (PFM) Investigation Well
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Road

Sidewalk
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Site 45 Boundary

Storm Sewer

Sanitary Sewer

Site 32 Boundary

Groundwater Flow Direction

Arrow shows direction of drainage in sewer.

Arrow shows direction of drainage in sewer at low tide.

Sewer Line Below Water Table

Groundwater Contour 
(Based on March 2012 data.)

TCE Isocontour
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U - Undetected
J  - Estimated

Black, bold text indicates the concentration 
in monitoring wells sampled in January 2012.

Red text indicates the maximum 
concentration in the multi-level monitoring wells; 
sampled in September 2010.

Blue text indicates the concentration in a PMW well 
with screen intervals across the entire (upper and lower) 
surficial aquifer; sampled in September 2010.

Green text indicates 2001 RI data.

Pink text indicates 2005 RI Addendum data.

Orange text indicates 2007/2008 USGS data.

Legend
Statistically Significant 
Upward Trend

Statistically Stable Flat Trend

<= MCL for 3 years & No Trend or 
Statistically Stable Flat Trend

Other Monitoring Well Location

Passive Flux Meter (PFM) Investigation Well

Piezometer (PZ)

Road

Sidewalk

Building

Former Building

Site 45 Boundary

Storm Sewer

Sanitary Sewer

Site 32 Boundary

Groundwater Flow Direction

Arrow shows direction of drainage in sewer.

Arrow shows direction of drainage in sewer at low tide.

Sewer Line Below Water Table

Groundwater Contour 
(Based on March 2012 data.)
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SYMBOL KEY

Orange text indicates 2007/2008 USGS data.

U - Undetected
J  - Estimated

Pink text indicates 2005 RI Addendum data.

Green text indicates 2001 RI data.

Black, bold text indicates the concentration 
in monitoring wells sampled in January 2012.

Red text indicates the maximum 
concentration in the multi-level monitoring wells; 
sampled in September 2010.

Blue text indicates the concentration in a PMW well 
with screen intervals across the entire (upper and lower) 
surficial aquifer; sampled in September 2010.

Legend
Statistically Significant 
Upward Trend

Statistically Stable Flat Trend

<= MCL for 3 years & No Trend or 
Statistically Stable Flat Trend

Other Monitoring Well Location

Passive Flux Meter (PFM) Investigation Well

Piezometer (PZ)

cDCE Isocontour

Road

Sidewalk

Building

Former Building

Site 45 Boundary

Storm Sewer

Sanitary Sewer

Site 32 Boundary

Groundwater Flow Direction

Arrow shows direction of drainage in sewer.

Arrow shows direction of drainage in sewer at low tide.

Sewer Line Below Water Table

Groundwater Contour 
(Based on March 2012 data.)
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SYMBOL KEY

Orange text indicates 2007/2008 USGS data.

U - Undetected
J  - Estimated

Pink text indicates 2005 RI Addendum data.

Green text indicates 2001 RI data.

Black, bold text indicates the concentration 
in monitoring wells sampled in January 2012.

Red text indicates the maximum 
concentration in the multi-level monitoring wells; 
sampled in September 2010.

Blue text indicates the concentration in a PMW well 
with screen intervals across the entire (upper and lower) 
surficial aquifer; sampled in September 2010.

Legend
Statistically Significant 
Upward Trend

Statistically Stable Flat Trend

<= MCL for 3 years & No Trend or 
Statistically Stable Flat Trend

Other Monitoring Well Location

Passive Flux Meter (PFM) Investigation Well

Piezometer (PZ)

cDCE Isocontour

Road

Sidewalk

Building

Former Building

Site 45 Boundary

Storm Sewer

Sanitary Sewer

Site 32 Boundary

Groundwater Flow Direction

Arrow shows direction of drainage in sewer.

Arrow shows direction of drainage in sewer at low tide.

Sewer Line Below Water Table

Groundwater Contour 
(Based on March 2012 data.)
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Orange text indicates 2007/2008 USGS data.

U - Undetected
J  - Estimated

Pink text indicates 2005 RI Addendum data.

Green text indicates 2001 RI data.

Black, bold text indicates the concentration 
in monitoring wells sampled in January 2012.

Red text indicates the maximum 
concentration in the multi-level monitoring wells; 
sampled in September 2010.

Blue text indicates the concentration in a PMW well 
with screen intervals across the entire (upper and lower) 
surficial aquifer; sampled in September 2010.

Legend
Statistically Significant 
Upward Trend
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MANN-KENDALL TREND TEST RESULTS
PCE

TABLE 1A

<= MCL Alpha = 0.2 Alpha = 0.1 Alpha = 0.05
Location N S p-value CV since Critical Critical Critical

2006? Value Value Value
PAI-45-MW04-SL 9 -32 0.000 -32 0.88 N 10 Significant Downward Trend 14 Significant Downward Trend 18 Significant Downward Trend
PAI-45-MW04-SU 4 0 0.625 0 1.05 N 4 No Trend 6 No Trend 6 No Trend
PAI-45-MW05-SL 7 -6 0.236 -6 2.20 Y 7 No Trend 11 No Trend 13 No Trend
PAI-45-MW05-SU 6 -1 0.500 -1 2.40 N 7 No Trend 9 No Trend 11 No Trend
PAI-45-MW06-SL -- -- -- -- 1.29 Y -- -- -- -- -- --
PAI-45-MW06-SU 4 -6 0.042 -6 0.74 N 4 Significant Downward Trend 6 Significant Downward Trend 6 Significant Downward Trend
PAI-45-MW07-SL -- -- -- -- 1.09 N -- -- -- -- -- --
PAI-45-MW07-SU -- -- -- -- 1.61 N -- -- -- -- -- --
PAI-45-MW16-SL -- -- -- -- 0.00 Y -- -- -- -- -- --
PAI-45-MW16-SU -- -- -- -- 0.00 Y -- -- -- -- -- --
PAI-45-MW17-SL 6 5 0.235 5 0.58 Y 7 No Trend 9 No Trend 11 Stable
PAI-45-MW17-SU 6 0 0.000 0 0.00 Y 7 No Trend 9 No Trend 11 Stable
PAI-45-MW18-SL -- -- -- -- 0.80 Y -- -- -- -- -- --
PAI-45-MW18-SU -- -- -- -- 0.80 Y -- -- -- -- -- --
PAI-45-MW19-SL 6 3 0.360 3 2.00 N 7 No Trend 9 No Trend 11 No Trend
PAI-45-MW19-SU -- -- -- -- 0.00 Y -- -- -- -- -- --
PAI-45-MW20-SL 9 -32 0.000 -32 1.06 N 10 Significant Downward Trend 14 Significant Downward Trend 18 Significant Downward Trend
PAI-45-MW20-SU 6 -9 0.068 -9 1.10 N 7 Significant Downward Trend 9 Significant Downward Trend 11 No Trend
PAI-45-MW21-SL -- -- -- -- 0.79 Y -- -- -- -- -- --
PAI-45-MW21-SU -- -- -- -- 0.91 N -- -- -- -- -- --
PAI-45-MW23-SL 4 1 0.500 1 1.63 N 4 No Trend 6 No Trend 6 No Trend
PAI-45-MW23-SU -- -- -- -- 0.30 N -- -- -- -- -- --
PAI-45-MW25-SL 4 0 0.625 0 0.21 N 4 No Trend 6 No Trend 6 Stable
PAI-45-MW26-SL 4 0 0.625 0 0.00 Y 4 No Trend 6 No Trend 6 Stable
PAI-45-MW31-SL -- -- -- -- 0.05 N -- -- -- -- -- --
PAI-45-MW31-SU -- -- -- -- 0.29 N -- -- -- -- -- --

Notes:
-- Indicates that there were an insufficient number of samples to run the test.

Null Hypothesis: Ho: There is no trend.
Alternative Hypothesis: HA: There is an upward trend (indicated by a positive value of S).

HA: There is a downward trend (indicated by a negative value of S).

If p-value is less than alpha then reject null hypothesis of no trend.
If absolute value of the test statistic is greater than or equal to the critical value then reject null hypothesis of no trend.
Source: Data Quality Assessment: Statistical Methods for Practitioners EPA QA/G-9S, EPA/240/B-06/003. February 2006.

Test 
Statistic Trend? Trend? Trend?



MANN-KENDALL TREND TEST RESULTS
TCE

TABLE 1B

<= MCL Alpha = 0.2 Alpha = 0.1 Alpha = 0.05
Location N S p-value CV since Critical Critical Critical

2006? Value Value Value
AI-45-MW04-S 9 -26 0.003 -26 0.49 N 10 Significant Downward Trend 14 Significant Downward Trend 18 Significant Downward Trend
AI-45-MW04-S 4 0 0.625 0 1.16 N 4 No Trend 6 No Trend 6 No Trend
AI-45-MW05-S 7 -7 0.191 -7 1.53 Y 7 Significant Downward Trend 11 No Trend 13 No Trend
AI-45-MW05-S 6 0 0.000 0 2.42 N 7 No Trend 9 No Trend 11 No Trend
AI-45-MW06-S -- -- -- -- 0.86 Y -- -- -- -- -- --
AI-45-MW06-S 4 -6 0.042 -6 1.01 Y 4 Significant Downward Trend 6 Significant Downward Trend 6 Significant Downward Trend
AI-45-MW07-S -- -- -- -- 0.36 N -- -- -- -- -- --
AI-45-MW07-S -- -- -- -- 1.65 N -- -- -- -- -- --
AI-45-MW16-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW16-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW17-S 6 6 0.186 6 1.04 Y 7 Significant Upward Trend 9 No Trend 11 No Trend
AI-45-MW17-S 6 -2 0.430 -2 0.82 N 7 No Trend 9 No Trend 11 Stable
AI-45-MW18-S -- -- -- -- 0.73 Y -- -- -- -- -- --
AI-45-MW18-S -- -- -- -- 0.87 Y -- -- -- -- -- --
AI-45-MW19-S 6 -13 0.008 -13 2.02 N 7 Significant Downward Trend 9 Significant Downward Trend 11 Significant Downward Trend
AI-45-MW19-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW20-S 9 -22 0.012 -22 0.44 N 10 Significant Downward Trend 14 Significant Downward Trend 18 Significant Downward Trend
AI-45-MW20-S 6 -13 0.008 -13 0.98 N 7 Significant Downward Trend 9 Significant Downward Trend 11 Significant Downward Trend
AI-45-MW21-S -- -- -- -- 0.79 Y -- -- -- -- -- --
AI-45-MW21-S -- -- -- -- 1.03 N -- -- -- -- -- --
AI-45-MW23-S 4 -2 0.375 -2 1.69 N 4 No Trend 6 No Trend 6 No Trend
AI-45-MW23-S -- -- -- -- 0.94 N -- -- -- -- -- --
AI-45-MW25-S 4 0 0.625 0 0.05 N 4 No Trend 6 No Trend 6 Stable
AI-45-MW26-S 4 1 0.500 1 0.40 Y 4 No Trend 6 No Trend 6 Stable
AI-45-MW31-S -- -- -- -- 0.23 N -- -- -- -- -- --
AI-45-MW31-S -- -- -- -- 0.33 N -- -- -- -- -- --

Notes:
-- Indicates that there were an insufficient number of samples to run the test.

Null Hypothesis: Ho: There is no trend.
Alternative Hypothesis: HA: There is an upward trend (indicated by a positive value of S).

HA: There is a downward trend (indicated by a negative value of S).

If p-value is less than alpha then reject null hypothesis of no trend.
If absolute value of the test statistic is greater than or equal to the critical value then reject null hypothesis of no trend.
Source: Data Quality Assessment: Statistical Methods for Practitioners EPA QA/G-9S, EPA/240/B-06/003. February 2006.

Test 
Statistic Trend? Trend? Trend?



MANN-KENDALL TREND TEST RESULTS
CIS-1-2-DCE
TABLE 1C

<= MCL Alpha = 0.2 Alpha = 0.1 Alpha = 0.05
Location N S p-value CV since Critical Critical Critical

2006? Value Value Value
AI-45-MW04-S 9 16 0.060 16 0.56 N 10 Significant Upward Trend 14 Significant Upward Trend 18 Stable
AI-45-MW04-S 4 6 0.042 6 0.70 Y 4 Significant Upward Trend 6 Significant Upward Trend 6 Significant Upward Trend
AI-45-MW05-S 7 9 0.119 9 0.67 N 7 Significant Upward Trend 11 No Trend 13 Stable
AI-45-MW05-S 6 1 0.500 1 1.05 Y 7 No Trend 9 No Trend 11 No Trend
AI-45-MW06-S -- -- -- -- 0.79 N -- -- -- -- -- --
AI-45-MW06-S 4 -2 0.375 -2 1.00 N 4 No Trend 6 No Trend 6 No Trend
AI-45-MW07-S -- -- -- -- 0.49 N -- -- -- -- -- --
AI-45-MW07-S -- -- -- -- 1.66 N -- -- -- -- -- --
AI-45-MW16-S -- -- -- -- 0.82 Y -- -- -- -- -- --
AI-45-MW16-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW17-S 6 5 0.235 5 2.17 Y 7 No Trend 9 No Trend 11 No Trend
AI-45-MW17-S 6 3 0.360 3 0.44 Y 7 No Trend 9 No Trend 11 Stable
AI-45-MW18-S -- -- -- -- 0.11 Y -- -- -- -- -- --
AI-45-MW18-S -- -- -- -- 0.49 Y -- -- -- -- -- --
AI-45-MW19-S 6 3 0.360 3 0.39 N 7 No Trend 9 No Trend 11 Stable
AI-45-MW19-S -- -- -- -- 0.81 Y -- -- -- -- -- --
AI-45-MW20-S 9 32 0.000 32 0.67 N 10 Significant Upward Trend 14 Significant Upward Trend 18 Significant Upward Trend
AI-45-MW20-S 6 -5 0.235 -5 0.78 N 7 No Trend 9 No Trend 11 Stable
AI-45-MW21-S -- -- -- -- 0.64 Y -- -- -- -- -- --
AI-45-MW21-S -- -- -- -- 0.50 N -- -- -- -- -- --
AI-45-MW23-S 4 -2 0.375 -2 1.68 Y 4 No Trend 6 No Trend 6 No Trend
AI-45-MW23-S -- -- -- -- 0.24 N -- -- -- -- -- --
AI-45-MW25-S 4 2 0.375 2 0.40 N 4 No Trend 6 No Trend 6 Stable
AI-45-MW26-S 4 0 0.625 0 0.59 Y 4 No Trend 6 No Trend 6 Stable
AI-45-MW31-S -- -- -- -- 0.47 N -- -- -- -- -- --
AI-45-MW31-S -- -- -- -- 0.44 N -- -- -- -- -- --

Notes:
-- Indicates that there were an insufficient number of samples to run the test.

Null Hypothesis: Ho: There is no trend.
Alternative Hypothesis: HA: There is an upward trend (indicated by a positive value of S).

HA: There is a downward trend (indicated by a negative value of S).

If p-value is less than alpha then reject null hypothesis of no trend.
If absolute value of the test statistic is greater than or equal to the critical value then reject null hypothesis of no trend.
Source: Data Quality Assessment: Statistical Methods for Practitioners EPA QA/G-9S, EPA/240/B-06/003. February 2006.

Test 
Statistic Trend? Trend? Trend?



MANN-KENDALL TREND TEST RESULTS
VINYL CHLORIDE

TABLE 1D

<= MCL Alpha = 0.2 Alpha = 0.1 Alpha = 0.05
Location N S p-value CV since Critical Critical Critical

2006? Value Value Value
AI-45-MW04-S 9 -24 0.006 -24 0.57 N 10 Significant Downward Trend 14 Significant Downward Trend 18 Significant Downward Trend
AI-45-MW04-S 4 2 0.375 2 0.77 N 4 No Trend 6 No Trend 6 Stable
AI-45-MW05-S 7 -1 0.500 -1 0.07 Y 7 No Trend 11 No Trend 13 Stable
AI-45-MW05-S 6 -1 0.500 -1 1.96 N 7 No Trend 9 No Trend 11 No Trend
AI-45-MW06-S -- -- -- -- 1.23 N -- -- -- -- -- --
AI-45-MW06-S 4 -4 0.167 -4 1.42 N 4 Significant Downward Trend 6 No Trend 6 No Trend
AI-45-MW07-S -- -- -- -- 1.13 Y -- -- -- -- -- --
AI-45-MW07-S -- -- -- -- 1.60 N -- -- -- -- -- --
AI-45-MW16-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW16-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW17-S 6 0 0.000 0 0.00 Y 7 No Trend 9 No Trend 11 Stable
AI-45-MW17-S 6 1 0.500 1 0.52 Y 7 No Trend 9 No Trend 11 Stable
AI-45-MW18-S -- -- -- -- 0.84 Y -- -- -- -- -- --
AI-45-MW18-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW19-S 6 5 0.235 5 0.15 N 7 No Trend 9 No Trend 11 Stable
AI-45-MW19-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW20-S 9 -18 0.038 -18 0.52 N 10 Significant Downward Trend 14 Significant Downward Trend 18 Significant Downward Trend
AI-45-MW20-S 6 -9 0.068 -9 0.88 N 7 Significant Downward Trend 9 Significant Downward Trend 11 Stable
AI-45-MW21-S -- -- -- -- 0.00 Y -- -- -- -- -- --
AI-45-MW21-S -- -- -- -- 0.68 N -- -- -- -- -- --
AI-45-MW23-S 4 -2 0.375 -2 1.86 N 4 No Trend 6 No Trend 6 No Trend
AI-45-MW23-S -- -- -- -- 0.35 N -- -- -- -- -- --
AI-45-MW25-S 4 6 0.042 6 0.96 N 4 Significant Upward Trend 6 Significant Upward Trend 6 Significant Upward Trend
AI-45-MW26-S 4 3 0.271 3 0.69 Y 4 No Trend 6 No Trend 6 Stable
AI-45-MW31-S -- -- -- -- 0.63 N -- -- -- -- -- --
AI-45-MW31-S -- -- -- -- 0.40 N -- -- -- -- -- --

Notes:
-- Indicates that there were an insufficient number of samples to run the test.

Null Hypothesis: Ho: There is no trend.
Alternative Hypothesis: HA: There is an upward trend (indicated by a positive value of S).

HA: There is a downward trend (indicated by a negative value of S).

If p-value is less than alpha then reject null hypothesis of no trend.
If absolute value of the test statistic is greater than or equal to the critical value then reject null hypothesis of no trend.
Source: Data Quality Assessment: Statistical Methods for Practitioners EPA QA/G-9S, EPA/240/B-06/003. February 2006.

Test 
Statistic Trend? Trend? Trend?



SUMMARY OF MANN KENDALL TEST RESULTS
SITE 45, MCRD PARRIS ISLAND

TABLE 1E

Location PCE TCE cis-1,2-DCE Vinyl Chloride Remark

PAI-45-MW04-SL
Significant Downward 

Trend
Significant Downward 

Trend Stable
Significant Downward 

Trend

Initially high concentration levels in 2005 (approx 7000 ug/L PCE 
and TCE); however, the time plots for PCE and TCE show a 
steady decrease to near MCLs in 2012. VC has decreased more 
than 50% to approx 95 ug/L.  Cis-1,2-DCE concentrations have 
increased from approx 700 ug/L in 2007 to approx 3100 ug/L in 
2012. The substantial concentration decreases in PCE and TCE 
in this downgradient well likely indicates the southern plume is 
receding with the exception of cis-DCE. 

PAI-45-MW04-SU No Trend No Trend
Significant Upward 

Trend Stable

Only four data points; concentrations of PCE, TCE, and VC 
increased from 2001 to 2007, and then decreased. No 
exceedances were found in 2012 except for VC (3.3 ug/L)

PAI-45-MW05-SL No Trend No Trend Stable Stable

Non-detect or near MCL concentrations of PCE, TCE, and VC 
since 2001. Cis-DCE concentrations appear to be increasing and 
are around 120 ug/L in 2012. Considering non-detection of parent 
compounds since 2007, cis-DCE may be transported here.

PAI-45-MW05-SU No Trend No Trend No Trend No Trend

PCE, TCE, and VC were not detected in 2012. A single spike in 
concentrations in Sept. 2007 caused the M-K no trend 
identification. The concentrations at all other times since 2005 
were non-detection or below MCLs.

PAI-45-MW06-SL -- -- -- --

Only 3 data points available; The PCE concentrations were 6 
ug/L, 1 ug/L, and ND in 2001, 2005, and 2012, respectively. 
Relatively high TCE concentrations were found in 2001 (184 
ug/L) and then decreased to less than the MCL in 2012. Cis-DCE 
concentrations have increased from approx 160 ug/L in 2001 to 
approx 800 ug/L in 2012. VC concentrations are low near MCL 
and may be slightly increasing (4.2 ug/L in 2012).

PAI-45-MW06-SU
Significant Downward 

Trend
Significant Downward 

Trend No Trend No Trend

Only four data points. Concentrations of all 4 compounds appear 
on time plots to be overall decreasing since 2001 to low levels 
near or below MCLs. Cis-DCE concentrations decreased from 
1400 ug/L in 2001 to 91 ug/L in 2004 and 100 ug/L 2012. VC 
concentrations were as high as 660 ug/L in 2001 and decreased 
to 11 ug/L in 2005 and then 4.1 ug/L in 2012.

PAI-45-MW07-SL -- -- -- --

Only 3 data points available. Relatively high concentrations of all 
4 compounds (several thousand ppb for PCE, TCE, and several 
hudred ppb for cis-DCE) in 2001, indicate this well is likely a near 
a source area. However, concentrations decreased more than 
50% by 2012. VC concentrations were approx 45 ug/L in 2001 
decreasing to 15 ug/L 2005, and not detected in 2012 (50 U 
ug/L).

PAI-45-MW07-SU -- -- -- --

Only 3 data points available; historically the concentrations of all 
4 compounds were near or below MCLs in 2001 and 2005, but 
increased substantially by 2012 (PCE, TCE, cis-DCE, and VC 
concentarions of 290 ug/L, 1900 ug/L, 5000 ug/L, and 330 ug/L, 
respectively), indicating contaminants migration.

PAI-45-MW16-SL -- -- -- -- Mostly nondetects



SUMMARY OF MANN KENDALL TEST RESULTS
SITE 45, MCRD PARRIS ISLAND

TABLE 1E

Location PCE TCE cis-1,2-DCE Vinyl Chloride Remark

PAI-45-MW16-SU -- -- -- -- All nondetects
PAI-45-MW17-SL Stable No Trend No Trend Stable Mostly nondetects

PAI-45-MW17-SU Stable Stable Stable Stable

Mostly nondetects; TCE concentrations increased to slightly 
above the MCL in 2007 and 2008, but decreased to nondetect in 
2012.

PAI-45-MW18-SL -- -- -- -- Mostly nondetects
PAI-45-MW18-SU -- -- -- -- Mostly nondetects

PAI-45-MW19-SL No Trend
Significant Downward 

Trend Stable Stable

PCE concentrations were mostly nondetect with one slight 
exceedance of MCL in 2008. TCE concentration was 100 ug/L in 
2005 and decreased significantly to less than the MCL since 
2008. Cis-DCE and VC concentrations appear to be stable 
around 120 ug/L and 25 ug/L, respectively, since 2007. 

PAI-45-MW19-SU -- -- -- -- Mostly nondetects

PAI-45-MW20-SL
Significant Downward 

Trend
Significant Downward 

Trend
Significant Upward 

Trend
Significant Downward 

Trend

Relatively high PCE and TCE concentrations (approx 2800 ug/L 
and 5800 ug/L, respectively) in 2005, have decreased 
significantly and were nondetects in 2012. Cis-DCE 
concentrations have generally increased from approx 1000 ug/L 
in 2008 to approx 3100 ug/L in 2012. VC concentrations have 
decreased from approx 180 ug/L in 2005 to approx 60 ug/L in 
2012. The  substantial concentration decreases in this 
downgradient well likely indicates the southern plume is receding 
with the exception of cis-DCE. 

PAI-45-MW20-SU No Trend
Significant Downward 

Trend Stable Stable

Relatively high PCE and TCE concentrations (approx 1250 ug/L 
and 2400 ug/L, respectively) in 2007 have decreased 
substantially. PCE was not detected in 2012. TCE concentration 
was 11 ug/L in 2012. Concentrations of cis-DCE and VC (approx 
1000 ug/L and 190 ug/L, respectively) in 2007 have decreased 
since then with cis-DCE stabilizing around 300 ug/L and VC 
continuing to decrease to approx 20 ug/L in 2012. Concentration 
spike was observed for all 4 compounds in 2007. The overall 
substantial concentration decreases in this downgradient well 
likely indicates the southern plume is receding with the exception 
perhaps of cis-DCE. 

PAI-45-MW21-SL -- -- -- --
Only 2 data points available; PCE and TCE concentrations near 
MCLs in 2005 (around 10 ppb) and no exceedance in 2012.

PAI-45-MW21-SU -- -- -- --

Only 2 data points available; PCE and TCE concentrations in 
2005 (approx 240 ug/L and 680 ug/L, respectively) have 
decreased significantly to 50 ug/L and 110 ug/L, respectively, in 
2012. Cis-DCE and VC have increased from approx 500 ug/L 
and 2 ug/L, respectively, in 2005 to approx 1000 ug/L and 5 ug/L, 
respectively, in 2012.



SUMMARY OF MANN KENDALL TEST RESULTS
SITE 45, MCRD PARRIS ISLAND

TABLE 1E

Location PCE TCE cis-1,2-DCE Vinyl Chloride Remark

PAI-45-MW23-SL No Trend No Trend No Trend No Trend

Concentrations of TCE, cis-DCE and VC decreased to lower than 
the MCL [VC was near the MCL (2.3 ug/L)] in 2007 and slightly 
increased above MCLs in 2012. PCE concentrations were lower 
than the MCL from 2005 to 2007 but increased to 15 ug/L in 
2012.

PAI-45-MW23-SU -- -- -- --

Only 3 data points available since 2005. PCE appears to be 
stable near MCL since 2005. TCE and VC concentrations have 
decreased from approx 500 ug/L and 300 ug/L, respectively in 
2005 to approx MCL and 160 ug/L, respectively, in 2012. Cis-
DCE concentrations have increased from approx 1200 ug/L in 
2005 to approx 1600 ug/L in 2012. The concentration decreases 
in this downgradient well indicates the northern plume is likely 
receding with the exception of cis-DCE. 

PAI-45-MW25-SL Stable Stable Stable
Significant Upward 

Trend

Relatively high concentrations of PCE and TCE indicate this well 
is likely near a source area. PCE concentrations of approx 17,000 
ug/L in 2007 increased to about 20,000 ug/L in 2008 then 
decreased to approx 13,000 ug/L in 2012. Concentrations of TCE 
have been generally stable at approx 4400 ug/L since 2007.  Cis-
DCE concentrations of approx 800 ug/L in 2007 decreased to 
about 400 ug/L in 2008 then increased to approx 850 ug/L in 
2012. 

PAI-45-MW26-SL Stable Stable Stable Stable Mostly nondetects

PAI-45-MW31-SL -- -- -- --

Only 3 data points available (not including duplicates). Relatively 
high and generally increasing concentrations indicate well is likely 
near a source area. Concentrations appear to be increasing for 
TCE, cis-DCE and VC (approx 4500 ug/L, 1300 ug/L, and 170 
ug/L, respectively, in 2008; increasing to 6500 ug/L, 3900 ug/L, 
and 450 ug/L, respectively, in 2012). Concentrations of PCE 
appear to be stable around 8000 ug/L.

PAI-45-MW31-SU -- -- -- --

Only 3 data points available. Concentrations of all 4 compounds 
are relatively high and appear to be increasing indicating the well 
is likely near a source area. Concentrations of PCE, TCE, cis-
DCE, and VC are approx 3700 ug/L, 2800 ug/L, 2100 ug/L, and 
310 ug/L, respectively, in 2012.

Note:
Mann Kendall Test results are for 95% confidence level.

