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1 .O INTRODUCTION 
,p*2 

1.1 PURPOSE 

This Sampling and Analysis Plan (SAP) is being issued as part of a site inspection for the Department of 
the Navy, Atlantic Division, for the Marine Corps Base (MCB), Camp Lejeune. Initial Assessment Study 
Sites 7, 63, 54, 3, 43, 44, 65 and new sites 82 and 80 are being addressed in response to a request by 
the Department of the Navy. This SAP was prepared under contract N62470-90-R-7629, as specified in 
the Draft Work Plan (NUS, December 1990), which outlines the technical scope and schedule for the 
site inspection. 

The SAP for this work includes sampling and analytical objectives; the number, type, and location of 
all samples to be collected during the field investigation; site-specific quality assurance requirements; 
and detailed procedures for field activities. The field activities specified in the SAP are based upon 
data gaps identified from evaluating the results of previous sampling activities (discussed in 
Section 1.2) and on the need for preliminary data on the new sites mentioned above. The sampling 
and analytical procedures outlined in this SAP will provide data needed to define present and future 
risks to human health and the environment, associated with contamination at MCB Camp Lejeune. 

The Sampling and Analysis Plan is presented in two volumes. Volume I is the Field Sampling Plan and 
the Quality Assurance Project Plan. Volume II is the laboratory QA/QC plan. Both volumes comply 
with the Navy’s Quality Assurance Program. 

The Field Sampling Plan is divided into 13sections. This Introduction is Section 1 .O. Section 2.0, 
General Site Location and Description, presents an overview of Camp Lejeune Military Reservation. 
Sections 3.0 through 11.0 provide the detailed field investigation activities to be performed at each 
site. Specifically, this includes the Site Description, Work Plan Rationale, Drilling Operations, Media 
Sampling Operations, and Surveying Operations. Section 12.0 contains field activities for performing 
background samples. Section 13.0, Sampling Procedures and Field Investigation Operations, defines 
and discusses sampling operations and procedures. 

1.2 BACKGROUND 

An Initial Assessment Study (IAS) was conducted by Water and Air Research, Inc. of Gainesville, 
Florida, in 1983. The purpose of the study was to identify and assess sites posing a potential threat to 
human health or the environment due to contamination from past hazardous materials operations. 
Based on information from historical records, aerial photographs,. field operations, and personnel 
interviews, a total of 76 potentially contaminated sites (areas of concern or AOCs) were identified. 
The initial assessment evaluated each site with regard to contamination characteristics, migration 
pathways, and potential receptors. The results of the study indicated that while none of the sites 
posed an immediate threat to human health or the environment, 21 areas warranted further 
investigation to assess long-term impacts. During the initial investigation at the 21 AOCs, an 
additional AOC (Site A at MCAS New River) was identified and included in the ongoing investigations, 
for a total of 22 sites. 

Based on the recommendations of the Initial Assessment Study, an RI/FS at MCB, Camp Lejeune was 
initiated in 1984 to study the 22 sites. The first round of sample collection and analysis was conducted 
by Environmental Science and Engineering, Inc. (ES&E), beginning in July 1984. During the 
investigation, 55 shallow groundwater monitoring wells were installed and a total of 75 groundwater 
samples were collected for analyses. In addition to the groundwater samples, 56soiI samples, 
7 surface water samples, 8sediment samples, and 2 fish tissue samples were collected and chemically 
analyzed. An Evaluation Report presenting the data generated by this round of sample collection 
was prepared in January 1985. The report recommended additional monitoring for all of the 
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investigated sites. An additional round of sample collection and analysis was conducted by ES&E in 
1986/87. In this sampling episode, 29additional monitoring wells were installed and a total of 
113 new and existing monitoring wells were sampled. In addition, 54soiI samples, 44surface water, 
and 41 sediment samples were collected and analyzed. An Evaluation Report was submitted to The 
Department of the Navy, Atlantic Division (LANTDIV) in July-1987 which documented the data 
generated during thesecond round of sampling. 

In 1988, O’Brien and Gere Engineers was retained by LANTDIV under its Underground Storage Tank 
Program, to provide necessary hydrogeologic services. Such services included investigating the 
hydrogeology and evaluating the extent of fuel leakage from the underground storage tanks and 
associated transfer lines at the Hadnot Point Fuel Farm (Site 22). 

ES&E was retained by LANTDIV to prepare an Interim RI report consolidating all documents produced 
to date concerning the 22 potentially contaminated sites identified by Air Research, Inc. The report 
describes the contamination assessments performed at the areas of concern, indicates potential 
migration pathways, summarizes all rounds of analytical data collected, and provides 
recommendations for further action. The Final Draft Report was issued in June 1990. 

There have been two additional sites identified as potentially contaminated. These sites (80 and 82) 
will be evaluated for the first time as part of the proposed site inspections discussed in this Work Plan. 

One of the sites covered in this Work Plan, Site 54: Crew Burn Pit, was part of the 22sites originally 
identified as requiring confirmation of contamination and is included in ES&E’s 1990 report. In this 
Work Plan, NUS proposes additional data gathering required to perform a risk assessment and 
determine whether the contaminants present pose a risk to human health or the environment. 

The remaining six sites (Sites7, 63, 3,43, 44, and 65) were originally identified as requiring no further 
action in the 1983Water and Air Research, Inc., report. This Work Plan proposes investigations to 
further characterize these sites and provide recommendations as to their dispensation. 

- 
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2.0 GENERAL SITE LOCATION AND DESCRIPTION 

The Marine Corps Base (MCB), Camp Lejeune, is a military installation located in Onslow County, 
North Carolina, just south of Jacksonville. The site is located on a 170-square-mile tract of land which 
is bisected by the New River estuary. The roughly triangular-shaped base is bordered by Route 24 to 
the north, Route 17 to the west, and the Atlantic Ocean lntracoastal Waterway to the south. Refer to 
the vicinity map shown in Figure 2-1, which also identifies outlying parts of the military installation. 
In addition, the map shows approximate locations of the sites covered in this document. Summaries 
of the site history, environmental setting, and existing contaminant data are included in the Work 
Plan (NUS, November 1990), more detailed site information can be found in the following 
documents: 

l Continuous Seismic Reflection Profiling of Hydrogeologic Features Beneath New River, 
Camp Lejeune, North Carolina (USGS, 1990) 

0 IAS Report (Water and Air Research, 1983). 

0 Hydrogeologic Framework of U.S. Marine Corps Base, Camp Lejeune, North Carolina 
(Department of the Navy, 1990). 
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3.0 SITE 7: TARAWA TERRACE DUMP 
FIELD INVESTIGATION ACTIVITIES 

3.1 SITE DESCRIPTION 

Tarawa Terrace Dump is a landfill located east of the sewage treatment plant between Tarawa 
Terrace Boulevard and Northeast Creek (PDWM coordinates 3, F4). Its size is estimated to be 5 acres. 
As far as is known, no hazardous materials were disposed of in this facility. Only construction debris, 
sewage treatment plant filter media, and household trash are known to have been disposed here. 
The landfill was closed in 1972, but years of operation are not known. The location of the site is 
shown in Figure 3-1, with the boundaries being approximated pending further investigation. 

3.2 WORK PLAN RATIONALE 

The field investigation for this site is intended to determine whether the potential for an 
environmental contamination problem exists. Figure 3-2 provides approximate drilling and sampling 
locations. Final sample locations will be determined in the field by the project hydrogeologist. The 
hydrogeologist will locate samples in suspected areas of contamination to maximize detection of 
target analytes, if present. Wells will be installed so that two are located downgradient and one 
upgradient of the site. This will maximize detection of groundwater contamination, if present. 

3.3 DRILLING OPERATIONS 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed wells and soil borings in areas that are least likely to contain buried metallic. The 
survey will consist of using an electromagnetometer (Heliflux), which can locate metallic objects, such 
as buried drums, near the ground surface. The drilling operations for Site 7 are discussed in detail 
below. 

3.3.1 Soil Boring Installation 

A total of five 15-foot soil borings will be installed at Site7. The preliminary locations of the soil 
borings are shown in Figure 3-2. Final locations will be determined in the field after the geophysical 
survey. Two samples will be collected from each of the borings for chemical analysis. The first sample 
will be taken at the ground surface (O.Oto 2.0 feet). The second sample will be taken directly above 
the groundwater interface (approximately 15 feet). None of the five soil borings at this site will be 
converted to monitoring wells. All of the borings will be backfilled with a cement/bentonite grout 
following sampling. Additional drilling procedures are presented in Section 13.3.3. Soil borings shall 
be numbered 07SBOl through 07SB05 as shown on Figure3-2. Split-spoon sampling details for the 
borings are given in Section 3.4.2. 

3.3.2 Monitoring Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 7. Although the groundwater flow 
direction is not known, it is assumed that the water flows toward Northeast Creek; therefore, two 
downgradient wells are proposed for the southern side of the site, and one upgradient well is 
proposed for the northern side of the site. The preliminary locations of the monitoring wells are 
shown in Figure3-2. Two split-spoon soil samples will be taken during installation of the well borings 
for chemical analysis. Sample depths will be the same as for the soil borings. Additional monitoring 
well construction/installation procedures are presented in Section 13.3.4. Monitoring wells shall be 
numbered 07MWOl through 07MW03; as shown on Figure 3-2. Wells shall be screened so that the 
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top of the screen is 2 to 3 feet above the static water level. Well development will be performed on 
each new well as described in Section 13.3.5. One round of samples will be collected from the new 
wells for chemical analysis as described in Section 3.4.1. One round of synoptic water-level 
measurements will be obtained from all wells (7MWOl-7MW03) within a 4-hour period, as described 
in Section 13.3.7. A summary of the monitoring well installation activities for Site 7 is given below: 

0 Install three shallow monitoring wells (7MWOl-7MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

3.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 7: 

0 Groundwater 
l Subsurface soil 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0, of this document. Table3-1 provides a sampling and analysis 
program summary for Site 7. Table3-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

3.4.1 Groundwater Sampling 

One round of groundwater samples will be taken from the three newly installed wells (7MWO1, 
7MW02, and 7MW03). Groundwater sampling locations are shown in Figure 3-2. The laboratory 
analysis of groundwater samples is summarized in Table3-3. All of the monitoring wells will be 
analyzed for the following parameters: 

l TCL organics 
l TCL inorganics, cyanide 

3.4.2 Subsurface Soil Samplinq 

Details of split-spoon sampling and laboratory analyses are summarized in, Table 3-4 for the fivesoil 
borings drilled at Site7. Soil sampling locations are shown in Figures3-2. Overburden drilling 
proceduresand subsurface sampling guidelinesare given in Section 13.3.3. 

As shown in Tables3-3 and 3-4, laboratory analyses will be conducted on two subsurface soil samples 
per boring and two subsurface soil samples per well. Samples for chemical analysis will be taken at 
the ground surface and directly above the groundwater interface. Soil samples will also be taken at 
5-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description to better define the geologic conditions at the site. The soil boring samples will 
be analyzed for the following parameters: 

8 TCL organics 
l TCL inorganics, cyanide 
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TABLE 3-l 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 7: TARAWA TERRACE DUMP 

CAMP LEJEUNE. NORTH CAROLINA 

Matrix 

Sroundwater 

Target Proposed Field 
Analysis Detection Analytical Number of 

Samples Duplicates Equipment Field Trip 

Limit Method (4 
Rinsate(B) Blanks(C) Blanks(D) 

TCL VOAs CRDL CLP Statement of 3 1 0 0 1 
Work - 2188 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 3 1 1 1 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 3 1 1 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 3 1 1 0 0 
Work - 7188’ 

ioi I 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

TCL VOAs CRDL CLP Statement of 16 2 1 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 16 2 1 0 0 
Work - 2188 

TCL Metals and Cyanide CRDL CLP Statement of 16 2 1 0 0 
Work - ?faa 



n 
TABLE 3-l 
SUMMP :. ’ ,“F.SAMPLINC AND ANALYSIS PROGRAM 
SITE 7: .sUA TERRACE DUMP 
CAMP LEIEUNE, NORTH CAROLINA 
PAGE TWO 

0’4 

w 

(Cl 

03 

W 
4-l 

NA 
CLP 
CRDL 
EPA 
SW 

Field Duplicate -A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a Replicate Sample). Will be collected at a rate of l/IO samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks-Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be generated at 
the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

Not Applicable. 
Contract Laboratory Program. 
Control Required Detection Limit. 
Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 



TABLE 3-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 7: TARAWA TERRACE DUMP 

CAMP LEJEUENE, NORTH CAROLINA 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time 

iroundwater TCL VOAs 5 3 40 ml VOA vials HCI to pH < 2; 14 days to analysis 
Cool to 4°C 

TCL BNA, Pesticides/P& 6 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 5 1 1 liter polyethylene bottle HN03 to pH<2; 
Cool to 4°C 

6 months; Hg - 28 days 

Cyanide 5 1 1 liter polyethytene bottle NaOHtopH>lZ; 14days 
Cool to 4OC 

Temperature, Specific, 
Conductance, pH 

3 NA NA NA NA 

,oil TCL VOAs 

TCL BNA, Pesticides/PCBs 

20 

19 

4 40 ml VOA vials Cool to 4°C 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 19 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
\ CN - 14 days 

(A) Number of samples includes field QAIQC samples. 
NA Not applicable. 



TABLE 3-3 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 7: TARAWA TERRACE DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Monitoring Total Boring Well Riser Screen Groundwater 
Soil 

Depth Depth Length Length Analysis Sampling Soil Sample Soil Analysis 
Well Number (feet) (feet) (feet) (feet) (per well) 

lnverval Type (per sample) 
(feet) 

07MW01, 
07MW02, 
07M W03 

25 25(l) 17 10 TCL Organics 0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

10.0 - 12.0 Split spoon None 

15.0 - 17.OU Split spoon TCL Organics 
TCL Inorganics, Cyanide 

0) 
(2) 

Wells will be screened from approximately 7 feet below to 3 feet above watch table. 
Sample to be taken directly above water table. 



