
 
 

N61165.AR.005006
CNC CHARLESTON

5090.3a
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SITE ASSESSMENT PLAN UNDERGROUND STORAGE TANK (UST) FOR ZONE F CNC
CHARLESTON SC

03/01/1999
TETRA TECH INC



ITNUS/T AL-99-023 

SITE ASSESSMENT PLAN 
ZONE F- UST 

Charleston Naval Complex 
Charleston, South Carolina 

Southern Division 
Naval Facilities Engineering Command 

Contract Number N62467-94-D-0888 
Contract Task Order CT0-0097 

March 1999 



SITE ASSESSMENT PLAN 
ZONE F- UST 

CHARLESTON NAVAL COMPLEX 
CHARLESTON, SOUTH CAROLINA 

Submitted to: 
Southern Division 

Naval Facilities Engineering Command 
2155 Eagle Drive 

North Charleston, South Carolina 29406 

Submitted by: 
Tetra Tech NUS, Inc. 
661 Anderson Drive 

Foster Plaza 7 
Pittsburgh, Pennsylvania 15220 

CONTRACT NUMBER N62467-94-D-0888 
CONTRACT TASK ORDER 0097 

MARCH 1999 

TTNUS/TAL-99-023 

PREPARED UNDER THE SUPERVISION OF: APPROVED FOR SUBMITTAL BY: 

PAUL E. CALLIGAN, 
TASK ORDER MANAGER 
TETRA TECH NUS, INC. 
TALLAHASSEE, FLORIDA 

~w~ 
DEBBIE WROBLEWSKI 
PROGRAM MANAGER 
TETRA TECH NUS, INC. 
PITTSBURGH, PENNSYLVANIA 



3/31/99 

TABLE OF CONTENTS 

SECTION 

1.0 INTRODUCTION .......•............................•.......••.......................................•............•..............•........ 1-1 
1.1 GENERAL SITE DESCRIPTION ................................................................................ 1-1 
1.2 OBJECTIVE ................................................................................................................ 1-1 

2.0 SITE DESCRIPTION ........•.............•.....................................•........................•..............•............... 2-1 

3.0 TANK CLOSURE ASSESSMENTS •.•..........•............................•...................•........••.................... 3-1 

4.0 SCOPE OF PROPOSED ASSESSMENTS .....................................................................•............ 4-1 
4.1 SOIL INVESTIGATION ............................................................................................... 4-1 
4.2 GROUNDWATER FIELD SCREENING FOR BTEX AND DIESEL RANGE 

ORGANICS (ORO) AND PIEZOMETER INSTALLATIONS ....................................... 4-3 
4.3 GROUNDWATER INVESTIGATION .......................................................................... 4-3 
4.3.1 Monitoring Well Installation ......................................................................................... 4-3 
4.3.2 Permanent Piezometer Installation ............................................................................. 4-6 
4.3.3 Groundwater Sampling ............................................................................................... 4-6 
4.3.4 Groundwater Level Measurements ............................................................................ 4-7 
4.4 AQUIFER TESTS ....................................................................................................... 4-9 
4.5 EQUIPMENT DECONTAMINATION .......................................................................... 4-9 
4.5.1 Major Equipment ........................................................................................................ 4-9 
4.5.2 Sampling Equipment. ................................................................................................ 4-10 
4.6 WASTE HANDLING ................................................................................................. 4-10 
4.7 SAMPLE HANDLING ............................................................................................... 4-10 
4.8 SOIL BORING, MONITORING WELL, AND SAMPLING IDENTIFICATION ........... 4-13 
4.8.1 Base and Site Designations ..................................................................................... 4-13 
4.8.2 Soil Boring Identification ........................................................................................... 4-13 
4.8.3 Piezometer and Monitoring Well Identification ......................................................... 4-13 
4.8.4 Soil and Groundwater Sample Identification ............................................................ 4-13 
4.9 SAMPLE PACKAGING AND SHIPPING .................................................................. 4-15 
4.10 SAMPLE CUSTODY ................................................................................................ 4-15 
4.11 QUALITY CONTROL (QC) SAMPLES ..................................................................... 4-16 
4.12 FIELD MEASUREMENTS ........................................................................................ 4-17 
4.12.1 Parameters ............................................................................................................... 4-17 
4.12.2 Equipment Calibration .............................................................................................. 4-17 
4.12.3 Equipment Maintenance ........................................................................................... 4-18 
4.13 FIELD QAJQC PROGRAM ....................................................................................... 4-18 
4.13.1 Control Parameters .................................................................................................. 4-18 
4.13.2 Controllimits ............................................................................................................ 4-18 
4.13.3 Corrective Actions .................................................................................................... 4-18 
4.14 RECORD KEEPING ................................................................................................. 4-19 
4.15 SITE MANAGEMENT AND BASE SUPPORT ......................................................... 4-20 
4.15.1 Support From SouthDiv and CNC ............................................................................ 4-21 
4.15.2 Support From TtNUS ................................................................................................ 4-21 
4.15.3 Contingency Plan ..................................................................................................... 4-22 

TINUS/T AL-99-023/0219/2.2 ii CT00097 



3/31/99 

TABLE OF CONTENTS 

5.0 PROPOSED LABORATORY ANALYSIS .................................................................................... 5-1 
5.1 SOIL INVESTIGATION ............................................................................................... 5-1 
5.2 GROUNDWATER INVESTIGATION .......................................................................... 5-1 

6.0 PROPOSED SCHEDULE •............................................................................................................ 6-1 

7.0 REPORT ....................................................................................................................................... 7-1 

8.0 REFERENCES ................................................................................................................•...........• 8-1 

APPENDICES 

A SDHEC RAPID ASSESSMENT PLAN DOCUMENTATION 

B TETRA TECH NUS STANDARD OPERATING PROCEDURES AND STANDARD FIELD 
FORMS 

TINUSrrAL-99-023/0219/2.2 iii CTO 0097 



3/31/99 

TABLES 

NUMBER 

4-1 Environmental Sample Summary/Investigative Derived Waste (IDW) 
Characterization Analyses .••..................................................................•................•.................. 4-8 

4-2 Summary of Analysis, Bottleware Requirements, Preservation Requirements, 
and Holding Times ..................................................................................•................................. 4-11 

4-3 Quality Control Sample Frequency ......................................................................................... 4-16 
4-4 Field QA/QC Specifications •.•.............•.....................•...................•....................................•..... 4-19 

FIGURES 

NUMBER 

1-1 Facility Location Map ................................................................................................................. 1-2 
4-1 Typical Shallow Monitoring Well Construction Detail ............................................................ 4-5 

TTNUSfT AL-99-023/0219/2.2 iv CT00097 



3/31/99 

1.0 INTRODUCTION 

Tetra Tech NUS, Inc. (TtNUS) has prepared this Site Assessment Plan (SAP) for Zone F at the 

Charleston Naval Complex, Charleston, South Carolina. This SAP was prepared for the U.S. Navy (Navy) 

Southern Division (SouthDiv) Naval Facilities Engineering Command (NAVFAC) under Contract Task 

Order (CTO) 0097, for the Comprehensive Long-term Environmental Action Navy (CLEAN Ill) Contract 

Number N62467-94-D-0888. 

The SAP provides the rationale for performing field activities associated with collecting data to evaluate 

the impact of petroleum products on the subsurface at the referenced site. Data collected during the 

investigations will be used to prepare Rapid Assessment Reports (RAR) in accordance with South 

Carolina Department of Health and Environmental Control (SDHEC) Underground Storage Tank Control 

Regulations R.61-92. In accordance with SCDHEC's June 1995 guidance document, "Rapid 

Assessment", TtNUS has prepared a Rapid Assessment Plan (RAP) for each site included in this 

investigation. The RAPs are provided in Appendix A. 

1.1 GENERAL SITE DESCRIPTION 

The Charleston Naval Complex (CNC) is located on the western shore of the Cooper River in Charleston 

County, about five miles north of the city of Charleston, South Carolina. The CNC comprises 

approximately 2,879 acres. All Naval commands at CNC are closed. Operational closure of the 

commands was completed on April 1, 1996. A facility location map is provided as Figure 1-1. 

1.2 OBJECTIVE 

As indicated in the Statement of Work (SOW), the objective of this investigation is to determine the extent 

of petroleum contamination and assess if further action is required to remediate the sites. The results of 

the investigation will be submitted in a Rapid Assessment Report (RAR) for each site. If the RAR 

concludes that active remediation is required, an Active Corrective Action Plan will be prepared. An 

Intrinsic Corrective Action Plan recommending "monitoring only" or "no further action" will be submitted if 

the RAR concludes that active remediation is not required. 

TINUSfTAL-99-023/0219/2.1 1-1 CTO 0097 
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2.0 SITE DESCRIPTION 

The Naval facilities that comprised the former base are located on the western bank of the Cooper River. 

The topography at CNC, which is generally flat, consists of average land surface elevations of less than 5 

feet above mean sea level. Much of the base is situated on dredge spoils that were used as fill in low 

lying tidal marsh areas. Commercial, industrial, and residential areas surround the complex. Due to its 

location on the river's edge, it is also surrounded by diverse ecosystems. There are many wetlands and 

tidal marsh areas with a great variety of aquatic life as well as plants, birds, and animals. 

All surface drainage flows directly into the Cooper River. The water table occurs within 3 to 6 feet of the 

ground surface. The shallow aquifers are very low yield and are not a practical source of drinking water 

due to the high levels of dissolved solids and chlorides. However, one of the shallow aquifers is used as 

an industrial water source. The shallow aquifers in the vicinity of the CNC drain to the Cooper River. 

Pathways exist for contaminants to migrate via surface water runoff and via infiltration into the shallow 

aquifer to sensitive ecosystems downstream. 

TTNUSffAL-99-023/0219/2.1 2-1 CTO 0097 
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3.0 TANK CLOSURE ASSESSMENTS 

Zone F is predominantly an industrial area located in the central portion of CNC. Approximately nineteen 

underground and aboveground storage tanks were permanently closed at CNC Zone F. These tanks 

were used to store gasoline, diesel, heating fuel, and waste oil products. Tank Closure Assessment 

Reports for all 19 tanks have been submitted to the South Carolina Department of Health and 

Environmental Control (SCDHEC). All 19 tanks were either removed, cleaned, and disposed, or cleaned 

and abandoned in place. Associated piping was removed and disposed or cleaned and capped where 

removal was not feasible. As a result of these tank closure activities, petroleum contamination was 

discovered at approximately seven tank locations within CNC Zone F. These seven underground storage 

tank (UST) locations will require additional investigation. Three of the USTs (10551-1, 10551-2 and 

10551-3) are located in close proximity and will be investigated as a single site. 

In addition to the five sites identified above, a Tier II investigation is required for Facility 1346. Facility 

1346 is the location of eleven USTs. Only three of these are still in service - the other USTs have been 

abandoned in place. All of these tanks have reportedly been used to store gasoline. In addition to the 

eleven USTs, ten fuel dispensers and a significant amount of associated piping are present at this site. 

Six risk-based Rapid Assessments (five Tier I Assessments and one Tier II Assessment) will be 

performed within CNC Zone F to determine the extent of petroleum contamination and evaluate each site 

for corrective action. The sites are as follows: 

Site 20 

Site 21 

Site 22 

Site 23 

Site 24 

Site 25 

UST 240 

UST 241 

UST 242 

UST 1175-1, 1175-2, 1175-3 

UST NS1346 

UST Suite 1: 1346-D, 1346-E, 1346-F, 1346-G, 1346-H 

UST Suite 2: 1346-A, 1346-B, 1346-C 

UST Suite 3: 1346-1, 1346-J, 1346-K 

As per SCDHEC requirements, Rapid Assessment Plans (RAP) have been prepared for these six sites 

and are included in Appendix A 
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4.0 SCOPE OF PROPOSED ASSESSMENTS 

The proposed scope of work for assessment activities will take place in two phases. The first phase 

(Phase 1) will consist of performing a soil and groundwater assessment using direct push technology 

(DPT), such as a geoprobe, to install soil borings. This technique will be used to delineate the horizontal 

and vertical extent of vadose zone soil contamination. In conjunction with the DPT soil boring installation, 

Organic Vapor Analyzer (OVA) screening will be performed on the soil samples and a mobile laboratory 

will be utilized to screen soil and groundwater samples for benzene, toluene, ethyl-benzene, xylenes 

(BTEX), and Diesel Range Organics (ORO). The soil and groundwater data will be used to determine the 

optimum location and number of permanent monitoring wells. Three soil borings at each site will be 

converted to piezometers where necessary to determine groundwater flow direction. The piezometers will 

be field surveyed to obtain relative top of casing (TOC) elevations. Data collected from the piezometers 

will aid in the placement of permanent monitoring wells. Additionally, some piezometers may be used to 

provide source area groundwater data at those sites where utilities prevent the installation of a 

conventional monitoring well. 

The second phase (Phase 2) will involve permanent well installation, sampling and surveying of monitoring 

wells, pump tests and tidal studies. The placement of the monitoring wells will be based on ground water 

flow gradients and water quality data collected during the Phase 1 field investigation. If any existing site 

monitoring wells are screened in the surficial aquifer, groundwater from these wells will also be sampled 

during Phase 2. Specific capacity tests will be performed on three shallow monitoring wells, and a tidal 

survey will be conducted to measure tidal influence on the water table at the site locality. 

In accordance with the "Rapid Assessment" guidance, a South Carolina registered surveyor will survey 

each site after the Phase II investigation activities have been completed. The survey will include: the 

locations of all structures, aboveground and underground utilities, potential receptors, and existing or 

former underground storage tanks and associated piping. 

4.1 SOIL INVESTIGATION 

The soil vapor assessment will be conducted using DPT. This method of drilling is preferred due to the 

subsurface lithology, which is predominantly silts and silty sands, the presence of a shallow water table, 

and to minimize the amount of investigation derived waste generated during boring activities. The 

rationale for soil boring locations will be based on the results of the tank closure reports for each site. 
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Soil samples will be collected continuously from the ground surface to the water table. Soil samples will 

be collected using either a 2-foot or 4-foot sampler with plastic liners. Vadose zone soils will be screened 

for vapors with an OVA, using the headspace analysis method. The soil borings will be advanced until the 

water table is encountered. It is anticipated that groundwater will be encountered within 3 to 6 feet of the 

ground surface. Prior to beginning each bore hole, the drilling crew will hand auger or post hole from the 

surface to four feet bls to ensure that no underground utilities are present. Soil borings will initially be 

advanced on a 10 by 1 0-foot grid until the areal extent of soil contamination is determined. An average of 

20 soil borings per site is anticipated. One soil boring from each site will be advanced to a depth of 

approximately 30 feet bls to characterize the site geology. Soil samples for lithologic description will be 

collected continuously from this boring to determine if a confining unit is present at the site. The number 

and spacing of the soil borings will be adjusted in the field as necessary based on field screening data and 

site conditions. 

Each soil boring will be abandoned by grouting the annulus to land surface with Type 1 Portland Cement. 

Boring locations drilled through asphalt or concrete will be completed with similar material and finished 

flush to existing grade. All soil samples obtained from the borehole will be screened with an OVA and 

then used for lithologic and/or chemical analysis as described in Section 5.1 of this plan. 

A lithologic description will be made of each sample collected. The site geologist will maintain a 

completed log of each boring in accordance with Standard Operating Procedure (SOP) GH 1.5 included in 

Appendix B. At a minimum, the boring log will contain the following information: 

• Sample Numbers and Types 

• Sample Depths 

• Sample Recovery/Sample Interval 

• Soil Density or Cohesiveness 

• Soil Color 

• Unified Soil Classification System (USCS) Material Description 

In addition; depths of changes in lithology, sample moisture observations, depth to water, OVA readings, 

drilling methods, and total depth of each borehole should be included on each log, as well as any other 

pertinent observations. 

TINUSfT AL-99-023/0219/2.1 4-2 CT00097 



3/31/99 

4.2 GROUNDWATER FIELD SCREENING FOR BTEX AND DIESEL RANGE ORGANICS (ORO) 

AND PIEZOMETER INSTALLATIONS 

During the Phase 1 soil vapor survey, a groundwater sample will be collected from the termination of each 

soil boring for on-site analysis. The samples will be collected using a peristaltic pump. The samples will 

be placed into appropriate sample bottles and immediately analyzed for BTEX and ORO constituents 

using a mobile laboratory equipped with a gas chromatograph (GC). The OPT method of collecting 

groundwater samples is the preferred method for field screening groundwater because many groundwater 

samples can be collected over a short period of time without installing temporary and/or permanent 

monitoring wells. 

At each site, three borings installed during the soil vapor survey will be converted into piezometers and 

completed with a screened monitoring interval that intersects the water table. Relative groundwater 

elevations will be determined from static water level measurements collected from the piezometers. The 

groundwater elevation data will be used to determine the groundwater flow direction across the site. The 

locations of the piezometers will be determined in the field. 

The results from the preliminary investigation will be tabulated and plotted. The summarized data will be 

sent to the Navy and SCDHEC for review. After the data has been reviewed, a conference call will be 

scheduled to discuss the preliminary data and reach consensus on the optimum number and placement of 

permanent monitoring wells. 

4.3 GROUNDWATER INVESTIGATION 

Monitoring wells will be installed at each site to delineate the horizontal and vertical extent of dissolved 

hydrocarbons. The installation of the monitoring wells will be completed during the Phase 2 field 

investigation. The proposed monitoring well locations will be determined based on field screening data 

obtained during the OPT investigation and the groundwater flow gradient across the site. The Navy and 

SCDHEC will be contacted to discuss the locations of the proposed monitoring wells prior to mobilizing for 

Phase 2 activities. The anticipated number of monitoring wells required for each site are included in the 

Rapid Assessment Plans provided in Appendix A. 

4.3.1 Monitoring Well Installation 

All permanent monitoring wells will be installed in accordance with the South Carolina Well Standards and 

Regulations, as well as the Monitoring Well Design, Installation, Construction and Development Guidelines 

TTNUS/T AL-99-023/0219/2.1 4-3 CT00097 
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(March 27, 1997) provided by SOUTHDIV. Permanent shallow monitoring wells will be installed using 

hollow stem auger drilling techniques. Vertical extent wells will be installed using a combination of hollow 

stem auger and mud rotary drilling methods. These wells will be used to monitor water quality and 

evaluate the horizontal and vertical extent of contamination. Monitoring wells will be constructed of 2-inch 

inside diameter (10), Schedule 40, flush-joint PVC riser and flush-joint factory slotted well screen. Each 

section of casing and screen shall be National Sanitation Foundation (NSF) approved. The screen slot 

size shall be 0.01 inch. Shallow monitoring wells will be constructed with a 10 foot screened interval 

positioned with approximately 4 feet of screen above the water table. The vertical extent monitoring wells 

will be constructed with a 5 foot screened interval positioned approximately 15 to 20 feet below the bottom 

of the shallow wells. Vertical extent monitoring wells will only be installed at those sites where 

groundwater screening data indicate the presence of petroleum contamination. 

Pilot borings for each monitoring well will be at least 6-inches in diameter to accommodate the monitoring 

well, filter pack, and seal. After the pilot borings are advanced to the desired depth, the monitoring well 

will be installed through the augers. Clean silica sand of U.S. Standard Sieve Size No. 20/30 will be 

installed into the boring annulus around the well screen using tremie pipe as the augers are withdrawn 

from the boring. This filter pack will be set from the bottom of the hole to approximately 1-foot above the 

top of the well screen. At shallow monitoring well locations, the seal will be comprised of a U.S. Standard 

Sieve Size No. 30/65 silica sand. The seal for vertical extent monitoring wells will be composed of 

bentonite pellets. The thickness of all seals will be 0.5 to 1 foot and the bentonite seal will be allowed to 

hydrate prior to completing the monitoring well. The remainder of the boring anulus will be backfilled with 

a Type I Portland cement/bentonite grout. The depths of all backfill materials will be constantly monitored 

during the well installation process by means of a weighted stainless steel or fiberglass tape. The position 

of the top of the screen interval, sand pack and bentonite seal may be adjusted as site conditions warrant 

(elevated water table, etc.) 

Flush mounted steel well covers and manholes will be installed around each monitoring well. The 

manhole will consist of flush mounted 22-gauge steel, water resistant, welded box with 3/8-inch steel lid. 

A 2-foot by 2-foot by 6-inch thick concrete apron will be constructed around the manhole. The manhole 

shall be completed 1 inch above existing grade and the apron tapered to be flush with the existing grade 

at the edges such that water will run off of the apron. A detail of a typical flush-mounted well is provided 

as Figure 4-1. All locks supplied for the wells will be keyed alike. 