Statistically Significant Downward Trend
Statistically Stable Flat Trend
Statistically Significant Upward Trend
No Exceedance Since 2007

-- Insufficient number of samples to run Mann Kendall test.
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SUMMARY OF MNA PARAMETERS
SITE 45, MCRD PARRIS ISLAND
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O
RP pH
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PAI-45-MW01-SU 20011018 5 U  5 U  5 U  5 U  10 U  10 U  97    NA NA 9    NA NA NA 0.05 U  NA 0.05 U  NA 23.2    NA NA 2490    NA 30    NA NA 22 J  NA NA NA NA
20050223 7100    6800    1200    280 J  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050825 4460 5390 1290 155 J 2 U 97.4 1510 NA 150 185 0.025 U NA NA NA NA NA NA NA NA 17.5 NA NA 53.2 0.05 U NA NA NA NA NA NA
20060307 5370 4760 796 135 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20060307 5270 4770 787 137 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20060926 3700 5100 830 200 0.4 U 25 440 NA 180 NA 0.025 U NA NA NA NA NA NA NA NA 5.55 NA NA NA 0.05 U NA 24 NA NA NA NA
20060928 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 0.5 U 8.35 66.4
20060928 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 0.5 U NA 40.7
20061010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 118000 1 U 114000
20061010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 0.5 U 2340 0.5 U
20070724 1290 4010 701 113 10 U 54.8 J 1410 1.1 175 146 0.1 NA NA NA NA NA NA NA NA 5.17 NA NA 51.4 0.05 U NA 21 NA NA NA NA
20070910 1840 H 5860 H 1010 H 145 H 20 U 83.6 J 2740 NA 100 260 0.05 NA NA NA NA NA NA NA NA NA NA NA 64 NA NA NA NA NA NA NA
20080618 1030 H 3440 H 1450 H 25 UH 28.6 BJ 45.2 J 2390 B NA 170 153 0.15 NA NA NA 0.033 U NA NA 18.4 NA 5.32 NA NA 51.6 0.2 U NA 20 NA NA NA NA
20080909 326 2280 2260 101 0.56 43 1800 1.6 190 157 -0.025 NA NA NA NA NA NA 16.4 NA 5.36 NA NA 53.6 0.2 U NA 20.8 NA NA NA NA
20120111 43 74 3100 93 0.55 J 12 1300 1.4 210 146 0 98 5.67 NA 0.2 U NA 0.2 U NA 0.02 NA NA 5.6 54.9 NA 1 U 18 NA NA NA NA
20011017 6    11    2 J  1 J  10 U  10 U  120    NA NA 100    NA NA NA 0.05 U  NA 0.1 U  NA 0.014    NA NA 0.426    NA 27    NA NA 8.4 J  NA NA NA NA
20050223 47    140    36    10    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070724 67.4 245 45.9 10.4 4 U 6.1 J 358 NA 100 17.9 0.1 NA NA NA NA NA NA NA NA 1.55 NA NA 37.7 0.05 U NA NA NA NA NA NA
20120111 1.3 2.4 62 3.3 1 U 0.4 J 120 1.1 200 22.5 0.15 310 4.6 NA 0.19 J NA 0.2 U NA 0.132 NA NA 5.31 513 NA 1 U 6.3 NA NA NA NA
20011017 9    9    1 J  5 U  10 U  10 U  3000    NA NA 300    NA NA NA 0.08    NA 0.05 U  NA 0.308    NA NA 19.5    NA 7.3    NA NA 10 J  NA NA NA NA
20050225 5 U  12    91    5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070723 0.25 U 0.25 U 55 0.5 U 20 U 20 U 3640 NA NA 371 NA NA NA NA NA NA NA NA NA NA NA NA 13.1 NA NA NA NA NA NA NA
20070911 0.25 U 0.25 U 27.7 0.5 U 40 U 40 U 5170 NA 50 379 0.025 U NA NA NA NA NA NA NA NA NA NA NA 2.86 0.1 NA NA NA NA NA NA
20080619 0.5 U 0.5 U 126 1 U 21.2 BJ 20 U 685 B NA 180 418 0.3 NA NA NA NA NA NA 394 NA 18.2 NA NA 65.5 0.2 U NA 9.81 NA NA NA NA
20080908 0.25 U 0.942 J 62.6 0.594 J 0.062 0.25 3300 NA 30 369 0.1 NA NA NA NA NA NA 413 NA 27.04 NA NA 14.5 0.18 NA 6.98 NA NA NA NA
20120112 1 U 1 U 120 0.49 J NA NA NA NA NA NA 0 80 5.65 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050413 5 U  5 U  5 U  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070723 0.25 U 0.47 J 23.7 0.5 U 2 U 2 U 93.6 NA 70 91.3 0.7 NA NA NA NA NA NA NA NA 2.8 NA NA 14.4 0.05 U NA NA NA NA NA NA
20070910 80.6 277 52.6 12.5 10 U 10.3 J 588 NA 125 19.5 0.02 NA NA NA NA NA NA NA NA NA NA NA 34.5 0.05 U NA NA NA NA NA NA
20080619 0.25 U 0.25 U 13 0.5 U 3.04 BJ 2 U 155 B NA 65 46.6 0.6 NA NA NA NA NA NA NA NA -0.2 NA NA 19.4 0.2 U NA 11.8 NA NA NA NA
20080908 0.25 U 1.44 4.04 0.5 U 0.025 U 0.025 U 11 NA 17 16.4 2 NA NA NA NA NA NA NA NA 1.18 NA NA 27.6 0.08 NA 14.9 NA NA NA NA
20120112 1 U 1 U 14 1 U NA NA NA NA NA NA 2.54 102 6.75 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20010605 6    184    160    2 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050214 1 J  160    300    0.5 J  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120112 5 U 2.2 J 790 4.2 J 1 U 1 U 220 1.1 140 39.2 0 24 5.66 NA 0.2 U NA 0.2 U NA 0.022 NA NA 4.75 40 NA 1 U 19 NA NA NA NA
20010605 230    169    1280    190    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20011017 200    125    1400    645    10 U 10 U 415    NA NA 2000 J NA NA NA 0.05 U NA 0.05 U NA 0.07935    NA NA 11.2    NA 430    NA NA 12 J NA NA NA NA
20050214 110    20    91    11    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120112 5.4 3.9 100 4.1 1 U 1 U 36 1.5 35 7390 1.92 72 6 NA 4 U NA 4 U NA 0.221 NA NA 7.21 1050 NA 1 U 10.4 NA NA NA NA
20010611 8460    6630    1430    46    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050214 590    3400    640    15    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120112 2300 4100 670 50 U NA NA NA NA 130 NA 0 64 5.53 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20010611 14    62    138    17    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050214 0.6 J  0.8 J  0.6 J  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050214 0.6 J 0.7 J 0.5 J 5 U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050214 0.6 J  0.6 J  0.4 J  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120112 290 1900 5100 330 NA NA NA NA 60 NA 1.4 36 6.14 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050415 5 U  5 U  5 U  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070724 0.25 U 0.25 U 0.3 U 0.5 U 20 U 20 U 3840 NA NA 24.3 NA NA NA NA NA NA NA NA NA NA NA NA 0.67 NA NA NA NA NA NA NA
20120111 1 U 1 U 1.1 1 U 1 U 1 U 2100 1.4 12 34.3 0.04 -44 6.15 NA 0.2 U NA 0.2 U NA 0.043 NA NA 10.3 0.84 NA 1 U 5.4 NA NA NA NA
20050415 5 U  5 U  5 U  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070724 0.25 U 0.25 U 0.3 U 0.5 U 2 U 2 U 36.5 NA NA 4.5 NA NA NA NA NA NA NA NA NA NA NA NA 9.46 NA NA NA NA NA NA NA
20120112 1 U 1 U 1 U 1 U 1 U 1 U 63 1.3 13 3.91 0.47 160 6.13 NA 0.17 J NA 0.2 U NA 0.009 J NA NA 0.1 J 12.5 NA 1 U 10.4 NA NA NA NA
20050418 5 U  5 U  0.4 J  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070724 0.25 U 0.272 J 1.04 0.5 U 4 U 4 U 294 NA NA 1480 NA NA NA NA NA NA NA NA NA NA NA NA 205 NA NA NA NA NA NA NA
20070911 0.25 U 0.25 U 0.615 J 0.5 U 4 U 4 U 385 NA 50 1500 0.05 NA NA NA NA NA NA NA NA NA NA NA 200 0.05 U NA NA NA NA NA NA
20080617 0.25 U 1.67 2.48 0.5 U 2.8 BJ 2 U 269 B NA 60 1750 0.05 NA NA NA NA NA NA 172 NA 28.84 NA NA 246 0.2 NA 8.87 NA NA NA NA
20080908 0.25 U 0.255 J 0.355 J 0.5 U NA NA NA NA 105 1160 0.05 NA NA NA NA NA NA 152 NA 14.3 NA NA 127 0.2 U NA 8.42 NA NA NA NA
20120112 0.72 J 0.56 J 46 1 U NA NA NA NA 180 NA 0 18 5.59 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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20050418 5 U  5 U  2 J  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070724 0.25 U 5.74 5.34 0.5 U 4 U 4 U 476 NA NA 162 NA NA NA NA NA NA NA NA NA NA NA NA 15.8 NA NA NA NA NA NA NA
20070911 0.25 U 9.04 7.9 0.866 J 4 U 4 U 876 NA 35 141 0.05 NA NA NA NA NA NA NA NA NA NA NA 14.5 0.05 U NA NA NA NA NA NA
20080617 0.25 U 8.83 9.71 1.41 3.07 BJ 2 U 250 B NA 25 86 -0.025 NA NA NA NA NA NA 23.2 NA 12.8 NA NA 10 0.2 U NA 54.3 NA NA NA NA
20080908 0.25 U 4.69 7.62 0.5 U NA NA NA NA 80 68.5 -0.025 NA NA NA NA NA NA 23.8 NA 14.2 NA NA 7.78 0.2 U NA 19 NA NA NA NA
20120113 1 U 1 U 4.7 1 U NA NA NA NA NA NA 141 59 6.04 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050418 0.9 J  0.8 J  4 J  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20080909 0.25 U 0.25 U 3.75 0.5 U NA NA NA NA 25 NA 0.1 NA NA NA NA NA NA NA NA 2.27 NA NA NA 0.2 U NA NA NA NA NA NA
20120111 1 U 1 U 3.2 1.9 1 U 1 U 1600 1.7 16 364 0.08 -100 6.88 NA 0.2 U NA 0.2 U NA 0.01 NA NA 1.2 2.27 NA 1 U 16.9 NA NA NA NA
20050418 0.9 J  1 J  5 U  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20080909 0.25 U 0.25 U 0.3 U 0.5 U NA NA NA NA 60 NA 0.075 NA NA NA NA NA NA NA NA 7.47 NA NA NA 0.2 U NA NA NA NA NA NA
20120112 1 U 1 U 0.66 J 1 U 1 U 1 U 15 1.7 20 4.09 1.96 59 6.64 NA 0.18 J NA 0.2 U NA 0.04 NA NA 0.06 J 14.1 NA 1 U 5.1 NA NA NA NA
20050416 5 U  100    28    22    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070724 0.5 U 7.63 141 31.7 5.11 J 4 U 614 NA NA 332 NA NA NA NA NA NA NA NA NA NA NA NA 35.7 NA NA 31 NA NA NA NA
20070724 0.5 U 6.55 135 30.2 4 U 4 U 569 NA NA 357 NA NA NA NA NA NA NA NA NA NA NA NA 36 NA NA NA NA NA NA NA
20070911 0.25 U 5.46 127 23.5 4 U 4 U 742 NA 45 303 0.05 NA NA NA NA NA NA NA NA NA NA NA 29.3 0.05 U NA NA NA NA NA NA
20080619 0.25 U 1.48 99.8 24.8 10 U 10 U 203 B NA 160 311 0.075 NA NA NA NA NA NA NA NA 9.45 NA NA 31.6 0.2 U NA 30 NA NA NA NA
20080910 6.87 2.27 111 30.3 1.8 1.4 510 NA 170 334 -0.025 NA NA NA NA NA NA NA NA 9.21 NA NA 33.4 0.2 U NA 33 NA NA NA NA
20120111 1 U 0.71 J 130 25 1 0.52 J 260 1.1 150 401 0 -7 5.99 NA 0.2 U NA 0.2 U NA 0.05 NA NA 13.1 26 NA 1 U 27.6 NA NA NA NA
20050416 5 U  5 U  5 U  5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120112 1 U 1 U 1.1 1 U 1 U 1 U 49 1.2 75 320 4.82 83 5.94 NA 0.2 U NA 0.2 U NA 0.11 NA NA 0.14 294 NA 1 U 8.3 NA NA NA NA
20050417 2900    5800    720    180    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050825 1100 3950 900 100 U 2 U 34.9 1060 NA 70 678 0.15 NA NA NA NA NA NA NA NA 12.5 NA NA 130 0.05 U NA NA NA NA NA NA
20060307 782 5840 905 117 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 2.5 NA NA NA NA NA NA NA NA NA NA
20060926 430 5600 920 120 0.4 U 13 200 NA 170 NA 0.05 NA NA NA NA NA NA NA NA 3.95 NA NA NA 0.05 U NA NA NA NA NA NA
20060928 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 0.5 U NA 288
20060928 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 0.5 U 109 0.5 U
20061010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 0.5 U 2180 122
20061010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 50 U 0.5 U 3.37 0.5 U
20070724 731 4940 904 94.6 40 U 74.4 J 1680 2.9 165 478 0.1 NA NA NA NA NA NA NA NA 6.01 NA NA 115 0.05 U NA 19 NA NA NA NA
20070724 740 4840 896 99.6 40 U 66.2 J 1820 NA NA 476 NA NA NA NA NA NA NA NA NA NA NA NA 119 NA NA 19 NA NA NA NA
20070910 661 H 5460 H 955 H 97.7 20 U 63.8 J 1970 NA 50 587 0.05 NA NA NA NA NA NA NA NA NA NA NA 130 NA NA NA NA NA NA NA
20080619 358 3270 983 92 15.8 BJ 36.1 J 1230 B NA 28 NA 0.1 NA NA NA 0.132 NA NA 68.5 NA 5.15 NA NA NA 0.2 U NA 16.3 NA NA NA NA
20080908 265 3560 2510 81.7 0.51 35 1400 2 155 473 0.025 U NA NA NA NA NA NA 91.9 NA 6.9 NA NA 112 0.2 U NA 18.1 NA NA NA NA
20120113 20 U 20 U 3250 57.5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050417 1100    2600    430    99    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20060926 700 1500 340 84 0.4 U 7.7 190 NA 180 NA 0.1 NA NA NA NA NA NA NA NA 3 NA NA NA 0.05 U NA NA NA NA NA NA
20060928 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 5.37 0.013 NA 16100
20060928 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U 73.6 12.3 14700
20060929 NA NA NA NA NA NA NA NA 40 NA 1 > NA NA NA NA NA NA NA NA NA NA NA NA 0.05 U NA NA NA NA NA NA
20061010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U NA 4.78 NA
20061010 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5 U NA 0.5 U
20070724 1260 2350 993 188 10 U 45.4 J 1350 NA 160 85 0.15 NA NA NA NA NA NA NA NA 2.1 NA NA 37.7 0.05 U NA 14 NA NA NA NA
20070910 32.6 287 H 65.5 19.1 4 U 9.35 J 865 NA 40 261 1 > NA NA NA NA NA NA NA NA NA NA NA 53.5 0.05 U NA NA NA NA NA NA
20080618 NA NA NA NA NA NA NA NA 50 NA 0.6 NA NA NA NA NA NA NA NA 4.43 NA NA NA 0.47 NA NA NA NA NA NA
20080619 NA NA NA NA 10 U 22.2 J 709 B NA NA 99.2 NA NA NA NA NA NA NA 22.2 NA NA NA NA 44.5 NA NA 21.6 NA NA NA NA
20080908 43.3 233 283 38 0.14 8.2 870 NA 160 101 0.25 NA NA NA NA NA NA 9.89 J NA 2.72 NA NA 37.7 0.28 NA 12.5 NA NA NA NA
20120113 2 U 11 310 17 NA NA NA NA NA NA 2.7 114 5.92 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050414 6    14    12    5 U  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120113 1.7 4 32 1 U NA NA NA NA NA NA 0 42 5.82 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050414 240    690    500    2 J  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120113 53 110 1000 5.5 J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120113 52 110 1050 5.7 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20120113 51 110 1100 5.9 J NA NA NA NA NA NA 0.65 32 6.4 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050415 2 J  88    590    140    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050415 2 J 85    590    140    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20050415 2 J  82    590    140    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070723 0.25 U 0.323 J 25.9 2.3 40 U 40 U 5440 NA 105 161 0.025 U NA NA NA NA NA NA NA NA 14.12 NA NA 0.661 0.05 U NA 7.5 NA NA NA NA
20070911 0.25 U 0.25 U 15.1 0.952 J 100 U 100 U 11500 NA 40 174 0.1 NA NA NA NA NA NA NA NA NA NA NA 0.1 U NA NA NA NA NA NA NA
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20120111 15 11 39 4.8 1 U 1.4 6100 1.9 0.65 172 0 -79 6.25 NA 0.2 U NA 0.2 U NA 0.217 NA NA 11.1 0.66 NA 1 U 4.3 NA NA NA NA
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20050415 4 J  500    1200    300    NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
20070723 7.26 J 276 1010 183 10 U 95.5 J 632 NA NA 79.9 NA NA NA NA NA NA NA NA NA NA NA NA 52.4 NA NA NA NA NA NA NA
20120112 5.1 J 9.3 J 1600 160 1 U 26 500 2.1 0.85 86.1 2.88 93 5.32 NA 0.2 U NA 0.2 U NA 0.022 NA NA 3.78 28.5 NA 1 U 9.8 NA NA NA NA
20070911 17200 4330 796 125 U 20 U 197 J 754 NA 25 90.4 0.2 NA NA NA NA NA NA NA NA NA NA NA 44.9 NA NA NA NA NA NA NA
20070911 17200 3960 746 125 U 4 U 156 581 NA NA 82.7 NA NA NA NA NA NA NA NA NA NA NA NA 44.8 NA NA NA NA NA NA NA
20080619 20400 4210 362 46.5 2.64 BJ 28.4 203 B NA 30 135 0.05 NA NA NA 0.087 J NA NA 38.6 NA NA NA NA 49.7 0.2 U NA 9.59 NA NA NA NA
20080909 20600 3920 447 60.3 0.53 45 180 1.8 180 62.4 0.1 NA NA NA NA NA NA 18.2 NA 3.75 NA NA 43.1 0.2 U NA 10.7 NA NA NA NA
20120112 12000 4400 850 150 1.7 81 540 4.8 NA 61.4 NA NA NA NA 0.2 U NA 0.2 U NA 0.016 NA NA 2.92 39 NA 1 U 9.2 NA NA NA NA
20070911 0.25 U 0.25 U 11.8 0.5 U 4 U 4 U 701 NA 40 341 0.1 NA NA NA NA NA NA NA NA NA NA NA 58.4 NA NA NA NA NA NA NA
20080619 0.25 U 0.25 U 3.32 0.5 U 3.2 BJ 2 U 394 B NA 35 381 0.2 NA NA NA NA NA NA 101 NA 10.05 NA NA 65.3 0.2 U NA 18.3 NA NA NA NA
20080627 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 128 NA NA NA NA
20080909 0.45 U 0.501 J 17.5 1.62 0.21 0.67 390 NA 120 574 0.025 U NA NA NA NA NA NA 108 NA 12 NA NA 67.9 0.2 U NA 19.4 NA NA NA NA
20120112 1 U 1 U 8.2 0.56 J 1 U 1 U 400 1.1 100 578 0 -75 6.59 NA 0.2 U NA 0.2 U NA 0.066 NA NA 8.42 48.7 NA 1 U 16 NA NA NA NA
20080618 7240 4380 1350 120 13.7 BJ 130 1650 B NA 140 214 0.075 NA NA NA 0.033 U NA NA 54.5 NA 5.52 NA NA 62.2 0.2 U NA 14 NA NA NA NA
20080618 0.25 U 4560 1310 170 13.7 BJ 144 2140 B NA NA 213 NA NA NA NA NA NA NA 56.1 NA NA NA NA 62 NA NA 14.3 NA NA NA NA
20080909 7840 4670 3270 228 2.2 150 2700 31 45 208 0.025 U NA NA NA NA NA NA 102 NA 11.82 NA NA 53.8 0.2 U NA 12.2 NA NA NA NA
20080909 8720 5560 2810 259 2.3 140 2400 NA NA 208 NA NA NA NA NA NA NA 79.5 NA NA NA NA 53.4 NA NA 12.4 NA NA NA NA
20120111 8000 6600 3900 450 2.5 91 2300 1.5 100 174 1.26 104 5.3 NA 0.2 U NA 0.2 U NA 0.024 NA NA 3.42 54.2 NA 1 U 14.3 NA NA NA NA
20080618 2060 1480 945 144 65.3 BJ 77.5 J 4420 B NA 200 125 0.075 NA NA NA 0.033 UH NA NA 21.2 NA 4.14 NA NA 76.2 0.2 U NA 29.2 NA NA NA NA
20080618 2160 1550 1010 148 51.5 BJ 49 J 2770 B NA NA 129 NA NA NA NA NA NA NA 21.9 NA NA NA NA 72.3 NA NA 26.3 NA NA NA NA
20080909 2770 1860 1140 205 0.59 87 4400 3.4 70 121 0.1 NA NA NA NA NA NA 16.2 NA 5.77 NA NA 63.5 0.2 U NA 34.1 NA NA NA NA
20080909 3000 2090 1230 263 0.78 74 5400 NA NA 120 NA NA NA NA NA NA NA NA NA NA NA NA 62.7 NA NA 34.3 NA NA NA NA
20120111 3700 2800 2100 320 1.4 59 2900 1.2 100 123 1.04 79 5.19 NA 0.2 U NA 0.2 U NA 0.012 NA NA 4.16 53.2 NA 1 U 24.4 NA NA NA NA

PAI-45-MW31-SL

PAI-45-MW26-SL

PAI-45-MW25-SL

PAI-45-MW23-SU

PAI-45-MW31-SU



Methodology Description for Mann-Kendall Tests 

The Mann Kendall test (M-K) test is a hypothesis test for detecting trends.  The test procedure involves 

computing a statistic S, which is the difference between the number of pairwise differences that are 

positive and the number that are negative.  If S is a large positive value, there is evidence of an 

increasing trend in the data.  If S is a large negative value, there is evidence of a decreasing trend in the 

data.  The null hypothesis or baseline condition for this test is that there is no temporal trend in the data 

values.  The alternative hypothesis is that of either an upward trend or a downward trend. 

 

Procedure for conducting the M-K tests is as follows (USEPA, 2006): 

 

• For sample sizes less than 10: 

 - Step 1. Null Hypothesis:  H0: There is no trend. 

 - Step 2. Alternative Hypothesis: (i) HA: There is a downward trend. 

       (ii) HA: There is an upward trend. 

 - Step 3. Test Statistic:   S = Total number (plusses) – Total number (minuses) 

 - Step 4. (a) Critical Value:  Find the critical value using a provided table (Table A-12a;  

      USEPA, 2006)  

 - Step 4. (b) p-value:   Find the p-value using a provided table (Table A-12b; USEPA,  

      2006). 

 - Step 5. (a) Conclusion:   If |S| ≥ the critical value, then reject the null hypothesis of no  

      trend. 

 - Step 5. (b) Conclusion:   If p-value < α (α is the significance level), then reject the null  

      hypothesis of no trend. 

 

• For sample sizes no less than 10 (using normal approximation): 

 - Step 1. Null Hypothesis:  H0: There is no trend. 

 - Step 2. Alternative Hypothesis: (i) HA: There is a downward trend. 

       (ii) HA: There is an upward trend. 

 - Step 3. Test Statistic:  

∑
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  where g is the number of tied groups and tj is the number of points in the jth group, 

  sign(S) = 1 if S > 0, 0 if S = 0 and –1 if S < 0. 

 - Step 4. (a) Critical Value:  Find z1-α using a provided table (Table A-1; USEPA, 2006). 

 - Step 4. (b) p-value:   Find P(Z>|z0|) using a provided table (Table A-1; USEPA, 2006). 

 - Step 5. (a) Conclusion:   If z0 > z1-α, then reject the null hypothesis of no trend. 



 - Step 5. (b) Conclusion:   If p-value < α, then reject the null hypothesis of no trend. 

 

The M-K test result for the time-series data for a particular constituent at a specific well is either 

“Significant Downward Trend”, “Significant Upward Trend”, or “No Trend.”  The “No Trend” situation is 

further evaluated to identify whether concentrations are stable over time.    

 

The measure of data dispersion, the coefficient of variation (CV) is used for this identification.  The CV is 

defined as the sample standard deviation divided by the sample mean.  This measure of dispersion is 

often used in environmental applications because environmental variables often have variability when 

expressed as a standard deviation proportional to the mean, and this unitless measure allows the 

comparison of dispersion across several sets of data because it normalizes the standard deviation by the 

mean.  For the “No Trend” cases identified by the M-K test, if the CV of the time-series data is no greater 

than 1, the trend analysis result is identified as “Stable.”  

 

 



















































































































































































































APPENDIX A-6 
 

CLEANUP TIME ESTIMATES WITH NAS 
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Date: 04/06/2012 Date:  

PURPOSE:

CALCULATIONS:

Source Zone Mass Estimation

Northern Plume Source Area

MassTotal North = MassPneumatic Injection Plot Pre EZVI Injection * (AreaTotal - AreaPneumatic Injection Plot) /AreaPneumatic Injection Plot

 + MassPneumatic Injection Plot Post EZVI Injection

where
MassPneumatic Injection Plot Pre EZVI Injection = 29028 g

= 63.9 lb
MassPneumatic Injection Plot Post EZVI Injection = 2137 g

= 4.7 lb
AreaTotal North = 1000 sf

AreaPneumatic Injection Plot = 150 sf

Therefore
MassTotal North = 367 lb Assume 400 lb

Southern Plume Source Area

PARRIS ISLAND 112GN5260 - 0000.RT0110150

SITE 45 FS - CLEANUP TIME ESTIMATE

DRAWING NUMBER:

CHECKED BY: APPROVED BY:  

The purpose of this calculation sheet is to present the results of clean-up time estimate using the Natural 
Attenuation Software (NAS) for the northern plume and the southern plume under different source zone treatment 
scenarios as supporting information for screening of groundwater alternatives.

Assume the northern plume source area is approximately 1,000 sf. The total mass of DNAPL remaining can be 
estimated as:

On March 11, 1994, one of the former above-ground storage tanks (ASTs) north of the former dry cleaning facility 
was overfilled with PCE, and an unknown amount of PCE spilled into the catch basin. The PCE was released 
from the catch basin to the surrounding soil when the containment basin was drained following heavy rains. Part 
of the released PCE infiltrated into the subsurface, resulting in a DNAPL source zone near the former AST area.

According to the Geosyntec's ESTCP report on EZVI pilot study, EZVI injection was conducted at two test plots in 
the northern plume source area in November 2006, including a pneumatic injection plot of approximately 150 
square feet (sf) and a direct injection plot of approximately 70 sf (See Figure 5-2 of this report).

Based on Table 5-9 of this report, the source mass in the pneumatic injection plot was estimated to be 
approximately 29,028 grams before EZVI injection and approximately 2,137 grams after EZVI injection. In the 
direct injection plot, the source mass  was estimated to be 13 g before EZVI injection, but the remaining NAPL 
mass after EZVI injection was not calculated.

The source mass in the pneumatic injection plot before and after EZVI injection is used to conservatively estimate 
the DNAPL mass currently remaining in the northern plume source area.
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MassTotal South = 1,000       lb

Estimate of Cleanup Time

According to a 2008 USGS study on the source, transport, and fate of groundwater contamination at the site, part 
of the PCE released from the 1994 spill in the former AST area north of the former dry cleaning facility may have 
entered the sewer system as free phase product during this event and could have leaked from various parts of 
the sewer lines, including an apparently leaking section near the southeast corner of the new dry cleaning facility 
that resulted in a suspected source zone of the southern plume.

NAS (version 2) is used to estimate cleanup time, i.e. time of remediation (TOR), for the northern plume and the 
southern plume under different source removal scenarios. NAS also estimates the target source concentration 
reduction and the time of stabilization (TOS) for a plume to achieve regulatory compliance concentration (RCC) at 
a selected down-gradient location after source reduction based on the contaminant concentration in the plume.

It is estimated that source zone DNAPL removal efficiency is as follows for the selected source zone treatment 
technology based on a literature search of typical values (Adamson et al., 2011, McGuire et al., 2006, and ITRC 
2011): 

Source Zone Treatment Technology Assumed DNAPL Removal Efficiency (%)

ISCO 70%
MNA 0%

*The DNAPL source removal efficiency of EZVI treatment is ~93% for the pneumatic injection plot as reported in 
Geosyntec's pilot study.

Simulation is only conducted for the plumes in the surficial lower aquifer because the surficial upper aquifer is 
less contaminated, has faster groundwater flow, and most likely would have no or less NAPL accumulation 
compared to the surficial lower aquifer, and therefore would need less time to cleanup.

Thermal 99%
EZVI* 90%

Bio 90%

Data on subsurface soil in the southern plume source zone is very limited. EPA collected some subsurface soil 
samples from the southern plume for the planned ISCO treatability study (personal communication with Scott 
Huling of EPA, sampling time undated). The maximum soil concentration of PCE was found to be 57.25mg/kg 
(MW25-11'11''). This is below the maximum PCE soil concentration of 118.49 mg/kg indicating the presence of 
DNAPL in sandy aquifer according to Geosyntec's calculation of NAPL mass in the northern plume source area 
(Table E-6 in Geosyntec's ESTCP report).

However, PCE concentration in MW-25SL was 12mg/L in January 2012, approximately 5% of PCE solubility in 
groundwater. This suggests that NAPL is likely present in the source zone.

Due to the lack of supporting information for NAPL mass estimation, it is arbitrarily assumed that the remaining 
PCE mass in the southern plume source zone is:
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The model inputs and simulation results for different scenarios are summarized below:

Northern Plume

Hydrogeology Information
Hydraulic Conductivity = 2 ft/d (Appendix O of RI Addendum)

Hydraulic Gradient = 0.006 (Average, Appendix O of RI Addendum)
0.0055 (Minimum, Assumed)
0.0065 (Maximum, Assumed)

Wt Percentage Organic Carbon = 0.088%

0.013%

0.212%

Total Porosity = 0.4 (Table E-5 in Geosyntec's ESTCP Report)
Effective Porosity = 0.3 (Appendix O of RI Addendum)

Source Zone Dimension
Source Length = 20 ft (Assumed)
Source Width = 20 ft (Assumed)

Contaminated Aquifer Thickness = 6 ft (Approximate Depth of Surficial Lower Aquifer)

NAPL Composition
Mass Fraction (PCE) = 100% (Assumed)

NAPL Mass (PCE) = 400 lb (See the source mass estimation above)

Note that NAPL mass was varied by +/-20% in the simulations to obtain a range of TOR.

Plume Length
Plume Length = 160 ft (from ML-2 to MW23-SL)

Summary of NAS Simulation Results for the Northern Plume

PCE 100,000   31,058     69%
TCE 25,000     13,661     45%
cDCE 130,000   
VC 19,000     Insufficient data.

Max. 69%

Northern Plume in the surficial lower aquifer is simulated along the plume centerline that originates from ML-2 in 
the source area, i.e. the former AST area, and extends southeasternly to the furthest downgradient location, 
ML23-SL, where the plume meets the leaking sewer line and likely becomes contained without further migration.

(Average value used in Table E-5 of Geosyntec's 
ESTCP Report and average value based on soil 
TOCs in Table 6 of the USGS Report)
(Minimum, TOC value of MW26-SL 10-15ft bgs, in 
Table 6 of the USGS Report)
(Maximum, TOC value of TW96 12-13ft bgs, in 
Table 6 of the USGS Report)

Source Concentration (µg/L)

Current* Target
% 

reduction

No reduction needed.

*Because no source well was sampled during the January 2012 monitoring event, the maximum concentration in 
the multi-level monitoring well ML-2 sampled by Geosyntec in 2010 was used as the current source contration in 
the simulations.
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- Max. Ave. Min. - Max. Ave. Min.
PCE 27.2 13.2 5.7 52.3 25.4 10.9
TCE 13.7 8.2 5.2 26.8 16.1 10.2
cDCE - - - - - -
VC - - - - - -

Min. 5.2 Max. 52.3

Max. Ave. Min. Max. Ave. Min.
PCE 45.8 40.7 35.5 24.0 22.6 21.0
TCE 46.8 41.6 36.4 25.1 23.5 21.9
cDCE 43.9 38.8 33.6 22.3 20.7 19.3
VC 54.5 49.4 44.2 33.0 31.4 30.0

Max. 54.5 49.4 44.2 33.0 31.4 30.0

Max. Ave. Min. Max. Ave. Min.
PCE 18.0 17.5 17.1 15.2 15.2 15.2
TCE 19.0 18.4 18.0 16.2 16.1 16.1
cDCE 16.2 15.6 15.1 13.3 13.2 13.2
VC 26.9 26.4 25.9 24.0 24.0 24.0

Max. 26.9 26.4 25.9 24.0 24.0 24.0

Southern Plume

Hydrogeology Information
Hydraulic Conductivity = 2 ft/d (Appendix O of RI Addendum)

Hydraulic Gradient = 0.006 (Average, Appendix O of RI Addendum)
0.0055 (Minimum, Assumed)
0.0065 (Maximum, Assumed)

Wt Percentage Organic Carbon = 0.088%

0.013%

0.212%

Total Porosity = 0.4 (Table E-5 in Geosyntec's ESTCP Report)
Effective Porosity = 0.3 (Appendix O of RI Addendum)

Source Zone Dimension
Source Length = 5 ft (Assumed)

- -

Time of Remediation (yr)
No Removal (MNA only) 70% Removal (ISCO)

Time of Remediation (yr)

Time of Stablization
Breakthrough Time (yr) Time to Equilibrium (yr)

90% Removal (Bio or EZVI) 99% Removal (Thermal)

Southern Plume in the surficial lower aquifer is simulated along the plume centerline that originates from MW25-
SL in the suspected source area near the southeast corner of the new dry-cleaning facility, and extends 
southeasternly to the furthest downgradient location, ML20-SL, where the plume meets the leaking sewer line 
and likely becomes contained without further migration.