TABLE 3-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 7: TARAWA TERRACE DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 

075801,075B02,07SB03, 
07SB04,07SB05 

Soil Sampling 
Interval Soil Sample 

(feet) Type 

0.0 - 2.0 
I 

Split spoon 

5.0 - 7.0 1 Split spoon 

lO.O- 12.0 1 Splitspoon 

15.0 - 17.0(l) 
I ~~ ~ ~ 

Split spoon 

Soil Analysis 
(per sample) 

TCL Organics 
TCL Inorganics, Cyanide 

None 

None 

TCL Organics 
TCL Inorganics, Cyanide 

(1) Sample to be taken directly above water table. 
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3.5 SURVEYING OPERATIONS .- 

The locations of all soil borings and monitoring wells will be surveyed following their installation. A 
total of five soil borings (7SBOl-79305) and three monitoring wells (7MWOl-7MW03) will be surveyed. 
The locations of the proposed monitoring wells and soil borings are shown in Figure 3-2. 

533119020 3-10 



4.0 SITE 63: VERONA LOOP DUMP 
FIELD INVESTIGATION ACTIVITIES 

4.1 SITE DESCRIPTION 

The Verona Loop Dump is located at PWDM coordinates 14, H5. Its size is estimated to be between 
3 and 4acres. It is believed that bivouac wastes were disposed of at this site, but years of operation 
are unknown. It is not believed that hazardous waste was disposed of here. The location of the site is 
shown in Figure 4-1, with the boundaries being approximated pending further investigation. 

4.2 WORK PLAN RATIONALE 

Because no work has been conducted at this site, the field investigation for this site is intended to 
provide a general indication of whether the potential for an environmental contamination problem 
exists. The number and placement of wells and soil borings is designed to maximize the chances for 
detecting hazardous materials if they are present. Wells will be installed so that two are located 
downgradient and one upgradient of the site. This will maximize detection of groundwater 
contamination, if present. The proposed analyses are more comprehensive than for several other 
sites where the site history is better defined. 

4.3 DRILLING OPERATIONS 

..i-. 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed wells and soil borings in areas that are least likely to contain buried metallic 
objects. The survey will consist of using an electromagmetometer (Heliflux), which can locate metallic 
objects such, as buried drums, near the ground surface. The drilling operations for Site63 are 
discussed in detail below. 

4.3.1 Soil Borina Installation 

A total of six 15-foot soil borings will be installed at Site63. The preliminary locations of the soil 
borings are shown in Figure 4-2. Final locations will be determined in the field after the geophysical 
survey. The locations were chosen to maximize coverage of the site. Two samples will be collected 
from each of the borings for chemical analysis. The first sample will be taken at the ground surface 
(0.0 to 2.0feet). The second sample will be taken directly above the groundwater interface 
(approximately 15 feet). None of the six soil borings at this site will be converted to monitoring wells. 
All of the borings will be backfilled with a cement/bentonite grout following sampling. Additional 
drilling procedures are presented in Section 13.3.3. Soil borings shall be numbered 63SBOl through 
63SB06, as shown on Figure4-2. Split-spoon sampling intervals for the borings are given in 
Section 4.4.2. 

4.3.2 Monitorinq Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 63. Although the groundwater flow 
direction is not known at the time, it is thought that the water flow will be in a northeastward 
direction toward the New River. Therefore, two wells are proposed for the assumed downgradient 
direction and one for the upgradient direction as shown on Figure 4-2. Two split-spoon soil samples 
will be taken during installation of the well borings for chemical analysis. Sample depths will be the 
same as for the soil borings. Additional monitoring well construction/installation procedures are 
presented in Section 13.3.4. Monitoring wells shall be numbered 63MWOl through 63MW03, as 
shown on Figure4-2. Wells shall be screened so that the top of the screen is 2 to 3 feet above the 
static water level. Well development will be performed on each new well as described in Section 
13.3.5. One round of samples will be collected from the new wells for chemical analysis, as described 
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in Section 4.4.1. One round of synoptic water-level measurements will be obtained from all wells 
(63MWOl-63MW03) within a 4-hour period, as described in Section 13.3.7. A summary of the 
monitoring well installation activities for Site 63 is given below: 

8 Install three shallow monitoring wells (63MWOl-63MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

4.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 63: 

l Groundwater 
l Subsurface soil 
0 Surface water 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0, of this document. Table4-1 provides a sampling and analysis 
program summary for Site 63. Table4-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

4.4.1 Groundwater Samplinq 

- One round of groundwater samples will be taken from the three newly installed wells (63MWO1, 
63MW02, and 63MW03). Groundwater sampling locations are shown in Figure 4-2. The laboratory 
analysis of groundwater samples is summarized in Table4-3. All of the monitoring wells will be 
analyzed for the following parameters: 

0 TCL organics 
a TCL inorganics, cyanide 

4.4.2 Subsurface Soil Samplina 

Details of split-spoon sampling and laboratory analyses are summarized in Table 4-4 for the six soil 
borings drilled at Site63. Overburden drilling procedures and subsurface sampling guidelines are 
given in Section 13.3.3. 

As shown in Tables4-3 and 4-4, laboratory analyses will be conducted on two subsurface soil samples 
per boring and two-subsurface soil samples per well. Samples for chemical analysis will be taken at 
the ground surface and directly above the groundwater interface. Soil samples will also be taken at 
5-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description in order to better define the geologic conditions at the site. The soil boring 
samples will be analyzed for the following parameters: 

\ 
l TCL organics 
l TCL inorganics, cyanide 
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TABLE 4-l 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 63: VERONA LOOP DUMP 

CAMP LEJEUNE. NORTH CAROLINA 

Target Proposed Number of Field 
Matrix Analysis Detection Analytical Duplicates Equipment Field Trip 

Limit Method Samples 
(A) 

Rinsate(6) Blanks(C) Blanks(D) 

Groundwater TCL VOAs CRDL CLP Statement of 3 1 1 1 1 
Work - 2188 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 3 1 1 1 0 
Work - 2faa 

TCL Metals 

Cyanide 

CRDL CLP Statement of 3 1 1 0 . 
Work - 7/88 

‘\ 

CRDL CLP Statement of 3 1 1 1 0 
Work - 7188 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

Surface Water TCL VOAs CRDL CLP Statement of 2 1 0 0 0 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 2 1 0 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 2 1 0 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 2 1 0 0 0 
Work - 7188 



TABLE 4-1 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 63: VERONA LOOP DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

Matrix Analysis 
Target 

Detection 
Limit 

Proposed 
Analytical 

Method 

Field Number of 
Duplicates Equipment Field Trip 

Samples 
(A) 

Rinsate(B) Blanks(C) Blanks(D) 

Surface Water Temperature NA Field 2 0 0 0 0 
(Continued) 

Specific Conductance NA Field 2 0 0 0 0 

PH NA Field 2 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 2 1 0 0 0 
Work - 2J88 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 2 1 0 0 0 
Work: 218% 

TCL Metals and Cyanide CRDL CLP Statement of 2 1 0 0 0 
Work - 7188 

Soil TCL VOAs CRDL CLP Statement of 18 T 1 0 0 
Work - 218% 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 18 2 1 0 0 
Work - 2188 

_ TCL Metals and Cyanide CRDL CLP Statement of 18 2 1 0 0 
Work - 7188 



0 E TABLE 4-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 63: VERONA LOOP DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE THREE 

(A) 

03 

0) 

e 
U 

NA 
CLP 
CRDL 
EPA 
SW 

Field Duplicate - A single sample sp!it into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a Replicate Sample). Will be collected at a rate of l/10 samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks,- Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be generated at 
the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

Not Applicable. 
Contract Laboratory Program. 
Control Required Detection Limit. 
Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 



Media Analysis 

3roundwater TCL VOAs 

iurface Water 

ediment 

TABLE 4-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS. PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
ilTE 63: VERONA LOOP DUMP - 

CAMP LEJEUNE, NORTH CAROLINA 

No. of 
Samples 

(A) 

7 

Uo. of Containers 
per Sample 

Type of Container 

3 40 ml VOA vials 

I 

TCL BNA, PesticideslPCBs 6 2 80 oz. amber glass bottle 

TCL Metals 6 1 1 liter polyethylene bottle 

Cyanide 6 1 1 liter polyethylene bottle 

Temperature, Specific, 
Conductance, pH 

TCL VOAs 

N/A N/A 

40 ml VOA vials 

TCL BNA, Pesticides/PCBs 80 oz. amber glass bottle 
,’ 

TCL Metals 1 liter polyethylene bottle 

Cyanide 1 liter polyethylene bottle 

Temperature, Specific, 
Conductance, pH 

TCL VOAs 

TCL BNA, Pesticides/PCBs 

N/A N/A 

4 

1 

40 ml VOA vials Cool to 4°C 

B oz. wide mouth glass jar Cool to 4°C 

TCL Metals and Cyanide 1 8 oz. wide mouth glass jar None 

Preservation 
Requirements 

HCI to pH< 2; 
Cool to 4°C 

Cool to 4°C 

HNOjtopH<Z; 
Cool to 4°C 

NaOHtopH>l2; 
Cool to 4°C 

N/A 

HCItopH<2; 
Cool to 4°C 

Cool to 4°C 

HN03 topH<2; 
Cool to 4°C 

NaOH to pH > 12; 
Cool to 4°C 

N/A 

Holding Time 

14 days to analysis 

7 days to extraction; 
10 days to analysis 

5 months; Hg - 28 days 

I4 days 

U/A 

14 days to analysis 

7 days to extraction; 
10 days to analysis 

5 months; Hg - 28 days 

I4 days 

J/A 

IO days to analysis 

r days to extraction; 
10 days to analysis 

i months; Hg - 28 days; 
IN- 14days 



TABLE 4-2 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 63: VERONA LOOP DUMP 

1 

CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

No. of 
Media Analysis Samples 

No. of Containers 
Type of Container 

Preservation 
per Sample Requirements 

Holding Time 
(A) 

Soil TCL VOAs 21 4 40 ml VOA vials Cool to 4°C IO days to analysis 

TCL BNA, Pesticides/PCBs 21 1 8 oz. wide mouth glass jar Cool to 4OC 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 21 1 8 oz. wide mouth glass jar r\lone 6 months; I-IQ - 28 days; 
CN - 14 days 

(A) Number of samples includes field QAIQCsamples. 
NA Not applicable. 



TABLE 4-3 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 63: VERONA LOOP DUMP 

CAMP LEJEUNE, BIRTH CAROLINA 

Total 
Monitoring Boring Well Riser Screen Groundwater Sampling 

Well Number Depth Depth Length Length Analysis interval Sample Type Analysis 

(feet) (feet) (feet) (feet) (per well) (feet) (per well) 

63MW0 1, 
63MW02, 
63MW03 

25 . 25(l) 17 10 TCL Organics 
TCL Inorganics, 

Cyanide 

0.0 - 210 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

10.0 - 12.0 Split spoon None 

15.0 - 17.0(z) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

Wells will be screened from approximately 7 feet below to 3 feet above water table 
Sample to be taken directly above water table. 



TABLE 4-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE NO. 63: VERONA LOOP DUMP 
CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 

63SB01163SB02, 635803, 
63SB04,63SB05,63SB06 

Sampling 
Interval 
(feet) 

0.0 - 2.0 

5.0 - 7.0 

lO.O- 12.0 

15.0 - 17.0(‘) 

Sample Type 

Split spoon 

Split spoon 

Split spoon 

Split spoon 

Analysis 
(per sample) 

TCL Organics 
TCL Inorganics, Cyanide 

None 

None 

TCL Organics 
TCL Inorganics, Cyanide 

(1) Sample to be taken directly above water table. 
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4.4.3 Surface Water Samplinq 

Surface water samples will be collected from a total of two locations from a creek that runs along the 
eastern side of the site, as shown in Figure 4-2. The laboratory analysis program for surface water is 
summarized in Table 4-5. Both surface water samples will be analyzed for the following parameters: 

0 TCL organics 
0 TCL inorganics, cyanide 

4.4.4 Sediment Samplinq 

Two sediment samples will be collected at the same locations as the surface water samples as shown 
in Figure4-2. The laboratory analysis program is summarized in Table4-5. Both sediment samples 
will be analyzed forthefollowing parameters: 

0 TCL organics 
l TCL inorganics, cyanide 

4.5 SURVEYING OPERATIONS 

The locations of all soil borings and monitoring wells will be surveyed following their installation. A 
total of six soil borings (63SBOl-63SB06), three monitoring wells (63MWOl-63MW03), and two surface 
water/sediment sample locations (63SW/SDOl-63SW/SD02) will be surveyed. The locations of the 
proposed monitoring wells, soil borings, and surface water/sedimentsamples are shown in Figure 4-2. 

033119020 4-12 



TABLE 4-5 

..-. 

SURFACE WATER/SEDIMENT SAMPLING DETAILS 
SITE 63: VERONA LOOP DUMP 

CAMP LEJEUNE, NORTH CAROLINA 
I I 1 

Sample Medium 
Sample 
Location 
Number 

Analysis 
(per location) 

Surface Water 

Sediment 

63SW0 1, TCL Organics 
63SWO2 TCL Inorganics, Cyanide 

63SD01, TCL Organics 
63SD02 TCL Inorganics, Cyanide 

D33119020 4-13 



5.0 SITE 54: CRASH CREW BURN PIT 
FIELD INVESTIGATION ACTIVITIES 

5.1 SITE DESCRIPTION 

The Crash Crew Burn Pit is a 1.5-acre site within the boundaries of MCAS New River. It is located 
adjacent to the southwest end of Runway 5-23 near Structure3614 (PWDM coordinates 23, 
024-25/P24-25). A map of the site, which includes the locations of samples collected by previous 
contractors, is presented in Figure 5-1. 

