
In Situ Anaerobic Bioremediation 
Pilot Study 

at 
Site 57 – Building 292 

TCE Contamination Area 
 

Naval District Washington, 
Indian Head 

Indian Head, Maryland 
 

**

 
 

Engineering Field Activity Chesapeake 
Naval Facilities Engineering Command 

Contract Number N62467-94-D-0888 
Contract Task Order 0805 

 
March 2004 

 
 

lauren.stanko
Typewritten Text
N00174.AR.000433
NSWC INDIAN HEAD
5090.3a





EXECUTIVE SUMMARY 

This report describes a pilot study conducted at the Naval District Washington, Indian Head (NDW, IH) in 

Indian Head, Maryland by Tetra Tech NUS, Inc. (TtNUS) in response to Contract Task Order (CTO) 0805, 

under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract, Contract Number 

N62467-94-D-0888.  The study was conducted on Site 57, Former Drum Loading Area, to examine the 

viability of utilizing enhanced anaerobic bioremediation as a technology for reducing chlorinated volatile 

organic compound concentrations (especially trichloroethene [TCE]) in Site 57 groundwater. 

 

During the pilot study, a hydrogen release compound (HRC®) manufactured by Regenesis was injected 

into the subsurface to establish anaerobic conditions suitable for reducing groundwater volatile organic 

compound (VOC) concentrations through reductive dechlorination. 

 

The study commenced in May 2003 with the installation of two new groundwater monitoring wells.  Prior 

to HRC® injection, groundwater samples were collected from the two new monitoring wells and three 

existing monitoring wells to establish the baseline conditions against which subsequent samples would be 

evaluated.  (Two monitoring wells were upgradient of the HRC® array, and three were downgradient.)  

HRC® was then injected into the subsurface via 12 injection points occupying an area measuring 

approximately 30 feet by 10 feet.  

 

The injection points were installed with approximately five feet between each of three rows, and 

approximately 8 feet between the injection points within each row.  The HRC® was injected at a rate of 

approximately 0.6 gallons (6.6 pounds) per vertical foot, starting at a depth of 20 ft below the ground 

surface (bgs) and continuing upward to 6 feet bgs.  The study required approximately 1,110 pounds of 

HRC®.  The HRC® material was heated to approximately 1000F to 1200F prior to injection.  After HRC® 

injection, all holes were abandoned by backfilling each hole from the top of the HRC® to the ground 

surface with granular bentonite and hydrating it with potable water.  Following the HRC® injection, 

groundwater samples were collected from the five study area monitoring wells on June 20th, July 30th, 

September 25th, and November 20th of 2003.  

 

The groundwater samples were analyzed for TCE, the primary contaminant, and its daughter products 

dichloroethene (DCE), vinyl chloride, ethene, and ethane, in addition to 26 other parameters indicative of 

reductive dechlorination or the conditions necessary to maintain the process.   

 

Over the six-month study duration, TCE concentrations in the most contaminated downgradient well 

decreased by 98%, from 9,100 µg/l to 110 µg/l, the lowest TCE concentration achieved.  The fact that 
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reductive dechlorination was ongoing was also supported by the data for the TCE daughter products, and 

the other indicator analytes.   

 

The pilot study has demonstrated that introducing HRC® into the Site 57 groundwater can significantly 

reduce high TCE concentrations.  To evaluate if reductive dechlorination will proceed to completion and 

how low the TCE concentrations will go, it is recommended that additional samples be collected from the 

pilot study wells.  That effort can be incorporated into other Site 57 groundwater investigations to control 

costs, and the resulting data is likely to allow the Site 57 feasibility study to incorporate a more precise 

evaluation of the HRC® technology for potential application at Site 57. 
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1.0  INTRODUCTION 

1.1 PURPOSE 

The pilot study described in this report was conducted at the Naval District Washington, Indian Head 

(NDW, IH) in Indian Head, Maryland by Tetra Tech NUS, Inc. (TtNUS) in response to Contract Task 

Order (CTO) 0805 under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract, 

Contract Number N62467-94-D-0888.  The purpose of this report is to describe and present the results of 

the pilot study activities undertaken at Site 57, Building 292 TCE Contamination Area, to examine the 

viability of enhanced anaerobic bioremediation as a technology for treating chlorinated volatile organic 

(VOCs) compounds [especially trichloroethene (TCE)] in Site 57 groundwater. 

 

1.2 SCOPE AND OBJECTIVE 

During the pilot study, a hydrogen release compound (HRC®) was injected and evaluated for its effect on 

groundwater bioremediation of chlorinated VOCs.  A previously prepared Remedial Investigation (RI) 

Report (TtNUS, 2000) determined the need for remedial activities at the site.  In the draft Feasibility Study 

(FS) Report (TtNUS, 2002), in situ bioremediation was determined to be a potentially effective 

groundwater alternative.  The overall objective of the pilot study was to provide site-specific information 

for a more detailed evaluation.  In particular, the objective of the pilot study was to determine if the 

application of HRC® at Site 57 would result in reduced concentrations of TCE in groundwater. 

 

1.3 NDW, IH LOCATION  

The NDW, IH is located in northwestern Charles County, Maryland.  As shown on Figure 1-1, the NDW, 

IH is approximately 25 miles southwest of Washington, D. C.  The NDW, IH is a military facility consisting 

of the Main Area on the Cornwallis Neck Peninsula and the Annex on Stump Neck, which is located 

across Mattawoman Creek.  The Stump Neck Annex is not contiguous with the Main Area and is 

operated by a tenant.  As shown on Figure 1-2, the main area is bounded by the Potomac River to the 

northwest, west, and south, Mattawoman Creek to the south and east, and the Town of Indian Head to 

the northeast.  The location of the Site 57 is shown on Figure 1-2. 

 

1.4 SITE BACKGROUND 

Site 57, Former Drum Loading Area, encompasses the area located south of Building 292 at the Main 

Area of the IHDIV-NSWC (Figure 1-3).  Previous operations from the mid-1960s until 1989 involved the 

use of TCE for vapor degreasing and general cleaning.  During the 1970s and 1980s, spent TCE was 

transferred from a tank inside Building 292 into drums via a pipe that passed through the wall near the 
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southern corner of the building.  The drums were reportedly stored on a grass-covered area near the 

southern corner of the building.  It is believed that these operations have resulted in the TCE 

contamination detected in soil and groundwater at Site 57.  The use of TCE at Building 292 stopped in 

1989.  Site 57 also includes Buildings 165 and 496, located approximately 150 feet southwest of Building 

292, which were used to store ethyl ether.  The conditions existing at Site 57 prior to the pilot study are 

described in more detail in Section 4. 

 

1.5 DOCUMENT ORGANIZATION 

Section 1.0 is the introduction to this report and describes the purpose of the document, outlines the 

scope and objectives of the work, briefly describes the facility’s location and mission, and summarizes the 

background of Site 57.  Section 2.0 discusses the field activities performed during the pilot study at Site 

57.  Section 3.0 provides a description of enhanced bioremediation in the context of this pilot study and 

explains the significance of the parameters monitored during the study.  Section 4.0 describes the 

baseline conditions existing in the pilot study area at the commencement of the pilot study, Section 5 

discusses the data collected during the pilot study, and Section 6 offers conclusions and 

recommendations based on the results of the pilot study. 
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2.0  FIELD ACTIVITIES 

This section describes the specific field activities conducted during the pilot study to obtain data for 

evaluating the viability of enhanced anaerobic bioremediation as a technology for removing chlorinated 

VOCs from contaminated groundwater at Site 57.  In summary, two new monitoring wells were installed, 

and surface and subsurface soil samples were collected from the well borings.  Groundwater from both 

new and existing wells was then sampled to provide a baseline for parameter concentrations prior to 

HRC® injection.  HRC® was then injected using direct push technology (DPT) equipment at 12 injection 

points.  Injection points and new wells were surveyed, and water-level measurements were taken at both 

new and previously existing wells.  In addition, aquifer tests were conducted at the two new and three 

existing wells.  In general, the field activities were carried out in accordance with procedures provided in 

the Work Plan (TtNUS, 2003).   

 

The locations of the monitoring wells, soil borings, and HRC® injection points at the Site 57 pilot study 

area are shown on Figure 2-1.  A summary of samples and analyses is provided on Table 2-1. 

  

2.1 SUBSURFACE SOIL INVESTIGATION 

The subsurface soil samples were collected prior to HRC® injection.  Subsurface soil sampling consisted 

of collecting soil from four depths at each of two soil boring locations downgradient of the HRC® injection 

area (SB027 and SB028).  Geoprobe direct push methods utilizing 4-foot macro-core sampling tools were 

used to collect the subsurface soil samples from the soil boring locations.  Soil samples collected for 

volatile organics analysis were collected from the macro-core using Encore samplers.  However, the third 

sample collected from SB028, sample ID S57SB0280304, was collected and submitted to the laboratory 

in a glass jar.  Because abundant gravels were encountered at the sampling depth for that sample, the 

Encore sampler could not be used.  A total of eight soil samples and one duplicate were collected from 

two soil borings.  Soil sample log sheets, chain of custody forms, and soil boring log sheets were 

generated by TtNUS personnel during the soil sampling and boring installation and are provided in 

Appendix A.   

 

The subsurface soil samples were subjected to analyses for chlorinated VOCs plus ethyl ether and 

arsenic (see Table 2-1).   
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2.2 MONITORING WELL INSTALLATION AND BASELINE GROUNDWATER SAMPLING 

The groundwater investigation consisted of installing two new monitoring wells downgradient of the HRC® 

injection points, measuring water levels, and collecting groundwater samples from these new wells and 

from three existing monitoring wells.     

 

Hollow stem auger drilling techniques were used to install the new wells.  The wells were developed by 

vigorous surging and pumping to remove all fine material from around the well screen.  Well construction 

sheets and development records for the new wells are provided in Appendix A. 

 

The new monitoring wells were constructed of Schedule 40, flush-jointed, 2-inch inside diameter (ID) 

National Sanitation Foundation (NSF) polyvinyl chloride (PVC) well screen and PVC riser pipe.  The well 

screens are 10 feet long with a slot size of 0.01 inch.  After the screen and the riser pipe were in place, 

the annulus of the boring was backfilled with clean silica sand (Nos. 10/20 United States Standard Sieve 

size) filter pack from the bottom of the boring to 2 feet above the top of the well screen.  A bentonite pellet 

seal, 1-foot thick, was installed above the filter pack and hydrated.  The depths of the backfill materials 

were constantly measured during the monitoring well installation with a weighted stainless steel or plastic 

tape.  The wells were completed with flush-mounted-type well protection consisting of concrete pad and a 

bolt-down well cover.   

 

The initial round of groundwater sampling was completed on May 15, 2003, prior to the HRC® injection, to 

provide a baseline for comparison with future data.  Both field and laboratory analyses were performed.  

All the collected groundwater samples were analyzed for chlorinated VOCs plus ethyl ether, field 

parameters, biological activity indicators, HRC®-based electron donors, and end-product dissolved gases.  

A complete set of analytical results is included in Appendix B.  The groundwater sample log sheets, low 

flow purge data sheets, chain of custody forms, and the field analytical forms are provided in Appendix A. 

 

2.3 HRC® INJECTION 

The pilot-scale biotreatability test was conducted just south of monitoring well MW004 (see Figure 2-1).  

The HRC® injections were accomplished using nominal 1-inch ID DPT rods.  A positive displacement 

pump was used to provide the required injection pressures.  The injection points were installed with 

approximately 5 feet between each of three rows with approximately 8 feet between the points within 

each row.  The HRC® was injected at a rate of approximately 0.6 gallon (6.6 pounds) per vertical foot, 

starting at a depth of 20 feet below ground surface (bgs) and continuing upward to 6 feet bgs [equivalent 

to 8.4 gallons (92.4 pounds) per location].  As a result, approximately 1,109 pounds of HRC® were 

injected into the ground.  For the pilot study, the treatment area was approximately 30 feet by 10 feet and 

consisted of 12 HRC® DPT injection points.  The HRC® material was heated to approximately 
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100 degrees Fahrenheit (°F) to 120°F prior to injecting into the ground, and because Site 57 is located 

within a restricted area of the Facility, the heating process took place (outside of the restricted area) 

approximately 1 mile from Site 57.  The heating process took approximately 2 to 3 hours to complete.  

The HRC® dose per injection point was determined by the vendor prior to the field work based on the 

estimated aquifer characteristics, contaminant loading, and competing electron acceptors.  The actual 

dose per foot was based on the depth to water encountered during well installation drilling as part of the 

pilot study.  After HRC® injection, all holes were abandoned by backfilling from the top of the HRC® to the 

ground surface with granular bentonite and hydrating it with potable water.  

 

2.4 GROUNDWATER SAMPLING - SUBSEQUENT ROUNDS 

Four rounds of groundwater sampling were performed after the HRC® injection to collect the data needed 

for evaluating the effectiveness of the HRC®.  The initial (baseline) sampling round took place in May, 

2003; this was done prior to the HRC® installation.  Subsequent groundwater sampling rounds were 

completed 1, 2, 4, and 6 months after injection on the dates of June 20, July 30, September 25, and 

November 20, 2003, respectively.  

 

2.5 SYNOPTIC GROUNDWATER-LEVEL MEASUREMENTS 

One complete round of water-level measurements was collected from the 16 existing and two newly 

installed monitoring wells at Site 57 and three wells located at Site 41 (adjacent to Site 57) on May 16, 2003.  

The synoptic groundwater-level measurements were performed to determine the groundwater flow pattern 

at the site.  Measurements were taken with an electronic water-level indicator using the top of the well riser 

pipe as the reference point for determining depths to water.  Groundwater-level measurements were 

recorded on a groundwater-level measurement form to the nearest 0.01 foot.  The resulting groundwater-

level data was used to generate the potentiometric contours discussed in Sections 4.0.  The groundwater-

level data are provided in Appendix A.   

 

2.6  AQUIFER TESTS 

Slug tests were completed at five monitoring wells to better estimate the horizontal hydraulic conductivity 

(kh) of the aquifer within the pilot study area.  A rising head slug test was performed at each well.  The 

change in water level at each well was induced by withdrawing two bailers (each having a volume of 

1 liter) simultaneously.  The bailers were cleaned and a new piece of bailer rope was attached prior to 

each test.  Before a slug test was initiated, the static water level in the monitoring well was measured 

using an electronic water-level indicator.  Water levels were recorded with a pressure transducer at 

logarithmic intervals of time via a programmed electronic data logger as the head returned to the original 

static water level.  The time and the rate of change required for the water level to return to the original 
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static level are functions of the hydraulic conductivity of the aquifer.  The slug tests results were evaluated 

using the Hvorslev method (Hvorslev, 1951).  Hydraulic conductivity data estimated from aquifer tests 

completed during the pilot study, along with hydraulic conductivity data from the RI (TtNUS, 2000) and FS 

(TtNUS, 2002), are provided in Table 2-2.  The raw data for the tests conducted during the pilot study are 

provided in Appendix A.  

 

2.7 SURVEYING 

TtNUS personnel surveyed monitoring wells and HRC® injection locations.  Planimetric features and 

topography were previously surveyed during the Site 57 RI (TtNUS, 2000).  Existing Site 57 wells were 

utilized as reference points.  The reference points were previously surveyed to Maryland State Plane 

coordinates [North American Datum (NAD) 1983], and vertical elevations were referenced to 1929 

National Geodetic Vertical Datum (NGVD).  Each HRC® injection location was determined by measuring 

the distance between it and the three reference points, SB006, MW003, and MW011.  The vertical 

elevations were determined using an auto level and a stadia rod with two existing monitoring wells, 

MW003 and MW011 as reference points.  Survey data are provided in Appendix A. 

 



TABLE 2-1

 SUMMARY OF SAMPLES AND ANALYTES
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 – BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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SUBSURFACE SOIL
S57SB027 S57SB0270104 4 – 5 • •
/MW024

S57SB027 S57SB0270204 9 – 10 • •
/MW024

S57SB027 S57SB0270304 13 - 14 • •
/MW024

S57SB027 S57SB0270404 15 - 16 • •

/MW024
S57SB028 S57SB0280104 4 – 5 • •
/MW025

S57SB028 S57SB0280204 9 – 10 • •
/MW025

S57SB028 S57SB0280304 14 – 15 • •
/MW025

S57SB028 S57SB0280404 15 - 16 • •

/MW025

GROUNDWATER
Baseline Samples

S57MW003 S57MW0030104 NA • • • • • • • • • • • • • • •
S57MW004 S57MW0040104 NA • • • • • • • • • • • • • • •
S57MW011 S57MW0110104 NA • • • • • • • • • • • • • • •
S57MW024 S57MW0240104 NA • • • • • • • • • • • • • • •
S57MW025 S57MW0250104 NA • • • • • • • • • • • • • • •

Month 1 Samples
S57MW003 S57MW0030105 NA • • • • • • • • • • • • • • •
S57MW004 S57MW0040105 NA • • • • • • • • • • • • • • •
S57MW011 S57MW0110105 NA • • • • • • • • • • • • • • •
S57MW024 S57MW0240105 NA • • • • • • • • • • • • • • •
S57MW025 S57MW0250105 NA • • • • • • • • • • • • • • •

Month 2 Samples
S57MW003 S57MW0030106 NA • • • • • • • • • • • • • • •
S57MW004 S57MW0040106 NA • • • • • • • • • • • • • • •
S57MW011 S57MW0110106 NA • • • • • • • • • • • • • • •
S57MW024 S57MW0240106 NA • • • • • • • • • • • • • • •
S57MW025 S57MW0250106 NA • • • • • • • • • • • • • • •

Month 4 Samples
S57MW003 S57MW0030107 NA • • • • • • • • • • • • • • •
S57MW004 S57MW0040107 NA • • • • • • • • • • • • • • •
S57MW011 S57MW0110107 NA • • • • • • • • • • • • • • •
S57MW024 S57MW0240107 NA • • • • • • • • • • • • • • •
S57MW025 S57MW0250107 NA • • • • • • • • • • • • • •

Month 6 Samples
S57MW003 S57MW0030108 NA • • • • • • • • • • • • • • •
S57MW004 S57MW0040108 NA • • • • • • • • • • • • • • •
S57MW011 S57MW0110108 NA • • • • • • • • • • • • • • •
S57MW024 S57MW0240108 NA • • • • • • • • • • • • • • •
S57MW025 S57MW0250108 NA • • • • • • • • • • • • • • •

1     Dissolved gases include carbon dioxide, ethane, ethene, and methane.
2     Miscellaneous anions include sulfate, sulfide, nitrate, nitrite, chloride, and phosphate.
3    Metabolic acids include lactic, pyruvic, acetic, propionic, and butyric.

 
bgs = Below ground surface. TOC = Total organic carbon.
VOC = Volatile organic compounds. NA = Not applicable.

LABORATORY ANALYSES FIELD TESTS



TABLE 2-2

HYDRAULIC CONDUCTIVITY RESULTS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND

S57MW003 (D) ND ND 3.18 1.1E-03 2.64 9.3E-04 2.91 1.0E-03
S57MW004 5.2 1.8E-03 15.20 5.4E-03 11.00 3.9E-03 10.47 3.7E-03
S57MW011 0.64 2.3E-04 0.50 1.7E-04 0.42 1.5E-04 0.52 1.8E-04
S57MW024 ND ND ND ND 12.80 4.5E-03 12.80 4.5E-03
S57MW025 ND ND ND ND 12.60 4.4E-03 12.60 4.4E-03

4.80 1.7E-03

D - Deep well
ND - Not determined

Well 
Identification

(cm/sec)(feet/day) (feet/day)

Geometric Mean =

Well Average

(feet/day)(cm/sec) (cm/sec)

Remedial
 Investigaton

 Slug Test Data
 (1999)

Feasibility Study
 Field Investigation 

Slug Test Data
 (2001)

Pilot Study
Slug Test Data

(2003)

(feet/day) (cm/sec)
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3.0  ANAEROBIC REDUCTIVE DECHLORINATION 

This section provides a brief summary of the anerobic reductive dechlorination process for chlorinated 

VOCs.  It also describes how the introduction of additional electron donor material can stimulate or 

accelerate the reductive dechlorination process. 

 

3.1 BIODEGRADATION OF CHLORINATED VOCs 

Reductive dechlorination is one of several biological degradation processes by which chlorinated VOCs 

are transformed to environmentally innocuous compounds such as carbon dioxide, ethene, ethane, and 

chloride.  In the presence of a suitable electron donor (e.g., hydrogen) and favorable geochemical 

conditions, a hydrogen atom can replace a chlorine atom on a chlorinated ethene molecule.  This 

rigorously studied microbial process occurs under anaerobic (oxygen-deficient) conditions.  Hydrogen is 

typically generated when organic carbon ferments.  This organic supply can come from natural organic 

carbon or anthropogenic carbon sources such as hydrocarbon contaminants (e.g., benzene, toluene).   

 

It is widely recognized that, in the presence of hydrogen, TCE (C2HCl3), can be reduced to dichloroethene 

(DCE or C2H2Cl2).  While various DCE isomers (e.g., 1,1-DCE, cis-1,2-DCE, and trans-1,2-DCE) can be 

produced, it is well documented that cis-1,2-DCE is the most common degradation product of TCE.  DCE 

can then be reduced to vinyl chloride (VC or C2H3Cl), which, in turn, can be reduced to ethene (C2H4) and 

potentially ethane (C2H6), or via mineralization, to carbon dioxide (CO2), water (H2O), and chloride ions 

(Cl-).   

 

Although degradation of DCE and vinyl chloride can occur via anaerobic reductive dechlorination, this 

process is generally slow and can be limited by a number of factors.  In fact, at many sites, DCE and vinyl 

chloride levels have been shown to persist where reductive dechlorination is inefficient or ineffective. 

  

3.2 ENHANCED BIOREMEDIATION 

As stated earlier, one of the requirements for reductive dechlorination is having a sufficient supply of 

electron donor.  Enhanced bioremediation is a technology that enhances the natural biodegradation of 

contaminants by supplying a carbon substrate to the subsurface.  This carbon substrate is broken down 

and therefore supplies hydrogen to the subsurface.  One of the many carbon substrates that have been 

demonstrated to foster the reductive dechlorination process is HRC®.  HRC® is a proprietary polylactate 

ester marketed by Regenesis of San Clemente, California.  A food-grade product, HRC® is composed of 

tripolylactate and glycerol.  HRC® is a viscous “honey-like” liquid that is applied to in situ contaminated 

groundwater using direct injection techniques.  Once in contact with water, HRC® becomes hydrated and 
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lactic acid is released.  Indigenous microorganisms, primarily bacteria, then metabolize the lactic acid and 

produce hydrogen.  Because the higher concentration of hydrogen allows the natural dechlorination 

processes to occur at a faster rate, HRC® serves to enhance the rate of the transformation that would 

otherwise occur under natural conditions (e.g., natural attenuation).  Note that the same biodegradation 

process occurs in the presence of HRC® as it does under natural attenuation.  Regenesis’ product is 

classified as a “slow-release” electron donor, meaning the lactic acid ferments in a slow process.  Thus, a 

continuous, long-term supply of electron donor is available for microbial activity.  Based upon numerous 

studies, it has been shown that HRC® can supply electron donor material for approximately 9 to up to 

18 months. 

 

3.3 BIOREMEDIATION INDICATORS 

There are several lines of evidence by which the biodegradation processes can be measured.  Because 

the biodegradation processes in natural attenuation are the same as in enhanced bioremediation, similar 

measures of performance can be used to demonstrate whether enhanced bioremediation is effectively 

reducing contamination.  The first line of evidence is to demonstrate a trend of decreasing contaminant 

mass and/or concentration.  More specifically, demonstrating a decrease of the parent compounds [e.g., 

tetrachloroethene (PCE), TCE, etc.] coupled with the generation or increase of daughter or breakdown 

products (cis-1,2-DCE, VC, ethene, etc.) is useful.  It is important to note that because dechlorination 

occurs sequentially, dechlorination of TCE may result in a temporary increase, then decrease, of the 

various daughter products.   

 

A secondary line of evidence includes the use of geochemistry data to indirectly illustrate that 

biodegradation is occurring.  Natural attenuation (i.e., geochemical) parameters are generally used to 

evaluate the suitability of geochemical conditions for biodegradation and to determine if bioremediation is 

occurring.  The complex relationship among many of these parameters is described in the following 

sections. 

 

3.3.1 Natural Attenuation Parameters 

Dissolved Oxygen: Dissolved oxygen (DO) acts as a primary substrate or co-substrate during the initial 

stages of metabolism.  For chlorinated hydrocarbon degradation, anaerobic pathways are more efficient.  

If dissolved oxygen concentrations are greater than 0.5 to 1.0 mg/L, anaerobic bacteria cannot exist and 

reductive dechlorination will not occur. 

 

Nitrate/Nitrite: After dissolved oxygen has been depleted through aerobic respiration, anaerobes will 

utilize nitrate (NO3
-) as an electron acceptor to anaerobically degrade hydrocarbons (denitrification).  This 

process reduces nitrate to nitrite (NO2) and generates carbon dioxide.   
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Dissolved Manganese: After dissolved oxygen and nitrate have been depleted, anaerobic microbes will 

utilize manganese (Mn+4) as an electron acceptor to anaerobically degrade hydrocarbons, generating 

manganese (Mn+2) and carbon dioxide. 

 

Ferric Iron/Ferrous Iron: After dissolved oxygen, nitrate, and manganese reduction, anaerobic microbes 

will utilize ferric iron (Fe+3) as an electron acceptor (iron reduction), generating ferrous iron (Fe+2) and 

carbon dioxide.  Ferric iron is not typically analyzed, thus, the presence or increase in concentration of 

ferrous iron (Fe+2) and carbon dioxide are indicators of iron reduction. 

 

Sulfate/Sulfide: After dissolved oxygen, nitrate, manganese, and ferric iron have been utilized, anaerobic 

microbes will utilize sulfate (SO4
-) as an electron acceptor, resulting in sulfide and carbon dioxide 

increases.  Sulfate reduction, along with methanogenesis, is one of the most important reduction 

pathways responsible for biodegradation of chlorinated hydrocarbons.  Sulfide can be present in many 

forms, the three primary forms being the sulfide ion (S-2) or dissolved hydrogen sulfide as either H2S or 

HS-.   