(Average value used in Table E-5 of Geosyntec's 
ESTCP Report and average value based on soil 
TOCs in Table 6 of the USGS Report)
(Minimum, TOC value of MW26-SL 10-15ft bgs, in 
Table 6 of the USGS Report)
(Maximum, TOC value of TW96 12-13ft bgs, in 
Table 6 of the USGS Report)
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Source Width = 20 ft (Assumed)
Contaminated Aquifer Thickness = 6 ft (Approximate Depth of Surficial Lower Aquifer)

NAPL Composition
Mass Fraction (PCE) = 100% (Assumed)

NAPL Mass (PCE) = 1,000       lb (See the source mass estimation above)
Note that NAPL mass was varied by +/-20% in the simulations to obtain a range of TOR.

Plume Length
Plume Length = 240 ft (from MW25-SL to MW20-SL)

Summary of NAS Simulation Results for the Southern Plume

PCE 12,500     2,295       82%
TCE 6,600       4,012       39%
cDCE 3,900       223          94%
VC 450          35            92%

Max. 94%

- Max. Ave. Min. - Max. Ave. Min.
PCE 31.5 15.3 6.6 79.2 38.5 16.5
TCE 4.2 2.6 1.6 10.9 6.5 4.1
cDCE 11.9 9.5 8.0 82.1 65.9 55.6
VC 6.6 4.6 3.5 25.8 18.2 13.8

Min. 1.6 Max. 82.1

Max. Ave. Min. Max. Ave. Min.
PCE 48.6 41.3 34.1 18.2 16.1 13.9
TCE 47.4 40.2 32.9 17.1 14.9 12.8
cDCE 1.2 1.2 1.2 1.2 1.2 1.2
VC 1.6 1.6 1.6 1.6 1.6 1.6

Max. 48.6 41.3 34.1 18.2 16.1 13.9

Current Target
% 

reduction

- -

Time of Remediation (yr)
No Removal (MNA only) 70% Removal (ISCO)

Time of Stablization
Breakthrough Time (yr) Time to Equilibrium (yr)

Source Concentration (µg/L)
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Max. Ave. Min. Max. Ave. Min.
PCE 9.7 9.0 8.2 5.7 5.6 5.5
TCE 8.5 7.8 7.1 4.6 4.5 4.4
cDCE 1.2 1.2 1.2 2.3 2.2 2.1
VC 1.6 1.6 1.6 1.6 1.6 1.6

Max. 9.7 9.0 8.2 5.7 5.6 5.5

Discussion of Uncertainty Associated with Estimation of Source Mass and Time of Remediation

90% Removal (Bio or EZVI) 99% Removal (Thermal)

NAPL composition. Unfortunately, information on such level of detail is usually not available. Factors contributing 
to the uncertainty of cleanup time estimate by NAS include assumptions used to determine the above mentioned 
inputs, uncertainties associated with field measured hydrogeological parameters and lab measured chemical 
concentrations, the simplified algorithm used in NAS to calculate NAPL dissolution and contaminant transport, 
and various other simplifications (e.g. NAS does not account for back diffusion from aquifer matrix).

Therefore, the NAS simulation results can usually be used as supporting information for screening different 
source zone treatment alternatives during the FS phase. The estimated cleanup time can be further refined with 
improved understanding of source zone characteristics and contaminant fate and transport during pre-design 
characterization, remedial action performance monitoring and operation and maintainance phases.

The following is an example showing the uncertainty of TOR prediction associated with NAPL mass in the 
southern plume source zone. It can be seen that at low NAPL mass, higher removal efficiency would not 
significantly shorten the source zone remediation time frame; while at high NAPL mass, technologies such as 
thermal treatment that can achieve higher removal efficiency would result in significantly less remediation time.
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Facility Name: Parris Island Length: feet
         Site Name: Site 45 Norhern Plume Surficial Lower Time: days

Additional Description: Mass: pounds

Hydrogeologic Data and Contaminant Transport Calculations
Maximum Average Minimum NAPL Source

Hydr. Conductivity [ft/d] 2.0 2.0 2.0 NAPL Source Length [ft] 20.0
Hydraulic Gradient [ft/ft] 0.0065 0.006 0.0055 NAPL Source Width [ft] 20.0

Total Porosity [-] 0.4 Contaminated Aquifer Thickness [ft] 6.0
Effective Porosity [-] 0.3

Groundwater Vel. [ft/d] 0.043 0.04 0.037

Contaminant Source Specifications

Conc NAPL
Source Component Profile Constituent

Total Chl. Eth. True True
PCE True True
TCE True False

cis-DCE True False
Vinyl Chl. True False

Ethene True False
Chloride True False

Dispersion Parameters

Estimated Plume Length [ft] 240.3
Longitudinal Dispersivity [ft] 12.26

Dispersivity Ratio [-] 20.0
Transverse Dispersivity [ft] 0.61

Sorption Parameters
Fraction Org. Carbon [-]

Maximum 0.0021
Average 0.0009

Minimum 0.0001

Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride
Koc [L/kg] 126 364 126 24 57 780 0



Retardation Factor [-]
Maximum 2.42 5.09 2.42 1.27 1.64 9.76 1.0

Average 1.59 2.7 1.59 1.11 1.27 4.64 1.0
Minimum 1.09 1.25 1.09 1.02 1.04 1.54 1.0

Contaminant Concentration Profiles (1/12/2012)
Distance Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

Well Name [ft] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L]
ML2SL 0 274000. 100000. 25000. 130000. 19000. 13. NS

MW07SL 60 7070. 2300. 4100. 670. BD NS NS
MW23SL 160 69.8 15. 11. 39. 4.8 1.4 172000.

Redox Indicator Concentration Profiles (1/12/2012)
Distance Oxygen Nitrate Mn(II) Iron(II) Sulfate Sulfide Methane Hydrogen Redox

Well Name [ft] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [nM] Condition
ML2SL 0 NS NS NS NS NS NS NS NS SO4/CO2-red.

MW07SL 60 NS NS NS NS NS NS NS NS SO4/CO2-red.
MW23SL 160 NS BD 0.217 11.1 0.66 BD 6.1 1.9 SO4/CO2-red.

Attenuation Rates
Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

NAC (Single Zone) [1/ft] 0.0472 0.0506 0.0454 0.0444 N/A 0.0099 N/A
Decay Rate [1/d]

Maximum 0.0032 0.0035 0.0031 0.003 N/A 0.0005 N/A
Average 0.003 0.0033 0.0028 0.0027 N/A 0.0004 N/A

Minimum 0.0027 0.003 0.0026 0.0025 N/A 0.0004 N/A

Time of Stabilization(TOS) and Max Source Conc. Calculations

Distance to POC [ft] 160.0
Source Reduction              Time of Stabilization [years]

RCC         Conc [µg/L] Breakthrough Time Time to Equilibrium
Contaminant [µg/L] Well Current Target Maximum Average Minimum Maximum Average Minimum

Total Chl. Eth. 5.0 1 274000 18040 13.4 8.1 5.1 26.1 15.7 9.9
PCE 5.0 1 100000 31058 27.2 13.2 5.7 52.3 25.4 10.9
TCE 5.0 1 25000 13661 13.7 8.2 5.2 26.8 16.1 10.2

cis-DCE 70.0 1 130000 No Reduction Required
Vinyl Chl. 2.0 1 19000

Ethene 1 13
Chloride 3 172000 POC is closer than Source Well



Time of Remediation(TOR) Calculations

Mass Solubility Molecular
NAPL Component Fraction[-] [mg/L] Wght[g/mole]

Total Chl. Eth. 0.00 0.0 0.0
PCE 1.00 150.0 165.8
TCE 0.00 1100.0 131.5

cis-DCE 0.00 800.0 97.0
Vinyl Chl. 0.00 2670.0 62.5

Ethene 0.00 200.0 28.0
Chloride 0.00 0.0 35.5

Max Time of Analysis [yr] 100
Removal Plan

SCC Mass No Removal
[µg/L] [lb] MNA

       480
Total Chl. Eth.        400

       320
       480 45.8

PCE 5.0        400 40.7
       320 35.5
       480  46.8

TCE 5.0        400 41.6
       320 36.4
       480                     43.9

cis-DCE 70.0        400 38.8
       320 33.6
       480                            54.5

Vinyl Chl. 2.0        400 49.4
       320 44.2
       480

Ethene        400
       320
       480

Chloride        400
       320



Facility Name: Parris Island Length: feet
         Site Name: Site 45 Norhern Plume Surficial Lower Time: days

Additional Description: Mass: pounds

Hydrogeologic Data and Contaminant Transport Calculations
Maximum Average Minimum NAPL Source

Hydr. Conductivity [ft/d] 2.0 2.0 2.0 NAPL Source Length [ft] 20.0
Hydraulic Gradient [ft/ft] 0.0065 0.006 0.0055 NAPL Source Width [ft] 20.0

Total Porosity [-] 0.4 Contaminated Aquifer Thickness [ft] 6.0
Effective Porosity [-] 0.3

Groundwater Vel. [ft/d] 0.043 0.04 0.037

Contaminant Source Specifications

Conc NAPL
Source Component Profile Constituent

Total Chl. Eth. True True
PCE True True
TCE True False

cis-DCE True False
Vinyl Chl. True False

Ethene True False
Chloride True False

Dispersion Parameters

Estimated Plume Length [ft] 240.3
Longitudinal Dispersivity [ft] 12.26

Dispersivity Ratio [-] 20.0
Transverse Dispersivity [ft] 0.61

Sorption Parameters
Fraction Org. Carbon [-]

Maximum 0.0021
Average 0.0009

Minimum 0.0001

Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride
Koc [L/kg] 126 364 126 24 57 780 0



Retardation Factor [-]
Maximum 2.42 5.09 2.42 1.27 1.64 9.76 1.0

Average 1.59 2.7 1.59 1.11 1.27 4.64 1.0
Minimum 1.09 1.25 1.09 1.02 1.04 1.54 1.0

Contaminant Concentration Profiles (1/12/2012)
Distance Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

Well Name [ft] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L]
ML2SL 0 274000. 100000. 25000. 130000. 19000. 13. NS

MW07SL 60 7070. 2300. 4100. 670. BD NS NS
MW23SL 160 69.8 15. 11. 39. 4.8 1.4 172000.

Redox Indicator Concentration Profiles (1/12/2012)
Distance Oxygen Nitrate Mn(II) Iron(II) Sulfate Sulfide Methane Hydrogen Redox

Well Name [ft] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [nM] Condition
ML2SL 0 NS NS NS NS NS NS NS NS SO4/CO2-red.

MW07SL 60 NS NS NS NS NS NS NS NS SO4/CO2-red.
MW23SL 160 NS BD 0.217 11.1 0.66 BD 6.1 1.9 SO4/CO2-red.

Attenuation Rates
Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

NAC (Single Zone) [1/ft] 0.0472 0.0506 0.0454 0.0444 N/A 0.0099 N/A
Decay Rate [1/d]

Maximum 0.0032 0.0035 0.0031 0.003 N/A 0.0005 N/A
Average 0.003 0.0033 0.0028 0.0027 N/A 0.0004 N/A

Minimum 0.0027 0.003 0.0026 0.0025 N/A 0.0004 N/A

Time of Stabilization(TOS) and Max Source Conc. Calculations

Distance to POC [ft] 160.0
Source Reduction              Time of Stabilization [years]

RCC         Conc [µg/L] Breakthrough Time Time to Equilibrium
Contaminant [µg/L] Well Current Target Maximum Average Minimum Maximum Average Minimum

Total Chl. Eth. 5.0 1 274000 18040 13.4 8.1 5.1 26.1 15.7 9.9
PCE 5.0 1 100000 31058 27.2 13.2 5.7 52.3 25.4 10.9
TCE 5.0 1 25000 13661 13.7 8.2 5.2 26.8 16.1 10.2

cis-DCE 70.0 1 130000 No Reduction Required
Vinyl Chl. 2.0 1 19000

Ethene 1 13
Chloride 3 172000 POC is closer than Source Well



Time of Remediation(TOR) Calculations

Mass Solubility Molecular
NAPL Component Fraction[-] [mg/L] Wght[g/mole]

Total Chl. Eth. 0.00 0.0 0.0
PCE 1.00 150.0 165.8
TCE 0.00 1100.0 131.5

cis-DCE 0.00 800.0 97.0
Vinyl Chl. 0.00 2670.0 62.5

Ethene 0.00 200.0 28.0
Chloride 0.00 0.0 35.5

Max Time of Analysis [yr] 100
Plan 1 Plan 2 Plan 3

SCC Mass  70% Removed  90% Removed  99% Removed
[µg/L] [lb] MNA MNA MNA

       480
Total Chl. Eth.        400

       320
       480 24.0 18.0 15.2

PCE 5.0        400 22.6 17.5 15.2
       320 21.0 17.1 15.2
       480 25.1 19.0 16.2

TCE 5.0        400 23.5 18.4 16.1
       320 21.9 18.0 16.1
       480 22.3 16.2 13.3

cis-DCE 70.0        400 20.7 15.6 13.2
       320 19.3 15.1 13.2
       480 33.0 26.9 24.0

Vinyl Chl. 2.0        400 31.4 26.4 24.0
       320 30.0 25.9 24.0
       480

Ethene        400
       320
       480

Chloride        400
       320



Facility Name: Parris Island Length: feet
         Site Name: Site 45 Southern Plume Surficial Lower Time: days

Additional Description: Mass: pounds

Hydrogeologic Data and Contaminant Transport Calculations
Maximum Average Minimum NAPL Source

Hydr. Conductivity [ft/d] 2.0 2.0 2.0 NAPL Source Length [ft] 5.0
Hydraulic Gradient [ft/ft] 0.0065 0.006 0.0055 NAPL Source Width [ft] 20.0

Total Porosity [-] 0.4 Contaminated Aquifer Thickness [ft] 6.0
Effective Porosity [-] 0.3

Groundwater Vel. [ft/d] 0.043 0.04 0.037

Contaminant Source Specifications

Conc NAPL
Source Component Profile Constituent

Total Chl. Eth. True True
PCE True True
TCE True False

cis-DCE True False
Vinyl Chl. True False

Ethene True False
Chloride True False

Dispersion Parameters

Estimated Plume Length [ft] 6648.8
Longitudinal Dispersivity [ft] 48.85

Dispersivity Ratio [-] 20.0
Transverse Dispersivity [ft] 2.44

Sorption Parameters
Fraction Org. Carbon [-]

Maximum 0.0021
Average 0.0009

Minimum 0.0001

Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride
Koc [L/kg] 126 364 126 24 57 780 0



Retardation Factor [-]
Maximum 2.42 5.09 2.42 1.27 1.64 9.76 1.0

Average 1.59 2.7 1.59 1.11 1.27 4.64 1.0
Minimum 1.09 1.25 1.09 1.02 1.04 1.54 1.0

Contaminant Concentration Profiles (1/12/2012)
Distance Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

Well Name [ft] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L]
MW25SL 0 17950. 12500. 4450. 855. 145. 81. 61400.
MW31SL 115 18950. 8000. 6600. 3900. 450. 91. 174000.
MW04SL 210 3310. 43. 74. 3100. 93. 12. 146000.
MW20SL 240 3307.5 BD BD 3250. 57.5 NS NS

Redox Indicator Concentration Profiles (1/12/2012)
Distance Oxygen Nitrate Mn(II) Iron(II) Sulfate Sulfide Methane Hydrogen Redox

Well Name [ft] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [nM] Condition
MW25SL 0 0.33 BD 0.016 2.92 39. BD 0.54 4.8 SO4/CO2-red.
MW31SL 115 0.1 BD 0.024 3.42 54.2 BD 2.3 1.5 SO4/CO2-red.
MW04SL 210 BD BD 0.02 5.6 54.9 BD 1.3 1.4 SO4/CO2-red.
MW20SL 240 0.19 NS NS NS NS NS NS NS SO4/CO2-red.

Attenuation Rates
Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

NAC (Single Zone) [1/ft] 0.0122 0.0194 0.0442 N/A 0.0136 0.0183 N/A
Decay Rate [1/d]

Maximum 0.0008 0.0016 0.0061 N/A 0.001 0.0015 N/A
Average 0.0008 0.0015 0.0056 N/A 0.0009 0.0014 N/A

Minimum 0.0007 0.0014 0.0051 N/A 0.0008 0.0013 N/A

Time of Stabilization(TOS) and Max Source Conc. Calculations

Distance to POC [ft] 240.0
Source Reduction              Time of Stabilization [years]

RCC         Conc [µg/L] Breakthrough Time Time to Equilibrium
Contaminant [µg/L] Well Current Target Maximum Average Minimum Maximum Average Minimum

Total Chl. Eth. 5.0 2 18950 73 10.3 6.2 3.9 42.0 25.3 16.0
PCE 5.0 1 12500 2295 31.5 15.3 6.6 79.2 38.5 16.5
TCE 5.0 2 6600 4012 4.2 2.6 1.6 10.9 6.5 4.1

cis-DCE 70.0 2 3900 223 11.9 9.5 8.0 82.1 65.9 55.6
Vinyl Chl. 2.0 2 450 35 6.6 4.6 3.5 25.8 18.2 13.8



Ethene 2 91
Chloride 2 174000

Time of Remediation(TOR) Calculations

Mass Solubility Molecular
NAPL Component Fraction[-] [mg/L] Wght[g/mole]

Total Chl. Eth. 0.00 0.0 0.0
PCE 1.00 150.0 165.8
TCE 0.00 1100.0 131.5

cis-DCE 0.00 800.0 97.0
Vinyl Chl. 0.00 2670.0 62.5

Ethene 0.00 200.0 28.0
Chloride 0.00 0.0 35.5

Max Time of Analysis [yr] 100
Removal Plan

SCC Mass No Removal
[µg/L] [lb] MNA

      1200
Total Chl. Eth.       1000

       800
      1200 48.6

PCE 5.0       1000 41.3
       800 34.1
      1200 47.4

TCE 5.0       1000 40.2
       800 32.9
       1200 1.2

cis-DCE 70.0       1000 1.2
       800 1.2
      1200 1.6

Vinyl Chl. 2.0       1000 1.6
       800 1.6
      1200

Ethene       1000
       800
      1200

Chloride       1000
       800



Facility Name: Parris Island Length: feet
         Site Name: Site 45 Southern Plume Surficial Lower Time: days

Additional Description: Mass: pounds

Hydrogeologic Data and Contaminant Transport Calculations
Maximum Average Minimum NAPL Source

Hydr. Conductivity [ft/d] 2.0 2.0 2.0 NAPL Source Length [ft] 5.0
Hydraulic Gradient [ft/ft] 0.0065 0.006 0.0055 NAPL Source Width [ft] 20.0

Total Porosity [-] 0.4 Contaminated Aquifer Thickness [ft] 6.0
Effective Porosity [-] 0.3

Groundwater Vel. [ft/d] 0.043 0.04 0.037

Contaminant Source Specifications

Conc NAPL
Source Component Profile Constituent

Total Chl. Eth. True True
PCE True True
TCE True False

cis-DCE True False
Vinyl Chl. True False

Ethene True False
Chloride True False

Dispersion Parameters

Estimated Plume Length [ft] 6648.8
Longitudinal Dispersivity [ft] 48.85

Dispersivity Ratio [-] 20.0
Transverse Dispersivity [ft] 2.44

Sorption Parameters
Fraction Org. Carbon [-]

Maximum 0.0021
Average 0.0009

Minimum 0.0001

Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride
Koc [L/kg] 126 364 126 24 57 780 0



Retardation Factor [-]
Maximum 2.42 5.09 2.42 1.27 1.64 9.76 1.0

Average 1.59 2.7 1.59 1.11 1.27 4.64 1.0
Minimum 1.09 1.25 1.09 1.02 1.04 1.54 1.0

Contaminant Concentration Profiles (1/12/2012)
Distance Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

Well Name [ft] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L] [µg/L]
MW25SL 0 17950. 12500. 4450. 855. 145. 81. 61400.
MW31SL 115 18950. 8000. 6600. 3900. 450. 91. 174000.
MW04SL 210 3310. 43. 74. 3100. 93. 12. 146000.
MW20SL 240 3307.5 BD BD 3250. 57.5 NS NS

Redox Indicator Concentration Profiles (1/12/2012)
Distance Oxygen Nitrate Mn(II) Iron(II) Sulfate Sulfide Methane Hydrogen Redox

Well Name [ft] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [nM] Condition
MW25SL 0 0.33 BD 0.016 2.92 39. BD 0.54 4.8 SO4/CO2-red.
MW31SL 115 0.1 BD 0.024 3.42 54.2 BD 2.3 1.5 SO4/CO2-red.
MW04SL 210 BD BD 0.02 5.6 54.9 BD 1.3 1.4 SO4/CO2-red.
MW20SL 240 0.19 NS NS NS NS NS NS NS SO4/CO2-red.

Attenuation Rates
Total Chl. Eth. PCE TCE cis-DCE Vinyl Chl. Ethene Chloride

NAC (Single Zone) [1/ft] 0.0122 0.0194 0.0442 N/A 0.0136 0.0183 N/A
Decay Rate [1/d]

Maximum 0.0008 0.0016 0.0061 N/A 0.001 0.0015 N/A
Average 0.0008 0.0015 0.0056 N/A 0.0009 0.0014 N/A

Minimum 0.0007 0.0014 0.0051 N/A 0.0008 0.0013 N/A

Time of Stabilization(TOS) and Max Source Conc. Calculations

Distance to POC [ft] 240.0
Source Reduction              Time of Stabilization [years]

RCC         Conc [µg/L] Breakthrough Time Time to Equilibrium
Contaminant [µg/L] Well Current Target Maximum Average Minimum Maximum Average Minimum

Total Chl. Eth. 5.0 2 18950 73 10.3 6.2 3.9 42.0 25.3 16.0
PCE 5.0 1 12500 2295 31.5 15.3 6.6 79.2 38.5 16.5
TCE 5.0 2 6600 4012 4.2 2.6 1.6 10.9 6.5 4.1

cis-DCE 70.0 2 3900 223 11.9 9.5 8.0 82.1 65.9 55.6
Vinyl Chl. 2.0 2 450 35 6.6 4.6 3.5 25.8 18.2 13.8



Ethene 2 91
Chloride 2 174000

Time of Remediation(TOR) Calculations

Mass Solubility Molecular
NAPL Component Fraction[-] [mg/L] Wght[g/mole]

Total Chl. Eth. 0.00 0.0 0.0
PCE 1.00 150.0 165.8
TCE 0.00 1100.0 131.5

cis-DCE 0.00 800.0 97.0
Vinyl Chl. 0.00 2670.0 62.5

Ethene 0.00 200.0 28.0
Chloride 0.00 0.0 35.5

Max Time of Analysis [yr] 100
Plan 1 Plan 2 Plan 3

SCC Mass  70% Removed  90% Removed  99% Removed
[µg/L] [lb] MNA MNA MNA

      1200
Total Chl. Eth.       1000

       800
      1200 18.2 9.7 5.7

PCE 5.0       1000 16.1 9.0 5.6
       800 13.9 8.2 5.5
      1200 17.1 8.5 4.6

TCE 5.0       1000 14.9 7.8 4.5
       800 12.8 7.1 4.4
      1200 1.2 1.2 2.3

cis-DCE 70.0       1000 1.2 1.2 2.2
       800 1.2 1.2 2.1
      1200 1.6 1.6 1.6

Vinyl Chl. 2.0       1000 1.6 1.6 1.6
       800 1.6 1.6 1.6
      1200

Ethene       1000
       800
      1200

Chloride       1000
       800
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APPENDIX A-7

SUMMARY OF POSITIVE DETECTIONS COMPARED TO ECOLOGICAL CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANER FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
PAGE 1 OF 6

SAMPLE ID
Screening Value Screening Criteria

METALS (MG/KG)
ALUMINUM 25500 NOAA TEL 2550 1670 3230 6500 9040
ANTIMONY 12 R4SCREEN 0.36 U 0.43 U 0.47 U 0.44 U 0.55 U
ARSENIC 7.24 R4SCREEN 0.79 U 0.53 U 0.81 U 4.3 6
BARIUM 48 NOAA AET 4.9 4.7 4.8 13.6 17
BERYLLIUM NC NC 0.09 J 0.06 J 0.09 J 0.28 J 0.4 J
CADMIUM 1 R4SCREEN 0.22 U 0.26 U 0.03 J 0.26 U 0.33 U
CALCIUM NC NC 1750 1620 1700 845 J 7370 J
CHROMIUM 52.3 R4SCREEN 3.8 2.8 5.1 11.3 14.7
COBALT 50 R3FRESH 0.41 J 0.29 U 0.45 J 1.1 J 1.5 J
COPPER 18.7 R4SCREEN 1.8 U 1.3 U 3 U 4 6.7
IRON 20000 R3FRESH 2040 1240 2400 6540 9110
LEAD 30.2 R4SCREEN 12.5 8.5 11 11.9 16.5
MAGNESIUM NC NC 870 781 1040 1600 2260
MANGANESE 460 R3FRESH 15.7 J 9.1 J 26.8 46.9 60.4
MERCURY 0.13 R4SCREEN 0.01 J 0.03 J 0.01 J 0.05 0.09
NICKEL 15.9 R4SCREEN 1.2 U 0.69 U 1.8 J 2.7 J 3.8 J
POTASSIUM NC NC 401 318 457 851 1340
SELENIUM 2 R3FRESH 0.51 U 0.6 U 0.66 U 0.62 U 0.77 U
SILVER 2 R4SCREEN 0.29 U 0.34 U 0.38 U 0.14 J 0.22 J
SODIUM NC NC 3730 4470 4580 4730 6690
THALLIUM NC NC 0.36 U 0.43 U 0.47 U 0.44 U 0.55 U
VANADIUM 57 NOAA AET 5.6 3.6 6.7 14.9 19.8
ZINC 124 R4SCREEN 13.6 7.4 19 17.7 J 30.6 J
MISCELLANEOUS PARAMETERS (%)
TOTAL SOLIDS NC NC 74 63 69 67 65
PCBS (UG/KG)
AROCLOR-1232 33 R4SCREEN 12 U 14 U 14 U 15 U 14 U
AROCLOR-1260 33 R4SCREEN 10 U 12 U 12 U 13 U 12 U
PESTICIDES (UG/KG)
4,4'-DDD 3.3 R4SCREEN 11 J 13 12 8.4 J 19 J
4,4'-DDE 3.3 R4SCREEN 2 UJ 18 J 11 16 13 J
4,4'-DDT 3.3 R4SCREEN 7.3 J 21 J 45 J 17 J 95 J
ALDRIN 2 R3FRESH 1 UJ 1.2 U 4.6 J 1.3 U 1.2 UJ
ALPHA-BHC 6 R3FRESH 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
ALPHA-CHLORDANE 1.7 R4SCREEN 1 UJ 17 J 64 J 1.3 U 1.2 UJ
BETA-BHC 5 R3FRESH 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
DELTA-BHC 6400 R3FRESH 1 U 1.2 UJ 1.2 UJ 1.3 U 1.2 U
DIELDRIN 3.3 R4SCREEN 2 UJ 2.4 J 5.4 2.4 U 2.3 UJ
ENDOSULFAN I 2.9 R3FRESH 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
ENDOSULFAN II 14 R3FRESH 2 UJ 2.3 U 2.3 U 2.4 U 2.3 UJ
ENDRIN 3.3 R4SCREEN 2 UJ 2.3 U 2.3 U 2.4 U 2.3 UJ
ENDRIN ALDEHYDE NC NC 2 UJ 2.3 U 2.3 U 2.4 U 2.3 UJ
GAMMA-BHC (LINDANE) 3.3 R4SCREEN 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
GAMMA-CHLORDANE 1.7 R4SCREEN 1 UJ 15 J 60 1.3 U 3.3 J
HEPTACHLOR 68 R3FRESH 1 U 1.2 U 1.2 U 1.3 U 1.2 U
HEPTACHLOR EPOXIDE 0.6 R3SCREEN 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
TOTAL DDT 3.3 R4SCREEN 18.3 52 68 41.4 127
TOTAL DDT HALFND 3.3 R4SCREEN 19.3 52 68 41.4 127

S14OF-877-SD-0001 S14OF-877-SD-0001-D S14OF-877-SD-0103 S14OF-881-SD-0001-1 S14OF-881-SD-0001-1-D



APPENDIX A-7

SUMMARY OF POSITIVE DETECTIONS COMPARED TO ECOLOGICAL CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANER FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID
Screening Value Screening Criteria

S14OF-877-SD-0001 S14OF-877-SD-0001-D S14OF-877-SD-0103 S14OF-881-SD-0001-1 S14OF-881-SD-0001-1-D

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
1-METHYLNAPHTHALENE 130 SCVSD 12 U 16 U 13 U 14 U 14 U
2-METHYLNAPHTHALENE 330 R4SCREEN 12 UJ 16 UJ 13 UJ 14 UJ 14 U
ACENAPHTHENE 330 R4SCREEN 12 U 16 U 13 U 14 U 14 U
ACENAPHTHYLENE 330 R4SCREEN 12 U 16 U 13 U 14 U 14 U
ANTHRACENE 330 R4SCREEN 12 U 16 U 13 U 14 U 14 U
BAP EQUIVALENT-HALFND 15 R4SCREEN 12.196 17.868 15.1515 15.6283 17.302
BAP EQUIVALENT-POS 15 R4SCREEN 4.93 0.98 7.93 15.6283 10.295
BENZO(A)ANTHRACENE 74.8 R4SCREEN 12 U 3.6 J 6.5 J 7 J 4.7 J
BENZO(A)PYRENE 15 R4SCREEN 4.6 J 16 U 6.8 J 9 J 8 J
BENZO(B)FLUORANTHENE 130 NOAA T20 12 UJ 6.2 J 13 UJ 12 J 11 J
BENZO(G,H,I)PERYLENE 170 R3FRESH 8.1 J 16 UJ 5.8 J 7.5 J 7.7 J
BENZO(K)FLUORANTHENE 240 R3FRESH 12 U 16 U 13 U 12 J 9.5 J
CHRYSENE 108 R4SCREEN 12 U 16 U 13 U 8.3 J 14 U
DIBENZO(A,H)ANTHRACENE 6.22 R4SCREEN 12 U 16 UJ 13 UJ 3.6 J 14 U
FLUORANTHENE 330 R4SCREEN 5.8 J 3.4 J 17 J 13 J 8.8 J
FLUORENE 330 R4SCREEN 12 U 16 U 13 U 14 U 14 U
INDENO(1,2,3-CD)PYRENE 17 R3FRESH 3.3 J 16 U 4.8 J 10 J 6.3 J
NAPHTHALENE 330 R4SCREEN 12 U 16 U 13 U 14 U 14 U
PHENANTHRENE 330 R4SCREEN 3.6 J 16 U 6.9 J 7.2 J 6 J
PYRENE 330 R4SCREEN 10 J 4.4 J 14 J 14 J 8.5 J
TOTAL PAHS 1684 R4SCREEN 35.4 17.6 61.8 103.6 70.5
TOTAL PAHS HALFND 1684 R4SCREEN 101.4 121.6 126.8 145.6 126.5
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE 182 R4SCREEN 310 U 390 U 330 U 410 U 360 U
BUTYL BENZYL PHTHALATE 10900 R3FRESH 310 U 390 U 330 U 350 U 360 U
CARBAZOLE NC NC 310 U 390 U 330 U 350 U 360 U
DIBENZOFURAN 415 R3FRESH 310 U 390 U 330 U 350 U 360 U
VOLATILES (UG/KG)
1,1,2-TRICHLOROETHANE 570 R3MARINE 3 U 3.5 U 2.8 U 2.5 U 2.8 U
1,1-DICHLOROETHENE 31 R3FRESH 3 U 3.5 U 2.8 U 2.5 U 2.8 U
1,2-DICHLOROETHANE 250 SCVSD 3 U 3.5 U 2.8 U 2.5 U 2.8 U
2-BUTANONE 270 SCVSD 15 U 18 U 14 U 12 UJ 14 U
ACETONE 8.7 SCVSD 24 U 23 U 120 U 79 U 150 J
BENZENE 137 R3MARINE 3 U 3.5 U 2.8 U 2.5 U 2.8 U
BROMOMETHANE NC NC 6 U 7 U 5.5 U 5 U 5.5 U
CARBON DISULFIDE 0.851 R3FRESH 1.5 J 1.5 J 9.1 1.4 J 5.6
CHLOROMETHANE 1700 R-RSL 6 UJ 7 UJ 5.5 UJ 5 UJ 5.5 UJ
CIS-1,2-DICHLOROETHENE 400 SCVSD 3 U 3.5 U 2.8 U 2.5 U 2.8 U
ETHYLBENZENE 305 R3MARINE 3 U 3.5 U 2.8 U 2.5 U 2.8 U
M+P-XYLENES 25 R3FRESH 3 U 3.5 U 2.8 U 2.5 U 2.8 U
METHYL ACETATE NC NC 3.9 J 16 J 22 J 3 UJ 15 J
METHYL CYCLOHEXANE NC NC 3 UJ 3.5 UJ 2.8 UJ 2.5 U 2.8 UJ
METHYLENE CHLORIDE 370 SCVSD 15 U 18 U 14 U 12 U 14 U
O-XYLENE 25 R3FRESH 3 U 3.5 U 2.8 U 2.5 U 2.8 U
TOLUENE 1090 R3MARINE 3 U 3.5 U 2.8 U 2.5 U 2.8 U
TRANS-1,2-DICHLOROETHENE 1050 R3FRESH 3 U 3.5 U 2.8 U 2.5 U 2.8 U
TRICHLOROETHENE 96.9 R3FRESH 3 U 3.5 U 2.8 U 2.5 U 2.8 U
VINYL CHLORIDE 10 NOAATV 6 U 7 U 5.5 U 5 U 5.5 U
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SUMMARY OF POSITIVE DETECTIONS COMPARED TO ECOLOGICAL CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANER FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID
Screening Value Screening Criteria