An underground storage tank has been installed at this site within the last few years. It is located 
approximately 100 feet to the northwest of the burn pit. The area of concern is believed to have been 
used in the mid-1950s for crash crew training. Contaminated fuels (principally JP-type and possibly 
leaded fuels) and waste oils were burned during the training exercises. Originally the training was 
conducted on the ground surface, and the area was surrounded by a berm. Later, a burn pit was 
constructed, which was lined in or around 1975. 

Figures5-2 and 5-3 present geological cross-sections that were prepared by ES&E (June 1990). The 
sections show that the site is underlain by silty sand and silty gravelly sand, with discontinuous layers 
of coarse sand at depths of up to 10 feet. The groundwater contour map, Figure5-4 (ES&E, 
June 1990) shows that the shallow groundwater flows toward the drainage ditch along the 
southwest side of the site, with a gradient of approximately 0.037 ft/ft. 

5.2 WORK PLAN RATIONALE 

,- The intent of this investigation is to collect sufficient data to support a risk assessment to determine 
whether the site presents a risk to either human health or the environment. To meet this objective, it 
is necessary to better characterize the site as it exists today. 

The scope of work for the previous investigation was limited. Although it is known that fuels and 
possibly miscellaneous wastes were burned at the site, no fuel constituents were detected in the 
groundwater. This may be due either to the high detection limits in the laboratory or to the locations 
of the wells. In addition, no soil samples were ever collected for chemical analysis. 

Metals were detected in the groundwater samples, but they may not actually have been transported 
downward from the surface. Because these samples were unfiltered, the metals observed are more 
likely to be associated with the soil matrix itself rather than with contamination originating at the 
ground surface. 

It is possible that waste oils containing polychlorinated biphenyls (PCBs) could also have been burned 
at this facility; therefore, PCBs could be a concern. PCBs are relatively immobile in the environment 
due to their high organic carbon partition coefficients. 

5.3 DRILLING OPERATIONS 

5.3.1 Soil Borinq Installation 

A total of two 15-foot soil borings will be installed at Site 54. The locations of the soil borings were 
selected to provide some definition of the lateral and vertical extent of contamination around the 
burn pit. The locations of the soil borings are shown in Figure 5-5. Two samples will be collected 
from each of the borings for chemical analysis. The first sample will be taken at the ground surface 
(O.Oto 2.Ofeet). The second sample will be taken directly above the groundwater interface 
(approximately 15 feet). Neither of the two soil borings at this site will be converted to monitoring 
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wells. All of the borings will be backfilled with a cement/bentonite grout following sampling. 
Additional drilling procedures are presented in Section 13.3.3. Soil borings shall be numbered 54SBOl 
and 54SB02, as shown on Figure5-5. Split-spoon sampling intervals for the borings are given in 
Section 5.4.2. 

5.3.2 Monitorinq Well installation 

One 25-foot monitoring well will be installed southwest of the burn pit. It is intended that this will 
serve the purpose of replacing the well that was removed during runway construction. The proposed 
location of the monitoring well isshown in Figure 5-5. 

Two split-spoon soil samples will be taken during installation of the well boring for chemical analysis. 
Sample depths will be the same as for the soil borings. Additional monitoring well construc- 
tion/installation procedures are presented in Section 13.3.4. The monitoring well shall be numbered 
54MW04 as shown on Figure 5-5. Wells shall be screened so that the top of the screen is 2 to 3 feet 
above the static water level. Well development will be performed on the new well as described in 
Section 13.3.5. One round of samples will be collected from the new well for chemical analysis as 
described in Section 5.4.1. One round of synoptic water-level measurements will be obtained from 
the new well (54MW04) and existing wells (54MW02 and 54MW03) within a 4-hour period as 
described in Section 13.3.7. A summary of the monitoring well installation activities for Site 54 is 
given below: 

l Install one shallow monitoring wells (54MW04). 
l Obtain synoptic water-level measuremens from the new well and the two existing wells 

within a 4-hour period. 

5.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 54: 

l Groundwater 
l Subsurface soil 
l Surface water 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volumell, Section9.0, of this document. Table5-1 provides a sampling and analysis 
program summary for Site 54. Table5-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

5.4.1 Groundwater Samplinq 

One round of groundwater samples will be taken from the two existing wells (54MW02 and 
54MW03) and from the newly installed well (54MW04). The groundwater sampling locations are 
shown in Figure 5-2. The laboratory analysis of groundwater samples is summarized in Table 5-3. The 
monitoring wells will be analyzed for the following parameters: 
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TABLE 5-I 

SUMMARY OF SAMPLING AND ANALVSIS PROGRAM 
SITE 54: CRASH CREW BURN PIT 

CAMP LEJEUNE, NORTH CAROLINA 

Matrix Analysis 

Groundwater TCL Metals 

Target Proposed Field 
Detection Analytical 

Number of Equipment Field Trip 

Limit Method Samples 
Duplicates 

(A) 
Rinsate(B) Blanks(C) Blanks (0) 

CRDL CLP Statement of 3 0 0 1 0 
Work - 7188 

TCL PCBs CRDL CLP Statement of 3 1 1 1 0 
Work - 2/88 

Cyanide CRDL CLP Statement of 3 0 0 1 0 
Work - 7188 

Total Petroleum 0.5 mg/L EPA418.1 3 0 0 0 0 
Hydrocarbons 

BTEX CRDL CLP Statement of 3 1 1 1 1 
Work - 2188 

Hexavalent Chromium 10 llg/L EPA 218.4 3 1 1 1 0 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

jurface Water TCL Metals CRDL ’ CLP Statement of 5 1 1 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 5 1 1 0 0 
Work - 7188 

Total Petroleum 
Hydrocarbons 

0.5 mg/L EPA 418.1 5 0 0 0 0 

! 



TABLE 5-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 54: CRASH CREW BURN PIT 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE Two 

Target Proposed Field 
Matrix Analysis Detection Analytical Number of 

Samples Duplicates Equipment Field Trip 

Limit Method (4 
Rinsate(B) Blanks(C) Blanks(D) 

Surface Water BTEX CRDL CLP Statement of 5 1 1 0 1 
[Continued) Work - 2788 

TCL PCBs CRDL CLP Statement of 5 1 1 0 0 
Work - 2188 

Hexavalent Chromium 10 l.lg/L EPA218.4 5 1 1 0 0 

Temperature NA Field 5 0 0 0 0 

Specific Conductance NA Field 5 0 0 0 0 

PH NA Field 5 0 0 0 0 

iediment TCL Metals and Cyanide CRDL CLP Statement of 5 1 1 0 0 
Work - 7188 

TCL PCBs CRDL CLP Statement of 5 1 1 0 0 
Work - 2188 

Total Petroleum 
Hydrocarbons 

BTEX 

0.5 mglkg EPA418.1 5 0 0 0 0 

CRDL CLP Statement of 5 1 1 0 0 
Work - 2/88 

Hexavalent Chromium 10 !Jg/L EPA 218.4 5 1 1 0 0 



w 
% TABLE 5-I 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
?? 
:: 

SITE 54: CRASH CREW BURN PIT 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE THREE 

ul 
L 
0 

Matrix Analvsis Detection 
Limit M&hod Samples )uplicates 

rq”,lJ”‘r’,r 

(4 
Rinsate(B) Blanks(C) Blanks (0) 

ioil TCL Metals and Cyanide CRDL 

TCL PCBs CRDL 

I Total Petroleum 
Hydrocarbons 

BTEX 

Hexavalent Chromium 

I mg/kg 

CRDL 

100 1-19/L 

CLP Statement of CLP Statement of 
Work - 7/88 Work - 7/88 

CLP 5 tatement of CLP 5 tatement of 
Work - 2188 Work - 2188 

EPA418.1 EPA418.1 

CLP Statement of CLP Statement of 
Work - 2/88 Work - 2/88 

EPA 218.4 1-~ EPA 218.4 

0 

0 

~ 

0 

0 

0 

(A) Field Duplicate - A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of 
sampling and analysis program (also known as a Replicate Sample). Will be collected at a rate of l/IO samples media. 

(B) Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and 
between subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

0-3 Field Blanks - Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be 
generated at the rate of l/event/media. 

(D) Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. 
Samples are prepared prior to the sampling trip. Trip blanks are not exposed to field conditions:These are typically associated with the analysis 
of volatile organic compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

NA Not Applicable. 
CLP Contract Laboratory Program. 
CRDL Control Required Detection Limit. 
EPA Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
SW Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 
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TABLE 5-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 54: CRASH CREW BURN PIT 

Media Analysis 
No. of 

Samples 
(A) 

CAMP I FIEIINE. NORTH CAROLINA - .  . . - . -  - - - - - . - - I  - - - . - .  .  .  -  

No. of Containers Type of Container 
Preservation 

per Sample Requirements 
Holding Time 

Sroundwater TCL Metals 4 4 1 liter polyethylene bottle HN03 to pH<2; 
Cool to 4OC 

6 months; Hg - 28 days 

TCL PCBs 6 1 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 
Hydrocarbons 

BTEX 

3 1 1 liter glass bottle 

7 3 40 ml VOA vials 

HCI to pH<2; 

HCI to pH<2; 
Cool to 4°C 

28 days 

14 days to analysis 

Hexavalent Chromium 6 1 

Cyanide 4 1 

500 ml polyethylene bottle Cool to 4°C 24 hours 

1 liter polyethylene bottle NaOHtopH>12; 14days 
Cool to 4OC 

Temperature, Specific, 
Conductance, pH 

3 N/A N/A N/A N/A 



TABLE 5-2 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 54: CRASH CREW BURN PIT 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

No. of No. of Containers Preservation 
Media Analysis Samples Type of Container Holding Time 

(A) 
per Sample Requirements 

urface Water TCL Metals 7 1 1 liter polyethylene bottle HN03 to pH<2; 6 months; Hg - 28 days 
Cool to 4°C 

TCLPCBs 7 2 1 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 5 1 1 liter glass bottle HCI to pHc2 28 days 

Hydrocarbons 

BTEX 8 3 40 ml VOA vials HCI to pll<2; 14 days to analysis 
Cool to 4°C 

Hexavalent Chromium 7 1 500 ml polyethylene bottle Cool to 4°C 24 hours 

Cyanide 7 1 1 liter polyethylene bottle NaOH to pH> 12; 14 days 
Cool to 4°C 

Temperature, Specific, 5 N/A N/A N/A N/A 

Conductance, pH 

iediment TCL Metals and Cyanide 7 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 

PCBs 7 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 5 I 32 oz. wide mouth glass jar Cool to 4°C 28 days 

Hydrocarbons 

BTEX 7 4 40 ml VOA vials Cool to 4°C IO days to analysis 

Hexavalent Chromium 7 1 8 oz. wide mouth glass jar Cool to 4°C 24 hours 



TABLE 5-2 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 54: CRASH CREW BURN PIT 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE THREE 
F 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time 

‘ ioi I TCL Metals and Cyanide 8 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN- 14days 

TCL PC& 8 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 
Hydrocarbons 

BTEX 

Hexavalent Chromium 

7 1 32 oz. wide mouth glass jar Cool to 4°C 28 days 

9 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

8 1 8 oz. wide mouth glass jar Cool to 4°C 24 hours 

6) 
NA 

Number of samples includes field QA/QC samples. 
Not applicable. 



TABLE 5-3 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 54: CRASH CREW BURN PIT 

CAMP LEJEUNE, NORTH CAROLINA 

Total 
Monitoring Boring Well Riser Screen Sampling 

uVell Number Depth Depth Length Length 
Groundwater Analysis Interval Sample Type 

Analysis 
(per well) (per sample) 

(feet) (feet) (feet) (feet) (feet) 

54MW04 25 25(l) 17 IO Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPC) 
TCL PCBs 
TCL, Inorganics, Cyanide 
Hexavalent Chromium 

0.0 - 2.0 Split spoon Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPC) 
TCL PCBs 
TCL, Inorganics, Cyanide 
Hexavalent Chromium 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0(l)(2) Split spoon Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPC) 
TCL PCBs 
TCL, Inorganics, Cyanide 
Hexavalent Chromium 

(1) 
(2) 

Wells will be screened from approximately 7 feet below to 3 feet water table. 
Sample to be taken directly above water table. 



Benzene 
Tol uene 
Ethyl benzene 
Xylenes 
Total petroleum hydrocarbons 
TCL PCBs 
TCL inorganic& cyanide 
Hexavalent chromium 

5.4.2 Subsurface Soil Samplinq 

Details of split-spoon sampling and laboratory analyses are summarized in Table 5-4 for the two soil 
borings drilled at Site54. Laboratory analyses of the subsurface samples are also outlined in 
Table 5-4. Soil sampling locations are shown in Figure 5-5. Overburden drilling procedures and 
subsurface sampling guidelinesare given in Section 13.3.3. 