Once monitoring well installation has been completed; the ground surface, the top of casing (TOC), 

structures, and other pertinent site features will be surveyed for location and elevation. Monitoring well 

TOC and ground surface will be measured within 0.01-foot vertical accuracy using datum points as 

TINUSfT AL-99-023/0219/2.1 4-4 CT00097 
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discussed previously in Section 4.0. A monitoring well construction diagram will be completed for each 

well installed. A sample of the monitoring well construction form is provided in Appendix B. Each 

monitoring well will be developed no sooner than 24 hours after installation to remove fine material from 

around the monitored interval of the well. Wells will be developed using a pumping method approved by 

the field geologist. All wells will be developed for up to one hour until development water is free of 

sediment and visibly clear. If necessary development will continue until a maximum of 10 well volumes 

have been removed. 

For deeper monitoring well installations that will potentially pass through contaminated zones or confining 

layers, an outer casing will be installed to prevent cross contamination of deeper aquifers. The outer 

casing will be installed using hollow stem auger drilling techniques to advance the boring through the 

surficial aquifer. Upon completion of the boring the casing will be set to the desired depth and the annular 

space tremie grouted from total depth to the surface. After allowing the grout to cure for a minimum of 24 

hours, the mud rotary drilling method will be used to drill through the outer casing to install the inner casing 

to the desired depth of the well. Deep monitoring well construction details will be similar to shallow wells 

except that the deep wells will be completed with a screened interval of 5 feet. 

4.3.2 Permanent Piezometer Installation 

Permanent piezometers will be constructed with 1.25-inch ID schedule 40 PVC riser and 10 feet of 0.01-

inch slotted screen. Each screened section will be pre-packed with a 20/30 silica sand filter pack. This 

filter pack will extend a minimum of 2 feet above the screened section. A fine sand seal will be placed 

above the filter pack and the remaining borehole annulus will be grouted to the surface. A surface 

completion similar to the permanent monitoring well completions described above will be placed on each 

permanent piezometer. No surface completions will be placed on piezometers located outside of 

suspected source areas. 

Permanent piezometers will be developed, purged, and sampled using the exact same methods described 

in Section 4.3.1. 

4.3.3 Groundwater Sampling 

Groundwater samples will be obtained from the newly installed monitoring wells, any previously existing 

monitoring wells with screened intervals within the surficial aquifer, and from piezometers where 

necessary. All monitoring wells will be sampled in accordance with SCDHEC's January 1998 guidance 

document "South Carolina Risk-Based Corrective Action for Petroleum Releases". Prior to obtaining 
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groundwater samples, groundwater levels, product thickness, and total well depths will be measured. The 

presence and thickness of product will be determined with a clear bailer or an oil water interface probe. 

No samples will be collected from a well that exhibits measurable free product. 

Immediately prior to groundwater sampling, each monitoring the well will be purged with a peristaltic pump 

using the low flow quiescent purging technique. A total of three to five well volumes will be purged from 

each well. If a monitoring well is purged dry before three well volumes have been removed, the water 

level in the well will be allowed to recover at least 80 percent prior to sample collection. 

All groundwater samples, except volatiles, will be obtained with a peristaltic pump. Volatiles will be 

collected using the "gravity flow" method (directly from tubing using thumb or finger to hold the water in the 

tubing). The samples will be transferred directly into the appropriate (pre-preserved) sample bottles for 

analysis. Samples to be analyzed for volatile constituents shall be taken first and immediately sealed in a 

vial so that no headspace exists. The sample constituents to be analyzed are summarized in Table 4-1. 

Groundwater samples will also be collected from three select monitoring wells per site for field screening 

for dissolved oxygen and ferrous iron, and laboratory analysis for nitrate, sulfate, and methane. These 

parameters will be used to evaluate the sites potential for natural attenuation (intrinsic bioremediation). 

All pertinent field and sampling data shall be recorded using a groundwater sample form, attached in 

Appendix B. 

4.3.4 Groundwater Level Measurements 

Synoptic water level measurements will be taken from all monitoring wells at each site. Static water level 

measurements will be measured from the northern rim of the top of the PVC riser pipe using an electronic 

water level indicator. The newly installed wells shall be notched or marked so that the same point will be 

referenced for all measurements. The depth to water will be measured to the nearest 0.01 foot below the 

top of the PVC riser pipe. Three consecutive water level readings will be recorded from the well to the 

nearest 0.01-foot to assure an accurate water level is recorded. Water level measurements will be 

recorded to the nearest 0.01-foot in the appropriate field logbook. 
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TABLE 4-1 

FIELD INVESTIGATION 
ENVIRONMENTAL SAMPLE SUMMARY/INVESTIGATIVE DERIVED WASTE (IDW) 

CHARACTERIZATION AND ANALYSES 
CHARLESTON NAVAL COMPLEX, ZONE F 

CHARLESTON, SOUTH CAROLINA 

Analyte Proposed Env. IDW Duplicates 
Method (1) Samples Samples 

(3) (4) 

GROUNDWATER 
BTEX, EDB, MTBE & SW-846 8260B 102 6 6 
Naphthalene 
PAH SW-846 8270C 102 6 6 
Lead EPA 200.7 40 2 2 
TAL Metals (except SW-846 6010B 28 2 2 
mercury) Trace ICP 
Mercury SW-846 7471 28 2 2 
Sulfate EPA375.3 18 0 0 
Nitrate EPA352.1 18 0 0 
Dissolved Methane RSKSOPs 18 0 0 

147 and 175 

SOIL 
BTEX, EDB, MTBE & SW-846 8260B 42 6 6 
Naphthalene 
PAH SW-846 8270C 42 6 6 
Lead EPA 200.7 7 2 2 
TAL Metals (except SW-846 6010B 14 2 2 
mercury) Trace ICP 
Mercury SW-846 7471 14 2 2 
TPH SW-846 9071A 22 2 3 
FOC ASTM 297 4-87 6 0 0 
TOC EPA415.1 6 0 0 
Grain ASTM D422 12 0 0 
size/Hydrometer 
Encore Samplers SW-846 9071A 168 0 0 

BTEX- benzene, ethyl benzene, toluene, and total xylenes 
EDB - ethlyene dibromide 
MTBE - methyl tert butyl ether 
PAH - polynuclear aromatic hydrocarbons 
TPH - total petroleum hydrocarbons 
FOC - fraction organic carbon 
TOC - total organic carbon 

Rinsate 
Blanks 

(Aqueous) 

6 

6 
2 
2 

2 
0 
0 
0 

6 

6 
2 
2 

2 
2 
0 
0 
0 

0 

Field Trip 
Blank Blanks 

(Aqueous) (Aqueous) 

6 12 

6 0 
2 0 
2 0 

2 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
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Total 
Samples 

138 

126 
48 
36 

36 
18 
18 
18 

60 

60 
13 
20 

20 
29 
6 
6 
12 

168 

(1) Methods referenced reflect SCDHEC requirements set forth in Tables 3 and 4 of the reference document 
"Analytical Methodology for Groundwater and Soil Assessment Guidelines." Methods further referenced in 
Table 1 of the SCDHEC Rapid Assessment guidelines. 

(2) Environmental sample numbers are based on collecting one complete round of groundwater samples from all 
six sites and a second round of sampling at four sites. 

(4) IDW sample numbers based upon collection of one composite soil sample and one composite liquid sample for 
every 10 drums of material produced from the six sites. 

All analyses are analyzed using standard 30-day laboratory turn around time. 
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4.4 AQUIFER TESTS 

TtNUS will perform a specific capacity pumping test on selected shallow monitoring wells within Zone F. 

Each specific capacity test will be performed by pumping the well at a constant rate and measuring 

drawdown in the pumping well until the drawdown has stabilized. Static water levels in the pumped well 

will be measured using an electronic data logger. Specific capacity of the aquifer will be calculated from 

the test data and the aquifer transmissivity value estimated using methodology described by Kasenow and 

Pare, 1995. A hydraulic conductivity value will be estimated based on the aquifer transmissivity value and 

estimated aquifer thickness. 

A tidal influence survey will also be conducted to assess if tidal fluctuations are apparent in the study area. 

Static water levels will be measured in three selected wells within the study area during a 24-hour period 

(or one complete tide cycle) using an electronic data logger. 

4.5 EQUIPMENT DECONTAMINATION 

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and 

sampling activities. This equipment includes drill rigs, downhole tools, augers, well casing and screens, 

and soil and water sampling equipment. 

4.5.1 Major Equipment 

All downhole drilling equipment used in the construction and sampling of permanent monitoring wells, 

including downhole drill and sampling tools shall be steam cleaned. Equipment shall be cleaned prior to 

beginning work, between boreholes, any time the drill rig leaves the drill site before completing a boring, 

and at the conclusion of the drill program. 

These decontamination operations will consist of washing equipment using a high-pressure steam wash 

from a potable water supply and Alconox. Then the equipment will be rinsed with tap water. All 

decontamination activities will take place at a predetermined location. Additional requirements for drilling 

equipment decontamination can be found in SOP SA-7.1 included in Appendix B. 
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4.5.2 Sampling Equipment 

All equipment such as trowels, bailers, and split spoon samplers used for collecting samples will be 

decontaminated prior to beginning field sampling and between sample locations. The following 

decontamination steps will be taken: 

• Tap water and Alconox or Liquinox detergent rinse. 

• Tap water rinse. 

• Rinse thoroughly with de-ionized, analyte-free water. 

• Rinse with isopropanol 

• Rinse thoroughly with de-ionized, analyte-free water 

• Air dry and wrap equipment in aluminum foil until use. 

Field meters such as pH, conductivity and temperature instrument probes will be rinsed first with tap 

water, then with de-ionized, analyte-free water, and finally with the sample liquid. 

4.6 WASTE HANDLING 

Drilling cuttings from monitoring well installations, development water, and purge water will be collected 

and containerized in DOT approved (Specification 17C) 55-gallon drums. Each drum will be sealed, 

labeled, and stored at a drum staging area pending groundwater analytical results and/or composite waste 

sample results for disposal. A waste staging area(s) will be established and used to store investigation 

derived waste generated during the site investigation. A lined decontamination pad will be constructed 

and used to collect water and soil generated while steam cleaning drilling equipment. All fluids and soil 

generated during the site investigation will be containerized for proper disposal. 

4.7 SAMPLE HANDLING 

Sample handling includes the selection of sample containers, preservatives, allowable holding times, and 

analysis requested. In addition, sample identification, packaging, and shipping will be addressed. All 

sample handling procedures will be in accordance with SCDHEC and EPA Region IV requirements. A 

summary of bottle ware requirements, preservation requirements, and sample holding times is provided in 

Table 4-2. 
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TABLE 4-2 

SUMMARY OF ANALYSES, BOTTLEWARE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
CHARLESTON NAVAL COMPLEX, ZONE F 

Parameter Analytical Method 

Aqueous Samples 
8TEX and MT8E SW-846 82608 or 

USEPA 601/602 
PAHs and Naphthalenes SW-846 8270C or 

USEPA 610 
Lead (Total and dissolved) SW-846 60108 (Trace 

ICP) or USEPA 239.2 
Total Petroleum SW-846 9071A 
Hydrocarbons 
Anions (Nitrate, Nitrite, and EPA 300.0 
Sulfate) 
Dissolved Methane RSK SOPs 147 and 

175 

8TEX- benzene, toluene, ethylbenzene and xylenes 
MT8E - methyl tert butyl ether 
PAHs - polynuclear aromatic hydrocarbons 
ICP - inductively coupled plasma 
HCL- hydrochloric acid 
H2S04 - sulfuric acid 
C- celcius 

CHARLESTON, SOUTH CAROLINA 

Sample 
Container 

Glass Vial 

Amber Glass 

High Density 
Polyethylene 
Glass 

Glass 

Glass 

Container 
Volume 

2 x40 mL 

1 L 

1 L 

1 L 

250 mL 

1 L 

Sample Preservation Maximum Holding Time 
{1) 

Add HCL to pH >2; 14 days 
store at4° C 
Store at 4° C 7 days- extraction, 

14 days- analysis 
Add HN03 to pH >2; 180 days 
store at4° C 
Add H5S04 to pH >2; 28 days 
store at4° C 
Store at 4° C Nitrate: 48 hours 

Others: 28 days 
Store at4o C 28 days 

(1) Holding time is measured from date of sample collection to date of sample extraction or analysis. 
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TABLE 4-2 

SUMMARY OF ANALYSES, BOTTLEWARE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
CHARLESTON NAVAL COMPLEX, ZONE F 

Parameter Analytical Method 

Soil Samples 
BTEX SW-846 82608 

PAHs and Naphthalenes SW-846 8270C 

Trace Metals SW-846 601 OB (Trace 
ICP) 

Total Petroleum SW-846 9071A 
Hydrocarbons 
Total Organic Carbon EPA415.1 modified for 

soil 
Grain size distribution ASTM 0422 
including hydrometer 

BTEX - benzene, toluene, ethylbenzene and xylenes 
MTBE - methyl tert butyl ether 
PAHs- polynuclear aromatic hydrocarbons 
ICP - inductively coupled plasma 
C- celcius 

CHARLESTON, SOUTH CAROLINA 
PAGE 2 OF 2 

Sample 
Container 

Encore 
Sampler 
Glass, wide 
mouth 
High Density 
Polyethylene 
Glass, wide 
mouth 
Glass, wide 
mouth 
Glass, wide 
mouth 

Container 
Volume 

4 x 5 gram 

8 oz 

8 oz 

4 oz 

4 oz 

8 oz 

Sample Preservation Maximum Holding Time 
(1) 

Store at 4° C (lab does 48 hours - preservation 
additional preservation) 14 days- analysis 
Store at 4° C 7 days - extraction, 

40 days - analysis 
Store at 4° C 180 days 

Store at 4° C 28 days 

Store at 4° C 28 days 

Store at 4° C None 

(1) Holding time is measured from date of sample collection to date of sample extraction or analysis. 
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4.8 SOIL BORING, MONITORING WELL, AND SAMPLE IDENTIFICATION 

Each soil boring, monitoring well, soil sample, and groundwater sample will be assigned a unique 

identification number. The following text describes how these numbers are generated and explains the 

information each number contains. 

4.8.1 Base and Site Designations 

The base designation for the Charleston Naval Complex is CNC. Site designations are listed in Section 

3.0 of this document. 

4.8.2 Soil Boring Identification 

Soil boring identification numbers are broken down into three pieces of information: (1) the base identifier, 

CNC in this case, (2) the site designation, and (3) the discriminator "8" and a consecutive numerical value. 

Thus, the soil boring identification number for the third soil boring installed at Site 5 would be CNCOS-803. 

4.8.3 Piezometer and Monitoring Well Identification 

Piezometer and monitoring well identification numbers will be similar to soil boring identification numbers, 

except that they use a "P" or an "M" as discriminators. For example, the first piezometer installed at Site 

2 would be called CNC02-P01. The fifth monitoring well installed at Site 11 would be designated CNC11-

M05. 

4.8.4 Soil and Groundwater Sample Identification 

A sample tracking number will consist of a five- to six-segment, alphanumeric code that identifies the Site 

number, sample medium, data type, location, the sampling event or sample depth (in case of soil samples) 

and the QC designation. The QC designation is only used if applicable. Any other pertinent information 

regarding sample identification will be recorded in the field logbook. 

The alphanumeric coding to be used in the sample system and examples of possible sample identification 

numbers follow: 

NN 

A 

TTNUSfTAL-99-023/0219/2.1 
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Medium 
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A 

ANN 

NN 

NNN(N) 

Data Type 

Location 

Sampling Event or Sample Depth 

QC Designation (if applicable) 

Character Type: 

A= Alpha 

N =Numeric 

Medium: 

G = Groundwater 

W = Surface Water 

S= Soil 

E = Equipment Rinsate 

T = Trip Blank 

Data Types: 

L = Laboratory Analytical Data 

F = Field Laboratory Data 

S = Field Screening Data 

QC Identifier: 

D = Duplicate Sample 

M = Matrix Spike Sample 

S = Matrix Spike Duplicate 

A=Air 

E =Effluent 

D =Sediment 

F = Field Blank 

X= Other 

3/31/99 

Example 1: The analytical soil sample collected from CNC01-B01 at 4 to 6 feet bls would be called 

01SLB0104 and its duplicate would be 01SLB0104D. 

Example 2: The field laboratory groundwater sample collected from CNC01-B01 at 7 feet bls would be 

called 01GFB0107. 

Example 3: The analytical groundwater sample collected from CNC01-P01 during the first sampling event 

would be called 01 GLP01 01. The sample collected during the next event would be 01 GLP01 02. 
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Example 4: The analytical groundwater sample and matrix spike collected from CNC01-M01 during the 

first sampling event would be called 01 GLM01 01 and 01 GLM01 01 M. 

Example 5: The analytical trip blank for the 1•' sampling event at Site 1 would be called 01TL00101, the 

second trip blank during the same event would be 01 TL00201. The first trip blank collected for the second 

event would be 01TL00102. 

Information regarding sample labels to be attached before shipment to a laboratory is contained in SOP 

SA-6.3 included in Appendix B. Examples of sample labels, chain of custody seals, and chain-of-custody 

forms are included in Appendix B. 

4.9 SAMPLE PACKAGING AND SHIPPING 

Samples will be packaged and shipped in accordance with SCDHEC and EPA Region IV requirements. 

The Field Operations Leader will be responsible for completion of the following forms when samples are 

collected for shipping. 

• Sample labels 

• Chain-of-Custody labels 

• Appropriate labels applied to shipping coolers 

• Chain-of Custody Forms 

• Federal Express Air Bills 

4.10 SAMPLE CUSTODY 

The chain-of-custody begins with the release of the sample bottles from the laboratory and must be 

documented and maintained from that point forward. To maintain custody of the sample bottles or 

samples, they must be in someone's physical possession, in a locked room or vehicle, or sealed with an 

intact custody seal. When the possession of the bottles or samples is transferred from one person to 

another it will be documented on the field logbook and on the chain-of-custody. An example of a chain-of­

custody record is provided in Appendix B. 
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4.11 QUALITY CONTROL (QC) SAMPLES 

In addition to periodic calibration of field equipment and appropriate documentation, quality control 

samples will be collected or generated during environmental sampling activities. Quality control samples 

include field blanks, field duplicates and trip blanks. Each type of field quality control sample is defined as 

follows: 

Rinsate Blank - Rinsate equipment blanks are obtained under representative field conditions by running 

organic free water through decontaminated sample collection equipment (bailer, split-spoon, etc.) and 

placing it in the appropriate containers for analysis. Rinsate blanks will be used to assess the 

effectiveness of decontamination procedures. Rinsate blanks will be collected for each type of non­

dedicated sampling equipment used and will be submitted as shown in Table 4-1. 

Field Blanks - Field blanks are source water sample collected to ensure that the water used to 

decontaminate sampling equipment is free of contaminants. Typically a field blank is collected at the 

beginning and end of a sampling event. The field blanks will be analyzed for the parameters listed in 

Table 4-1. 

Trip Blanks - Trip blank(s) will be prepared at the laboratory facility and will accompany the VOA vials to 

the sampling site and back to the laboratory. Trip blank sample frequencies are provided in Table 4-3. 

Number of Precleaned 
Samples Equipment 

Blank 
10 or more 1 for every 20 

samples (5%) 
5 to 9 1* 

Less than 5 1* 

NR = Not required 

TABLE 4-3 

SUMMARY OF QC SAMPLES 
CHARLESTON NAVAL COMPLEX, ZONE F 

CHARLESTON, SOUTH CAROLINA 

Field cleaned Duplicate Trip Blanks 
Equipment Samples (VOC only) 
Blank 
1 for every 20 1 for every 1 0 1 perVOC 
samples (5%) samples (10%) cooler 
1* 1 1 perVOC 

cooler 
1* NR 1 perVOC 

cooler 

VOC = volatile organic compounds 

Field 
Blanks 

2 

1 

NR 

* Note: For 9 or fewer samples, a precleaned equipment blank or a field cleaned equipment blank 
is required. A field cleaned equipment blank must be collected if equipment is cleaned in 
the field. 
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QA/QC samples such as rinsate blanks, source blanks, and trip blanks will have the following site 

identifers: ZG for Zone G samples, ZF for Zone F samples, and ZB for Zone B samples (for example 

ZGRL00201 would be the second rinsate sample collected at Zone G during the 151 round of sampling). 

4.12 FIELD MEASUREMENTS 

Certain field measurements will be recorded during sampling activities including groundwater temperature, 

pH, specific conductance, and turbidity. Instruments used in the field to record this data and additional 

instruments will be calibrated according to the procedures described below. 

4.12.1 Parameters 

• Air monitoring- OVA 

• Temperature- Temperature probe 

• Specific conductance - Specific conductance meter 

• pH- pH meter 

• Turbidity - Turbidity meter 

• Depth to water table - interface probe 

4.12.2 Equipment Calibration 

The electronic water-level indicator will be calibrated prior to mobilization and periodically at the discretion 

of the Field Operations Leader. The remaining instruments will be calibrated daily and/or according to the 

manufacturer's operation manual. 