METALS (MG/KG)
ALUMINUM 25500 NOAA TEL
ANTIMONY 12 R4SCREEN
ARSENIC 7.24 R4SCREEN
BARIUM 48 NOAA AET
BERYLLIUM NC NC
CADMIUM 1 R4SCREEN
CALCIUM NC NC
CHROMIUM 52.3 R4SCREEN
COBALT 50 R3FRESH
COPPER 18.7 R4SCREEN
IRON 20000 R3FRESH
LEAD 30.2 R4SCREEN
MAGNESIUM NC NC
MANGANESE 460 R3FRESH
MERCURY 0.13 R4SCREEN
NICKEL 15.9 R4SCREEN
POTASSIUM NC NC
SELENIUM 2 R3FRESH
SILVER 2 R4SCREEN
SODIUM NC NC
THALLIUM NC NC
VANADIUM 57 NOAA AET
ZINC 124 R4SCREEN
MISCELLANEOUS PARAMETERS (%)
TOTAL SOLIDS NC NC
PCBS (UG/KG)
AROCLOR-1232 33 R4SCREEN
AROCLOR-1260 33 R4SCREEN
PESTICIDES (UG/KG)
4,4'-DDD 3.3 R4SCREEN
4,4'-DDE 3.3 R4SCREEN
4,4'-DDT 3.3 R4SCREEN
ALDRIN 2 R3FRESH
ALPHA-BHC 6 R3FRESH
ALPHA-CHLORDANE 1.7 R4SCREEN
BETA-BHC 5 R3FRESH
DELTA-BHC 6400 R3FRESH
DIELDRIN 3.3 R4SCREEN
ENDOSULFAN I 2.9 R3FRESH
ENDOSULFAN II 14 R3FRESH
ENDRIN 3.3 R4SCREEN
ENDRIN ALDEHYDE NC NC
GAMMA-BHC (LINDANE) 3.3 R4SCREEN
GAMMA-CHLORDANE 1.7 R4SCREEN
HEPTACHLOR 68 R3FRESH
HEPTACHLOR EPOXIDE 0.6 R3SCREEN
TOTAL DDT 3.3 R4SCREEN
TOTAL DDT HALFND 3.3 R4SCREEN

30700 26800 25100 15200 22900
0.87 U 0.82 U 0.87 U 0.79 U 0.94 U
22.7 15.8 15.9 10.2 11.4
31.4 29 27.3 20.4 33.6

1.4 1.3 1.3 0.7 J 1
0.52 U 0.49 U 0.52 U 0.47 U 0.56 U

4200 6140 4640 55400 5840
49.2 45 43.1 24 36.4

6 5.4 5.1 J 3.5 J 4.4 J
18.9 14.2 13.6 12.7 16.8

32000 25400 24800 15400 22200
29 20.2 19.7 19.2 43.1

7620 8030 7780 5150 6320
238 238 199 202 347

0.07 J 0.05 J 0.06 J 0.05 J 0.06
14.4 12.2 11.6 7.2 10.6

4080 3950 3980 2380 3120
1.2 U 0.5 J 1.2 U 1.1 U 1.3 U
0.2 J 0.07 J 0.05 J 0.63 U 0.28 J

21300 20900 19000 16100 17100
0.87 U 0.82 U 0.87 U 0.23 J 0.94 U

72 58.7 57.7 33.4 52.6
84.3 64.2 59.6 195 113

36 37 40 43 47

26 U 27 U 23 U 21 U 19 U
22 U 23 U 19 U 18 U 16 U

3.6 J 1.3 J 3.7 UJ 4.2 J 380 J
7 J 4.4 U 3.7 UJ 1.5 J 150 J

4.4 UJ 4.4 UJ 3.7 UJ 3.5 UJ 3.2 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 8.1 J
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
2.2 U 2.3 U 1.9 U 1.8 U 1.6 U
4.4 U 4.4 U 3.7 UJ 3.5 UJ 3.2 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
4.4 U 4.4 U 3.7 UJ 3.5 UJ 3.2 UJ
4.4 U 4.4 U 3.1 J 3.5 UJ 3.2 UJ
4.4 U 4.4 U 3.7 UJ 3.5 UJ 3.2 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
6.7 J 2.3 U 1.9 UJ 1.8 UJ 21 J
2.2 U 2.3 U 1.9 U 1.8 U 1.6 U
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ

10.6 1.3 0 U 5.7 530
12.8 5.7 5.55 7.45 531.6

S14OF-881-SD-0001-2 S14OF-881-SD-0103-2S14OF-881-SD-0103-1 S14OF-881-SD-0001-3 S14OF-881-SD-0103-3
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SUMMARY OF POSITIVE DETECTIONS COMPARED TO ECOLOGICAL CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANER FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID
Screening Value Screening Criteria

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
1-METHYLNAPHTHALENE 130 SCVSD
2-METHYLNAPHTHALENE 330 R4SCREEN
ACENAPHTHENE 330 R4SCREEN
ACENAPHTHYLENE 330 R4SCREEN
ANTHRACENE 330 R4SCREEN
BAP EQUIVALENT-HALFND 15 R4SCREEN
BAP EQUIVALENT-POS 15 R4SCREEN
BENZO(A)ANTHRACENE 74.8 R4SCREEN
BENZO(A)PYRENE 15 R4SCREEN
BENZO(B)FLUORANTHENE 130 NOAA T20

BENZO(G,H,I)PERYLENE 170 R3FRESH
BENZO(K)FLUORANTHENE 240 R3FRESH
CHRYSENE 108 R4SCREEN
DIBENZO(A,H)ANTHRACENE 6.22 R4SCREEN
FLUORANTHENE 330 R4SCREEN
FLUORENE 330 R4SCREEN
INDENO(1,2,3-CD)PYRENE 17 R3FRESH
NAPHTHALENE 330 R4SCREEN
PHENANTHRENE 330 R4SCREEN
PYRENE 330 R4SCREEN
TOTAL PAHS 1684 R4SCREEN
TOTAL PAHS HALFND 1684 R4SCREEN
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE 182 R4SCREEN
BUTYL BENZYL PHTHALATE 10900 R3FRESH
CARBAZOLE NC NC
DIBENZOFURAN 415 R3FRESH
VOLATILES (UG/KG)
1,1,2-TRICHLOROETHANE 570 R3MARINE
1,1-DICHLOROETHENE 31 R3FRESH
1,2-DICHLOROETHANE 250 SCVSD
2-BUTANONE 270 SCVSD
ACETONE 8.7 SCVSD
BENZENE 137 R3MARINE
BROMOMETHANE NC NC
CARBON DISULFIDE 0.851 R3FRESH
CHLOROMETHANE 1700 R-RSL
CIS-1,2-DICHLOROETHENE 400 SCVSD
ETHYLBENZENE 305 R3MARINE
M+P-XYLENES 25 R3FRESH
METHYL ACETATE NC NC
METHYL CYCLOHEXANE NC NC
METHYLENE CHLORIDE 370 SCVSD
O-XYLENE 25 R3FRESH
TOLUENE 1090 R3MARINE
TRANS-1,2-DICHLOROETHENE 1050 R3FRESH
TRICHLOROETHENE 96.9 R3FRESH
VINYL CHLORIDE 10 NOAATV

S14OF-881-SD-0001-2 S14OF-881-SD-0103-2S14OF-881-SD-0103-1 S14OF-881-SD-0001-3 S14OF-881-SD-0103-3

120 27 U 25 U 23 U 21 U
160 J 27 UJ 25 U 23 U 21 U
530 27 U 25 U 16 J 21 U

56 27 U 25 U 23 U 21 U
1400 5.5 J 3.2 J 23 U 21 U

4095.3 60.053 49.82 360.71 35.574
4095.3 60.053 49.82 360.71 23.919

3500 23 J 19 J 150 19 J
2600 37 J 30 J 240 20 J
3100 51 J 49 J 340 21 U
1200 J 30 J 22 J 180 J 20 J
2200 41 J 30 J 240 21 U
3300 43 J 20 J 310 19 J

680 11 J 10 J 52 21 U
7600 72 56 610 58

700 J 27 U 25 U 20 J 21 U
1300 42 J 27 J 170 20 J

340 27 U 25 U 10 J 21 U
6000 35 J 29 J 500 15 J
6200 75 64 730 96 J

40866 465.5 359.2 3568 267
40866 533 421.7 3602.5 361.5

640 U 660 U 620 U 560 U 840 U
640 U 660 U 620 U 560 U 510 U

1100 660 U 620 U 560 U 510 U
370 J 660 U 620 U 560 U 510 U

6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
29 J 20 J 90 U 44 20 J

250 J 230 U 340 J 250 J 160 U
6.5 U 8 U 18 U 3.5 U 6 U
13 U 16 U 36 U 7 U 12 U

6.8 J 31 7.2 J 60 28
13 UJ 16 UJ 36 UJ 7 UJ 12 U

6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
7.8 UJ 9.6 UJ 22 UJ 4.2 UJ 7.2 U
6.5 UJ 8 UJ 18 UJ 3.5 UJ 6 U
32 U 40 U 90 U 18 U 30 U

6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 2.4 J 6 U
6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
13 U 16 U 36 U 7 U 12 U
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SUMMARY OF POSITIVE DETECTIONS COMPARED TO ECOLOGICAL CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANER FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID
Screening Value Screening Criteria

METALS (MG/KG)
ALUMINUM 25500 NOAA TEL
ANTIMONY 12 R4SCREEN
ARSENIC 7.24 R4SCREEN
BARIUM 48 NOAA AET
BERYLLIUM NC NC
CADMIUM 1 R4SCREEN
CALCIUM NC NC
CHROMIUM 52.3 R4SCREEN
COBALT 50 R3FRESH
COPPER 18.7 R4SCREEN
IRON 20000 R3FRESH
LEAD 30.2 R4SCREEN
MAGNESIUM NC NC
MANGANESE 460 R3FRESH
MERCURY 0.13 R4SCREEN
NICKEL 15.9 R4SCREEN
POTASSIUM NC NC
SELENIUM 2 R3FRESH
SILVER 2 R4SCREEN
SODIUM NC NC
THALLIUM NC NC
VANADIUM 57 NOAA AET
ZINC 124 R4SCREEN
MISCELLANEOUS PARAMETERS (%)
TOTAL SOLIDS NC NC
PCBS (UG/KG)
AROCLOR-1232 33 R4SCREEN
AROCLOR-1260 33 R4SCREEN
PESTICIDES (UG/KG)
4,4'-DDD 3.3 R4SCREEN
4,4'-DDE 3.3 R4SCREEN
4,4'-DDT 3.3 R4SCREEN
ALDRIN 2 R3FRESH
ALPHA-BHC 6 R3FRESH
ALPHA-CHLORDANE 1.7 R4SCREEN
BETA-BHC 5 R3FRESH
DELTA-BHC 6400 R3FRESH
DIELDRIN 3.3 R4SCREEN
ENDOSULFAN I 2.9 R3FRESH
ENDOSULFAN II 14 R3FRESH
ENDRIN 3.3 R4SCREEN
ENDRIN ALDEHYDE NC NC
GAMMA-BHC (LINDANE) 3.3 R4SCREEN
GAMMA-CHLORDANE 1.7 R4SCREEN
HEPTACHLOR 68 R3FRESH
HEPTACHLOR EPOXIDE 0.6 R3SCREEN
TOTAL DDT 3.3 R4SCREEN
TOTAL DDT HALFND 3.3 R4SCREEN

3460 6980 4300 4860 5590
0.06 J 0.38 U 0.55 U 0.14 J 0.4 U

2.7 5 4.1 4.8 4.1
13.4 11.7 8 8.3 9.4
0.14 J 0.26 J 0.22 J 0.22 J 0.24 J
0.01 J 0.04 J 0.33 U 0.22 U 0.02 J
679 786 641 635 851

10.6 15 7.3 7.9 9.2
0.63 J 1.3 J 0.81 J 0.79 J 0.7 J

7 10.3 5.7 6 5.8
4670 8990 6480 7800 11700
24.8 18 9.6 11.8 16

1130 1610 1330 1390 1320
29.7 41.8 30.8 34.1 33.4
0.02 J 0.03 J 0.03 J 0.02 J 0.03 J

2.9 J 5.1 2.2 J 2.5 J 2.7 J
510 868 618 669 698

0.52 U 0.53 U 0.77 U 0.51 U 0.55 U
0.02 J 0.12 J 0.07 J 0.11 J 0.14 J

4260 5660 5260 5120 4370
0.37 U 0.38 U 0.55 U 0.37 U 0.4 U

9.4 16.6 12 13.9 14.7
29.3 54.9 88 J 27.2 J 30.6

70 70 67 68 71

14 U 14 U 14 U 13 U 13 U
11 U 12 U 12 U 11 U 11 U

2 J 1 J 2.2 J 4 J 28
3.1 J 2.5 J 3.8 J 3.2 J 10
2.2 UJ 2.3 UJ 2.4 U 2.2 UJ 19 J
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
8.6 J 8.5 J 1.9 J 3.4 J 2.9 J
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.1 U 0.81 J 1.2 U 1.1 U 1.1 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
10 13 1.9 J 3.7 3.6

1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
5.1 3.5 6 7.2 57
6.2 4.65 7.2 8.3 57

S14OF-903-SD-0103 S14OF-923-SD-0001 S14OF-923-SD-0001-D S14OF-923-SD-0103S14OF-903-SD-0001



APPENDIX A-7
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SITE 45 - FORMER DRY CLEANER FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID
Screening Value Screening Criteria

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
1-METHYLNAPHTHALENE 130 SCVSD
2-METHYLNAPHTHALENE 330 R4SCREEN
ACENAPHTHENE 330 R4SCREEN
ACENAPHTHYLENE 330 R4SCREEN
ANTHRACENE 330 R4SCREEN
BAP EQUIVALENT-HALFND 15 R4SCREEN
BAP EQUIVALENT-POS 15 R4SCREEN
BENZO(A)ANTHRACENE 74.8 R4SCREEN
BENZO(A)PYRENE 15 R4SCREEN
BENZO(B)FLUORANTHENE 130 NOAA T20

BENZO(G,H,I)PERYLENE 170 R3FRESH
BENZO(K)FLUORANTHENE 240 R3FRESH
CHRYSENE 108 R4SCREEN
DIBENZO(A,H)ANTHRACENE 6.22 R4SCREEN
FLUORANTHENE 330 R4SCREEN
FLUORENE 330 R4SCREEN
INDENO(1,2,3-CD)PYRENE 17 R3FRESH
NAPHTHALENE 330 R4SCREEN
PHENANTHRENE 330 R4SCREEN
PYRENE 330 R4SCREEN
TOTAL PAHS 1684 R4SCREEN
TOTAL PAHS HALFND 1684 R4SCREEN
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE 182 R4SCREEN
BUTYL BENZYL PHTHALATE 10900 R3FRESH
CARBAZOLE NC NC
DIBENZOFURAN 415 R3FRESH
VOLATILES (UG/KG)
1,1,2-TRICHLOROETHANE 570 R3MARINE
1,1-DICHLOROETHENE 31 R3FRESH
1,2-DICHLOROETHANE 250 SCVSD
2-BUTANONE 270 SCVSD
ACETONE 8.7 SCVSD
BENZENE 137 R3MARINE
BROMOMETHANE NC NC
CARBON DISULFIDE 0.851 R3FRESH
CHLOROMETHANE 1700 R-RSL
CIS-1,2-DICHLOROETHENE 400 SCVSD
ETHYLBENZENE 305 R3MARINE
M+P-XYLENES 25 R3FRESH
METHYL ACETATE NC NC
METHYL CYCLOHEXANE NC NC
METHYLENE CHLORIDE 370 SCVSD
O-XYLENE 25 R3FRESH
TOLUENE 1090 R3MARINE
TRANS-1,2-DICHLOROETHENE 1050 R3FRESH
TRICHLOROETHENE 96.9 R3FRESH
VINYL CHLORIDE 10 NOAATV

S14OF-903-SD-0103 S14OF-923-SD-0001 S14OF-923-SD-0001-D S14OF-923-SD-0103S14OF-903-SD-0001

14 U 14 U 14 U 14 U 14 U
14 UJ 14 UJ 14 UJ 14 UJ 14 UJ
14 U 14 U 14 U 14 U 14 U
14 U 14 U 14 U 14 U 14 U
14 U 14 U 2.6 J 2.1 J 14 U

15.877 21.547 22.974 20.477 22.483
8.1 13.77 15.974 12.7 15.483
5.2 J 8.4 J 12 J 8.9 J 11 J
7.1 J 12 J 12 J 11 J 12 J
14 UJ 14 UJ 17 J 14 UJ 14 J

7 J 11 J 9.2 J 8.8 J 8.1 J
14 U 14 U 14 J 14 U 12 J
14 U 14 U 14 J 14 U 13 J
14 UJ 14 UJ 14 UJ 14 UJ 14 UJ
13 J 22 J 23 J 22 J 25 J
14 U 14 U 14 U 14 U 14 U

4.8 J 9.3 J 9.2 J 8.1 J 8.5 J
14 U 14 U 14 U 14 U 14 U

4.5 J 9.5 J 14 J 10 J 13 J
13 J 22 J 24 J 18 J 23 J

54.6 94.2 151 88.9 139.6
124.6 164.2 193 151.9 188.6

350 U 350 U 350 U 350 U 340 U
350 U 350 U 350 U 350 U 340 U
350 U 350 U 350 U 350 U 340 U
350 U 350 U 350 U 350 U 340 U

3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U

15 U 16 UJ 16 U 15 U 15 U
54 U 54 U 51 U 160 J 67 U

3 U 3.2 U 3.2 U 3 U 3 U
6 U 6.5 U 6.5 U 6 U 6 U

4.5 J 3.2 UJ 5.2 J 10 J 5.3 J
6 UJ 6.5 UJ 6.5 UJ 6 UJ 6 UJ
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U

5.5 J 7.2 J 5 J 64 J 6 J
3 UJ 3.2 U 3.2 UJ 3 UJ 3 UJ

15 U 16 U 16 U 15 U 15 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
6 U 6.5 U 6.5 U 6 U 6 U

Abbreviations:
NC - No criterion

Qualifiers:
J - Estimated value
U - Nondetect
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SAMPLE ID USEPA Industrial 
Screening Level (1)

USEPA Residential 
Screening Level (2)

METALS (MG/KG)
ALUMINUM 77000 990000 2550 1670 3230 6500 9040
ANTIMONY 31 410 0.36 U 0.43 U 0.47 U 0.44 U 0.55 U
ARSENIC 0.39 1.6 0.79 U 0.53 U 0.81 U 4.3 6
BARIUM 15000 190000 4.9 4.7 4.8 13.6 17
BERYLLIUM 160 2000 0.09 J 0.06 J 0.09 J 0.28 J 0.4 J
CADMIUM 70 800 0.22 U 0.26 U 0.03 J 0.26 U 0.33 U
CALCIUM NC NC 1750 1620 1700 845 J 7370 J
CHROMIUM NC NC 3.8 2.8 5.1 11.3 14.7
COBALT 23 300 0.41 J 0.29 U 0.45 J 1.1 J 1.5 J
COPPER 3100 41000 1.8 U 1.3 U 3 U 4 6.7
IRON 55000 720000 2040 1240 2400 6540 9110
LEAD 400 800 12.5 8.5 11 11.9 16.5
MAGNESIUM NC NC 870 781 1040 1600 2260
MANGANESE 1800 23000 15.7 J 9.1 J 26.8 46.9 60.4
MERCURY 10 43 0.01 J 0.03 J 0.01 J 0.05 0.09
NICKEL 1500 20000 1.2 U 0.69 U 1.8 J 2.7 J 3.8 J
POTASSIUM NC NC 401 318 457 851 1340
SELENIUM 390 5100 0.51 U 0.6 U 0.66 U 0.62 U 0.77 U
SILVER 390 5100 0.29 U 0.34 U 0.38 U 0.14 J 0.22 J
SODIUM NC NC 3730 4470 4580 4730 6690
THALLIUM 0.78 10 0.36 U 0.43 U 0.47 U 0.44 U 0.55 U
VANADIUM 390 5200 5.6 3.6 6.7 14.9 19.8
ZINC 23000 310000 13.6 7.4 19 17.7 J 30.6 J
MISCELLANEOUS PARAMETERS (%)
TOTAL SOLIDS NC NC 74 63 69 67 65
PCBS (UG/KG)
AROCLOR-1232 140 540 12 U 14 U 14 U 15 U 14 U
AROCLOR-1260 220 740 10 U 12 U 12 U 13 U 12 U
PESTICIDES (UG/KG)
4,4'-DDD 2000 7200 11 J 13 12 8.4 J 19 J
4,4'-DDE 1400 5100 2 UJ 18 J 11 16 13 J
4,4'-DDT 1700 7000 7.3 J 21 J 45 J 17 J 95 J
ALDRIN 29 100 1 UJ 1.2 U 4.6 J 1.3 U 1.2 UJ
ALPHA-BHC 77 270 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
ALPHA-CHLORDANE 1600 6500 1 UJ 17 J 64 J 1.3 U 1.2 UJ
BETA-BHC 270 960 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
DELTA-BHC 77 270 1 U 1.2 UJ 1.2 UJ 1.3 U 1.2 U
DIELDRIN 30 110 2 UJ 2.4 J 5.4 2.4 U 2.3 UJ
ENDOSULFAN I 370000 3700000 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
ENDOSULFAN II 370000 3700000 2 UJ 2.3 U 2.3 U 2.4 U 2.3 UJ
ENDRIN 18000 180000 2 UJ 2.3 U 2.3 U 2.4 U 2.3 UJ
ENDRIN ALDEHYDE 18000 180000 2 UJ 2.3 U 2.3 U 2.4 U 2.3 UJ
GAMMA-BHC (LINDANE) 520 2100 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
GAMMA-CHLORDANE 1600 6500 1 UJ 15 J 60 1.3 U 3.3 J
HEPTACHLOR 110 380 1 U 1.2 U 1.2 U 1.3 U 1.2 U
HEPTACHLOR EPOXIDE 53 190 1 UJ 1.2 U 1.2 U 1.3 U 1.2 UJ
TOTAL DDT NC NC 18.3 52 68 41.4 127
TOTAL DDT HALFND NC NC 19.3 52 68 41.4 127

S14OF-877-SD-0001 S14OF-877-SD-0001-D S14OF-877-SD-0103 S14OF-881-SD-0001-1 S14OF-881-SD-0001-1-D
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SUMMARY OF POSITIVE DETECTIONS COMPARED TO HUMAN HEALTH CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANING FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID USEPA Industrial 
Screening Level (1)

USEPA Residential 
Screening Level (2)

S14OF-877-SD-0001 S14OF-877-SD-0001-D S14OF-877-SD-0103 S14OF-881-SD-0001-1 S14OF-881-SD-0001-1-D

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
1-METHYLNAPHTHALENE 22000 99000 12 U 16 U 13 U 14 U 14 U
2-METHYLNAPHTHALENE 310000 4100000 12 UJ 16 UJ 13 UJ 14 UJ 14 U
ACENAPHTHENE 3400000 33000000 12 U 16 U 13 U 14 U 14 U
ACENAPHTHYLENE 3400000 33000000 12 U 16 U 13 U 14 U 14 U
ANTHRACENE 17000000 170000000 12 U 16 U 13 U 14 U 14 U
BAP EQUIVALENT-HALFND 15 210 12.196 17.868 15.1515 15.6283 17.302
BAP EQUIVALENT-POS 15 210 4.93 0.98 7.93 15.6283 10.295
BENZO(A)ANTHRACENE 150 2100 12 U 3.6 J 6.5 J 7 J 4.7 J
BENZO(A)PYRENE 15 210 4.6 J 16 U 6.8 J 9 J 8 J
BENZO(B)FLUORANTHENE 150 2100 12 UJ 6.2 J 13 UJ 12 J 11 J
BENZO(G,H,I)PERYLENE 1700000 17000000 8.1 J 16 UJ 5.8 J 7.5 J 7.7 J
BENZO(K)FLUORANTHENE 1500 21000 12 U 16 U 13 U 12 J 9.5 J
CHRYSENE 15000 210000 12 U 16 U 13 U 8.3 J 14 U
DIBENZO(A,H)ANTHRACENE 15 210 12 U 16 UJ 13 UJ 3.6 J 14 U
FLUORANTHENE 2300000 22000000 5.8 J 3.4 J 17 J 13 J 8.8 J
FLUORENE 2300000 22000000 12 U 16 U 13 U 14 U 14 U
INDENO(1,2,3-CD)PYRENE 150 2100 3.3 J 16 U 4.8 J 10 J 6.3 J
NAPHTHALENE 3600 18000 12 U 16 U 13 U 14 U 14 U
PHENANTHRENE 1700000 17000000 3.6 J 16 U 6.9 J 7.2 J 6 J
PYRENE 1700000 17000000 10 J 4.4 J 14 J 14 J 8.5 J
TOTAL PAHS NC NC 35.4 17.6 61.8 103.6 70.5
TOTAL PAHS HALFND NC NC 101.4 121.6 126.8 145.6 126.5
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000 310 U 390 U 330 U 410 U 360 U
BUTYL BENZYL PHTHALATE 260000 910000 310 U 390 U 330 U 350 U 360 U
CARBAZOLE NC NC 310 U 390 U 330 U 350 U 360 U
DIBENZOFURAN 78000 1000000 310 U 390 U 330 U 350 U 360 U
VOLATILES (UG/KG)
1,1,2-TRICHLOROETHANE 1100 5300 3 U 3.5 U 2.8 U 2.5 U 2.8 U
1,1-DICHLOROETHENE 240000 1100000 3 U 3.5 U 2.8 U 2.5 U 2.8 U
1,2-DICHLOROETHANE 430 2200 3 U 3.5 U 2.8 U 2.5 U 2.8 U
2-BUTANONE 28000000 200000000 15 U 18 U 14 U 12 UJ 14 U
ACETONE 61000000 630000000 24 U 23 U 120 U 79 U 150 J
BENZENE 1100 5400 3 U 3.5 U 2.8 U 2.5 U 2.8 U
BROMOMETHANE 7300 32000 6 U 7 U 5.5 U 5 U 5.5 U
CARBON DISULFIDE 820000 3700000 1.5 J 1.5 J 9.1 1.4 J 5.6
CHLOROMETHANE 120000 500000 6 UJ 7 UJ 5.5 UJ 5 UJ 5.5 UJ
CIS-1,2-DICHLOROETHENE 160000 2000000 3 U 3.5 U 2.8 U 2.5 U 2.8 U
ETHYLBENZENE 5400 27000 3 U 3.5 U 2.8 U 2.5 U 2.8 U
M+P-XYLENES NC NC 3 U 3.5 U 2.8 U 2.5 U 2.8 U
METHYL ACETATE 78000000 1000000000 3.9 J 16 J 22 J 3 UJ 15 J
METHYL CYCLOHEXANE NC NC 3 UJ 3.5 UJ 2.8 UJ 2.5 U 2.8 UJ
METHYLENE CHLORIDE 11000 53000 15 U 18 U 14 U 12 U 14 U
O-XYLENE 690000 3000000 3 U 3.5 U 2.8 U 2.5 U 2.8 U
TOLUENE 5000000 45000000 3 U 3.5 U 2.8 U 2.5 U 2.8 U
TRANS-1,2-DICHLOROETHENE 150000 690000 3 U 3.5 U 2.8 U 2.5 U 2.8 U
TRICHLOROETHENE 910 6400 3 U 3.5 U 2.8 U 2.5 U 2.8 U
VINYL CHLORIDE 60 1700 6 U 7 U 5.5 U 5 U 5.5 U
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SUMMARY OF POSITIVE DETECTIONS COMPARED TO HUMAN HEALTH CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANING FACILITY
MARINE CORPS RECRUIT DEPOT
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SAMPLE ID USEPA Industrial 
Screening Level (1)

USEPA Residential 
Screening Level (2)

METALS (MG/KG)
ALUMINUM 77000 990000
ANTIMONY 31 410
ARSENIC 0.39 1.6
BARIUM 15000 190000
BERYLLIUM 160 2000
CADMIUM 70 800
CALCIUM NC NC
CHROMIUM NC NC
COBALT 23 300
COPPER 3100 41000
IRON 55000 720000
LEAD 400 800
MAGNESIUM NC NC
MANGANESE 1800 23000
MERCURY 10 43
NICKEL 1500 20000
POTASSIUM NC NC
SELENIUM 390 5100
SILVER 390 5100
SODIUM NC NC
THALLIUM 0.78 10
VANADIUM 390 5200
ZINC 23000 310000
MISCELLANEOUS PARAMETERS (%)
TOTAL SOLIDS NC NC
PCBS (UG/KG)
AROCLOR-1232 140 540
AROCLOR-1260 220 740
PESTICIDES (UG/KG)
4,4'-DDD 2000 7200
4,4'-DDE 1400 5100
4,4'-DDT 1700 7000
ALDRIN 29 100
ALPHA-BHC 77 270
ALPHA-CHLORDANE 1600 6500
BETA-BHC 270 960
DELTA-BHC 77 270
DIELDRIN 30 110
ENDOSULFAN I 370000 3700000
ENDOSULFAN II 370000 3700000
ENDRIN 18000 180000
ENDRIN ALDEHYDE 18000 180000
GAMMA-BHC (LINDANE) 520 2100
GAMMA-CHLORDANE 1600 6500
HEPTACHLOR 110 380
HEPTACHLOR EPOXIDE 53 190
TOTAL DDT NC NC
TOTAL DDT HALFND NC NC