As shown in Tables 5-3 and 5-4, laboratory analyses will be conducted on two subsurface soil samples 
per boring and two subsurface soil samples per well. Samples for chemical analysis will be taken at 
the ground surface.and directly above the groundwater interface. Soil samples will also be taken at 
S-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description in order to better define the geologic conditions at the site. The soil boring 
samples will be analyzed for the following parameters: 

Benzene 
Tol uene 
Ethyl benzene 
Xylenes 
Total petroleum hydrocarbons (TPH) 
TCL PCBs 
TCL inorganics, cyanide 
Hexavalent chromium 

5.4.3 Surface Water Samplinq 

Surface water samples will be collected from three previous locations (54SW/SEOl, 54SW/SE02, and 
54SW/SE03) and from two new locations (54SW/SD04 and 54SW/SDO5) as shown on Figure 5-5. The 
samples will be taken from a drainage ditch on the southeastern and southwestern sides of the burn 
pit. The laboratory analysis program for surface water is summarized in Table 5-5. All five surface 
water sampleswill be analyzed for the following parameters: 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Total petroleum hydrocarbons 
TCL PCBs 
TCL inorganics, cyanide 
Hexavalent chromium 

033119020 5-15 
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TABLE 5-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 54: CRASH CREW BURN PIT 

CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 
Sampling 
Interval 
(feet) 

Sample Type 
Analysis 

(per sample) 

i4SBOl154SB02 0.0 - 2.0 Split spoon Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPH) 
TCL PCBs 
TCL Inorganic, Cyanide 
Hexavalent Chromium 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0(l) Split spoon Benzene 
Toluene 
Ethylbenzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPH) 
TCL PCBs 
TCL Inorganic, Cyanide 
Hexavalent Chromium 

(1) Sample to be taken directly above water table 
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TABLE 5-5 

SURFACE WATER/SEDIMENT SAMPLING DETAILS 
SITE 54: CRASH CREW BURN PIT 

CAMP LEJEUNE, NORTH CAROLINA 

Sample Medium 
Sample 
Location 
Number 

Analysis 
(per location) 

iurface Water 54swo 1 
54SWO2 
54swo3 
54swo4 
54swo5 

Benzene 
Tol uene 
Ethylbenzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPH) 
TCL PCBs 
TCL Inorganics, Cyanide 
Hexavalent Chromium 

Sediment 54SDOl 
54SD02 
54SD03 
54SDO4 
54SD05 

Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Total Petroleum 
Hydrocarbons (TPH) 
TCL PCBs 
TCL Inorganics, Cyanide 
Hexavalent Chromium 
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5.4.4 Sediment Samplinq 

Five sediment samples will be collected at the same locations as the surface water samples, as shown 
in Figure 5-5. The laboratory analysis program is summarized in Table 5-5. All five sediment samples 
will be analyzed for the following parameters: 

Benzene 
Tol uene 
Ethyl benzene 
Xylenes 
Total petroleum hydrocarbons 
TCL PCBs 
TCL inorganics, cyanide 
Hexavalent chromium 

5.5 SURVEYING OPERATIONS 

The locations of all soil borings,, monitoring wells, and surface water/sediment sample locations will 
be surveyed following their installation. A total of two soil borings (54SBOl and 54SB02), three 
monitoring wells (54MW02, 54MW03, and 54MW04), and five surface water/sediment locations 
(54SW/SDOl-54SW/SDO5) will be surveyed. All sample locations are shown in Figure 5-5. 
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6.0 SITE 82: PINEY GREEN ROAD VOC AREA 
FIELD INVESTIGATION ACTIVITIES 

6.1 SITE DESCRIPTION 

The Piney Green Road VOC Area is a forested area between Lot 203 and Wallace Creek and appears to 
have been used as a disposal area at some point in the past. It is estimated to be 30acres in size. 
There is visual evidence of debris piles and small depressions, as identified by ES&E in the Site 
Summary Report, June 1990. This area is bounded on the northwest by Wallace Creek and is 
therefore a reasonable source of the observed VOCs in Wallace Creek. The area of investigation is 
shown in Figure 6-l. 

6.2 WORK PLAN RATIONALE 

In 1986, ES&E conducted a field investigation of IAS Site 6, which contains Storage Lots 201 and 203. 
During this same time period, the supply wells on the base were sampled. Trace levels of TCE and 
other volatiles were detected in supply wells 651, 652, and 653. Supply well 652 is located further 
south and is not shown on Figure 6-l. 

In 1986, a soil gas survey was also performed in the vicinity of Site6 along Piney Green Road. There 
was one isolated case of TCE detection southwest of Supply Well 652. Shallow monitoring wells were 
installed adjacent to the supply wells and the one isolated soil gas hit to determine whether there 
was a surface source of contamination. No contamination was found in any of the shallow wells; 
therefore, the source of contamination in the supply wells may be from outside the Wallace Creek 
area. 

Figures6-2 and 6-3 present a geological cross section that was performed by ES&E, Site Summary 
Report (June 1990), for the Site 6 area. The section shows the site to be underlain by silty sand, sand, 
and coarse sand. The surface of the shallow groundwater at this site lies within the silty sand at 
depths ranging from 2 to 15feet below land surface. The groundwater contour map, Figure 6-4, 
indicates the groundwater flows toward Wallace Creek and Bearhead Creek at a gradient of 
approximately 0.009 ft/ft. 

The intent of the proposed field investigation is to identify potential source(s) of contamination in 
Wallace Creek. Although minimal contamination was discovered in Lot203 in the previous 
investigation, and no obvious sources were identified during the soil-gas survey, the area between 
Lot 203 and Wallace Creek may be an area of concern. The area appears to have been disturbed, and 
no other potential source areas were identified during an extensive site reconnaissance. 

The investigation will focus on the types of contaminants identified earlier, namely TCL volatile 
organics, pesticides, and PCBs. Although Lot 203 has been evaluated in the past, the area known as 
the Piney Green Road VOCArea itself is new. 

Figure 6-5 provides approximate drilling and sampling locations. Final sample locations will’ be 
determined in the field by the project hydrogeologist. The hydrogeologist will locate samples in 
suspected areas of contamination to maximize detection of target analytes, if present. 

The most upgradient well is located near the bridge on Piney Green Road, which is the area of the 
creek found to contain volatile organics in 1986. One well will be located downstream toward 
Holcomb Boulevard. The third well is proposed for the approximate center of the site. These well 
locations, in conjunction with the existing wells, will provide an overall assessment of groundwater 
quality. 
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FIGURE 6-2 
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6.3 DRILLING OPERATIONS 
r”9 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed wells and soil borings in areas that are least likely to contain buried metallic 
objects. The survey will consist of using an electromagnetometer (Heliflux), which can locate metallic 
objects such as buried drums near the ground surface. The drilling operations for Site82 are 
discussed in detail below. 

6.3.1 Soil Borina Installation 

A total of six 15-foot soil borings will be installed at Site 82. Two borings will be located on the north 
side of Wallace Creek to confirm that there are no sources in that area. The remaining four will be 
distributed throughout the area, with one located far enough upstream to provide a preliminary 
indication of the lateral extent of the suspected source area. The preliminary locations of the soil 
borings are shown in Figure6-5. Final locations will be determined in the field pending access 
allowances and the results of the geophysics survey. In addition, the hydrogeologist will locate 
borings in suspected areas of contamination to maximize detection of target analytes. 

Two samples will be collected from each of the borings for chemical analysis. The first sample will be 
taken at the ground surface (0.0 feet to 2.0 feet). The second sample will be taken directly above the 
groundwater interface (approximately IS feet). None of the 6 soil borings at this site will be 
converted to monitoring wells. All of the borings will be backfilled with a cementibentonite grout 
following sampling. Additional drilling procedures are presented in Section 13.3.3. Soil borings shall 
be numbered 825801 through 82SBO6 as shown on Figure 6-5. Split-spoon sampling intervals for the 
borings are given in Section 6.4.2. 

;-. 
6.3.2 Monitoring Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 82. Two wells will be located along 
Wallace Creek so that they are downgradient of the potential source area. The most upgradient well 
is located near the bridge on Piney Green Road, which is the area of the creek found to contain 
volatile organics during a previous investigation. One well will be located downstream toward 
Holcomb Boulevard. The third well will be located in the approximate center of the site. The 
locations of the proposed monitoring wells are shown in Figure 6-5. 

Two split-spoon soil samples will be taken during installation of the well borings for chemical analysis. 
Sample depths will be the same as for the soil borings. Additional monitoring well construc- 
tion/installation procedures are presented in Section 13.3.4. Monitoring wells shall be numbered 
82MWOl through 82MW03 as shown on Figure 6-2. Wells shall be screened so that the top of the 
screen is 2 to 3 feet above the static water level. Well development will be performed on each new 
well as described in Section 13.3.5. One round of samples will be collected from the new wells for 
chemical analysis as described in Section 6.4.1. One round of synoptic water-level measurements will 
be obtained from new wells (82MWOl-82MW03) and existing wells (82MW30 and 82MW31) within a 
4-hour period as described in Section 13.3.7. A summary of the monitoring well installation activities 
for Site 82 is given below: 

l Install three shallow monitoring wells (82MWOl-82MW03). 
l Obtain synoptic water-level measurements from all new and existing wells within a 4-hour 

period. 
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6.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 82: 

l Groundwater 
l Subsurface soil 
0 Surface water 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0, of this document. Table 6-1 provides a sampling and analysis 
program summary for Site82. Table 6-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

6.4.1 Groundwater Samplinq 

One round of groundwater samples will be taken from the three newly installed wells (82MWO1, 
82MW02, and 82MW03). Samples will also be taken from the existing wells 82MW30 and 82MW31. 
Groundwater sampling locations are shown in Figure 6-5. The laboratory analysis of groundwater 
samples is summarized in Table6-3. All of the monitoring wells will be analyzed for the following 
parameters: 

0 TCL organics 
0 TCL pesticides 
. TCLPCBs 

6.4.2 Subsurface Soil Samplinq 

Details of split-spoon sampling and laboratory analyses are summarized in Table 6-4 for the sixsoil 
borings drilled at Site82. Soil sampling locations are shown in Figures6-5. Overburden drilling 
proceduresand subsurface sampling guidelinesare given in Section 13.3.3. 

As shown in Tables6-3 and 6-4, laboratory analyses will be conducted on two subsurface soil samples 
per boring and two subsurface soil samples per well. Samples for chemical analysis will be taken at 
the ground surface and directly above the groundwater interface. Soil samples will also be taken at 
5-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description in order to better.define the geologic conditions at the site. The soil boring 
samples will be analyzed for the following parameters: 

0 TCL organics 
0 TCL pesticides 
. TCLPCBs 

6.4.3 Surface Water Samdinq 

Surface water samples will be collected from a total of six locations in. Wallace Creek, as shown in 
Figure 6-5. The intent is to refine the nature and extent of contamination in the creek that was first 
identified near Piney Green Road during a preliminary investigation. Two samples will be collected 
above Piney Green Road and from four locations downstream of the road, with the most 
downgradient location near Holcomb Boulevard. The laboratory analysis program for surface water 
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TABLE 6-1 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 82: PINEY GREEN ROAD 

CAMP LEJEUNE. NORTH CAROLINA 

Target Proposed Field 
Matrix Analysis Detection Analytical 

Number of 
Samples Duplicates 

Equipment Field Trip 

Limit Method (A) 
Rinsate(B) Blanks(C) Blanks(D) 

Groundwater TCL VOAs CRDL CLP Statement of 5 1 1 1 1 
Work - 2188 

TCL Pesticides/PCBs CRDL CLP Statement of 5 1 1 1 0 
Work - 2188 

Temperature NA Field 5 0 0 0 0 

Specific Conductance NA Field 5 0 0 0 0 

PH NA Field 5 0 0 0 0 

Surface Water TCL VOAs CRDL CLP Statement of 6 1 1 0 0 
Work - Z/88 

TCL Pesticides/PCBs CRDL CLP Statement of 6 1 1 0 0 
Work - 2188 

Temperature NA Field 6 0 0 0 0 

Specific Conductance NA Field 6 0 0 0 0 

PH NA Field 6 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 6 1 1 0 1 
Work - 2J88 

TCL PesticideslPCBs CRDL CLP Statement of 6 1 1 0 0 
Work - 2188 

joil TCL VOAs CRDL CLP Statement of 18 2 1 .O 1 
Work - 2188 

TCL PesticideslPCBs CRDL CLP Statement of 18 2 1 0 0 
Work - 218% 



(B) 

(Cl 

(D) 

NA Not Applicable. 
CLP Contract Laboratory Program. 
CRDL Control Required Detection Limit. 
EPA Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
SW Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 

TABLE 6-I 
’ SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 

SITE 82: PINEY GREEN ROAD 
CAMP LEJEIJNE, NORTH CAROLINA 
PAGE TWO 

Field Duplicate -A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a Replicate Sample). Will be collected at a rate of l/10 samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks-Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be generated at 
the rate of l/eventimedia. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 



TABLE 6-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 82: PINEY GREEN ROAD 

CAMP LEJEUNE, NORTH CAROLINA 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container Preservation 
Requirements 

Holding Time 

Groundwater TCL VOAs 9 3 40 ml VOA vials HCI to pH<2; 10 days to analysis 
Cool to 4°C 

TCL Pesticides/PC& 

Temperature, Specific, 
Conductance, pH 

a 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

5 N/A N/A N/A N/A 

Surface Water TCL VOAs a 3 40 ml VOA vials I-ICI to pH<2; 14 days to analysis 
Cool to 4X 

TCL Pesticides/PC& 

Temperature, Specific, 
Conductance, pH 

a 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

6 N/A N/A N/A N/A 

Sediment TCL VOAs 

TCL PesticideslPCBs 

9 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

a 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
. 

40 days to analysis 

Soil TCL VOAs 

TCL Pesticides/PCBs 

22 

21 

4 40 ml VOA vials Cool to 4°C 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

(4 Number of samples includes field QA/QC samples 
NA Not applrcable. 



Monitoring Total Boring Well Riser 
Well Depth Depth Length 

Number(l) (feet) (feet) (feet) 

82MW01, 25 25(j) 17 
82MW02, 
82MW03 

, 

10 TCL VOAs 
TCL PesticidesIPCBs 

(1) Existing wells 82MW30 and 82MW31 will be resampled for the same analysis. 
(2) Wells will be screened from approximately 7 feet below to 3 feet above water table. 
(3) Sample to be taken directly above water table. 