 

Phosphate: Similar in mechanism to sulfate reduction (but to a lesser degree), phosphate (PO4
-) 

reduction is an anaerobic biodegradation process whereby bacteria can use phosphate as an electron 

acceptor.  Phosphate along with nitrogen are also regarded as nutrients for biodegradation.  

 

Dissolved Carbon Dioxide: Methanogenesis occurs after oxygen, nitrate, manganese, ferric iron, and 

sulfate have been utilized.  It is one of the most important reduction pathways responsible for chlorinated 

VOC degradation.  During methanogenesis, bacteria utilize carbon dioxide as an electron acceptor, 

generating methane as a byproduct.  Carbon dioxide is produced by every terminal electron acceptor 

process.  

 

Dissolved Methane: Because methane is not a chemical component of solvents, its presence at 

concentrations greater than background provides strong evidence of methanogenic fermentation (and 

carbon dioxide utilization).  Background concentrations of methane are important because some natural 

sources of methane exist. 

 
Dissolved Hydrogen: Hydrogen is produced as a result of fermentation of organic carbon.  Hydrogen is 

then utilized by respiratory microbes such as nitrate reducers, iron reducers, sulfate reducers, and 

methane producers.  Each microbe utilizes hydrogen more or less efficiently, leading to either a buildup or 

a decrease of hydrogen concentration.  The hydrogen concentration, therefore, can provide an indication 

of the reduction process that is most prevalent in the subsurface at any one location.     
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Dissolved Ethene/Ethane: As discussed earlier ethene and possibly ethane signify the final degradation 

step of chlorinated ethenes.  Concentrations of ethene (greater than 0.01 mg/L) and ethane (greater than 

0.1 mg/L) provide strong evidence of such degradation. 

 

Total Alkalinity: Groundwater pH decreases as a result of both aerobic and anerobic biodegradation.  As 

carbon dioxide is produced by microbial activity, dissolution of rock minerals occur, which increases the 

alkalinity, expressed as calcium carbonate (CaCO3).  As a result, there is a positive correlation between 

microbial metabolism and alkalinity.   

 

Chloride: Chloride concentrations are used to evaluate biodegradation because chloride is released into 

groundwater during dechlorination of chlorinated VOCs.  Therefore, an increase in chloride concentration 

in the downgradient direction is direct evidence of dechlorination.  

 

Oxidation/Reduction Potential: The oxidation/reduction potential (ORP) of groundwater (Eh) is a 

measure of the relative tendency of the groundwater solution to accept or donate electrons and the 

amount of energy released during electron transfer.  The Eh (in millivolts; mV) can provide evidence of 

the type of biodegradation processes that are active in a particular plume or area within a plume.  Eh 

should be used only as a qualitative indicator of the overall oxidation/reduction state.  Figure 3-1 provides 

a summary of Eh measurements and the respective terminal electron acceptor processes.   

 

3.3.2 Breakdown Products of HRC® 

Total organic carbon (TOC) and other metabolic acids (e.g., volatile fatty acids) would be expected to 

increase following the breakdown of HRC® (e.g., lactic acid) in the subsurface.  The generation of these 

acids is favorable as it represents essentially hydrogen storage molecules, and their accumulation 

indicates that there is significant hydrogen in the system for dechlorination (Regenesis, 2003).   

 

HRC® [e.g., lactic acid (C3H6O3)] can be oxidized to pyruvic acid (C3H4O3) and hydrogen is released.  

Pyruvic acid may then convert to acetic acid (C2H4O2) followed by the generation of butyric acid (C4H8O2) 

and propionic acid (C3H6O2).   

 



FIGURE 3-1 
 

OXYDATION/REDUCTION POTENTIAL 
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SOURCE: http://www.epa.gov/ada/download/reports/protocol.pdf 



4.0  PILOT STUDY AREA BASELINE CONDITIONS 

The pilot study area is shown on Figures 2-1 and 4-1.  With the exception of MW024, MW025, and the 

HRC injection points, the general physical site features shown on the figures existed prior to commencing 

the pilot study.  The initial pilot study activities included installing MW024 and MW025, sampling those 

monitoring wells in addition to MW003, MW004, and MW011, and then performing slug tests in the same 

wells, followed by an initial round of groundwater samples.  For the purposes of this pilot study, “baseline 

conditions” includes consideration of MW003, MW004, MW011, MW024, and MW025, along with the 

results from the initial (i.e., baseline) round of groundwater samples. 

 

4.1 MONITORING WELLS 

Monitoring wells MW003, MW004, and MW011 were installed at Site 57 during the 1999 RI (TtNUS, 

2000).  MW024 and MW025 were installed during the initial pilot study activities in May 2003.  Table 4-1 

lists the physical information for the pilot study area monitoring wells.  Table 4-2 displays the baseline 

analytical information for the study area monitoring wells. 

 

4.1.1 Existing Monitoring Wells 

Monitoring wells MW003, MW004, and MW011 were installed and sampled in January 1999 during the 

Site 57 RI (TtNUS, 2000).  Wells MW003 and MW004 are adjacent to each other, 15 to 20 feet south of 

Building 292, as shown on Figure 4-1.  MW003 is the deeper well, screened at 17 to 22 feet below ground 

surface (bgs), while MW004 is screened from 6 feet to 16 feet bgs.  Well MW011 is located approximately 

85 feet south of Building 292 and is screened from 9 to 19 feet bgs.  More complete information regarding 

these wells (i.e., boring logs, well installation diagrams, etc.) is included in the Site 57 RI Report (TtNUS, 

2000). 

 

4.1.2 New Monitoring Wells 

In May 2003, just prior to HRC® injection, two additional wells were installed.  MW024 and MW025 were 

installed 5 feet and 25 feet respectively downgradient from the proposed HRC injection area (see Figure 

4-1).  The screened intervals for both MW024 and MW025 extend from 4 to 14 feet bgs (see Figure 4-2).  

More complete information regarding these wells is included in Appendix A.  
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4.2 GROUNDWATER CONTAMINATION 

4.2.1 Historical Groundwater Contaminant Concentrations 

An RI conducted in 1999 (TtNUS, 2000) and a subsequent investigation conducted in 2001 (TtNUS, 

2002) determined that the highest concentrations of TCE contamination in Site 57 groundwater occurred 

near the southern corner of Building 292.  Table 4-2 presents the analytical results from these 

investigations for TCE and its daughter products for the then existing wells which are included in this pilot 

study (MW003, MW004, and MW011).  The well locations are shown on Figure 1-3 and Figure 4-1. 

 

From Table 4-2, it can be seen that for the two sampling dates preceding the pilot study (January 1999 

and August 2001), MW004 had consistently higher concentrations of TCE and its daughter products than 

MW003 (the deeper of the two wells).  MW011 (the most downgradient well) had lower TCE 

concentrations than either MW003 or MW004.  The TCE daughter product concentrations in MW011 

were consistently less than in MW004.  They were sometimes greater, sometimes less than those in 

MW003. 

 

4.2.2 Baseline Groundwater Contaminant Concentrations 

All of the monitoring wells involved in the pilot study were subjected to a single round of groundwater 

sampling immediately prior to HRC® injection in May 2003.  The analyses for those baseline samples are 

shown on Table 2-1.  For TCE and its daughter products, the analytical results for the baseline samples 

are shown on Table 4-2.  More complete analytical results are included in Appendix B. 

 

For the three sampling dates ending with May 2003, MW004 had concentrations of TCE and its daughter 

products that were consistently higher than those in MW003 (the deeper of the two wells).  Scanning the 

Table 4-2 May 2003 analytical results in the downgradient direction (i.e., from MW003/MW004 to MW024 

to MW025 to MW011), contaminant concentrations appear to peak in MW025, the second most 

downgradient of the three wells downgradient from the HRC® array.  The concentrations of TCE and its 

daughter products are higher in MW025 than they are in MW024, and they are higher in both MW024 and 

MW025 than in MW003, MW004, or MW011. 

 

4.3 SOIL CONTAMINATION 

Although not strictly viewed as an element of the groundwater bioremediation pilot study, soil samples 

were collected during the installation of MW024 and MW025 because it was an opportune time to 

improve the current understanding of the extent of soil contamination in the pilot study area and to add 

data to the Site 57 analytical database.  Soil samples were taken at 4 to 5 feet bgs, 9 to 10 feet bgs, 14 to 

15 feet bgs, and 17 to 18 feet bgs from borings SB027/MW024 and SB028/MW025.  The soil data will be 
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primarily of importance during completion of the Site 57 FS.  The analytical results from the soil samples 

are included in Appendix B. 

 

4.4 TOPOGRAPHY 

Site 57 is located in the southeastern section of the main facility (see Figure 1-2), south of Building 292 

(see Figure 1-3 and Figure 4-1).  The pilot study area consists of relatively flat ground that slopes 

generally toward the south.  As can be seen on Figure 1-3, Building 292 is located in a valley 

approximately 1,300 feet north of Mattawoman Creek at an elevation of approximately 35 feet above 

mean sea level (msl).  The valley trends approximately southeast toward Mattawoman Creek to 

approximately 0 feet above msl.  The valley slopes are much steeper east, north, and west of the site.  A 

storm drain from Building 292 approximately follows the valley and discharges to Mattawoman Creek.  An 

intermittent stream also flows through the valley (southwest of Hershey Road) before discharging to 

Mattawoman Creek.  Portions of an abandoned railroad track are located in the valley. 

 

4.5 HYDROGEOLOGY 

The surficial aquifer in the pilot study area consists primarily of sand and gravel that has the 

characteristics of an unconfined system.  The depths to the static water levels in the pilot study area wells 

ranged from 5.3 to 6.4 feet bgs.  Figure 4-2 illustrates the subsurface materials in the pilot study area. 

 

The aquitard beneath the surficial aquifer hinders the downward movement of groundwater from the 

surficial aquifer to deeper aquifers.  However, where the fine sand, silt, and clay aquitard becomes 

sandier or thinner, it would be less restrictive to downward groundwater flow. 

 

One complete round of water-level measurements was collected from the 18 Site 57 monitoring wells on 

May 16, 2003.  The synoptic groundwater-level measurements were performed to verify the groundwater 

flow pattern at the site.  Measurements were taken with an electronic water-level indicator (M-scope) using 

the top of the well riser pipe as the reference point for determining depths to water.  Groundwater-level 

measurements were recorded on a groundwater-level measurement form to the nearest 0.01 foot.  The 

potentiometric surface in the pilot study area is shown on Figure 4-1.  Groundwater elevations for the same 

wells are shown in the cross section on Figure 4-2.  All groundwater elevations are included in Appendix A.  

 

Based on the potentiometric surface map, the groundwater in the surficial aquifer beneath the pilot study 

area is flowing toward the south.  Based on the previous RI and FS field investigations in 1999 and 2001, 

the surficial groundwater flow from the pilot study area generally follows the Site 57 valley for 

approximately 1,300 feet and may discharge to the Mattawoman Creek.   
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Data from previous investigations supporting the Site 57 RI indicated a slight downward flow component 

in the northern end of Site 57 at well cluster MW012/013 (See Figure 1-3).  The same data set indicated a 

very slight upward flow component in the southern portion of the Site 57 RI area at MW005/006 (see 

Figure 1-3).  In the pilot study area, which is positioned generally between those two locations, the May 

2003 data from well cluster MW003/004 indicate a slight upward flow component.  The upper surficial 

groundwater may be discharging to Mattawoman Creek.  The lower groundwater in the surficial aquifer is 

most likely discharging to Mattawoman Creek.  The surficial aquifer is recharged by infiltration of 

precipitation through the vadose zone and by groundwater flowing from the adjacent upland areas located 

to the north, east, and west. 

 

As discussed in Section 2.6, the pilot study field work included performing slug tests in the five pilot study 

area monitoring wells.  As shown on Figure 4-2, the well screens for MW004, MW024, MW025, and 

MW011 were installed at similar depths.  Calculations from the pilot study slug test data show a 

reasonably consistent 11 to 12 feet per day hydraulic conductivity in wells MW004, MW024, and MW025.  

The hydraulic conductivity for MW011, the most downgradient of the pilot study monitoring wells, is 

somewhat lower at 0.42 feet per day.  The deep well, MW003 had consistent hydraulic conductivity 

results of 2 to 3 feet per day.  Including previously collected slug test data, the pilot study area average 

hydraulic conductivity was 4.8 feet per day (see Table 2-2).  Table 2-2 provides a summary of the slug 

test results.   

 

The hydraulic gradient in the pilot study area was estimated to be 0.0455 foot per foot based on graphic 

interpretation of the most recent potentiometric groundwater contour map (Figure 4-1).  The effective 

porosity is estimated to be 25 percent for sand (Fetter, 1988), based upon the types of subsurface 

material present at the site.    

 

The seepage velocity for sand (Vs) is calculated using the following equation: 

 

Vs = K x i (1/n) 
 

Where:  

Vs  = estimated groundwater seepage velocity (feet/day) 

K = horizontal hydraulic conductivity (feet/day) 

i = hydraulic gradient (feet/feet) 

n = effective porosity 
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For Site 57, the values used to calculate groundwater velocity were as follows: 

 

K  = 4.8 feet/day  

n  = 0.25 (effective porosity for sand) 

i = 0.0455 

 

The resulting Vs is  0.87 feet per day 

 



TABLE 4-1 
 

MONITORING WELL PHYSICAL DATA SUMMARY 
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY 
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA 

NDW, IH, INDIAN HEAD, MARYLAND 
 

Monitoring 
Wells 

Ground 
Elevation(1) 

(feet above 
msl) 

Top of 
Riser 

Elevation(1) 

(feet above 
msl) 

Screen 
Depth  

(feet bgs) 

Screen 
Elevation(1) 

(feet above 
msl) 

Depth to 
Ground-

water (feet 
bfor)(2) 

Ground-
water 

Elevation(1)(2) 

(feet above 
msl) 

Northing 
Coordinate (3) 

Easting 
Coordinate (3) 

Average 
Hydraulic 

Conductivity 
(feet per day) 

MW003         33.83 35.82 Top: 17
Bottom: 22 

Top: 16.83 
Bottom: 11.83 

7.33 28.49 335285.641 1263748.262 2.91 

MW004          33.91 35.72 Top: 6
Bottom: 16 

Top: 27.91 
Bottom: 17.91 

7.83 27.89 335289.358 1263746.882 10.47

MW024         32.86 32.50 Top: 4
Bottom: 14 

Top: 28.86 
Bottom: 18.86 

5.50 27.00 335262.441 1263748.028 12.80

MW025          32.60 32.43 Top: 4
Bottom: 14 

Top: 28.60 
Bottom: 18.60 

6.04 26.39 335244.821 1263758.446 12.60

MW011          31.61 33.49 Top: 9
Bottom: 19 

Top: 22.61 
Bottom: 12.61 

8.30 25.19 335222.164 1263751.168 0.52

 
1 Elevation Datum = National Geodetic Vertical Datum (NGVD) 1929. 
2 Measurement taken 5/16/03. 
3 Coordinate Datum = North American Datum (NAD) 1983. 
msl = Mean sea level.       
bgs = Below ground surface.      
btor = Below top of riser. 
 



TABLE 4-2

BASELINE ANALYTICAL DATA FROM PILOT STUDY AREA WELLS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

Sampling Date MW003 MW004 MW024 MW025 MW011

January-99 247 J 612 J --- --- 51 J
August-01 450 12,000 --- --- 94

May-03 570 2,900 8,600 9,100 310

January-99 3 10 --- --- 1 U
August-01 3 J 6 --- --- 5 U

May-03 25 U 100 U 500 U 500 U 50 U

January-99 54 J 528 J --- --- 5
August-01 47 620 --- --- 30

May-03 9 J 1,150 3,900 12,000 14 J

January-99 3 48 J --- --- 1 U
August-01 5 U 26 --- --- 5 U

May-03 10 U 70 U 410 2,300 20 U

--- = Not sampled.

cis-1,2-Dichloroethene (cis-1,2-DCE)

Vinyl Chloride

Monitoring Wells - Groundwater Data  (µg/L)

Trichloroethene (TCE)

1,1-Dichloroethene (1,1-DCE)

U = Indicates that the chemical was not detected at the numerical detection limit (sample-specific
       quantitation limit) noted.  Nondetected results from the laboratory are reported in this manner.

J =  Indicates that the chemical was detected.  However, the associated numerical result is not a 

       reported concentration is considered to be an estimated value.
       precise representation of the amount that is actually present in the sample.  The laboratory
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5.0  DATA EVALUATION 

This section discusses the implications of the data collected during the 6-month pilot study.  Because the 

changes in the concentrations of TCE and its daughter products over time are the primary indicators that 

reductive dechlorination is or is not occurring, this section will initially focus on TCE and its daughter 

products.  The discussion will then move to the supporting data, applying a weight-of-evidence approach 

to the data from the other monitored parameters to evaluate whether they support observations that 

reductive dechlorination is or is not occurring.  Table 5-1 shows the analytical data for TCE and its 

daughter products.  Table 5-2 shows the data for secondary indicators, and Table 5-3 shows other 

indicators of bioremediation.  Appendix B contains a complete set of the analytical data from the samples 

collected during the pilot study. 

 

5.1 PRIMARY INDICATORS 

Figure 5-1 shows the concentrations of TCE detected in samples collected from each of the five 

monitoring wells prior to HRC® injection.  [It should be noted that, as shown on Figure 4-2, MW003 and 

MW004 are essentially co-located as a well cluster but are screened at different depths (17 to 22 feet bgs 

for MW003 and 6 to 16 feet bgs for MW004).]  Figure 5-1 illustrates that prior to the commencement of 

the pilot study, the TCE concentrations in the wells just downgradient of the HRC® array (MW024 at 

8,600 µg/L and MW025 at 9,100 µg/L) were higher than the concentrations upgradient of the array 

(MW003 at 570 µg/L and MW004 at 2,900 µg/L).  The TCE concentration in the most downgradient well 

(MW011 at 310 µg/L) was low compared to MW004, MW024, and MW025. 

 

Figure 5-2 illustrates a dramatic reduction in TCE concentrations in MW024 and MW025 within 2 months 

of the HRC® installation.  By November, TCE concentrations had decreased by approximately 97 percent 

in MW024 (8,600 µg/L to 280 µg/L) and 98 percent in MW025 (9,100 µg/L to 110 µg/L).  Although the 

TCE concentration in the upgradient well, MW004, decreased by approximately 59 percent (2,900 µg/L to 

1,200 µg/L) during the same period, MW004 continued to have TCE concentrations four to ten times 

greater than MW024 and MW025.  TCE concentrations in MW011 were relatively low (310 µg/L) at the 

commencement of the pilot study and remained so (210 µg/L) through November. 

 

Figure 5-3 shows the concentrations of TCE and its daughter products in the upgradient well, MW004, 

over the duration of the pilot study.  During the study, TCE concentrations generally decreased, and 

cis-1,2-DCE concentrations remained fairly stable.  Vinyl chloride concentrations have not increased in 

MW004 as of the November samples.  The reduction in TCE concentrations alone might be viewed as 

evidence of degradation; however, the relatively small change in cis-1,2-DCE concentrations and the 

absence of increases in vinyl chloride concentrations indicate limited evidence of degradation. 
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Figures 5-4, 5-5, and 5-6 show the concentrations of TCE and its daughter products in MW024, MW025, 

and MW011 respectively, all of which are downgradient of the HRC® array.  It should be noted that the 

scales of the Y-axes vary considerably among the three figures, so care is required when using these 

figures to compare concentrations among the three wells. 

 

In MW024 (Figure 5-4), TCE concentrations decreased significantly (by 86 percent) during the first month, 

while cis-1,2-DCE increased (by 92 percent) over the same period, followed by lower cis-1,2-DCE 

concentrations over the remaining study duration.  TCE remained low (decreased by 97 percent) through 

November, and vinyl chloride increased nominally over the study duration.  The data from MW024 

illustrate the classic indications that reductive dechlorination is occurring in this well. 

 

In MW025 (Figure 5-5), the baseline concentration of cis-1,2-DCE exceeded the TCE baseline 

concentration; however, over the duration of the study, TCE decreases were followed by lagging 

increasing, then decreasing, cis-1,2-DCE concentrations.  (Although Table 5-1 shows the June and July 

TCE concentrations as non-detected values, the data indicate that the TCE concentrations in those 

samples were at least as low as the 1,000 µg/L and 250 µg/L detection limits shown.)  As in MW024, the 

vinyl chloride concentrations in MW025 increased nominally during the study.  The data for MW025 

support the conclusion that reductive dechlorination is occurring in MW025.  

 

The data from MW011 also exhibit evidence of ongoing reductive dechlorination.  As with the other two 

downgradient wells, this well shows a rapid decrease (45 percent in the first month; 32 percent over the 

study duration) in TCE concentrations accompanied by an increase then a decrease in cis-1,2-DCE 

concentrations.  (The July cis-1,2-DCE concentration plotted on Figure 5-6 appears on Table 5-1 as an 

elevated detection limit and may be higher than the actual concentration in the groundwater.)  The 

1,1-DCE concentrations shown on Figure 5-6 also exhibit concentration changes that roughly parallel the 

changes in cis-1,2-DCE concentrations.  (As for cis-1,2-DCE, high detection limits as shown on Table 5-1 

and plotted on Figure 5-6 for the May, June, and July samples may be higher concentrations than actually 

present in the groundwater.)  Although exaggerated by the vertical scale in the figure, TCE shows a sharp 

increase in September.  Verifying the analytical data validation records as well as checking the field log 

book and sample collection logs for unusual conditions revealed no circumstances that might have 

resulted in the apparent spike in TCE concentration.   

 

Table 5-1 data indicate the presence of ethene and ethane in wells MW024 and MW025.  Their presence 

is indicative of the reduction of vinyl chloride and a completion of the dechlorination process.  

Concentrations of ethene and ethane were detected in the baseline samples prior to HRC® injection 

indicating that natural attenuation process was occurring prior to the treatability study.  With the exception 
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of an increase in ethane concentrations in MW024, these concentrations have remained stable during 

post-injection sampling indicating that reductive dechlorination continues to be effective.  

 

5.2 SECONDARY INDICATORS 

Parameters other than VOCs can be monitored to evaluate the suitability of conditions for biodegradation 

and to determine if bioremediation is occurring.  Section 3.0 offers a description of the parameters 

monitored during this pilot study and the role each plays in connection with reductive dechlorination.  

 

5.2.1 Dissolved Oxygen 

For anaerobic dechlorination to operate effectively, the anaerobic bacteria require DO concentrations of 

approximately 0.5 mg/L or less.  Table 5-2 displays two sets of DO data, one determined using a field 

direct reading meter and the second determined using a Chemetrics field test kit.  Both indicate distinctly 

lower concentrations in wells downgradient from the HRC® array (MW024, MW025, and MW011) prior to 

the HRC® injection (i.e., before May 2003).  Following the injection, all of the DO concentrations for 

MW024 and MW025 are consistently less than 0.5 mg/L, and with a single exception, the data for MW011 

are all less than 0.5 mg/L indicating favorable conditions for reductive dechlorination. 

 

5.2.2 Oxidation/Reduction Potential (ORP) 

As noted in Section 3 and Figure 3-1, the reduction of chlorinated VOCs is favored when the ORP is less 

than 50 mV and is likely when the ORP is less than -100mV.  The ORP was very favorable in MW024 (at 

-126.5 mV) in November.  In MW025, the levels were favorable (at -52.1 and -55 mV) in June and July 

but may be on the rise if November’s 123.4 mV reading is the beginning of a trend.  In MW011, ORP 

appears to be increasing with the September and November readings of 71.9 mV and 97.3 mV, 

respectively.   

 

5.2.3 Nitrate/Nitrite 

As oxygen is depleted, nitrate (NO-
3) becomes increasingly important as an electron acceptor.  Nitrate 

reduces to nitrite.  Table 5-2 shows that nitrate was detected in the upgradient monitoring wells (MW003 

and MW004) and in the May baseline samples from the downgradient wells (MW024, MW025, and 

MW011).  Following the HRC® injection, nitrate was not detected in MW024 and was detected at 

decreased concentrations in MW025, indicating that nitrate reduction apparently occurred in the vicinity of 

these wells.  With the exception of the September sample, the nitrate reduction was also apparent in 

MW011.  Nitrite was detected in downgradient wells beginning in September and November indicating the 

possible reduction of nitrate to nitrite. 
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5.2.4 Manganese 

Manganese IV is among the most common naturally occurring electron acceptors in groundwater.  It 

becomes a more important electron acceptor as nitrate is depleted.  Under anaerobic conditions, 

manganese IV is reduced to manganese II, which is much more soluble; thus, an increase in manganese 

II in the groundwater indicates that reducing conditions exist.  Table 5-2 displays manganese data from 

samples analyzed for both total and dissolved manganese.  Generally, the two data sets correspond 

closely.  Following HRC® injection in May, the manganese concentrations in MW024 and MW025 

increased significantly, indicating that reducing conditions existed in those wells.  

 

5.2.5 Iron 

Iron becomes an increasingly important electron acceptor as manganese is depleted.  Similar to 

manganese, iron III minerals are reduced to soluble iron II under reducing conditions.  Therefore, 

increasing iron II (ferrous iron) concentrations would be expected under reducing conditions.  Several of 

the total and dissolved iron analytical results shown on Table 5-2 are qualified with a “B” due to laboratory 

blank contamination; however, the concentrations shown in the table were actually detected in the 

samples.  Because some portion of the detected concentrations may be due to the blank contamination, it 

can be said that the actual concentrations in the samples are no greater than the values in the table, and 

they may be lower.  With respect to the total and dissolved iron concentrations detected in the samples 

from MW024 and MW025, the concentrations are much higher in the November samples than in the May 

baseline samples.  The ferrous iron shows a distinct pattern of increased concentrations throughout the 

pilot study (with the exception of the November result in MW025).  These results indicate that favorable 

reducing conditions existed in these wells. 