Calibration will be documented on an Equipment Calibration Log as shown in Appendix B. During 

calibration, an appropriate maintenance check will be performed on each piece of equipment. If damaged 

or defective parts are identified during the maintenance check and it is determined that the damage could 

have an impact on the instrument's performance, the instrument will be removed from service until 

defective parts are repaired or replaced. 
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4.12.3 Equipment Maintenance 

Measuring equipment used in environmental monitoring or analysis and test equipment used for 

calibration and maintenance shall be controlled by established procedures. Measuring equipment shall 

have an initial calibration and shall be recalibrated at scheduled intervals against certified standards. 

TtNUS maintains a large inventory of sampling and measurement equipment. In the event that failed 

equipment cannot be repaired replacement equipment can be shipped to the site by overnight express 

carrier to minimize downtime. 

4.13 FIELD QA/QC PROGRAM 

4.13.1 Control Parameters 

Field control parameters and limits, which address various field blanks and duplicate samples, are 

described in Section 4.1 0 QC Samples. Control checks and sampling frequency are also presented in 

Section 4.1 0. 

4.13.2 Control Limits 

QA/QC specifications for field measurements are summarized on Table 4-4. This table shows control 

parameters to be assessed, control limits, and corrective actions to be implemented. 

The TtNUS representative on site will confirm measurements of total depth of borings and wells, 

dimensions and placement of well screens and casings, and volume and placement of filter pack and 

grout materials by independent measurement. The Field Operations Leader will examine field laboratory 

records and field logbooks on a weekly basis during field activities. 

4.13.3 Corrective Actions 

The need for corrective actions may become apparent during surveillance of field activities, procurement 

of services and supplies, or other operations that may affect the quality of work. The identification of 

TTNUSfT AL-99-023/0219/2.1 4-18 CT00097 



Analysis 
Air monitoring using an 
OVA equipped with a 
FID 
pH of groundwater 

Specific conductance 
of groundwater 

Turbidity of 
groundwater 

Temperature of 
groundwater 

TABLE4-4 

FIELD QA/QC SPECIFICATIONS 
CHARLESTON NAVAL COMPLEX, ZONE F 

CHARLESTON, SOUTH CAROLINA 

Control Parameter Control Limit 
Daily check of Calibration to 
calibration of FID manufacturer's 

specifications 
Continuing calibration pH= 7.0 ± 0.1 
check of pH 7.0 buffer 

Continuing calibration ± 1% of standard 
check of standard 
solution 
Continuing calibration ± 1% of standard 
check of standard 
solutions 
Check against NIST ± 0.1°C at two different 
precision thermometer temperatures 

OVA- organic vapor analyzer 
FID- flame ionization detector 
NIST- National Institute of Standards and Technology 

3/31/99 

Corrective Action 
Recalibrate. If unable 
to calibrate, replace. 

Recalibrate. If unable to 
calibrate, replace 
electrode. 
Recalibrate. 

Recalibrate. 

Reset in accordance 
with manufacturer's 
specifications; dispose 
of inaccurate 
thermometer. 

significant conditions adverse to quality, the cause of the conditions, and the corrective actions shall be 

documented and reported to the appropriate levels of management. The TtNUS Project Manager will 

have overall responsibility for implementing corrective actions. 

The corrective action program covers the analysis of the cause of any negative findings and the corrective 

actions required. This program includes the investigation of significant or repetitious unsatisfactory 

conditions relating to the quality of sampling, or the failure to implement and adhere to required quality 

assurance practices such as Standard Operating Procedures. 

4.14 RECORD KEEPING 

In addition to chain-of-custody records associated with sample handling and packaging and shipping, 

certain standard forms will be completed for sample description and documentation. These shall include 
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sample log sheets (for soil and groundwater samples), daily activities record and logbooks. An example of 

these forms can be found in Appendix B. 

Each sampling event leader shall maintain a bound/weatherproof field notebook. The field team leader or 

designee, shall record all information related to sampling or field activities. This information may include 

sampling time, weather conditions, unusual events (e.g., well tampering), field measurements, 

descriptions of photographs, etc. 

The Field Operations Leader shall maintain a site logbook. The requirements of the logbook are 

referenced in Appendix B. This book will contain a summary of the day's activities and Will reference the 

field notebooks when applicable. 

Each field team leader who is supervising a drilling subcontractor activity must complete a Daily Activities 

Record (DAR). The DAR documents the activities and progress of the daily drilling activities. The 

information contained within this report is used for billing verification and progress reports. The driller's 

signature is required at the end of each working day to verify work accomplished, hours worked, standby 

time and material used. An example of this form is provided in Appendix B. 

At the completion of field activities, the Field Operations Leader shall submit to the Project Manager all 

field records, data, field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, 

daily logs, etc. 

4.15 SITE MANAGEMENT AND BASE SUPPORT 

TtNUS will perform this project with support from the Navy. This section of the Work Plan describes the 

project contacts, support personnel, project milestones and time frames of all major events. 

Throughout the duration of the investigation activities, work at the CNC will be coordinated through 

SouthDiv and CNC personnel. The primary contacts are as follows: 

1. SouthDiv Engineer in Charge 

Mr. Gabriel Magwood 

(843) 820-7307 
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2. Charleston Naval Complex 

Mr. Gabriel Magwood 

(843) 820-7307 

Support From SouthDiv and CNC 

3/31/99 

SouthDiv or CNC personnel will provide the following support functions: 

4.15.2 

• Provide existing engineering plans, drawings, diagram, files, etc., to facilitate evaluation 

of the sites under investigation. 

• Provide all historical data, background geologic and hydrogeologic information, and 

initial site investigation documents. 

• A secure staging area (approximately 1,000 square feet) for storing equipment and 

supplies. 

• A supply (e.g., fire hydrant, stand pipe, etc.) of large quantities of potable water 

for equipment cleaning etc. 

Support From TtNUS 

The project will be staffed with personnel from the TtNUS' Tallahassee, Florida office. Other TtNUS 

offices will provide support, as needed. During field activities, TtNUS will provide a senior level geologist 

and/or staff geologist, and equipment technician. 

Mr. Paul Calligan, P.G., is the Task Order Manager (TOM) for CTO 0097 and will be the primary point of 

contact. He is responsible for cost and schedule control as well as technical performance. Mr. Calligan is 

a Licensed Professional Geologist and will serve as the TOM and will provide senior level review and 

oversight during field activities. Mr. Calligan will be the primary point of contact for the Field Operations 

Leader. 
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4.15.3 Contingency Plan 

In the event of problems, which may be encountered during site activities, the SouthDiv point of contact 

will be notified immediately, followed by the TtNUS project manager. The project manager will determine 

a course of action that does not interfere with the schedule or budget. All contingency plans will be 

approved through the SouthDiv point of contact before being enacted. 
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5.0 PROPOSED LA BORA TORY ANALYSIS 

Soil samples for laboratory analysis will be collected from borings conducted during the soil vapor 

assessment (Phase I field investigation). Groundwater samples for laboratory analysis will be collected 

from newly installed monitoring wells (Phase 2 field investigation). Soil samples will be collected in 

accordance with EPA Method 5035 prescribed by SW-846 Update Ill. The groundwater and soil samples 

will be analyzed in accordance with SCOHEC's January 1998 guidance document, "South Carolina Risk­

Based Corrective Action for Petroleum Releases". The specific sampling requirements for soil and 

groundwater are provided below. A summary of the sample parameters and EPA methods is provided in 

Table 4-1. 

5.1 SOIL INVESTIGATION 

At each site, soil samples will be collected from select soil borings installed around the tank(s) and piping 

for submittal to a laboratory for analysis. Samples collected for laboratory analysis will be collected from 

the interval with the highest BTEX and/or ORO screening values observed above the water table. The 

samples will be analyzed for BTEX, ethylene dibromide (EOB), total naphthalenes, polynuclear aromatic 

hydrocarbons (PAHs), lead (for tanks used for storage of leaded gasoline), total petroleum hydrocarbons 

(TPH) and metals (for tanks used for storage of waste or used oil). One soil sample will also be collected 

from a background soil boring for laboratory analysis for total organic carbon. In addition, soil samples will 

be collected from the soil boring with the highest BTEX and/or ORO screening value as follows: 

1. One soil sample will be collected from the terminus of the boring (above the groundwater table) for 

laboratory analysis by the grain size/hydrometer method to determine the sand, silt and clay fractions 

at 0.074 millimeters (#200) screen and 0.004 millimeters respectively. 

2. One soil sample will be collected from the stratigraphic level exhibiting the highest BTEX and/or ORO 

screening value (above the water table) for laboratory analysis for TPH. 

In addition to the environmental soil analysis described above, soil samples will also be collected from the 

investigative derived waste for submittal to a laboratory for analysis. 

5.2 GROUNDWATER INVESTIGATION 

Groundwater samples will be collected from each of the newly installed permanent monitoring wells for 

submittal to a laboratory for analysis. The samples will be analyzed for BTEX, EOB, methyl tert butyl ether 

(MTBE), total naphthalenes, PAHs, and total lead (for tanks used for storage of leaded gasoline). 

Additionally, three monitoring wells from each site will be sampled for the biological indicator parameters 

ferrous iron, nitrate, and sulfate. 
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6.0 PROPOSED SCHEDULE 

Phase 1 of the fieldwork is proposed to begin in late May and take approximately 35 days to complete. 

Phase 2 work is anticipated to begin in late June. Phase 2 of the field work will begin immediately upon 

approval of the permanent monitoring well locations by SCDHEC and the Navy following review of Phase I 

soil and groundwater field screening data. Upon completion of Phase 2 field activities, RARs will be 

prepared and submitted to the Navy for review within 60 days. 

If CoC concentrations indicate that corrective action is warranted, a Corrective Action Plan (CAP) will be 

developed upon approval of the RAR by SCDHEC. It is anticipated the CAP will be submitted to the Navy 

for review approximately 60 days after SCDHEC approval of the RAR. The remedial technology 

considered for site remediation will be determined based on the findings presented in the RAR. 
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7.0 REPORT 

Upon completion of all field work and laboratory analyses, a RAR summarizing the results of the 

investigation will be submitted to SCDHEC. Basic UST system information including site facility name and 

address, date closed, area, type of system and tank capacity will be provided. Data recorded during tank 

removal will be included. Also included in the report will be graphical presentations of the soil and 

groundwater screening results, and complete summaries of the soil and groundwater analytical results. 

The locations of the soil samples and monitoring wells will be presented on scaled figures. Boring logs, 

chain-of-custody forms, field forms, field screening results, and analytical reports will be included in 

Appendices of the report. 

The report will include a determination if remediation is required in accordance with SCDHEC's January 

1998 guidance document "South Carolina Risk-Based Corrective Action for Petroleum Releases". If 

remediation is deemed appropriate, a recommended remediation technique will be presented with an 

implementation schedule. A Responsibility Assignment Matrix, and meeting with Remedial Action 

Contractors (RACs) to discuss the results of the contamination assessment will be developed, scheduled, 

and implemented. 
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APPENDIX A 

SCDHEC RAPID ASSESSMENT PLANS 



Rapid Assessment Plan 
UST 240 

Site ID #14689 



( 

SOUTH CAROLINA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 1 4689 

Facility Address 

Responsible party 

No.USTs 1 

County CHARLESTON Facility Name cNc • BLDG. 2 4 o 
CHARLESTON NAVAL COMPLEX ZONE F 