30700 26800 25100 15200 22900
0.87 U 0.82 U 0.87 U 0.79 U 0.94 U
22.7 15.8 15.9 10.2 11.4
31.4 29 27.3 20.4 33.6

1.4 1.3 1.3 0.7 J 1
0.52 U 0.49 U 0.52 U 0.47 U 0.56 U

4200 6140 4640 55400 5840
49.2 45 43.1 24 36.4

6 5.4 5.1 J 3.5 J 4.4 J
18.9 14.2 13.6 12.7 16.8

32000 25400 24800 15400 22200
29 20.2 19.7 19.2 43.1

7620 8030 7780 5150 6320
238 238 199 202 347

0.07 J 0.05 J 0.06 J 0.05 J 0.06
14.4 12.2 11.6 7.2 10.6

4080 3950 3980 2380 3120
1.2 U 0.5 J 1.2 U 1.1 U 1.3 U
0.2 J 0.07 J 0.05 J 0.63 U 0.28 J

21300 20900 19000 16100 17100
0.87 U 0.82 U 0.87 U 0.23 J 0.94 U

72 58.7 57.7 33.4 52.6
84.3 64.2 59.6 195 113

36 37 40 43 47

26 U 27 U 23 U 21 U 19 U
22 U 23 U 19 U 18 U 16 U

3.6 J 1.3 J 3.7 UJ 4.2 J 380 J
7 J 4.4 U 3.7 UJ 1.5 J 150 J

4.4 UJ 4.4 UJ 3.7 UJ 3.5 UJ 3.2 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 8.1 J
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
2.2 U 2.3 U 1.9 U 1.8 U 1.6 U
4.4 U 4.4 U 3.7 UJ 3.5 UJ 3.2 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
4.4 U 4.4 U 3.7 UJ 3.5 UJ 3.2 UJ
4.4 U 4.4 U 3.1 J 3.5 UJ 3.2 UJ
4.4 U 4.4 U 3.7 UJ 3.5 UJ 3.2 UJ
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ
6.7 J 2.3 U 1.9 UJ 1.8 UJ 21 J
2.2 U 2.3 U 1.9 U 1.8 U 1.6 U
2.2 U 2.3 U 1.9 UJ 1.8 UJ 1.6 UJ

10.6 1.3 0 U 5.7 530
12.8 5.7 5.55 7.45 531.6

S14OF-881-SD-0103-3S14OF-881-SD-0103-1 S14OF-881-SD-0001-2 S14OF-881-SD-0103-2 S14OF-881-SD-0001-3
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SUMMARY OF POSITIVE DETECTIONS COMPARED TO HUMAN HEALTH CRITERIA - SEDIMENT SAMPLES

SITE 45 - FORMER DRY CLEANING FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID USEPA Industrial 
Screening Level (1)

USEPA Residential 
Screening Level (2)

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
1-METHYLNAPHTHALENE 22000 99000
2-METHYLNAPHTHALENE 310000 4100000
ACENAPHTHENE 3400000 33000000
ACENAPHTHYLENE 3400000 33000000
ANTHRACENE 17000000 170000000
BAP EQUIVALENT-HALFND 15 210
BAP EQUIVALENT-POS 15 210
BENZO(A)ANTHRACENE 150 2100
BENZO(A)PYRENE 15 210
BENZO(B)FLUORANTHENE 150 2100
BENZO(G,H,I)PERYLENE 1700000 17000000
BENZO(K)FLUORANTHENE 1500 21000
CHRYSENE 15000 210000
DIBENZO(A,H)ANTHRACENE 15 210
FLUORANTHENE 2300000 22000000
FLUORENE 2300000 22000000
INDENO(1,2,3-CD)PYRENE 150 2100
NAPHTHALENE 3600 18000
PHENANTHRENE 1700000 17000000
PYRENE 1700000 17000000
TOTAL PAHS NC NC
TOTAL PAHS HALFND NC NC
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000
BUTYL BENZYL PHTHALATE 260000 910000
CARBAZOLE NC NC
DIBENZOFURAN 78000 1000000
VOLATILES (UG/KG)
1,1,2-TRICHLOROETHANE 1100 5300
1,1-DICHLOROETHENE 240000 1100000
1,2-DICHLOROETHANE 430 2200
2-BUTANONE 28000000 200000000
ACETONE 61000000 630000000
BENZENE 1100 5400
BROMOMETHANE 7300 32000
CARBON DISULFIDE 820000 3700000
CHLOROMETHANE 120000 500000
CIS-1,2-DICHLOROETHENE 160000 2000000
ETHYLBENZENE 5400 27000
M+P-XYLENES NC NC
METHYL ACETATE 78000000 1000000000
METHYL CYCLOHEXANE NC NC
METHYLENE CHLORIDE 11000 53000
O-XYLENE 690000 3000000
TOLUENE 5000000 45000000
TRANS-1,2-DICHLOROETHENE 150000 690000
TRICHLOROETHENE 910 6400
VINYL CHLORIDE 60 1700

S14OF-881-SD-0103-3S14OF-881-SD-0103-1 S14OF-881-SD-0001-2 S14OF-881-SD-0103-2 S14OF-881-SD-0001-3

120 27 U 25 U 23 U 21 U
160 J 27 UJ 25 U 23 U 21 U
530 27 U 25 U 16 J 21 U

56 27 U 25 U 23 U 21 U
1400 5.5 J 3.2 J 23 U 21 U

4095.3 60.053 49.82 360.71 35.574
4095.3 60.053 49.82 360.71 23.919

3500 23 J 19 J 150 19 J
2600 37 J 30 J 240 20 J
3100 51 J 49 J 340 21 U
1200 J 30 J 22 J 180 J 20 J
2200 41 J 30 J 240 21 U
3300 43 J 20 J 310 19 J

680 11 J 10 J 52 21 U
7600 72 56 610 58

700 J 27 U 25 U 20 J 21 U
1300 42 J 27 J 170 20 J

340 27 U 25 U 10 J 21 U
6000 35 J 29 J 500 15 J
6200 75 64 730 96 J

40866 465.5 359.2 3568 267
40866 533 421.7 3602.5 361.5

640 U 660 U 620 U 560 U 840 U
640 U 660 U 620 U 560 U 510 U

1100 660 U 620 U 560 U 510 U
370 J 660 U 620 U 560 U 510 U

6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
29 J 20 J 90 U 44 20 J

250 J 230 U 340 J 250 J 160 U
6.5 U 8 U 18 U 3.5 U 6 U
13 U 16 U 36 U 7 U 12 U

6.8 J 31 7.2 J 60 28
13 UJ 16 UJ 36 UJ 7 UJ 12 U

6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
7.8 UJ 9.6 UJ 22 UJ 4.2 UJ 7.2 U
6.5 UJ 8 UJ 18 UJ 3.5 UJ 6 U
32 U 40 U 90 U 18 U 30 U

6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 2.4 J 6 U
6.5 U 8 U 18 U 3.5 U 6 U
6.5 U 8 U 18 U 3.5 U 6 U
13 U 16 U 36 U 7 U 12 U
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SITE 45 - FORMER DRY CLEANING FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID USEPA Industrial 
Screening Level (1)

USEPA Residential 
Screening Level (2)

METALS (MG/KG)
ALUMINUM 77000 990000
ANTIMONY 31 410
ARSENIC 0.39 1.6
BARIUM 15000 190000
BERYLLIUM 160 2000
CADMIUM 70 800
CALCIUM NC NC
CHROMIUM NC NC
COBALT 23 300
COPPER 3100 41000
IRON 55000 720000
LEAD 400 800
MAGNESIUM NC NC
MANGANESE 1800 23000
MERCURY 10 43
NICKEL 1500 20000
POTASSIUM NC NC
SELENIUM 390 5100
SILVER 390 5100
SODIUM NC NC
THALLIUM 0.78 10
VANADIUM 390 5200
ZINC 23000 310000
MISCELLANEOUS PARAMETERS (%)
TOTAL SOLIDS NC NC
PCBS (UG/KG)
AROCLOR-1232 140 540
AROCLOR-1260 220 740
PESTICIDES (UG/KG)
4,4'-DDD 2000 7200
4,4'-DDE 1400 5100
4,4'-DDT 1700 7000
ALDRIN 29 100
ALPHA-BHC 77 270
ALPHA-CHLORDANE 1600 6500
BETA-BHC 270 960
DELTA-BHC 77 270
DIELDRIN 30 110
ENDOSULFAN I 370000 3700000
ENDOSULFAN II 370000 3700000
ENDRIN 18000 180000
ENDRIN ALDEHYDE 18000 180000
GAMMA-BHC (LINDANE) 520 2100
GAMMA-CHLORDANE 1600 6500
HEPTACHLOR 110 380
HEPTACHLOR EPOXIDE 53 190
TOTAL DDT NC NC
TOTAL DDT HALFND NC NC

3460 6980 4300 4860 5590
0.06 J 0.38 U 0.55 U 0.14 J 0.4 U

2.7 5 4.1 4.8 4.1
13.4 11.7 8 8.3 9.4
0.14 J 0.26 J 0.22 J 0.22 J 0.24 J
0.01 J 0.04 J 0.33 U 0.22 U 0.02 J
679 786 641 635 851

10.6 15 7.3 7.9 9.2
0.63 J 1.3 J 0.81 J 0.79 J 0.7 J

7 10.3 5.7 6 5.8
4670 8990 6480 7800 11700
24.8 18 9.6 11.8 16

1130 1610 1330 1390 1320
29.7 41.8 30.8 34.1 33.4
0.02 J 0.03 J 0.03 J 0.02 J 0.03 J

2.9 J 5.1 2.2 J 2.5 J 2.7 J
510 868 618 669 698

0.52 U 0.53 U 0.77 U 0.51 U 0.55 U
0.02 J 0.12 J 0.07 J 0.11 J 0.14 J

4260 5660 5260 5120 4370
0.37 U 0.38 U 0.55 U 0.37 U 0.4 U

9.4 16.6 12 13.9 14.7
29.3 54.9 88 J 27.2 J 30.6

70 70 67 68 71

14 U 14 U 14 U 13 U 13 U
11 U 12 U 12 U 11 U 11 U

2 J 1 J 2.2 J 4 J 28
3.1 J 2.5 J 3.8 J 3.2 J 10
2.2 UJ 2.3 UJ 2.4 U 2.2 UJ 19 J
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
8.6 J 8.5 J 1.9 J 3.4 J 2.9 J
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.1 U 0.81 J 1.2 U 1.1 U 1.1 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
2.2 U 2.3 U 2.4 U 2.2 U 2.2 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
10 13 1.9 J 3.7 3.6

1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
5.1 3.5 6 7.2 57
6.2 4.65 7.2 8.3 57

S14OF-903-SD-0001 S14OF-923-SD-0001-D S14OF-923-SD-0103S14OF-903-SD-0103 S14OF-923-SD-0001
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SITE 45 - FORMER DRY CLEANING FACILITY
MARINE CORPS RECRUIT DEPOT

PARRIS ISLAND, SOUTH CAROLINA
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SAMPLE ID USEPA Industrial 
Screening Level (1)

USEPA Residential 
Screening Level (2)

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)
1-METHYLNAPHTHALENE 22000 99000
2-METHYLNAPHTHALENE 310000 4100000
ACENAPHTHENE 3400000 33000000
ACENAPHTHYLENE 3400000 33000000
ANTHRACENE 17000000 170000000
BAP EQUIVALENT-HALFND 15 210
BAP EQUIVALENT-POS 15 210
BENZO(A)ANTHRACENE 150 2100
BENZO(A)PYRENE 15 210
BENZO(B)FLUORANTHENE 150 2100
BENZO(G,H,I)PERYLENE 1700000 17000000
BENZO(K)FLUORANTHENE 1500 21000
CHRYSENE 15000 210000
DIBENZO(A,H)ANTHRACENE 15 210
FLUORANTHENE 2300000 22000000
FLUORENE 2300000 22000000
INDENO(1,2,3-CD)PYRENE 150 2100
NAPHTHALENE 3600 18000
PHENANTHRENE 1700000 17000000
PYRENE 1700000 17000000
TOTAL PAHS NC NC
TOTAL PAHS HALFND NC NC
SEMIVOLATILES (UG/KG)
BIS(2-ETHYLHEXYL)PHTHALATE 35000 120000
BUTYL BENZYL PHTHALATE 260000 910000
CARBAZOLE NC NC
DIBENZOFURAN 78000 1000000
VOLATILES (UG/KG)
1,1,2-TRICHLOROETHANE 1100 5300
1,1-DICHLOROETHENE 240000 1100000
1,2-DICHLOROETHANE 430 2200
2-BUTANONE 28000000 200000000
ACETONE 61000000 630000000
BENZENE 1100 5400
BROMOMETHANE 7300 32000
CARBON DISULFIDE 820000 3700000
CHLOROMETHANE 120000 500000
CIS-1,2-DICHLOROETHENE 160000 2000000
ETHYLBENZENE 5400 27000
M+P-XYLENES NC NC
METHYL ACETATE 78000000 1000000000
METHYL CYCLOHEXANE NC NC
METHYLENE CHLORIDE 11000 53000
O-XYLENE 690000 3000000
TOLUENE 5000000 45000000
TRANS-1,2-DICHLOROETHENE 150000 690000
TRICHLOROETHENE 910 6400
VINYL CHLORIDE 60 1700

S14OF-903-SD-0001 S14OF-923-SD-0001-D S14OF-923-SD-0103S14OF-903-SD-0103 S14OF-923-SD-0001

14 U 14 U 14 U 14 U 14 U
14 UJ 14 UJ 14 UJ 14 UJ 14 UJ
14 U 14 U 14 U 14 U 14 U
14 U 14 U 14 U 14 U 14 U
14 U 14 U 2.6 J 2.1 J 14 U

15.877 21.547 22.974 20.477 22.483
8.1 13.77 15.974 12.7 15.483
5.2 J 8.4 J 12 J 8.9 J 11 J
7.1 J 12 J 12 J 11 J 12 J
14 UJ 14 UJ 17 J 14 UJ 14 J

7 J 11 J 9.2 J 8.8 J 8.1 J
14 U 14 U 14 J 14 U 12 J
14 U 14 U 14 J 14 U 13 J
14 UJ 14 UJ 14 UJ 14 UJ 14 UJ
13 J 22 J 23 J 22 J 25 J
14 U 14 U 14 U 14 U 14 U

4.8 J 9.3 J 9.2 J 8.1 J 8.5 J
14 U 14 U 14 U 14 U 14 U

4.5 J 9.5 J 14 J 10 J 13 J
13 J 22 J 24 J 18 J 23 J

54.6 94.2 151 88.9 139.6
124.6 164.2 193 151.9 188.6

350 U 350 U 350 U 350 U 340 U
350 U 350 U 350 U 350 U 340 U
350 U 350 U 350 U 350 U 340 U
350 U 350 U 350 U 350 U 340 U

3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U

15 U 16 UJ 16 U 15 U 15 U
54 U 54 U 51 U 160 J 67 U

3 U 3.2 U 3.2 U 3 U 3 U
6 U 6.5 U 6.5 U 6 U 6 U

4.5 J 3.2 UJ 5.2 J 10 J 5.3 J
6 UJ 6.5 UJ 6.5 UJ 6 UJ 6 UJ
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U

5.5 J 7.2 J 5 J 64 J 6 J
3 UJ 3.2 U 3.2 UJ 3 UJ 3 UJ

15 U 16 U 16 U 15 U 15 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
3 U 3.2 U 3.2 U 3 U 3 U
6 U 6.5 U 6.5 U 6 U 6 U

Shaded cells indicate exceedance of lowest criterion.
Footnotes: Abbreviations:
1, 2  USEPA Residential and Industrial Regional Screening Level (November, 2011) NC - No criterion

Qualifiers:
J - Estimated value
U - Nondetect
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SAMPLE ID USEPA Maximum 
Contaminant Level 

USEPA Screening Level for 
Tap Water 

METALS (UG/L)
ALUMINUM NC 16000 6520 374 8600 920 J
ANTIMONY 6 6 25 U 25 U 25 U 25 U
ARSENIC 10 0.045 25 U 12.8 J 25 U 25 U
BARIUM 2000 2900 179 23.7 44 26.3
BERYLLIUM 4 16 0.17 J 0.2 U 0.22 J 0.4 U
CADMIUM 5 6.9 0.07 J 0.07 J 0.08 J 0.07 J
CALCIUM NC NC 301000 361000 304000 314000
CHROMIUM 100 NC 14.9 J 5.3 J 16 J 20 U
COBALT NC 4.7 4.4 J 5.3 J 4.4 J 20 U
COPPER 1300 620 4.7 2.4 U 6.2 2.4 J
IRON NC 11000 9980 581 10400 1320
LEAD 15 NC 17.3 0.21 J 12.9 0.82 J
MAGNESIUM NC NC 776000 1140000 925000 953000
MANGANESE NC 320 419 37.4 266 99.1
MERCURY 2 0.63 0.08 J 0.1 U 0.09 J 0.1 U
NICKEL NC 300 3.1 J 3.7 J 4.2 J 3.6 J
POTASSIUM NC NC 263000 401000 313000 317000
SELENIUM 50 78 7.9 3 U 5.8 3 U
SILVER NC 71 0.4 U 0.4 U 0.4 U 0.4 U
SODIUM NC NC 6720000 10000000 7920000 8730000
THALLIUM 2 0.16 0.4 U 0.4 U 0.4 U 0.4 U
VANADIUM NC 78 11.4 J 2.1 J 10.6 J 4.3 J
ZINC NC 4700 20.5 J 9.9 J 34.6 J 11.9 J
PESTICIDES (UG/L)
4,4'-DDD NC 0.28 0.0061 U 0.005 U 0.015 0.0047 U
4,4'-DDE NC 0.2 0.0061 U 0.005 U 0.002 J 0.0047 U
4,4'-DDT NC 0.2 0.0061 UJ 0.005 UJ 0.0014 J 0.0047 U
ALDRIN NC 0.00021 0.003 UJ 0.0025 U 0.0026 UJ 0.0024 U
ALPHA-BHC NC 0.0062 0.003 U 0.0025 U 0.0026 U 0.0024 U
ALPHA-CHLORDANE 2 0.19 0.003 U 0.0025 U 0.0021 J 0.0024 U
BETA-BHC NC 0.022 0.003 U 0.0025 U 0.0026 U 0.0024 U
DELTA-BHC NC 0.0062 0.003 U 0.0025 UJ 0.0026 U 0.0024 U
DIELDRIN NC 0.0015 0.0061 U 0.005 U 0.0052 U 0.0047 U
ENDOSULFAN II NC 78 0.0061 U 0.005 U 0.0052 U 0.0047 U
ENDOSULFAN SULFATE NC 78 0.0061 U 0.005 UJ 0.0052 U 0.0047 U
GAMMA-BHC (LINDANE) 0.2 0.036 0.003 U 0.01 0.004 J 0.0024 U
GAMMA-CHLORDANE 2 0.19 0.0041 J 0.0025 U 0.0042 J 0.0024 U
HEPTACHLOR 0.4 0.0018 0.003 U 0.0025 U 0.0026 U 0.0024 U
HEPTACHLOR EPOXIDE 0.2 0.0033 0.003 U 0.0025 U 0.0026 U 0.0024 U
TOTAL DDT NC NC 0 U 0 U 0.0184 0 U
TOTAL DDT HALFND NC NC 0.00915 0.0075 0.0184 0.00705

S14OF-877-ST S14OF-881-ST S14OF-903-ST S14OF-923-ST
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SAMPLE ID USEPA Maximum 
Contaminant Level 

USEPA Screening Level for 
Tap Water 

S14OF-877-ST S14OF-881-ST S14OF-903-ST S14OF-923-ST

POLYCYCLIC AROMATIC HYDROCARBONS (UG/L)
BAP EQUIVALENT-HALFND NC 0.0029 0.11 U 0.1 U 0.12 U 0.094 U
BAP EQUIVALENT-POS NC 0.0029 0.11 U 0.1 U 0.12 U 0.094 U
BENZO(A)ANTHRACENE NC 0.029 0.11 U 0.1 U 0.12 U 0.094 U
BENZO(A)PYRENE 0.2 0.0029 0.11 U 0.1 U 0.12 U 0.094 U
BENZO(G,H,I)PERYLENE NC 87 0.11 UJ 0.1 UJ 0.12 UJ 0.094 UJ
FLUORANTHENE NC 630 0.11 U 0.1 U 0.12 U 0.094 U
INDENO(1,2,3-CD)PYRENE NC 0.029 0.11 U 0.1 U 0.12 U 0.094 U
PHENANTHRENE NC 87 0.11 U 0.1 UJ 0.12 U 0.094 U
PYRENE NC 87 0.11 UJ 0.1 U 0.12 U 0.094 U
TOTAL PAHS NC NC 0 U 0 U 0 U 0 U
TOTAL PAHS HALFND NC NC 0.935 0.85 1.02 0.799
SEMIVOLATILES (UG/L)
3&4-METHYLPHENOL NC NC 8 U 7.7 U 8.8 U 7.1 U
BIS(2-ETHYLHEXYL)PHTHALATE 6 0.071 3.1 J 7.7 U 8.8 U 7.1 U
DIETHYL PHTHALATE NC 11000 8 U 7.7 U 8.8 U 2.4 J
PHENOL NC 4500 8 U 7.7 U 8.8 U 7.1 U
VOLATILES (UG/L)
2-BUTANONE NC 4900 32 2.5 UJ 2.5 UJ 2.5 U
ACETONE NC 12000 8.6 J 4.8 J 5.8 J 6.1

Shaded cells indicate exceedance of lowest criterion.
Abbreviations:
NC - No criterion

Qualifiers:
J - Estimated value
U - Nondetect
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Soil Protective of Groundwater
Source: Soil Screening Guidance

Relevant Equation:

Parameter Value Definition
Cw Chemical specific Target groundwater level (mg/L).
H' Chemical specific Dimensionless Henry's Law Constant.
Kd Koc x foc Soil-water partition coefficient (L/kg)
Koc Chemical specific Soil organic carbon partition coefficient (cm3/g).
foc 0.006 Fraction organic carbon in soil (g/g).
qw 0.3 Water-filled soil porosity (Lpore/Lsoil).
Pb 1.5 Dry soil bulk density (kg/L).
Ps 2.65 Soil particle density (kg/L)
n 0.43 Soil porosity (Lpore/Lsoil).
qa 0.134 Air-filled soil porosity (Lair/Lsoil).

SSL
Chemical Cw Koc or Kd H' DAF=1 DAF=8 DAF=20

(mg/L) (L/kg) (mg/kg) (mg/kg) (mg/kg)
Trichloroethene 0.005 1.66E+02 4.22E-01 6.2E-03 4.9E-02 1.2E-01
Tetrachloroethene 0.005 1.55E+02 7.54E-01 6.0E-03 4.8E-02 1.2E-01
benzo(a)anthracene 0.0002 3.98E+05 1.37E-04 4.8E-01 3.8E+00 9.6E+00
benzo(a)pyrene 0.0002 1.02E+06 4.63E-05 1.2E+00 9.8E+00 2.4E+01
benzo(b)fluoranthene 0.0002 1.23E+06 4.55E-03 1.5E+00 1.2E+01 3.0E+01
benzo(k)fluoranthene 0.0002 1.23E+06 3.40E-05 1.5E+00 1.2E+01 3.0E+01
dibenzo(ah)anthracene 0.0002 3.80E+06 6.03E-07 4.6E+00 3.6E+01 9.1E+01
indeno(123-cd)pyrene 0.0002 3.47E+06 6.56E-05 4.2E+00 3.3E+01 8.3E+01
carbazole 0.0043 3.39E+03 6.26E-07 8.8E-02 7.1E-01 1.8E+00
cis-1,2-Dichloroethene 0.07 3.55E+01 1.67E-01 3.0E-02 2.4E-01 6.0E-01
trans-1,2-Dichloroethene 0.1 5.25E+01 3.85E-01 5.5E-02 4.4E-01 1.1E+00

DAF = 8 corresponds to the value recommended for sandy soils in SCDHEC's 
"South Carolina Risk-Based Corrective Action for Petroleum Releases" (May 2001)

foc is based on site-specific data

Ct Cw Kd w a H
Pb

= × +
+ ×⎛

⎝⎜
⎞
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⎡

⎣
⎢

⎤

⎦
⎥

θ θ '
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Determining contours 
 
The outlines for the high-concentrations areas were estimated from the two-dimensional 
visualizations of the groundwater contamination prepared in the RI Addendum.  Isoconcentration 
contours for 100 µg/L, 1,000 µg/L, and 10,000 µg/L for each contaminant (PCE, TCE, total DCE, 
and VC) were drawn for both the upper and lower portions of the surficial aquifer.  The sizes of 
the isococnetration contours of each contaminant in each portion of the surficial aquifer were 
compared so that a simplified area for treatment could be determined.  For example, within the 
upper portion of the surficial aquifer, the 1,000 µg/L isoconcentration contours for each of the four 
contaminants were compared, and the largest isocontour was selected, providing a 
conservatively sized area.  Thus, the selected 1,000 µg/L will enclose the 1,000 µg/L contours for 
all four contaminants.       
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Purpose:  Select a contour to define “high concentration” groundwater areas that will be actively treated.  
The 10,000 ug/L, 1,000 ug/L and 100 ug/L contours for PCE and TCE will be considered.  (The PCE and 
TCE contours are nearly coincidental. 
 
In this evaluation, the maximum area condition for each contaminant and each aquifer zone will be 
considered.  It is also assumed that both zones will be treated at the same time.  That is, it is not possible 
to treat one zone without treating the other. 
 
The following tables summarize the areas of the contours.  For each contour group, the maximum area is 
in bold. 
 
Spill area (North) 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
PCE – Upper 465 4,650 8,800 
PCE – Lower 465 5,300 16,600 
TCE – Upper 930 3,260 8,400 
TCE – Lower - 8,680 21,700 
 
 
Sewer area (West) 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
PCE – Upper - 1,980 4,455 
PCE – Lower - 1,980 4,455 
TCE – Upper - 980 2,220 
TCE – Lower - 980 2,220 
 
 
Sewer area (West) 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
PCE – Upper 246 620 2,950 
PCE – Lower 246 1,400 6,800 
TCE – Upper - 321 4,900 
TCE – Lower - 1,400 7,200 
 
   
 
The total maximum areas for the three plumes are: 
 
 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
Total area 1,176 12,060 33,355 
 
The thickness of the groundwater is the same for each contour.  The cost of treatment of groundwater will 
be proportional to the volume.  Thus, treatment of the 1,000 ug/L contour compared to the 10,000 ug/L 
contour is 12,060/1,176 = 10x more.  Treatment of the 100 ug/L contour compared to the 1,000 ug/L 
contour is 33,355/12,060 = 2.8x more. 
 
The amount of contaminants removed in each contour also needs to be considered.  The following table 
summarizes the mass of PCE and TCE in each of the contours.  Note that the incremental amounts of 
PCE and TCE for the 10,000 ug/L to 1,000 ug/L and the 1,000 ug/L to 100 ug/L contours are shown. 
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Spill area (North) 10,000 ug/L contour, lb 1,000 ug/L contour, lb 

(incremental) 
100 ug/L contour, lb 

(incremental) 
PCE – Upper 5.6 9.9 1 
PCE – Lower 6.6 20.7 4.8 
TCE – Upper 13.1 5.5 1.2 
TCE – Lower - 35.2 5.6 
 
 
Sewer area (West) 10,000 ug/L contour, lb 1,000 ug/L contour, lb 

(incremental) 
100 ug/L contour, lb 

(incremental) 
PCE – Upper 4.6 4.1 0.6 
PCE – Lower 8.3 7.4 1.1 
TCE – Upper - 1.8 0.3 
TCE – Lower - 3.3 0.5 
 
 
Sewer area (West) 10,000 ug/L contour, lb 1,000 ug/L contour, lb 

(incremental) 
100 ug/L contour, lb 

(incremental) 
PCE – Upper - 0.6 0.6 
PCE – Lower - 5 2.3 
TCE – Upper - 0.4 1.1 
TCE – Lower - 4.9 2.5 
 
Total PCE and TCE 
(incremental) 

38.2 98.8  11.6 

 
 
Total PCE and TCE 38.2 98.8 + 38.2 = 137 137 +11.6 = 148.6 
 
Compared to the 10,000 ug/l contour, treating to the 1,000 ug/L contour removes 137/38.2 = 3.6 times the 
mass on contaminants.  Compared to the 1,000 ug/l contour, treating to the 100 ug/L contour removes 
148.6/137 = 1.1 times the mass on contaminants. 
 
Compared to the cost ratio (noted previously), going from the 10,000 ug/L contour to the 1,000 ug/L 
contour results in an cost increase of 10x and an contaminant removal increase of 3.6x.  However, going 
from the 1,000 ug/L contour to the 100 ug/L contour results in an cost increase of 2.8x and an 
contaminant removal increase of 1.1x.       
  
An alternative comparison is ft2 treated to lb PCE and TCE treated.  Because ft2 is directly proportional to 
volume and cost, this ft2/lb ratio allows for a comparison of the cost per mass treated.  The following table 
summarizes the incremental ft2/lb treated compared to the smallest area, 10,000 ug/L. 
 
Factor 10,000 ug/L contour 10,000 ug/L to 1,000 

ug/L increment 
1,000 ug/L to 100 ug/L 

increment 
Area, Ft2 1,176 10,884 21,295 
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PCE and TCE, lb 38.2 98.8 11.6 
Area/(PCE and TCE) 31 110 1,836 
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Thus, the incremental cost to treat to the 100 ug/L contour is more than 10 times the incremental cost to 
treat to the 1,000 ug/L contour.  Because of this large diminishing return for treatment of PCE and TCE to 
the 100 ug/L, the 1,000 ug/L contour will be used to define the “high concentration” areas and the areas of 
active treatment. 
 
(The above calculation excluded the MW31 area plume because the data wasn’t available at that time.  
For estimating purposes, the dimensions of the MW 31 plume has been assumed to be the same as the 
Southern plume.) 
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Purpose:  Select a contour to define “high concentration” groundwater areas that will be actively treated. 
 The 10,000 ug/L, 1,000 ug/L and 100 ug/L contours for PCE and TCE will be considered.  (The PCE and 
TCE contours are nearly coincidental. 
 
In this evaluation, the maximum area condition for each contaminant and each aquifer zone will be 
considered.  It is also assumed that both zones will be treated at the same time.  That is, it is not possible 
to treat one zone without treating the other. 
 
The following tables summarize the areas of the contours.  For each contour group, the maximum area is 
in bold. 
 