 

5.2.6 Sulfate/Sulfide 

The importance of sulfate (SO4
-2) as an electron acceptor increases as oxygen, nitrate, manganese, and 

iron are depleted.  Sulfate reduces to sulfide.  Table 5-2 shows sulfate, sulfide, and hydrogen sulfide 

concentrations.  As the table indicates, the May baseline sulfate concentrations decreased by November.  

Although the sulfide analytical results are “masked” by analytical detection limits for several analyses, the 

hydrogen sulfide data shows increased concentrations in the later samples collected from the 

downgradient wells, especially MW024 and MW025, indicating that reducing conditions exist in those 

monitoring wells. 

 

5.2.7 Phosphate 

Because phosphate is a potential substrate and/or nutrient for biological degradation of organic 

contamination, changes in its concentration may indicate that microbial degradation is ongoing.  The 
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phosphate data in Table 5-2 indicate only two detections each for MW024 and MW025.  The data are not 

sufficiently conclusive to identify a trend. 

 

5.2.8 Methane 

Methanogenesis, the production of methane by single-celled microorganisms called methanogens, occurs 

when acetate is converted into carbon dioxide and methane.  Methane can also be produced when 

carbon dioxide, hydrogen, and electrons combine to form methane and water.  Typically, methanogenesis 

occurs after oxygen, nitrate, and sulfate are depleted.  Because methane is a competing electron 

acceptor, an increase in methane concentrations indicates methanogenesis, but does not necessarily 

indicate dechlorination.  Methane concentrations increased in MW024 and remained elevated in MW025 

(from baseline conditions) over the duration of the study.  These concentrations verify the occurrence of 

methanogenesis in the vicinity of those wells. 

 

5.3 OTHER INDICATORS OF BIOREMEDIATION 

During the pilot study, data were collected for several additional parameters that are capable of indicating 

whether conditions are favorable to reductive dechlorination.  Data for these parameters are presented in 

Table 5-3. 

 

5.3.1 Carbon Dioxide 

Carbon dioxide is produced by many microbial metabolism processes including every terminal electron 

acceptor process (nitrate, manganese, iron, and sulfate reduction, as well as methanogenesis).  The 

carbon dioxide concentrations in the upgradient wells MW003 and MW004 were relatively constant during 

the study.  The data for the downgradient wells, MW024, MW025, and MW011, show some increase 

between May and November, with the largest increase occurring in MW024.  These values indicate that 

microbial metabolism is occurring in the subsurface.  However, the increases are not sufficiently large to 

suggest, by themselves, that complete dechlorination has occurred.   

 

5.3.2 Alkalinity 

An increase in alkalinity may be due to the dissolution of aquifer minerals by carbon dioxide, which is in 

turn due to microbial activity.  The alkalinity increased significantly in MW024 and slightly in MW025 

between May and November.  These data indicate increased microbial activity in MW024, but is less 

certain regarding MW025. 
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5.3.3 Chloride 

Although in theory an increase in chloride concentrations is direct evidence in reductive dechlorination, in 

practice, this parameter is not always a reliable indicator.  In this case, the chloride concentrations 

remained relatively stable from the baseline sampling event and throughout the pilot study.   

 

5.3.4 Breakdown Products of HRC® 

Lactic acid, pyruvic acid, acetic acid, propionic acid, and butyric acid (i.e., volatile fatty acids) result from 

the breakdown of HRC® in groundwater and would be expected to be present during the pilot study.  

Table 5-3 data show that, with the exception of the September data, neither lactic nor pyruvic acids were 

detected in the groundwater.  However, other indicators verify that they were, in fact, present.  Under 

conditions of low hydrogen, lactic acid oxidizes to pyruvic acid with subsequent conversions from pyruvic 

acid to acetic acid.  The presence of butyric and propionic acids are an indication that the subsurface 

system has an abundance of hydrogen available for dechlorination.  The data in Table 5-3 indicate the 

presence of both propionic acid and butyric acid in downgradient wells MW024 and MW025. 

 

Increasing concentrations of total organic carbon (TOC) are another indication that there is sufficient 

organic carbon in the system to ferment to hydrogen.  Table 5-3 data indicate increased TOC 

concentrations in MW024 and MW025 following the May HRC® injection.  Although the data indicate 

decreasing concentrations of volatile fatty acids and TOC as the pilot study progresses, a sufficient 

supply of carbon remains to continue to stimulate the reductive dechlorination process.   

 

5.3.5 Other Field Parameters  

Specific conductivity is a measure of the groundwater’s ability to conduct electricity and is directly related 

to the concentration of ions in solution.  Conductivity would tend to increase as the ion concentration 

increases.  The Table 5-3 data show generally increasing specific conductivity in the downgradient wells 

from May through September.  The decreasing specific conductivity values in November may indicate that 

the peak occurred with the September data. 

 

The pH and temperature of the groundwater samples were within the desired ranges for reductive 

dechlorination. 

 

5.4 ETHYL ETHER 

Ethyl ether degrades aerobically; therefore HRC® would not be expected to enhance the degradation of 

ethyl ether.  Ethyl ether is not a chlorinated VOC but an unrelated compound historically found at high 

levels at Site 57.  Analyses for ethyl ether were included with the pilot study samples primarily for the 
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purpose of evaluating if the HRC® had any effect on ethyl ether concentrations.  Although there were 

some fluctuations in ethyl ether concentrations over the 6 months of the study, a comparison of the May 

baseline data and the final November data indicate essentially no change in ethyl ether concentrations 

(see Tale 5-4). 

 

5.5 SUMMARY 

Primary indicators described in Section 5.1 show definite evidence of reductive dechlorination, especially 

in the downgradient monitoring wells MW024 and MW025.  Over the 6-month pilot study duration, TCE 

concentrations decreased by as much as 98 percent (MW024), cis-1,2-DCE concentrations exhibited 

expected increases, then decreases, and vinyl chloride concentrations increased.   

 

The secondary indicators described in Section 5.2 generally support the conclusion that reductive 

dechlorination was ongoing during the pilot study.  Particularly in MW024 and MW025, oxygen was 

depleted, ferrous iron was generated, sulfate was reduced while sulfides were generated, and methane 

was generated.  All of these are indicators of moderately to strongly reducing conditions favorable for 

reductive dechlorination.  

 

As a group, the secondary indicators discussed in Section 5.3 were not as conclusive.  While carbon 

dioxide concentrations increased, alkalinity and chloride concentrations showed little change.  The 

presence of volatile fatty acids and TOC indicate that conditions continue to be suitable for reductive 

dechlorination.  It is expected that carbon present in the aquifer will continue to ferment to hydrogen, 

furthering the biodegradation of the remaining TCE, DCE, and vinyl chloride at the site.   

 



TABLE 5-1

PRIMARY INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

Sampling Date MW003 MW004 MW024 MW025 MW011

January-99 247 J 612 J --- --- 51 J
August-01 450 12,000 --- --- 94

May-03 570 2,900 8,600 9,100 310
June-03 490 2,700 1,200 1,000 U 170 J
July-03 380 1,300 60 J 250 U 54 J

September-03 170  1,600  250  130 600  
November-03 240 1,200 280 110 210

January-99 3 10 --- --- 1 U
August-01 3 J 6 --- --- 5 U

May-03 25 U 100 U 500 U 500 U 50 U
June-03 2 J 250 U 500 U 1,000 U 250 U
July-03 3 J 100 U 500 U 250 U 250 U

September-03 5 U 3 J 2 J 70 5 U
November-03 5 U 2 J 2 J 18 J 25 U

January-99 54 J 528 J --- --- 5
August-01 47 620 --- --- 30

May-03 9 J 1,150 3,900 12,000 14 J
June-03 8 J 980 7,500 6,550 J 30 J
July-03 9 J 760 7,300 6,600 250 U

September-03 1.5 J 920  600  49,000  81
November-03 4 J 1,000  1,300 J 10,000 30

January-99 3 48 J --- --- 1 U
August-01 5 U 26 --- --- 5 U

May-03 10 U 70 U 410 2,300 20 U
June-03 10 U 100 U 470 950 100 U
July-03 10 U 56 150 J 2,000 100 U

September-03 2 U 7 390  2,800  2 J
November-03 2 U 29 710 2,600 10 U

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 10 U 10 U 50  430  10 U
June-03 10 U 10 U 20  325  10 U
July-03 10 U 10 U 37  270  10 U

September-03 10 U 10 U 350  340  10 U
November-03 10 U 10 U 250 330 10 U

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 10 U 10 U 19  380  10 U
June-03 10 U 10 U 10 U 180  10 U
July-03 10 U 10 U 12  130  10 U

September-03 10 U 10 U 10 U 110 10 U
November-03 10 U 10 U 18 150 10 U

U = Indicates that the chemical was not detected at the numerical deteciton limit
       (sample-specific quantitation limit) noted.  Nondetected results from the laboratory are
       reported in this manner.
J =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered to be an estimated value.
--- = Not sampled.

Ethene  (µg/L)

Ethane  (µg/L)

cis-1,2-Dichloroethene (cis-1,2-DCE)

Vinyl Chloride

Monitoring Wells - Groundwater Data  (µg/L)

Trichloroethene (TCE)

1,1-Dichloroethene (1,1 DCE)



TABLE 5-2

SECONDARY INDICATORS
IN SITU ANAEROBIC BIOLOGICAL PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 1 OF 3

Sampling Date

January-99 9.46 11.17 -- -- 8.53
August-01 3.43 3.26 -- -- 3.3

May-03 5.6 0.87 1.27 1 0.33
June-03 0.15 0.45 0.15 0.19 0.15
July-03 0.18 0.48 0.2 0.31 0.32
Sep-03 0.22 0.8 0.15 0.15 0.17
Nov-03 0.23 0.27 0.23 0.17 0.29

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 2 0.6 0.8 1 0.5
June-03 0.2 0.6 0 0 0.4
July-03 0.4 0.6 0 0 0.4
Sep-03 0.3 0.9 0 0 0.6

November-03 0.3 0.25 0 0 0.4

January-99 -- -- -- -- --
August-01 258 168 -- -- 135

May-03 -4.8 -50.1 -24.1 24.7 39.6
June-03 191.8 171.2 39.9 18.3 139.5
July-03 38.3 10.7 -82.8 -52.1 -12.8
Sep-03 257 173 -114.7 -55 71.9

November-03 120 92.8 -126.5 123.9 97.3

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 1.4 0.41 0.82 0.07 0.66
June-03 1.6 0.25 0.05 U 0.026 J 0.1
July-03 1.4 0.6 0.10 U 0.1 U 0.17

September-03 1.6 0.45 0.1 U 0.0168 J 0.81
November-03 1.6 L 0.59 L 0.05 UR 0.05 J 0.37 L

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
June-03 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
July-03 0.05 U 0.05 U 0.089 J 0.1 U 0.05 U

September-03 0.05 U 0.05 U 0.1 U 0.091 J 0.05 U
November-03 0.05 UL 0.05 0.02 J 0.02 J 0.04 J 

Jan-99 257 J 256 J --- --- ---
August-01 --- --- --- --- ---

May-03 121 83.3 164 596 151
June-03 108 68.0 7,220 785 353
July-03 101 110 13,600 864 308

September-03 96.4 47.3 8,070 1,610 382
November-03 97.2  74.1 5,280 1,020 271

Oxidation/Reduction Potential (mV)

Total Manganese (µg/L)

Nitrite (NO2) (mg/L)

Monitoring Wells - Groundwater Data

Dissolved Oxygen (mg/L) (YSI Meter or Horiba Meter)

Nitrate (NO3) (mg/L)

MW003 MW004 MW024 MW025

Dissolved Oxygen (mg/L) (Field Test Kit)

MW011



TABLE 5-2

SECONDARY INDICATORS
IN SITU ANAEROBIC BIOLOGICAL PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 2 OF 3

Sampling Date
Monitoring Wells - Groundwater Data

MW003 MW004 MW024 MW025 MW011

Jan-99 250  244  --- --- ---
August-01 --- --- --- --- ---

May-03 123 67.5 173 557 158
June-03 102 41.0 7,110 767 395
July-03 97.2 109 13,700 840 351

September-03 91.2 52.3 8,180 1,630 372
November-03 93.2 75.6 5,220 1,040 276

Jan-99 174  215 J --- --- ---
August-01 --- --- --- --- ---

May-03 33.8 B 95.8 B 2,420 29,900 15.2 B
June-03 23.7 B 109.0 B 38,800 63,350 482
July-03 4.8 B 34.6 B 185,000 76,500 639

September-03 10.0 B 8.4 B 152,000 159,000 16 B
November-03 10.9 B 33.2 B 139,000 74,000 107 B

Jan-99 454 J 154  
August-01 --- --- --- --- ---

May-03 6.06 U 6.06 U 2,340 31,100 220
June-03 6.06 U 20.7 B 38,200 62,400 346
July-03 4.8 U 36.0 B 180,000 74,500 468

September-03 5.35  6.3 B 153,000 160,000 63.9 B
November-03 8 B 22 B 136,000 75,400  84.6 B

Jan-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 <0.1 <0.1 2 3 <0.1
June-03 <0.1 <0.1 2 4 1
July-03 <0.1 <0.1 6 6 0

September-03 <0.1 <0.1 5 >10 <0.1
November-03 <0.1 <0.1 6 6 <0.1

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 2 13 6.5 4.3 8.3
June-03 1 B 17 1 B 3.4 4.9
July-03 1 8.9 1 U 1.0 U 3

September-03 1 9.4 2 2 11
November-03 1.5 8.9 1.7 2.1 5.6

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 1 U 0.95 J 1 U 0.15 J 1 U
June-03 1 B 0.65 B 1 U 1.1  3
July-03 0.65 B 1 U 1 U 1 U 1 B

September-03 1.0 U 3 0.95 J 1.0 U 1.0 U
November-03 0.925 J 0.7 J 0.25 J 0.25 J 0.85 J 

Sulfate (SO4) (mg/L)

Sulfide (mg/L)

Dissolved Manganese (µg/L)

Total Iron (µg/L)

Ferrous Iron (mg/L)

Dissolved Iron (µg/L)



TABLE 5-2

SECONDARY INDICATORS
IN SITU ANAEROBIC BIOLOGICAL PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 3 OF 3

Sampling Date
Monitoring Wells - Groundwater Data

MW003 MW004 MW024 MW025 MW011

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 <0.1 <0.1 <0.1 <0.1 <0.1
June-03 <0.1 <0.1 <0.1 1 <0.1
July-03 <0.1 <0.1 1 1 <0.1

September-03 <0.1 <0.1 0.60 0.7 0.1
November-03 <0.1 <0.1 1.50 1.00 <0.1

January-99 --- --- --- --- ---
August-01 --- --- --- --- ---

May-03 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
June-03 0.05 U 0.05 U 0.07  0.05 U 0.05 U
July-03 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U

September-03 0.05 U 0.05 U 0.1  0.26  0.05 U
November-03 0.050 U 0.1 U 0.50 U 0.02 J 0.05 U

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 10 U 10 U 230 6,100 16
June-03 10 U 10 U 36 2,900 86
July-03 10 U 12 210 2,100 10 U

September-03 10 U 10 U 2,200 2,100 100
November-03 10 U 14 3,500 2,300 24

B = This qualifier is addded to a positive result (reported by the laboratory) if the detected
       concentration is determined to be attributable to contamination introduced during
       field sampling or laboratory analysis.
J =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered to be an estimated value.
L =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered biased low.
U =  Indicates that the chemical was not detected at the numerical detection limit
        (sample-specific quantitation limit) noted.  Nondetected results from the laboratory
        are reported in this manner.
UR = Indicates that the chemical may or may not be present.  The nondetected 
        analytical result reported by the laboratory is considered to be unreliable and 
        unusable.  This qualifier is applied in cases of gross technical deficiencies
        (i.e., holding times missed by a factor of two times the specified time limit,
        severe calibration noncompliances, and extremely low quality control recoveries).
--- = Not sampled.

Phosphate (PO4) (mg/L)

Methane (CH4) (µg/L)

Hydrogen Sulfide (H2S) (mg/L)



TABLE 5-3

MISCELLANEOUS INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 1 OF 3

Sampling Date MW003 MW004 MW024 MW025 MW011

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 95,000 105,000 98,000 150,000 91,000
June-03 98,000 110,000 210,000 175,000 120,000
July-03 95,000 98,000 180,000 160,000 125,000

September-03 94,000 120,000 190,000 240,000 110,000
November-03 96,000 100,000 160,000 160,000 100,000

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 16 K 9.7 K 16 K 32 K 19 K
June-03 17 8 15 38 22
July-03 16 13 16 26 28

September-03 17 11 27 140 10
November-03 17.5 14 21 44 21

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 6.7 J 66 10.8 J 63 80
June-03 6.5 J 100 110 94 40
July-03 6.2 J 30 240 110 30

September-03 4.6 B 67 130 L 100 L 190
November-03 5.4 L 34 L 160 L 90 L 56 L

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 25 U 25 U 25 U 25 U 25 U
June-03 25 U 25 U 33  25 U 25 U
July-03 25 U 25 U 25 U 25 U 25 U

September-03 46 43 57 41 59
November-03 25 U 25 U 25 U 25 U 25 U

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 10 U 10 U 10 U 10 U 10 U
June-03 10 U 10 U 10 U 10 U 1 U
July-03 10 U 10 U 10 U 10 U 10 U

September-03 5.9  10 U 4.4 J 1.2 J 1.9 J
November-03 10 U 10 U 10 U 10 U 10 U

Lactic Acid (mg/L)

Pyruvic Acid (mg/L)

Monitoring Wells - Groundwater Data 

Carbon Dioxide (CO2) (µg/L)

Alkalinity (CaCO3)  (mg/L)

Chloride (Cl-) (mg/L)



TABLE 5-3

MISCELLANEOUS INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 2 OF 3

Sampling Date MW003 MW004 MW024 MW025 MW011
Monitoring Wells - Groundwater Data 

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 1 U 1 U 1 U 1 U 1 U
June-03 1 U 1 U 100  38  1 U
July-03 1 U 1 U 160  65  1 U

September-03 8.6 J 4.3 86  110 1 U
November-03 1 U 1 U 71 48 1 U

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 1 U 1 U 1 U 1 U 1 U
June-03 1 U 1 U 150  79  1 U
July-03 1 U 1 U 420  120  1 U

September-03 4.7 J 2.6 160 42 0.3 J
November-03 1 U 1 U 120 18 1 U

January-99 -- -- -- -- --
August-01 -- -- -- -- --

May-03 1 U 1 U 1 U 1 U 1 U
June-03 1 U 1 U 58  48  1 U
July-03 1 U 1 U 24  68  1 U

September-03 2.3 1.1 4.7 27 0.5 J
November-03 1 U 1 U 7 8 1 U

January-99 1 U 1 U -- -- --
August-01 -- -- -- -- --

May-03 0.54 B 1 B 1 B 3.7 1.0 B
June-03 0.48 B 2 B 410 85 0.67 B
July-03 0.47 B 0.69 B 220 100 4.4

September-03 0.40 B 0.94 B 130 110 2 B
November-03 0.40 J 0.72 J 130  53  0.7 J

January-99 0.10 0.10 -- -- 0.19
August-01 0.06 0.14 -- -- 0.10

May-03 0.10 0.21 0.11 0.27 0.24
June-03 0.09 0.24 0.38 0.33 0.15
July-03 0.10 0.15 0.66 0.37 0.14

September-03 0.10 0.23 0.67 0.98 0.48
November-03 0.10 0.14 0.50 0.37 0.18

Butyric Acid (mg/L)

Acetic Acid (mg/L)

Propionic Acid (mg/L)

Total Organic Carbon (mg/L)

Specific Conductivity (mS/cm)



TABLE 5-3

MISCELLANEOUS INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 3 OF 3

Sampling Date MW003 MW004 MW024 MW025 MW011
Monitoring Wells - Groundwater Data 

January-99 5.3 5.5 -- -- 5.9
August-01 5.3 6.5 -- -- 5.8

May-03 4.9 6.0 5.2 5.6 5.6
June-03 4.5 5.9 5.0 5.3 5.4
July-03 4.0 5.1 5.9 5.1 4.4

September-03 4.7 5.9 6.2 5.6 6.4
November-03 4.9 5.6 6.2 5.8 5.9

January-99 15.3 15.1 -- -- 11.2
August-01 20.7 22.5 -- -- 21.3

May-03 15.9 16.5 15.5 15.8 16.2
June-03 19.4 17.7 17.8 18.2 17.2
July-03 21.3 22.0 20.7 20.1 19.7

September-03 19.7 22.2 21.2 21.1 21.7
November-03 19.1 19.7 18.0 18.0 16.9

B = This qualifier is addded to a positive result (reported by the laboratory) if the detected
       concentration is determined to be attributable to contamination introduced during
       field sampling or laboratory analysis.
J =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered to be an estimated value.
K =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered biased high.
L =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered biased low.
U =  Indicates that the chemical was not detected at the numberial detection limit
        (sample-specific quantitation limit) noted.  Nondetected results from the laboratory
        are reported in this manner.
--- = Not sampled.

pH

Temperature (degrees centigrade)



TABLE 5-4

ETHYL ETHER
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

Sampling Date MW003 MW004 MW024 MW025 MW011

January-99 293 J 297 J   3,950 L
August-01 440 320   1,700

May-03 180 150  270 J 93 J 1,800
June-03 200 91 J 240 J 1,000 U 3,200
July-03 600 360 560 250 5,650

September-03 75  93 220  100 890  
November-03 160 120 180 120 2,000

J =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered to be an estimated value.
L =  Indicates that the chemical was detected.  However, the associated numerical result
       is not a precise representation of the amount that is actually present in the sample.
       The laboratory reported concentration is considered biased low.
U =  Indicates that the chemical was not detected at the numberial detection limit
        (sample-specific quantitation limit) noted.  Nondetected results from the laboratory
        are reported in this manner.
--- = Not sampled.

Ethyl Ether (Diethyl Ether) (µg/L)

Monitoring Wells - Groundwater Data



FIGURE 5-1

TCE AND DAUGHTER PRODUCTS - MAY 2003 BASELINE CONDITIONS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-2

TCE IN ALL WELLS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-3

TCE AND DAUGHTER PRODUCTS - MW004
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-4

TCE AND DAUGHTER PRODUCTS - MW024
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-5

TCE AND DAUGHTER PRODUCTS - MW025
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-6

TCE AND DAUGHTER PRODUCTS - MW011
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND
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6.0  RECOMMENDATIONS 

The pilot study has demonstrated that HRC® is capable of fostering the conditions necessary to establish 

reductive dechlorination in Site 57 groundwater, and that the process will significantly reduce high TCE 

concentrations.  Two outstanding questions remain.  One is, “Will reductive dechlorination progress to the 

complete dechlorination of vinyl chloride?”  The second is, “How low can the TCE concentrations be 

expected to go?”   

 

Regenesis, the HRC® manufacturer, maintains that, under favorable conditions, the slow release of lactic 

acid can support microbial activity and hydrogen release for up to 18 months.  That is, reductive 

dechlorination could continue for several months beyond the end of the pilot study, and if that is the case, 

the groundwater TCE concentrations may continue to decrease. 

 

The degree to which complete reductive dechlorination can be achieved and the degree to which TCE 

concentrations can be reduced will be important issues as the final Site 57 FS evaluates HRC® as a 

potential technology for remediating TCE contamination in Site 57 groundwater. 

 

It is recommended that one or two additional sampling rounds for the pilot study monitoring wells be 

considered.  Planned future investigations at Site 57 will include groundwater sampling, and the cost 

connected with additional pilot study well sampling can be minimized if that effort is incorporated into 

future groundwater sampling planned for Site 57.  Further, the need for each additional sampling of pilot 

study wells can be evaluated based on the analytical results from the previous set of analytical data. 

 

030406/P 6-1 CTO 0805 
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APPENDIX A 

FIELD DATA 



APPENDIX A.l 

Soil Sample Log Sheets 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 
P a g e 1  of - ‘I 

Project Site Name: Indian Head Site 57 Sample ID N o . ~ ~ S ~ ~ V O / O ~  
Project No.: 4020 Sample Location: 55 7 5 W 7  

Sampled By: R w  
C.O.C. No.: k - 0 0 2  #Zi%:Elsoil 

0 Other: 
u QA Sample Type: 

f Sample: Tr Low Concentration 
[I High Concentration 

Sediment 

lange in ppm): 

\ 
rcle i f  Applicable: Signature@): 

M W S D  Duplicate ID No.: - sn;c3oupo I o/ 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

PageAof  Y 
Indian Head Site 57 Sample ID N o . : ~ 7 5 ~ 0 3 7 0 ~ 2 o y  
4020 Sample Location: 337si3z27 

Sampled By FCU 
C.O.C. No.: K-00 L 

I I I I 
I 

OBSERVATIONS I NOTES: 

Duplicate ID No.: 
7 

Signature@): 



._ . 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e 3  of 3 
Project Site Name: 
Project No.: 4020 

Indian Head Site 57 

dace Soil v Subsurface Soil 
fl Sediment 
fl Other: 
fl QA Sample Type: 

Sample ID No.: 5676l3~73 7030 y 
Sample Location: 557 Snoa  7 
Sampled By Fb 
C.O.C. No.: I( -0oZ 

Type of Sample: 
1 Low Concentration 
fl High Concentration 

)ate: a- 1 y  - 0 3  Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

fi0nLt.o ShkD me: / 3 y a  
nethod: OBI 

'v/ l l L J  lonitor Readina bDm): 

I Color I Description (Sand, Silt, Clay, Moisture, etc.) 
I 

~~ 

lethod: 

lonitor Readings 

qange in ppmj: 

Analysis I Container Requirements Collecfgd I Other 
TCL VOCS I 4XSgENCORE J I 
Arsenic/Total solids I 2 Oz Jar I I J 

I I I 
~BSERVATIONS r NOTES: IMAP: 

. .. 