U.S. NAVY Address 2155 EAGLE DRIVE 
~~~~-------------

removed? 15 AUG 1996 replaced? N • CHARLESTON' SC 
(date) (date) 

Current use Of facility/property CHARLESTON NAVAL COMPLEX 
Current property owner name ...llu'-" • ......,S"-"-..u.Nia,A~·v~Y __________________ .... 
Currentpropertyowneraddress 2155 EAGLE DRIVE, N. CHARLESTON. SC 29406 

Field Screening Methodology 
Specify the field screening methodology to be used. The use of field screening methods to 
optimize the number and location of permanent wells is required. 

DIRECT PUSH TECHNOLOGY WILL BE IiTII.lZED TO INTU.I. MONITORING 
POINTS. SOIL AND GROUNDWATER SAMPLES WILL BE COLLECTED FROM EACH 
POINT AND ANALYZED BY A MOBILE LABORATORY. THE MOBILE LABORATORY 
WILL ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (ORO). 
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO 
ASSESS. VADOSE ZONE SOILS FOR PETROLEUM VAPORS, 

Permanent Monitoring wells (Estimate number and total completed depth) 
# of shallow wells _....;4~- total depth 20 • 

# of deep wells 1 total depth 4 o • (H necessary) 

Comments, if warranted 

Analyses 
List the ~alytical parameters (e.g., BTEX, MTBE) and estimated number. 

GROUNDWATER SOIL 
BTEX 5 BTEX 7 

NAPHTHALENE 5 PAH. 7 
MTBE 5 TPH 7 

PAH 5 TOC/FOC 1 
. METALS 5 GRAIN SIZE 2 

METALS 7 

Implementation Schedule 
Start up date ___ _ Completion date 
Report submittal date __ _ 

... ·.: .. :·:··=.···:. ·:··:::. ·.····:······:·:·.::'=:\=::: ::·==·:·.-.-=.:·.· ........ · ........... . .-.·· •. ;>.··: 



· RAPID ASSESSMENT PLAN 
.. . . 

SOUTH CAROUNA < 

Department of Health and Environmental Contror 

Bureau of Underground Storage Tank Management 

Site 10 # 14689 Facility Name CNC BLDG. 240 

Site Maps 
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location. 

2. ·Prepare a site base map. This map must be accurately scaled, but does not need to be 
surveyed. The map must include the following: 

NonhArraw Lc~CDCI 'Nilh bcility 11a111t: and addraa, Site 10 number, date, aDd a t.r ICale 

l.oc:atioo of property Hnca Stree1aor biJbqya (iodic:atc nama and aumbcn) 

.l.oc:atloa of buiJdinp lclentlfic:atloa oC located buiJdillp 

PaYed areas oo or adjacent to site l..oc:atioa of aU present and Carmer ASTa and USTa 

Prcvioua IOil ~amplinJ locatioal UadcrJrouod aodaboYe JfOUDCI utilitlca on or adjacent to lite 

Previous mooitorinJ weD Joc.ationa l..oc:atloa of any other potential receptor 

Aquifer Characterization (Check one and provide explanation for choice) 
Pump Test X Slug Tests 
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA 

&nail Volume Disposal Type and Method 

Soil INYESliGAli~&; QEBI~E:D ~All:: ~ILL :a~:: ~QN:l:AINE:BIZED lri 
55-GALLQN: mr DRUMS AND BEMA IN AT A STAGING AREA UNTIL CHEMICAL 
~NALXSIS IS CQMELE:lE:. Afl:EB ANALXSIS, lHE DRUMS WILL l3E TRANSFERRED 

TO THE ENVIRONMENTAL DETACHMENT CHARLESTON FOR DISPOSAL 
Purge Water 

Additional Comments 

. . ·.·.·. · .. · .. . :o>:.:: ,. : .. ' .:,:-:"'::.,._,,,,:,_.,.::. :.,. ,.,.,, .. _.,.,': ':·:.::/:' :.:.:.:.,. :::.:.:: .. ,: ;):: '. :\: .... '. ,._:: .. o:,-o:o-o.',o> ··:...-:::.:::::·.::=·:: ····=< i'--:::::::22L'''':··::·:-:-.':'::: .. ,_ ,,. ::::····.·.-: .. · :·-:-:,:-: .. ,.:,.,:,.,·.:.:,:, . .. ·.····· ··.·.=·-::- . .: •. ::.: .. :-:.·· ·.·:::.::-.. .. .. ·.· .. 
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LEGEND 

\V MONITORING WELL 

"*""""-"* FENCE 

L COOO[O ..... ., ••• 

® ELECTRIC CONDUIT ENTER GROUND 

NOTES 

w CSY--"240-001 (REMOVED) 

w CSY-240-002 (REMOVED) 
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w ZONE F. MW-05 

BLDG 240 
/ EXCAVA,.TION FOR FORMER UST 240 · -y;. 
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Rapid Assessment Plan 
UST 02-241-001 
Site ID #17706 



, f\Apl·o Assessuetir PLAN~·· ... ~ ·~. ~:. ~i .. ~ 
. c.:;;-. ' : ·.. . ·.:·. ·.·. 

·:i··::.:,,,:;::, ·:;; ~·< 
• ~-~; •• ' -:,.. ~..1.-:tof!M:.~... . 

SOUTH CAROUNA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 17706 County CHARLESTON Facility Name CNC, BLDG 241 

Facility Address CHARLESTON NAVAL COMPLEX ZONE F UST 02-241-001 

Responsible party u.s. NAVY Address 2155 EAGLE DRIVE 

No. USTs 1 removed? 22 1 9 9 6 replaced? N • CHARLESTON, sc 
JULY 
(date) (date) 

Current use of facility/property CHARLESTON NAVAl COMPLEX 
Current property owner name U S NAVY 
Current property owner address 2155 EAGLE DRIVE, N. CHARLE_STO_N • SC 2 9 4 0 6 

.. 
Field Screening Methodology 
Specify the field screening methodology to be used. The use of field screening methods to 
optimize the number and location of permanent wells is required. 

DIRECT PUSH TECHNQLQGY rlii.I, BE IITII,I ZED TO IN~AI.I, MONI~ORING 
POINTS. SOIL AND GROUNDWATER SAMPLES WILL BE COLLECTED FROM EACH 
POINT AND ANALYZED BY A MOBILE LABORATORY 1 THE MQ:6ILE LABQRATORY 
WILL ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (ORO). 
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC YAEQE ANALYZER TQ 
ASSESS VADOSE ZONE SOILS FOR PETRQLEI.!M YAEQB.S. 

Permanent Monitoring wells (Estimate number and total completed depth) 
# of shallow wells 20 total depth 20' 
# of deep wells ? total depth 40' (H necessary) 

Comments, if warranted 

Analyses 
List the Sf)alytical parameters (e.g •• BTEX. MTBE) and estimated number. 

GROUNDWATER SOIL 
BTEX 22 BTEX 7 

NAPHTHALENE 22 PAH 7 
MTBE 22 TPH 2 

PAH 22 TOC/FOC 1 
GRAIN SIZE 2 

Implementation Schedule 
Start up date Completion date 

( Report submittal date 

. ::;:"·.;:;.,.· · .. ·.····:::::::~·:::::::·:·::.·,.:::-:::::::· : :·· :::::: :' ··:··: ':':::'·.<<':·::, ......... :.:· : .. :,·:··:::·:··>:::·::·::,:···::-::· .. , ..... ,.,.·:··:':"·'::·:·:: ...... :·.·:·::·:::-:,;·,·:· ........ ,::;-.·.·::·:···.···· .. ,.·:···· .... -. ··-.. · ·.·.·· .. ;:·.··. ..·.•,, .. 
, .. 

. ILV.J (lniiiiH) 
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.. ··.· > RAPIDASSESSMENTPLAN.···· .· 
~:· .. '. ... > · .. ·····•·· ... 

SOUTH CAROLINA 
Department of Health and Environmental Control 

Bureau of Underground St~rage Tank Management 

Site 10 # 1Z706 Facility Name CNC BLDG. 241 UST 02-241-001 

Site Maps 
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location. 

2." Prepare a site base map. This map must be accurately scaled, but does not need to be 
surveyed. The map must include the following: 

NcnhArrow Lcacod with facility name and addrea, Site 10 number, date, and a blr ~ 

locatioa or property linea Slreeca cr bi1bwaya (indicate names and numbers) 

Location or buildinp Identification or located buildinp 

PaYCd areas on cr adjacent to aite Location or all pn:scnt and rormer ASTa and USTs 

Plnioua IOil aampling localiona Uaderp-ound aad aboYc vound utilities on or adjacent to aite 

Previous monitoring weU locations Location or any other potential n:a:ptor 

Aquifer Characterization (Check one and provide explanation for choice) 
Pump Test X Slug Tests 
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA 

Small Volume Disposal Type and Method 

Soil INVESTIGATIVE DERIY:ED NA!E NILL BE CONTAINERIZED IN 
55-GALLON DRUMS AND REMAIN AI A S!AGING AREA UNTIL CHEMICAL 
~NALYSIS IS CQMELE!E. AE!EE ANALYSIS, THE DRUMS WILL EE TRANSFERRED 

TO THE ENVIRONMENTAL DETACHMENT CHARLESTON FOR DISPOSAL 
Purge Water 

Additional Commen1S 

:·:o::>. ·. · . .-:.;.::..:::::•: ·····::\:::•><•::::::(:::;.., ••••• •••·• •:.·:. • ... ., .••• ::;::.;:::>• .. ':. :_.;.;.; . ::::: ';:::::::,:•·.:, ......... ··:·· ::,:•.::•:::/\: •·:··· .. ···•·•.'.::,:,: ................. :··· ::•:•·:. ::>.-::);,::•:.:•:,: .• ;:;.::,:;..:;'.·:;; .... \. : ........... • •.•.•. ; .::::::••:.:: •.••• _.: ......... • :-:;•:::::=;.:=:•· .. ,:· •.. .·:·:·:·. ;.;:; . . , ... 
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Rapid Assessment Plan 
UST 242 

Site ID #1 0645 



. :'= RAPID ASSESSMEN'r .. Pt.AN~·•·· ·~; ·-~~ : ... i .. ., .,.~ ..•. ,,..,:!~\:<,:~ ~·' . 
. 

SOUTH CAROLINA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 1Q64!2 County CHARLESTON Facility Name CNC, BUILDING 242 

Facility Address CHARLESTON NAVAL COMPLEX ZONE F 

Responsible party u.s. NAVY Address 2155 EAGLE DRIVE 

No. USTs 1 removed? 8 APR 1997 replaced? N • CHARLESTON, sc 
(date) (date) 

Current use of facility/property CHARLESTON NAVAL COMPLEX 
Current property owner name U S.NAVY 
Current property owner address 2155 EAGLE DRIVE. N. CHARLESTON sc 2q40fi 

Field Screening Methodology 
Specify the f~eld screening methodology to be used. The use of field screening methods to 
optimize the number and location of permanent wells is required. 

DIRECT PUSH TECHNQLQGY NII.I. BE IITII.IZED TO INTU,I, MONI~ORING 
POINTS. SOIL AND GROUNDWATER SAMPLES WILL BE COLLECTED FROM EACH 
POINT AND ANALYZED BY A MOBILE LABORATORY 1 THE MQ:BILE LABQBAlORY 
WILL ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS ( DRO). 
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC YAEQB ANALYZER lQ 
ASSESS VADOSE ZONE SOILS FOR PETRQLEQM YAEQBS. 

Permanent Monitoring wells (Estimate number and totaJ completed depth) 
# of shallow wells 8 total depth 20' 

# of deep wells 1 total depth 40' (H necessary) 
~menm,lwananmd 

Analyses 
Ust1he 81Jalytlcal parameters (e.g •• BTEX. MTBE) and estimated number. 

GROUNDWATER SOIL 
BTEX ~ BTEX 7 

NAPHTHALENE 9 PAH 7 
MTBE 2 TPH '1 

PAH ~ TOC/FOC 1 
METALS 9 GRAIN SIZE 2 

METALS 7 

Implementation Schedule 
Start up date Completion date 

( Report submittal date 

· · ::::'·'·'''·=···,,,,_,,.,,~rt=::•::~:'t'':'''''<::"'::·::•:-.:::. · ·· ,,,,..,.,,_ .. , .•• ::•·.·:=·, · ·: · .. ·::· .. :.: .. " .:·-:-.:--:::"· · .......... ··.~·:·· .. ·::·:·::. '.'·,·::-· :.':':_::::-:::·· .. :::····•·.-.·: .·:'··.· ·--.-·-.-. -.:•:' .. _.· .. ·.·.···.·-:·. ·.··.··-.;·.··· .·· .... _;:::::··:· .. 

llN' .. (li»'N) 



RAPID ASSESSMENT PLAN · . 
..··· ... 

SOUTH CAROUNA 
Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 10645 Facility Name CNC, BUILDING 242 

Site Maps 
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location. 

2." Prepare a site base map. This map must be accurately scaled, but does not need to be 
surveyed. The map must include the following: 

Nania Arrow Le,end with facility IWIIC aDd llddraa, Site 10 Dumber, date, and a blr .:ale 

I..Ax:atioa of property linea Scrccll Cll' biJbWII)'I (indicate umea and oumbcn) 

Locatioa of buiJdlnp lclentlficatloa of located buildiop 

PaYCd areas oa or adjacent 10 aile Locatioa of all p-esent and former ASfsand USfs 

PreYioua aoil umpllDJ loc:alklDI Underp"ouDd and ab<M: around utilities oa or lldjaceDt 10 site 

Previous monitorina weD loatiolls Locatioa of aoy otbcr potential receptCll' 

Aquifer Characterization (Check one and provide explanation for choice) 
Pump Test X Slug Tests 
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA 

Small Volume Disposal Type and Method 

Soil I~Y:ESIIGAI:IY:E QEBI:'lED NA:rE NII.I. SE ~QNlAINE:BIZED IN 
55-GALLQN DIU.lt1S ANQ BEMA IN A:r A SlAGING ABEA UN :III. ~Hf:MI~All 
~NALXSIS IS ~QMELE:rE. A:E!EB ANAI.XSIS, !HE DBUMS lULL SE :IB.ANSE.ERRED 

TO THE ENVIRONMENTAL DETACHMENT CHARLESTON FOR DISPOSAL 
Purge Water 

Additional Comments 

,:_.:_.:,::;::::_.'_:_.::,·-:_::::::.:.::::':-';;,:;,;:::,:._::;::-.J_.: .. -; -~L .::,._:·:·:·:::::: ___ ,,;,,_,.,.:,. ___ ,,.,_.,_,_:,::::.i'::.:·.::::' .. ,:-·:--,:,·-:_,,_ :-·-.. ·=-;:=:-: -. ,:::=::·:;:=:::;::::>-::. ··.• . . :·:;::_ ;:·. :::'·'··-··:::>::-;:::::-: ·-:-:.:· :::;._ .. _. .·.· .... ··-·;. ... :::---
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Rapid Assessment Plan 
USTs 1175-1, 1175-2, 1175-3 

Site ID #1 0551 



( 

SOUTH CAROLINA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 10551 County CHARLESTON Facility Name CNC BLDG.1175 

Facility Address CHARLESTON NAVAL COMPLEX ZONE F 

Responsible party U.S. NAVY Address 21 55 EAGLE DRIVE 

No UST ed? replaced? N. CHARLESTON, SC 
• S J remov IN PLACE 

(date) (date) 

Current USe Of facility/property CHARLESTON NAVAL COMPLEX 
Current property owner name ~u'-L.IIos:...&·Al. N'~.AlV.JL...Io..Y _______________ ---1 

Currentpropertyowneraddress 2155 EAGLE DRIVE~ N. CHARLESTON. SC 29406 

Field Screening Methodology . 
Specify the field screening methodology to be used. The use of field screening methods to 
optimize the number and location of permanent wells is required. 

DIRECT PUSH TECHNOLOGY WILL BE IITII.I ZED TO INTlH.I. MObliTORING 
POINTS. SOIL AND GROUNDWATER SAMPLES WILL BE COLLECTED FROM EACH 
POINT AND ANALYZED BY A MOBILE LABORATORY. THE MOBILE LABORATORY 
WILL ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (ORO). 
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC VAPOR ANALYZER TO 
ASSESS VADOSE ZONE SOILS FOR PETROLEUM VAPORS. 

Permanent Monitoring wells (Estimate number and total completed depth) 
# of shallow wells _.....;::8:..-_ total depth 2 o 1 

# of deep wells 2 total depth 4 o 1 (H necessary) 
Comments. if warranted 

Analyses 
List the Sl)alytical parameters (e.g •• BTEX. MTBE) and estimated number. 

GROUNDWATER SOIL 
BTEX 10 BTEX 7 

NAPHTHALENE 1 0 PAH 7 
MTBE 10 TPH 2 

PAH 10 TOC/FOC 1 
T.EAD 10 GRAIN SIZE 2 

EDB 10 LEAD 7 

EDB 7 

Implementation Schedule 
Start up date ___ _ Completion date 

Report submittal date ----
. . ·.·.·· .. ::·.··· ··.:•.•.·.·:: 



RAPID ASSESSMENT PLAN 
.. 

SOUTH CAROLINA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 1 0551 Facility Name CNC. BLDG. 1175 

Site Maps 
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location. 

2. ·Prepare a site base map. This map must be accurately scaled, but does not need to be 
surveyed. The map must include the following: 

NonJaArraw l..qeDCI .tlh facility name aDd addraa, Site 10 a umber, date,. aDd a blr ICalc 

l...ocatioa of p-opcny lina Slreeta ar biabwaya (iDdic:atc oama and oumbcrs) 

l...ocatioa of buiJdlnp ldcotlfic:atioa of located buildlnp 

Palled arua on or adjac.cot to lite Locatioo of all present aDd former ASTa aod USTa 

Pmiouuoil umplin& locatioal UodcrJrouDCI aDd above lfOUDCI utilities on or adjaeeot to lite 

Previous monitorina weD locatiolll Location of any otbcr poteotial receptar 

Aquifer Characterization (Check one and provide explanation for choice) 
Pump Test X Slug Tests 
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA 

Small Volume Disposal Type and Method 

Soil INYESTIGATI~~ D~BI~~O HA~~ HILL E~ CQN~AIN~RIZED IN 
55-GALLQH DR~MS AND REMAIN Al A SlAGING AB~A ~NliL CHEMI~AL 
~NALXSIS IS CQMEL~~~. Af!~B ANALXSIS, !H~ DRUMS WILL :6~ lBANSf.ERRED 

TO THE ENVIRONMENTAL DETACHMENT CHARLESTON FOR DISPOSAL 
Purge Water 

Additional Convnen1S 

.. ·.<···. ... ::\:,::.,: .::::,:::.<_:':(\:.:-.::_:_:.: .·,, .. :,: :'·. '· :·:;<::.:.,.:,.,?::,· ;.: .. ·: ;.:;::.:::':..:::~.:.: ·.::::::::::=:.;}:,:}::,::.:.':± ;·:':·::,:::.<'\·: :.::.;:::.::.::::,.:,:: .. :····::-:-: ·:. ,· :.:. :;:" .. ·.·, ,::::<'f\::>,·:: .. :: ::::;.-:=:;..:-.::::::: .. ,: ,: .··>==>·.·.·=-:·::::-::: ·::::::-:, :_· {·:':://·::'':": _:·· 
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Rapid Assessment Plan 
UST NS1346 

Site ID #01782 



•··· RAPao ASSESSMENT PtAN;.;. -·· ~- - ~·~·-.~ 
. ::;\. ·•·· ····.· ... · ... 

, ~ ,..;.,.~ ~~-- w~~- -~~-=-', ~ 

SOUTH CAROUNA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # QJ:Z82 County CHARLESTON Facility Name CNC, NS1346 

Facility Address CHARLESTON NAVAL COMPLEX. ZONE F 

Responsible party u.s. NAVY Address 2155 EAGLE DRIVE 

No. USTs 1 removed? replaced? N • CHARLESTON, sc 
23 MAX J~9fl 

(date) (date) 

Current use of facility/property CHARLESTON NAVAL COMPLEX 
Current property owner name U S NAVY 
Current property owner address 2155 EAGLE DRIVE. N. CHARLESTON sc 29406 

Field Screening Methodology 
Specify the field screening methodology to be used. The use of field screening methods to 
optimize the number and location of permanent wells is required. 

DIRECT PUSH TECHNQLQGY HII.I. BE IITII.IZED TO INl!lUolo MONIXORING 
POINTS. SOIL AND GROUNDWATER SAMPLES WILL BE COLLECTED FROM EACH 
POINT AND ANALYZED BY A MOBILE LABORATORY. THE MQ:6ILE LABORATORY 
WILL ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (ORO). 
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC YAEQB ANALYZEB TO 
ASSESS VADOSE ZONE SOILS FOR PETRQLEQM Y:AEQBS. 

Permanent Monitoring wells (Estimate number and total completed depth) 
# of shallow wells 4 total depth 20' 

# of deep wells 1 total depth 40' (H necessary) 

Comments, if warranted 

Analyses 
List the ar)alytical parameters (e.g., BTEX, MTBE) and estimated number. 

GROUNDWATER SOIL 
BTEX 5 BTEX 7 

NAPHTHALENE 5 PAH. 7 
MTBE 5 TPH 7 

PAH 5 TOC/FOC 1 
METALS 5 GRAIN SIZE 2 

METALS 7 

Implementation Schedule 
Startup date Completion date 

( Report submittal date 

.. :.:.-: 
······:c·•·•.• .. .:·::• .. .-·::·:: 

.. :: .. :··-::-.... : :-· .. ·· .. ·· .••.·:-:.·::···.···.·· ... .. ... :--;.;.:_.·:;:·. :-·-;.;.;·.· ··::.-:·:::·:· ......... ............... · ... ·. .. ··· ·.··· ··.·.·.· .. :-····· ··· .. :·.·.:·· .. 
_:'..· ... .•. 

aN' .J (laii/M) 



RAPID-ASSESSMENT PLAN 
.. 

SOUTH CAROLINA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 01782 Facility Name CNC,NS 1346 

Site Maps 
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location. 

2."Prepare a site base map. This map must be accurately scaled, but does not need to be 
surveyed. The map must include the following: 

Nonblimlw LeacDd 11rilh facility ume aDd acldrca, Site ID number, date, aDd a t.r a.:a1c 

l..ocatioa ol property Iiiia Streell « hi&bwayt (iDdic:ate OIIDCI and numbcn) 

l..ocatloa ol buildlnp ldentlfic:atloa of located buildiDp 

Pa~ an:aa oo « adjacent 10 aile Location of all prcseut and («mer ASTsand USTa 

Prevloua IOilaampllnJ locatioaa UndcrptluDd aDd abcwc around utililia on « acljac:cnt 10 aile 

Previous monitorin& weU locatioaa Location or any otbcr potential reccpl« 

Aquifer Characterization (Check one and provide explanation for choice) 
Pump Test X Slug Tests 
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA 

Small Volume Disposal Type and Method 

Soil INVESIIGAIIYE O:f:RIYED i'iA~f: i'iiLL ;a~:; CQti~AINEBIZED IN 
55.::.GALLQN DBUM§ ANQ REMAIN A~ A S~AGit:lG AREA IIN~IL CHEMICAL 
~NALISIS IS CQMELE~E. Af~ER ANAI.:Y:US, ~HE DBUMS i'iiLL ;a:~:: TRANSFERRED 

TO THE ENVIRONMENTAL DETACHMENT CHARLESTON FOR DISPOSAL 
Purge Water 

Additional Comments 
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Rapid Assessment Plan 
USTs 1346-A, 1346-B, 1346-C, 1346-D, 1346-E, 
1346-F, 1346-G, 1346-H, 1346-1, 1346-J, 1346-K 

Site ID #01782 



( 

SOUTH CAROUNA 
Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 0 1 7 8 2 County CHARLESTON Facility Name· CNC. BLDG 1 3 4 6 

Facility Address CHARLESTON NAVAL COMPLEX ZONE F 

Responsible party U.S. NAVY Address 2155 EAGLE DRIVE 

No. USTs 11 removed? SEE ATTACHED replaced? N. CHARLESTON' SC 
LIST (date) (date) 

Current use Of facility/property CHARLESTON NAVAL COMPLEX 
Current property owner name -!lu~s!..a.&:INr.Do;A~...li...A-·vy _________________ ..... 

Current property owner address 21 55 EAGLE DRIVE. N. CHARLESTON SC 2 9 4 0.6 

Field Screening Methodology 
Specify the field screening methodology to be used. The use of field screening methods to 
optimize the number and location of permanent wells is required. 

DIRECT PUSH TECHNOLOGY WILL BE UTILIZED TO INTAI.I. MONITORING 
POINTS. SOIL AND GROUNDWATER SAMPLES WILL BE COLLECTED FROM EACH 
POINT AND ANALYZED BY A MOBILE LABORATORY. THE MOBILE LABORATORY 
WILL ANALYZE THE SAMPLES FOR BTEX AND DIESEL RANGE ORGANICS (DRO). 
SOILS WILL ALSO BE SCREENED WITH AN ORGANIC YAPOR ANALYZER TO 
ASSESS VADOSE ZONE SOILS FOR PETROLEUM YAPORS, 

Permanent Monitoring wells 
# of shallow wells 9 

(Estimate number and total completed depth) _ _.::;,. __ total depth 2 0 • 

# of deep wells __ 1::,___ total depth 4 o • (H necessary) 

Comments, if warranted 

Analyses 
List the .-.alytical parameters (e.g., BTEX. MTBE) and estimated number. 

GROUNDWATER SOIL 
BTEX 1 0 BTEX 7 

NAPHTHALENE 10 PAH 7 
MTBE 10 TPH 2 

PAH 1 0 TOC/FOC 1 
'LEAD 10 GRAIN SIZE 2 

EDB 10 LEAD 7 
EDB 7 

Implementation Schedule 
Start up date ___ _ Completion date 
Report submittal date ___ _ 

·'-·:·:.·· .. ·:· ·.·:· .. :····. ·· .. :·.·:···:-.. 



RAPID ASSESSMENT PLAN · 
.. 

SOUTH CAROUNA 

Department of Health and Environmental Control 

Bureau of Underground Storage Tank Management 

Site 10 # 01782 Facility Name QNC- BOLG. LH6 

Site Maps 
1. Attach a copy of the relevant portion of the USGS topographic map showing the site location. 

2. ·Prepare a site base map. This map must be accurately scaled, but does not need to be 
surveyed. The map must include the following: 

Nonlllun:lw l.c,eod with facility name aDd addraa, Site 10 Dumber', date, aod a t.ICale 

I..Jxalioo of propc:rty liDca Streeta « bipwaya (iDdicatc umea and Dumben) 

I..Jxatioa of buiklinp IdeDtific.atioa or tocaled tiuildiDp 

Paved an:u oo or adjacent 10 aitc l..ocatioo of aU presc:ot and former ASfsand Usrs 

Previoul aoiJ aampliDJ localioaa Uodcrp'ound and abo¥~: around utililica on or adjacent 10 lite 

Previous monitoring wcU locatioos l..ocation or any ocher potential receptor 

Aquifer Characterization (Check one and provide explanation for choice) 
Pump Test X Slug Tests 
WILL PROVIDE GROUNDWATER FLOW DATA FOR ENTIRE ASSESSMENT AREA 

Small Volume Disposal Type and Method 

Sol INVESIIGAIIY:~ QJ::BIY:~D liA~~ HILL a~ CQNlAINERI~~D IN 
55-GALLQN DRUMS 

""" 
AND REMAIN Al' A STAGING ABEA UNTIL Cij~MICAL 

A,NALl::SIS IS CQMfL~l'~. Af~~B ANALYSIS, ~H~ OBUMS HILL Sf: TRANSFERRED 
TO THE ENVIRONMENTAL DETACHMENT CHARLESTON FOR DISPOSAL 

Purge Water 

Additional Comments 
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List of USTs at Site ID# : 01782 

UST Suite 1: 1346-D, 1346-E, 1346-F, 1346-G, 1346-H (tanks abandoned in place) 

UST Suite 2: 1346-A, 1346-B, 1346-C (tanks abandoned in place) 

UST Suite 3: 1346-I, 1346-J, 1346-K (tanks in service) 
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1.0 PURPOSE 

GH-1.5 

0 

3 of 21 

Effective Date 

03/01/96 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurtace 
lithology. While experience is the only method to develop confidence and accuracy in the description 
of soft and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

. 4.0 RESPONSIBIUTIES 

Site 'Geologist. Responsible for supervising all boring activities and assuring that each borehole Is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist Is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the stan up of the field program and/or upon comple.tlon of the first boring. 

5.0 PROCEDURES 

The dassificatlon of soD and rocks is one of the most Important Jobs of the field geologist/engineer. To 
maintain a consistent flow of Information, it Is imperative that the field geologist/engineer understand and 
accurately use the field classification system described In this SOP. This Identification Is based on visual 
examination and manual tests. 

5.1 Materials Needed 

When logging soft and rock samples, the geologist or engineer may be equipped with the following: 

• Rock hammer 

• Knife 

• Camera 
I 

• DDute hydrochloric acid (HCI) 

• Ruler (marked In tenths and hundredths of feet) 

• Hand Lens -
5.2 Classification of Solis 

All data shall be written direCtly on the boring log (FJgure 1) or In a field notebook H more space Is 
needed. Detals on filling out the boring log are discussed In Section 5.5. 

5.2.1 USCS Classification 

Sols are to bS dassified according to the Unified Soil Cassiflcation System (USCS). This method of 
dassfficatlon is detaDed In Figure 1 (Continued). · 

' 
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Designation 

Very loose 

Loose 

Medium dense 

Dense 

Very dense 

GH-1.5 

0 

Standard Penetration 
Resistance 

(Blows per Foot) 

o to4 

5 to 10 

11 to 30 

31 to 50 

Over 50 

7 of 21 

Eftective Oa1e 
03/01/96 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 Inches into the material using a 140-pound hammer falling freely through 
30 Inches. The sampler Is driven through an 1 8-lnch sample interval, and the number of blows Is 
recorded for each 6-inch increment. The density designation of granular soBs is obtained by adding the 
number of blows required to penetrate the last 12 Inches of each sample interval. It Is important to note 
that H gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the . 
resulting blow count wDI be erroneously high, reflecting a higher density than actually exists. This shall 
be noted on the log and referenced to the sample number. Granular soDs are given the uses 
classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and Identifying the consistency 
as shown in Figure 2. 

Cohesive soDs are given the USCS classifications ML. MH, CL CH. OL. or OH (see Figure 1). 