TABLE 6-3 

MONITORING WELL INSTALLATION AND.SAMPLlNG DETAILS 
SJTE 82: PINEY GREEN ROAD 

CAMP LEJEUNE, NORTH CAROLINA 

I 
Screen 
Length 
(feet) 

Groundwater Analysis 
(per well) 

Soil Soil 
Sampling Sampling Soil Sample Soil Sample Soil Analysis Soil Analysis 
lnverval lnverval Type Type (per sample) (per sample) 

(feet) (feet) 

0.0-2.0 1 Split spoon 1 TCL ;CI;iI;$pCBs 1 

5.0 - 7.0 1 Split spoon 1 None I 



TABLE 6-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 82: PINEY GREEN ROAD 

,CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 

82SB01,82’%02,82SB03, 
82SB04,82SB05,82SBOb 

Soil Sampling 
Interval Soil Sample Soil Analysis 

(feet) Type (per sample) 

0.0 - 2.0 Split spoon TCL VOAs 
TCL PesticideslPCBs 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0(l) Split spoon TCL VOAs 
TCL Pesticides/PCBs 

(1) Sample to be taken directly above water table. 
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is summarized in Table6-5. All six surface water samples will be analyzed for the following 
parameters: 

l TCL organics 
0 TCL pesticides 
l TCLPCBs 

6.4.4 Sediment Sampiinq 

Six sediment samples will be collected at the same locations as the surface water samples as shown in 
Figure 6-5. The laboratory analysis program for the sediment samples includes pesticides and PCBs 
because they were detected during the preliminary investigation. The analyses are summarized in 
Table 6-5. All six sediment samples will be analyzed for the following parameters: 

a TCL organics 
0 TCL pesticides 
. TCLPCBs 

6.5 SURVEYING OPERATIONS 

The locations of all soil borings, monitoring wells, and surface water/sediment sample locations will 
be surveyed following their installation. A total of sixsoil borings (82SBOl-82SB06), three monitoring 
wells (82MWOl-82MW03), and six surface water/sediment sample locations (82SW/SDOl-82SW/SD06) 
will be surveyed. In addition, the two existing monitoring wells (82MW30 and 82MW31) will be 
surveyed. The locations of the proposed monitoring wells, soil borings, and surface water/sediment 
samples are shown in Figure 6-2. 
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TABLE 6-5 

SURFACE WATER/SEDIMENT SAMPLING DETAILS 
SITE 82: PINEY GREEN ROAD 

CAMP LEJEUNE, NORTH CAROLINA 

Sample Medium 
Sample 

Location 
Number 

Analysis 
(per location) 

Surface Water 82SWQ 1 TCL VOAs 
82SWO2 TCL Pesticides/PCBs 
82SWO3 
82SWO4 
82SWOS 
82SWO6 

Sediment 82SDOl 
82SDO2 
82SD03 
82SD04 
82SD05 
82SD06 

TCL VOAs 
TCL Pesticides/PCBs 
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7.0 SITE 80: PARADISE POINT GOLF COURSE 
/--+ FIELD INVESTIGATION ACTIVITIES 

7.1 SITE DESCRIPTION 

The study area for this site consists of a l-acre area at the back of the machine shop and the truck 
wash area at the Paradise Point Golf Course. The site contains an area of bare, hummocky soil, with a 
large soil mound. There are areas of dead and/or dying vegetation in the vicinity of the soil mound. 
In addition, there are unvegetated areas where soils have been disturbed. A drainage ditch runs from 
the truck wash area around the back of the machine shop and soil mound. Figure 7-l presents a site 
map showing the major site features. 

In addition to the machine shop, which is a potential source of waste oils, the routine application of 
pesticides and herbicides on the golf course and the potential inadvertent disposal of excess 
pesticides and herbicides behind the machine shop may also ‘have contributed to potential 
contamination in this area. The truck wash area consists of a concrete pad and sumps that collect 
washwater from the sprayers. Prior to the construction of this pad, however, the disposition of 
washwater may have been completely uncontrolled. The presence of dead vegetation indicates that 
at a minimum, waste herbicides may have been disposed of behind the machine shop. There is no 
indication that other chemicals have been used or disposed of in this area. 

7.2 WORK PLAN RATIONALE 

Although the particular site history is not known, the types of chemicals used in this area are rather 
e=+. well defined. Waste oils and possibly small amounts of solvents may have been dumped from the 

machine shop, and residual pesticides or herbicides may have been disposed of in this area in the past. 
Final sample locations will be determined in the field by the project hydrogeologist. The 
hydrogeologist will locate samples in suspected areas of contamination to maximize detection of 
target analytes, if present. 

The field investigation at this site will be limited to a soil investigation. The contaminants presumed 
to be present are highly immobile in the environment and tend to adhere to the organic carbon in 
soil. PCBs and pesticides have high organic carbon partition coefficients and low solubilities. 
Herbicidesare slightly moresoluble than PCBs, but if present, they should be detectable in the soil. 

7.3 DRILLING OPERATIONS 

In order to more readily locate the proposed soil borings in areas that are least likely to contain 
buried metallic objects, a surface geophysical survey will be performed at all the suggested drilling 
locations. The survey will consist of using an electromagnetometer (Heliflux), which can locate 
metallic objects, such as buried drums, near the ground surface. The drilling operations for Site 80 are 
discussed in detail below. 

7.3.1 Soil Borina Installation 

A total of four l5-foot soil borings will be installed at Site 80. Two borings are located behind the 
machine shop and two within the dirt area behind the machine shop. The locations of the proposed 
soil boringsare shown in Figure 7-2. 

,- 
Two samples will be collected from each of the borings for chemical analysis. The first sample will be 
taken at the ground surface (0.0 feet to 2.0 feet). The second sample will be taken directly above the 
groundwater interface (approximately 15 feet). None of the seven soil borings at this site will be 
converted to monitoring wells. All of the borings will be backfilled with a cement/bentonite grout 
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following sampling. Additional drilling procedures are presented in Section 13.3.3. Soil borings shall 
be numbered 80SBOl through 80SB04, as shown on Figure 7-2. Split-spoon sampling intervals for the 
borings are given in Section 7.4.2. 

7.3.2 Monitorinq Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 80. Two wells will be located behind 
the soil mound in the area of dead vegetation along the stream. The third well will be located near 
the wash area and the sump. These preliminary locations are shown in Figure 7-2. Two split-spoon 
soil samples will be taken during installation of the well borings for chemical analysis. Sample depths 
will be the same as for the soil borings. Additional monitoring well construction/installation 
procedures are presented in Section 13.3.4. Monitoring wells shall be numbered 80MWOl through 
80MW03, as shown on Figure 7-2. One round of samples will be collected from the new wells for 
chemical analysis, as described in Section 7.4.1. Well development will be performed on each new 
well, as described in Section 13.3.5. One round of synoptic water-level measurements will be 
obtained from all wells within a 4-hour period, as described in Section 13.3.7. A summary of the 
monitoring well installation activities for Site 80 is given below: 

l Install three shallow monitoring wells (80MWOl-80MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

7.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 80: 

l Groundwater 
l Subsurface soil 
0 Surface water 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0, of this document. Table7-1 provides a sampling and analysis 
program summary for Site80. Table7-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

7.4.1 Subsurface Soil Sampling 

Details of split-spoon sampling and laboratory analyses are summarized in Table 7-3 for the four soil 
borings drilled at Site 80. Soil sampling locations are shown in Figure 7-2. Overburden drilling 
procedures and subsurface sampling guidelines are given in Section 13.3.3. 

As shown in Table 7-3, laboratory analyses will be conducted on two subsurface soil samples per 
boring. Samples for chemical analysis will be taken at the ground surface and directly above the 
groundwater interface. Soil samples will also be taken at S-foot intervals from the ground surface to 
the bottom of each hole. All samples will be used for lithologic description in order to better define 
the geologic conditions at the site. The soil boring samples will be analyzed for the following 
parameters: 

l TCLVOAs 
l TCL pesticides/PCBs 

D33119020 7-4 



Matrix Analysis 

TABLE 7-l 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 80: PARADISE POINT GOLF COURSE 

CAMP LEJEUNE, NORTH CAROLINA 

Groundwater 

j&ace Water 

.~ ~ 
Total Petroleum 
Hydrocarbons 

TCL VOAs 

TCL Pesticides/PCBs 

Chlorinated Herbicides 

Temperature 

Specific Conductance 

PH 

Total Petroleum 
Hydrocarbons 

TCL VOAs 

TCL Pesticides/PCBs CRDL 

I Chlorinated Herbicides 

Temperature 

Specific Conductance 

PH 

Target Proposed 
Detection Analytical 

Limit Method 

Number of 
Samples 

0.5 mg/L EPA418.1 3 

CRDL 

CRDL 

CLP Statement of 
Work - 2188 

CLP Statement of 
Work - 2188 

3 

3 

As per 
method 

NA 

NA 

NA 

0.5 mg/L 

SW8150 3 

Field 

Field 

Field 

EPA418.1 5 

CRDL CLP Statement of 
Work - 2J88 

CLP Statement of 
Work - 2188 

5 

As per 
method 

NA 

NA 

NA 

SW8150 5 

Field 

Field 

Field 

Fikld 
Duplicates 

(-4 

1 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

Equipment 
Ri nsate(B) 

0 

0 

0 

1 

0 

0 

0 

1 



TABLE 7-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 80: PARADISE POINT GOLF COURSE 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE -IWO . ..-- . . - 

Target Proposed 
Number of Field 

Matrix Analysis Detection Analytical Duplicates Equipment Field Trip 

Limit Method Samples 
(A) 

Rinsate(B) Blanks(C) Blanks(D) 

Sediment TCL Pesticides/PC& CRDL CLP Statement of 5 1 0 0 0 
Work - 2788 

Total Petroleum 1 mglkg EPA 418.1 5 1 0 0 0 
Hydrocarbons 
Chlorinated Herbicides As per SW 8150/3550 5 1 1 0 0 

method 
TCL VOAs CRDL CLP Statement of 5 1 0 0 0 

Work - 2788 
soil TCL PesticideslPCBs CRDL CLP Statement of 17 2 0 0 0 

Work - 2188 
Total Petroleum 1 mg/kg EPA418.1 17 2 0 0 0 
Hydrocarbons 
Chlorinated Herbicides As per SW 8150/3550 17 2 1 0 0 

method 
TCL VOAs CRDL CLP Statement of 17 2 0 0 1 

Work - 2188 

(A) 

W 

03 

03 

Field Duplicate - A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of 
sampling and analysis program (also known as a Replicate Sample). Will be collected at a rate of l/IO samples media. 
Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and 
between subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, butwill be analyzed every other day. 
field Blanks - Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be 
generated at the rate of l/event/media. 
Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. 
Samples are prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis 
of volatile organic compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

NA Not Applicable. 
CLP Contract Laboratory Program. 
CRDL Control Required Detection Limit. 
SW Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 



Media Analysis 

iroundwater 

urface Water 

TABLE 7-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SLTF Rn: PARADISE POINT GOLF COURSE -..---. 

CAMP LEJEUNE, NORTH CAROLINA 

rotal Petroleum 
iydrocarbons 

ra VOAs 

No. of 
Samples 

(A) 

4 1 liter glass bottle iCItopH<2 

3 10 ml VOA vials -ICI to pHc2; 
Iool to 4°C 

KL PesticideslPCBs 3 2 30 oz. amber glass bottles 1001 to 4°C 

Chlorinated Herbicides 6 2 30 oz. amber glass bottle :001 to 4°C 

remperature, Specific 
lonductance, pH 

3 NA VA dA NA 

rotal Petroleum 
iydrocarbons 

KL VOAs 

6 1 I liter glass bottle itl to pH <2 

7 3 40 ml VOA vials rlCl to pH<2; 
Cool to 4°C 

TCL PesticidesIPCBs 6 2 80 oz. amber glass bottles Cool to 4°C 

Chlorinated Herbicides 2 80 oz. amber glass bottle Cool to 4°C 

Temperature, Specific 
Conductance, pH 

NA NA NA NA 

\lo. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time 

28 days 

14 days to analysis 

7 days to extraction; 
40 days to analysis 

7 days to extraction; 
10 days to analysis 

28 days 

14 days to analysis 

7 days to extraction; 
40 days to analysis 

7 days to extraction; 
40 days to analysis 



TABLE 7-2 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 80: PARADISE POINT GOLF COURSE, 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample Type of Container 

Preservation 
Requirements 

Holding Time 

jediment TCL Pesticides/PCBs 6 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40days to analysis 

Total Petroleum 
Hydrocarbons 

Chlorinated Herbicides 

6 1 32 oz. wide mouth glass jar Cool to 4OC 

7 1 8 oz. wide mouth glass jar Cool to 4°C 

28 days 

7 days to extraction; 
40 days to analysis 

joil 

TCL VOAs 6 4 40 ml VOA vials Cool to 4°C 

TCL Pesticides/PC& 19 1 8 oz. wide mouth glass jar Cool to 4°C 

10 days to analysis 

7 days to extraction; 
40 days to analysis 

Total Petroleum 
Hydrocarbons 

Chlorinated Herbicides 

19 

20 

1 * 32 oz. wide mouth glass jar Cool to 4°C 28 days 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL VOAs 20 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

(A) Number of samples includes field QAIQC samples 
NA Not applicable. 



f@-- TABLE 7-3 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 80: PARADISE POINT GOLF COURSE 

CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 
Sampling 
Interval 
(feet) 

Sample Type Analysis 
(per sample) 

305801,80SB02,80SB03, 
30SB04,80SB05,8OSBO6, 
30SB07 

0.0 - 2.0 Split spoon TCL VOAs 
TCL Pesticides/PCBs 
Chlorinated Herbicides 
Total Petroleum 
Hydrocarbons (TPH) 

5.0 - 7.0 Split spoon None 

10.0 - 12.0 Split spoon None 

15.0 - 17.0(l) Split spoon TCL VOAs 
TCL Pesticides/PCBs 
Chlorinated Herbicides 
Total Petroleum 
Hydrocarbons (TPH) 

(1) Sample to be taken directly above water table. 
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l Chlorinated herbicides 
l Total petroleum hydrocarbons 

7.4.2 Groundwater Samplinq 

One round of groundwater samples will be taken from the three newly installed wells (80MWO1, 
80MW02, and 80MW03). Groundwater sampling locations are shown in Figure 7-2. The laboratory 
analysis of groundwater samples is summarized in Table7-4. All of the monitoring wells will be 
analyzed for the following parameters: 

l TCLVOAs 
l TCL pesticides/PCBs 
l Chlorinated herbicides 
l Total petroleum hydrocarbons 

7.4.3 Shallow Subsurface Soil Samplinq 

In addition to the soil borings, three shallow subsurface soil samples will be collected on the soil 
mound near areas of dead vegetation. These samples will be collected by hand, since a drill rig would 
not be able to reach the top of the mound. Laboratory analyses of the shallow soil samples are 
outlined in Table 7-5. Shallow soil sampling procedures and guidelinesare given in Section 13.4.1. 