1-1 Tetra Tech NUS, Inc. 

b 

late: I-\ 

lethod: 

lonitor Readings 

3ange in ppm): 

SOIL & SEDIMENT SAMPLE LOG SHEET 

Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

P a g e 2  of 9 U 

Analysis 
TCL VOCS 
Arseniflotal solids - 

Project Site Name: 
Project No.: 

0 Sediment 
0 Other: 
0 QA Sample Type: 

Container Requirements . Collecfed Other 
4 X 5 g ENCORE 

2 Oz Jar 

v 

Indian Head Site 57 
4n7n 

Sample ID No.: 56 76.0 0 3 7 0  v r  &/ 

Sample Location: S57a 0.3 7 
Sampled By: F c b  
C.O.C. No.: K-002- 

T e m p l e :  
ow Concentration 

0 High Concentration 

I I I I 

AMPLE COLLECTION INFORWllON: 

I I 
~ 

I 

I 
Ircp-Ap@?@ c le: Signatwas): I Duplicate ID No.: 

‘c - 

\ 



A .  

bate: 5-c Lc-03 
ime: l o r 5  
lethod: DPT 
lonitor Readina loornl: 0 

.- 

Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

w c w  si IaT t CLAY 
QRV 

F 9 -  S A u D  D A ~ P  
*-5 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e d  of y 

ESERVAllONS I NOTES: 

Project Site Name: 
Project No.: 4020 Sample Location: 3'6 76 6 ~2 8 

Indian Head Site 57 Sample ID NO.: G V S B ~ @ P K W  
SampledBy . '7 

dace Soil C.O.C. No.: I( -DO& 
ubsurface Soil 

MAP: A 
8COIYt292  

f Sample: TF ow Concentration 
u High Concentration 

0 Sediment 
0 Other: 
fl QA Sample Type: 

iRAB SAMPLE DATA: - 

" , . a  r . I I - 
IOMPOSUE SAMPLE DATA: 

Color Description (Sand, Silt, Clay, Moisture, etc.) 

lethod: 

lonitor Readings 

3ange in ppm): 

AMPLE COLLECTION lNFORMAT1ON: 

Analysis I Container Requirements I Collected/ I Other 
TCL VOCS I 4XSgENCORE 1 

Arseniflotal solids I 2 Oz Jar I J I 

ircle if Applicable: 

. MS/MSD - I DuplicateIDNo.: 

' \ 

Signature@): 

\ 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e 2  of - 4 

Analysis 
TCL VOCS 
Arseniflotal solids 

Project Site Name: Indian Head Site 57 Sample ID No.: 5&73 @d&?oSo y 

SamDled Bv: Fcw 
Project No.: 4020 Sample Location: 5, q 7J@.2fl 

Container Requirements ColleCfpG Other 
4 X 5 g ENCORE 

2 Oz Jar 
I / /  

ace Soil 
ubsurface Soil 

. -  a .  

C.O.C. No.: K-oo3c 

u Sediment Type3 Sample: 
0 Other: M o w  Concentration 
0 QA Sample Type: 0 High Concentration 

I I I 1 

AMPLE COLLECTION INFORMATION- 

rcle If Applicable: Signature(s): 

.. 7 

MSRdSD Duplicate ID No.: 



h 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

P a g e 2  of y 
Project Site Name: 
Project No.: 4020 Sample Location: sS7 5 (3 2 8 

Indian Head Site 57 Sample ID NO.: 5 5 7 5 i 3 ~ 0 3 ~  Y 

Sampled By: fi3U 
dace Soil C.O.C. No.: K $ - o O L  

Subsurface Soil 
Type of Sample: 

Y 
0 Sediment 
0 Other: d o w  Concentration 

0 High Concentration QA Sample Type: 

ate: I Color I Description (Sand, Silt, Clay, Moisture, etc.) 
I 

lethod: 

lonitor Readings 

lange in ppm): 



Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 4020 Sample Location: SS 7 5 0 7  8 

Indian Head Site 57 Sample ID N0.:S-3-~~(3036’ &o Y 

Sampled By: FCL. 
urface Soil C.O.C. No.: K -Q02 

Subsurface Soil 
Type of Sample: 

v 
0 Sediment 
0 Other: WLOW Concentration 
0 QA Sample Type: 0 High Concentration 

iange in ppm): 



. I -  

APPENDIX A.2 

Soil Boring Logs 



1-1 Tetra Tech NUS, Inc. 
I 

Page __ of - BORING LOG 



IRl Tetra Tech NUS, Inc. 
1 BORING LOG Page - of - 

** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: GC;o FRO(% 6 0 (J 

Convertedto6ll: “Yes -7 No Well I.D. #: STi’rp~woaC 

Drilling Area 
Background (ppm): 4 ‘/z IA p 005 b ! v i  prB GW 

C0fI.E ‘ h ~ u h ; r t ( ~  n r )  IL.’ fCoRn f -95D 4% k% \o 114m ’h t6-ISTA-cC 
’< I V C  :/ if /  



APPENDIX A.3 

Groundwater Sample Log Sheets 



- 
Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- 1 - 2  of - 

Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID NO.: S5 7mwo03ol0y 
Project No.: 4020 Sample Location:S 574 03 

SamDled Bv: Fld 

Dissolved methane, ethane, ethene 
Anions/ Alkalinity 
Total Iron and Manganese 
Dissolved Iron and Manganese 
Metabolic Acids 
TOC 
Carbon Dioxide 

0 Domestic Well Data 
[XI Monitoring Well Data 

HCL 4 C  2 X 40 ML VIAL L/ 
4 c  500 ML poly 

HN03 4 C  500 W M L p o l y  
HN03 4 C 509 456 ML p l y  

H2S04 4 C  2 X 40 ML VIAL 
2 X 40 ML VIAL 

4 c  =w Lk;, 111 Lw+Y VIAL J ,  

4c 

C.O.C. No.! ' Y-00 1 bwq 
Type of Sample: 

MSlMSD - 

0 Other Well Type: 
0 QA Sample Type: 

[XI Low Concentration 
0 High Concentration 

- - Duplicate ID No.: 

I I I 500 ML p l y  J Sulfide ZnAc/NaOh 
I 

I I I 
OBSERVATIONS I NOTES: 

Circle if Applicable: Signature@): - 
I tlu: I o Be ueterminea 

a c I.. 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

P a g e d  of 2 
I 
I 

Project Site Name: 
Project No.: 4020 . Sample Location: S S Y M W W ~  

INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID N O . : S ~ ; ~ / S ~ ~ ~ ? ' ~ I O ~  

Sampled By: FCU 

Tvpe of Sample: 
[I Domestic Well Data C.O.C. No.: k-oot !m-mL 
[X] Monitoring Well Data 

Anions/ Alkalinity 
Total Iron and Manganese 
Dissolved Iron and Manganese 
Metabolic Acids 
TOC 
Carbon Dioxide 

[I Other WellType: 
0 QA Sample Type: 

[XI LOW Concentration 
[I High Concentration I 

4c 500 ML p l y  
HN03 4 C  500 f58MLpoly - 
HN03 4 C 500 26Q ML poly 

H2S04 4 C  2 X 40 ML VIAL V/ 

v 
/ 

- 
4 c  a x  40/r(LpoL) VIAL r /  

4 c  2 X 40 ML VIAL 
Sulfide ZnAclNaOh 

I 
I I I I 

I I 

500 ML poly 4 

\ 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

P a g e 2  of & 

Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID NCL: S S I ~ o \ [ o \ o r  
Project No. : 4020 Sample Location: .ssR&k;y7;;oot 

Sampled By: 

Tvue of Sample: 
0 Domestic Well Data C.O.C. No.: &Cmr 
Dcl Monitorinq Well Data 

Other Welliype: [XI LOW concentration 
0 QA Sample Type: 0 High Concentration 

I 

WPLE COLLECfloN INFORMATION: 
Preservative 

I 

BSERVATIONS I NOTES: 

MSlMSD Duplicate ID No.: 

b: To Be Determined 

- QOC5 

\ 



Tetra Tech NUS, 1%. GROUNDWATER SAMPLE LOG SHEET 

b P a g e 1  of 2 
Project Site Name: 
Project No.: 4020 Sample Location: SS 7/1 WZ y 

INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:S&7hCth/oaYO/U c/ 

Sampled By: 
C.O.C. No.: 
Type of Sample: 

, -Tzskz  fl Domestic Well Data 
[XI Monitoring Well Data 
fl Other Well Type: 
1 QA Sample Type: 

[XI Low Concentration 
[I High Concentration 

iameter 8 Material 

~ 

I I I I I 



n 

lRl 
U 

I Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
Paae laf 2- 

Project Site Name: 
Project No.: 4020 

INDAIN HEAD SITE 57 HRC PILOT STUDY 

fl Domestic Well Data 
[XI Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 

S5 7 Y4L3~~~ 'o tOCt  

[XI Low Concentration 
0 High Concentration 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 4020 

INDAIN HEAD SITE 57 HRC PILOT STUDY 

[I Domestic Well Data 
fX1 Monitorina Well Data 

Other Wellyype: 
[I QA Sample Type: 

Sample ID No.: s!j7yhm03O 103- 

Sampled By: 
C.O.C. No.: 
Type of Sample: - w , w  -L 

Sample Location: 957 03 

[q Low Concentration 
0 High Concentration 

art Purge (hrs): I 
id Purge (hrs): 5-9g 
ital Purge Time (min): 
ital Vd. Puraed (aalRk 

\ 7 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
U 

Page- of __ 

Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S 5 7 ~ W o ~ o t O ~  
Project No.: 4020 Sample Location: ~ ~ ~ o ; ~ - ~  

Sampled By: 

Type of Sample: 
[I Domestic Well Data C.O.C. No.: -00 
[XI Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

[XI Low Concentration 
0 High Concentration 

TOC 2 X 40 ML VIAL . Carbon Dioxide I 4c I 2 X 40 ML VIAL I /  
I Sulfide ZnAdNaOh I 500 ML p l y  I /  

I I 

MSIMSD Duplicate ID No.: - - 
m: To Be Determined 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Project Site Name: 
Project No.: 4020 

INDAIN HEAD SITE 57 HRC PILOT STUDY 

[I Domestic Well Data 
[XI Monitoring Well Data 
fl Other Well Type: 
fl QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 

[XI Low'concentration 
[I High Concentration 

MSlMSD Duplicate ID No.: - - 
m: To Be Determined 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Dissolved Iron and Manganese 
Metabolic Acids 
TOC 
Carbon Dioxide 

Project site Name: 
Project No.: 4020 Sample Location: s 5 7 ~  w a y  

INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: B 5-7 WtLJOZW\oS 

Sampled By: k a ,  
fl Domestic Well Data C.O.C. No.: K - H /  F/I  -L 
[XI Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

Type of Sample: 
[XI Low Concentration 
fl High Concentration 

HN03 4 C 250 ML p l y  v 
4 c  ccat9 r.rruoLA J 

H2S04 4 C  2 X 40 ML VIAL c/ 
4 c  2 X 40 ML VIAL L/ 

I TCL VOCs HCL 4 C  3 X 40 ML VIAL 
Dissolved methane, ethane, ethene HCL 4 C  2 X 40 ML VIAL L/ 

Anions/ Alkalinity 4 c  500 ML poly I /  

- Total Iron and Manganese HN03 4 C  250 ML poly r /  

Sulfide ZnAc/NaOh 
I 

500 ML pdy 

I I I I 

MWMSD Duplicate ID No.: - - 
lgb: To Be Determined 



*. 

Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of __ 

Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57tMUoa~~l()S 
Project No.: 4020 Sample Location: SS7Wwoar 

Sampled By: 
C.O.C. No.: 
Type of Sample: 

1 Domestic Well Data 
[XI Monitoring Well Data 
0 Other Well Type: 
[I QA Sample Type: 

M Low Concentration 
High Concentration I 

Anions/ Alkalinity 4 c  500 ML poly 
Total Iron and Manganese HN03 4C 250 ML poly 
Dissolved Iron and Manganese 4 C 250 ML p l y  

Tod H2S04 4 C  2 X 40 ML VIAL 
Carbon Dioxide 4c 2 X 40 ML VIAL 

Metabolic Acids 4c 2 * J 

Sulfide ZnAdNaOh 500 ML p ~ l y  
I 

6.77- 
7. i 3 

MS/MSD Duplicate 10 No.: 

s s ’ I G b ’ O u . ~ ~ ~ o ~  P 

1Bb: To Be Determined 



- _  
- -~ 

Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Project Site Name: INDAlN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: ~ ~ 7 ) \ c W O o 3 0 / 0 ~  
Project No.: 4020 Sample Location: S S l w - o c 3 0 3  

0 Domestic Well Data C.O.C. No.: Y - 6  h c 3 
M Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

SampledBy Fir- 

Type of Sample: 
M Low Concentration 
0 High Concentration 

Anions/ Alkalinity 
. Total Iron and Manganese 

Dissolved Iron and Manganese 
Metabolic Acids 
TOC 
Carbon Dioxide 

4 c  500 ML p l y  M 

HN03 4 C  2.r. 250MLpoly / 
HN03 4 C 2 250 ML poly r /  

/ ws04 4 c  2-y 2X40MLVlAL 
4c ZF 2X40MLVlAL 

4 c  3 F  +h?Qk 2 Z L Y O 4 ,  / 

/ 

MSlMSO Duplicate ID No.: - 
I/ 

m: To Be Determined 

Sulfide ZnAdNaOh 
I 

Z Y  500MLpdy 



- .- 

Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: s7hWaoy0/06 
Project No.: 4020 Sample Location: s57 hu 00 9 

SampledBy: ' 

Type of Sample: 
0 Domestic Well Data C.O.C. No.: t a b  04-3 
M Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

M Low Concentration 
I] High Concentration 

Dissdved methane, ethane, ethene H a  4c 2 X 40 ML VIAL t/ 

HN03 4 C  250 ML poly J 
Anions/ Alkalinity 4c 500 ML poly 

. Total Iron and Manganese 
Dissdved Iron and Manganese HN03 4 C 250 ML poly J 
Metabolic Acids 4 c  ++Qk a r r o d ,  - 

Sulfide ZnAdNaOh ML P d Y  J 

TOC m04 4c 2 X 40 ML VIAL 
Carbon Dioxide 4c 2 X 40 ML VIAL 

J 
J 

I 

MW4SO Duplicate ID No.: - - 
ITBb: TO ~e Determined 



- -  

[%]&a Tech NUS. Inc. GROUNDWATER SAMPLE LOG SHEET 

\ Page- of - 
I 

Project site Name: 
Project No.: 4020 

INDAIN HEAD SITE 57 HRC PILOT STUDY 

0 Domestic Well Data 
M Monitoring Well Data 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 

LOW Concentration 
fl High Concentration 

‘Other Welltype: 
0 QA Sample Type: I 

Total Iron and Manganese HN03 4 C  250 ML poly 
Dissolved Iron and Manganese HN03 4 C 250 ML p l y  rl 
Metabolic Acids 4 c  - arcro4, H 
TOC ws04 4 c  2 X 40 ML VIAL J 

I Carbon Dioxide I 4c I 2 X 40 ML VIAL I c / -  
Sulfide ZnAdNaOh I 500 ML d v  I /  



n 
Tetra Tech NUS, Inc. lRl GROUNDWATER SAMPLE LOG SHEET 
1 

Page- of - 
I 

Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: 557MU='J62Y(3to6 
Project No.: 4020 Sample Location: S f l w  02cf 

SampiedBy: 

Twe of Samde: 

Fy2 
[I Domestic Well Data C.O.C. No.: w m 7 , P l  - 3 
[XI Monitoring Well Data 
I] Other Well Type: 
0 QA Sample Type: 

~ X J  LOW cdncentration 
0 High Concentration I 

c 

MSlMSD Duplicate ID No.: - - 
fsb: To Be betermined 



lrtl Tetra Tech NUS, Inc. 

--__ - 

GROUNDWATER SAMPLE LOG SHEET 
1 

Page- of - 
Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY 
Project No.: 4020 

a Domestic Well Data 
[q Monitoring Well Data 
0 Other Well Type: 
1 QA Sample Type: 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
Ix] LOW Concentration 
[1 High Concentration 

‘ell C a s i i  Diameter & Material 

t I I I 

MSlMSO Duplicate ID No.: 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Circle if Applicable: 

MS/MSD Duplicate ID No.: - S S K W  WrnI 0 7  

Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID NO.: S57MWOO30107 I SamDled Bv: Fred W. Ramser 
.Project No.: 40204507 Sample Location: S57MW003 

Signature(s): 

0 Domestic Well Data C.O.C. No.! 04-9.  C - O O S  
D<] Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

Type of Sample: I 

[XI Low Concentration 
0 High Concentration 

asing Diameter & Material 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of __ 

Analysis 
-cL voc 
)issolved methane, ethane, ethene. 
miondAlkalinity 

Project Site Name: 
Project No.: 

Preservative Container Requirements Collected 
4OC & HCL . 3 X 40-ml vial % 3  w 
4OC & HCL 2 X 40-ml vial 2 3  

4OC 500-ml HDPE plastic container y 3 L, 

INDIAN HEAD SITE 57 HRC PILOT STUDY 
40204507 

Aetabolic Acids 
'OC 
:arbon Dioxide 
iulfide 

0 Domestic Well Data 
[XI Monitoring Well Data 

4OC 2 X 40-ml vial scs / 
4OC & H2S04 2 X 40-mi vial zr3 L, 

4OC 2 X 40-ml vial g 3  J , 
4OC a ZnAdNaOH 500-ml HDPE plastic container 2 5 4 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
TvDe of Samde: 

0 Other Wellyype: 
0 QA Sample Type: 

[XI LOW Cincentration 
0 High Concentration 

. I I I I 1 I 

;AMPLE COLLECTION 1NFORMAUON: 

'otal Iron and Manganese I 4'C&HN03 I 250-ml HDPE plastic container F 3  I // 

)issolved Iron and Manganese I ~'C~IHNO~ I 250-ml HDPE plastic container F 3  LI 

I I 

mSERVATIONS /NOTES 



n 

Dissolved Iron and Manganese 
Metabolic Acids 
TOC 
Carbon Dioxide 
Sulfide 

IRI Tetra Tech NUS, Inc. 

4 ' ~  & HNO~ 250-ml HDPE plastic container J 
4OC 2 X 40-ml vial Y 

4OC & H2S04 2 X 40-ml vial 2/ 
4OC 2 X 40-ml vial J 

w 4OC & ZnAclNaOH 500-ml HDPE plastic container 

U 
GROUNDWATER SAMPLE LOG SHEET 

Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID NO.: S!57MW0110107 

Sampled By: Fred W. Ramser 

Type of Sample: 

Project No.: 4020-0507 Sample Location:, S57MW011 

0 Domestic Well Data C.O.C. No.: M - 9  , K - 006 [a Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

[XI Low Concentration 
0 High Concentration 

AniondAlkalinity I 4OC I 500-ml HDPE plastic container J 

Total Iron and Manganese I ~OC&HNO~ I 250-ml HDPE plastic container I /  

MSMSD Duplicate ID No.: 
c. - 



Tetra Tech NUS, Inc. lRl 

TOC 
Carbon Dioxide 
Sulfide 

GROUNDWATER SAMPLE LOG SHEET 

4OC & H2S04 2 X 40-ml vial r /  
4OC 2 X 40-mI vial J 

4OC & ZnAc/NaOH 500-ml HDPE plastic container J 

1 
Page- of - 

I I I 

Circle if Applicable: I Signature(s): 

MSIMSD Duplicate ID No.: - - 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

lissolved methane, ethane, ethene. 
nions/Alkalinity ' 
otal Iron and Manganese 
iissolved Iron and Manganese 
letabolic Acids 
oc 

I 
Page- of - 

4OC & HCL 2 X 40-ml vial v 
4OC 500-nil HDPE plastic container rl 

4OC & HN03 250-ml HDPE plastic container / 
4OC & HNOB 250-ml HDPE plastic container I /  

4OC 2 X 40-ml vial rl 
4OC & H 3 0 A  2 X 40-ml vial / 

Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57MW0250107 

Sampled By: Fred W. Ramser 

Type of Sample: 

Project No.: 4020-0507 Sample Location: S57MW025 

0 Domestic Well Data C.O.C. No.: p l -4 ,  K -0OQ 
[XI Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

[XI Low Concentration 
0 High Concentration 

PLlNG D 
late: 7-2 r--0 3 Color pH S.C. Temp. Turbidity DO ORP Other 

ime: 11 00 Visual Standard mS/cm OC NTU mgn mv NA 
I lethod: Peristaltic pump CLR 5.sr 0.979 ZL\\ Cx(S -SSO L 

Analysis I Preservative I Container Requirements I Collected 
CL voc I 4'C&HCL I 3 X 40-ml vial I /  

arbon Dioxide I 4OC I 2 X 40-ml vial I /  
ulfide I 4OC & ZnAc/NaOHI 500-ml HDPE olastic container I a / '  

I I I 
IBSERVATIONS C NOTES: 

ircle if Applicable: Signature(s): 

MSlMSD Duplicate ID No.: - - 
A 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Analysis 
'CL voc 
)issolved methane, ethane, ethene. 
mions/Al kalinity 
'otal Iron and Manganese 
lissolved Iron and Manganese 
letabolic Acids 
'OC 
:arbon Dioxide 
iulfide 

Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID NO.: S57MW0030108 

Sampled By: Fred W. Ramser 
C.O.C. No.: 
Type of Sample: 

Project No.: 4020-0507 Sample Location: S57MW003 

0 Domestic Well Data 
[XI Monitoring Well Data 

K - 9  

Container Requirements Collected Preservative 
4OC & HCL 3 X 40-ml vial L/ 
4OC & HCL 2 X 40-rnl vial r /  

4OC 500-ml HDPE plastic container / 

4 ' ~  HNO~ 250-ml HDPE plastic container (I 

4 ' ~  HNO~ 250-rnl HDPE plastic container v 

4OC 2 X 40-rnl vial cl 

4OC & H2S04 2 X 40-rnl vial J 

4OC 2 X 40-rnl vial J 
J 4OC & ZnAcMaOH 500-ml HDPE plastic container 

0 Other Well Type: 
0 QA Sample Type: 

[XI Low Concentration 
I] High Concentration 

IAMPUNG DATA 
_ -  

lethod: Peristaltic pump 
'URGE DATA: 

late: I\-\q-03 
lethod: Peristaltic pump 

lonitor Reading (ppm): 

Well Casing Diameter 8 Material 

Ype: 2" I PVC 

'otal Well Depth (TD): 24.3' 

itatic Water Level (wL):H~& 

ind Purge (hrs): 0 8 a?> 
'otal Purge Time (rnin): 7 

Color 1- pH I S.C. I Temp. I Turbidity I DO I ORP I Other 

.Volume I pH I S.C. I Temp.(C) I Turbidity I DO I ORP I Other 

I I I I I I I 

(SEE LOW FLOW PURGE DATA SHEET) 
3.1R 

;AMPLE COLLECTION 1NFORMATION: 

I I I 

IBSERVATIONS I NOTES: 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

TOC 
Carbon Dioxide 
Sulfide 

U 
Page- of - 

4OC & H2S04 2 X 40-ml vial Cr 

4OC 2 X 40-ml vial /, 
4OC & ZnAc/NaOH 500-ml HDPE plastic container c/ 

Project Site Name: 
Project No.: 

INDIAN HEAD SITE 57 HRC PILOT STUDY 
40204507 

0 Domestic Well Data 
[XI Monitoring Well Data 
0 Other Well Type: 
0 QA Sample Type: 

Sample ID No.: S57MW0040108 
Sample Location: S57MW004 
Sampled By Fred W. Ramser 
C.O.C. No.: 
Type of Sample: 

[XI Low Concentration 
[I High Concentration 

Dissolved Iron and Manganese 250-ml HDPE plastic container 

Metabolic Acids I 4OC I 2 X 40-ml vial I W  

ircle if Applicable: 1 Signature@): 

MSNSD Duplicate ID No.:: 1 - 1  



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

:arbon Dioxide 
iulfide 

. ,.  

4OC 2 X 40-mi vial 0 

4OC & ZnAc/NaOH 500-ml HDPE plastic container .I 

Project Site Name: 
Project No.: 

~ 

MSlMSD 
/ 

INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57MW0110108 

Sarnoled Bv: Fred W. Ramser 
40204507 Sample Location: S57MW011 

____ 

Duplicate ID No.: - 

[I Domestic Well Data 
[XI Monitoring Well Data 

C.O.C. No.! 
Type of Sample: 

0 Other WellType: 
0 QA Sample Type: 

[XI Low Concentration 
0 High Concentration 

BSERVATIONS I NOTES: 

:ircle if Applicable: 4 SignaturMs): 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Analysis 
-cL voc 
)issolved methane, ethane, ethene. 
\nions/Aikalinity 
-otai lron and Manganese 
)issolved lron and Manganese 
tletabolic Acids 
-0c 
>arbon Dioxide 
iulfide 

I Page- of - 

Preservative Container Requirements Collected 
4OC & HCL 3 X 40-ml vial Y 3  I /  

4OC & HCL 2 X 40-ml vial Y 3  v 

4OC'.sl HNOB 250-ml HDPE plastic container Y 3 Q 

4OC 2 X 40-ml vial J 

.4'C & H2S04 2 X 40-ml vial F 3  
4OC 2 X 40-ml vial v 5  J .  

4OC 500-mi HDPE plastic container 'c< 3 

4OC 8 HNOB 250-mi HDPE plastic container y 3 J 

4OC & ZnAclNaOH 500-ml HDPE plastic container '6 5 

Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57MW0240108 

Sampled By: Fred W. Ramser 

Type of Sample: 

Project No.: 402 0-0507 Sample Location: S57MW024 

0 Domestic Well Data C.O.C. No.: K-10 
[Xl Monitoring Well Data 
h Other WellType: 
[I QA Sample Type: 

(XI LOW Concentration 
0 High Concentration 

- .- I - 
;AMPLE COLLECTiON INFORMATlOIY: 

IBSERVATIONS I NOTES: 

\2*9q 
6.1@2 
b.39 

M V  - n 1 Duplicate ID No.: 

1 



Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 

Page- of - 

Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID NO.: S57MW0250108 
Project No.: 40204507 Sample Location: S57MW025 

Sampled By: Fred W. Ramser 
C.O.C. No.: 
Type of Sample: 

0 Domestic Well Data 
[Xl Monitoring Well Data 
0 Other Wellyype: 
0 QA Sample Type: 

[XI Low Concentration 
0 High Concentration 

Carbon Dioxide 4OC 2 X 40-ml vial 
Sulfide 4OC & ZnAdNaOH 500-ml HDPE plastic container L, 

Signature(s): 
- A  

Circle if Applicable: 

MSMSD Duplicate ID No.: - - 



APPENDIX A.4 

Purge Data Sheets 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

Indian Head Site 57 WELL ID.: 
4020 DATE: 

PROJECT SITE NAME: 
PROJECT NUMBER: 

, SIGNATURE(S): FA LU- PAG E-0 2 2  F- 



LOW FLOW PURGE DATA SHEET 
U 

PROJECT SITE NAME: 
PROJECT NUMBER: 4020 

Indian Head Site 57 WELL ID.: 
DATE: 



Tetra Tech NUS, lnc. B LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: 
PROJECT NUMBER: 4020 

Indian Head Site 57 WELL ID.: 
DATE: 



B Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: l / v ~ w ~ ~ h ~  $ 1 ~  5 7  
PROJECT NUMBER: 402 



1-1 Tetra Tech NUS, I ~ c .  