The consistency of cohesive soDs is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted 
on a selected sample of the sol, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. 
The sample shall be broken in half and the thumb or penetrometer pushed Into the end of the sample 
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. 
If the sample is decomposed rock, It Is classified as a soft decomposed rock rather than a hard soB. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used In 
conjunction with it. The designations used to describe the consistency of cohesive sols are shown in 
Figure 2. 

~ .1. ~:~~--• e-.-=------.._• 
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5.2.4 Weight P~rcentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of sol: 

Terms of Identifying Proportion of the Component 

Trace 

Some 

Adjective form of the soil type (e.g., •sandy") 

Defining Range of 
Percentages by Weight 

. 0 ~ 10 percent 

11 - 30 percent 

31 - 50 percent 

Examples: 

5.2.5 

• SDty fine sand: 50 to 69 percent fine sand, .31 to 50 percent sit. 

• 

• 

• 

Medium to coarse sand, some sit: 70 to 80 percent medium to coarse sand, 11 to 
30 percent sit 

Fine sandy sOt, trace day: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

Clayey silt, some coarse sand: 70 to 89 percent clayey sit, 11 to 30 percent coarse sand . 

Moisture 

Moisture content Is estimated In the field according to four categories: dry, moist, wet, and saturated. 
In dry sol, there appears to be little or no water. Saturated samples obviously have all the water they 
can hold. Moist and wet classifications are somewhat subjective and often are determined by the 
indMdual's judgment. A suggested parameter for this would be calling a sol wet H rolling It In the hand 
or on a porous surface liberates water, i.e., dirties or 'muddies the surface. Whatever method is adopted 
for describing moisture, it Is important that the method used by an individual remains consistent 
throughout an entire drilling job. 

laboratory tests for water content shall be performed if 'the natural water content Is important 

5.2.8 Stratmcatlon 

~ratification can only be determined after the sample barrel Is opened. The stratification or bedding 
thickness for soD and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown In Figure 3. 

5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soD shall be described. Texture is described as the relative angularity 
of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to·whether 
the particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratifled, heterogeneous varved). . · · 

' 

I 



~~j~-===========~~~~~----------~~Nu~m~b=er~-----==;~~~=;~P;ag;..~================~ 
GH-1.5 .. ,, of 21 

BOREHOLE AND SAMPLE LOGGING Revision Effective Date 

03/01/96 0 

5.2.8 Summary_ of Soil Classification 

In summary, soils shall be classified in a similar manner by. each geologist; engineer at a project site. 
The hierarchy of classification Is as follows:· 

• Density andjor consistency 

• Color 

• Plasticity (Optional) 

• Sol types 

• Moisture content 

• Stratification 

• Texture, fabric, bedding 

• Other distinguishing features . 
5.3 Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary,_ igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the eanh's surface. The following basic names are applied 
to the types of rocks found In sedimentary sequences: 

• Sandstone- Made up predominantly of granular materials ranging between 1/16 to 2 mm 
In diameter. · 

• SDtstone - Made up of granular materials less than 1/16 to 1/256 mm In diameter. 
Fractures irregularty. Medium thick to thick bedded. 

• Claystone - Very fine-grained rock made up of clay and sUI-size material& . Fractures 
Irregularly. Very smooth to touch. Generally has irregularty spaced pitting on surface of 
drlled cores. 

• Shale - A fissDe very fine-grained r~ck. Fractures along bedding planes. 

• Umestone- Rock made up predominantly of calcite (CSCOs). Effervesces strongly upon 
the application of dDute hydrochloric acid. 

• Coal - Rock consisting mainly of organic remains. 

• · Others - Numerous other sedimentary rock typ'es are present In lesser amounts in the 
stratigraphic record. The local abundance of any of these rock types is dependent upon 
the depositional history of the area. Conglomerate, halite, gypsum, dolomite, anhydrite, 
lignite, etc. are some of the rock types found In lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 

• Color ..... Bedding thickness 

• Hardness . 
• Fracturing 

• Weathering . . 
• Other characteristics . 

' 
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l FIGURE 4 

I 
GRAIN SIZE CLASSIFICATION FOR ROCKS 

. 
Panicle Name Grain Size Diameter 

I Cobbles > 64mm 

I 
Pebbles 4-64mm 

Granules 2-4rnm 

Very Coarse Sand 1-2rnm 

I Coarse Sand 0.5 • 1 rnm 

Medium Sand 0.25-0.5 mm 

I Fine Sand ·0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 

I SDt 0.0039 - 0.0625 mm 

I After Wentworth, 1922 

I 
I 
I . 

I 
I 

I 
-

I 
I .. -·· . 

I 
. 

; 
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• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, 
and degree of weathering. 

All information shovin on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for repon presentation. The data shall be .kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used In the Description of Rock 

The following terms are used to funher identify rocks: 

• Seam - Thin (12 inches or less}, probably continuous layer. 

• Some - Indicates significant (15 to 40 percent) amounts of the accessory material. for 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be •sandstone """.!Q!!l! shale seams.• 

• few - Indicates Insignificant (0 to 15 percent) amounts Of the accessory material. for 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be •sandstone -1m! shale seams. • 

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amountS. for example, rock composed of thin alternating seams of 
sandstone (50 percent) and shale (50 percent) would be •Interbedded sandstone and shale. • 

• lnter1ayered - Used to indicate thick alternating seams of material occurring in 
approximately equal amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

• 

• 

Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase . and 
pyroxene. 

Rhyolite- A fine-grained volcanic rock containing abundant quartz and onhoclase. The fine­
grained equivalent of a granite. 

• · Granite - A coarse-grained plutonic rock consisting essentially of alk&:ll feldspar and quartz. 

• Diorite -A coarse-grained plutonic rock consisting essentially of sodic plagioclase and· 
hornblende. 

-· • · Gabbro -A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. 
Loosely used for any coarse-grained dark Igneous rock. • 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 
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. Angularity • describe angularity of coarse grained particles using the terms 
angular, subangular, subrounded, or rounded. Refer to ASTM D 2488 or Earth 
Manual for criteria for these terms. 

. Particle shape • flat, elongated, or flat and elongated • 

. Maximum particle size or dimension . 

. Water level observatio~ 

. Reaction with HCI- none, weak, or strong • 

• Additional comments: 

. Indicate presence of mica, caving of hole, when w.:ater was encountered, 
difficulty in drilling~ loss or gain of water. 

. Indicate odor and Photoionlzation Detector (PIC) or Flame Ionization Detector 
(FlO) reading if applicable. 

. Indicate any change In lithology by drawing a line through the lithology 
change column and. Indicate the depth. This will help when cross-sections are 
subsequendy constructed. 

. At the bottom of the page Indicate type of rig, drDIIng method, hammer size 
and drop, and any other us~ Information (I.e., borehole size, casing set, 
changes ·in drilling method). 

. Vertical lines shall be drawn (as shown in Figure 5) In columns 6 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency 
of material from sample to sample, if the material Is consistent. Horizontal 
lines shall be drawn ·if there is a change in lithology, then vertical lines drawn 
to that point. 

. Indicate screened Interval _of well, as needed, In the lithology column. Show 
top and bottom of screen. Other details of well construction are provided on 
the well construction forms. 

I 

5.5.2 Rock Classification . 
• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate - core run depths by dra~ng coring run lines (as shown) under the first and fourth columns 

on the log sheet. Indicate ROO, core run number, ROD percent, and core.recovery under 
the appropriate columns. 

• Indicate lithology change by drawing a nne at the appropriate depth as explained In 
Section 5.5.1. . 

• Rock hardness is entered under designated column using tenns as described on the back 
of the log or as explained ear1ier: in this section. 

; 

' .. . 
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bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.). 
Cuttings shall be closely examined to determine general lithology. 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

• · Note drop or chattering of drilling tools or a change in the rate of dnlling, to determine 
tractur~ locations .or lithologic changes. 

• Observe loss or gain of drilling fluids or air {if air rotary methods are used), to identify 
potential fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It Is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air /mud· 
rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewecJ. Items to be reviewed include: 

6.0 

• 
• 
• 

Checking for consistency of all logs . 
Checking for conformance to the guideline . 
Checking to see that all Information is entered in their respective columns and spaces . 

REFERENCES 

Unified Soil aassification System {USCS). 

ASTM D2488, 1985. 

Earth Manual, U.S. Department of the Interior, 1974. 

7.0 RECORDS 

Originals· of the boring logs shall be retained in the project' files. 
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5.0 PROCEDURES 

5.1 Equipment/Items Needed 

Below is a list of Items that may be needed when installing a monitoring well: 

• 
• 

• 

• 

5.2 

Health and safety equipment as required by the Site Safety Officer~ 

Well dn1llng and Installation equipment with associated materials (typically supplied by the 
driller). 

Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable 
engineers rule, electronic calculator, dipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
Installation forms, and a field notebook). 

Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, 
pipe wrenches, drive points, riser pipe, and end caps). 

Well Design 

The objectives for each monitoring well and its intended use must be clear1y defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the well 
design, attention must be given to clearly documenting the basis for design decisions, the detaBs of weU 
[:Onstruction, and the materials to be used. The objectives for installing the monitoring wells may 
nclude: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

~iting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
nrection. In most cases, groundwater flow and potential well locations can be determined through the 
·eview of geologic data and the site terrain. In addition, data from production wells or other monitoring 
veils in the area may be used to determine the groundwater flow direction. If these methods cannot be 
Jsed, piezometers, which are relatively Inexpensive to Install, may ~ve to be installed In a preliminary 
nvestigative phase to determine groundwater flow direction. 

i.2.1 Well Depth, Diameter, and Monitored Interval 

lie well depth, diameter, and monitored Interval must be taUored to the specific monitoring needs of 
!Bch investigation. Specification of these items generally depends on the purpose of the monitoring 
:ystem and the characteristics of the hydrogeologic system being monitored. Wells of different depth, 
liameter, and monitored Interval can be employed In the same groundwater monitoring system. For 
1stance, varying the monitored Interval In several wells, at the same location (cluster wells) can help to 
leteimine the vertical gradient and the levels at which contaminants are present. Conversely, a fully 
1enetratlng well Is usually not used to quantify ·or vertically locate a contaminant plume, since 
1roundwater samples collected In wells that are screened over the full thickness of the water-bearing 
one wll be representative of average condhlons across the entire monitored interval. However, fully 
1enetrating wells can be used to establish the existence of contamination in the water-bearing zone. The 
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Casing Inside Standing Water Depth to Total Depth of Standing 
Diameter Obtain 1 Gallon Water Water for 4 Gallons. 

(Inch) (Feet) (Feet) 

2 6.13 25 

4 1.53 6 

6 0.68 3 
·. 

I 

t 'wever, if a specific well recharges quickly after purging, then well diameter may not be an imponant 
fcn .. "tor regarding sample volume requirements. 

F mping tests for determining aquifer characteristics may require larger diameter wells; however, in 
s .. Jail-diameter wells in-situ permeability tests can be performed during drilling or after well Installation 
s completed. 

5 ~2 Riser Pipe and Screen Materials 

~·...,11 materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
1 additional specification of slot size. Thickness of pipe is referred to as .•schedule• for polyvinyl 
:hloride (PVC) casing and Is usually Schedule 40 (thinner wall) or eo (thicker wall). Steel pipe thickness 
~often referred to as •strength• and Standard Strength is usually adequate for monitoring well purposes. 
' h larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The 
~quired thickness is also dependent on the method of Installation: risers for drive points require greater 
trength than wells installed Inside drilled borings. 

l.J selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
lSterials the well penetrates, the type of contamination expected, and natural water quality and depth. 
rl ;t and the level of accuracy required are also Important. The materials generally avaBable are Teflon, 
l nless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
ttachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
~-~erials are PVC and stainless steel for wells in which screens are installed. Properties of these two 
I erials are compared In Attachment B. Stainless steel Is preferred where trace metals or organic 
:tmpling is required; however, costs are high. Teflon ~teriaJs are extremely expensive, but are 
1t...tively inen and provide the least opponunity for water contamination due to weU materials. PVC has 
I 1y advantages, including low cost, excellent avaDabUity, light weight. and ease of manipulation; 
owever. there are .also some questions about organic chemical sorption and leaching that are currently 
~i11g researched (see Barcelona et al., 1983). Concern about the use of PVC can be minimized If PVC 
I s are used strictly for geohydrologlc measurements and not for chemical sampling. The crushing 
rength of PVC may limit the depth of Installation, but Schedule 80 materials nonnally ...Sed for weDs 
reater than 50 feet deep may overcome some of the problems associated with depth. However, the 
) 1ller inside diameter of Schedule eo pipe may be an Important factor when considering the size of 
h1ers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size 
~~mmended for Schedule 80 wells is 4-lnch 1.0.. . 

:..eens and risers may have to be decontaminated before use because ol-based preservatives and ol 
·~ed during thread cutting and screen manufacturing may contaminate samples. "Metal pipe, may 
· ode and release metal Ions or chemically react with organic constituents, but this Is considered by 
1 •• Je to be less of a problem than the problem associated with PVC material. Galvanized steel Is not .. '"' .... 

-
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3 to S pounds Of granular or flake-type bentonite, and 6 gallons of water. A neat cement consists of one 
1inety-pound bag of Penland Type I cement and 6 gallons of water. 

'n certain cases, the borehole may be drilled to a depth greater than the anticipated well lnstaJlatlon 
jepth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
?quivalent. A short (1- to 2-foot) section of capped riser pipe sump Is sometimes installed Immediately 
~elow the screen, as a sUt reservoir, when significant post-development silting is ·anticipated. This will 
!nsure that the entire screen surface remains unobstructed. · 

1.2.4 Protective Casing 
I. 

Vhen the well Is completed and grouted to the surface, a protective steel casing is often placed over the 
PI? of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent 
pie shall be provided In the cap to allow venting of gases and maintain atmospheric pressure as water 
!Vels rise or fall in the well. The protective casing has a larger diameter than the well and Is set Into~ 
·~et cement grout over the w~ll upon completion. In addition, one hole is drilled just above the cement 
liar through the protective casing which acts as a weep hole for the flow of water which may enter the 
nulus during well development, purging. or sampling. 

I protective casing which is level.with the ground surface is used in roadway or parking lot applications 
here the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to 
Inches below the pavement, and a locking protective casing is cemented In place to 3 Inches below 
~ pavement. A large diameter protective sleeve is set Into the wet cement around the well with the .top 
it level with the pavement. A manhole-type lid placed over the protecttve sleeve. The cement should 
' slightly mounded to direct pooled water away from the well head. 

~ Monitoring Well Installation 

·~rtlnent data regarding monitoring well Installation shall be recorded on log sheets as depicted and 
cussed In SOP SA-6.3. Attachments to this referenced SOP Illustrate terms and physical construction 
arious types of monitoring wells. . . . 

~-1 Monitoring Wells in Unconsolidated Sediments 
I 
er the borehole is drtlled to the desired depth, well Installation can begin. The procedure for well 
ltallation will partially be dictated by the stabDity of the formation in which the well Is being placed. If 
I borehole collapses Immediately after the drilling tools are withdrawn, then a temporary casing must 
installed and well Installation will proceed through the center of the temporary casing. and continue 
~he temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling. the 
bers will ad to stabRize the borehole during well Installation. 

(ore the screen and riser pipe are lowered Into the borehole, all pipe and screen sections should be 
tasured With an engineer's rule to ensure proper placement. When measuring sections, the threads 
one end of the pipe or screen must be excluded whDe measuring. since the pipe and screen sections 

~ ~crewed flush together. . . 

n the screen and riser pipe are lowered through the temporary casing. the sand pack can be installed. 

~
ighted tape measure must be used during the installation procedure to carefully monitor installation 
ress. The sand Is poured Into the annulus between the riser pipe and temporary casing, as the 

ng is withdrawn. Sand should always be kept Within the temporary casing during withdrawal In order 
insure an adequate sand ll8CI': ... HowevN. R too much sand Is within the temporary CUing (greater 
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anufacturers•of these types of samplers claim that four samplers can be Installed In a 3-lnch-dlameter 
)rehole. This reduces drilling costs, decreases the volume of stagnant water, and provides a sampling 

system that minimizes cross-contamination from sampling equipment. These samplers also perfonn well 
' hen the water table is within 25 feet of the surface (the typical range of suction pumps}. Two 
1 anufacturers of these samplers are Timco Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, 
and BAR CAD Systems, Inc., of Concord, Massachusetts. Each manufacturer offers various constructJon 
raterials. · 

lwo additional types of multDevel sampling systems have been develoPed.: Both employ Individual 
sr..reened openings through a small-diameter casing. One of these systems (marketed by Westbay 
I rtruments .Ud. of Vancouver, British Columbia, Canada) uses a screened pon and a sampling probe 
lu obtain samples and head measurements or perfonn penneabDity tests. This system allows sampling 
pons at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 lnche~ In diameter. 

T •• a second system, developed at the University of Waterloo at Waterloo, Ontario, canada, requires field 
~ssembfy of the individual sampling pons and tubes that actuate a simple piston pump and force the 
> nples to the surface. Where the depth to ground water is less than 2!5 f• the piston pumps are not 
., JUired. The assembly Is made of easily obtained materials; however, the cost of labor to assemble 
hese monitoring systems may not be cost-effect-Ive. 

5 Well Development Methods 

lt&! purpose of well development Is to stabilize and Increase th~ penneabDity of the gravel pack around 
t well screen, and to restore the penneabDity of the fonnatlon which may have been reduced by drilling 
tperatlons. Wells are typically developed untl all fine material and drDIIng water Is removed from the 
O'ell. Sequential measurements of pH, conductivity and temperature taken during development may yield 
1 ~nnatlon {stabilized values) that sufficient development Is reached. 111e selection of the well 
IL. .. elopment method shall be made by the rig geologist and Is based on the drilling methods, well 
onstructlon and Installation detals, and the characteristics of the formation that the well Is screened ln. 
l primary methods of well development are summarized below. A more detaDed discussion may be 
l 1d in Driscoll (1986) • 

• - 1 Overpumplng and Backwashlng. 

fells may be developed by alternatively drawing the water. level down at a high rate (by pumping or 
r:ting) and then reversing the flow direction (backwashlng) so that water Is passing from the well Into 
1 formation. This back and fonh movement of water through the y-~ell screen and gravel pack serves 
, remove fines from the formation immediately adjacent to the well, whDe preventing bridging (wedging) 
f cand grains. Backwashing can be accomplished by several methods, including pouring water Into the 
·• and then bailing, stanlng and stopping a pump intennittently to change water levels, or forcing water 
ItO the well under pressure through a water-tight fitting rrawhtdlng-). Care should be taken when 
adcwashing not to apply too much pressure, which could damage or destroy the well screen • 

..... 2 Surging with a Surge Plunger 

trge plunger (also called a surge block) Is approximately the same diameter as-the well casing and 
u~ed to agitate the water, causing It to move In and out of the screens. This movement of water pulls 
1e. materials into the well, where they may be removed by any of several methods. and prevents 
~ glng of sand panicles In the gravel pack. There are two basic types of surge plungers; solid and 
hn9d surge plungers. In formations with low yields, a valved surge plunger may be preferred, as solid 
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will need to be recorded.depending on whether the well Is completed in overburden, in a confined layer, 
in bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed In the well are also important. The geologist shall 
calculate the annular space volume and have a general Idea of the quantity of material needed to fill the 
annular space. Volumes of backfill significantly higher than the calculated volume may indicate a 
problem such as a large cavity, whDe a smaller backfill volume may indicate a cave-in. Any problems 
with rig operation or down-time shall be recorded and may affect the drillers final fee • 

.. 
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WEll CONSTRUCTION 

Characteristic Stainless Steel PVC 

Strength Use in deep wells to prevent 
compression and closing of 

Use when shear and compressive 
strength are not critlcaJ. 

I screen/riser. 

------~---------------r--------------~ Weight 

J Cost 

Corrosivity 

1 Ease of Use 

:~reparation for 

J Use 

Interaction with 
~ontaminants• 

Relatively heavier. Ught-weight; floats in water. 

Relatively expensive. Relatively inexpens~e. 