All three soil samples will be analyzed for the following parameters: 

. TCLVOA 
l TCL pesticides/PCBs - 
l Chlorinated herbicides 
l Total petroleum hydrocarbons 

7.4.4 Surface Water Samplinq 

Surface water samples will be collected from a total of five locations in the drainage ditch that flows 
past the site, as shown in Figure 7-2. The laboratory analysis program for surface water is summarized 
in Table 7-6. All five surface water samples will be analyzed for the following parameters: 

. TCLVOAs 
0 TCL pesticides/PCBs 
l Chlorinated herbicides 
l Total petroleum hydrocarbons 

7.4.5 Sediment Sampling 

Five sediment samples will be collected at the same locations as the surface water samples, as shown 
in Figure 7-2. The laboratory analysis program is summarized in Table 7-6. 

All five sediment samples will be analyzed for the following parameters: 

. TCLVOAs 
l TCL pesticides/PCBs 
l Chlorinated herbicides 
l Total petroleum hydrocarbons 

,- 
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TABLE 7-4 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 80: PARADISE POINT GOLF COURSE 

CAMP LEJEUNE, NORTH CAROLINA 

Total 
Monitoring Boring Well Riser Screen Groundwater Sampling 

Well Number Depth Depth Length Length Analysis Interval Sample Type Analysis 

(feet) 
(feet) 

(feet) (feet) (per well) (feet) 
(per well) 

80MW0 1, 
80MW02, 
80MW03 

25 25(l) 17 10 TCLVOAs 
TCL Pesticides/PCBs 
Chlorindated 
Herbicides 
Total Petroleum 
Hydrocarbons (TPH) 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0@) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

(1) 
(2) 

Wells will be screened from approximately 7 feet below to 3 feet above water table. 
Sample to be taken directly above water table. 



TABLE 7-5 
_- 

SHALLOW SUBSURFACE SOIL SAMPLING DETAILS 
SITE 80: PARADISE POINT GOLF COURSE 

CAMP LEJEUNE, NORTH CAROLINA 

I I Sampling 
Soil Sample Number Interval 

I 
3dl 

IJaA+\ 
‘--nple Type 

805001,805002,805003 o.o- 2.0(l) Hand sample 

Analysis 
(per sample) 

TCL VOAs 
TCL Pesticides/PCBs 
Chlorinated Herbicides 
Total Petroleum 
Hydrocarbons (TPH) 

(1) Sample to be taken by hand using stainless-steel sampling tools. 
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TABLE 7-6 

SURFACE WATER/SEDIMENT SAMPLING DETAILS 
SITE 80: PARADISE POINT GOLF COURSE 

CAMP LEJEUNE, NORTH CAROLINA 

Sample Medium 
Sample 
Location 
Number 

Analysis 
(per location) 

Surface Water 

Sediment 

80SW0 1 
8OSWO2 
8OSWO3 
8OSWO4 
8OSWO5 

80SD0 1 
80SD02 
80SD03 
80SD04 
80SD05 

TCL VOAs 
TCL PesticidesIPCBs 
Chlorinated Herbicides 
Total Petroleum 
Hydrocarbons (TPH) 

TCL VOAs 
TCL Pesticides/PCBs 
Chlorinated Herbicides 
TCL PCBs 
Total Petroleum 
Hydrocarbons (TPH) 
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7.5 SURVEYING OPERATIONS 

The locations of all soil borings, soil sample locations, and surface water/sediment sample locations 
will be surveyed following their installation. A total of.four soil borings (805801-80SB04), three soil 
samples (8OSOOl-805003), three groundwater samples (80MEOl-80MW03), and five surface 
water/sediment samples (80SW/SDOl-8OSW/SDO5) will be surveyed. All sample locations are shown in 
Figure 7-2. 

D33119020 
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8.0 SITE 3: OLD CREOSOTE PLANT 
FIELD INVESTIGATION ACTIVITIES 

8.1 SITE DESCRIPTION 

The old creosote plant operated from 1951 to 1952 to supply treated lumber during construction of 
the railroad on the base. The facility was located at PWDM coordinates 5, Nl I-12/011-12, 
approximately 800 feet east of Building 613, on the opposite side of Holcomb Boulevard. Logs were 
cut into railroad ties at the onsite sawmill, then pressure treated with hot creosote stored in a railroad 
tank car. There is no indication of creosote disposal on site, and records show that creosote 
remaining in the pressure chamber at the end of a treatment cycle was stored for future use. 

Upon completion of the railroad, the plant and mill were dismantled and sold. The only site features 
remaining are creosote pads and the boiler chimney. Figure 8-l shows the approximate site 
configuration and sample locations. 

8.2 WORK PLAN RATIONALE 

Because no work has been conducted at this site, the field investigation is intended to determine 
whether the potential for an environmental contamination problem exists. However, the proposed 
analyses focus on contaminants commonly found at creosote facilities. Figure 8-2 provides 
approximate drilling and sampling locations. Final sample locations will be determined in the field by 
the project hydrogeologist. The hydrogeologist will locate samples in suspected areas of 
contaminants to maximize detection of target analytes, if present. 

8.3 DRILLING OPERATIONS 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed soil borings in areas that are least likely to contain buried metallic objects. The 
survey will consist of using an electromagnetometer (Heliflux), which can locate metallic objects such 
as buried drums near the ground surface. The drilling operations for Site3 are discussed in detail 
below. 

8.3.1 Soil Borinq Installation 

A total of five soil borings will be installed at Site 3. The borings will be Sfeet deep because of the 
immobile nature of the polyaromatic hydrocarbons (PAHs) and chlorinated phenols. The preliminary 
locations, as shown in Figure 8-2, were selected to provide a reasonable indication of the lateral and 
vertical extent of contamination, if present. 

Two samples will be collected from each of the borings for chemical analysis. The first sample will be 
taken at the ground surface (O.Ofeet to 2.0feet). The second sample will be taken from 3.0feet to 
5.0 feet in the shallow borings and directly above the groundwater interface (approximately 15 feet) 
in the deeper borings. 

None of the five soil borings at this site will be converted to monitoring wells. All of the borings will 
be backfilled with a cementfbentonite grout following sampling. Additional drilling procedures are 
presented in Section 13.3.3. Soil borings shall be numbered 03SBOl through 035805, as shown on 
Figure 8-2. Split-spoon sampling intervals for the borings are given in Section 8.4.2. 
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8.3.2 Monitorinq Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 03. Groundwater flow is not known 
at the time. The preliminary locationsare shown in Figure 8-2. 

Two split-spoon soil sampleswill be taken during installation of the well borings for chemical analysis. 
Sample depths will be the same as for the soil borings. Additional monitoring well 
construction/installation procedures are presented in Section 13.3.4. Monitoring wells shall be 
numbered 03MWOl through 03MW03, as shown on Figure8L2. Wells shall be screened so that the 
top of the screen is 2 to 3feet above the static water level. Well development will be performed on 
each new well as described in Section 13.3.5. One round of samples will be collected from the new 
wells for chemical analysis, as described in Section 9.4.1. One round of synoptic water-level 
measurements will be obtained from all wells (03MWOl-03MW03) within a 4-hour period as 
described in Section 13.3.7. A summary of the monitoring well installation activities for Site03 is 
given below: 

l Install threeshallow monitoring wells (03MWOl-03MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

8.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 3: 

l Groundwater 
l Subsurface soil 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0, of this document. Table 8-1 provides a sampling and analysis 
program summary for Site3. Table8-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

8.4.1 Groundwater Sampling 

One round of groundwater samples will be taken from the three newly installed wells (03MW01, 
03MW02, and 03MW03). Groundwater sampling locations are shown in Figure 8-2. The laboratory 
analysis of groundwater samples is summarized in Table8-3. All of the monitoring wells will be 
analyzed for the following parameters: 

l TCL acid extractables 
l TCL base/neutral extractables 

8.4.2 Subsurface Soil Samplina 

Details of split-spoon sampling and laboratory analyses are summarized in Table8-4 for the 5soil 
borings drilled at Site 3. Soil sampling locations are shown in Figure8-2. Overburden drilling 
procedures and subsurface sampling guidelines are given in Section 13.3.3. 

As shown in Table8-3, laboratory analyses will be conducted on two subsurface soil samples per 
boring. Samples for chemical analysis will be taken at the ground surface and directly above the 
groundwater interface. In the deeper borings, soil samples will also be taken at S-foot intervals from 

D33119020 8-4 



TABLE 8-I 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 3: OLD CREOSOTE PLANT 

CAMP LEJEUNE. NORTH CAROLINA 

Matrix 

Groundwater 

Target Proposed Field 
Analysis Detection Analytical Number of Duplicates Equipment Field Trip 

Limit Method Samples 
(A) 

Ri nsate(B) Blanks(C) Blanks (0) 

TCL B NAs CRDL CLP Statement of 3 0 1 0 0 
Work - 2788 

Sediment TCL BNAs CRDL CLP Statement of 2, 1 1 0 0 
Work - 2188 

Soil TCL BNAs CRDL CLP Statement of 16 2 1 0 0 
Work - 2188 

(A) 

(B) 

Field Duplicate - A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of 
sampling and analysis program (also known as a Replicate Sample). W.ill be collected at a rate of l/IO samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and 
between subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

K) Field Blanks - Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be 
generated at the rate of l/event/media. 

6-4 Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. 
Samples are prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis 
of volatile organic compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

NA Not Applicable. 
CLP Contract Laboratory Program. 
CRDL Control Required Detection Limit. 
EPA Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
SW Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 



TABLE 8-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 3: CREOSOTE PLANT 

CAMP LEJEUNE, NORTH CAROLINA 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time ’ 

Groundwater TCL BNAs 4 1 80 oz. amber glass bottle Cool to 4°C 7 days to extr.action; 
40 days to analysis 

Sediment TCL BNAs 4 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

Soil TCL BNAs 19 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

(A) 
NA 

Number of samples includes field QAIQC samples. 
Not applicable. 

! 



TABLE 8-3 

MONITORING WELL INSTALLAnON AND SAMPLING DETAILS 
SITE 03: OLD CREOSOTE PLANT 

rAMPI FIFIINC NnRTl.4 t-ARC-M INA -._,. --_- _ .--, *_- . . . . . -. ..-- -.--. . 

Total 
Monitoring Boring 

Well Riser Screen Sampling 

VVell Number Depth 
Depth Length Length 

Groundwater Analysis 
Interval Sample Type 

Analysis 

(feet) (feet) (feet) 
(per well) (feet) 

(per well) 
(feet) 

03MW01, 
03MW02, 
03MW03 

25 25(l) 17 IO TCL Acid Extractable; 
TCL Base/Neutral Extractabies 

None 

None 

0.0 - 2.0 Split spoon TCL Acid Extractables 
TCL Base/Neutral Extractables 

5.0 - 7.0 Split spoon None 

io.o- 12.0 Split spoon None 

15.0 - 17.0(2) Split spoon TCL Acid Extractables 
TCL Base/Neutral Extractables 

(1) 
(2) 

Wells will be screened from approximately 7 feet below to 3 feet above water table. 
Sample to be taken directly above water table. 



TABLE 8-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 3: CREOSOTE PLANT 

CAMP LEJEU NE, NORTH CAROLINA 

Soil Boring Number 

03SBOl 
03SB02 
03SB03 
03SB04 
03SB05 

Sampling 
interval 
(feet) 

0.0 - 2.0 

3.0 - 5.0 

Sample Type 
Analysis 

(per sample) 

Split spoon Total Acid Extractions 
TCL Base/Neutral 
Extractables 

Split spoon Total Acid Extractions 
TCL Base/Neutral 
Extractables 

(1) Sample to be taken directly above water table. 
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the ground surface to the bottom of each hole. All samples will be used for lithologic description to 
better define the geologic conditions at the site. The soil boring samples will be analyzed for the 
following parameters: 

l TCL acid extractables 
l TCL base/neutral extractables 

8.4.3 Sediment Sampling 

Two sediment samples will be collected in a nearby drainage ditch or potential wetlands areas for 
this investigation, as shown in Figure8-2. The laboratory analysis program is summarized in 
Table 8-5. All four sediment samples will be analyzed for the following parameters: 

l TCL acid extractables 
l TCL base/neutral extractables 

8.5 SURVEYING OPERATIONS 

The locations of all soil borings and sediment sample locations will be surveyed following their 
installation. A total of five soil borings (03SBOl-03SBO5), three monitoring wells (03MWOl-03MW03) 
and two sediment samples (03SDOl-03SD02) will be surveyed. The approximate locations of for all 
samples are shown in Figure 8-2. 
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TABLE 8-5 
- 

SEDIMENT SAMPLING DETAILS 
SITE 3: CREOSOTE PLANT 

CAMP LEJEUNE, NORTH CAROLINA 

Sample Medium 

Sediment 

Sample 
Location 
Number 

03SD0 1 
03SD02 

Analysis 
(per location) 

TCLAcid Extractabies 
TCL Base/Neutral Extractables 

- 
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9.0 SITE 43: AGAN STREET DUMP 
:+--l FIELD INVESTIGATION ACTIVITIES 

9.1 SITE DESCRIPTION 

The Agan Street Dump is about 20 acres in size and is located near the old wastewater treatment 
plant at PWDM coordinates 23, H6-7/16-7. Boards, trash, fiberglass, and wastewater treatment plant 
sludge were disposed of on the ground surface. The years of operation are unknown. Figureg-1 
shows the general site configuration and sampling locations. 