PROJECT SITE NAME: 
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h ,-a. 
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I Time I Water Level ( Flow I pH ( Cond. I Turb. I Temp. ORP I Comments 



~ e t m  T ~ C ~ I  NUS, inc. LOW FLOW PURGE DATA SHEET 
u 

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELL ID.: 5'57 ~ ~ O I Y  
PROJECT NUMBER: 4020 DATE: 6- \q-03 

I Time I Water Level I Flow 1 pH Cond. 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: ~QIW & Z  

PROJECT NUMBER: Q O Z ~  



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: ~ w ~ u ~ % s ~ ~ R c ? ~ Q ~ % v ~  
PROJECT NUMBER: -26 

WELL~D.: S 5 7 ~ ~ 0 o ~ o 1 0 6  
DATE: 7 -27 - 03 



IRl Tetra Tech NUS, ~nc. 

PROJECT SITE NAME: 
PROJECT NUMBER: 

LOW FLOW PURGE DATA SHEET 
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R Tetra Tech NUS. I&. 0 LOW FLOW PURGE DATA SHEET 
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LOW FLOW PURGE DATA SHEET 
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Time I Water Level Flow I pH I Cond. I Turb. Temp. ORP I Comments 
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PROJECT NUMBER: 4020 

I Time I Water Level I Flow I pH 

WELL ID.: SS7~~tccf00 Cf 0108 
DATE: 1 I-19-03 

Cond. I Turb. I DO I Temp. 1 ORP I 
Comments I 
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APPENDIX A.5 

Field Analytical Forms 



Concentration: 

Equipment: HACH Digital Tiirator OX-DT Analysis w: Mu'g /-!a 
Range Used: Range Sample Vol. Cartridge Multiplier 

0 1-5 mgL 200 ml 0.200 N 0.01 

0 2-10 mgR 100 ml 0.200 N 0.02 x 0.02 

I Notes: 

Ferrous Iron (~e'3: 

I ~ q u i k e n t :  DR-850 DR-8 - - Range: 0 - 3.00 mgL n t t i o n :  <o. 2 ppm 

ProgramNodule: 500nm 33 

Analysis Time: 

Range: 0 - 10 mgL 

Notes: Filtered: 

Hydrogen Sulfide (H,S): Range: o - 5 m g ~  

Equipment: a Other: ~oncentratlon: 0 6  0 ppm 

5.0 myL range on cdor chart: 0 Analysis Time: 4 4 2 C] 

Notes: 

QAIQC Checklist: 

All data fields have been completed as necessary: ca/ 
Correct measurement units are cited in the SAMPLING DATA block: d 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplication is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: - 
T i e  block on each page of form is initialized by person who performed his QNQC Checklist: -d 



Note: Analyte, method, and/or equipment may be deleted from form if not being performed. 

IRI FIELD ANALnlCAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page _C of -1 
h 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: 55 7h U O Y O ~ Y  
Project NO.: 4020 Sample Location: .<< 7n c(/ 00 4 
SampledBy: r.QuDlCwyCH Duplicate: 2 
Field Analyst: , W U  PKW \/dl4 Blank: 

n n t i o n :  0. 6 ppm 

I F c w  Field Fonn Checked as per QAIQC Checklist (initials): 
, , , . . : . . . spr#ariffrlG m7;&iij; $$${[@;$j;j #%j; 3 pii& $4 ~ ~ ~ ; ~ & $ ~ ~ ~ ~ i ~ ~ @ @ ~ j ~ ~ & ~ & @ ~ + ~ & $ ~ ~ $ + $ ~ ~ ~ ~ @ $ @ ~ & ~ ~ ~ ~ ~ ~ @ i $ ; $ ~ ~ @ $ ~ t ~ ~ ~ $ ~ i @ ~ ~ ~ ~ ~ ~ ; : : ~ ; $ ~ ;  ii Xr;, 

~anghsggf I fl Method l~oncentrationppm 

- 010 1 ppm K-7510 

I Equipment HACH Digital T i i o r  OX-DT 

Date: 5- 1 3 - 0,' 
Time: f 440 
.phod: L U W F L O ~  

Analysis Time: r W O  

Equipment Used: 

Y S L ,  576 wPS OI'XO7 L A  w o n -  r v r r F s r ~ ~ q  

S.C. 

(m~/cm)_ 

Color 

(visual) 

-5A45“7 

I Notes: 

Temp. 

, &) 

9 e f p / ~ h 5 -  

pH 

(s.u.) 

Ferrous Iron (~e*?: 

Equipment: DRSSO DR-8 - - Range: 0 - 3.00 mgll. Csmsntratbn- <01 a ppm 

x 0.02 

Range Used: 

0 
0 

Analysis Time: 

Turbidity 

o 
/,/ 

Range Isample Vd. Cartridge Multiplier 

1-5 mqL 200 ml 0.200 N 0.01 

2-10 rnqL 100 ml 0.200 N 0.02 

Range: 0 - 10 mqL 

Filtered: 

Range: 0 - 5 mqL 

Equipment: Other: Concentration: 01 0 ppm 

mqL range on color chart: 0 Analysis Time: /950 
Notes: 

DO 

( m w ~  

0.87 

QAlQC Checklist: 

All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block: I is/- 
Values cited in the SAMPLING DATA block are consistent the Groundwater Sample Log Sheet: 

Mulitplication is correct for each ~ultiiplier table: d"" 
Final calulated concentration is within the appropriate Range Used block: 
Tale block on each page of form is initialized by person who performed this QAlQC Checklist: -If/- 

Salinity 

(8) 

ORP 

(+I- mv) 

-50.1 



Note: Analyte, method, and/or equipment may be deleted from form if not being performed. 

Equipment: HACH Digital Mrator OX-DT 

Range Used: 

2-10 rn 100 ml 0.200 N 

I Notes: 

Ferrous Iron ( ~ e ~ * ) :  

I Equipment: DR-850 DR-8 - - Range: 0 - 3.00 rngll 

Program/Module: 500nm 33 

,,ration: (0. I1 ppm 

Analysis Time: I 9 9 9 
Range: 0 - 10 mgl l  

Filtered: 0 
Hydrogen Sulfide (H,S): Range: 0 - 5 mgll  

Equipment: @ Other: I Concentration: O, 0 pprn 

ceeded 5.0 mgR. range on color chart: Analysis Time: /qq 7 
Notes: 

QNQC Checklist: 

All data fiekls have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block 

Values cited in the SAMPLING DATA block are consistent the Groundwater Sample Log Sheet: 

Mulitplication is correct for each Multiplier table: f l .  
Fmal calulated concentration is within the appropriate Range Used block: d 
Title block on each page of form is initialized by person who performed this QNQC Checklist: -/- 



SAMPLE COLLECTIONIANALYW 4NH)RMATION: 

Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page _I of 1 
Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: 9 5  7 N W O ~  \O \ o't 
Project NO.: 4020 Sample Location: S 5 7 p~ w 0 1  \ 
Sampled By: Duplicate: 

Field Analyst: f 4  Blank: 
Field Form Checked as per QAIQC Checklist (initials): 

w 
I- I 

SAMPUNG DATA: I , , , , ,  
. 7  , 

, . 
I ,  , : ' , , .  , I ,  ' (  , , 

Range U9ed: I Range I Method l~oncentration ppm 

- 0 to 1 ppm K-7510 0.5 

Date: 5 43-0 3 
Time: lv 3 0  
Method: ( ~ 3  W FLOU 

Concentration: O. 5 ppm 

Analysis Time: 1 5 4 0 

I u I 1 to 12 ppm 1 K-7512 1 I 

Equ~pment Used: 
39- b 

I Y S I  5 - 5 5  ~ f >  LA WOTT W R B W ~ ~  

Color 

(V~sual) 

I Notes: 

PH 

(S.U.) 

5.61 

Equipment: HACH Digital Titrator OX-DT Analysis Time: ' 

Ferrous Iron (~e*?: 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mg1L Concentration: 

Range: 0 - 10 mq/L 

S.C. 

(mSIcm) 

0 , ~ ' t O  

x 0.02 

Range Used: 

0 
0 

Analysis Time: lm 

Filtered: 

Temp. 

&) 

(L, q 

Range (sample Vol. 

.- -- 

Hydrogen Sulfide (H,S): Range: o - 5 m g ~  

Cartridge I Multiplier 

IEquipment: Other:   on cent ration: 0 . 0  ppm 

ceded 5.0 m a  range on color chart: Analysis Time: 

Turbidity 

N U )  

3.7 

1-5 mgR 200 ml 0.200 N 0.01 

2-10 mgR 100 ml 0.200 N 0.02 

Notes: 

QAlQC Checklist: 

All data fields have been completed as necessary: d / 

l~orrect measurement units are cited in the SAMPLING DATA block: d , 

DO 

(mgfl) 

0.33 

l~alues cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

I~ulitplication is correct for each MultipRw table: pflh 

Salinity 

(%) 
A 

Final calulated concentration is within the appropriate Range Used block: 

Title block on each page of form is initialized by person who performed this QAlQC Checklist: -d - 

ORP 

(+I- mv) 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. page 1 of _L 
L 

Project Site Name: iHDiV Site 57 HRC Pilot Study Sample ID No.: S ~ ~ C ~ ~ O ~ Y O I P L /  
, Project No.: Lf mC2 Sample Location: ,567 /l w 2 9 

Sampled By: ~ I U ~ U Y C H  Duplicate: 

Field Analyst: F%VOK bv& Blank: 

Field Form Checked as per W Q C  Checklist (initials): I Rcr/ I 
w 

S&MI?~JNG~AT&?.; : ~ , ~ $ j ~ $ ; $ $ ~ , , ~ ~ ~ $ ~ $ ~ ~ ; ~ b ~ ~ v i ~ ; ~ ; ~ $ : ~ ~ i $ y ~ & ~ l ~ + g ~ ~ ~ ~ ~ k ~ ; ~ $ 7 ~ ~ ~ ~ ~ & @ j j 4 ~ , ~ + ~ ~ ~ k ; ~ $ - d j ~ ~ ~ ~ 3 ~ q ~ ~ + ~ ~ ~ ; ~ ~ ~ $ ? $ ; ~ ~ ~ : ~ ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ $ $ - ; ; , , ;  f.&,;.~s 

Ferrous iron ( ~ e ~ 3 :  

Equipment: DR-850 DR-8 -- Range: 0 - 3.00 mgL Concentration: 2# 0 ppm 

 ate: 6-15 -0 3' 
Time: 0825 
~ e t t ~ o d :  LOU 

Equipment: HACH Digital Tiirator OX-DT Analysis Time: 

Programhlodule: 500nm 33 

Analysis Time: C38yL/ 
Range: 0 - 10 mgL 

Notes: Filtered: 0 
Hydrogen SulfisH2S): Range: o - 5 mg.5 

Range Used: 

0 
0 

1~q.i pment: Other: Concentration: 0. 0 ppm 

ceeded 5.0 mgL range on cdor chart Analysis Time: 0 $6 0 

 equipment Used: 
-2 4. / 

Color 

~ i )  

-R 

QAlQC Checklist: / 

Notes: 

Range  ample Vol. l~artrid~e Multiplier 

1-5 mgk 200 ml 0.200 N 0.01 
2-10 mgL I00 ml 0.200 N 0.02 

All data fields have been completed as necessary: 

El" Correct measurement units are cited in the SAMPLING DATA blodc 

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitpliition is correct for each Mu/tip/ier table: H ~ A  / 

PH 

(s.u.) 
S124 

x 0.02 

Final calulated concentration is within the appropriate Range Used block: 
Title block on each page of form is initialized by person who performed this QAlQC Checklist: -d - 

S.C. 

(m~/cm) 

0 . 1 1 ~  

Temp. 

to 
/G.s 

Turbidity 

WIW 
6 . S  

DO 

(q~) 

1. 27 

Salinity 

(96) 

C 

ORP 

(+/- mv) 



concentration: j. 0 ppm 

Dissolved Oxygen: 
Equipment: Chemetrics Test Kit 

IEquipment. HACH Digital Trtrator OX-DT Analysis Time: 

Range Used: 

I Notes: 

Range 

0 to 1 ppm 

1 to 12 ppm 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL   on cent ration: 3~ Cf ppm 

ProgranVModule: 500nm 33 

Analysis Time: oyL8 

Notes: Filtered. 

Hydrogen Sulfide (H'S): Range: o - 5 mgll 

x 0.02 

Range Used: 

0 
0 

Equipment: HS-C Other: 

Exceeded 5.0 mgk range on cdor chart: 0 

Method 

K-7510 

K-7512 

Range Isample Vd. l~artridge ( Multiplier 

1-5 mgL 200 ml 0.200 N 0.01 

2-10 m@ 100 ml 0.200 N 0.02 

Concentration: a 0 ppm 

Analysis Time: 0 1$ 

Concentration ppm 

/- 0 

QMQC Checklist: 

All data fields have been completed as necessary: /' 
Correct measurement units are cited in the SAMPLING DATA block.. &( 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Muliilication is correct for each Multiplier table: f l f l h  
Final calulated co.mntration is within the appropriate Range Used block d 
Title block on each page of form is initialiied by person who performed this QAQC Checklist: -d - 



I~quipment: HACH Digital Titrator OX-DT 

Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of - 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S T ~ ~ W  -0 1 0 ~ 1  
Project No.: WZ-0 Sample Location: 55  7 k  w 003 
Sampled By: Duplicate: [7 - 
Field Analyst: Blank: 
Field Form Checked as per QAQC Checklist (initials): 

0 

S&lpWQAT&@p ;., l,'r.jhl,;;;., I'? , I . : I  ..<'k,,,+;. .. :. " '...' ' %'4 m -, .. 7 .  .... . . . , . , , .  . ,. %,, , . ,L ,,z-,;..-:: , 'l:*.rb .>+,i,, < ,  ,,+ <, , . .  .> /. 3 

Range Used: - 

Date: C-4 q -  03 
rime: \S'tY 
~ethod:  F c O y )  

Analysis Time: 

Titration Count Multiplier Concentration 

x 0.02 

Notes: I .  

Color 

Wsual) 

0. (5  

l~orrect measurement units are cited in the SAMPLING DATA block -6 / 

PH 

(s.u.) 
Y e  9 1 - 

Ferrous Iron (~e'3: 

I Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: [Y/ 
Mulitplication is correct for each Multiplier table: [7 

B 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mg/L concentration: < 0 . Z- ppm 

Prograrwkbdule: 500nm 33 

Final calulated concentration is within the appropriate Range Used block: 0- P -/ - 
Title block on each page of form is initialized by person who performed this QNQC Checklist: 

S.C. 

(m~/cm) 

0.m o 
Equipment Used: 

1 CY/* 8 
LHPIOi7-E 

V S i  WOOL S S ~  5/h, oz fog 23 """"wL" 
n e o l p ~ f l r n  

*,. , ,  ,: * , >  * . I  SAMPtE~COWCnQNIANALYSSINFORMAnON -A:' . ': - . -. l l l l l r .  , ,. .C -,, . v , - -  ., .  / . I . . . .  

PUP 
< 0. 2 

Temp. 

CC) 
19<35- 

0, 00 2 p 

1 6 0 7 

Dissolved Oxygen: 

~quipment:- ~mcentration: 0.2 p p  

Q Analysis Time: IC 1 ( G- 

Range UJed: 

0 

Equipment: IR-18C Cdor Wheel Range: 0 - 10 mgR 

Notes: 

Hydrogen Sulfide (H'S): Range: o - 5 m g ~  

Equipment: HS-C Other: . concentration: 0, 0 ppm 

Exceeded 5.0 mgR range on color chart: Analysis Time: a 
Notes: 

Turbidity 

ww 
3, 0 

Filtered: [7 

pop 
0,O 

16 313 

Range 

0 to 1 ppm 

1 to 12 ppm 

DO 

{mgn) 

Method 

K-75 1 0 

K-7512 

Salinity 

(96) 

ORP 

(+I- mv) 

Concentration ppm 

~ L Z  Analysis Time: 0 7  



SAMPLE COUECTlONTANALYSrS INFORMAnON: * ' .,' ' ,- 1 I. . I .  . r .. , v, ,: > 

Dissolved Oxygen: 

Note: Analfie. method, andlor equipment may be deleted from form if not being performed. 

IRI FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of - 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57~\~hr3 a ~ \  
Project NO.: 9020 Sample Location: S 52 w OUY 
Sampled By: f%L& Duplicate: 

. Field Analyst: r& Blank: 

Field Form Checked as per QAQC Checklist (initials): I* I 
0 

~ ~ & ( N G ~ T A ,  *+"' ' - A :,,,.: J'" '+h4~m*rrr r rrw*,:r,ee~. + .~.,p;#. c r .  .-..r.<- (<I P'3 m ,  . , I  ,,,,< .,w* *,+?. %,,>ik* .*>: :> . *5  :; , ~ ~ ' ~ 3 , > ; ~ ~ r ~ : , ~ ; ~ , ~ ! ; ~ ~ : ~ ~ ,  * : a , - , - * .  . -.,,, {;;;$,~,<,:~;i,ai"~:,;~>~r!r~ -,*.., + ,  , > 

I~quipment: Chemeth Test Kit 

Date: 6 -20 - 0 3 
lime: 09 2 F 

Equipment: HACH Digital Titrator OX-DT 

2-10 m 

Concentration: 0, 6 ppm 

Color 

(Visual) 

Analysis Time: 0 Q 6 ~ 3  

~ethod: b w Fwd 

Analysis Time: 

Titration Count Multiplier Concentration 

x 0.02 

PH 

(s.u.) 

I Notes: 

Equipment Used: 171.2 

I L)tptq-m iu\1ootjc ZO2 V3T 556 NPs 3LrJ 0 2 F O ~ 2 3  h~ ~ ~ f i I o I r , , , , L B f i A  

U ~ ! T - 8 5 . 0 2 3 9  

Ferrous Iron ( ~ e ~ 3 :  

S.C. 

(m~/cm) 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mg/L   on cent ration: CD-a- ppm 

ProgradModule: 500nm 33 

Analysis Time: O B s  
Range: 0 -  lOmgL 

Notes: Filtered: 

Hydrogen Sulfide (H2S): flange: o - 5 m g ~  

C7-6s 

I Equipment: HS-C Other: concentration: e c  0 ppm 

Exceeded 5.0 mgL range on color chart: Analysis Time: o a x  
Notes 

Temp. 

CC) 

QAlQC Checklist: 

d All data fields have been completed as necessarv: 

W i d  o.Y5 

Correct measurement units are cited in h e  SAMPmG DATA block: d 
Values cited in the SAMPLING DATA block are consistent with h e  Groundwater Sample Log Sheet: d 
Mulitplication is correct for each Multiplier table: 

Turbidity 

7 

Final calulated concentration is within the appropriate Range Used block: 0-pk - 
Title block on each page of form is initialized by person who performed this QAlQC Checklist: -w 

DO 

( N ' W d  (mgn) 

Salinity ORP 

(%) (+I- mv) 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

1uip;t Mc;;;T , o.m: , o.o, , 
Range Used: Sample Vol. Cartrid Multiplier 

2-10 m 100ml 0.200N 0.02 

Analysis Time: 

x 0.02 

I Notes: 

IFerrous Iron (~e'"): 
Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL 

ProgramtModule: 500nm 33 

Concentration: OI 7 ppm 

Analysis Time: 0 e F b 
I~quipment: IR-18C Cdor Wheel Range: 0 - 10 mg/L 

Notes: Filtered: 

Hydrogen Sulfide (H,S): Range: o - 5 m g ~  

I Equipment: HS-C Other: 

Exceeded 5.0 mgL range on color chart: 

Concentration: 00 ppm 

Analysis Time: 0 61 3 q 

Final calulated concentration is within the appropriate Range Used block: Uvk - 
T i e  block on each page of form is initialized by person who performed this QNQC Checklist: -d 

. 
Notes: 

QAlQC Checklist: 

All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block: 

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: d 
Mulitpliition is correct for each Multiplier table: P/& 



Note: Analyte, method, and/or equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of - 
I 

Sample ID NO.: SS7b ~02Lt01 OT 
Sample Location: 9 57W027 
Duplicate: 

Blank: 

  on cent ration: 0.0 ppm 

Analysis Time: \ 6 5 7 

I ~ ~ u i ~ m e n t :  HACH Digital Tirator OX-DT . Analysis Time: 

Range Used: Range Isample Vol. !cartridge I Multiplier 

0 1-5 mgL 200 ml 0.200 N 0.01 

0 2-10 mgL 100 ml 0.200 N 0.02 x 0.02 

I Notes: 

Ferrous Iron (~e''): 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL 

PrograrnlModule: 500nm 33 

Analysis Time: / I / 0 
Equipment: 

Notes: Filtered: 

Hydrogen Sulfide (H,S): Range: o - 5 m g ~  

Equipment: HS-C Other: n n t t i o :  0.3 ppm 

Exceeded 5.0 mgL range on color chart: Analysis Time: ( 1  b 
Notes: 

QAlQC Checklist: 

All data fields have been completed as necessary: El" 

I Correct measurement units are cited in the SAMPLING DATA block: 

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: Cn/ 
l~ul i l icat ion is correct for each Multiplier table: 

I~ ina l  calulated concentration is within the appropriate Range Used block: 0- - - - 
l~i t l e  block on each page of form is initialized by person who performed this QAlQC Checklist: u 



Note: Analyte, method, and/or equipment may be deleted from form if not being performed. 

IRI FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. 
I 

Page - of - 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S S ~ I I I & / O S O  I 0 $ 
project NO.: %O 2 0  Sample Location: S 5 7 ~ 0 2 5  

SAMPLE WLLECTLONlANALYStS INFORMATION: . . 
Dissolved Oxygen: 

Concentration: 0. O ppm 

Analysis Time: ( 1 ' 6  ( 7 

Ferrous Iron ( ~ e ~ 3 :  
Equipment: DR-850 DR-8 - - Range: 0 - 3.00 rngk n n n :  3 ppm 

PrograrnlModule: 500nrn 33 

Analysis Time: ( 0 7 
Equipment: IR-18C Color Wheel Range: 0 - 10 mgk 

Notes: a a Filtered: 

Hydrogen Sulfid 0: Range: 0 - 5 rngk 

Equipment: Other.   on cent ration: \ ppm 

Exceeded 5.0 mgk range on color chart: 0 Analysis Time: 

Notes: 
Illcr 

QAlQC Checklist: 

All data fields have been completed as necessary: d 
Correct measurement units are cited in the SAMPLING DATA block: d 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplication is correct for each Multiplier table: wb 
d 

Final calulated concentration is within the appropriate Range Used block: 0-@ - 
Title block on each page of form is initialized by person who performed this QAlOC Checklist: -& 

Equipment: HACH Digital Titrator OX-DT Analysis Time: 

Range Used: 

0 
Notes: 

Range Sample Vol. Cartridge Multiplier 

1-5 mgk 200 ml 0.200 N 0.01 

2-10 mg/L 100 ml 0.200 N . 0.02 x 0.02 



Note: Analyte, method. andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~~~p - - 

Tetra Tech NUS, Inc. Page - of - 
I 

lDissolved Oxygen: 
IEquipment Chemetrics Test Kit Concentration: 0. 4 ppm 

Range Used: 

K-7510 

K-7512 

I~quipment: HACH Digital Titrator OX-DT Analysis Time: 

x 0.02 

Range Used: 

0 

I Notes: 

Range Isample Vol. Cartridge Multiplier 

1-5 mqL 200 ml 0.200 N 0.01 

2-10 mq/L 100 ml 0.200 N 0.02 

Ferrous iron ( ~ e ~ 3 :  
Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mg/L   on cent ration: '0- 2. ppm 

,,is Time: / L  1 7 
Equipment Range: 0 - 10 mgk 

Notes: Filtered:. 

Hydrogen sulf ide (H,S): Range: o - 5 m g / ~  
A rn.  