Spill area (North) 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
PCE – Upper 465 4,650 8,800 
PCE – Lower 465 5,300 16,600 
TCE – Upper 930 3,260 8,400 
TCE – Lower - 8,680 21,700 
 
 
Sewer area (West) 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
PCE – Upper - 1,980 4,455 
PCE – Lower - 1,980 4,455 
TCE – Upper - 980 2,220 
TCE – Lower - 980 2,220 
 
 
Sewer area (West) 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
PCE – Upper 246 620 2,950 
PCE – Lower 246 1,400 6,800 
TCE – Upper - 321 4,900 
TCE – Lower - 1,400 7,200 
 
   
 
The total maximum areas for the three plumes are: 
 
 10,000 ug/L contour, ft2 1,000 ug/L contour, ft2 100 ug/L contour, ft2 
Total area 1,176 12,060 33,355 
 
The thickness of the groundwater is the same for each contour.  The cost of treatment of groundwater will 
be proportional to the volume.  Thus, treatment of the 1,000 ug/L contour compared to the 10,000 ug/L 
contour is 12,060/1,176 = 10x more.  Treatment of the 100 ug/L contour compared to the 1,000 ug/L 
contour is 33,355/12,060 = 2.8x more. 
 
The amount of contaminants removed in each contour also needs to be considered.  The following table 
summarizes the mass of PCE and TCE in each of the contours.  Note that the incremental amounts of 
PCE and TCE for the 10,000 ug/L to 1,000 ug/L and the 1,000 ug/L to 100 ug/L contours are shown. 
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Spill area (North) 10,000 ug/L contour, lb 1,000 ug/L contour, lb 

(incremental) 
100 ug/L contour, lb 

(incremental) 
PCE – Upper 5.6 9.9 1 
PCE – Lower 6.6 20.7 4.8 
TCE – Upper 13.1 5.5 1.2 
TCE – Lower - 35.2 5.6 
 
 
Sewer area (West) 10,000 ug/L contour, lb 1,000 ug/L contour, lb 

(incremental) 
100 ug/L contour, lb 

(incremental) 
PCE – Upper 4.6 4.1 0.6 
PCE – Lower 8.3 7.4 1.1 
TCE – Upper - 1.8 0.3 
TCE – Lower - 3.3 0.5 
 
 
Sewer area (West) 10,000 ug/L contour, lb 1,000 ug/L contour, lb 

(incremental) 
100 ug/L contour, lb 

(incremental) 
PCE – Upper - 0.6 0.6 
PCE – Lower - 5 2.3 
TCE – Upper - 0.4 1.1 
TCE – Lower - 4.9 2.5 
 
Total PCE and TCE 
(incremental) 

38.2 98.8  11.6 

 
 
Total PCE and TCE 38.2 98.8 + 38.2 = 137 137 +11.6 = 148.6 
 
Compared to the 10,000 ug/l contour, treating to the 1,000 ug/L contour removes 137/38.2 = 3.6 times the 
mass on contaminants.  Compared to the 1,000 ug/l contour, treating to the 100 ug/L contour removes 
148.6/137 = 1.1 times the mass on contaminants. 
 
Compared to the cost ratio (noted previously), going from the 10,000 ug/L contour to the 1,000 ug/L 
contour results in an cost increase of 10x and an contaminant removal increase of 3.6x.  However, going 
from the 1,000 ug/L contour to the 100 ug/L contour results in an cost increase of 2.8x and an 
contaminant removal increase of 1.1x.       
  
An alternative comparison is ft2 treated to lb PCE and TCE treated.  Because ft2 is directly proportional to 
volume and cost, this ft2/lb ratio allows for a comparison of the cost per mass treated.  The following table 
summarizes the incremental ft2/lb treated compared to the smallest area, 10,000 ug/L. 
 
Factor 10,000 ug/L contour 10,000 ug/L to 1,000 

ug/L increment 
1,000 ug/L to 100 ug/L 

increment 
Area, Ft2 1,176 10,884 21,295 
PCE and TCE, lb 38.2 98.8 11.6 
Area/(PCE and TCE) 31 110 1,836 
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Thus, the incremental cost to treat to the 100 ug/L contour is more than 10 times the incremental cost to 
treat to the 1,000 ug/L contour.  Because of this large diminishing return for treatment of PCE and TCE to 
the 100 ug/L, the 1,000 ug/L contour will be used to define the “high concentration” areas and the areas 
of active treatment. 
 
(The above calculation excluded the MW31 area plume because the data wasn’t available at that time.  
For estimating purposes, the dimensions of the MW 31 plume has been assumed to be the same as the 
Southern plume.) 



Tetra Tech NUS STANDARD CALCULATION
 SHEET
CLIENT:NAVFAC SE, Parris Island, Site 45 FS FILE No: 

 
BY:  JWL 

 
PAGE: 

1 of 1 

SUBJECT:  Estimate cost associated with Alternative S-3 
 

CHECKED BY: 
 

DATE:  12/09/08 
 

 
Purpose:  Estimate cost associated with the unsaturated soil portion of the ERH alternative (Alternative 
G-5).  These costs are based on the original proposal that did not include the MW31 high concentration 
area.    
 
 
Assumptions 
 
Assume that the cost of Alternative G-5 for soil treatment is proportional to the sum of the contaminants 
removed. 
 
From other calculations, the sum of the contaminants in the unsaturated soil: 
 
Compound Mass, lb 
PCE 7.9 
TCE 0.7 
Cis-1,2-DCE 4.5 
Trans 1,2-DCE 0.9 
Total 14 
 
 
From other calculations, the sum of the contaminants in the groundwater treatment areas (including 
DNAPL): 
 
Compound Mass, lb 
PCE 177 
TCE 85 
DCE 51 
Total 313 
 
 
Total = 313 + 14 = 327 
 
Fraction associated with the unsaturated soil: 
 
14/327 = 0.045 = 4.3% 
 
Rounding, use 5%. 
 
From other calculations, the Alternative G-5 capital cost is $6,133,000 
 
The estimated cost associated with Alternative S-3: 
 
5/100 x $6,133,000 = $307,000 
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Purpose:  Estimate design details of EOS remediation for groundwater, based on information from EOS 
worksheets. 
 
Assumptions:  Use design information from EOS worksheets. 
 
Calculations: 
 
Estimate number of borings 
 
Use 15 feet spacings, per EOS.  Therefore the area on influence of each injection point is: 
 
A = 152 x π/ 4 = 177 ft2 
 
 
Tank Source Area contours 
 
Upper – 6,100 ft2 
Lower – 9,700 ft2 
 
Part of the upper contour overlies part of the lower contour.  The common area is 3,300 ft2.  Thus the 
total area is: 
 
Upper only – 6,100 – 3,300 = 2,800 ft2 
Lower only – 9,700 – 3,300 = 6,400 ft2 
Combined -   = 3,300 ft2 
 
Total:  12,500 ft2 
 
 
Southern Area contours 
 
Upper – 700 ft2 
Lower - 1,900 ft2 
 
The upper is fully within the lower contour footprint. 
 
Therefore, the total area is 1,900 ft2 
 
 
MW31 contours (same size as Southern area) 
 
Upper – 700 ft2 
Lower - 1,900 ft2 
 
The upper is fully within the lower contour footprint. 
 
Therefore, the total area is 1,900 ft2 
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Sanitary Sewer Contours 
 
The upper and lower coincides, to the area is 1,300 ft2. 
 
 
Total Number of Borings: 
 
(12,500 + 1,900 + 1,900 + 1,300) ft2 / (177 ft2 /boring) = 99.4 use 100 borings 
 
Assume 20 borings/injections per day 
 
100/20 = 5.  Assume mob/demob – use 7 days for DPT rig. 
 
 
 
Sampling 
 
Assume treatment in one year.  Like ZVI alternative, assume 20 wells will be sampled per event. 
 
Events: baseline; 1 month after injection; 4 quarters of sampling = 6 events 
 
Number of samples (analyzed for VOCs):6 x 2 = 120 samples 
 
Sampling labor at 100 man-hours per event: 100 x 6 = 600 man-hours 
 
 
Quantity of AquaBupH 
 
Because the pH is likely to drop, some buffering will be needed.  Assume that EOS AquaBupH will be 
used. 
 
The original AquaBupH quantity was 113 drums and that corresponded to 74 drums of EOS.  The 
number of drums of EOS for the Southern plume was 11.  Assume that the same quantity will be used for 
the MW31 area.  Thus, the total EOS is 74 + 11 = 85 drums.  The scaling factor to estimate the 
AquaBupH is 85/74 = 1.15.  The number of drums of AquaBupH is: 1.15 x 113 = 130.  
 
 
Water to dilute EOS 
 
Per EOS use 10 water to 1 EOS. 
 
Per EOS quote, total volume of EOS AquaBupH is 130 drums x 55 gallons = 7,150 gal. 
 
Water (at 10:1) = 10 x 7,150 = 71,500 gallons 
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Revised EOS Cost 
 
The original EOS quote was based on 113 drums of AquaBupH.  As noted above, the revised quantity is 
130 drums. 
 
From the EOS quote, each drum is $1,595.  The shipping costs are assumed to be the same: 
 
Item Cost, $ 
AquaBupH at 130 x $1,595 207,350
Shipping, full load 3,513
Shipping, partial load 2,263
 213,126
Round to $214,00

0
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Purpose:  Provide factors for estimating cost of the EZVI treatment.  The pilot study is not complete, and 
general cost information was received from Geosyntec. 
 
Assumptions: The Pilot study is still on-going.  Details for a full design are not complete.  Some cost 
information was obtained from Geosyntec. 
 
Based on the pilot study, the design approach will assume the following: 
 
- Pneumatic fracturing will be used to maximize the ROI at each injection point. 
 
- DNAPL areas will be treated directly; the rest of the plumes will be treated by flow through lines of EZVI 
injected in rows perpendicular to the ground water flow direction.  The spacing of the lines will be based 
on treatment in one year, based on the groundwater flow rate. 
 
 
Calculations: 
 
From Geosyntec tables, groundwater velocity is estimated to be 0.17 ft/day.  In one year: 
 
365 days x 0.17 ft/day = 62 feet.   
 
The length of the Plumes (parallel to groundwater flow): 
Tank Source – upper – 60 feet 
Tank Source – lower – 130 feet 
Southern – 60 feet 
MW31 – 60 feet  
Sanitary Sewer – 50 feet 
 
 
The length of the Source-Lower plume (130 feet) is about twice the distance that the groundwater travels 
in 1 year (62 feet).  Therefore, a line of EZVI injection points must be placed at the downstream edge and 
across the middle of the plume. 
 
Thus, use 2 lines for the Tank Source, 1 line for Southern, 1 line for MW31, and 1 line for Sanitary Sewer. 
(see sketch). 
 
Treatment should be complete in 1 to 2 years. 
 
 
In addition, because the DNAPL will not flow, assume treatment directly at the DNAPL areas: 
 
 - Source at MW 8 
 - Source at TW109 
 - Sewer at MW 25 
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Length of EZVI injection lines: 
 
Line/Location Length, feet 
Tank Source – Downstream edge of the lower plume(line 1) 130 
Tank Source – Middle of lower plume and downstream edge of upper plume (line 2) 140 
Southern (line 3) 50 
Sanitary Sewer (line 4) 60 
MW31 (line 5) 50 
Tank Source DNAPL D1 2 rows of 15 
Tank Source DNAPL D2 2 rows of 15 
Sanitary Sewer DNAPL D3 2 rows of 15 
 
 
Because of the limited data, the Geosyntec generic loading rate based on pore volume will be used.  Per 
Geosyntec, the assumption is that the EZVI will occupy 30% of the pore volume. 
 
 
Per the pilot study information, an ROI of 5 feet (diameter of 10 feet) was used for each fractured injection 
point. 
 
Number of injection points: 
 
Line/Location Injection points 
Tank Source (line 1) 130/10 13 
Tank Source (line 2) 140/10 14 
Southern (line 3) 50/10 5 
Sanitary Sewer (line 4) 60/10 6 
MW31 (line 5) 50/10 5 
Source DNAPL D1 15/10 @ 2 rows 1.5 -> 2; 2 x 2 =4 
Source DNAPL D2 15/10 @ 2 rows 1.5 -> 2; 2 x 2 =4 
Sewer DNAPL D3 15/10 @ 2 rows 1.5 -> 2; 2 x 2 =4 
Total  55 
 
 
Depth interval: Use 4 feet bgs to 18 feet bgs = 18 – 4 = 14 feet 
 
Volume (soil and water) =  
 
102 x π/4 x 14 feet x 55 points = 60,500 ft3 
 
Assume porosity of 0.3, then 30% for the EZVI. 
 
Volume EZVI = 60,500 ft3 x 0.3 x 0.3 x 7.481 gal/ft3 = 41,000 gallons EZVI 
 
A cost of 32 $/gal was provided, but this was for a small batch.  For the cost estimate, assume 
$30/gallon. 
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Injection: 
Assume that 6 borings can be advanced and injected each day. 
 
Number of DPT rig days = 55 borings/6 borings per day = 9.2 days, use 10 days 
 
 
Sampling and analysis for operations 
 
Assume high concentration area wells will be monitored for changes and 1 well downgradient from each 
line of EZVI wall per high concentration area.  One upper and one lower well will be on each side.  Also, 
assume one well for each DNAPL area. 
 
4 plumes x 4 wells/plume + 3 DNAPL areas x 1 well/DNAPL area = 19 wells 
 
Assume 20 wells (to be conservative) per event. 
 
Events: baseline; 1 month; quarterly for 2 years (8 total) for a project total of 10 events. 
 
Number of samples: 10 events x 20 samples/ event = 200 (VOCs) 
 
Sampling labor: 10 events x 100 man-hours/event = 1,000 hours 
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Purpose:  Estimate volume of contaminated groundwater. 
 
Assumptions:  
 
Top of peat is at 18 feet bgs. 
Depth to water is 4 feet. 
Porosity is 0.3. 
 
From the RFI Addendum Report, the plume area based on MCLs is approximately 83,000 ft2.  This 
doesn’t include the sewer area plume which is estimated to be: 
 
(75 feet x 200 feet)/2 = 7,500 ft2 
 
The total area of contaminated groundwater is: 
 
83,000 + 7,500 = 90,500 ft2 
 
Volume of contaminated groundwater: 
 
90,500 ft2 x (18-4) feet x 0.3 x 7.481 gal/ft3 = 2.8 x 106 gallons 
 
 
The mass of the contaminants will be calculated separately. 
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Purpose:  Describe assumptions and calculations used to estimate SSLs for leachability from soil. 
 
Assumptions: 
 
Site-specific SSLs can be estimated using site-specific values for foc, soil porosity soil bulk density.  foc 
has a significant influence of the SSL calculation, and the default value is 0.002.   
 
From the RI/RFI data, the average Total organic carbon (TCO) concentration was 6,332 mg/kg.  This 
corresponds to 0.0063 fraction and a value of 0.006 was used in the SSL calculation. 
 
SCDHEC Petroleum cleanup guidance was also considered.  Soils with K greater than 10-4 cm/sec is 
consider to be sandy, and has a corresponding DAF of 8.  Per the RI/RFI, the values of K are 1.4 x 10-3.  
Thus, a DAF of 8 is should be used.  
 
Site-specific SSLs were calculated using foc = 0.006 and DAF = 8. 
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Purpose:  Estimate mass of contaminants in contaminated unsaturated soil.   
 
Assumptions: 
 
• Use the estimated extent of contaminated soil (70 feet width x 100 feet length  x 4 feet depth). 
 
• Use geometric mean for of soil data as the average concentrations of contaminants. 
 
• Use the surface and subsurface soil data. 
 
See attached spreadsheet for mass calculation. 
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Purpose:  Summarize selection of wells for monitored natural attenuation (MNA) components of 
groundwater alternatives. 
 
Assumptions: 
For a given plume, wells are needed upgradient, within the source, within the plume, and downgradient. 
 
Include an SU and SL at each location. 
 
Include one or more D wells for long-term monitoring. 
 
Both sources (tank and sanitary sewer). 
 
 
Wells used for RI/RFI MNA evaluation: 
MW8SU - Source 
MW6SU - downgradient 
MW5SL - downgradient 
MW4SU - downgradient 
MW1SU - upgradient 
  
Wells for MNA and LTM  
 
Location Sanitary Sewer Plume Tank Source Plume 
Upgradient MW1-SU, MW1-SL Same as Sanitary sewer source 
Source MW25-SU (proposed), MW25-SL MW8-SU, MW24-SL 
Mid-Plume MW20-SU, MW20-SL MW6-SU, MW6-SL 
Downgradient MW26-SU (proposed), MW26-SL MW5-SU, MW5-SL 
Sentinel MW18-SU, MW18-SL, MW7-D Same as Sanitary sewer source 
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Purpose: Quantify requirements for pre-design sampling. 
 
Assumptions: 
Because of the likelihood that the concentrations within the high-concentration areas may change prior to 
the remedial design, a pre-design sampling event is assumed to be needed.  Wells within on close to the 
high-concentration areas will be sampled and analyzed for VOCs. 
 
Assume the following wells for estimating purposes: 
 
Area Wells 
Tank Source MW08-SL/SU, MW7-SL/SU, AMW-2, MW24-SL 
Southern MW4-SL/SU, MW20-SL/SU 
Sanitary Sewer MW25-SL/SU 
MW31 MW31-SL/SU 
 
Total number of wells is 16. 
 
Labor crew of 2, three 10-hour days, plus 16 hours mob/demob: 
 
   = 2 x 3 x 10 + 16 = 76 hours, round to 80 hours 
 
Analyses: assume 2 duplicates. Assume sample cost of $100 each: 
 
 = 18 samples x 100 $/sample = $1,800 
 
ODCs (travel, equipment, IDW).  Assume local travel. 
 
 = $200 + $1,500 + $500 = $2,200 
 
 Labor for report: 60 hours  
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Purpose:  Estimate the quantity of Sodium Permanganate (NaMnO4) needed to treat the high 
concentration areas. 
 
Assumptions:  Use masses of PCE, TCE, and DCE in the total plume calculations (conservative).  
Because the 1,000 ug/L contours of each compound do not coincide, the use of this mass will be slightly 
higher that the mass in the areas of high concentrations.   
 
Estimate the NaMnO4 required based on the GeoCleanse quote.  That quote used a Permanganate 
natural oxidant demand (PNOD) of 3 grams Permanganate per kg of soil over an area of 21,000 ft2 and 
20 feet thick. 
 
For Site 45, the volume of groundwater to be treated is: 
 
Tank Source Upper 6,100 ft2 x 5 ft = 30,500 ft3 
Tank Source Lower 9,700 ft2 x 9 ft = 87,300 ft3 
Southern Upper 700 ft2 x 5 ft = 3,500 ft3 
Southern Lower 1,900 ft2 x 9 ft  17,100 ft3 
MW31 Upper 700 ft2 x 5 ft = 3,500 ft3 
MW31 Lower 1,900 ft2 x 9 ft  17,100 ft3 
Sanitary Sewer, Upper and Lower 1,300 ft2 x (9 + 5) ft = 18,200 ft3 
TOTAL  177,200 ft3 
 
NaMnO4  requirement (from GeoCleanse): 
 
31,214 lbs. (40% NaMnO4) diluted to 27,095 gal of 5.3% NaMnO4 solution will be required. 
 
 
Based on the quote, NaMnO4  will be injected in one event through temporary direct-push borings.  The 
lateral boring spacing will be 10 feet.  At each location, there will be two injection points, one for the upper 
10 feet and the other for the lower 10 feet.   
 
The area of influence was assumed to be: 102 x π /4 = 78.5 ft2 
 
The number of borings and total length at Site 45 is: 
 

 Area, ft2 Thickness, ft No. of borings  Total Length, feet 
Tank Source Upper 6,100 5 35 35 x 5 = 175 
Tank Source Lower 9,700 9 46 46 x 9 = 414 
Southern Upper 700 5 4 4 x 5 = 20 
Southern Lower 1,900 9 8 8 x 9 = 72 
MW31 Upper 700 5 4 4 x 5 = 20 
MW31 Lower 1,900 9 8 8 x 9 = 72 
Sanitary Sewer Upper 1,300 5 4 4 x 5 = 20 
Sanitary Sewer Lower 1,300 9 5 5 x 9 =  45 

Totals 23,600  114  838 
 
Boring locations per event  = 114 
 
For the injection event, there are 114 borings.  Assume that 4 points can be installed per day.  The 
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borings are shallow, and will be installed in pairs: 
 
 114 x 2 borings/(24 borings per day) = 9.5 days for a DPT rig, use 10 days 
 
In the estimate, the cost was based on $740 per injection point of 20 feet in length.  For Site 45, the 
intervals are 5 feet and 9 feet, so a cost per foot basis is needed. 
 
$740/10 feet = $74/foot 
 
Average boring length is 838 feet/114 borings = 7.4 feet rounded to 8 feet per boring. 
 
The average cost per boring is 8 feet x $92.5/foot = $740 
 
 
Post injection sampling: 
 
Assume 3 locations per plume per layer.  There are 4 plumes, each with 2 layers. 
 
4 x 3 x 2 = 24 samples per sampling event. 
 
 
Road repairs: 
 
Near Source: 100 feet x 30 feet = 3,000 ft2 
 
Near sewer: 50 feet x 20 feet = 1,000 ft2 
 
Total: 4,000 ft2 
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Purpose:  List wells that will be abandoned because they are within the areas to be treated with ERH. 
 
Well Depth, feet 
MW8-SL 17 
MW8-SU 10 
AMW-2 17 
AMW-5 17 
MW24-SU 10 
MW22-SL 17 
MW22-SU 10 
MW7-SL 17 
MW7-SU 10 
MW7-D 40 
MW25-SU 10 
MW4-SL 17 
MW4-SU 10 
MW4-D 40 
MW20-SL 17 
MW-20-SU 10 
MW31-SU 10 
MW31-SL 17 
Total 296 
   
 
 
 
Also, identify areas that will need to be reseeded: 
 
Location Dimensions Area, ft2 
Tank Source 140 feet x 100 feet 14,000 
Southern 50 feet x 50 feet 2,500 
Sanitary Sewer 50 feet x 30 feet 1,500 
MW31 50 feet x 50 feet 2,500 
Total  20,500 
 
 



APPENDIX E 
 

ARARS AND COST ESTIMATES 
  



TABLE S-1 LOC 
 

FEDERAL AND STATE ACTION-SPECIFIC ARARs – ALTERNATIVE S-1 – NO ACTION 
SITE 45 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 1 
 

 

Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 

 
There are no federal action-specific ARARs. 

 
State 

 
There are no state action-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
This alternative will not address risks due to 
carcinogens as assessed with slope factors. 

Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  This alternative will not 
address risks due to noncarcinogens as 
assessed with EPA RfDs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  This 
alternative will not address risks due to 
carcinogens as assessed through this 
guidance. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  This alternative will not 
address risks due to carcinogenic risks to 
children assessed through this guidance. 

State 
 

There are no state chemical-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 

 
There are no federal location-specific ARARs. 

 
State     

 
There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 

T 
There are no federal action-specific ARARs. 

 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as excavated soil) is hazardous, either by 
being listed or by exhibiting a hazardous 
characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as contaminated soil. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Disposal of excavated soil, if hazardous, 
would comply with LDRs.  

Temporary storage 
of solid waste 

SCCR R.61-
107.5(C)(1) 

Relevant and 
Appropriate 

Generation of solid waste for 
temporary storage prior disposal must 
be stored in a manner that prevents 
blowing of particulates, prevents 
erosion and water pollution, and 
prevents accumulation in an unsafe 
manner. 

Soil that is not hazardous will be stockpiled 
according to these regulations prior to 
disposal.  

Air Pollution Control 
Standards – Control 
of Fugitive 
Particulate Matter - 
Statewide 

SCCR R.61-
62.6 III(d) 

Applicable Establishes requirement to control 
fugitive emissions in a manner that 
does not create an undesirable level 
of air pollution. 

Excavation and backfill would be required 
to use dust control. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Abandonment of monitoring wells will be 
conducted according to these regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Standards for Storm 
Water Management 
and Sediment 
Reduction 

SCCR R.72-
307H (2) and 
(5)(d) 
(Requirements 
for Land 
Disturbing 
Activities of 2 
Acres or Less) 

Applicable Identifies storm water management 
and sediment control requirements for 
land disturbing activities of 2 acres or 
less.  Plan would require a narrative 
and description of temporary and 
permanent vegetative and structural 
storm water management and 
sediment control measures. 

Soil excavation activities would meet these 
regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through 
excavation and off-site disposal of 
contaminated soil. 

Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through excavation and off-site 
disposal of contaminated soil. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through excavation and off-site disposal of 
contaminated soil. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through excavation and off-site 
disposal of contaminated soil. 

State 
 

There are no state chemical-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 

 
There are no federal location-specific ARARs. 

 
State     

 
There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 

 
There are no state action-specific ARARs. 

 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as drill cuttings spent GAC from electrical 
resistance heating (ERH) treatment) is 
hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as drill cuttings and spent 
GAC from ERH treatment. 

Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Disposal of drill cuttings and spent GAC 
from ERH treatment, if hazardous, would 
comply with LDRs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Air Pollution Control 
Standards – Toxic 
Air Pollutants 

SCCR R61-
62.5 Standard 
No. 8 

Applicable Establishes requirement to control 
emissions of air toxics from all 
sources. 

Emissions of VOCs associated with ERH 
would be minimized by off-gas treatment. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Abandonment of monitoring wells will be 
conducted according to these regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through 
treatment by electrical resistance heating 
(ERH) and land use controls (LUCs). 

Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through treatment by ERH and 
LUCs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through treatment by ERH and LUCs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through treatment by ERH and 
LUCs. 

State 
 

There are no state chemical-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 
Floodplain 
Management  

Executive Order 
(EO)11988 Section 
2(a)(2) (Floodplain 
Management) 

To Be 
Considered 

Remedial alternatives that may cause 
alteration within a 100-year floodplain 
will be implemented according to 
Executive Order 11988 (Floodplain 
Management).  Requires soliciting 
public comment on any disturbance of 
floodplains.   

Electrical resistance heating (ERH) 
equipment will be located in the floodplain.  
System will be designed to prevent damage 
to the equipment in the event of a 100-year 
storm. 

State     
 

There are no state location-specific ARARs. 
 

 



4/30/2012 11:34 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare Documents & Plans including Permits 400 hr $39.00 $0 $0 $15,600 $0 $15,600
1.2 Completion Report 250 hr $39.00 $0 $0 $9,750 $0 $9,750
2 MOBILIZATION AND DEMOBILIZATION

2.1 Preconstruction Meeting 24 hr $70.00 $0 $0 $1,680 $0 $1,680
2.2 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.3 Equipment Mobilization/Demobilization 3 ea $188.00 $566.00 $0 $0 $564 $1,698 $2,262
3 FIELD SUPPORT

3.1 Site Support Facilities (trailers, phone, electric, etc. 1 mo $380.00 $365.00 $0 $380 $365 $0 $745
3.2 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300
3.3 Site Superintendent 20 day $166.00 $480.00 $0 $3,320 $9,600 $0 $12,920
3.4 Site Health & Safety and QA/QC 20 day $166.00 $360.00 $0 $3,320 $7,200 $0 $10,520
4 DECONTAMINATION

4.1 Decontamination Services 1 mo $1,220.00 $2,450.00 $1,450.00 $0 $1,220 $2,450 $1,450 $5,120
4.2 Equipment Decon Pad 1 ls $4,500.00 $3,000.00 $725.00 $0 $4,500 $3,000 $725 $8,225
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $813.00 $0 $0 $0 $813 $813
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $731.00 $0 $0 $0 $731 $731
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $950.00 $950 $0 $0 $0 $950
5 SITE PREPARATION

5.1 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750
5.2 Soil Sampling Delineation, VOC 20 ea $150.00 $15.00 $3,000 $300 $0 $0 $3,300
5.3 Soil Sampling Delineation Labor 60 hr $36.00 $0 $0 $2,160 $0 $2,160
5.4 Soil Sampling Characterization, VOC 10 ea $150.00 $15.00 $1,500 $150 $0 $0 $1,650
5.5 Soil Sampling Characterization Labor 40 hr $36.00 $0 $0 $1,440 $0 $1,440
6 EXCAVATION AND DISPOSAL
6.1 Excavator, 2 cy 10 day $318.80 $1,253.00 $0 $0 $3,188 $12,530 $15,718
6.2 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
6.3 Off Site Disposal, Hazardous 1,500 ton $205.00 $307,500 $0 $0 $0 $307,500
7 BACKFILL AND RESTORATION
7.1 Common Fill 910 cy $17.96 $0 $16,344 $0 $0 $16,344
7.2 Topsoil (loam) 130 cy $27.67 $0 $3,597 $0 $0 $3,597
7.3 Dozer, 140 hp 10 day $372.40 $817.40 $0 $0 $3,724 $8,174 $11,898
7.4 Site Labor, (3 laborers) 30 day $280.80 $0 $0 $8,424 $0 $8,424
7.5 Seeding Disturbed Areas 9 msf $96.50 $869 $0 $0 $0 $869

Subtotal $323,869 $34,331 $77,569 $29,621 $465,389

Overhead on Labor Cost @ 30% $23,271 $23,271
G & A on Labor Cost @ 10% $7,757 $7,757

G & A on Material Cost @ 10% $3,433 $3,433
G & A on Equipment Cost @ 10% $2,962 $2,962

G & A on Subcontract Cost @ 10% $32,387 $32,387
Tax on Materials and Equipment Cost @ 4% $1,373 $1,185 $2,558

Total Direct Cost $356,255 $39,137 $108,597 $33,768 $537,757

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost) $68,792
Profit on Total Direct Cost @ 10% $53,776

Subtotal $660,325

Alternative S-2 - Excavation and Off-Site Disposal
Site 45
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4/30/2012 11:34 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative S-2 - Excavation and Off-Site Disposal
Site 45

Health & Safety Monitoring @ 1% $6,603

Total Field Cost $666,928

Contingency on Total Field Costs @ 25% $166,732
Engineering on Total Field Cost @ 15% $100,039

TOTAL CAPITAL COST $933,699

C:\Documents and Settings\juanita.sapp\Desktop\Appendix E\Alt S-2 4-9-12\capcost Page 2 of 2
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FEDERAL AND STATE ACTION-SPECIFIC ARARs – ALTERNATIVE G-1 – NO ACTION 
SITE 45 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 1 
 

Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
 

There are no federal action-specific ARARs. 
 
State 
 

There are no state action-specific ARARs. 
 

 



TABLE G-1 CHEM 
 

FEDERAL AND STATE CHEMICAL-SPECIFIC ARARs – ALTERNATIVE G-1 – NO ACTION 
SITE 45 FEASIBILITY STUDY 

MCRD PARRIS ISLAND 
PARRIS ISLAND, SOUTH CAROLINA 

PAGE 1 OF 3 
 

Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
This alternative will not meet these 
standards. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  This alternative will 
not meet these standards. 

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
This alternative will not address risks due to 
carcinogens as assessed with slope factors. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  This alternative will not 
address risks due to noncarcinogens as 
assessed with EPA RfDs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  This 
alternative will not address risks due to 
carcinogens as assessed through this 
guidance. 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  This alternative will not 
address risks due to carcinogenic risks to 
children assessed through this guidance. 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  This alternative will not meet these 
standards. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater.  This alternative will not meet 
standards established for the site 
groundwater. 

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics) 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  This 
alternative will not meet these standards. 

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish discharge criteria and 
PRGs at storm water outfall.  This alternative 
will not meet these standards. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 

 
There are no federal location-specific ARARs. 

 
State     

 
There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

Federal 
 

There are no federal action-specific ARARs. 
 

State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as drill cuttings) is hazardous, either by 
being listed or by exhibiting a hazardous 
characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as drill cuttings. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

State (Continued) 
Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Disposal of drill cuttings, if determined to 
be hazardous waste would comply with 
LDRs.  