9.2 WORK PLAN RATIONALE 

The intent of the investigation at this site is to determine whether there is a potential for 
environmental contamination. Because there are no existing data, the proposed analyses are more 
comprehensive than for several other sites where the site history is better defined. Figureg-2 
provides approximate drilling and sampling locations. Final sample locations will be determined in 
the field by the project hydrogeologist. The hydrogeologist will locate samples in suspected areas of 
contaminants to maximize detection of target analytes, if present. Wells will be installed so that two 
are located downgradient and one upgradient. This will maximize detection of groundwater 
contamination, if present. 

9.3 DRILLING OPERATIONS 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed soil borings in areas that are least likely to contain buried metallic objects. The 
survey will consist of using an electromagnetometer (Heliflux), which can locate metallic objects, such 
as buried drums, near the ground surface. The drilling operations for Site 43 are discussed below. 

9.3.1 Soil Borinq Installation 

A total of five 1 S-foot soil borings will be located throughout Site 43, with preference given to areas 
of visible contamination. The preliminary locations are shown in Figureg-2. Two samples will be 
collected from each of the borings for chemical analysis. The first sample will be taken at the ground 
surface (O.Ofeet to 2.0feet). The second sample will be taken directly above the groundwater 
interface (approximately 15 feet). None of the five soil borings at this site will be converted to 
monitoring wells. All of the borings will be backfilled with a cemenffbentonite grout following 
sampling. Additional drilling procedures are presented in Section 13.3.3. Soil borings shall be 
numbered 43SBOl through 43SB05 as shown on Figure 9-l. Split-spoon sampling intervals for the 
borings are given in Section 9.4.2. 

9.3.2 Monitorinq Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 43. Groundwater flow is not known 
at the time; however, it is assumed the groundwater flows east toward the New River. The 
preliminary locationsare shown in Figure 9-2. 

Two split-spoon soil samples will be taken during installation of the well borings for chemical analysis. 
Sample depths will be the same as for the soil borings. Additional monitoring well con- 
struction/installation procedures are presented in Section 13.3.4. Monitoring wells shall be numbered 
43MWOl through 43MWO3, as shown on Figure 9-2. Wells shall be screened so that the top of the 
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screen is 2 to 3 feet above the static water level. Well development will be performed on each new 
well as described in Section 13.3.5. One round of samples will be collected from the new wells for 
chemical analysis, as described in Section 9.4.1. One round of synoptic water-level measurements will 
be obtained from all wells (43MWOl-43MW03) within a 4-hour period as described in Section 13.3.7. 
A summary of the monitoring well installation activities for Site 43 is given below: 

- 

l Install three shallow monitoring wells (43MWOl-43MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

9.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 43: 

l Groundwater 
‘e Subsurface soil 
l Surface water 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample’handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0, of this document. Table 9-1 provides a sampling and analysis 
program summary for Site43. Table9-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

9.4.1 Groundwater Sampling 
,-- ._, 

One round of groundwater samples will be taken from the three newly installed wells (43MWO1, 
43MW02, and 43MW03). Groundwater sampling locations are shown in Figure 9-2. The laboratory 
analysis of groundwater samples is summarized in Tableg-3. All of the monitoring wells will be 
analyzed for the following parameters: 

l TCL organics 
l TCL inorganics, cyanide 

9.4.2 Subsurface Soil Samplinq 

Details of split-spoon sampling and laboratory analyses are summarized in Table9-4 for the 5soil 
borings drilled at Site 43. Soil sampling locations are shown in Figureg-2. Overburden drilling 
proceduresand subsurface sampling guidelines are given in Section 13.3.3. 

As shown in Tableg-4, laboratory analyses will be conducted on two subsurface soil samples per 
boring and two subsurface soil samples per well. Samples for chemical analysis will be taken at the 
ground surface and directly above the groundwater interface. Soil samples will also be taken at 
5-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description in order to better define the geologic conditions at the site. The soil boring 
samples will be analyzed for the following parameters: 

l TCL organics 
l TCL inorganics, cyanide 
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TABLE 9-l 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 43: AGAN STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Target Proposed Number of Field 
Analysis Detection Analytical Duplicates 

Equipment Field 
Matrix 

Trip 

Limit Method 
Samples 

0’4 
Rinsate(B) Blanks(C) Blanks(D) 

Groundwater TCLVOAs CRDL CLP Statement of 3 1 0 0 0 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 3 1 0 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 3 1 0 0 0 
Work - 7tBB 

Cyanide CRDL CLP Statement of 3 1 0 0 0 
Work - 7188 

Temperature NA Field 3. 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

iurface Water TCL VOAs CRDL CLP Statement of 5 1 0 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 5 1 0 0 0 
Work - 2iBB 

TCL Metals CRDL CLP Statement of 5 1 0 0 0 
Work - 7/88 

Cyanide CRDL CLP Statement o-f 5 1 0 0 0 
Work - 7188 



TABLE 9-1 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 43: AGAN STREET DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

Target Proposed Field 
Matrix Analysis Detection Analytical Number of Duplicates Equipment Field Trip 

Limit Method 
Samples 

(4 
Ri nsate( 6) Blanks(C) Blanks(D) 

Eurface Water Temperature NA Field 5 0 0 0 0 
:Continued) 

Specific Conductance NA Field 5 0 0 0 0 

PH NA Field .5 0 0 0 0 

jediment TCL VOAs CRDL CLP Statement of 5 1 0 0 0 
Work - 2188 

TCL BNA, Pesticides/PC& CRDL CLPStatement of 5 1 0 0 0 
Wbrk - 2/aa 

TCL Metals and Cyanide CRDL CLP Statement of 5 1 0 0 0 
Work - 7188 

joil TCL VOAs CRDL CLP Statement of 16 2 0 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 16 2 0 0 0 
Work - 2188 

TCL Metals and Cyanide CRDL CLP Statement of 16 2 0 0 0 
Work - 7iaa 



TABLE 9-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 43: AGAN STREET DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE THREE 

(A) 

@I 

(Cl 

0) 

NA 
CLP 
CRDL 
EPA 
SW 

Field Duplicate -A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a’Replicate Sample). Will be collected at a rate of l/10 samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks-Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be generated at 
the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

Not Applicable. 
Contract Laboratory Program. 
Control Required Detection Limit. 
Methods for chemical analysis of water and wastes, EPA-60014-79-020. 
Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 



TABLE 9-2 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 43: AGAN STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample Type of Container 

Preservation 
Requirements Holding Time 

Sroundwater TCL VOAs 4 3 40 ml VOA vials HCI to pH<2; 14 days to analysis 
Cool to 4°C 

TCL BNA, Pesticides/PCBs 4 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 4 1 1 liter polyethylene bottle HN03to pH<2; 6 months; Hg - 28 days 
Cool to 4°C 

Cyanide 4 1 1 liter polyethylene bottle NaOHtopH>lZ; 
Cool to 4°C 

14 days 

Temperature, Specific, 3 N/A N/A N/A N/A 
Conductance, pH 

kurface Water TCL VOAs 7 3 40 ml VOA vials HCI to pH<2; 14 days to analysis 
Cool to 4°C 

TCL ENA, Pesticides/PC& 6 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 6 1 1 liter polyethylene bottle HN03topH<2; 
Cool to 4°C 

6 months; Hg - 28 days 

Cyanide 6 1 1 liter polyethylene bottle NaOH to pH > 12; 14 days 
Cool to 4°C 

Temperature, Specific, 0 5 
Conductance, pH 

N/A NIA N/A N/A 



TABLE 9-2 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 43: AGAN STREET DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements Holding Time 

Sediment TCL VOAs 6 

TCL BNA, Pesticides/PCBs 6 

4 40 ml VOA vials Cool to 4°C 10 days to analysis p 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 6 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 

Soi I TCL VOAs 19 

TCL BNA, Pesticides/PCBs 18 

4 40mlVOAvials Cool to 4°C 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 18 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 

(A) 
NA 

Number of samples includes field QA/QC samples. 
Not applicable. 



TABLE 9-3 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 43: AGAN STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Total 
Monitoring Boring Wel I Riser Screen Groundwater Sampling Analysis 

Well Number Depth Depth Length Length Analysis Interval Sample Type 
(feet) 

(feet) 
(feet) (feet) (per well) (feet) (per well) 

43MW01, 
43MW02, 
43MW03 

25 25(J) 17 10 TCL Organics 
TCL Inorganics, 

Cyanide 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

10.0 - 12.0 Split spoon None 

15.0 - 17.0(2) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

(1) 
(2) 

Wells will be screened from approximately 7 feet below to 3 feet above water table. 
Sample to be taken directly above water table. 



TABLE 9-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 43: AGAN STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 

43SB01,43SB02,43SB03, 
43SB04,43SB05 

Sampling 
interval Sample Type Analysis 

(feet) 
(per wel I) 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

10.0 - 12.0 Split spoon None 

15.0 - 17.0(l) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

(1) Sample to be taken directly above water table. 
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9.4.3 Surface Water Samplinq 

Surface water samples will be collected from a total of five locations in local streams and wetland 
areas. Exact locations will be selected, based on likely deposition areas. The laboratory analysis 
program for surface water is summarized in Table 9-5. All five surface water samples will be analyzed 
for the following parameters: 

0 TCL organics 
l TCL inorganics, cyanide 

9.4.4 Sediment Samplinq 

Five sediment samples will be collected at the same locations as the surface water samples. The 
laboratory analysis program is summarized in Table 9-5. All five sediment samples will be analyzed 
for the following parameters: 

l TCL organics 
a TCL inorganics, cyanide 

9.5 SURVEYING OPERATIONS 

The locations of all soil borings, monitoring wells, and surface water/sediment sample locations will 
be surveyed following their installation. A total of five soil borings (43SBOl-43%05), three 
monitoring wells (43MWOl-43MW03), and five surface water/sediment sample locations 
(43SW/SDOl-43SW/SD05) will be surveyed. All sample locations are shown in Figure 9-2. 

-. 

. 
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TABLE 9-5 

SURFACE WATER/SEDIMENT SAMPLING DETAILS 
SITE 43: AGAN STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Sample Medium 

Surface Water 

Sediment 

Sample 
Location 
Number 

43swo 1 
43SWO2 
43swo3 
43swo4 
43swo5 

43SDOl 
43SD02 
43SD03 
435004 
43SD05 

Analysis 
(per location) 

TCL Organic5 
TCL Inorganics, Cyanide 

TCL Organics 
TCL Inorganics, Cyanide 

033119020 9-13 



10.0 SITE 44: JONES STREET DUMP 
FIELD INVESTIGATION ACTIVITIES 

10.1 SITE DESCRIPTION 

The Jones Street Dump is located at PWDM coordinates 23,L6-7/M6-7 and is approximately Sacres in 
size. It is located behind base housing on Jones Street. The dump was in operation in the 1950s and 
received mainly debris, cloth, boards, and paint cans. However, small quantities of hazardous 
materials may also have been disposed of in the fill. The approximate site configuration and sample 
locations are shown on Figure 1 O-l. 

10.2 WORK PLAN RATIONALE 

The intent of the investigation at this site is designed to determine whether there exists a potential 
for environmental contamination. Because there are no existing data, the proposed analyses are 
more comprehensive than at other sites with better defined site histories. Figure 1 O-2 provides 
approximate drilling and sampling locations. Final sample locations will be determined in the field by 
the project hydrogeologist. The hydrogeologist will locate samples in suspected areas of 
contaminants to maximize detection of target analytes, if present. Wells will be installed such that 
two are located downgradient and one upgradient. This will maximize detection of groundwater 
contamination, if present. 

10.3 DRILLING OPERATIONS 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed soil borings in areas that are least likely to contain buried metallic objects. The 
survey will consist of using an electromagnetometer (Heliflux), which can locate metallic objects, such 
as buried drums, near the ground surface. The drilling operations for Site 44 are discussed below. 

10.3.1 Soil Boring Installation 

A total of six 15-foot soil borings will be installed at Site 44. The intent of these borings is to provide 
good spatial coverage of the site by filling in information from the areas not covered by the 
monitoring wells. Final locations will be determined in the field with preference given to those areas 
that have obvious visual signs of contamination. The preliminary locations are shown in Figure 1 O-2. 

Two samples will be collected from each of the borings for chemical analysis. The first sample will be 
taken at the ground surface (O.Oto 2.0feet). The second sample will be taken directly above the 
groundwater interface (approximately 15 feet). None of the six soil borings at this site will be 
converted to monitoring wells. All of the borings will be backfilled with a cement/bentonite grout 
following sampling. Additional drilling procedures are presented in Section 13.3.3. Soil borings shall 
be numbered 44SBOl through 44SB06, as shown on Figure 10-2. Split-spoon sampling intervals for 
the borings are given in Section 10.4.2. 

10.3.2 Monitorina Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 44. Two wells are proposed for the 
northern, upgradient side of the site, and one well is proposed for the southern, downgradient side 
of the site. The preliminary locations are shown in Figure 1 O-2. 

D33119020 IO-I 
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Two split-spoon soil samples will be taken during installation of the well borings for chemical analysis. 
Sample depths will be the same as for the soil borings. Additional monitoring well 
construction/installation procedures are presented in Section 13.3.4. Monitoring wells shall be 
numbered 44MWOl through 44MW03, as shown on Figure 10-2. One round of samples will be 
collected from the new wells for chemical analysis, as described in Section 10.4.1. Well development 
will be performed on each new well as described in Section 13.3.5. One round of synoptic water-level 
measurements will be obtained from all wells (44MWOl-44MW03) within a 4-hour period, as 
described in Section 13.3.7. A summary of the monitoring well installation activities for Site43 is 
given below: 

- 

a Install three shallow monitoring wells (44MWOl-44MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

10.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 44: 

l Groundwater 
l Subsurface soi I 
l Surface water/sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section 9.0 of this document. Table IO-1 provides a sampling and analysis 
program summary for Site44. Table IO-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. 