Equipment: HS-C I Othec 

Exceeded 5.0 mqL range on color chart: a 
Concentration: w* w ppm 

Analysis Time: /& /5 
Notes: 

QNQC Checklist: 

All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA blodc @ 
Values cited in the SAMPLING DATA block are consistent with Me Groundwater Sample Log Sheet: 

l~ulit~l ication is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - - 
Title block on each page of form is initialized by person who performed this QAlQC Checklist: 



- 

Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

' m  FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

~ e t r a  ~ e c h  NUS. ~nc. Page - of - 

l~issolved Oxygen: 
IEquipment Chemetrics Test Kit 

J~quipment HACH Digital Tirator OX-DT Analysis Time: 

x 0.02 

Range Used: 

0 
0 

Notes: I. 
Range Isample Vol.  artri ridge I Multiplier 

1-5 mgL 200 ml 0.200 N 0.01 

2-1 0 mgL 100 ml 0.200 N 0.02 

C 

Ferrous Iron (~e'3:  

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL Concentration: am p p  

I Analysis Time: 1 3 7 
Equipment IR-18C Cdor Wheel L2 Range: 0 - 10 mgL 

Notes: Filtered: 0 
Hydrogen Sulfide (H'S): ~ange: o - 5 m g ~  

I Equipment HS-C Other:   on cent ration: 0. 0 ppm 

Exceeded 5.0 myL range on ador chart: Analysis Time: 1 3 Lf 
Notes: 

All data fields have been completed as necessary d 
Correct measurement units are cited in the SAMPLING DATA blodc d 

I~alues cled in the SAMPUNG DATA block are consistent with the Groundwater Sample Lag Sheet 

I~ulit~l ication is correct for each Multiplier table: 

IFiial calulated concentration is W i n  h e  appropriate Range Used b W  0- - - 1  - 
ITiile block on each page of form is initialized by person who performed thii QAlQC Checklist: Ld' 



Note: Analyte, method. and/or equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of - 
h 

SamplelDNo.: S57fuc~0~\ni06 
Sample Location: SflW w 0 I \ 
Duplicate: 

I Dissolved Oxygen: 
Equipment: Chemetlics Test Kit 

I Equipment: H A W  Digital Titrator OX-DT Analysis Time: 

I s  T i :  1 5- 
Ra~ge Used: 

I Notes: 

Range Used: 

0 
0 

I 
- - -- 

Ferrous Iron (~e'3: 
Equipment: DR850 DR-8 - - Range: 0 - 3.00 mgl. t :  0.9 ppm 

Range 

0 to 1 ppm - 

1 to 12 p ~ m  

Range J~amp~evoi.  l~artridge ( Multiplier 

1-5 mgL 200 ml 0.200 N 0.01 

2-10 mgL 100 ml 0.200 N 0.02 , 

Program/Modde: 500nm 33 

Equipment: IR-18C Cdor Wheel Range: 0 - 10 mgR 

Analysis Time: 1058 

Method 

K-7510 

K-7512 

Notes: Filtered: u 
Hydrogen Sulfide (H'S): Range: o - 5 m g ~  

Equipment: HS-C Other: ~ n t r a t i o n :  0' 0 ppm 

Exceeded 5.0 mgL range on color chart 0 Analysis Time: 1 0 5  
Notes: 

Concentration ppm 

QAtQC Checklist: 

All data fields have been completed as necessary: 

I Correct measurement units are cited in the SAMPLING DATA block: 

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

I Muliiliiation is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: u- - -I - 
JTile block on each page of form is initiialized by person wbo performed this QNQC Checklist: kr ' 



-. . - . . . .- - 

Note: Analyte, method, andlor equipment may be deleted from form i f  not being performed. 

IRI FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of  - 

Sample ID No.: $ $7-2~6 106 

Sample Location: 53-7 ~ ~ 3 0  2 d 

I Dissolved Oxygen: 
Equipment Ghernetrics Test Kit 

1-5 mgL 

2-10 rn 100 rnl 0.200 N 0.02 

Analysis Time: 

Notes: 

I Ferrous Iron ( ~ e ~ 3 :  

Equipment: DR-850 OR-8 - - Range: o - 3.00 m g / ~  w n t r a t i o n :  6 . 0  ppm 

Program/Module: SOOnrn 33 

Analysis Time: 

Range: 0 - 10 rngL 

Filered: 

IHydrogen Sulfide (H~s):. Range: o - 5 rngL 

I Equipment HS-C Other: 

Exceeded 5.0 rngL range on color chart: 

corcenttation: 01 5 ppm 

Analysis Time: 'm - 
Notes: 

QAlQC Checklist: 

All data fields have been completed as necessary: d 
Correct measurement units are cited in the SAMPLING DATA block d 
I Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplicatiion is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range used block: 0- - - 
Title block on each page of form is initialized by person who performed this QAIQC Checklist: 



- -- 
Note: Analyte, method. andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of - 
Sample ID No.: $F~WOZSI OG 
Sample Location: Ss 7 ~ u * l O  2s 

I Dissolved Oxygen: 
Equipment Chemetrics Test Kit 

1Equipment: HAW Digital T i i t o r  OX-DT . 

Range Used: 

I Notes: 

Range 

OtOl ppm 

l to12ppm 

Range Used: 

0 
0 

Analysis Time: 

Range l~ample Vd. J~artridge I Multiplier 

1-5 mgL 200 ml 0.200 N 0.01 

2-10 mgL 100 ml 0 . m  N 0.02 

T i t i o n  Count Multiplier Concentration 

x 0.02 

Method 

K-7510 

K-7512 

Ferrous Iron (~e'3:  

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL 

Program&lo&le: 500nm 33 

Concentration ppm 

n o :  5: 8 ppm 

Analysis Time: 08 7 0 
Range: 0 - 10 mg1L 

Notes: Filtered: 0 
Hydrogen Sulfide (H'S): Range:O-~mgL 0 e 7  - 
Equipment: HS-C Other: Concentration: ppm 

Exceeded 5.0 mgL range on color chalt: 0 Analysis T i m  

Notes: 0 8 3 7  
QAtQC Checklist: - 
l ~ l l  data fields have been completed as necessary: U 

I Correct measurement units are cited in the SAMPLING DATA block: 

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

l~u l i tp l i i t ion is correct for each Multiplier table: 

Fmal calulated concentration is within the appropriate Range Used block: n- - - 
Title block on each page of form is initialized by person who performed this QNQC Checklist: 



Note: Analyte, method, and/or equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of  - 

Project Site Name: IHDlV si te 57 HRC Pilot Study Sample ID No.: S57MW0030107 

Project No.: 4020-0507 Sample Location: S57MW003 

Sampled By: Fred W. Ramser Duplicate: . 0' 
C ~ i e l d  Analyst: Fred W. Ramser , Blank: [7 

Field Form Checked as Der QAIQC ch i  . _ _ :klist (initials): 
SAMPUNG DATA: 

A C I . .  -- I I I I I I 

ate: Y-AV - 0, 1 Color I pH I S.C. I Temp. ( ' Turbidity I DO I Salinity 1 ORP 

SAMPLE COLLECTlONlANALYStS INFORMATION: 

Dissolved Oxygen: 
Equipment: Chemetrics Test Kit concentration: 0. 3 ppm 

Analysis Time: 1 0 36 

Equipment: HACH Digital Titrator OX-DT Analysis Time: 

Range Used: 

2-10 m 100 ml 0.200 N 0.02 x 0.02 

I 
Notes: 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mg/L concentration: ' () -2- ppm 

ProgramModule: 500nm 33 

I Equipment: IR-18C Color Wheel n Range: 0 - 10 mgR 

Analysis Time: 10 3 8 

Notes: w Filtered: 

Hydrogen Sulfide (H,S): Range: o - 5 m a  

Equipment: HS-C Other: Concentration: 0- 0 ppm 

Exceeded 5.0 mgR range on color chart: Analysis Time: \ 0 9.x ' 

Notes: 

QAIQC Checklist: 

All data fields have been completed as necessary: d / 

l~orrect measurement units are cited in the SAMPLING DATA block: rCr/ 

I Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: & 
Mulitplication is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - - 
Title block on each page of form is initialized by person who performed this QAlQC Checklist: 0 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of - 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57MW0040107 

Project No.: 4020-0507 Sample Location: S57MW004 
Sampled By: Fred W. Ramser Duplicate: 

SAMPLE COLLECTlONlANALYSlS 1NFORMATION: 

Field Analyst: Fred W. Ramser Blank: 0 
Field Form Checked as per QAIQC Checklist (initials): mfa 

I . ,  . A SAMPLINGDATA: . . , , ,  , , 

I Dissolved Oxygen: 
Equipment: Chemetrics Test Kit   on cent ration: 0 e 9 ppm 

 ate: 9 -2't - 0 3 
Time: \2v% 
Method: Low FLOW 

Range Used: Range , / ~ e t h d  bncentration ppm 

0 to 1 ppm (, K-751 - 

Equipment Used: 
/73 

Y x  v"s- OjLAO2C3 A 0 

Color 

(Visual) 

CLK 

I Notes: 

Equipment: HACH Digital Titrator OX-DT 

Analysis Time: 1 3 Yo 

pH 

(S.U.) 

5-86 

Range Used: 

0 
0 

Analysis Time: 

Range Sample Vd. Cartridge Multiplier 

1-5 mg/L 200 ml 0.200 N 0.01 

2-10 mg/L 100 ml 0.200 N 0.02 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL concentration: ( 0 ~ ' ~  ppm 

Program/Mdule: 500nm 33 

Analysis Time: ( 3 ?- 
Range: 0 - 10 mg/L 

Notes: Filtered: 

Hydrogen Sulfide (H'S): Range: o - 5 mg/L 

S.C. 

(mS/cm) 

Qw 

Equipment: HS-C Other: Concentration: 0, 0 ppm 

Exceeded 5.0 mg/L range on color chart: 0 Analysis Time: 1 3 LfF 
Notes: 

QAlQC Checklist: 
2 

I All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block: @ 

Temp. 

CC) 
22.17 

l ~a lues  cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

I~ulitplication is correct for each Mulhplier table: 

Turbidity 

Wrr) 

1 

Final calulated concentration is within the appropriate Range Used block: n- 
Title block on each page of form is initialized by person who performed this QAIQC Checklist: -d - 

DO 

(mgfl) 

0.80 

Salinity 

(96) - 
ORP 

(+I- mv) 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of  - 
I 

SAMPLE COLLECTlONlANALYSlS INFORMATION: 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57MW0110107 

Project No.: 4020-0507 Sample Location: S57MW011 

Sampled By: Fred W. Ramser Duplicate: 

Field Analyst: Fred W. Ramser Blank: 0 
Field Form Checked as per QAfQC Checklist (initials): lmd 

SAMPLING OAT& - ' . I  , ,  I 8 - 

Equipment: HACH Digital Titrator OX-DT 

1-5 mgL 

2-10 mgL 100 ml 0.200 N 0.02 

Date: q-ay - 02  
Time: I 7 2 

Dissolved Oxygen: 
Equipment: Chemetrics Test Kit n n t r a t o n :  o0 6 ppm - 

Notes: I .  

Temp. 

CC) 

Analysis Time: 

Titration Count Multiplier Concentration 

x 0.02 

Color 

(Visual) 

Method: LLIw f LO w CLR C.37 0,977 2 l r 7 0  o 0. \7 

Analysis Time: /s't 'L 
Range Used: 

0 

Ferrous Iron (~e*"): 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL concentration: <0. 7L ppm 

Prograrn/Module: 500nm 33 

Analysis Time: [s?T 
Range: 0 - 10 mgL 

Notes: Filtered: 

Turbidity 

ww - 

l ~ ~ d r o ~ e n  Sulfide (H,S): Range: o - 5 m g ~  

PH 

(S.U.) 

71.7 

Range 

0 to I ppm (L 
1 to12ppm 

Equipment: HS-C Other: .   on cent ration: 0, \ ppm 

Exceeded 5.0 mg/L range on color chart: 0 Analysis Time: 1 5 8 
Notes: 

QAlQC Checklist: - 
All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block: d 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulrtplication is correct for each Multiplier table: / 

d 

DO 

(mgfl) 

S.C. 

(mS/cm) 

Equ~pment Used: YST w c M  03/40255~D 

Final calulated concentration is within the appropriate Range Used block: a- 
Tile block on each page of form is initialized by person who performed this QNQC Checklist: 

/ Method 

K - 7 5 1 d  - 
K-7512 

Salinity 

(%) 

Concentration ppm 

ORP 

(+I- mv) 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of  - 
I 

, 
SAMPLE WLLECnONlANALYStS INFORMATION: 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57MW0240107 

Project No.: 40204507 Sample Location: S57MW024 

Sampled By: Fred W. Ramser Duplicate: 

Field Analyst: Fred W. Ramser Blank: 0 
Field Form Checked as per QAlQC Checklist (initials): 1w-N 

SAMPUNGOAT& . . .  I I , . 

I Dissolved Oxygen: 
Equipment: Chemetrics Test Kit Concentration: ar 0 pprn 

Range Used: Method Concentration ppm 

0 to 1 ppm K-7510 Analysis Time: 0 7 2 0 - 
1 to 12 ppm K-7512 

Equipment Used: 

ysz M= O2A62F3hO 

Salinity 

(%) - 
DO 

(mgn) 

0 , f S  

Equipment: HACH Digital Titrator OX-DT 

Ran Used: 

2-10 rn 100 ml 0.200 N 

ORP 

(+I- mv) 

* / / c / .  7 

Analysis Time: 

Temp. 

e ~ )  
21J7 

S.C. 

(mS1cm) 

0.669 

I Notes: 

Turbidity 

N u )  

2 

pH 
(S.U.) 

& 2 ~  

 ate: 7 - s -  0 3 
Time: O8Fr 
Method: COW &OW 

Ferrous Iron ( ~ e ~ " ) :  

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mg/L nentraion: 5 0 ppm 

Color 

(Visual) 

CCR 

Analysis Time: 0 7 2  C 
Range: 0 - 10 mgL 

Filtered 

Hydrogen Sulfide (H2S): Range: o - 5 mg/L 

Equipment: HS-C Other. concentration: 0. 6 ppm 

Exceeded 5.0 m a  range on color chart: Analysis Time: 0 TLX 
Notes: 

QAlQC Checklist: 1 
All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block: d 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: a 

lMulitplication is correct for each ~u\t&/ier table: 

Final calulated concentration is within the appropriate Range Used block: n- - - 
Title block on each page of form is initialized by person who performed this QNQC Checklist: ' 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of - 
I 

Project Site Name: IHDlV Site 57 HRC Pilot-Study Sample ID No.: S57MW0250107 

Project No.: 4020-0507 Sample Location: S57MW025 

Sampled By: Fred W. Rarnser Duplicate: ' 

AMPLE COLLECTIONIANALYSE INFORMATION: 

I Dissolved Oxygen: 
Equipment: Chemetrics Test Kit concentration: 0 ppm 

1 to 12 ppm 

Analysis Time: ( / 8 

IIEquipment: HACH Digital Titrator OX-DT Analysis Time: 

I Notes: 

Range Used: 

0 
0.. 

Titration Count Multiplier Concentration Q Range Isample Vol. [cartridge I Multiplier 

1-5 mg/L 200 ml 0.200 N . 0.01 

2-10 mgR 100 ml 0.200 N 0.02 

'errous Iron (~e '3 :  

Iquipment: DR-850 DR-8 - - Range: 0 - 3.00 mgL Concentration: ? (O ppm 

Prog ra~odu ie :  500nm 33 

c 2  Analysis Time: \ \ zg 
Iquipment: IR-18C Color Wheel Range: 0 - 10 mg/L 

dotes: Filtered: 

iydrogen Sulfide (H'S): Range: o - 5 m g / ~  

iquipment: HS-C Other: Concentration: 0.7 ppm 

Exceeded 5.0 mg/L range on color chart: 0 Analysis Time: [ 1 w 
QAlQC Checklist: 

d 
Correct measurement units are cited in the SAMPLING DATA block: 

I Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplication is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - - 
Title block on each page of form is initialized by person who performed this QNQC Checklist: 0 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of - 
I 

Sample ID No.: S 5 7 ~ w 0 o e  OCO f - 
4020-0507 Sample Location: s 5 7 ~ ~ U J m f  3 

Duplicate: 

Blank: 0 
Field Form Checked as per QAIQC Checklist (initials): k C .  1 

SAMPUNG DATA: 

Analysis Time: 1Ewipat: lHAC;;;~ i.2m o.ol , , , o.ol ,: 
Range Used: Sample Vol. Cartridge Multiplier Titration Count Multiplier Concentration 

2-10 mgR 100 ml 0.200 N 0.02 x 0.02 - 

Dissolved Oxygen: 
Equipment: Chemetrics Test Kit   on cent ration: 0- 3 ppm 

I Notes: 

I Ferrous Iron (Fe23: 

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgR concentration: 0-I p m  

Analysis Time: Oq Y 5  
Range Used: 

Analysis Time: 0752 
Range: 0 - 10 myL 

Notes: Filtered: 

Range 

0 to 1 ppm 

1 to 12 ppm 

Hydrogen Sulfide (H2S): Range: o - 5 mgk 

Equipment: Other 
Co-9 

Concentration: (0. Z ppm 

mgR range on color chart: Analysis Time: 095 
Notes: 

Method 

K-7510 

K-7512 

as necessary: @ 
Correct measurement units are cited in the SAMPLING DATA block: 

Concentration ppm 

I Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Muliilication is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - 
Tile block on each page of form is initialized by persofi who performed this CINQC Checklist: -d 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of - 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57 WW 009 0 108 
Project No.: 4020-0507 

Sampled By: ht~u RWSW 
Field Analyst: 

Sample Location: ~57yzuI)OOCf 

Duplicate: . C] 
Blank: 0 

I Dissolved Oxygen: 
Equipment: Chemetrics Test Kit 

Field Form Checked as per QAfQC Checklist (initials): Itzu/iL I 
SAMPLINGDATA: , , , I , ,  

Concentration: 0- '2-g ppm 

Analysis Time: 1 17_ 

oat,. \\-\q -03 
Tme: \ 1 $0 
Method: Q c A v i m  c 

Analysis Time: 

Range Used: Titration Count Multiplier Concentration 

2-10 m 100 ml 0.200 N 0.02 x 0.02 

Equipment Used: 55-b vw pg 
92.8 

Y'r Ph 01 Qov3g,+4 L l k W o F K  * K 0 l ~ W y h %  2020 
S/w 366s-yoo= 

SAMPLE COL~ l~NIANALYSlS  INFORMATION: 

Color 

(V~sual) 

cck 

I Notes: 

PH 

(S.U.) 

5 , ~  

I Ferrous Iron ( ~ e ~ * ) :  

Equipment: DR-850 

S.C. 

(mSIcm) 

o,\?c 

Temp. 

CC) 
\%l't 

DR-8 - - Range: 0 - 3.00 mgk Concentration: La '2- P P ~  

Turbidity 

W) 

1 . 1  

Prograrn/Module: 500nm 33 

Analysis Time: 

I~quipment: IR-18C Color Wheel Range: 0 - 10 mgR - 

DO 

(mgn) 

0-k.7 

Notes: Filtered: U 
Hydrogen Sulfide (H2S): Range: o - 5 mgk 

Equipment: HS-C Other: 

Exceeded 5.0 mg/L range on color chart: 

Salinity 

(Q) - 

Concentration: 
LO, -t 

PPm 

ORP 

(+I- mv) 

Analysis Time: h [ ~  

QAlQC Checklist: 

All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLING DATA block: 

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplication is correct for each M~~ltiplier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - - 
Title block on each page of form is initialized by person who performed this.QAIQC Checklist: 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 
* 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page - of - 

Dissolved Oxygen: 
Equipment: Chemetrics Test Kit Concentration: 0. ppm 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57YICwoll61nR 

Project No.: 4020-0507 Sample Location: S57 W U 0  M 
Sampled By: F a  Duplicate: 

Field Analyst: Blank: 0 
Field Form Checked as per QNQC Checklist (initials): lrz~t I 

$4hlPLINGD4TA: , " ' i , .  a ,  . . . A  I 

Range Used: Range Method Concentration ppm 

0 to 1 ppm K-75 1 0 
R 

Date: f 1-19 - 0 3 
Time: 51 'j- 
Method: p m \ > w  

Analysis Time: / 5; 3 7 

Equipment: HACH Digital Tirator OX-DT Analysis Time: 

Titration Count Multiplier Concentration 

2-10 m 100 ml 0.200 N 0.02 x 0.02 

Equipment Used: 
P7,3 

LPuvrtoT7-E n / Z O ~ u i n  M ~ X G C  20LO 

Color 

(Visual) 

CcfC 

I Notes: 

I Ferrous Iron ( ~ e ~ 3 :  

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgR concentration: C3' 0 ppm 

PH 

(S.U.) 

5#85 

ProgrardModule: 500nm 33 
. - .. -... ~nalysis Time: / S'to 

tange: 0 - 10 mgR 

Notes: Filtered: 

Hydrogen Sulfide (H2S): Range: o - 5 m g ~  

Equipment: HS-C Other: Concentration: 

Exceeded 5.0 mgR range on color chart: 0 Analysis Time: t!,5 Y c  
Notes: 

QAlQC Checklist: 

l~ll data fields have been completed as necessary: 

S.C. 

(mS1cm) 

~ J t f  

l~orrect measurement units are cited in the SAMPLING DATA block: 

l~alues cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Temp. 

CC) 
16.85 

l~uiitplication is correct for each Multiipier table: 

Final calulated concentration is within the appropriate Range Used block: 0- -d - Title block on each page of form is initialized by person who performed this QNQC Checklist: 

Turbidity 

0 
2 - 0  

DO 

(mgll) 

0,2! 

Salinity 

(%) - 
ORP 

(+I- mv) 



Note: Analyte, method, andlor equipment may be deleted from form if not being performed. 

FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Project Site Name: IHDlV Site 57 HRC Pilot Study Sample ID No.: S57MCV03~f i t  0 C! 
Project No.: 4020-0507 Sample Location: S57 F C L U ~ ~ ‘ ~  
Sampled By: F ~ E ~  Lc). (?-- Duplicate: 

Dissolved Oxygen: 
Equipment: Chemetrics Test Kit concentration: 0- (3 ppm 

Notes: I .  

Equipment: HACH Digital Titrator OX-DT Analysis Time: 

. . 
Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgIL concentration: 6, 0 ppm 

PrograrnIModule: 500nm 33 

Analysis Time: 0 43-5- 
Range: 0 - 10 mgL 

Notes: Filtered: 

Hydrogen Sulfide (H,S): Range: o - 5 m g ~  . - 

Analysis Time: Oq 2 7 

I Equipment: HS-C Other:   on cent ration: / ppm 

h x e d e d  5.0 mgL range on color chart: Analysis Time: o 9 3 8 

Range Used: 

0 

x 0.02 

Range Used: 

0 
0 

QAlQC Checklist: 

All data fields have been &mpleted as necessary: d 
Correct measurement units are cited in the SAMPLING DATA block: (3/ 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplication is correct for each Multiplier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - 
Title block on each page of form is initialized by person who performed this QNQC Checklist: -- 

Method 

K-7510 

K-7512 

Range 

0 to 1 ppm 

1 to 12 ppm 

Range Sample Vol. Cartridge Multiplier 

1-5 mgL 200 ml 0.200 N 0.01 

2-10 mg/L 100 ml 0.200 N 0.02 

Concentration ppm 



Note: Analyte, method, and/or equipment may be deleted from form if not being performed. 

IRI FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc. Page - of - 
I 

AMPLE COLLECnONlANALYStS INFORMATION: 

Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: S57 WO2 501 0 8 
Project No.: 40204507 Sample Location: S57 PI W 02c 
Sampled By: Ff26.0 W R w m  Duplicate: 

Field Analyst: Blank: 

Field Form Checked as per QAIQC Checklist (initials): I I 
SAMPUNGDATA: , ,  ' i , I ,  

I Dissolved Oxygen: 
Equipment: Chemetrics Test Kit Concentration: e40 ppm 

Date: 1 I - 2 b- 03 
T~me: / 1 3 0 
Method: ~ L S ~ ~ T I C  -- 

Raqge Used: Range Method Concentration ppm 

0 to 1 ppm K-7510 0.0 Analysis Time: 

1 to 12 ppm K-7512 

556 p p ~  ~lkycc~TTE T ~ K B L o L / ~ ~  r?rw 
T h  o\ o or 3 s ~ .  S/U ~ ~ C Y - W O L  

DO 

( m g )  

0*\7 

Analysis Time: 

2-10 m 100 ml 0.200 N 0.02 x 0.02 

Color 

(Visual) 

cCR 

I Notes: 

Salinity 

(%) - 

I Ferrous Iron ( ~ e ~ 3 :  

Equipment: DR-850 DR-8 - - Range: 0 - 3.00 mgR Concentration: 6 .  0 ppm 

PH 

(S.U.) 

5.8'4 

ORP 

(+I- mv) 

-\23*9 

Analysis Time: 

Range: 0 - 10 mgR 

Notes: Filtered: 0 
Range: 0 - 5 mgL 

Equipment: Other:   on en ti on: 1. ppm 

Exceeded 5.0 mgR range on color chart: 0 Analysis Time: J ~ O O  
Notes: 

QAlQC Checklist: 

All data fields have been completed as necessarv: 

S.C. 

(mS/cm) 

CWX 

I Correct measurement units are cited in the SAMPLING DATA block: & 
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 

Mulitplication is correct for each Multipier table: 

Final calulated concentration is within the appropriate Range Used block: 0- - - 
Title block on each page of form is initialized by person who performed this QMQC Checklist: ' 

Temp. 

CC) 
\8.0\ 

Turbidity 

Wv) 

A - 3  



APPENDIX A.6 

Chain of Custody Forms 



[Itj ~ E T R A  TECH Nus. INc. CHAIN OF CUSTODY I NUMBER r C \ - 0 0 1  I P A G E L O F  1 
- - 

PROJECT MANAGER AND PHONE NUMBER I LABORATORY NAME AND CONTACT: PROJECT NO: SITE NAME: 

SAMPLERS (SIGNATURE) 
/I/ 

/ 
STANDARD TAT [ly 
RUSH TAT 

24 hr. 48 hr. C) 72 hr. 7 day 14 day 

SAMPLE ID 

I I I I I I I I 

I 1. RECEIVED BY I DATE I TIME 
I I 

1. RELINQUISHED Bjh- DATE 
c z  5-/$-1 

2. RELINQUISHED BY DATE 

T'yP6 
TIME . 2. RECEIVED BY DATE TIME 

3. RELINQUISHED BY DATE 

COMMENTS 

I I 

TIME 3. RECEIVED BY DATE TIME 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 3/99 
FORM NO TtNUS-001 



/ 
STANDARD TAT 
RUSH TAT 

24 hr. 48 hr. 72 hr. 7 day 14 day 

TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER k-003 I PAGELOF / 

SAMPLE'ID 

I I 
DATI 
5-1; 

2. RELINQ~SHED BY' DATI 

PROJECT NO: 
902 0 

I I I I I I I 1 I 

1. RECEIVED BY DATE TIME 
I900 f-EQ ( 2 ) ~  

TIME 2. RECEIVED BY DATE TIME 

f p k ~  R A ~ S E ~  4 U--qU -85338 3~ ~ W N ~ T  30.  NO.^ 
CARRIEWAYBILL NUMBER CITY, STATE 

PROJECT MANAGER AND PHONE NUMBER 

GEORGE (,A-TcIL\ We 9 11 qt(-F?6R~1 
FIELD OPERATIONS LEADER AND PHONE NUMBER 

SITE NAME: 

TlME 

LABORATORY NAME AND CONTACT: 
khiA ~fn /u '  A. CUL i ? ~  

ADDRESS SAMPLERS (SIGNATURE) 

I I I 
TIME , 3. RECEIVED BY DATE .TIME 

I 

3. RELINQUISHED BY DATE 

COMMENTS 

DISTRIBUT, WHITE (ACCOMPANIES SAMPLE) YELLOW (FIEL ,OPY) PINK (FILE COPY) 3/99 
FORM NO. TtNUS-001 



CHAIN OF CUSTODY I NUMBER I( - O O Z  I PAGELOF [Rl TETRA TECH NUS, INC. 