Deteriorates more rapidly in corrosive Non-corrosive- may deteriorate in 
water. presence of ketones, aromatics, alkyl 

sulfides, or some chlorinated 
hydrocarbons. 

Difficult to adjust size or length in the 
field. 

Should be steam cleaned organics will 
be subsequently sampled. 

May sorb organic or inorganic 
substances when oxidized. 

Easy to handle and work with in the 
field. 

Never use glue fittings -·pipes should 
be threaded or pressure fitted. 
Should be steam cleaned when used 
for monitoring wells. 

May sorb or release organic 
substances. 

• See also Attachment A 
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Project Hydrogeologist ~ Responsible for selecting and detailing the specific groundwater sampling 
echniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and 
1roviding detailed Input In this regard to the project plan documents. The project hydrogeologist Is also 

responsible for propeny briefing and overseeing the performance of the site sampling personnel. 

'reject Geologist • Is primarily responsible for the· proper acquisition· of the grounctwater sampfes. 
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument 
rallbration, care, and maintenance. When appropriate, such responsibilities may be performed by other 

ualffied personnel (e.g., field technicians). 

5.0 PROCEDURES 

.... f General 

1 be useful and accurate, a groundwater sample must be representative of the panlcular zone of the 
' !ter being sampled. The physical, chemical, and bacteriological Integrity of the sample must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water 
( rafity parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
t-~ilers, and various types of samplers. The primary considerations in obtaining a representative sample 
( the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical 
or chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little 
or no venical mixing of water in the well pipe or casing, and stratification wll occur. The well water In 
tl · screened section will mix with the groundwater due to normal flow patterns, but the well water above 
tt..., screened section wll remain isolated and become stagnant. To safeguard against collecting non­
·epresentatlve stagnant water in a sample, the following approach shall be followed prior to sample 
l ~uisition: 

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to ftve 
volumes is recommended prior to sampling. In a high· yielding groundwater formation and 
where there is no stagnant water In the well above the screened section, extensive evacuation 
prior to sample withdrawal is not as critical. . · 

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover prior 
to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volume 
of water is required. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibDity: 

• A submersible pump or the intake line of a surface pump or baler shall be placed Just 
below the water surface when removing the stagnant water and lowered as the water 
level drops. Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished, a 
baler or other approved device may be used to collect the sample for analysis. 
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5~3 Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it Is first 
necessary to know the volume of standing water in the well pipe. This volume can be easfty calculated 
by the following method. CaJculations shall be entered In the site logbook or field notebook or on a 
sample log sheet form (see SOP SA-6.3): · • 

• Obtain all available information on well con~ruction Oocation, casing, screens, etc.). 

• Determine well or casing diameter • 

• Measure and record static water level (depth below ground level or top of casing reference 
point). 

• Determine depth of well by sounding using a clean, decontaminated, weighted tape measure. 

• Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

• Calculate one static well volume in gallons V • (0.163XTXr2) 

where: v = 
T 1: 

r • 
0.163 .. 

Static volume of well In gallons. 
Thickness of water table in the well measured In feet (I.e., linear 
feet of static water). 
Inside radius of well casing In Inches. 
A constant conversion factor which compensates for the 
conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pL 

• Per evacuation volumes discussed above, determine the minimum amount to be evacuated 
before sampling. 

5.4 Evacuation of Static Water (Purging) 

5.4.1 General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that Is. representative of a large volume 
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a 
composite of a known volume of the aquifer. Alternately the well can be pumped untl the parameters 
such as temperature, electrical conductance, pH, and turbidity (as applicable), have stabllzed. Onsite 
measurements of these parameters shall be recorded In the site logbook, field notebook, or on 
standardized data sheets. 
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'Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
;ources for these samplers may be compressed gas or electricity. The operation principles vary and the 
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. 
0 umps are avaUable for 2-lnch-dlameter wells and larger. These pumps can lift water from considerable 
jepths (several hundred feet). 

Umltations of this class of pumps include: 

• They may have low delivery rates. 
• Many models of these pumps are expensive. 
• Compressed gas or electric power is needed. 
• Sediment In water may cause dogging of the valves or eroding the impellers with some of 

these pumps. 
• Decontamination of Internal components can be difficult and time-consuming. 

5.5 Onsite Water Quality Testing 

his section describes the procedures and equipment required to measure the following parameters of 
an aqueous sample in the field: 

• pH 
• Specific Conductance 
• Temperature 
• Dissolved Oxygen (DO) Concentration 
• Oxidation Reduction Potential 
• Certain Dissolved Constituents Using Specific lon Elements 
• Turbidity 

. 
This section is applicable for use in an onsite groundwater quality monitoring program to be conducted 
,-~ a hazardous or nonhazardous site. The procedures and equipment described are applicable to 

oundwater samples and are not, In general, subject to solution interferences from color, turbidity, and 
colloidal material or suspended matter. 

· lis section provides general information for measuring the parameters listed above with Instruments and 
techniques in common use. Since instruments from different ma'nufacturers may vary. review of the 
manufacturer's literature pertaining to the use of a specific instrument Is required before use. 

~;5.1 

! 5.1.1 

Measurement of pH 

General 

Measurement of PH Is one of the most Important and frequently used tests in water chemistry. 
I actically every phase of water supply and wastewater treatment such as acid-base neutralization, water 
t-dtening. and corrosion control Is pH dependent. Ukewise, the pH of leachate can be correlated with 
other chemical analyses to determine the probable source of contamination. It Is therefore important that 
1 3sona~ly accurate pH measurements be taken. 
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. 
• Immerse the tip of the electrodes in water overnight. If this is not possible due to field 

conditions, immerse the electrode tip in water for at least an hour before use. The electrode 
tip may be immersed In a rubber or plastic sack containing buffer solution for field transport 
or storage. This is not applicable for all electrodes as some must be stored dry. 

• If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper 
· levels and that no air bubbles are presel'lt within the electrode(s). 

• Calibrate on a daUy use basis following manUfacturer's instructions. Record calibration data 
on an equipment calibration log sheet. 

• Immerse the electrode(s) In the unknown solution, slowly stirring the probe untD the pH 
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift. 
the sample temperature may not be stable, a physical reaction (e.g., degassing) may be 
taking place in the sample, or the meter or electrode may be malfunctioning. This must be 
clearty noted In the logbook. 

• Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit. 
Also record the sample temperature. 

• Rinse the electrode(s) with deionized water. 

• Store the electrode(s) In an appropriate manner when not In use. 

Any visual observation of conditions which may Interfere with pH measurement, such as oDy materials, 
or turbidity, shall be noted. 

pH Paper 

Use of pH paper Is very simple and requires no sample preparation, standardization, etc. pH paper Is. 
available in several ranges. including wide-range Ondlcatlng approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, e to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH Is unknown the 
·investigation shall start with wide-range paper and proceed with successively narrower range paper untl 
the sample pH is adequately determined. · 

5.5.2 Measurement of Specific Conductance 

5.5.2.1 General 

Conductance provides a measure of dissolved Ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used 
as a measure of subsurface biodegradation or to indicate alternate sources of groundwater 
contamination. · 

· Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
value depends on the total concentration of the ionized substances dissolved In ·the water and the 
temperature at which the measurement Is made. The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. · 

------------------------------· 
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• Immerse the electrode in the sample and measure the conductivity. Adjust the temperature 
setting to the sample temperature (If applicable). 

• Read and record the results In a field logbook or sample log sheet. 

• Rinse the electrode with deionized water. 

f the specific conductance measurements become ~rratlc, recalibrate the instrument and see the 
manufacturer's instructions for detals. 

i.5.3 

5.5.3.1 

Measurement of Temperature 

General 

.. 1 combination with other parameters, temperature can be a useful Indicator of the likelihood of biological 
action in a water sampte. It can also be used to trace the flow direction of contaminated groundwater. 
~emperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water 
~mples may rapidly equilibrate with the temperature of their surroundings. 

r 5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercuryfBied or dial-type thermometers. 
In addition, various meters such as speciflc conductance or dissolved oxygen meters, which have 
! mperature measurement capabilities, may also be used. Using such Instrumentation along with suitable 
•. nobes and cables, in-situ measurements of temperature at great depths_ can be perfonned. 

! i.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample: 

• Immerse the thermometer In the sample untO temperature equftlbrium is obtained (1 ~ 
3 minutes). To avoid the possibDity of cross-contamination, the thermometer shall not be 
lnsened Into samples which wRI undergo subsequent chemical analysis. 

• Record values in a field logbook or sample log sheet. 

If temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's 
recommendations. 

5.5-4.1 

Measurement of Dissolved Oxygen Concentration 

General 

)is:;olved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
llochemical activities in the water body. Conversely, the growth of many aquatic organisms as weU as 
h rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
fl::..,olved oxygen is a key test In water pollution and waste treatment process control. If at atl possible, 
>O measurements shall be taken in-situ, since concentration may show a large change in a shon time 
r 1 a sample Is not adequately preserved. 
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• The probe shall be conditioned in a water sample for as long a period as practical before use 
in the field. Long periods of dry storage followed by short periods of use in the field may 
result In inaccurate readings. 

• The instrument shall be calibrated In the field according to manufacturer's recommendations 
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values_ 
for air-saturated water can be determined by consulting a table listing oxygen solubilities as 
a function of temperature and salinity (s~ Attachment C); 

• Record all pertinent information on an equipment calibration sheet. 

• Rinse the probe with deionized water. 

• Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane 
by stirring the sample. Probes without stirrers placed In wells can be moved up and down. 

• . Record the dissolved oxygen content and temperature of the sample in a field logbook or 
sample log sheel 

• Rinse the probe with deionized water. 

• Recalibrate the probe when the membrane is replaced, or as needed. Follow the 
manufacturer's instructions. 

Note that In-situ placement of the probe is preferable, since sample handling is not Involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed In-situ, or if 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubftizatlon and positive test Interferences. 

5.5.5 Measurement of Oxidation-Reduction Potential 

5.5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic 
compounds to exist In an oxidized state. The ORP parameter therefore provides evidence of the 
likelihood of anaerobic degradation of bioclegradable organics or the ratio of activities of oxidized to 
reduced species in the sample. 

5.5.5.2 Principles of Equipment Operation 

When an. inert metal electrode, such as platinum. is immersed In a solution, a potential Is developed at 
that electrode depending on the ions present In the solution. 1f a reference electrode is placed In the 
same solution, an ORP electrode pair is established~ This electrode pair allows the potential difference 

· between the two electrodes to be measured and Is dependent on the concentration of the ions- In 
solution •. By this measurement, the abDity to oxidize or reduce species in solution may be determined. 
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a 
knowledge of the quality of the solution, water, or wastewater. 
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes 
in turbidity may occur if the sample is stored too long. 

5.5.6.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method. This method Is based on a comparison of the 
Intensity of light scattered by the sample under defined conditions with the intensity of light scattered by­
a standard reference suspension under the same conditions. The higher the scattered light Intensity, the 
higher the turbidity. · 

Fonnazin polymer is used as the reference turbidity standard suspension because of Its ease of 
preparation combined with a higher reproducibility of Its light-scattering properties than clay or turbid 
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbldmeter. Therefore, nephelometric turbidity units (NTU) based on the 
fonna2in preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them 

5.5.6.3 Equipment 

The following equipment Is needed for turbidity measurement: 

• Stand alone ponable turbidity meter, or combination meter (e.g •• Horiba U-10), or 
combination meter equipped with an in-tine sample chamber. 

• Calibration solution, as specified by the manufacturer. 

• Manufacturer's operation manual. 

5.5.6.4 Measurements T echnigues for Specific Conductance 

The steps involved in taking turbidity measurements are listed below (standardization is according to 
manufacturer's instructions): 

• Check batteries and calibrate instrument bi:!fore going Into the field. 

• Check the expiration date (etc.) of the solutions used for field calibration. 

• Calibrate on a daly use basis, according to the manufacturer's instructions and record all 
pertinent lnfonnatlon on an equipment calibration log sheet. 

• Rinse the ceO with one or more portions of the sample to be tested or with deionized water. 

• Immerse the probe in the sample and 'measure the turbidity. The reading must be taken 
Immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity 
reading. 
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4. Select the appropriate purging equipment (see Attachment A). If an electric submersible 
pump with packer is chosen, go to Step 10. 

5. Lower the purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it In an acceptable 
manner (as applicable). Lower the purging device, as required; to maintain submergence._ 

6. Measure the rate of discharge frequf:mt~y. A graduated· bucket and stopwatch are most 
commonly used; other techniques include use of pipe trajectory methods, weir boxes or flow 
meters. 

7. Observe the peristaltic pump intake for degassing •bubbles: If bubbles are abundant and 
the intake is fully submerged, this pump is not suitable for collecting samples for volatDe 
organics. Never collect volatHe organics samples using a vacuum pump. 

B. Purge a minimum of three to five casing volumes before sampling~ In low-permeabUity strata 
(I.e., if the well Is pumped to dryness), one volume will suffice. Purged water shaD be 
collected in a designated container and disposed In an acceptable manner. 

. 9. If sampling using a pump, lower the pump intake to midscreen (or the middle of the open 
section in uncased wells) and collect the sample. If sampling with a baUer, lower the bailer 
to the sampling level before filling. 

10. (For pump and packer assembly only). Lower the assembly into the well so that the packer 
Is positioned just above the screen or open section. Inflate the packer. Purge a volume 
equal to at least twice the screened Interval (or unscreened open section volume below the 
packer) before sampling. Packers shall always be tested In a casing section above ground 
to determine proper inflation pressures for good sealing. 

11. In the event that recovery time of the well Is very slow (e.g., 24 hours or greater), sample 
collection can be delayed until the following day. If the well has been purged earty in the 
morning, sufficient water may be standing in the well by the day's end to permit sample 
collection. If the well Is incapable of producing a sufficient volume of sample at any time, 
take the largest quantity available and reco~ this occurrence in the site logbook. 

12. Fill sample containers (preserve and label as described In SOP SA-6.1) . 
• 

13. Replace the well cap and lock as appropriate. Make sure the well Is readDy identifiable as 
the source of the samples. 

14. Process sample containers as described In SOP SA-6.1. 

15. Decontaminate equipment as described In SOP SA-7.1. 

5.7 Low Flow Purging and Sampling 

5.7.1 Scope & Application 

·Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
The purpose of low flow purging and sampling is to collect groundwater samples that contain 
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• Sample preservation supplies (as required by the analytical methods). 

• Sample tags or labels. 

• Well construction da~. location map, field data from last sampling event. 

• Field Sampling Plan. 

• PIC or AD instrument for measuring VOCs (volatle organic compounds). 

5.7.3 Purging and Sampling Procedure 

Use a submersible pump to purge and sample monitoring wells which have a 2.0 Inch or greater well 
casing diameter. 

Measure and record the water level immediately prior to placing the pump in the well. 

lower pump, safety cable, tubing and electrical lines slowly into the well so that the pump Intake is 
located at the center of the saturated screen length of the well. If possible keep the pump Intake at least 
two feet above the bottom of the well, to minimize mobDizatlon of sediment that may be present In the 
bottom of the well. Collection of turbid free water samples may be difficult If there is three feet or less 
of standing water in the well. 

When starting the pump, slowly increase the pump speed untO a discharge occurs. Check water level. 
Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less 
than 0.3 feet and h should stabDize. If the target of less than 0.3 feet cannot be achieved or maintained, 
the sampling Is acceptable if remaining crheria in the procedure are met. Subsequent sampling rounds 
will probably have Intake settings and extraction rates that are comparable to those used In the initial 
sampling rounds. 

Monitor water level and pumping rate every three to fiVe minutes (or as appropriate) during purging. 
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced 
to the minimum capabftitles of the pump (e.g., 0.1-o.2 1/min) to ensure stabllzation of Indicator 
parameters. Adjustments are best made in the first fifteen minutes of pumping In order to help minimize 
purging time. During Initial pump start-up, drawdown· inay exceed the 0.3 feet target and then recover 
as pump flow adjustments are made (minimum purge volume calculations should utllze stabDized 
drawdown values, not the .Initial drawdown). If the recharge' rate of the well Is less than minimum 
capability of the pump do not allow the water level to fall to the intake level (If the static water level Is 
above the screen, av~id lowering the water level Into the screen). Shut off the pump If either of the 
above Is about to occur and allow the water level to recover. Repeat the process until field Indicator 
parameters stabDize and the minimum purge volume is removed. The minimum purge volume with 
negligible drawdown (0.3 feet or less) Is two saturated screen length volumes. In situations where the 
drawdown Is greater than 0.3 feet and has stabDIZed. the minimum purge volume Is two times the 
saturated screen volume plus the stabHized drawdown volume. After the minimum purge volume Is 
attained (and field parameters have stabDized) begin sampling. For low yields wells, commence sampling 

. as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated 
-samples. 

During well purglng,.monitorfield Indicator parameters (turbidity, temperature, specific conductance, pH, 
etc.) every three to frve minutes (or as appropriate). Purging is complete and sampling may begin when 
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U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data Acquisition, 
Chapter S: Chemical and Physical Quality of Water and Sediment. U.S. Department of the Interior, 
Reston, Virginia. 
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ATTACHMENT A O~G> 

cn:n 
PURGING EQUIPMENT SELECnON )>00 
PAGE2 CCC I 

~c;;z 
Maximum -o i 

Construction -f ::! :E : 
Model Principle of Outside . Materials Uft Delivery Rates 1982 mOl> Manufacturer Diameter/ 

~/lines and Range Price Comments cnz-f ~mefNumber Operation length ftl) or Volumes (Dollars) =!l>m 
(Inches) Tubing) zz:n 

Dedicated; gn 0.150 1 liter for each Requlm compreslfld gas; custom sizes· 
G>ocn' 

BlrCad Systems, PE, bratt, nylon, a)> I 
fnc. S.C.d S.mpler drive (positive 1.5/18 aluminum oxide with std. 10-15 feet of $220-350 and materials available; acts as · zs::: displacement\ tubing submergence I piezometer. · 

,, 
Cole-Parmer fnat. Mnter Flex 7570 Portable; (not IUbmer.lble) 670ml/mln AC/DC; variable speed control available; ~Fn 
Co. Portable , ~erlstal:;c <1.0/NA Tygon•, siRcone Q.30 with 7015- $500-600 other models may have different trow m 

Sampling Pump suction Vlton• 20 pump head rates. ~ 
Portable; venturi <1.5 or PP, PE, PVC, SS, 0-500 ml/mln 

AC, DC, or gasoline-driven motors -f 
ECO Pump Corp. SAMPUffer <2.0/NA Teflon•, Tefz~f8 0-100 depending on $400.700 m 

lift available; must be primed. :n 
Portable; grab I Geltek Carp. Biller 219-4 (positive 1.88/38 Teflon• NoHmlt 1,075ml $120-135 Other alzn available. I 
displacement) 

Approximately i :z 
Dedicated: gas 'C 

GeoEnglneenng, PE, PP, PVC, Probably 1 liter for each Acta as piezometer; requires compressed S. !3 GEO-MONITOR drive (positive 1.5/18 . $185 fJI I! Inc. displacement) Vlton• 0.1SD 10 feet of gas. cr 
submeraence :I , 

Industrial and Portable; Requlrea compre ... d gas; other models I Environmental SS, Teflon•, 0-2.800 $1,500-
.~r-·fnc. 

Aqullfut bladder fpoaltfve 1.75/43 Vlton• 0.250 ml/mln 3,000 avallab!e; AC, DC, manual operation 
displacement) possible. i .. 

uJ "' Portsble;-grab 8SOml 
Requires vacuum and/or pressure from 

):!:! 

Syringe Saf'I'IJMr (positive 1.75/43 ss, Teflone No limit sample volum $1,100 
.. 

lEA hand pump. ~~ 
displacement) e ~, 

fnstrument Model2800 Portable; PC, lllloane, 
0-7,500 Requires compressed gas (40 psi 

Spec~;ltlet Co. bladder (positive 1.75/!D Teflon•, PP, PE, 0.1!D $990 ! 
1 liSCO 

Well Sampler displacement) Oetrtn•, acetal ml/mln minimum) •. 