Injection Control 
Regulations 

SCCR R.61-
87.11 
(Classification 
and 
Regulation); 
.14 (Criteria 
and 
Standards); 
.15 (Plugging 
and 
Abandonment) 

Applicable Establishes a State Underground 
Injection Control Program consistent 
with federal requirements and 
appropriate to the hydrogeology of 
South Carolina.  South Carolina is 
authorized to implement their UIC 
Program. 

Injection of electron donor for 
bioremediation will comply with these 
regulations. 

Well Standards - 
Installation 

SCCR R.61-71 
Section H 1(b), 
2(a), 2(b), 2(d) 

Applicable All monitoring wells shall be drilled, 
constructed, maintained, and/or 
operated to ensure that underground 
sources of drinking water are not 
contaminated.  Describes grouting, 
construction, materials, and 
development of wells. 

Monitoring wells will be installed according 
to these regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

State (Continued) 
Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Monitoring wells and injection wells will be 
abandoned according to these regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
MCLs were considered in development of 
PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  PRGs would be met 
through a combination of treatment and 
natural attenuation.  Note than none of the 
groundwater COCs have non-zero MCLGs.    

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through a 
combination of treatment, natural 
attenuation, and land use controls (LUCs). 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through a combination of 
treatment, natural attenuation, and LUCs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through a combination of treatment, natural 
attenuation, and LUCs. 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through a combination of 
treatment, natural attenuation, and LUCs. 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation.  
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater.   

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics); 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  
State MCLs were considered in development 
of PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation.  

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 

Federal 
Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.11 

Applicable Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.  Federal 
agency shall, in consultation with and 
with the assistance of the Secretary, 
insure that any action authorized, 
funded, or carried out by such agency 
is not likely to jeopardize the 
continued existence of any 
endangered species or threatened 
species or result in the destruction or 
adverse modification of habitat of 
such species which is determined by 
the Secretary of Interior, after 
consultation as appropriate with 
affected States, to be critical, unless 
such agency has been granted an 
exemption for such action by the 
Committee pursuant to subsection (h) 
of this section.    

Appropriate federal agencies will be 
consulted to ensure that remedial activities, 
such as routine sampling at the outfall, will 
not impact habitat of endangered species. 
There is no habitat in the source area, so this 
requirement is not an ARAR there. 

Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.21(c), 17.31(a), 
and 17,42(a)(2) 

Applicable Makes it unlawful to take threatened 
or endangered wildlife in the United 
States. 

Remedial activities in the vicinity of the outfall 
will be conducted to prevent taking of 
threatened or endangered wildlife.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 

State     
 

There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 

 
There are no federal action-specific ARARs. 

 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as drill cuttings) is hazardous, either by 
being listed or by exhibiting a hazardous 
characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as drill cuttings. 

Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Disposal of drill cuttings, if determined to 
be hazardous waste would comply with 
LDRs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Injection Control 
Regulations 

SCCR R.61-
87.11 
(Classification 
and 
Regulation); 
.14 (Criteria 
and 
Standards); 
.15 (Plugging 
and 
Abandonment) 

Applicable Establishes a State Underground 
Injection Control Program consistent 
with federal requirements and 
appropriate to the hydrogeology of 
South Carolina.  South Carolina is 
authorized to implement their UIC 
Program. 

Injection of oxidation chemical will comply 
with these regulations. 

Well Standards - 
Installation 

SCCR R.61-71 
Section H 1(b), 
2(a), 2(b), 2(d) 

Applicable All monitoring wells shall be drilled, 
constructed, maintained, and/or 
operated to ensure that underground 
sources of drinking water are not 
contaminated.  Describes grouting, 
construction, materials, and 
development of wells. 

Monitoring wells will be installed according 
to these regulations. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Monitoring wells and injection wells will be 
abandoned according to these regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
MCLs were considered in development of 
PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  PRGs would be met 
through a combination of treatment and 
natural attenuation.  Note than none of the 
groundwater COCs have non-zero MCLGs.    

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through a 
combination of treatment, natural 
attenuation, and land use controls (LUCs). 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through a combination of 
treatment, natural attenuation, and LUCs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through a combination of treatment, natural 
attenuation, and LUCs. 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through a combination of 
treatment, natural attenuation, and LUCs. 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater. 

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics); 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  
State MCLs were considered in development 
of PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation. 

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 
Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.11 

Applicable Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.  Federal 
agency shall, in consultation with and 
with the assistance of the Secretary, 
insure that any action authorized, 
funded, or carried out by such agency 
is not likely to jeopardize the 
continued existence of any 
endangered species or threatened 
species or result in the destruction or 
adverse modification of habitat of 
such species which is determined by 
the Secretary of Interior, after 
consultation as appropriate with 
affected States, to be critical, unless 
such agency has been granted an 
exemption for such action by the 
Committee pursuant to subsection (h) 
of this section.    

Appropriate federal agencies will be 
consulted to ensure that remedial activities, 
such as routine sampling at the outfall, will 
not impact habitat of endangered species. 
There is no habitat in the source area, so this 
requirement is not an ARAR there. 

Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.21(c), 17.31(a), 
and 17,42(a)(2) 

Applicable Makes it unlawful to take threatened 
or endangered wildlife in the United 
States. 

Remedial activities in the vicinity of the outfall 
will be conducted to prevent taking of 
threatened or endangered wildlife.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
State     

 
There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 

 
There are no federal action-specific ARARs. 

 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as drill cuttings) is hazardous, either by 
being listed or by exhibiting a hazardous 
characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as drill cuttings. 

Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Disposal of drill cuttings, if determined to 
be hazardous waste would comply with 
LDRs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State (Continued) 
Injection Control 
Regulations 

SCCR R.61-
87.11 
(Classification 
and 
Regulation); 
.14 (Criteria 
and 
Standards); 
.15 (Plugging 
and 
Abandonment) 

Applicable Establishes a State Underground 
Injection Control Program consistent 
with federal requirements and 
appropriate to the hydrogeology of 
South Carolina.  South Carolina is 
authorized to implement their UIC 
Program. 

Injection of ZVI will comply with these 
regulations. 

Well Standards - 
Installation 

SCCR R.61-71 
Section H 1(b), 
2(a), 2(b), 2(d) 

Applicable All monitoring wells shall be drilled, 
constructed, maintained, and/or 
operated to ensure that underground 
sources of drinking water are not 
contaminated.  Describes grouting, 
construction, materials, and 
development of wells. 

Monitoring wells will be installed according 
to these regulations. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Monitoring wells and injection wells will be 
abandoned according to these regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
MCLs were considered in development of 
PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  PRGs would be met 
through a combination of treatment and 
natural attenuation.  Note than none of the 
groundwater COCs have non-zero MCLGs.    

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through a 
combination of treatment, natural 
attenuation, and land use controls (LUCs). 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through a combination of 
treatment, natural attenuation, and land use 
controls (LUCs). 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through a combination of treatment, natural 
attenuation, and land use controls (LUCs). 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through a combination of 
treatment, natural attenuation, and land use 
controls (LUCs). 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 
State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater. 

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics); 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  
State MCLs were considered in development 
of PRGs.   PRGs would be met through a 
combination of treatment and natural 
attenuation.  

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
Federal 
Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.11 

Applicable Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.  Federal 
agency shall, in consultation with and 
with the assistance of the Secretary, 
insure that any action authorized, 
funded, or carried out by such agency 
is not likely to jeopardize the 
continued existence of any 
endangered species or threatened 
species or result in the destruction or 
adverse modification of habitat of 
such species which is determined by 
the Secretary of Interior, after 
consultation as appropriate with 
affected States, to be critical, unless 
such agency has been granted an 
exemption for such action by the 
Committee pursuant to subsection (h) 
of this section.    

Appropriate federal agencies will be 
consulted to ensure that remedial activities, 
such as routine sampling at the outfall, will 
not impact habitat of endangered species. 
There is no habitat in the source area, so this 
requirement is not an ARAR there. 

Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.21(c), 17.31(a), 
and 17,42(a)(2) 

Applicable Makes it unlawful to take threatened 
or endangered wildlife in the United 
States. 

Remedial activities in the vicinity of the outfall 
will be conducted to prevent taking of 
threatened or endangered wildlife.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there. 
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Requirement Citation Status Synopsis Evaluation/Action to be Taken 
State     

 
There are no state location-specific ARARs. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

Federal 
 

There are no federal action-specific ARARs. 
 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as drill cuttings and spent GAC) is 
hazardous, either by being listed or by 
exhibiting a hazardous characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as drill cuttings and spent 
GAC. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

State (Continued) 
Land Disposal 
Requirements 

SCCR R.61-
79.268.9(a) 
[40 CFR 
268(a)] 

Applicable This regulation provides criteria for 
the treatment of hazardous waste 
prior to land disposal. 

Disposal of drill cuttings and spent GAC, if 
determined to be hazardous waste would 
comply with LDRs. 

Air Pollution Control 
Standards – Toxic 
Air Pollutants 

SCCR R61-
62.5 Standard 
No. 8 

Applicable Establishes requirement to control 
emissions of air toxics from all 
sources. 

Emissions of VOCs associated with 
electrical resistance heating (ERH) would 
be minimized by off-gas treatment. 

Well Standards - 
Installation 

SCCR R.61-71 
Section H 1(b), 
2(a), 2(b), 2(d) 

Applicable All monitoring wells shall be drilled, 
constructed, maintained, and/or 
operated to ensure that underground 
sources of drinking water are not 
contaminated.  Describes grouting, 
construction, materials, and 
development of wells. 

Monitoring wells will be installed according 
to these regulations. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Monitoring wells and ERH extraction wells 
will be abandoned according to these 
regulations. 
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken 

Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
MCLs were considered in development of 
PRGs.   PRGs would be met through a 
combination of removal by electrical 
resistance heating (ERH) and natural 
attenuation. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  PRGs would be met 
through a combination of ERH and natural 
attenuation.  Note than none of the 
groundwater COCs have non-zero MCLGs.    

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through a 
combination of ERH, natural attenuation, and 
land use controls (LUCs). 
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Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through a combination of ERH, 
natural attenuation, and LUCs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through a combination of ERH, natural 
attenuation, and LUCs. 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through a combination of ERH, 
natural attenuation, and LUCs. 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation.  
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State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater. 

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics); 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  
State MCLs were considered in development 
of PRGs.   PRGs would be met through a 
combination of ERH, natural attenuation, and 
LUCs. 

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Federal 
Floodplain 
Management  

Executive Order 
(EO)11988 Section 
2(a)(2) (Floodplain 
Management) 

To Be 
Considered 

Remedial alternatives that may cause 
alteration within a 100-year floodplain 
will be implemented according to 
Executive Order 11988 (Floodplain 
Management).  Requires soliciting 
public comment on any disturbance of 
floodplains.   

Electrical resistance heating (ERH) 
equipment will be located in the floodplain.  
System will be designed to prevent damage 
to the equipment in the event of a 100-year 
storm. 
 

Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.11 

Applicable Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.  Federal 
agency shall, in consultation with and 
with the assistance of the Secretary, 
insure that any action authorized, 
funded, or carried out by such agency 
is not likely to jeopardize the 
continued existence of any 
endangered species or threatened 
species or result in the destruction or 
adverse modification of habitat of 
such species which is determined by 
the Secretary of Interior, after 
consultation as appropriate with 
affected States, to be critical, unless 
such agency has been granted an 
exemption for such action by the 
Committee pursuant to subsection (h) 
of this section.    

Appropriate federal agencies will be 
consulted to ensure that remedial activities, 
such as routine sampling at the outfall, will 
not impact habitat of endangered species. 
There is no habitat in the source area, so this 
requirement is not an ARAR there. 
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Federal (Continued) 
Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.21(c), 17.31(a), 
and 17,42(a)(2) 

Applicable Makes it unlawful to take threatened 
or endangered wildlife in the United 
States. 

Remedial activities in the vicinity of the outfall 
will be conducted to prevent taking of 
threatened or endangered wildlife.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there. 

State     
 

There are no state location-specific ARARs. 
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Federal 
 

There are no federal action-specific ARARs. 
 
State 
Standards for 
Identification and 
Listing of Hazardous 
Waste 

South Carolina 
Code of 
Regulations 
(SCCR) R.61-
79.261  
[40 CFR 261 
Subparts A, B, 
C, and D]  

Applicable Defines sampling requirements for 
listed and characteristic hazardous 
wastes.   

These regulations would apply when 
determining whether a solid waste (such 
as purge water) is hazardous, either by 
being listed or by exhibiting a hazardous 
characteristic. 

Standards for 
Generators of 
Hazardous Waste 

SCCR R.61-
79.262.11(a), 
(b), (c), (d); 
262.20; 
262.31;262.32, 
262.34(a)(1), 
(a)(2), and 
(a)(3). 
[40 CFR 262 
Subparts B 
and C] 

Applicable Establishes determination, 
manifesting, pre-transport, and 
accumulation requirements by the 
generator for hazardous waste. 

These regulations would apply to solid 
wastes that are determined to be 
hazardous, such as purge water. 
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State (Continued) 
Well Standards - 
Installation 

SCCR R.61-71 
Section H 1(b), 
2(a), 2(b), 2(d) 

Applicable All monitoring wells shall be drilled, 
constructed, maintained, and/or 
operated to ensure that underground 
sources of drinking water are not 
contaminated.  Describes grouting, 
construction, materials, and 
development of wells. 

Monitoring wells will be installed according 
to these regulations. 

Well Standards - 
Abandonment 

SCCR R.61-71 
Section H 2(e) 

Applicable Monitoring wells shall be abandoned 
to ensure that underground sources of 
drinking water are not contaminated.  
Describes grouting and procedures 
for abandonment of wells. 

Monitoring wells will be abandoned 
according to these regulations. 
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Federal 
Safe Drinking 
Water Act 
(SDWA) 
Regulations, 
Maximum 
Contaminant 
Levels (MCLs)  

40 Code of 
Federal 
Regulations 
(CFR) 141.61 
(Organics); 
141.62 
(Inorganics) 

Relevant and 
Appropriate 

Establishes enforceable standards for 
potable water for specific 
contaminants that have been 
determined to adversely affect human 
health. 

Used as protective levels for groundwater 
that is a potential drinking water source.   
MCLs were considered in development of 
PRGs.   PRGs would be met through natural 
attenuation. 

SDWA; 
Maximum 
Contaminant 
Level Goals 
(MCLGs) 

40 CFR 141.51 
(organics); 
141.52 
(Inorganics) 

Relevant and 
Appropriate for 
non-zero MCLGs 
only. 

Establishes maximum contaminant 
level goals (MCLGs) for public water 
supplies.  MCLGs are health goals for 
drinking water sources.  These 
unenforceable health goals are 
available for a number of organic and 
inorganic compounds. 

Non-zero MCLGs were considered in 
development of PRGs.  PRGs would be met 
through natural attenuation.  Note than none 
of the groundwater COCs have non-zero 
MCLGs.    

Cancer Slope 
Factors (CSFs) 

 
- 

TBC These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. Slope factors are 
developed by EPA from health effects 
assessments.  Carcinogenic effects 
present the most up-to-date 
information on cancer risk potency. 
Potency factors are developed by 
EPA from Health Effects 
Assessments of evaluation by the 
Carcinogenic Assessment Group. 

Used to calculate the individual incremental 
cancer risk resulting from exposure to 
carcinogenic contaminants in site media.  
Risks due to carcinogens as assessed with 
slope factors will be addressed through a 
combination of natural attenuation and land 
use controls (LUCs). 
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Federal (continued) 
Reference Doses 
(RfDs) 

 
- 

TBC Guidance used to compute human 
health hazard resulting from exposure 
to non-carcinogens in site media.  
RfDs are considered to be the levels 
unlikely to cause significant adverse 
health effects associated with a 
threshold mechanism of action in 
human exposure for a lifetime. 

Used to calculate potential non-carcinogenic 
hazards caused by exposure to 
contaminants.  Hazards due to 
noncarcinogens with EPA RfDs will be 
addressed through a combination of natural 
attenuation and LUCs. 

Guidelines for 
Carcinogen Risk 
Assessment       

EPA/630/P-
03/001F   (March 
2005) 

To Be 
Considered 

Guidance for assessing cancer risk. Used to calculate potential carcinogenic risks 
caused by exposure to contaminants.  
Hazards due to carcinogens assessed 
through this guidance will be addressed 
through a combination of natural attenuation 
and LUCs. 

Supplemental 
Guidance for 
Assessing 
Susceptibility 
from Early-Life 
Exposure to 
Carcinogens     

EPA/630/R-
03/003F  (March 
2005)  

To Be 
Considered 

Guidance of assessing cancer risks to 
children. 

Used to calculate potential carcinogenic risks 
to children caused by exposure to 
contaminants.  Carcinogenic risks to children 
assessed through this guidance will be 
addressed through a combination of natural 
attenuation and LUCs. 

Clean Water Act, 
National 
Recommended 
Water Quality 
Criteria 
(NRWQC) 

Clean Water Act, 
33 USC 1314 
Section 304(a)(1) 

Relevant and 
Appropriate 

NRWQC Guidelines are established 
for the protection of human health 
and/or the aquatic organisms. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation.  
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State 
Water 
Classifications 
and Standards 

South Carolina 
Code of 
Regulations 
R.61-68 

Applicable Establishes water uses for all waters 
of the state, establishes general rules 
and specific numeric and narrative 
criteria for protecting classified and 
existing water uses, and establishes 
procedures for classifying waters.  

Used to establish cleanup goals for 
groundwater. 

Drinking Water 
Criteria 

South Carolina 
Code of 
Regulations 
R.61-58.5(B) 
MCLs for 
Inorganics); 
R.61-58.5(D) 
MCLs for 
Organics); 

Relevant and 
appropriate 

This rule provides primary drinking 
water quality criteria. 

Used as protective levels for groundwater 
that is a potential drinking water source.  
State MCLs were considered in development 
of PRGs.   PRGs would be met through a 
combination of natural attenuation and LUCs.

Water Quality 
Numeric Criteria 
for the Protection 
of Aquatic Life 
and Human 
Health 

South Carolina 
Code of 
Regulations R61-
68 Section E (14) 

Applicable Provides numeric criteria for the 
protection and maintenance of all 
classes of surface waters. 

Used to establish PRGs at storm water 
outfall.  PRGs would be met through natural 
attenuation. 
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Federal 
Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.11 

Applicable Regulates activities affecting federally 
listed endangered or threatened 
species or their habitat.  Federal 
agency shall, in consultation with and 
with the assistance of the Secretary, 
insure that any action authorized, 
funded, or carried out by such agency 
is not likely to jeopardize the 
continued existence of any 
endangered species or threatened 
species or result in the destruction or 
adverse modification of habitat of 
such species which is determined by 
the Secretary of Interior, after 
consultation as appropriate with 
affected States, to be critical, unless 
such agency has been granted an 
exemption for such action by the 
Committee pursuant to subsection (h) 
of this section.    

Appropriate federal agencies will be 
consulted to ensure that remedial activities, 
such as routine sampling at the outfall, will 
not impact habitat of endangered species. 
There is no habitat in the source area, so this 
requirement is not an ARAR there. 

Endangered 
Species Act 

16 United Sates 
Code (USC) 1531 
(a)(2); 50 CFR 
17.21(c), 17.31(a), 
and 17,42(a)(2) 

Applicable Makes it unlawful to take threatened 
or endangered wildlife in the United 
States. 

Remedial activities in the vicinity of the outfall 
will be conducted to prevent taking of 
threatened or endangered wildlife.  There is 
no habitat in the source area, so this 
requirement is not an ARAR there. 
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State     
 

There are no state location-specific ARARs. 
 

 



4/30/2012 11:25 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850
1.2 Prepare Documents & Plans including Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900
1.4 Completion Report 120 hr $39.00 $0 $0 $4,680 $0 $4,680
2 PRE-DESIGN SAMPLING

2.1 Sampling Labor 80 hr $36.00 $0 $0 $2,880 $0 $2,880
2.2 Sampling Analysis - VOCs 18 ea $100.00 $15.00 $1,800 $270 $0 $0 $2,070
2.3 Sampling ODCs (travel, equipment, IDW) 1 ls $2,350.00 $2,350 $0 $0 $0 $2,350
2.4 Sampling Report 60 hr $39.00 $0 $0 $2,340 $0 $2,340
3 MOBILIZATION AND DEMOBILIZATION

3.1 Preconstruction Meeting 24 hr $70.00 $0 $0 $1,680 $0 $1,680
3.2 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
3.3 Equipment Mobilization/Demobilization 3 ea $188.00 $566.00 $0 $0 $564 $1,698 $2,262
3.4 Well Equipment Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
4 FIELD SUPPORT

4.1 Site Support Facilities (trailers, phone, electric, etc.) 4 mo $380.00 $365.00 $0 $1,520 $1,460 $0 $2,980
4.2 Water Tank, 5,000 gal 1 mo $2,820.00 $0 $0 $2,820 $0 $2,820
4.3 Water 62,000 gal $0.02 $0 $1,240 $0 $0 $1,240
4.4 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300
4.5 Site Superintendent 15 day $166.00 $480.00 $0 $2,490 $7,200 $0 $9,690
4.6 Site Health & Safety and QA/QC 10 day $166.00 $360.00 $0 $1,660 $3,600 $0 $5,260
4.7 Decontamination Services 2 mo $230.00 $340.00 $0 $460 $0 $680 $1,140
5 SITE PREPARATION

5.1 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750
5.2 Equipment Decon Pad 1 ls $2,000.00 $0 $2,000 $0 $0 $2,000
6 BIO-ENHANCED INJECTIONS
6.1 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
6.2 DPT Rig 7 day $1,500.00 $10,500 $0 $0 $0 $10,500
6.3 EOS and AquaBupH 1 ls $214,000.00 $0 $214,000 $0 $0 $214,000
6.4 Groundwater Sampling Labor (100 hr * 6 times) 600 hr $36.00 $0 $0 $21,600 $0 $21,600
6.5 Groundwater Sampling Analysis - VOCs (6*20) 120 ea $240.00 $15.00 $28,800 $1,800 $0 $0 $30,600
6.6 Groundwater Sampling Report (40 hr * 6 times) 240 hr $39.00 $0 $0 $9,360 $0 $9,360
6.7 Groundwater Sampling Disposal & Misc Cost 3 ls $375.00 $1,125 $0 $0 $0 $1,125

Subtotal $58,625 $226,440 $79,634 $5,878 $370,577

Overhead on Labor Cost @ 30% $23,890 $23,890
G & A on Labor Cost @ 10% $7,963 $7,963

G & A on Material Cost @ 10% $22,644 $22,644
G & A on Equipment Cost @ 10% $588 $588

G & A on Subcontract Cost @ 10% $5,863 $5,863
Tax on Materials and Equipment Cost @ 4%  $9,058 $235 $9,293

Total Direct Cost $64,488 $258,142 $111,488 $6,701 $440,818

Indirects on Total Direct Cost @ 30% $132,245
Profit on Total Direct Cost @ 10% $44,082

Subtotal $617,145

Health & Safety Monitoring @ 2% $12,343

Total Field Cost $629,488

Contingency on Total Field Costs @ 25% $157,372
Engineering on Total Field Cost @ 10% $62,949

TOTAL CAPITAL COST $849,808

Alternative G-2 - Enhanced Bioremediation / Monitored Natural Attenuation / LUCs

C:\Documents and Settings\juanita.sapp\Desktop\Appendix E\Alt G-2 Rev\capcost Page 1 of 4



4/30/2012 11:25 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost for Year 5
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 0 hr $39.00 $0 $0 $0 $0 $0
1.2 Prepare Documents & Plans including Permits 0 hr $39.00 $0 $0 $0 $0 $0
1.3 Prepare Groundwater Monitoring Plan 0 hr $39.00 $0 $0 $0 $0 $0
1.4 Completion Report 0 hr $39.00 $0 $0 $0 $0 $0
2 PRE-DESIGN SAMPLING

2.1 Sampling Labor 0 hr $36.00 $0 $0 $0 $0 $0
2.2 Sampling Analysis - VOCs 0 ea $100.00 $15.00 $0 $0 $0 $0 $0
2.3 Sampling ODCs (travel, equipment, IDW) 0 ls $2,350.00 $0 $0 $0 $0 $0
2.4 Sampling Report 0 hr $39.00 $0 $0 $0 $0 $0
3 MOBILIZATION AND DEMOBILIZATION

3.1 Preconstruction Meeting 24 hr $70.00 $0 $0 $1,680 $0 $1,680
3.2 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
3.3 Equipment Mobilization/Demobilization 3 ea $188.00 $566.00 $0 $0 $564 $1,698 $2,262
3.4 Well Equipment Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
4 FIELD SUPPORT

4.1 Site Support Facilities (trailers, phone, electric, etc.) 4 mo $380.00 $365.00 $0 $1,520 $1,460 $0 $2,980
4.2 Water Tank, 5,000 gal 1 mo $2,820.00 $0 $0 $2,820 $0 $2,820
4.3 Water 62,000 gal $0.02 $0 $1,240 $0 $0 $1,240
4.4 Survey Support 2 day $1,150.00 $2,300 $0 $0 $0 $2,300
4.5 Site Superintendent 15 day $166.00 $480.00 $0 $2,490 $7,200 $0 $9,690
4.6 Site Health & Safety and QA/QC 10 day $166.00 $360.00 $0 $1,660 $3,600 $0 $5,260
4.7 Decontamination Services 2 mo $230.00 $340.00 $0 $460 $0 $680 $1,140
5 SITE PREPARATION

5.1 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750
5.2 Equipment Decon Pad 1 ls $2,000.00 $0 $2,000 $0 $0 $2,000
6 BIO-ENHANCED INJECTIONS
6.1 DPT Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
6.2 DPT Rig 7 day $1,500.00 $10,500 $0 $0 $0 $10,500
6.3 EOS and AquaBupH 1 ls $214,000.00 $0 $214,000 $0 $0 $214,000
6.4 Groundwater Sampling Labor (100 hr * 6 times) 600 hr $36.00 $0 $0 $21,600 $0 $21,600
6.5 Groundwater Sampling Analysis - VOCs (6*20) 120 ea $240.00 $15.00 $28,800 $1,800 $0 $0 $30,600
6.6 Groundwater Sampling Report (40 hr * 6 times) 240 hr $39.00 $0 $0 $9,360 $0 $9,360
6.7 Groundwater Sampling Disposal & Misc Cost 3 ls $375.00 $1,125 $0 $0 $0 $1,125

Subtotal $54,475 $226,170 $48,284 $5,878 $334,807

Overhead on Labor Cost @ 30% $14,485 $14,485
G & A on Labor Cost @ 10% $4,828 $4,828

G & A on Material Cost @ 10% $22,617 $22,617
G & A on Equipment Cost @ 10% $588 $588

G & A on Subcontract Cost @ 10% $5,448 $5,448
Tax on Materials and Equipment Cost @ 4%  $9,047 $235 $9,282

Total Direct Cost $59,923 $257,834 $67,598 $6,701 $392,055

Indirects on Total Direct Cost @ 30% $117,616
Profit on Total Direct Cost @ 10% $39,205

Subtotal $548,877

Health & Safety Monitoring @ 2% $10,978

Total Field Cost $559,854

Contingency on Total Field Costs @ 10% $55,985
Engineering on Total Field Cost @ 10% $55,985

TOTAL CAPITAL COST $671,825

Alternative G-2 - Enhanced Bioremediation / Monitored Natural Attenuation / LUCs
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4/30/2012 11:25 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-2 - Enhanced Bioremediation / Monitored Natural Attenuation / LUCs
Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item years 1 & 2 years 3-5 years 6-30 every 5 years Notes

Site Inspection $4,050 $4,050 $4,050 Labor and supplies to visit site once a year to inspect Land Use Controls with Report

MNA Sampling $48,400 $24,200 $12,100 Labor and supplies to collect samples from 17 wells using a crew of two, quarterly 
years 1 & 2, semi-annual years 3-5, annual years 6-30.

MNA Sampling 
Analysis/Water

$60,452 $30,226 $15,113 Analyze groundwater samples for MNA, VOCs, Anions, Methane/ethane/ethene 
including QA/QC cost.