PROJECT NO. SITE NAME: PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: 
7 0 3  0 I I H  5/76 57 f ;6o~~f i :  L A ~ C J L ! P ~ F .  y- A r . b  HOIAJ , u- 

SAMPLERS (SIGNATURE) ; FIELD OPERATIONS LEADER AND'PHONE NUMBER 
12-97 (-&3'tm 

ADDRESS 

r 

STANDARD TAT [9/ 

18 hr. 72 hr. 7 day 14 day 

I 

DBY ' DATE 
I 

3. RELINQUISHED BY I DATE 
I I 

TIME 1 3. RECEIVED BY I DATE I TIME 

FORM NO. TtNUS-001 



I.I)Jj TETRA TECH NUS, INC. 

SITE NAME: 
I f f  S/T'E57 

SAXLEPS (SIGNATURE) 

CHAIN OF CUSTODY I NUMBER K-00 \ 

L 
STANDARD TAT 
RUSH TAT 
0 24 hr. 0 48 hr. 0 72 hr. 7 day 14 day 

SAMPLE ID 

PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: 
G b ( r 6 E  L AT u GI f OE f 12- ?Z\-86cdY KA~A-~+DIN 
FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

I 1 " I 1 
DATE 
5 -13-03 

DATE 
I 

3. RELINQUISHED BY DATE 

COMMENTS 

I I I I I I I I I 
TlME 

/ 900 
1. RECEIVED BY FED EK DATE TIME 

TlME 2. RECEIVED BY DATE TIME 
I I I 

TIME 3. RECEIVED BY DATE TIME 

DlSTRlBUTl WHITE (ACCOMPANIES SAMPLE) YELLOW (FIEL 3PY). PINK (FILE COPY) 3199 
FORM NO TtNUS-001 



TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER I PAGE - OF 

PROJECT NO: PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AN CONTACT: 
G~oncci L a T v u m  Y 12;921-%0q ICA~AHQIU LW,. Pucpa C O ~ B Y  

FIELD OPERATIONS LEADER  AN^ PHONE NUMBER A ~ D R E S S  

CARRIERNAYBILL NUMB1 

STANDARD  TAT^ 
RUSH TAT 

24 hr. [7 48 hr. [7 72 hr. 7 day 14 day 

SAMPLE ID 

I 1 RECEIVED BY I DATE I TIME 
I 
TlME 

1 9 0 6  
TIME 2. RECEIVED BY DATE TIME 

I 
3. RELINQUISHED BY I DATE 

1 I I 
TIME 3. RECEIVED BY DATE TIME 

FORM NO. TtNUS-001 



TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER caK I PAGE - OF 
PROJECT NO: SITE NAME: 

*02* 't ? to! ctd 'AEm 
SAMPLERS (SIGNATURE) 

PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: 
CYE~RGL L A T O \  (Pt'f- Ct \2--72\-868C( 
FIELD OPERATIONS LEADER AND PHONE NUMBER 

YWTE\L40\ 
ADDRESS 

U huh.  h~r;rrru '&nv 
f @O W. ~ R M S F A  Lf 12 -421- 033% 3 Y O  COUNTY RD -5 

CARRIERMAYBILL NUMBER CITY, STATE 

CONTAINER TYPE 
PLASTIC (P) or GLASS (G) 

PRESERVATIVE 
USED 

3 z \ \  * Z 2 \ *P-U-~ c'! s4- 

48 hr. 72 hr. 7 day 14 day 

STANDARD TC 
RUSH TAT 

24 hr. 

W [L 

2 1 TlME n*  SAMPLE ID 

L 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

I 
COMMENTS 

'f Q ~ C E S E P V E  D, z=,. r u m s f  . . 
DlSTRlBUTb. WHITE (ACCOMPANIES SAMPLE) 3/99 

FORM NO TtNUS-001 

I 
g% - 

2. RELINQUISHED BY DATE 
T f i 5 0  

1. RECEIVED BY DATE TIME 

TIME 2. RECEIVED BY DATE TIME 

TIME 3. RECEIVED BY DATE ' TIME 
I 

3. RELINQUISHED BY DATE 



17t] TETRA TECH NUS, INC. I NUMBER CHAIN OF CUSTODY I PAGE - OF 

PROJECT MANAGE AND 

FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

FPEOWPIYFL~H ~ ~ - ? 2 1 % 8 3 %  220 U C L ~ ( ~ Z  firr W A . ~  
CARRIERWAYBILL NUMBER 

PRESERVATIVE 
USED 

STANDARD TAT 
RUSH TAT 

24 hr. 8 

1 
48 hr. 72 hr. 7 day 14 day. 

SAMPLE ID 

I I I I I I I 

TlME (3% 1. RECEIVED BY DATE TIME 

TIME . 2 RECEIVED BY DATE TIME 

TIME 3. RECEIVED BY DATE TIME 3. RELINQUISHED BY DATE 

COMMENTS 

DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 3/99 I 

FORM NO TtNUS-001 



.. TETRA f ECH NUS, INC. 

PROJECT MANAGER AND PHONE NUMB R LABORATORY NAME AND CONTACT: 
cnxm ~ L ( I P P F -  ~12-?2~868~1 K A n ~ m u  AUA. & N D ( ~ I P  C ~ C D ~  

FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

PROJECT NO: 
4020 0507 
SAMPLERS (SIGNATURE) 

STANDARD T A T P  
RUSH TAT 
CI 24 hr. 48 hr. 72 hr. 7 day 14 day 

M 
0 

E 
W K 

TlME n> 

1. 
arl I .  

2. RELINQUISHED BY DATl 

I I I I I I I I I 

TIME 1. RECEIVED BY DATE TIME 
[goo FEo E)c 
TIME 2. RECEIVED BY DATE TIME 

I 

3. RELINQUISHED BY DATE 

COMMENTS 

1 I I 
TIME 3. RECEIVED BY DATE TIME 

DISTRIBUTI. WHITE (ACCOMPANIES SAMPLE) YELLOW (FIEL JPY) PINK (FILE COPY) 3199 
FORM NO TtNUS-001 



[Rl TETRA TECH NUS. INC. CHAIN OF CUSTODY I PAGE - OF 

I PROJECT MANAGER AND PHONE NUMBER 1 LABORATORY NAME AND CONTACT: _ . PROJECT NO: 
4020 0507 

SAMPLERS (SIGNATURE) 
IG60lt~k /AWLUPPEL Y 1 2 - ? 2 I - ~  bmta,cu h u ~ .  A~IQRIQ C O U W  
I FIELD OPERATIONS LEADER AND PHONE NUMBER I ADDRESS ;r 

* 

STANDARD TAT P). 
RUSH TAT 

24'hr; 48 hr. 72 hr. 7 day 14 day 

SAMPLE ID 

TIME 1 RECEIVED BY DATE TIME 
( 3c>b 
TIME 2 RECEIVED BY DATE f IME 

TIME 3 RECEIVED BY DATE TIME 3. RELINQUISHED BY DATE 
I 

COMMENTS, 
-, 

$4. 

DISTRIBUTION. WHITE (AC~QMP~$NIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 3199 
FORM NO TtNUS-001 



1 ~ 1  TETRA TECH NUS. INC. CHAIN OF CUSTODY ( NUMBER I PAGE - OF PI- 3 
PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: 
6€0&6€ I &rri&iPPF C t l l  - 971 - RcFN YCIs RfU 
FIELD OPERATImS. ~ k ~ m  hfdd PHONE NUMBER ADDRESS 

I 

PROJECT NO: I SITE NAME: 
9020-0507 1 t h ~ w  SITE 

SAMPLERS (SIGNATURE) 
5 7  

ha L d ( 7 w ~  q-{f - 72, - Re%- 220b..l&c ! 
CAR~IEWAYBILL NUMBER - CITY, STATE 

STANDARD  TAT^ 
RUSH TAT 0 

24 hr. 48 hr. 72 hr. 7 day 14 day 

'SAMPLE ID 

DATE . 
7/3b/03 

2. RELINQUISHED BY  ATE 

. . 
i 

TlME \ DATE TIME 
1 3 0 0  I 

TIME 2. RECEIVED BY DATE TIME 
I 

3. RELINQUISHED BY DATE 

COMMENTS 

I I I 
TIME 3. RECEIVED BY DATE TIME 

DISTRIBUTI, WHITE (ACCOMPANIES SAMPLE) YELLOW (FIEL 3PY). PINK (FILE COPY) 
I 

3/99 
FORM NO TtNUS-001 



@ TETRA TECH Nus. INc. I NUMBER K - 00 0( I PAGE - OF CHAIN OF CUSTODY 

SAMPLERS (SIGNATURE) 

PROJECT MANAGER AND PHONE NUMBER I LABORATORY NAME AND CONTACT: 
&EORC& LAru c I P  E 4 t t Y U  86Bt I K A T A u A I J D R \ A ~  
FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

STANDARD T A T K  
RUSH TAT 

24 hr. 48 hr. 72 fir. 7 day 14 day 

B" 
CV 
W 

2 2 TIME 
0 >- SAMPLE ID 

729 ,3m S 5 7 T ~ 0 ~ 0 0 0 7  
f 2 ~  OBsF SS7~wo2 ' to (o  7 
(29 1\00 ~ 5 7 y l l w 0 ~ 5 0 ~ 0 7  

I I 
TIM koo 1 RECEIVED BY 

F E D  E r  DATE TIME 

TIME 2 RECEIVED BY DATE TIME 
I I I 

TIME 1 3. RECEIVED BY I DATE I TIME 
I 

3. RELINQUISHED BY DATE 

FORM NO. TtNUS-001 



[RJ TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER - I PAGE - OF 

PROJECT NO: SITE NAME: 
F2o-0507 I-XHCIV 5 1 ~ 5 7  

SAMPLERS (SIGNATURE) 

2 2 J U b d h  
STANDARD T A W  

PROJECT MANAGER AND PHONE NUMBER 
6.FGQ,f L P ~ ~ Q Q ~  Lf r 7 - q a - ~ ~ j c f  
FIELD OPERATIONS LEADER AND PHONE NUMBER 

FRFO U . U w ~ f i  ~ ~ - 7 2  143838 

RUSHTATO '- 
24 hr. 48 hr. 72 hr. 7 day 14 day 

ABORATORY NAME AND CONTACT: BRW Hnus, MIC(IDSFFPS 
ADDRESS ' 

2 r n U / , ~ ~ , ~  Q, t r  W ~ Y  

W K 
2 2 1 TIME n> 

CARRIERIWAYI~ILL NUMBER CITY, STATE 

S9\2 2Wr q295 
CONTAINER TYPE 
PLASTIC (P) or GLASS (G) 

PRESERVATIVE 
USED 

SAMPLE ID 

I I I 1 1 I , 1 I 

1. RECEIVED BY 1q 03 
DATE TIME 

TIME 2. RECEIVED BY DATE TIME 
I 

3. RELINQUISHED BY DATE 

COMMENTS 

I I I 

TIME 3. RECEIVED BY DATE TIME 

DlSTRlBUTl WHITE (ACCOMPANIES SAMPLE) YELLOW (FIEL 3PY) 
-- 

PINK (FILE COPY) 3/99 
FORM NO. TtNUS-001 



TETRA TECH NUS, INC. 

PROJECT NO: 

STANDARD TAT '.> 
RUSH TAT r- 

24 hr. 48 hr. C] 72 hr. dL7 day 14 day 

5 :  1 T I E  I n *  SAMPLE ID 

PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: 
.c k m 9 ~ I _ ~  I uclf PF %\7 -Y z \-%m K A T A ~ Q I L J A ~ ~ A .  ,*+ c - ~ (  5~ 

FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

I 

1 RELINQUISHED BY- - .. - 
, 303 

2 RELINQUISHED BY DATE . 
3. RELINQUISHED BY DATE 

CONTAI~ER TYPE 
PLASTIC (P) or GLASS (G) 

PRESERVATIVE 
USED 

TIME DATE TIME 
/ 8 3 0  
TIME . 2. RECEIVED BY DATE TIME 

I I I 

TIME 3. RECEIVED BY DATE TIME 
I I 

COMMENTS***@.u~ A v A ~ > ! >  ~ U ~ C ~ - C L V M ~  d. e t @TWO P \ C U T ( ~ ~  L F M L - ~ A ~  Pfg A 
DISTRIBUTION: WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) ' . 

, Ci>&y 
319: i' 

FORM NO. TtNUS-001 



IRI TETRA TECH NUS. INC. CHAIN OF CUSTODY / NUMBER \<- q I PAGE - OF . 
PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: A F c D ~ , +  
GEO~ZLC CAT L J L ~  P P I  YIZ-W \ - TA  OW ANHCYTICP c col-gq 
FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS I 

PROJECT NO: I SITE NAME: - 

4 0 7 0  ~ ~ J U ~ I S - ~  (-\G ~a 
SAMPLERS (SIGNATURE) 

STANDARD TAT PA 
RUSH TAT 

24 hr. 48 hr. 72 hr. 7 day 14 day 

I 1 : .. 

SAMPLE ID 

L 

- 

I I I I I I I I 
1. RECEIVED BY F m  E p  DATE TIME 

TIME 2. RECEIVED BY DATE TIME 

1. R 

2. REL~QUISHED BY DATl 
I I 

TIME 1 3. RECEIVED BY 1 DATE I TIME 
I 

3. RELINQUISHED BY I DATE 
I . . 

COMMENTS 
.(SR5E A U A L Y S I ~  I(tT 'TWO ~5 OF O ) L U T [ Q ~ ) A  45 FR AUORW ~ L ~ S Y  

DISTRIBUTI. WHITE (ACCOMPANIES SAMPLE) YELLOW (FIE, .3PY) PINK (FILE COPY) 3199 
FORM NO. TtNUS-001 



~ E T R A  TECH Nus, INc. I NUMBER . - \ 0 I PAGE - OF CHAIN OF CUSTODY 

PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT: ,A@fl /k 
L -721-7090 CUT&~/&L .T/ r - R  Y 

A ~ ~ R E S S  

PROJECT NO: 1 SITE NAME: 
"t020 TMIWHFLLO 

SAMPLERS (SIGNATURE) 

PRESERVATIVE 
USED 

STANDARD TAT 
RUSH TAT ' . 

24 hr: 48 hr. 72 hr. 7 day 14 day 

2 1 TIME 
n+ 

I 
TIME 

TIME 2. RECEIVED BY DATE TIME 

TIME 3. RECEIVED BY DATE TIME 
I 

3. RELINQUISHED BY DATE 
I 

?#%%&kksrr F~NA~LYSISR)  W D ~ I L U T O . J  LFuFCS A 5  $?a 
DISTRIBUTION: WHITE (ACCOMPANIES SAMPLC YELLOW (FIELD COPY) PINK (FILE COPY) 3/99 

AUOPIA- G ~ L ~ Y  
FORM NO. TtNUS-001 



1 ~ 1  TETRA TECH NUS. INC. CHAIN OF CUSTODY I NUMBER I PAGE - OF 

PROJECT MANAGER AND PHONE NUMBER I LABORATORY NAME AND CONTACT: SITE NAME: 
L ~ p i  r - s ~  t-i F 1% ,D 

SAMPLERS (SIGNATURE) 

- - - - 

G l r ~ c c r  Ln-~occ PP c W2-YLI -709 o YLZ I C R O S ~ F P ~  ~ F C K Y  k w 1  
FIELD OPERATIONS LEADER AND PHONE NUMBER I A~DRESS - - 

P ~ o d  RAWSFR Y/L-?U-= 220 WILWA,&T w 
CARRIERNAYBILL NUMBER CITY, STATE 

A Y  

f 

STANDARD TAT 

24 hr. 48 hr. 72 hr. 7 day 14day 

W K  

2 a 1 TIME 1 
n> SAMPLE ID 

I 1- 17 0B5-P 5 5  7~ ~ , o g ~  1 ot3 
'-17 S ~ ~ G W W P D I  053 

I-IY h 5 0  5 5 7 ~ U * / v 0  10% 
I-lq i5Iq S 5 7 ~ ~ 1 1 0 1 0 8 .  
1-20 4855 S 5 7 ~ d 0 2 ~  0 I 0% 

I-& 1) 3 0  547 b~62?010!3 

I 

T1Mj4 3 0  
1. RECEIVED BY DATE TIME 

TIME 2. RECEIVED BY DATE TIME 

TIME 3. RECEIVED BY DATE TIME 

I I I 
D A z  
I / -  L 

2. KELINQUISHED BY DATl 
I 

3. RELINQUISHED BY DATE 

COMMENTS 
- 

DISTRIBUTIL . WHITE (ACCOMPANIES SAMPLE) YELLOW (FIEL APY) .  PINK (FILE COPY) 3/99 
FORM NO TINUS-001 



APPENDIX A.7 

Well Construction Diagrams 



OVERBlmm 
MONITORING WELL SEET 

Tetra Tech MIS, hc. 
FLUSH - MOUNT 

ELEVATION TOP OF RISER: 32.70 

'ROJECT SKE 57 RUT S W ~ Y  LOCATION%D~~,  k ~ h o  
'ROJECT NO. "tom BORING 5575130 27 
)ATE BEGUN 5-17-03 DATE COMPLETED 5 - ( Y - 0 3 
IELD GEOLOGIST FRED W f?kw SER 
;ROUND ELEVATION 3L86  DATUM I ~ L V O  

TYPE OF SURFACE SIAL C 0 

DRIUORI;)AYIO (JJLLFC( - 
DRILLING 
METi-m WA 
OEV~OPMENT S U R G E , & - ~ L ~  
MEMOO QUWP 

TYPE OF PROTECTIVE CASINO: 5 T E  F-E L 

I 

I RISER PIPE 1.0.: a- cd c,, 

ELEVATION/~EPTH TOP OF SEAL: 31,861 LO 
TYPE OF SEAL: ~ E U R ~ A J  L Tk5 

Ye'' CM 145 

ELEVATION/bEPTH TOP OF SAND: 30.86/ L o  

TYPE OF SAND PAW: S ~ C L C  A 5 ~ d 0  
I O / Z O  

DIAMETER Of HOLE IN  BEDROCK: u k  

ELEVATION / DOPM BOTTOM OF SCREEN: \%o 
ELEVATION / DEPTH BOllOM OF SAND: 1 g ~ b  / l4,F 
CLNATIOP(/bEPTH BOITOM OF HOLE: I $ % /  19.5 

BACKFILL MATERIAL BELOW SAND: NONE 



OVEmmDEN 
MONITORING WELL SHEET 

Tetra Tach NUS, hc. 
FLUSH - MOUNT 

'ROJECT S m  57 Qt-T STU 0~ LOCATION>D~ r m ~  k&kD DRILLER DAWO W L L F ~  
'ROJECT NO. 40- BORING S 5 7 ~ 0 0 m  DRILLING 

>3 DATE COMPLETED 5- /c/ -03 METHOD HSA )ATE BEGUN 5-19 - € 

-ELEVATION TOP OF RISER: 3k33 

- TYPE OF PROTECTIVE CASING: % E L  
BOLT VCW'U 

I.D. OF PROTECTIVE CASING: 8 " 

-- TYPE OF RISER PIPE: =+. 40 pd C- 

RISER PIPE I.D.: 2 - i u c i d  

- TYPE OF BACKFILL/SEAL. 6 - u ~ ~  
y~'' CHtQ) 

- ELEVATIONDEPTH TOP OF SAND: 30-6 / 2.0 

- ELEVATION~~EPTH TOP OF SCREEN: 28.6 1 k0 
W E  OF SCREEN: f% SC(-(, %O 
SLOT SIZE x LENGTH: .O l d( % ( O ' o 

DIAMETER OF HOLE IN BEDROCK: N A  

- ELEVATION / DEPTH BOTTOM OF SCREEN: /btb /f%o 
ELEVATION / DEPTH BOTTOM OF SAND: lg,/ / I Y . ~  

- ELNATION/DEPTH BOllOM OF HOLE: f 9, / / MY 
BACKFILL MATERIAL BELOW SAND: 



. APPENDIX A.8 

Well Development Data 



Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD Page c of 

well: 557 25 Depth to Bottom (ft.): Responsible Personnel: -W. R ~ w s d h w r  W - -+, Site: SflE 5 7  'JIminlr HE&- Static Water Level Before (ft.): - Drilling Co.: v \RO r~ 6% 
Date Installed: 5-14 -03 Static Water Level After (ft.): 6.0 4 ProjectName: 9 1 ~ -  Lj? H R t  Qi~o ' i -  S W D V  
Date Developed: 5'(*'o3 Screen Length (ft.): Project Number: Y 0 10 
Dev. Method: Wuciq, * U f C  F'LJ PI Q Specific Capacity: Ecr & 
Pump Type: LZWL Casing ID (in.): 2" 

Time Estimated Cumulative Water Level 
Sediment Water Readings 
Thickness Volume (Ft. below TOC) 

(Ft.) (Gal.) 

i6  5 0  0 ,.U 4 - *  
\ 700 - 3 r  T C  . 

Temperature 
(Degrees C) 

pH Specific 
Conducta ce 
(Units ) 

Turbidity 
(NTU) Remarks 

(odor, color, etc.) 



1-1 Tetra Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD 

Well: s57IF.1~02~ Depth to Bottom (ft.): 1 t ' Responsible Personnel: f=WO - W- R P ~ W P ~ % W E  Cd . 
Site: S\TI=, 9 7  rwtrw H E A ~  Static Water Level Before (ft.): 6 . 9  5 Drilling Co.: U \RO r~ 6% 
Date Installed: ? - I ?  -03 Static Water Level After (ft.): 6-97 . Project Name: 3 L n= c; 7 K R t  Pi c o 'i- 9w 0 t/ 
Date Developed: 7-19- 03 Screen Length (ft.): Project Number: Y 0 2-0 
Dev. Method: %amj WL@, f u mQ Specific Capacity: hr Gt 

' Pump Type: L z W c  Casing ID (in.): 2'( 

Time 

[Bib 
~ € 3 3 0  
LBYS . 
/ W o  
1qos;r + ' 30  . 197 3 70 

Estimated 
Sediment 
Thickness 

(Ft.) 
w 

- 
.-C 

- 

Cumulative 
Water 

Volume 
(Gal.) 

2a 

2F 

Water Level 
Readings 

(Ft. below TOC) 

Temperature 
(Degrees C) 

18,o 
8 ,  2 

I L L !  

pH 

7.9 \ 
549 

5% 

Specific 
Conducta ce 
(units ~ 2 -  ) 

153 
L 

I 7 8  

Turbidity 
(NTU) 

6 2 0  
380 - 
650 

Remarks 
(odor, color, etc.) 

QVWP 51trrro ~ ) p . r - ~ c , ~ C ; o  

OUT 



APPENDIX A.9 

Slug Test Data 



JOB NUMBER 

9 0 2 o  - 0507 
SUBJECT 

S L U G  T-LST ELL 5 5 7 h L J O 0 3  
BASED ON 1 DRAWING NUMBER 

BY 
K ~ R S L F  J 

APPROVED BY DATE 



TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE r OF 
I 

p%iF I JOB NUMBER 

SUBJECT 

BASED ON DRAWING NUMBER 

BY APPROVEDBY CHECKED BY DATE 



TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Indian Head Site 57 HRC Pilot Study 
Project No.: 4020-0507 
Test Type: Rising Head 

Done By: 

Checked By: Few 

W e ~ ~ ~ o r i n g  NO.: S57MW003 
Aquifer Type: unconfined 
Test Date: - . 25-Sep-03 

Radius of Well Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 1 = R  
Length of Well Screen (ft.) : 5 = L  
Time for 37% head change (min.) : 1.55 =TO / 

--I-------- 

Hydraulic Conductivity (K) : I 1.83E-031ft.lmin. I \/ 





HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

Tetra Tech MJS, he 

PROJECT NO.: . ..? .. 0.2.0.:. ..~.5*.1 ........ GEOLOGISE ..... EREQ ...... y .. R.w.E.R. .......................... 
2 .............................................. ........................... 5' / 113.94-233?~ ......................... 4 WELL DIAMETOR: SCREEN LENGM/DEPM: TEST NO.: 

: ST q-zs-03 STATIC WATER LEVEL (Depth/Elewtlon): -8.: ..................................................................... DATE: .................................. 
............................................... .......... TEST TYPE (Rlshg/Falllng/C?nstant Head): ..Re. ~ 4 1 . ~ .  ..h ............... CHECKED: 

...... ........... METHOD OF lNDUC1NG WATER LEVEL CHANGE: .?..? ..... ........................ PAGE OF 

................................................................................... REFERENCE PT. FOR HI1 MEAS. (Top of Casing. Transducer, etc.): 



InBitu Inc. 

Report generated: 
Report from file: 
DataMgr Version 

Serial number: 
Firmware Version 
Unit name: 

Test name: 

Test defined on: 
Test started on: 
Test stopped on: 
Test extracted on: N/A 

s57mw003 

MiniTroll Pro 

Data gathered using Logarithmic testing 
Maximum time between data points Minutes. 
Number of data samples: 120 

M T A L  DATA SAMPLES 120 

Channel number [1] 
Measurement type: Temperature 
Channel name: OnBoard Temp 

Channel number 121 
Measurement type: 
Channel name: 
Sensor Range: 
Specific gravity: 
Mode: 
Userdefined reference: 
Referenced on: 
Pressure head at reference: 

Date Time 

Pressure 
water level 
30 PSI. 