Keck GeaphyaiCII 
SP-81 . Portable; helical ss, Tetlone, PP; 0-4,500 $3,!00 Submersible rotor (positive 1.75/25 EPDU, Vlfon8 0-180 ml/mln DC operated. 

Instruments, Inc. SamDRna Puml' displacement) 
. 

; ., ,., 
Leonard Maid Geafllter Sman Portable; ss, TefiDne,PC, $1,400. Aequfret campNIII8d gil fS5 pal Ill .co 

0-"00 0-3,500 i· Ill 

and Die Warb, Diameter Weft · bladder (polltJve 1.75/38 Neap~ne• mlfmln 1,500 minimum); pneurnatfo or AC/DC control 
Inc~ Pump C#osocn . displacement) module. 

Portable; grab Approximately Olher mlltetfals and models avellable; far gi ~~ 011 AaCDVtry Surfaoe Sampler (positive 1.71/12 ~DIIrln8 No lmlt $125-180 measuring thlcknen of "ftoatrnrt ........... ,a. 
~-· fnc. dlsplacementl 

2SOmL contaminants. 0 
..& 

......... ~! 

0.£0. w.n YJ~nnte Dedicated; 0.2,000 Requires compretsed a••: piezometric ~· .....\ 

Envlronm•ntal Monitoring IOO) bladder fpollllve US8/38. PVC 0-230 mL/mln $300-400 level Indicator; other materials available. 
r Systems, Inc. I System cP-1 diiC)Iacement) 

I 
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AlT ACHMENT B 

SPECIFIC CONDUCTANCE OF 1 MOLAR KCJ 
AT VARIOUS TEMPERATURES' 

Temperature (0 C) 
Specific Conductance . 

(umhos/cm) -
15 1,147 

.. 
16 . 1,173 

17 1,199 

18 1,225 

19 1,.251 

20 1,278 

21 1,305 

22 1,332 

23 1,359 

24 1,368 

25 1,413 

26 1,441 

27 1,468 

28 1,496 

29 1,524 

30 1,552 

, 
Data derived from the International Critical 
Tables 1-3-lt 

' 

. 



·-
1tl•ect Number Page 

····-···---···. ·------· ---···--·- -SA-1:--1--· 27 of 27 
GROUNDWATER SAMPLE 

.. 

ACQUISITION AND ONSJTE WATER Revision Effective Date 

OUAUTY TESTING 3 03/01/96 . 

-
ATTACHMENT C 
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTlON OF TEMPERATURE AND SAUNITY 
PAGE 1WO 

Dissolved Oxygen (mg/l) 
Temperature Chloride Concentration in Water Difference/ 

(-'C) 100 mg 
0 5,000 10,000 15,000 20,000 Chloride 

26 8.2 7.8 7.4 7.0 6.6 0.008 

27 8.1 7.7 7.3 6.9 6.5 0.008 

28 7.9 7.5 7.1 6.8 6.4 0.008 

29 7.8 7.4 7.0 6.6 6.3 0.008 

30 7.6 7.3 6.9 6.5 6.1 0.008 

31 7.6 

32 7.4 

33 7.3 

34 7.2 

35 7.1 

36 7.0 

37 6.9 

38 6.8 

39 6.7 

40 6.6 

41 6.5 

42 6.4 

43 6.3 

44 6.2 

46 6.1 . 
46 6.0 

47 5.9 

48 5.8 

49 5.7 

50 5.6 

Note: In a chloride solution, conductivity can be roughly related ~o chloride concentration 
(and therefore, used to correct measured D.O. concentration) using Attachment B • 

. 
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Project Manager - The Project Manager is responsible for determining sampling objectives, as 
well as, the field procedures used in the collection of soil samples. Additionally, in consultation 
with other project personnel (geologist, hydrogeologist, etc.). the Project Manager establishes the 
need for test pits or trenches, ~nd determines their approximate locations ~nd dimensions. 

Site Safety Officer (SSO} - The SSO (or a qualified designee) is _responsible for providing the 
technical support nec;essary to implement the project Health and Safety Plan. This will include 
(but not be limited to) performing air quality monitoring during sampling, boring and excavation , 
activities, and to ensure that workers and offsite (downwind) individuals are not exposed to 
hazardous levels of airborne contaminants. The SSO/designee may also be required to advise the 
FOL on other safety-related matters regarding boring, excavation and sampling, such as 
mitigative measures to address potential hazards from unstable trench walls, puncturing of drums 
.or other hazardous objects, etc. 

Field Operations leader <FOL} - The FOL is responsible for finalizing the location of surface, near 
surface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she is 
ultimately responsible for the sampling and backfilling of boreholes, test pits and trenches, and for 
adherence to OSHA regulations during these operations. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition 
of soil samples and the completion of all required paperwork (i.e., sample log sheets, field 
notebook, boring logs, test pit logs, container labels, custody seals, and chain-of-custody fonns). 

Compe1ent Person -A Competent Person, as defined in 29 CFR 1929.650 of Subpart P -
Excavations, means one who is capable of· identifying existing and predictable hazards in the 
surroundings, or working conditions which are unsanitary, hazardous, or dangerous to employees, 
and who has authorization to take prompt corrective measures to eliminate them. 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater- monitoring. Sampling of the soU horizons 
above the groundwater table can detect contaminants before they have migrated into the water 
table, and can establish the a·mount of contamination sorbed on aquifer solids that have the 
potential of contributing to groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, along with 
vegetation, can effect the rate of contaminant migration through the soil. It is important, therefore, 
that a detailed record be maintained during the sampling operations, particularly noting the 
location, depth, and such characteristics as grain size, color, and odor. Subsurface conditions are 
often stable on a daily basis and may demonstrate only slight seasonal variation especially with 
respect to temperature, available oxygen and light penetration. Changes in any of these 
conditions can radically alter the rate of chemical reactions ·or the associated microbiological 
community. thus further altering specific site conditions. As a result, samples m~;~st be kept at their 
at-depth temperature or lower, protected from direct light, sealed tightly in approved glass 
containers and be analyzed as soon as possible. 
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If the lower detection limits are necessary, an option would be to collect 3 EnCoreTM samplers at a 
given sample location. Send all samplers to the laboratory and the laboratoly . can perform the 
required preservation and analyses. 

5.2.1.2 Soil Samples to be Preserved in the Field 

Soil samples preserved in the fie.ld may be prepared for analyses using both the low-level (sodium 
bisulfate preservation) method and medium-level (methanol preservation) method. • 

Methanol Preservation (Medium Level}: 

Soil samples to be preserved in the field with methanol will utilize 4o-60 ml glass vials with 
septum lids. Each sample bottle will be filled with 25 ml of demonstrated analyte-free purge and 
trap grade methanol. Bottles may be prespiked with methanol in the laboratory or prepared in the 
field. 

Soil will be collected with the use of a decontaminated (or disposable), small-diameter coring 
device such as a disposable tube/plunger-type syringe with the tip cut·off. The outside diameter 
of the coring device must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to 
be added to the methanol preserved sample bottle. Calibration of the scale should be performed 
prior to use and intermittently throughout the day according to the manufacturers requirements. 

The sample should be collected by pulling the plunger back and inserting the syringe into the soil 
to be sampled. The top several inches of soil should be removed before collecting the sample. 
Approximately 10 grams .t2g (8-12 grams) of soH should be collected. The sample should be 
weighed and adjusted until obtaining the required amount of sample. The sample weight should 
be recorded to the nearest 0.01 gram in the field logbook and/or sample log sheet The soil 
should then be extruded into the methanol preserved sample bottle taking care not to contact the 
sample container with the syringe. The threads of the bottle and cap must be free of soil particles. 

After capping the botUe, swirl the sample (do not shake) in the methanol and break up the soil· 
such that all of the soil is covered with methanol. Place the sample on ice immediately and 
prepare for shipment to the laboratory as described in. SOP SA-6.1. 

Sodium Bisulfate Preservation (low level): 

Samples to be preserved using the sodium bisulfate method are to be prepared as follows: 

Add 1 gram of sodium bisulfate to 5 ml of laboratory grade deionized water in a 40-:-60 ml glass 
vial with septum lid. Bottles may be· pre spiked in the laboratory or prepared in the field. The soil 
sample should be collected in a manner as described above and added to the sample container • 
. The sample should be weighed to .nearest 0.01 gram as described above and recorded in field 
logbook or sample log sheet. .. 
Care should be taken when adding the soil to the sodium bisulfate solution. A chemical reaction 
of soils containing carbonates (limestone) may cause the sample to effervescent or the vial to I possibly explode. 

When preparing samples using the sodium bisulfate preservation method, duplicate samples must 
~ be collected using the methanol preservation method on a one for one sample basis. The reason 
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thickness of wax applied in a way that will prevent the wax from entering the sample. Clean· 
filler must be placed in voids at either end of the tube prior to sealing with wax. Place plastic 
caps on the ends of the sample tube, tape the caps in place, and dip the ends in wax. 

6. Affix label(s) to the tube as required and record sample number, depth, penetration, and 
recovery length on the label. Mark the "up" direction on the side of the tube with indelible ink, 
and mark the end of the sample. Complete Ch~in-of-Custody and other required fonns (see 
SOP SA-6.3). Do not allow tubes to freeze, and store the samples vertically with the same 
orientation they had in the ground, {i.e., top of sample is up) in a cool place out of the sun at 
all times. Ship samples protected with suitable resilient packing. material to reduce shock, 
vibration, and disturbance. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil 
to be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and 
soils with a consistency in eJCcess of very stiff cannot be penetrated by the sampler. Devices such 
as Dennison or Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. 
Using these devices normally increases sampling costs, and therefore their use shall be weighed 
against the need for acquiring an undisturbed sample~ 

5.3 Surface Soli Samp_ling 

The simplest. most direct method of collecting surface soil samples (most commonly collected to a 
depth of 6 inches) for subsequent analysis is by use of a stainless steel trowel. 

In general, the following equipment is necessary for obtaining surface soil samples: 

• Stainless steel trowel. 
• Real-time air monitoring instrument (e.g., PIC, FlO, etc.). 
• Latex gloves. 
• Required Personal Protective Equipment (PPE). 
• Required paperwork. 
• Required decontamination equipment 
• Required sample container(s). 
• Wooden stakes or pin flags. 
• Sealable polyethylene bags (i.e., Ziploc baggies). 
• Heavy duty cooler. . 
• Ice (if required) double-bagged in sealable polyethylene bags. 
• Chain-of-custody records and custody seals. , 

V\lhen acquiring surface soil samples, the following procedure shall be used: 

1. Carefully remove vegetation, roots, twigs, litter, etc., to expose an adequate soil surface area 
to accommodate sample volume requirements. 

2. Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for 
collecting a volatile soil sample. 

3. Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and 
transfer the sample into those containers utilizing the same stainless steel trowel employed 
above. Cap and securely tighten all sample containers. 
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3. Begin augering (periodically removing accumulated soils from the bucket bit} and add 
additional rod e)(tensions as necessary. Also, note (in a f1eld notebook or on standardized 
data sheets) any changes in the color, texture or odor of the soil. 

4. After reaching the desired depth, slowly and carefully withdraw the apparatus from the 
borehole. 

5. Remove the soiled bucket bit from the rod extension and r~place it with another properly 
decontaminated bucket bit The bucket bit used for sampling is commonly smaller in diameter 
than the bucket bit employed to initiate the borehole. 

S. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the 
borehole sides. 

7. Slowly tum the apparatus until the bucket bit is advanced approximately S inches. 

8. Discard the top of the core (approximately 1"), which represents any loose material collected 
by the bucket bit before penetrating the sample material. 

9. Fill volatile sample container(s), using a property decontaminated stainless steel trowel, with 
sample material directly from the bucket bit. Refer to Section 5.2.1 of this procedure. 

10. Utilizing the above trowel, remove the remaining sample ·material from the bucket bit and 
place into a property decontaminated stainless steel mixing bowl and thoroughly homogenize 
the sample material prior to filling the remaining sample containel'li. Refer to Section 5.2.2 of 
this procedure. 

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.6 Subsurface Soil Sampling With a Split-Barrel Sampler (ASTM 01586-84) 

Split-barrel (split-spoon) samplers consist of a ·heavy carbon steel or stainless steel sampling tube 
that can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head 
is attached to the upper end of the tube and serves as a point of attachment for the drill rod.. A 
removable tapered nosepiece/drive shoe attaches to the lower end of the tube and facilitates_ 
cutting. A basket-like sample retainer can be fitted to the lower end of the split tube to hold loose, 
dry soil samples in the tube when the sampler is removed .from the drill hole. This split-barrel 
sampler is made to be attached to a drill rod and forced into the ground by means of a 140-lb. or 
larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from 
depths greater than those attainable with other soil sampling equipment 

The following equipment is used for obtaining split-barrel samples: 

• Drilling equipment (provided by subcontractor). 

• Split-barrel samplers (0.0. 2 inches, I.D •. 1-318 inches, either 20 inches or 26 inches long); 
larger 0.0. samplers are available if a larger volume of sample is needed. 

• Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 30 inches. 
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adequately stored or disposed. If data on soils at depths greater than 15 feet are required, the 
data ore -usually obtained through test borings instead of test pits. 

In addition, ha2ardous wastes may be brought to the surface by excavation equipment This 
material, whether removed from the site or returned to the subsurface, must be property handled 
according to any and all applicable federal, state, and local regulations. 

5.7.2 Teat Pit and Trench Excavation 

These procedures describe the methods for e)c.avating and logging test pits and trenches 
excavated to determine subsurface soil and rock conditions. Test pit operations shall be logged 
and documented as described in SOP SA-6.3. 

Test pits and trenches may be e>ccavated by hand or by power equipment to permit detailed 
description of the nature and contamination of the in-situ materials. The size of the excavation will 
depend primarily on the following: 

• The purpose and extent of the exploration. 
• The space required for efficient excavation. 
• The chemicals of concern. 
• The economics and efficiency of available equipment 

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 
6 feet wide and may be extended for any length required to reveal conditions along a specific line. 
The following table, which is based on equipment efficiencies, gives a rough guide for design 
consideration: 

Equipment Typical Widths, In Feet . 
Trenching machine 2 

Backhoe 2-6 

Track dozer 10 

Track loader 10 

Excavator 10 

Scraper 20 
' 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked 
on area base maps. If precise positioning is required to indicate the location of highly hazardous 
waste materials, nearby utilities, or dangerous conditions, the limits of the excavation shall be 
surveyed. Also, if precise determination of the depth of buried materials is needed for design or 
environmental assessment purposes, the elevation of the ground surface at the test pit or trench 
location shall also be determined by survey. If the test pit/trench will not be surveyed immediately, 
it shall be backfilled and its position identified with stakes placed in the ground at the margin of the 
excavation for later surveying. 

The construction of test pits and trenches shall be planned and.designed in advance as much as 
possible. However, field conditions may necessitate revisions to the initial plans. The final depth 
and construction method shall be determined by the field geologist The actual layout of each test 
pit, temporary staging area and spoils pile will be predicated based on site conditions and wind 
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• Sample container - bucket with locking lid for large samples; appropriate bottleware for 
chemical or geotechnical analysis samples. 

• Polyethylene bags for enclosing sample containers; buckets. 

• Remote sampler consisting of 10-foot sections of steel conduit (1-inch-diameter), hose clamps 
and right angle adapter for conduit (see Attachment B). 

5.7.3.3 Sampling Methods 

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 5.7.3.4. 

• &cavate trench or pit in several depth increments. After each increment, the operator will 
wait while the sampler inspects the test pit from grade level to decide if conditions are 
appropriate for sampling. (Monitoring of volatiles by the SSO will also be used to evaluate the 
need for sampling.} Practical depth increments range from 2 to 4 feel 

• The backhoe operator, who will have the best view of the test pit, will immediately cease 
digging if: 

• Any fluid phase or groundwater seepage is encountered in the test pit. 

• Any drums, other potential waste containers, obstructions or utility lines are encountered. 

• Distinct changes of material are encountered. 

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety 
protocol. Depending upon the conditions encountered, it may be required to excavate more 
slowly and carefully with the backhoe. · 

For obtaining test pit samples from grade level, the following procedure shall be followed: 

• Remove loose material to the greatest extent possible with backhoe. 

• Secure walls of pit if necessary. (There is seldom any need to enter a pit or trench which 
would justify the expense of shoring the walls. All observ.ations and samples should be taken 
from the ground surface.)· 

• Samples of the test pit material are to be obtained either directly from the backhoe bucket or 
from the material once it has been deposited on the ground. The sampler or Field Operations 
Leader directs the backhoe operator to remove material from the selected depth or location 
within the test pit/trench. The bucket is brought to the surface and moved away from the pit. 
The sampler and/or SSO then approaches the bucket and monitors its contents with a 
photoionization or flame ionization detector. The sample is collected from the center of the 
bucket or pile and placed in sample containers using a decontaminated stainless steel trowel 
or spatula. 

• If a composite sample is desired, several depths or locations within the pit/trench are selected 
and a bucket is filled from each area. It is preferable to send individual sample bottles fiRed 
from each bucket to the laboratory for compositing under the more controlled labofi!toiY 
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In addition to the equipment described in Section 5.7.3.2, the following equipment is needed for 
geotechnical sampling: 

• Soil sampling equipment, similar to that used in shallow drilled boring (i.e., open tube 
samplers), which can be pushed or driven into the floor of the test pit. 

• Suitable driving (i.e., a sledge hammer} or pushing (i.e., the back_hoe bucket) equipment which 
is used to advance the sampler into the soil. .. 

• Knives, spatulas, and other suitable devices for trimming hand-carved samples. 

• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely 
transporting collected soil samples. 

• Geotechnical equipment (pocket penetrometer, torvane, etc.) for field. testing collected soil 
samples for classification and strength properties. 

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the same 
manner as comparable soil samples for chemical analysis. These collected samples may be 
stored in jars or plastic·lined sacks (larger samples), which will preserve their moisture content 
Smaller samples of this type are usually tested for their index properties to aid in soU identification 
and classification, while larger bulk samples are usually required to perform compaction tests. 

Relatively undisturbed samples are usually extracted In cohesive soils using open tube samplers, 
and such samples are then tested in a geotechnical laboratory for their strength, permeabHity 
and/or compressibility. The techniques for extracting and preserving such samples are similar to 
those used in performing Shelby tube sampling in borings, except that the sampler is advanced by 
hand or backhoe, rather than by a drill rig. Also, the sampler may be extracted from the test pit by 
excavation around the sampler when it Is difficult to pull It out of the ground. If this excavation 
requires entry of the test pit, the requirements described in Section 5.7.3.4 of this procedure must 
be followed. The open tube sampler shall be· pushed or driven vertically into the floor or steps 
excavated in the test pit at the desired sampling elevations. Extracting tube samples horizontally 
from the walls of the test pit is not appropriate, because the sample will not have the coned 
orientation. · 

A sledge hammer or the backhoe may be used to drive or push the sampler or tube into the 
ground. Place a piece of wood over the top of the sampler or sampling tube to prevent damage 
during driving/pushing of the sample. Pushing the sampler with a constant thrust is always 
preferable to driving It with repeated blows, thus minimizing disturbance to the sample. If the 
sample cannot be extracted by rotating it at least two revolutions (to shear off the ·sample at the 
bottom), hand--excavate to remove the soil from around the sides of the sampler. If hand· 
excavation requires entry of the test pit, the requirements in Section 5. 7.3.4 of this procedure must 
be followed. Prepare, label, pack and transport the sample in the required manner, as described 
in SOP SA-6.3. 

5.7 .4 Backfilling of Trenches and Test Pits 

All test pits and excavations must be either backfilled, covered, or otherwise protected at the end 
of each day. No excavations shall remain open during non working hours unless adequately 
covered or otherwise protected. · · · 

.. 

• 
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The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data 
record forms, logs and repons generally initiated and maintained for documenting Brown & Root 
Environmental field activities. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shaJi be usBd for all Brown & Root 
Environmental field activities, as applicable. Other or additional documents may be required by specific 
dient contracts. 

3.0 GLOSSARY 

None 

4.0 RESPONSJBIUnES 

Project Manager - The Project Manager is responsible for obtaining hardbound, controlled-distribution 
logbooks (from the appropriate source), as needed. In addition, the Project Manager Is responsible for 
placing all forms used In site activities (I.e .• records, field repons, and upon the completion of field work, 
the site logbook) In the project's central me. 

Field Operations leader (FOl) - The Field Operations leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate forms and field repons illustrated In this guideline (and any 
additional forms required by the contract) are correctly used. accurately fflled out. and completed In the 
required time-frame. • 

5.0 PROCEDURES 

5.1 Site Logbook 

5. 1.1 General 

The site logbook Is a hard-bound, paginated controlled-distribution record book In which all major onsite 
activities are documented. At a minimum, the following acttvitlesjevents shall be recorded (daly) In the 
site logbook: , 

• All field personnel present 
• Arrival/departure of site visitors 
• Arrival/departure of equipment 
• Start or completion of borehole/trench/monitoring well Installation or sampling activities 