IDW Disposal $2,500 $1,250 $625 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $115,402 $59,726 $31,888 $23,000

Contingency @ 10% $11,540 $5,973 $3,189 $2,300

TOTAL $126,942 $65,699 $35,077 $25,300
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4/30/2012 11:25 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-2 - Enhanced Bioremediation / Monitored Natural Attenuation / LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $849,808 $849,808 1.000 $849,808
1 $126,942 $126,942 0.980 $124,453
2 $126,942 $126,942 0.961 $122,013
3 $65,699 $65,699 0.942 $61,909
4 $65,699 $65,699 0.924 $60,695
5 $671,825 $90,999 $762,824 0.906 $690,913
6 $35,077 $35,077 0.888 $31,147
7 $35,077 $35,077 0.871 $30,536
8 $35,077 $35,077 0.853 $29,938
9 $35,077 $35,077 0.837 $29,351

10 $60,377 $60,377 0.820 $49,530
11 $35,077 $35,077 0.804 $28,211
12 $35,077 $35,077 0.788 $27,658
13 $35,077 $35,077 0.773 $27,116
14 $35,077 $35,077 0.758 $26,584
15 $60,377 $60,377 0.743 $44,861
16 $35,077 $35,077 0.728 $25,552
17 $35,077 $35,077 0.714 $25,051
18 $35,077 $35,077 0.700 $24,559
19 $35,077 $35,077 0.686 $24,078
20 $60,377 $60,377 0.673 $40,632
21 $35,077 $35,077 0.660 $23,143
22 $35,077 $35,077 0.647 $22,689
23 $35,077 $35,077 0.634 $22,244
24 $35,077 $35,077 0.622 $21,808
25 $60,377 $60,377 0.610 $36,802
26 $35,077 $35,077 0.598 $20,961
27 $35,077 $35,077 0.586 $20,550
28 $35,077 $35,077 0.574 $20,147
29 $35,077 $35,077 0.563 $19,752
30 $60,377 $60,377 0.552 $33,332

TOTAL PRESENT WORTH $2,616,022
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4/30/2012 11:28 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850
1.2 Prepare Documents & Plans including Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900
1.4 Completion Report 120 hr $39.00 $0 $0 $4,680 $0 $4,680
2 PRE-DESIGN SAMPLING

2.1 Sampling Labor 80 hr $36.00 $0 $0 $2,880 $0 $2,880
2.2 Sampling Analysis - VOCs 18 ea $100.00 $15.00 $1,800 $270 $0 $0 $2,070
2.3 Sampling ODCs (travel, equipment, IDW) 1 ls $2,350.00 $2,350 $0 $0 $0 $2,350
2.4 Sampling Report 60 hr $39.00 $0 $0 $2,340 $0 $2,340
3 MOBILIZATION AND DEMOBILIZATION

3.1 Preconstruction Meeting 24 hr $70.00 $0 $0 $1,680 $0 $1,680
3.2 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
3.3 Equipment Mobilization/Demobilization 3 ea $188.00 $566.00 $0 $0 $564 $1,698 $2,262
3.4 Well Equipment Mobilization/Demobilization 0 ea $2,000.00 $0 $0 $0 $0 $0
4 FIELD SUPPORT

4.1 Site Support Facilities (trailers, phone, electric, etc. 6 mo $380.00 $365.00 $0 $2,280 $2,190 $0 $4,470
4.2 Water Tank, 5,000 gal 3 mo $2,820.00 $0 $0 $8,460 $0 $8,460
4.3 Water 200,000 gal $0.02 $0 $4,000 $0 $0 $4,000
4.4 Survey Support 5 day $1,150.00 $5,750 $0 $0 $0 $5,750
4.5 Site Superintendent 30 day $166.00 $480.00 $0 $4,980 $14,400 $0 $19,380
4.6 Site Health & Safety and QA/QC 24 day $166.00 $360.00 $0 $3,984 $8,640 $0 $12,624
4.7 Decontamination Services 3 mo $230.00 $340.00 $0 $690 $0 $1,020 $1,710
5 SITE PREPARATION

5.1 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750
5.2 Equipment Decon Pad 1 ls $2,000.00 $0 $2,000 $0 $0 $2,000
6 TESTING & STUDIES
6.1 Bench Testing Sampling 0 hr $39.00 $0 $0 $0 $0 $0
6.2 DPT Mobilization/Demobilization 0 ea $2,200.00 $0 $0 $0 $0 $0
6.3 Bench Scale DPT Rig 0 day $1,500.00 $0 $0 $0 $0 $0
6.4 Pilot Study 0 ls $0.00 $0 $0 $0 $0 $0
6.5 Pilot Study DPT Rig 0 day $2,250.00 $0 $0 $0 $0 $0
7 IN-SITU CHEMICAL OXIDATION TREATMENT
7.1 Injection #1 - Mob/demob Injection System 1 ls $207,000.00 $207,000 $0 $0 $0 $207,000
7.5 Injection #2 - Mob/demob Injection System 1 ls $207,000.00 $207,000 $0 $0 $0 $207,000

Alternative G-3 - In-Situ Chemical Oxidation / Monitored Natural Attenuation / LUCs
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4/30/2012 11:28 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-3 - In-Situ Chemical Oxidation / Monitored Natural Attenuation / LUCs

7.17 Groundwater Sampling Labor (130 hr * 4 times) 520 hr $36.00 $0 $0 $18,720 $0 $18,720
7.18 Groundwater Sampling Analysis - VOCs (24 *4) 96 ea $400.00 $15.00 $38,400 $1,440 $0 $0 $39,840
7.19 Groundwater Sampling Report (40 hr * 4 times) 160 hr $39.00 $0 $0 $6,240 $0 $6,240
7.20 Groundwater Sampling Disposal & Misc Cost 1 ls $300.00 $300 $0 $0 $0 $300
7.21 Groundwater Sampling DPT rig Mob 4 ls $2,200.00 $8,800 $0 $0 $0 $8,800
7.22 Groundwater Sampling DPT rig 8 day $1,500.00 $12,000 $0 $0 $0 $12,000

8 SITE RESTORATION
8.1 Seeding Disturbed Areas 6 msf $96.50 $579 $0 $0 $0 $579
8.2 Pavement Replacement 450 sy $56.50 $25,425 $0 $0 $0 $25,425

Subtotal $517,154 $20,644 $92,244 $6,218 $636,260

Overhead on Labor Cost @ 30% $27,673 $27,673
G & A on Labor Cost @ 10% $9,224 $9,224

G & A on Material Cost @ 10% $2,064 $2,064
G & A on Equipment Cost @ 10% $622 $622

G & A on Subcontract Cost @ 10% $51,715 $51,715
Tax on Materials and Equipment Cost @ 4% $826 $249 $1,074

Total Direct Cost $568,869 $23,534 $129,142 $7,089 $728,634

Indirects on Total Direct Cost @ 30% $218,590
Profit on Total Direct Cost @ 10% $72,863

Subtotal $1,020,087

Health & Safety Monitoring @ 2% $20,402

Total Field Cost $1,040,489

Contingency on Total Field Costs @ 25% $260,122
Engineering on Total Field Cost @ 10% $104,049

TOTAL CAPITAL COST $1,404,660
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4/30/2012 11:28 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-3 - In-Situ Chemical Oxidation / Monitored Natural Attenuation / LUCs
Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item years 1 & 2 years 3-5 years 6-30 every 5 years Notes

Site Inspection $4,050 $4,050 $4,050 Labor and supplies to visit site once a year to inspect Land Use Controls with Report

MNA Sampling $48,400 $24,200 $12,100 Labor and supplies to install wells, collect groundwater samples from 17 wells using a 
crew of two, quarterly years 1 & 2, semi-annual years 3-5, annual years 6-30.

MNA Sampling 
Analysis/Water

$60,452 $30,226 $15,113 Analyze groundwater samples for MNA, VOCs, Anions, Methane/ethane/ethene 
including QA/QC cost.

IDW Disposal $2,500 $1,250 $625 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $115,402 $59,726 $31,888 $23,000

Contingency @ 10% $11,540 $5,973 $3,189 $2,300

TOTAL $126,942 $65,699 $35,077 $25,300
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4/30/2012 11:28 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-3 - In-Situ Chemical Oxidation / Monitored Natural Attenuation / LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $1,404,660 $1,404,660 1.000 $1,404,660
1 $126,942 $126,942 0.980 $124,453
2 $126,942 $126,942 0.961 $122,013
3 $65,699 $65,699 0.942 $61,909
4 $65,699 $65,699 0.924 $60,695
5 $90,999 $90,999 0.906 $82,420
6 $35,077 $35,077 0.888 $31,147
7 $35,077 $35,077 0.871 $30,536
8 $35,077 $35,077 0.853 $29,938
9 $35,077 $35,077 0.837 $29,351

10 $60,377 $60,377 0.820 $49,530
11 $35,077 $35,077 0.804 $28,211
12 $35,077 $35,077 0.788 $27,658
13 $35,077 $35,077 0.773 $27,116
14 $35,077 $35,077 0.758 $26,584
15 $60,377 $60,377 0.743 $44,861
16 $35,077 $35,077 0.728 $25,552
17 $35,077 $35,077 0.714 $25,051
18 $35,077 $35,077 0.700 $24,559
19 $35,077 $35,077 0.686 $24,078
20 $60,377 $60,377 0.673 $40,632
21 $35,077 $35,077 0.660 $23,143
22 $35,077 $35,077 0.647 $22,689
23 $35,077 $35,077 0.634 $22,244
24 $35,077 $35,077 0.622 $21,808
25 $60,377 $60,377 0.610 $36,802
26 $35,077 $35,077 0.598 $20,961
27 $35,077 $35,077 0.586 $20,550
28 $35,077 $35,077 0.574 $20,147
29 $35,077 $35,077 0.563 $19,752
30 $60,377 $60,377 0.552 $33,332

TOTAL PRESENT WORTH $2,562,382
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4/30/2012 11:32 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850
1.2 Prepare Documents & Plans including Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900
1.4 Completion Report 120 hr $39.00 $0 $0 $4,680 $0 $4,680
2 PRE-DESIGN SAMPLING

2.1 Sampling Labor 80 hr $36.00 $0 $0 $2,880 $0 $2,880
2.2 Sampling Analysis - VOCs 18 ea $100.00 $15.00 $1,800 $270 $0 $0 $2,070
2.3 Sampling ODCs (travel, equipment, IDW) 1 ls $2,350.00 $2,350 $0 $0 $0 $2,350
2.4 Sampling Report 60 hr $39.00 $0 $0 $2,340 $0 $2,340
3 MOBILIZATION AND DEMOBILIZATION

3.1 Preconstruction Meeting 24 hr $70.00 $0 $0 $1,680 $0 $1,680
3.2 Site Support Facilities (trailers, phone, electric, etc. 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
3.3 Equipment Mobilization/Demobilization 3 ea $188.00 $566.00 $0 $0 $564 $1,698 $2,262
3.4 Well Equipment Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
4 FIELD SUPPORT

4.1 Site Support Facilities (trailers, phone, electric, etc. 12 mo $380.00 $365.00 $0 $4,560 $4,380 $0 $8,940
4.2 Water Tank, 5,000 gal 9 mo $2,820.00 $0 $0 $25,380 $0 $25,380
4.3 Water 50,000 gal $0.02 $0 $1,000 $0 $0 $1,000
4.4 Survey Support 5 day $1,150.00 $5,750 $0 $0 $0 $5,750
4.5 Site Superintendent 60 day $166.00 $480.00 $0 $9,960 $28,800 $0 $38,760
4.6 Site Health & Safety and QA/QC 60 day $166.00 $360.00 $0 $9,960 $21,600 $0 $31,560
4.7 Decontamination Services 6 mo $230.00 $340.00 $0 $1,380 $0 $2,040 $3,420
5 SITE PREPARATION

5.1 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750
5.2 Equipment Decon Pad 1 ls $2,000.00 $0 $2,000 $0 $0 $2,000
6 EZVI TREATMENT
6.1 Injection DPT rig Mob 1 ls $2,200.00 $2,200 $0 $0 $0 $2,200
6.2 Injection DPT rig 10 day $1,500.00 $15,000 $0 $0 $0 $15,000
6.3 EZVI 41,000 gal $32.00 $0 $1,312,000 $0 $0 $1,312,000
6.4 Groundwater Sampling Labor (100 hr * 10 times) 1,000 hr $36.00 $0 $0 $36,000 $0 $36,000
6.5 Groundwater Sampling Analysis - VOCs (20*10) 200 ea $240.00 $15.00 $48,000 $3,000 $0 $0 $51,000
6.6 Groundwater Sampling Report (40 hr * 10 times) 400 hr $39.00 $0 $0 $15,600 $0 $15,600
6.7 Groundwater Sampling Disposal & Misc Cost 10 ls $535.00 $5,350 $0 $0 $0 $5,350

Subtotal $90,200 $1,345,130 $165,354 $7,238 $1,607,922

Overhead on Labor Cost @ 30% $49,606 $49,606
G & A on Labor Cost @ 10% $16,535 $16,535

G & A on Material Cost @ 10% $134,513 $134,513
G & A on Equipment Cost @ 10% $724 $724

G & A on Subcontract Cost @ 10% $9,020 $9,020
Tax on Materials and Equipment Cost @ 4% $53,805 $290 $54,095

Total Direct Cost $99,220 $1,533,448 $231,496 $8,251 $1,872,415

Indirects on Total Direct Cost @ 30% $561,725
Profit on Total Direct Cost @ 10% $187,242

Subtotal $2,621,381

Health & Safety Monitoring @ 2% $52,428

Alternative G-4 -ZVI / Monitored Natural Attenuation / LUCs
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4/30/2012 11:32 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-4 -ZVI / Monitored Natural Attenuation / LUCs

Total Field Cost $2,673,809

Contingency on Total Field Costs @ 25% $668,452
Engineering on Total Field Cost @ 10% $267,381

TOTAL CAPITAL COST $3,609,642
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4/30/2012 11:32 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-4 -ZVI / Monitored Natural Attenuation / LUCs
Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item years 1 & 2 years 3-5 years 6-30 every 5 years Notes

Site Inspection $4,050 $4,050 $4,050 Labor and supplies to visit site once a year to inspect Land Use Controls with Report

MNA Sampling $48,400 $24,200 $12,100 Labor and supplies to collect samples from 17 wells using a crew of two, quarterly 
years 1 & 2, semi-annual years 3-5, annual years 6-30.

MNA Sampling 
Analysis/Water

$60,452 $30,226 $15,113 Analyze groundwater samples for MNA, VOCs, Anions, Methane/ethane/ethene 
including QA/QC cost.

IDW Disposal $2,500 $1,250 $625 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $115,402 $59,726 $31,888 $23,000

Contingency @ 10% $11,540 $5,973 $3,189 $2,300

TOTAL $126,942 $65,699 $35,077 $25,300
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4/30/2012 11:32 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-4 -ZVI / Monitored Natural Attenuation / LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $3,609,642 $3,609,642 1.000 $3,609,642
1 $126,942 $126,942 0.980 $124,453
2 $126,942 $126,942 0.961 $122,013
3 $65,699 $65,699 0.942 $61,909
4 $65,699 $65,699 0.924 $60,695
5 $90,999 $90,999 0.906 $82,420
6 $35,077 $35,077 0.888 $31,147
7 $35,077 $35,077 0.871 $30,536
8 $35,077 $35,077 0.853 $29,938
9 $35,077 $35,077 0.837 $29,351

10 $60,377 $60,377 0.820 $49,530
11 $35,077 $35,077 0.804 $28,211
12 $35,077 $35,077 0.788 $27,658
13 $35,077 $35,077 0.773 $27,116
14 $35,077 $35,077 0.758 $26,584
15 $60,377 $60,377 0.743 $44,861
16 $35,077 $35,077 0.728 $25,552
17 $35,077 $35,077 0.714 $25,051
18 $35,077 $35,077 0.700 $24,559
19 $35,077 $35,077 0.686 $24,078
20 $60,377 $60,377 0.673 $40,632
21 $35,077 $35,077 0.660 $23,143
22 $35,077 $35,077 0.647 $22,689
23 $35,077 $35,077 0.634 $22,244
24 $35,077 $35,077 0.622 $21,808
25 $60,377 $60,377 0.610 $36,802
26 $35,077 $35,077 0.598 $20,961
27 $35,077 $35,077 0.586 $20,550
28 $35,077 $35,077 0.574 $20,147
29 $35,077 $35,077 0.563 $19,752
30 $60,377 $60,377 0.552 $33,332

TOTAL PRESENT WORTH $4,767,363
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4/30/2012 11:33 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850
1.2 Prepare Documents & Plans including Permits 300 hr $39.00 $0 $0 $11,700 $0 $11,700
1.3 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900
1.4 Completion Report 120 hr $39.00 $0 $0 $4,680 $0 $4,680
2 PRE-DESIGN SAMPLING

2.1 Sampling Labor 80 hr $36.00 $0 $0 $2,880 $0 $2,880
2.2 Sampling Analysis - VOCs 18 ea $100.00 $15.00 $1,800 $270 $0 $0 $2,070
2.3 Sampling ODCs (travel, equipment, IDW) 1 ls $2,350.00 $2,350 $0 $0 $0 $2,350
2.4 Sampling Report 60 hr $39.00 $0 $0 $2,340 $0 $2,340
3 MOBILIZATION AND DEMOBILIZATION

3.1 Preconstruction Meeting 24 hr $70.00 $0 $0 $1,680 $0 $1,680
3.2 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
3.3 Equipment Mobilization/Demobilization 3 ea $188.00 $566.00 $0 $0 $564 $1,698 $2,262
3.4 Well Equipment Mobilization/Demobilization 1 ea $2,000.00 $2,000 $0 $0 $0 $2,000
4 FIELD SUPPORT

4.1 Site Support Facilities (trailers, phone, electric, etc.) 6 mo $380.00 $365.00 $0 $2,280 $2,190 $0 $4,470
4.2 Water Tank, 5,000 gal (for condensate) 6 mo $2,820.00 $0 $0 $16,920 $0 $16,920
4.3 Survey Support 4 day $1,150.00 $4,600 $0 $0 $0 $4,600
4.4 Site Superintendent 105 day $166.00 $480.00 $0 $17,430 $50,400 $0 $67,830
4.5 Site Health & Safety and QA/QC 55 day $166.00 $360.00 $0 $9,130 $19,800 $0 $28,930
4.6 Decontamination Services 2 mo $230.00 $340.00 $0 $460 $0 $680 $1,140
5 SITE PREPARATION

5.1 Underground Utility Clearance 1 ls $7,750.00 $7,750 $0 $0 $0 $7,750
5.2 Equipment Decon Pad 1 ls $2,000.00 $0 $2,000 $0 $0 $2,000
5.3 Abandon Existing Wells 300 lf $8.50 $2,550 $0 $0 $0 $2,550
5.4 Concrete Coring: 8" dia. by 6" thick 88 ea $1.03 $49.50 $8.50 $0 $91 $4,356 $748 $5,195
5.5 Pre-Treatment Soil Samples 1 ls $8,250.00 $8,250 $0 $0 $0 $8,250
5.6 Pre-Treatment IDW Disposal 1 ls $800.00 $800 $0 $0 $0 $800
6 THERMAL TREATMENT
6.1 TRS Contractor 1 ls $1,290,000.00 $1,290,000 $0 $0 $0 $1,290,000
6.2 Sheet Piles, installed 1 ls $196,000.00 $196,000 $0 $0 $0 $196,000
6.3 Temperature Points DPT rig Mob 1 ls $2,200.00 $2,200 $0 $0 $0 $2,200
6.4 Temperature Points DPT Rig 4 day $1,500.00 $6,000 $0 $0 $0 $6,000
6.5 Temperature Points Materials 250 lf $4.00 $1,000 $0 $0 $0 $1,000
6.6 Well Vaults 1 ls $3,210.00 $4,065.00 $0 $3,210 $4,065 $0 $7,275
6.7 Skid-Steer 5 day $281.20 $0 $0 $0 $1,406 $1,406
6.8 Trenching & Restoration 1 ls $3,850.00 $7,825.00 $3,850.00 $0 $3,850 $7,825 $3,850 $15,525
6.9 Boring Logs 1 ls $1,950.00 $1,950 $0 $0 $0 $1,950

6.10 Vapor Phase GAC, 4,000 lbs 1 ls $11,760.00 $0 $11,760 $0 $0 $11,760
6.11 Electrical Connection 1 ls $25,750.00 $25,750 $0 $0 $0 $25,750
6.12 Vapor Analysis - VOC, 1 week 54 ea $240.00 $15.00 $12,960 $810 $0 $0 $13,770
6.13 Condensate Analysis - VOCs 21 ea $120.00 $15.00 $2,520 $315 $0 $0 $2,835
6.14 Sampling Labor 200 hr $36.00 $0 $0 $7,200 $0 $7,200
6.15 Groundwater Sampling Analysis - VOCs 60 ea $240.00 $15.00 $14,400 $900 $0 $0 $15,300
6.16 Electricity 7,790,000 kwh $0.12 $0 $934,800 $0 $0 $934,800
6.17 Condensate Disposal 90,000 gal $0.80 $72,000 $0 $0 $0 $72,000
7 POST-TREATMENT SAMPLING
7.1 Soil Sampling DPT rig Mob 1 ls $2,200.00 $2,200 $0 $0 $0 $2,200
7.2 Soil Sampling DPT rig 1 day $1,500.00 $1,500 $0 $0 $0 $1,500
7.3 Soil Sampling Analysis - VOCs 36 ea $150.00 $15.00 $5,400 $540 $0 $0 $5,940
7.4 Soil Sampling Labor 60 hr $36.00 $0 $0 $2,160 $0 $2,160

Alternative G-5 - In-Situ Thermal Treatment / Monitored Natural Attenuation / LUCs
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4/30/2012 11:33 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Alternative G-5 - In-Situ Thermal Treatment / Monitored Natural Attenuation / LUCs

8 SITE RESTORATION
8.1 Seeding Disturbed Areas 20 msf $96.50 $1,930 $0 $0 $0 $1,930

Subtotal $1,665,910 $988,846 $148,510 $11,882 $2,815,148

Overhead on Labor Cost @ 30% $44,553 $44,553
G & A on Labor Cost @ 10% $14,851 $14,851

G & A on Material Cost @ 10% $98,885 $98,885
G & A on Equipment Cost @ 10% $1,188 $1,188

G & A on Subcontract Cost @ 10% $166,591 $166,591
Tax on Materials and Equipment Cost @ 4% $39,554 $475 $40,029

Total Direct Cost $1,832,501 $1,127,284 $207,914 $13,545 $3,181,245

Indirects on Total Direct Cost @ 30% $954,373
Profit on Total Direct Cost @ 10% $318,124

Subtotal $4,453,742

Health & Safety Monitoring @ 2% $89,075

Total Field Cost $4,542,817

Contingency on Total Field Costs @ 25% $1,135,704
Engineering on Total Field Cost @ 10% $454,282

TOTAL CAPITAL COST $6,132,803
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4/30/2012 11:33 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-5 - In-Situ Thermal Treatment / Monitored Natural Attenuation / LUCs
Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item years 1 & 2 years 3-5 years 6-30 every 5 years Notes

Site Inspection $4,050 $4,050 $4,050 Labor and supplies to visit site once a year to inspect Land Use Controls with Report

MNA Sampling $48,400 $24,200 $12,100 Labor and supplies to collect samples from 17 wells using a crew of two, quarterly 
years 1 & 2, semi-annual years 3-5, annual years 6-30.

MNA Sampling 
Analysis/Water

$60,452 $30,226 $15,113 Analyze groundwater samples for MNA, VOCs, Anions, Methane/ethane/ethene 
including QA/QC cost.

IDW Disposal $2,500 $1,250 $625 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $115,402 $59,726 $31,888 $23,000

Contingency @ 10% $11,540 $5,973 $3,189 $2,300

TOTAL $126,942 $65,699 $35,077 $25,300
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4/30/2012 11:33 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-5 - In-Situ Thermal Treatment / Monitored Natural Attenuation / LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $6,132,803 $6,132,803 1.000 $6,132,803
1 $126,942 $126,942 0.980 $124,453
2 $126,942 $126,942 0.961 $122,013
3 $65,699 $65,699 0.942 $61,909
4 $65,699 $65,699 0.924 $60,695
5 $90,999 $90,999 0.906 $82,420
6 $35,077 $35,077 0.888 $31,147
7 $35,077 $35,077 0.871 $30,536
8 $35,077 $35,077 0.853 $29,938
9 $35,077 $35,077 0.837 $29,351

10 $60,377 $60,377 0.820 $49,530
11 $35,077 $35,077 0.804 $28,211
12 $35,077 $35,077 0.788 $27,658
13 $35,077 $35,077 0.773 $27,116
14 $35,077 $35,077 0.758 $26,584
15 $60,377 $60,377 0.743 $44,861
16 $35,077 $35,077 0.728 $25,552
17 $35,077 $35,077 0.714 $25,051
18 $35,077 $35,077 0.700 $24,559
19 $35,077 $35,077 0.686 $24,078
20 $60,377 $60,377 0.673 $40,632
21 $35,077 $35,077 0.660 $23,143
22 $35,077 $35,077 0.647 $22,689
23 $35,077 $35,077 0.634 $22,244
24 $35,077 $35,077 0.622 $21,808
25 $60,377 $60,377 0.610 $36,802
26 $35,077 $35,077 0.598 $20,961
27 $35,077 $35,077 0.586 $20,550
28 $35,077 $35,077 0.574 $20,147
29 $35,077 $35,077 0.563 $19,752
30 $60,377 $60,377 0.552 $33,332

TOTAL PRESENT WORTH $7,290,525
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4/30/2012 11:34 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45

Capital Cost
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal
1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare LUC Documents 150 hr $39.00 $0 $0 $5,850 $0 $5,850
1.2 Prepare Groundwater Monitoring Plan 100 hr $39.00 $0 $0 $3,900 $0 $3,900
1.3 H & S Plan 40 hr $39.00 $0 $0 $1,560 $0 $1,560

Subtotal $0 $0 $11,310 $0 $11,310

Overhead on Labor Cost @ 30% $3,393 $3,393
G & A on Labor Cost @ 10% $1,131 $1,131

G & A on Material Cost @ 10% $0 $0
G & A on Equipment Cost @ 10% $0 $0

G & A on Subcontract Cost @ 10% $0 $0
Tax on Materials and Equipment Cost @ 4% $0 $0 $0

Total Direct Cost $0 $0 $15,834 $0 $15,834

Indirects on Total Direct Cost @ 0% $0
Profit on Total Direct Cost @ 10% $1,583

Subtotal $17,417

Health & Safety Monitoring @ 0% $0

Total Field Cost $17,417

Contingency on Total Field Costs @ 25% $4,354
Engineering on Total Field Cost @ 0% $0

TOTAL CAPITAL COST $21,772

Alternative G-6 - Monitored Natural Attenuation / LUCs
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4/30/2012 11:34 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-6 - Monitored Natural Attenuation / LUCs
Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item years 1 & 2 years 3-5 years 6-30 every 5 years Notes

Site Inspection $4,050 $4,050 $4,050 Labor and supplies to visit site once a year to inspect Land Use Controls with Report

MNA Sampling $48,400 $24,200 $12,100 Labor and supplies to collect samples from 17 wells using a crew of two, quarterly 
years 1 & 2, semi-annual years 3-5, annual years 6-30.

MNA Sampling 
Analysis/Water

$60,452 $30,226 $15,113 Analyze groundwater samples for MNA, VOCs, Anions, Methane/ethane/ethene 
including QA/QC cost.

IDW Disposal $2,500 $1,250 $625 Disposal of IDW waste from sampling

Site Review $23,000 Five-Year Site Reviews

SUBTOTAL $115,402 $59,726 $31,888 $23,000

Contingency @ 10% $11,540 $5,973 $3,189 $2,300

TOTAL $126,942 $65,699 $35,077 $25,300
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4/30/2012 11:34 AMMARINE CORPS RECRUIT DEPOT PARRIS ISLAND
Parris Island, South Carolina
Site 45
Alternative G-6 - Monitored Natural Attenuation / LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $21,772 $21,772 1.000 $21,772
1 $126,942 $126,942 0.980 $124,453
2 $126,942 $126,942 0.961 $122,013
3 $65,699 $65,699 0.942 $61,909
4 $65,699 $65,699 0.924 $60,695
5 $90,999 $90,999 0.906 $82,420
6 $35,077 $35,077 0.888 $31,147
7 $35,077 $35,077 0.871 $30,536
8 $35,077 $35,077 0.853 $29,938
9 $35,077 $35,077 0.837 $29,351

10 $60,377 $60,377 0.820 $49,530
11 $35,077 $35,077 0.804 $28,211
12 $35,077 $35,077 0.788 $27,658
13 $35,077 $35,077 0.773 $27,116
14 $35,077 $35,077 0.758 $26,584
15 $60,377 $60,377 0.743 $44,861
16 $35,077 $35,077 0.728 $25,552
17 $35,077 $35,077 0.714 $25,051
18 $35,077 $35,077 0.700 $24,559
19 $35,077 $35,077 0.686 $24,078
20 $60,377 $60,377 0.673 $40,632
21 $35,077 $35,077 0.660 $23,143
22 $35,077 $35,077 0.647 $22,689
23 $35,077 $35,077 0.634 $22,244
24 $35,077 $35,077 0.622 $21,808
25 $60,377 $60,377 0.610 $36,802
26 $35,077 $35,077 0.598 $20,961
27 $35,077 $35,077 0.586 $20,550
28 $35,077 $35,077 0.574 $20,147
29 $35,077 $35,077 0.563 $19,752
30 $60,377 $60,377 0.552 $33,332

TOTAL PRESENT WORTH $1,179,493

C:\Documents and Settings\juanita.sapp\Desktop\Appendix E\Alt G-6 Rev\pwa Page 3 of 3



# of injection points % # of injection points % # of injection points % # of electrodes %
A: Northern Plume 70 70% 90 65% 35 64% 45 66%
B: Southern Plume 30 30% 48 35% 20 36% 23 34%
total 100 100% 138 100% 55 100% 68 100%

G‐3 ISCO G‐4 EZVI G‐5 ERHG‐2 Bio



APPENDIX F 
 

SITEWISE SUSTAINABLE REMEDIATION ASSESSMENT 



GHG Emissions Total energy Used Water NOx emissions SOx Emissions PM10 Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

Remedial Alternative 1 90.48 1.42E+03 1.00E+03 1.03E-01 2.48E-02 1.52E-02 2.60E-04 5.18E-02
Remedial Alternative 2 4339.59 7.99E+04 3.88E+06 8.75E+00 4.22E+00 1.68E-02 1.91E-04 3.16E-02
Remedial Alternative 3 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Remedial Alternative 4 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Remedial Alternative 5 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Remedial Alternative 6 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Remedial Alternatives Accident Risk 
Fatality

Accident Risk 
Injury

0.00
500.00
1000.00
1500.00
2000.00
2500.00
3000.00
3500.00
4000.00
4500.00
5000.00

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
et
ri
c 
To

ns

GHG Emissions

0.00E+00
1.00E+04
2.00E+04
3.00E+04
4.00E+04
5.00E+04
6.00E+04
7.00E+04
8.00E+04
9.00E+04

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
M
BT

U

Total Energy Used

0.00E+00
5.00E+05
1.00E+06
1.50E+06
2.00E+06
2.50E+06
3.00E+06
3.50E+06
4.00E+06
4.50E+06

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

G
al
lo
ns

Water Impacts

0.00E+00
1.00E+00
2.00E+00
3.00E+00
4.00E+00
5.00E+00
6.00E+00
7.00E+00
8.00E+00
9.00E+00
1.00E+01

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
et
ri
c 
To

ns

NOx Emissions

SO E i i PM E i i

0.00
500.00
1000.00
1500.00
2000.00
2500.00
3000.00
3500.00
4000.00
4500.00
5000.00

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
et
ri
c 
To

ns

GHG Emissions

0.00E+00
1.00E+04
2.00E+04
3.00E+04
4.00E+04
5.00E+04
6.00E+04
7.00E+04
8.00E+04
9.00E+04

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
M
BT

U

Total Energy Used

0.00E+00
5.00E+05
1.00E+06
1.50E+06
2.00E+06
2.50E+06
3.00E+06
3.50E+06
4.00E+06
4.50E+06

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

G
al
lo
ns

Water Impacts

0.00E+00
1.00E+00
2.00E+00
3.00E+00
4.00E+00
5.00E+00
6.00E+00
7.00E+00
8.00E+00
9.00E+00
1.00E+01

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
et
ri
c 
To

ns

NOx Emissions

0.00E+00
5.00E‐01
1.00E+00
1.50E+00
2.00E+00
2.50E+00
3.00E+00
3.50E+00
4.00E+00
4.50E+00

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
et
ri
c 
To

ns

SOx Emissions

0.00E+00
2.00E‐03
4.00E‐03
6.00E‐03
8.00E‐03
1.00E‐02
1.20E‐02
1.40E‐02
1.60E‐02
1.80E‐02

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

M
et
ri
c 
To

ns

PM10 Emissions

0.00E+00

5.00E‐05

1.00E‐04

1.50E‐04

2.00E‐04

2.50E‐04

3.00E‐04

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

Ri
sk
 o
f F
at
al
it
y

Accident Risk Fatality

0.00E+00

1.00E‐02

2.00E‐02

3.00E‐02

4.00E‐02

5.00E‐02

6.00E‐02

Remedial 
Alternative 1

Remedial 
Alternative 2

Remedial 
Alternative 3

Remedial 
Alternative 4

Remedial 
Alternative 5

Remedial 
Alternative 6

Ri
sk
 o
f I
nj
ur
y

Accident Risk Injury



GHG Emissions Total energy Used Water NOx emissions SOx Emissions PM10 Emissions
metric ton MMBTU gallons metric ton metric ton metric ton

Remedial Alternative 1 #N/A #N/A 9.13E+01 #N/A #N/A #N/A 8.86E-05 8.40E-03
Remedial Alternative 2 122.60 1.97E+03 9.13E+01 1.54E-02 2.91E-03 1.44E-03 7.34E-05 8.82E-03
Remedial Alternative 3 45.54 3.47E+02 9.13E+01 1.58E-02 3.12E-03 1.60E-03 7.50E-05 8.43E-03
Remedial Alternative 4 4329.94 7.97E+04 3.88E+06 8.74E+00 4.22E+00 1.52E-02 1.86E-04 2.71E-02
Remedial Alternative 5 2.33 8.55E+01 0.00E+00 6.54E-03 1.23E-03 6.27E-04 5.06E-05 3.97E-03
Remedial Alternative 6 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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