1 
TOC 

0 Feet ~ 2 0  
test start 

11.723 Feet H20 

Chan[l] Chan[2] 
Adjusted 

ET (min) Celsius Feet H20 ET. (min) h/ho 

Page 1 of 3 



s57mw003 

Page 2 of 3 





TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Indian Head Site 57 HRC Pilot Study 
Project No.: 4020-0507 
Test Type: Rising Head 

WeiUBoring No.: S57MW004 
Aquifer Type: unconfined 
Test Date: 25-Sep-03 

Done By: f L&'- 
Checked By: F-C 

Radius of Well Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 1 = R  
Length of Well Screen (ft.) : 9.37 = I- / 
Time for 37% head change (rnin.) : 0.23 = TO 

Equation: 
Hydraulic Conductivity (K) : 

2 x L x T o  



1 

Tetra T e d  NUS. hc. 

HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

-. 

PROJECT NO.: ..?Q.&.:.D50..7. .................. GE~OGISE ... E.%.E.~...~)...R.~.w.s~.L ........................... 
I I 

WELL DIAMEmt: ..x.: ................. SCREEN LENGTH/DEPH: ... ! . . ~ . . J . . . ~ . ~ ~ . T . ! . ~ . : ~ . ~ T E s T  NO.: ....... 1 ................ 
8 LO STATIC WATER LEVEL (Depthfievation): ....... z ......................................................................... DATE: . %~!%% ......... - 

TEST TYPE (Rlsingflallfng/Constant Head): ..\ 'I.%. ....\d.. h ............................ CHECKED: ............................................... 

METHOD OF INDUCING WATER LEVEL CHANGE: .~AE..~..L..~MC.EC> .............................. PAGE ...... OF ........... 
REFERENCE PT. FOR HI1 MEAS. (Top of Casing, Transducer. etc.): w' ....... %..%!&%%...?..%o~ ...................... 

Indlcote SWL 
Depth on Dmwhs 

ELAPSED 
T I M E  

(mln. or sec) 

0- 00 
0..0s 
0 .07% 
0-100 
c?.l'lq 
0.zW 
0 . ~ 7 6  

1 .@I 
1.75 
2-21 
3, 13 
4.18 

MEASURED 
WATER LEVEL 

(feet) 

DRAWDOWN 
OR H E A D  (AH) 

(feet) 

0.00 

3.07 
2 ' 5 7  
2. \ %  
5 
1 .  1-6 
I. D L  
0.407 
0.8~5 
0.77q 
0.701 
0.67 

ELAPSED 
T I M E  

(mln. or sac) 

5 - 2 7  
1 0 3  
S-8s 
t0.5y 
1 2 . 5 3  
l 5 . 7 q  
19.84 
"r- 

MEASURED 

(feet) 
WATER LEVEL 

0.568 
0. SOY 
0.437 
0. 563 
0 . 3 9 8  
0 .257  
0- 166 

DRAWDOWN 

(fast) 
OR H E A D  (AH: 

c 





In-Situ Inc. MiniTroll Pro 

Report generated: 
Report from file: 
DataMgr Version 

Serial number: 6213 
Firmware Version 3.06 
Unit name: GM-01 B 

Test name: S57MW004 

Test defined on: 
Test started on: 
Test stopped on: 
Test extracted on: NIA 

Data gathered using Logarithmic testing 
Maximum time between data points: Minutes. 
Number of data samples: . 123 

TOTAL DATA SAMPLES 123 

Channel number [1] 
Measurement type: 
Channel name: 

Channel number [2] 
Measurement type: 
Channel name: 
Sensor Range: 
Specific gravity: 
Mode: 
Userdefined reference: 
Referenced on: 
Pressure head at reference: 

Temperature 
OnBoard Temp 

Pressure 
water level 
30 PSI. 

1 
TOC 

0 Feet H20 
test start 

9.181 Feet H2O 

Chan[l ] Chan[2] 
Adjusted 

Date Time ET (min) Celsius Feet H20 ET. (min) hlho ho = 3.255 
-------- --------------- 

9/25/2003 14:32 0 20.05 0 
9/25/2003 14:32 0.005 20.06 -0.01 
9/25/2003 14:32 0.01 20.08 -0.01 1 
9/25/2003 14:32 0.01 5 20.08 -0.015 
9/25/2003 14:32 0.02 20.08 4.238 
9/25/2003 14:32 0.025 20.08 6.515 
9/25/2003 14:32 0.03 20.08 3.464 
9/25/2003 14:32 0.035 20.08 3.221 
9/25/2003 14:32 0.04 20.08 3.255 0 1.000 - 

. 9/25/2003 14:32 0.045 20.08 3.142 0.005 0.965 
9/25/2003 14:32 0.05 20.08 3.038 0.01 0.933 
9/25/2003 14:32 0.055 20.08 2.941 0.015 0.904 
9/25/2003 14:32 0.06 20.08 2.855 0.02 0.877 
9/25/2003 14:32 0.065 20.08 2.756 0.025 0.847 
9/25/2003 14:32 0.07 20.08 2.668 0.03 0.820 - 
9/25/2003 14:32 0.075 20.09 2.573 0.035 0.790 
9/25/2003 14:32 0.08 20.09 2.485 0.04 0.763 
9/25/2003 14:32 0.0848 20.08 2.402 0.0448 0.738 
9/25/2003 14:32 0.09 20.09 2.314 0.05 0.71 1 
9/25/2003 14:32 0.095 20.08 2.233 0.055 0.686 
9/25/2003 14:32 0.1 20.09 2.147 0.06 0.660 
9/25/2003 14:32 0.1058 20.09 2.056 0.0658 0.632 - 

Page 1 of 3 
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TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Indian Head Site 57 HRC Pilot Study 
Project No.: 4020-0507 
Test Type: Rising Head 

Radius of Well Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 1 = R  
Length of Well Screen (ft.) : 10 = L  
Time for 37% head change (min.) : 5.78 = TO I /  

Hvdraulic Conductivitv fK) : I 2.88E-041ft./min. 1 

WeWBoring NO.: S57MW011 
Aquifer Type: unconfined 
Test Date: 25-Sep-03 

Equation: 
J 
J - 





HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

Tetra Tech NUS, hc. 

~ R ~ E C T  N A M ~ ~ . Q . ~ . I . P . ~ . ~ E ~ . ~ . ~ E . ~ . ~ . ~ ~ c . ~ I ~ T . S W . I ; ! Y  WEU/~ORING NO.: %7M.!+V!.I 
PROECT NO.: .YO.XO.:D.~D.Z ....... GEOLOGIST: .E.E.ED...~.~~..RA~s.E.~ ................................. 

6 f 
................. W3-L DIAMETER: ..A .................... smm LmGTHfiEPTH: 10.~..10~.~~~d.I?~.6..!.  mr No.: .....I &!iww STATIC WAlER LEVEL (Depth/Elew tion): .............................................................................. DATE: 4~25.:03.... . 

E 

w 
ELAPSED MEASURED 

TIME 
v (mln. or eec)  

W A m  LEVEL O!R$E'O~H 
i 

(feet) (feet) 

" 
3 
5 < 

ELAPSED MEASURED DRAWDOWN 
TIME WATER LEVEL OR HEAD (AH) 

(mln. or eec.) (feet) (feet) 

TEST l W E  (Rishg/Falling/Constant Head): .R..\.bl.~.h ............................. CHECKa ............................................... 
2% I J Q ~ c P R )  4 1 p f ~ a ~ ~  ...... ........... ................................................................................ METHOD OF INDUCING WAlER LEVU. CHANGE: PAGE OF 

R ~ R ~ V C E  PT. FOR m MEAS. (TOP of casing. Transducer, etc.): ~m.~..%k..=.Q:.~o.n.fi.~: ......................... 

I I Indlcate SVK 

Depth on Drawlng 



In-Situ Inc. Min~Troll Pro 

Report generated: 
Report from file: 
DataMgr Version 

Serial number: 
Firmware Version 
Unit name: 

Test name: S57MW011 

Test defined on: 911912003 13:17:37 
Test started on: 9/25/2003 16:05:27 
Test stopped on: 9/25/2003 16:42:08 
Test extracted on: N/A 

Data gathered using Logarithmic testing 
Maximum time between data points: Minutes. 
Number of data samples: 123 

TOTAL DATA SAMPLES 

Channel number [ I ]  
Measurement type: 
Channel name: 

Channel number [2] 
Measurement type: 
Channel name: 
Sensor Range: 
Specific gravity: 
Mode: 
User-defined reference: 
Referenced on: 
Pressure head at reference: 

Date Time 

Temperature 
OnBoard Temp 

Pressure 
water level 
30 PSI. 

1 
TOC 

0 Feet H20 
test start 

11.68 Feet H20 

Chan[l] Chan[2] 
Adjusted 

ET (min) Celsius Feet H20 ET. (min) hlho 

Page 1 of 3 
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Page 3 of 3 



TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Indian Head Site 57 HRC Pilot Study 
Project No.: 4020-0507 
Test Type: Rising Head 

Done By: @* Rbv4c 
Checked By: g~Cc/ 

Radius of Well Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 1 = R  
Length of Well Screen ( f t )  : 6.35 = L J 
Time for 37% head change (rnin.) : 0.27 =TO J 

WelVBoring No.:. S57MW024 
Aquifer Type:, unconfined 
Test Date: 25-Sep-03 

Equation: 
Hydraulic Conductivity (K) : 





HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

Tetra Tech NUS, hc. 

PRoJECr N M L ~ . ~ ~ . ~ ~ ~ ~ ~ . ~ . 4 ~ P ~ m ~ . . ~ . ~ ~ . y Y Y  ........ -/ewtING NO.: ~.7rnuozr 
.... PRO= NO.: . .9.~.2.~..:..Q.5~7 ........... GEOCOGISE .Fan W.a. . .R~m~ F& ............................ 

1 t wcu D I M t m .  .a .................... s a t m  LENGrnfiwm: ./0.:./1..26~.::!.2,5~.' TESTT No.: .......................... 
6 2 0  ... ......................................................................... .......... STATIC WATER LEVEL (Depth/Elevation): ..R 

A DATE: 93!?.!?-3 
TEST TYPE (RIshg/Falllng/Constant Head): . K.!s.M.~ ................................. CHECKED: ............................................... 

...... METHOD OF INDUCING WATER LEVEL CHANGE: 2.5 .. L ~ . . . @ ~ ~ . c . ~ > . . ~ ~ . E ? . z o ? ~ ~  PAGE OF ........... 
s m ~ t - r . r o W ~ :  0-00 ................................................................................... REFERENCE PT. FOR WL MEAS. (Top of Casing, Transducer, etc.): 

ELAPSED 
TIME 

(rnln. or ssc) I (feet) I (feet) ‘ - 
ELAPSED MEASURED DRAWDOWN 

TIME WATER LEVEL OR HEAD (AH: 
(rnin. or B ~ C )  (feet) (feet) 

Indlcate SWL 
Depth on Drawlng 



In-Situ Inc. MiniTroll Pro 

Report generated: 
Report from file: 
DataMgr Version 

Serial numbec 
Firmware Version 
Unit name: 

Test name: S57MW024 

Test defined on: 911 912003 1 3: 1 8:30 
Test started on: 9/25/2003 17:30:25 
Test stopped on: 9/25/2003 17:55:49 
Test extracted on: N/A 

Data gathered using Logarithmic testing 
Maximum time between data points Minutes. 
Number of data samples: 117 

TOTAL DATA SAMPLES 117 

Channel number [1] 
Measurement type: 
Channel name: 

Channel number [2] 
Measurement type: 
Channel name: 
Sensor Range: 
Specific gravity: 
Mode: 
User-defined reference: 
Referenced on: 
Pressure head at reference: 

Date Time 

Temperature 
OnBoard Temp 

Pressure 
water level 
30 PSI. 

1 
TOC 

0 Feet H20 
test start 

5.807 Feet H20 

Chan[l] Chan[2] 
Adjusted 

ET (min) Celsius Feet H20 ET. (min) Who ho = 2.687 

Page 1 of 3 



s57mw024 

2.06 
2.02 
1.981 
1.945 
1.903 
1.859 
1.814 
1.766 
1.71 8 
1.666 
1.615 
1.561 
1.507 
1 .45l 
1.394 
1.336 
1.274 
1.213 
1.151 
1.085 
1.024 
0.96 
0.898 
0.84 
0.788 
0.741 
0.699 
0.661 
0.629 
0.603 
0.58 
0.564 
0.548 
0.534 
0.524 
0.514 
0.504 
0.498 
0.488 
0.482 
0.474 
0.468 
0.462 
0.456 
0.45 
0.444 
0.438 
0.432 
0.426 
0.422 
0.41 6 
0.41 1 
0.405 
0.399 
0.395 
0.389 
0:383 
0.377 
0.371 
0.367 

Page 2 of 3 
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TETRA-TECH NUS 

HYDRAULIC CONDUCTIVITY TEST DATA EVALUATION SHEET 
Hvorslev Method 

Project Name: Indian Head Site 57 HRC Pilot Study 
4020-0507 Project No.: 

Test ~ype:  Rising Head 

Done By: u- &'%- 

Checked By: vtd 

Radius of Well Casing (in.) : 1 = r  
Effective Radius of Well Screen (in.) : 1 = R  
Length of Well Screen (ft.) : 6.72 = L J 
Time for 37% head change (min.) : 0.26 = TO / 

Hydraulic Conductivity (K) : 

S57MW025 WelVBoring No.: 
Aquifer Type: unconfined 
Test Date: 26-Sep-03 

Equation: - 





HYDRAULIC CONDUCTIVITY 
TESTING DATA SHEET 

Tetra T& MJS, hc. 

PRO- N*uE~D~.w~w~IE~~~c-.~~QI..~Tu.o~x ......... W / e O R I N G  NO.: &I.M.~O.~ 
PROJECT NO.: .. %.o.% .. z.0.5. o.I................ GEOLOGIST: . . . E . R ~  .... U)~..R.e.~.s.~x... ........................... 

.................. ..... .... ......................... I mu D I M C ~ :  2.:: ~~~W,LD(GTH/DEPTH: .h.:.+..3.,..? -.13.3 rrsr NO.: 

STAnC w*m rn (Depth/EIevatbn): X.L..& .............................................................. D A E  .?.:~.c~z.CXS ..... 
TEST TIPE (Rising/Falllng/Constant Head): .R.LS.M.!.L~...~!.E.N ............ CHECKED: ............................................... 

2% 1-e ( S M L ~ S  METHOD OF INDUCING WATER LEVEL CHANGE: .......................................................................... PAGE ...... OF ........... 
.................. REFERENCE PT. FOR WL MEAS. (Top of casing, Transducer, etc): . ~ ~ ~ . t . . ~ . ~ b . . ~ a . c . . : . . O ~ . ~ . ~  



In-Situ Inc. MiniTroll Pro 

Report generated: 
Report from file: 
DataMgr Version 

Serial number: 
Firmware Version 
Unit name: 

Test name: 

Test defined on: 
Test started on: 
Test stopped on: 
Test extracted on: N/A 

Data gathered using Logarithmic testing 
Maximum time between data points: Minutes. 
Number of data samples: 115 

TOTAL DATA SAMPLES 115 

Channel number [I] 
Measurement type: 
Channel name: 

Channel number [2] 
Measurement type: 
Channel name: 
Sensor Range: 
Specific gravity: 
Mode: 
User-defined reference: 
Referenced on: 
Pressure head at reference: 

Temperature 
OnBoard Temp 

Pressure 
water level 
30 PSI. 

1 
TOC 

0 Feet H20 
test start 

6.057 Feet H20 

Chan[l] Chant21 
Adjusted 

Date Time 'T (min) Celsius Feet H20 ET. (min) Who ho = 2.04 
-------- -------- 

9/26/2003 8: 15 0 20.33 0 
9/26/2003 8:15 0.005 20.34 2.002 
9/26/2003 8: 1 5 0.01 . 20.34 8.575 
9/26/2003 8:15 0.015 20.34 2.141 
9/26/2003 8: 1 5 0.02 20.36 2.04 0 1.000 - 
9/26/2003 8:15 0.025 20.36 . 1.955 0.005 0.958 
9/26/2003 8: 1 5 0.03 20.36 1.891 0.01 0.927 
9/26/2003 8: 15 0.035 20.36 1.829 0.01 5 - 0.897 
9/26/2003 8: 1 5 0.04 20.36 1.785 0.02 0.875 
9/26/2003 8:15 0.045 20.36 1.74 0.025 0.853 - 
9/26/2003 8: 1 5 0.05 20.36 1.702 0.03 0.834 
9/26/2003 8: 15 0.055 20.36 1.664 0.035 0.816 
9/26/2003 8: 1 5 0.06 20.36 1.626 0.04 0.797 
9/26/2003 8:15 0.065 20.36 1.59 0.045 o .ng  
9/26/2003 8: 1 5 0.07 20.36 1.555 0.05 0.762 - 
9/26/2003 8:15 . 0.075 20.36 1.521 0.055 0.746 
9/26/2003 8: 15 0.08 20.36 1.487 0.06 . 0.729 

Page 1 of 3 
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APPENDIX A.10 

Groundwater Level Data 



I ~ b r a ~ h  NUS. lnc. GROUNDWATER LEVEL MEASUREMENT SHEET 

Weather Conditions: Rk t  0 '( Measuring Device: .m - SCO e I 
Tidally Influenced: Yes - NO - 

I I ' I  
Well or Elevation of 

P e o e t e r  1 Date I Time I Reference Point 
Number (feet). 

Remarks: I 

Total Water Level Groundwater 
Well Depth Indicator Reading Elevation 

(feet). (feet). (feet). 

Comments 

I I I 

Page - of - 
I 



APPENDIX A . l l  

Survey Data 



H:\lndian ~ e a d k i t e  57\HRC Pilot study\Survey ~ata\results HRC point distance data 



APPENDIX B 

ANALYTICAL LABORATORY DATA 



ANALYTICAL RESULTS - SOIL 
IN SlTU ANAEROBIC BlOREMEDlATlON PILOT STUDY 

SITE 57 - FORMER DRUM LOADING AREA 
NDW, IH, INDIAN HEAD, MARYLAND 

from geoso57-sam.dbf 
from geoso57-res.dbf 
from geoso57-res.As 
from q:lql-sewefindian-head~upload 



ANALYnCAL RESULTS - GROUNDWATER 

IN SlTU ANAEROBIC BlOREMEDlATlON PILOT STUDY 
SITE 57 - FORMER DRUM LOADING AREA 

NDW, IH, INDIAN HEAD, MARYLAND 

~ ~ ~p 

Inorganics, Filtered (ugll) 
IRON I I 6.06 U I I 6.06 U I I 4.8 U I 5.9 B I 4.8 U I 10 B I 6.0 B 
MANGANESE 123 102 97.2 84 98.3 93.1 93.3 

S57GWDUP0107 
GW 

S57MW0030107 
GW 

S57MW0030106-F 
GW 

S57MW0030108 
GW 

S57MW0030106 
GW 

S57GWDUPOlOB 
GW 

Volatile Organic Gases (ugll) 
ETHANE I I I I I I I I I 10 U I 10 U 
ETHENE 10 U 10 U 
METHANE I I I I I I I I I 10 U I 10 U 

lnorganics (ugll) 
IRON I 33.8 B I I 23.7 B I I 4.8 B I I 10.6 8 I 9.4 B I 10.3 B I 11.5 B 
MANGANESE 121 108 101 96.2 96.6 94.4 100 

06/19/03 

S57MW0030105 
GW 

0511 3/03 

S57MW0030104-F 
GW 

sample-dat 

sample 
matrix 

09/24/03 09/24/03 07/29/03 0611 9/03 

S57MW0030105 
GW 

0511 3/03 

S57MW0030104 
GW 

07/29/03 1 111 9/03 1 111 9/03 



ANESE 
~ics, Finered (ug/L) 

.. --- 

ANALYnCAL RESULTS - GROUNDWATER 

IN SKU ANAEROBIC BlOREMEDlATlON PILOT STUDY 
sm 57 - FORMER DRUM LOADING AREA 

NDW, IH, INDIAN HEAD, MARYLAND 

sample 
matrix 
sample-dat 

S57GWDUPO101-F 
GW 
0511 3/03 

S57MW0040104 
GW 
0511 3/03 

S57MW0040105 
GW 
06120/03 

S57GWDUP0101 
GW 
0511 3/03 

S57MW0040104-F 
GW 
0511 3/03 

S57MW0040105 
GW 
06120103 

S57MW0040106 
GW 
07/29/03 

S57MW0040106-F 
GW 
07/29/03 

S57MW0040107 
GW 
09/24/03 

S57MW0040108 
GW 
1 111 9/03 

S57MW0110104 
GW 
091 3/03 



ANALYTICAL RESULTS - GROUNDWATER 

I ETHANE I I I I 1 I I I 10 U I 1 

IN SITU ANAEROBIC BlOREMEDlATlON PILOT STUDY 
sm 57 - FORMER DRUM LOADING AREA 

NDW, IH, INDIAN HEAD, MARYLAND 

I I Y  

NGANESE 
ganics, Filtered (u&) 
)N 

sample 
matrix 
sample-dat 

S57MW0110104-F 
GW 
05/13/03 

S57MW0110105 
GW 
06/19/03 

S57MW0110105 
GW 
06/19/03 

S57MW0110106-F 
GW 
07/29/03 

S57MW0110106 
GW 
07/29/03 

S57GWDUP0106 
GW 
07/29/03 

S57GWDUP0106-F 
GW 
07/29/03 

S57MW0110107 
GW 
09/24/03 

S57MW0110108 
GW 
11/19/03 

S57MW0240104 
GW 
0 9 1  5/03 



ANALYTICAL RESULTS - GROUNDWATER 

IN S I N  ANAEROBIC BlOREMEDlATlON PILOT STUDY 
SITE 57 - FORMER DRUM LOADING AREA 

NDW, IH, INDIAN HEAD, MARYLAND 

- . . . - . . - --- 
METHANE I I I I I I I 3500 I 

lnorganics (ugL) 
IRON I 1 38800 1 I 185000 I 1 152000 1 139000 1 29900 1 1 63900 1 62800 
MANGANESE I 7220 I 1 13600 1 I 8070 I 5280 I 596 I 1 793 I 776 
Inorganics. Filtered (ugL) 
IRON I 2340 I I 38200 I I 180000 1 153000 1 136000 1 I 31100 I I 
MANGANESE 173 7110 13700 I 8180 I 5220 I 557 
Miscellaneous Parameters (m! 

sample 
matrix 
sample-dat 

S57MW0240105 
GW 
W20103 

S57MW0240104-F 
GW 
0511 5/03 

S57MW0240105 
GW 
06/20/03 

S57MW0240106 
GW 
07/30/03 

S57MW0240106-F 
GW 
07/30/03 

S57MW0240107 
GW 
09/25/03 

S57MW0240108 
GW 
1 1 /20/03 

S57MW0250104 
GW 
0511 5/03 

S57MW0250104-F 
GW 
0511 5/03 

S57MW0250105 
GW 
OW1 9/03 

S57GWDUP0105 
GW 
06/19/03 



1,2-DICHLOROPROPANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 

ANALYnCAL RESULTS - GROUNDWATER 

IN SlTU ANAEROBIC BlOREMEDlATlON PILOT STUDY 
SITE 57 - FORMER DRUM LOADING AREA 

NDW, IH, INDIAN HEAD, MARYLAND 

sample S57MW0250105 S57GWDUP0105 S57MW0250106 S57MW0250106-F S57MW0250107 S57MW0250108 
matnx GW GW GW GW GW GW 
sample-dat 06/19/03 06/19/03 07/30/03 07/30/03 09/25/03 1 1 /20/03 

Volatile Organic Gases (ugiL) 
ETHANE I I I I I I 150 
ETHENE 330 
METHANE I I I I I I 2300 

lnorganics (ugR) 
IRON I I I 76500 I 1 159000 1 74000 
MANGANESE I 864 1 I 1610 I 1020 

Inorganics, Filtered (u&) 
IRON I 62000 I 62800 I I 74500 I l6OOOO 1 75400 
MANGANESE 762 772 840 I 1630 I 1040 

Miscellaneous Parameters (m*) . 

SULFIDE I I I 1 U I I 1.OU 1 0.25 J 
TOTAL ORGANIC CARBON 100 I 110 I 53 

ACETIC ACID 
ALKALINITY 
BUTANOIC ACID 
CARBON DIOXIDE (ugh-) 
CHLORIDE 
LACTIC ACID 
NITRATF ......... - 
NITRATE-N 
NITRITE 
NITRITE-N 
ORTHOPHOSPHATE 
PROPIONIC ACID 
PYRUVIC ACID 
SI  II FATF  

65 
110 
68 

160000 
26 

25 U 
I n i  11 , - 

0.1 U 

0.05 U 
120 

10 U 
I I1 

110 
100 L 

27 
240000 

140 
41 

0.0168 J 

0.091 J 
0.26 
42 

1.2 J 
3 

48 
90 L 

7.6 
160000 

44 
25 U 

0.05 J 

0.02 J 
0.02 J 

18 
10 U 

0 I 



APPENDIX C 

FIELD INSTALLATION PHOTOGRAPHS 



Photo 1

Site 57 pilot study area.  Building 292 in background with 
monitoring wells MW003 and MW004 in front of building.

Photo 2

Monitoring wells MW003 and MW004.



Photo 3

Mobile drilling equipment and HRC drilling/installation 
equipment.

Photo 4

Boring for monitoring well.



Photo 5

Installed monitoring well riser.

Photo 6

Flush mounted monitoring well.



Photo 7

Tank for heating HRC®

Photo 8

Feed hopper for positive-displacement pump.



Photo 9

Pouring heated HRC® into feed hopper.

Photo 10

Interior of feed hopper.



Photo 11

Positioning direct-push rig over injection point.

Photo 12

Positioning injection rod over injection point.



Photo 13

Pushing injection rod into subsurface.

Photo 14

Installed injection rod.



Photo 15

Injection point fittings for hose from pump.

Photo 16

Pumping HRC® through injection rod.



Photo 17

Extracting injection rod as HRC® is pumped into the subsurface.

Photo 18

Decontamination pad.



Photo 19

Pilot study area following installation of new monitoring 
wells and HRC®.
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