• DaUy onsite activities performed each day 
• Sample pickup information 
• Health and Safety Issues ~evel of protection observed, etc.) 
• Weather conditions 

A site logbook shall be maintained for each project The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
that onsite activities take place which involve Brown & Root Environmental or subcontractor personnel. 
Upon completion of the fieldwork, the site logbook must become part of the project's central me. 
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5.3 • Sample Forms 

A summary of the forms illustrated in this procedure Is shown as the listing of Attachments In the Table 
of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon 
dient approval. Care must be taken to ensure that all essential Information can be documented. 
Guidelines for completing these forms can be found In the related sampling SOP. 

5.3.1 Sample Collection, Lebeling, Shipment and Request _for Analysis 

5.3.1.1 Sample log Sheet 

Sample log Sheets are used to record specified types of data while sampling. Attachments B-1 to B-4 
are examples of Sample log Sheets. The data recorded on these sheets are useful In describing the 
waste source and sample as well as pointing out any problems encountered during sampling. A log 
sheet must be completed for each sample obtained, including field quality control (QC) samples. 

·5.3.1.2 Sample label 

A typical sample label is illustrated in Attachment B-5. Adhestve labels must be completed and applied 
to every sample container. Sample labels can usually be obtained from the appropriate Program source 
or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-Custody Record Form 

The Chain-of-Custody (CCC) Record Is a multi-pan form that Is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One pan of the completed CCC form is retained by the field crew whle 
the other two or three portions are sent to the laboratory. The original (top, signed copy) and extra 
carbonless copies of the CCC form shall be placed Inside a large Zlploc-type bag and taped Inside the 
lid of the shipping cooler. If multiple coolers are sent but are included on one CC?C form, the CCC form 
should be sent with the first cooler. The COC form should then state how many coolers are included 
with that shipment. An example of a Chain-of-Custody Record form is provided as Attachm~nt B-6. A 
supply of these forms are purchased and stocked by the field department of the various Brown & Root 
Environmental offices. Alternately, CCC forms supplied by the laboratory may be used. Once the 
samples are received at the laboratory, the sample cooler and contents are checked and any problems 
are noted on the enclosed CCC form (any discrepancies between the sample labels and COC form and 
any other problems that are noted are resolved through communication between the laboratory point-of· 
contact and. the Brown & Root Environmental Project Manager). The CCC form Is signed and one of 
the remaining two parts are retained by the laboratory whHe the last part becomes part of the samples' 
corresponding analytical data package. lntemallaboratory chain-of-custody procedures are documented 
In the Laboratory Quality Assurance Plan (LCAP). 

5.3.1.4 ,Chain-of-Custody Seal 

Attachment B-7 Is an example of a custody seal. The Custody seal Is also an adhesive-backed label. 
It is part of a chain-of-custody process and Is used to prevent tampering with samples after they have 
been collected In t~e field and sealed In coolers for transit to the laboratory. The COC seals are signed 
and dated by the samplers and affixed across the opening edges of each cooler containing 
environmental samples. COC seals may be available from the laboratory; these seals may also be 
purchased from a supplier. ' · .. - ·.:. 

A ----------------------------------------------------------------------_J 
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equipment require frequent calibration, others infrequent. Some are calibrated by the manufacturer, 
others by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which 
documents that the manufacturer's instructions were followed for caJibrotion of the equipment, lndudlng 
frequency and type of standard or calibration device. An Equipment Callbrotion Log must be maintained 
for each electronic meas~ring device used In the field; entries must be made for each day the equipment. 
Is used. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detaled information required 
for data interpretation or documentation, but are not easily useful for trocklng and reporting of progress. -
Furthermore, the field logbookjnotebooks remain onsite for extended periods of time and are thus not 

_ accessible for timely review by project management. 

5.4.1 Weekly Status Reports 

To facilitate timely review by project management, Xeroxed copies of logbook/notebook entries may be 
made for internal use. To provide timely oversight of onsite contractors, Daly Activities Reports are 
completed and submitted as described below. 

It should be noted that In addition to the summaries described herein, other summary reports may also 
be contractually required. 

5.4.2 Daily Activities Report 

5.4.2.1 Description 

The Daily Activities Report (DAR} documents the activities and progress for each day's field work •. This 
report must be filled out on a daUy basis whenever there are drilling, test pitting, well construction, or 
other related activities occurring which involve subcontroctor personnel. These sheets summarize the 
work performed and form the basis of payment to subcontractors (Attachment E is an example of a Daly 
Activities Report). 

5.4.2.2 Responsibhltles 

It Is the responsibDity of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.2.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit the Daly Activities Report to the Field Operations 
leader (FOL) for review and mlng. The Daly Activities Report Is not a formal report and thus requires 

. no further approval. The DAR reports are retained by the FOL ·for use in preparing the site logbook and 
In preparing weekly status reports for submission to the Project Manager. 
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- A1TACHMENT A 
lYPICAL SITE LOGBOOK ENTRY 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

BROWN & ROOT ENV. DRillER EPA 

WEATHER: Clear, ss•F, 2-6 mph wind from SE 

ACTIVITIES: 

1. Steam jenney and fire hoses were set up. 

2. Drilling activities at well resumes. Rig geologist was · • See 
Geologist's Notebook, No. 1, page 29-30, for details of dn1llng activity. Sample No. 123-21-
S4 collected; see sample logbook, page 42. Drilling activities completed at 11 :50 and a 
4-lnch stainless steel well Installed. See Geologist's Notebook, No. 1, page 31, and well 
construction detaUs for well • 

3. Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well • 

4. Well drlled. Rig geologist was • See Geologist's Notebook. 

5. 

6. 

7. 

No.2, page_ for detaUs of dnlllng activities. Sample numbers 123-22-51, 123-22-52, 
and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. .-

Well _ was developed. Seven' 55-gallon drums were filled in the flushing stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was •sand free. • 

EPA remedial project manger arrives on .Site at 14:25, hours. 

Large dump truck arrives at 14:45 and Is steam-cl~aned. Backhoe and dump truck set up 
over test pit • 

. 

a. Test: pit dug with cuttings placed in dump truck. Rig geologist was 

9. 

-~--=--~· See Geologist's Notebook, No. 1, page 32. for detaBs of test pit 
activities. Test pit subsequently fRied. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit _ resulted In a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

Aeld Operations Leader 

---
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ATIACHMENT B-2 
EXAMPLE SURFACE WATER SAMPUNG LOG SHEET 

SURFACE WATER 
SAMPUNG LOG SHEET Pege ~of 

Project Site Name: ---------- Sample 10 No.:----------

Project No.:------------- Sample Location: ---------

Cl Spring 0 Pond Sampled Sy: -----------
Cl Stream 0 Ub 0 Other ___________________ ___ 

0 QA Sample Type:--------- C.O.C. No.:-----------

Observations/Notes: 

Signature(S): 

TaD: To Be Determined • • 6:.. •. 
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Brown & Root Environmental 

[J Container Data 
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Page _of_ 

Case#: __ _ 

~--------------------------
reject Site Nam•: --------------. Project Site No.------------

Brown & Root Env. Source No. Source Location:-----------------------
0 Drum 

0 Bung Top 
0 Lever Lock 
0 Bolted Ring 
0 Other-------

0 Bag/Sack 
0 Tank 
0 Other--------

0 Container Sampled 
0 Container opened but not 

sampled. Reason: ----

[J Container not opened. 
Reason: -------

Lmple Method: 

bampled 

i ~nature(s): 

Condition: 

Markings: 

Vol. of Contents: 

Other: 

Phase 
Color 
Viscosity 
%of Total 

Volume 
Other 

Layer 1 
OSol. OUq. 

OL OM OH 

0 low Concentration 
o High Concentration 

Layer 2 
OSol. OUq. 

OL OM OH 

0 Grab 

Layer 3 
OSol. OUq. 

OL OM OH 

0 Composite 
0 Grab-composite 
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An ACHMENT C-1 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

I~ 

"M.oour..n.n•• •• MOIOOI 0.01 f•••· 

GROUNDWATER LEVEL 
MEASUREMENT SHEET Page_of_ 

SignatureCsl:. _________ ..;., .. __,;;.:.;.... __ 
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5.1 Drilling Equipment 

Prior to the initiation of a drilling program, all drilling equipment Involved in field sampling activities shall 
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be 
performed using a high·pressure spray of heated potable water producing a pressurized stream of steam. 
This steam shall be· sprayed directly onto all surfaces of the various equipment which might contact 
environmental samples. The decontamination procedure shall be performed until all equipment Is free·· 
of all visible potential contamination (dirt, grease, oil, noticeable. odors, . etc.) In addition, this 
decontamination procedure shall be performed at "the completion _of each sampling andfor drilling 
location, including soD borings, installation of monitoring wells, test pits, etc. Such equipment shall 
Include drilling rigs, backhoes. downhole tools, augers, well casings, and screens. Where the drilling rig 
Is set to perform multiple borings at a single area of concern, the steam-cleaning of the drBIIng rig itself 
may be waived with proper approval. Downhole equipment, however, must always be steam-cleaned 
between borings. Where PVC well casings are to be installed, decontamination Is not required If the 
manufacturer provides these casings iri factory·sealed, protective, plastic sleeves (so long as· the 
protective packaging is not compromised untO Immediately before use). 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and.can 
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which Is connected to a holding facility. A shallow above-ground tank inay be used or a 
pumping system with discharge to a waste tank may be installed. 

In cena_in cases such an elaborate decontamination pad Is not possible. In such cases, a plastic lined 
gravel bed pad with a collection system may serve as an adequate decontamination area. Alternately, 
a lined sloped pad with a collection pump installed at the lower end may be permissible. The location 
of the steam cleaning area shall be onslte in order to minimize potential Impacts at certain sites. 

Guidance to be used when decontaminating drilling equipment shall Include: 

• As a general rule, any pan of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

• All drilling rods, augers, and any other equipment which will be introduced to the hole shall 
be steam cleaned. . 

• The drilling rig, all rods and augers, and any other potentially contaminated equipment shall 
be decontaminated between each well location to prevent cross contamination of potential 
hazardous substances. L 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs 
and transport vehicles· used onsite for personnel or equipment transfer shall be steam cleaned, as 
practicable. A drilling rig left at the drilling location does not need to be steam cleaned untO It Is finished 
drilling at that ·location. 

5.2 Sampling Equipment 

5.2.1 Bailers and BaiUng Une 

The potential for cross-contamination between sampling points through the use of a common baUer or 
Its attached line is high unless strict procedures for decontamination are followed. For this reason, It Is 
preferable to dedicate an individual bailer and Its line to each sample point, although this does not 
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An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet 
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially 
phthalate esters) into the water being sampled or adsorb organics from the sampled water. For all other 
sampling, the hose should be Viton, polyethylene, or polyvinyl chloride Olsted in order of preference). 
Whenever possible, dedicated hoses should be used. It Is preferable that these types of pumps not be 
used for sampling, only for purging. 

5.2.3 Fiftering Equipment 

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Reid-filtering 
is addressed in SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To 
this end, three basic filtration systems are most commonly used: the in-line disposable Teflon flier, the 
inen gas over-pressure fibration system, and the vacuum fltration system. 

\ For the in..fine filter, decontamination is not required since the filter cartridge is disposable, however, the 
canridge must be disposed of In an approved receptacle and the intake and discharge Jines must still 

\ be decontaminated or replaced before each use. 

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 

I 
contact with the sample must be decontaminated as outlined In the paragraphs describing the 
decontamination ·of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact whh the sample. These 

\ filtration systems are preferred when decontamination procedures must be employed.) 

5.2.4 Other Sampling Equipment 

\ Field tools such as trowels and mixing boWls are to be decontaminated In the same manner as described 
above. 

\ 5.3 · Field Analytical Equipment 

Water Level Indicators 5.3.1 

\ Nater level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

I • • 
Rinse with potable water 
Rinse with deionized water 

\ Vater level lndlcato~ that do not come in contact with the groundwater but may encounter incidental 
contact during install~tion or retrieval need only undergo the first and last steps stated above. 

1 1.3.2 Probes 

1 

Probes (e.g., pH or specific-ion electrodes, geophysical probes, or thermometers) which would come 
1 di~ect contact with the sample, will be decontaminated using the procedures specified above unless 

,,l8nufacturer's Instructions indicate otherwise (e.g., dissolved oxygen probes). P.robes that contact a 
, volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes 
\ rhlch make no direct contact, (e.g., OVA equipment) the probe Is self--cleaning when exposure to 
uncontaminated air Is allowed and the housing can be wiped clean with paper·towels or doth wetted with 
alcohol. 

l.--------------
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experienc-e of reputable well drillers familiar with local conditions and the well Installation techniques 
selected. These individuals should be able to estimate the sizes (or number) of containment structures 
required. Since guesswork is involved, It is recommended that an slight ex~ess of the estimated amount 
of containers required will be available. 

Drilling muds are mixed and stored in what is commonly referred to as a mud pit. This mud pit consists 
of a suction section from which drilling mud Is withdrawn and pumped through hoses, down the drll pipe 
to the bit, and back up the hole to the settling section of the mud pit .. In the settling section, the mud's 
velocity is reduced by a screen and several flow·restriction devices, thereby allowing the well cuttings 
to settle out of the mud /fluid. 

The mud pit may be either ponable above.ground tanks commonly made of steel (which Is preferred) 
or stationary in-ground pits as depicted In Attachment A. The above-ground tanks have a major 
advantage over the in-ground pits because the above-ground tanks isolate the natural soils from the 
contaminated fluids within the drilling system. These tanks are also ponable and can usually be deaned 
easily. 

As the well is drilled, the cuttings that accumulate In the settling section must be removed. This Is best 
done by shoveling them into drums or other similar containers. When the drilling is complete, the 
contents of the above-ground tank are likewise shoveled or pumped into drums, and the tank is cleaned 
and made avaUable for its next use. 

If ln·ground pits are used, they should not extend into the natural water table. They should also be lined 
with a bentonite-cement mixture followed by a layer of flexible impermeable material such as plastic 
sheeting. Of course, to maintain its impermeable seal, the lining material used would have to be 
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessariy 
have to be removed periodically during drilling because the pit can be made deep enough to contain 
them. Depending on site conditions, the in-ground pit may have to be totally excavated and refilled with 
uncontaminated natural soDs when the drilling operation is complete. 

When the above-ground tank or the in-ground pit is used. a reserve tank or pit should be located at the 
site as a backup system for leaks, spills, and overflows. In either case. surlace drainage should be such 
that any excess fluid could be controlled within the immediate area of the drill site. 

The containment procedure for well~evelopment fluids is similar to that for drilling muds. The volume 
and weight of contaminated fluid will be determined by the method used for development. When a new 
well is pumped or bailed to produce clear water, substantially les's volume and weight of fluid result than 
when backwashlng or high·velocity jetting is used. 

5.5.4 Spill-Contaminated Materials 

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents and 
soils resulting from spills must be contained. Small quantities of spill.contaminated materials are usually 
best contained In drums, whRe larger quantities can be placed In lined pits or in other impermeable 
structures. In some cases, onsite containment may not be feasible and immediate transport to an 
.approved disposal site wll be required. · . ' 

5.6 Disposal of Contaminated Materials 

Actual disposal techniques for contaminated materials are the same as those for . any hazardous 
substance, that is, incineration, landfilling, treatment, and so on. The problem centers around the 
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AS A MTh1MUM, THE FOLLOWING ITEMS MUST 
BE INCLUDED IN THE FIELD LOGBOOK 

o AJI rntrin mu.st be made in blue or black indelible ink. 

o !rron musE be lined our ONC:E and INJ1lAL,:E.D. 

o tach page must be sequentially numbered., dated, signed nd Ehe project 
number muse be 1'1ril1cll arthe top of each pace. No blank pages. 

o Lise the time of anini u ,-ork site., and lhe nama of all BRI penoonel 

o Slue the level of penonal pro1ecdon required (level D. level D mod., lnel C. etc.) 

o IX'ignuion of the Field Tnm Leader and :a Site Safecy Officer. 

o St::atc th::ar a Site Safety Muting!.Briefinc "'U conducted and ,-ho wss prcscnL 

oUst wuchcr conditions a·nd update as nccnsary. 

"' 
o Usr 3pecific rca.son(s) for site visit (samplinc. drilling. ccc._). 

. 

o Ust Subco'll tnctor(s) prc·unr u tbc sire and time of arrivals to &he site. lin 
all hcary equipmenr (such :u drilling ric. back hoc.. jackhammer, ctt....). 

oUst name(s) and lime(s) of arrival/departUre of anyone vishinc the site (such 
as BR! or subcontnctor penonncl. Clien&. rqula~on. inspee~on-) 

o Describe tbe method of dcconr:unin:uion for drilling cools. hilcn. and ocher 
cquipmeDL Site the rcfenncc(s) cb:u you usc for deconuminadon ( Lc.. lD 
accordance ,.ich Sccrioo ~of BJU:'s fDD' -approved CompQAP. ccc...) 

a lndic:uc th:ac &he field instl'1lmcou have been nlibraud and indiau wbere the 
alibntion inform:uion can be found if it is noc lisccd iD &bis locbook. Identify 

field inurumcnu used by model number :and LD. number or serial number. 

o A ph)"inl dccripcioo of all Jampln must be recorded. Give locacion of samples. 
bonbolcs. ccc.- A diagnm or map 'lt"'uld be most appropri:uc. 

o Describe the condilloD of the site prior !D departUre (such as wells lodad.. pump 
opcntion:al difTuud acntor down. barricades properly lonted. boreholes properly 

abandoned. etc.....) 

D Hzndlinc of drill cunincs. denlopmcnt/purgc waccr, IDd ocher site derived 
""'cs (e.g., drumminc. sprndinc on plastic. ccc.) · 

D Reference all field ranns ch:aa arc used. 

UNDr.R NO CIRCUMSTANcEs SHOULD TB.l: FIELD LOGBOOK. 
BE IN ANYONE'S POSSESSION OTHER 11iAN BRE PERSONNEL 

ArnoldCLamb~ · ~ 
Dis cries Manaccr o( Quali&y AJSu;:;p< ...,.... 

February l. 1'" 
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Project No.: 
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( ) Monitoring Well Data 
( ] Other Well Type: 
( ] QA Sample Type: 

GROUNDWATER SAMPLE LOG SHEET 

Sample ID No.: 
Sample location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
[ ] Low Concentration 
( ] High Concentration 

Date: Color pH S.C. Temp. Turbidity DO Salinity Eh ., 
Tlllle: mS/cm •c NTU mv .-:-.;;.;,;,.;;;;..._ _______ -t-----+---+---+---__,1----i----+-----+---~· .. ,;:· 
Method: 

1 
Date: Volume pH S.C. Temp rt:J Turbidity DO Salinity 

I Method: Initial ·-· .. ~ . 

Monitor Reading (ppm): 1 . ..: :.. ,. . ~ . 

, .. 
I Well Casing Diameter: 

Well Casing Material: 

2 

3 

Total WeD Depth (TO): .,.,..,: · 
.~-----~~~------r-----~--~~--~----~~----~-----+------~----~ 

Static Water Level (WL): 

One Casing Volume(gaUL): 

L Start Purge (hns): 

I End Purge (hns): 

Total Purge Time (min): 

1 Total Vol. Purged (gaUL): 

'::A: ;;:.,!(,~~-~~!J.'!!f.li,~lij\.'\.~~~!·f-.~;::f.~~~~iil:i!!i;;iiij1~~~ll~i[~!iili;?:•L~S/4MPLE::COtLECTION•:INFORMATIONj~;· ':)!\"!i:~~:.:E;,~;;:,,:;;o)~-~-~'f--l~!l!iii'ii:i;!O!i~~~~ijj!li.ijllill:f. 

, Analysis Pruervative Container Requirements Collected 

l 

~------------------~--------r----------------------+----~ I 

I 
= •• ..;: ~ ••• • ••• ·, : •••• OBSERVA TIONS"J NOTES .. ·t;•:.: :· · . 

I 

I 
Clrde if Applk:able:... :·:.: .. ·, .. ... ·l •• · · ;:: ' . :~.::·. . ...... -;· Slgnature(s): 

MSIMSD Duplicate 10 No.: 

. -=. ... ~· . 



---- ·- ·-·-·- .. -· ._,....,, ,, • ,_,.,. L..'-'U ~nt;;E:. I 

~~%f&'P' .i ., 

JOB NAMEJNUMBER: INSTRUMENT NAME/MODEL: 

SITE NAME: MAMJFA(;nJRER: \ 

LOCAnoN: SERIAL MJMBER: I 
Date of Time Performed 

CaHbr~tlon Standard lnst~ment SeHing Instrument Reading 
Remarks/ 

Calibration by 
Span/Cone. 

Lot Nurnberf Pre- Post- Pre- Post- Comments 
Exp.Date Calibration CaHbratlon Calibration CaRbratlon 

I 

I 
I . 

-

; . .1· 

·.0:· 
.. I 

~ 
' .. ~ . ··~ .. 

Page_ of -·-r I 



.0 
October 11, 1996 

MONITORING WELL DEVELOPMENT RECORD 

Well: Depth to Bottom {ft): Responsible Professional: 
Site: Static Water Level Before(ft): Drilling Co.: 
Date Installed: Static Water level After (ft): Project: 
Date Developed: Screen length (ft): Project Number: 
Dev. Method: Specific Capacity: Sheet No. of 
Pump Type: Casing 10 (in): I 

I 

ne Estimated Cumulative waterlevei Temperature pH Specific Turbidity Remarks 
Sediment Water ·Reading (units 1 CQnduc;tance (NTU) (odor, color, etc.) 
Thickness Volume (ft. below TOC) (mlcroslemenslcm) 

(ft) (gallons) 

·. 

"' I 

' I 
I 
! 



CERTIFICATE OF CONFORMANCE 

Well Designation: _____________ _ 

Site Name: 
----------~--------

Date Installed: ----------------
Project Name: ---------------

Material Brand/Description 

Well Casing 

Well Screen 

End Cap 

Drilling Fluid 

Drilling Fluid Additives 

Backfill Material 

Annular Filter Pack 

Bentordte Seal -
Annular Grout 

Surface Cement 

Protective Casing 

Paint 
.. 

Rod Lubricant 

Compressor 011 

Responsible Professional: 
--~-----------------

.Drilling Company:---------------

Driller::-::-~----------------­
Project Number: ------------------------

Source/Supplier Sample 

Collected? 

To the best of my knowledge, I certifY that the above described materials were used d~rlng Installation of this monitoring well. 

Signature of Responsible Professional: _______________ _ 

I· 
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