- 

10.4.1 Groundwater Samplinq 

One round of groundwater samples will be taken from the three newly installed wells (44MWO1, 
44MW02, and 44MW03). Groundwater sampling locations are shown in Figure 10-2. The laboratory 
analysis of groundwater samples is summarized in Table 10-3. All of the monitoring wells will be 
analyzed for the following parameters: 

0 TCL organics 
0 TCL inorganics, cyanide 

10.4.2 Subsurface.Soil Samplinq 

Details of split-spoon sampling and laboratory analyses are summarized in Table IO-4 for the six soil 
borings drilled at Site 44. Soil sampling locations are shown in Figures 10-2. Overburden drilling 
procedures and subsurface sampling guidelines are given in Section 13.3.3. 

4 

As shown in Table 10-4, laboratory analyses will be conducted on two subsurface soil samples per 
boring and.two subsurface soil samples per well. Samples for chemical analysis will be taken at the 
ground surface and directly above the groundwater interface. Soil samples will also be taken at 
5-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description in order to better define the geologic conditions at the site. The soil boring 
samples will be analyzed for the following parameters: 

0 TCL organics 
0 TCL inorganics, cyanide 

D33119020 1 o-4 



TABLE IO-I 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 44: JONES STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Matrix Analysis 
Target 

Detection 
Limit 

Proposed 
Analytical 

Method 

Field Number of 
Samples 

Duplicates 
Equipment Field Trip 

(A) 
Rinsate(B) Blanks(C) Blanks(D) 

Eroundwater TCL VOAs CRDL CLP Statement of 3 0 0 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 3 0 0 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 3 0 0 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 3 0 0 0 0 
Work - 7188 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

Surface Water TCL VOAs CRDL CLP Statement of 2 0 1 0 0 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 2 0 1 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 2 0 1 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 2 0 1 0 0 
Work - 7188 

Temperature NA Field 2 0 0 0 0 

Specific Conductance NA Field 2 0 0 0 0 

P” NA Field 2 0 0 0 0 



TABLE 10-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 44: JONES STREET DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE TWO 

Target Proposed Number of Field 
Matrix Analysis Detection Analytical Equipment Field Trip 

Limit Method Samples D”TF)ates Rinsate(B) Blanks (C) Blanks (0) 

Sediment TCL VOAs CRDL CLP Statement of 2 0 0 0 1 
Work - 2188 

TCL BNA, PesticidesIPCBs CRDL CLP Statement of 2 0 0 0 0 
Work - 2188 

TCL Metals and Cyanide CRDL CLP Statement of 2 0 0 0 0 
Work - 7/88 

Soil TCL VOAs CRDL CLP Statement of 18 2 0 0 0 
Work - 2188 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 18 2 0 0 0 
Work - 2188 

TCL Metals and Cyanide CAD1 CLP Statement of 18 2 0 0 0 
Work - 7188 
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TABLE IO-1 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 44: JONES STREET DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE THREE 

Y  
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Field Duplicate -A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a Replicate Sample). Will be collected at a rate of l/10 samples media. 

Rinsate Blanks Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks-Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will.be generated at 
the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

Not Applicable. 
Contract Laboratory Program. 
Control Required Detection Limit. 
Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 



TABLE 10-2 

SUMMARY OF ANALYSES, BOlTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 44: JONES STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Media Analysis 
No. of 

Samples 
(4 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time 

iroundwater TCL VOAs 4 3 40 ml VOA vials HCI to pH<Z; 10 days to analysis 
Cool to 4°C 

TCL BNA, Pesticides/PCBs 3 2 80 oz. amber glass bottle Cool to 4OC 7 days to extraction; 
40 days to analysis 

TCL Metals 3 1 I liter polyethylene bottle HN03topH<2; 6 months; Hg - 28 days; 
Cool to 4°C 

Cyanide 3 1 I liter polyethylene bottle NaOH to pH> 12; 14 days 
Cool to 4°C 

Temperature, Specific, 3 N/A N/A N/A N/A 
Conductance, pH 

iurface Water TCL VOAs 3 3 40 ml VOA vials HCI to pH<2; I4 days to analysis 
Cool to 4°C 

TCL BNA, Pesticides/PCBs 3 2 80 oz. amber glass botk Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 3 1 1 liter polyethylene bottle HN03 to pH < 2; 6 months; Hg - 28 days 
Cool to 4°C 

iediment 

Cyanide 

Temperature, Specific, 
Conductance, pH 
TCL VOAs 
TCL BNA, Pesticides/PCEs 

TCL Metals and Cyanide 

1 I liter polyethylene bottle NaOH to pH>12; 14 days 
Cool to 4°C 

N/A N/A N/A N/A 

4 40 ml VOA vials Cool to 4OC 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - I4 days 

ioi I TCL VOAs 
TCL BNA, PesticideslPCBs 

20 
20 

4 40 ml VOA vials Cool to 4OC 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 20 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 

(4 Number of samples includes field QA/QCsamples. 
NA Not applicable. 

. 



TABLE IO-3 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 44: JONES STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Total 
Monitoring Boring 

Well Riser Screen Groundwater. Sampling 

Well Number Depth Depth Length Length Analysis Interval Sample Type Analysis 
(per well) 

(feet) (feet) (feet) (feet) (per well) (feet) 

44MW0 1, 
44MW02, 
44MW03 

25 250) 17 10 TCL Organics 
TCL Inorganic% 

Cyanide 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0(z) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

(1) 
(2) 

Wells will be screened from approximately 7 feet below to 3 feet above water table. 
Sample to be taken directly above water table. 



TABLE 1 O-4 

SUBSURFACE SOIL SAMPLING DETAILS 
SITE 44: JONES STREET DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 

44SB01144SB02, 44SB03, 
44SB04,44SB05,44SB06 

Sampling 
Interval Sample Type 

Analysis 

(feet) 
(per wel I) 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0(l) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

(1) Sample to be taken directly above water table. 

D33119020 



10.4.3 Surface Water Samdinq 

Surface water samples will be collected from two locations on the site. The two locations are planned 
for Edwards Creek along the perimiter of the site. These locations, as shown on Figure 10-2, will 
provide an estimation of the lateral distribution of contamination that could be moving off site via 
the surface waters. The laboratory analysis program for surface water is summarized in Table 10-5. 

All three surface water samples will be analyzed for the following parameters: 

l TCL organics 
l TCL inorganics, cyanide 

10.4.4 Sediment Samdinq 

Two sediment samples will be collected at the same locations as the surface water samples. The 
laboratory analysis program is summarized in Table 10-5. Both sediment samples will be analyzed for 
the following parameters: 

l TCL organics 
l TCL inorganics, cyanide 

10.5 SURVEYING OPERATIONS 

The locations of all soil borings and monitoring wells will be surveyed following their installation. A 
total of six soil borings (44SBOl-44SB06), two surface water/sediment sample locations, and three 
monitoring wells (44MWOl-44MW03) will be surveyed. All sample locations are shown in Figure 10-2. 

D33119020 10-11 



TABLE IO-5 

SURFACE WATER/SEDIMENTSAMPLING DETAILS 
SITE 44: JONES STREET DUMP 

CAMP LEJEUNE, N0RT.H CAROLINA 

Sample Medium 
Sample 
Location 
Number 

Analysis 
(per location) 

Surface Water 

Sediment 

44swo 1 
44SWO2 

44SDOl 
44SD0244SDO 

3 
445 DO4 
44SD05 

TCL Organics 
TCL Inorganics, Cyanide 

TCL Organics 
TCL Inorganics, Cyanide 

- 
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11 .O SITE 65: ENGINEER AREA DUMP 
FIELD INVESTIGATION ACTIVITIES 

11.1 SITE DESCRIPTION 

The Engineer Area Dump is located at PWDM coordinates 17, K16 and is 4to 5 acres in size. Two 
separate disposal areas were identified; a battery acid disposal area and a liquids disposal area. The 
types of liquids involved are believed to be petroleum, oil, and lubricant products. In addition, the 
dump was used to burn construction debris. The dump was in operation from before 1958 
through 1972. A general site map is presented in Figure 1 l- 1. 

11.2 WORK PLAN RATIONALE 

Two disposal areas have been identified from the available site information and the site visit. The 
proposed scope of work is designed to make a preliminary determination of the presence or absence 
of environmental contamination at the site. Complete analytical schemes are proposed to provide 
detailed information on the types of contamination present. Figure 1 l-2 provides approximate 
drilling and sampling locations. Final sample locations will be determined in the field by the project 
hydrogegologist. The hydrogeologist will locate samples in suspected areas of contaminants to 
maximize detection of target analytes, if present. Wells will be installed so that two are located 
downgradient and one upgradient. This will maximize detection of groundwater contamination, if 
present. 

11.3 DRILLING OPERATIONS 
pl 

A surface geophysical survey will be performed at all the suggested drilling locations to more readily 
locate the proposed soil borings in areas that are least likely to contain buried metallic objects. The 
survey will consist of using an electromagmetometer (Heliflux), which can locate metallic objects, 
such as buried drums, near the ground surface. The drilling operations for Site65 are discussed 
below. 

11.3.1 SoiI’Borinq Installation 

A total of five 15-foot soil borings will be installed at Site 65. The borings are located to provide 
coverage in areas without monitoring wells. These preliminary locations are shown on Figure 1 l-2. 

Two samples will be collected from each of the borings for chemical analysis. The first sample will be 
taken at the ground surface (O.Oto 2.Ofeet). The second sample will be taken directly above the 
groundwater interface (approximately 15 feet). None of the five soil borings at this site will be 
converted to monitoring wells. All of the borings will be backfilled with a cement/bentonite grout 
following sampling. Additional drilling procedures are presented in Section 13.3.3. Soil borings shall 
be numbered 65SBOl through 65SB03, as shown on Figure 1 l-2. Split-spoon sampling intervals for 
the borings are given in Section 11.4.2. 

11.3.2 Monitorinq Well Installation 

A total of three 25-foot monitoring wells will be installed at Site 65. Two wells will be located on the 
downgradient side of the site and the third well will be located on the upgradient side of the site. 
These preliminary locations are shown in Figure 11-2. Two split-spoon soil samples will be taken 
during installation of the well borings for chemical analysis. Sample depths will be the same as for 
the soil borings. Additional monitoring well construction/installation procedures are presented in 
Section 13.3.4. Monitoring wells shall be numbered 65MWOl through 65MW03, as shown on 
Figure 1 l-2. One round of samples will be collected from the new wells for chemical analysis, as 

D33119020 1 l-l 
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described in Section 11.4.1. Well development will be performed on each new well, as described in 
Section 13.3.5. One round of synoptic water-level measurements will be obtained from all wells 
(65MWOl-65MW03) within a 4-hour period, as described in Section 13.3.7. A summary of the 
monitoring well installation activities for Site 65 is given below: 

- 

l Install three shallow monitoring wells (65MWOl-65MW03). 
l Obtain synoptic water-level measurements from all new wells within a 4-hour period. 

11.4 MEDIA SAMPLING OPERATIONS 

The following media will be sampled at Site 65: 

l Groundwater 
l Subsurface soil 
0 Surface water 
l Sediment 

The sample identification system used for the media is presented in Section 13.2.1. Sample handling, 
packaging and shipping, and documentation are discussed in Sections 13.2.2, 13.2.3, and 13.2.4, 
respectively. With respect to the quality of data needed to support these investigation activities, a 
Data Quality Objective (DQO) Level C will be used for all samples. Protocols for DQO Level C are 
described in Volume II, Section9.0, of this document. Table 11-l provides a sampling and analysis 
program summary for Site 11. Table 1 l-2 provides a summary of analyses, bottle requirements, 
preservation requirements, and holding times for this site. Following is a detailed discussion of the 
sampling by media for this site. Following is a detailed discussion of the sampling by media at this 
site. 

_- 
11.4.1 Groundwater Samplinq 

One round of groundwater samples will be taken from the three newly installed wells (65MWO1, 
65MW02, and 65MW03). Groundwater sampling locations are shown in Figure 1 l-2. The laboratory 
analysis of groundwater samples is summarized in Table 11-3. All of the monitoring wells will be 
analyzed for the following parameters: 

0 TCL organics 
0 TCL inorganics, cyanide 

11.4.2 Subsurface Soil Samplinq 

Details of split-spoon sampling and laboratory analyses are summarized in Table 1 l-4 for the five soil 
borings drilled at Site 65. Soil sampling locations are shown in Figures 1 l-2. Overburden drilling 
procedures and subsurface sampling guidelines are given in Section 13.3.3. 

As shown in Table 1 l-4, laboratory analyses will be conducted on two subsurface soil samples per 
boring and two subsurface soil samples per well. Samples for chemical analysis will be taken at the 
ground surface and directly above the groundwater interface. Soil samples will also be taken at 
5-foot intervals from the ground surface to the bottom of each hole. All samples will be used for 
lithologic description to better define the geologic conditions at the site. The soil boring samples will 
be analyzed for the following parameters: 

0 TCL organics 
l TCL inorganics, cyanide 

- 
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TABLE 11-1 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 65: ENGINEERING AREA DUMP 
CAMP LEJEUNE, NORTH CAROLINA 

Matrix 

Groundwater 

Target Proposed Field 
Ana1ysi.s Detection Analytical Number of 

Duplicates Equipment Field irip 

Limit Method Samples 
6) 

Rinsate(B) Blanks(C) Blanks(D) 

TCL VOAs CRDL CLP Statement of 3 0 0 0 0 
Work - 2f88 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 3 0 0 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 3 0 0 0 0 
work - 7188 

Cyariide CRDL CLP Statement of 3 0 0 0 0 
Work ” 7188 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

P’+ NA Field 3 0 0 0 0 

Surface Water TCL VOAs CRDL CLP Statement of 3 0 0 0 0 
Work - 2188 

TCL BNA, PesticidesJPCBs CRDL CLP Statement of 3 0 0 0 0 
Work - 2J88 

TCL Metals CRDL CLP Statement of 3 0 0 0 0 
Work - 7J88 

Cyanide CRDL CLP Statement of 3 0 0 0 0 
Work - 7188 



TABLE 1 l-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 65: ENGINEERING AREA DUMP 
CAMP LNEUNE, NORTH CAROLINA 
PAGE TWO 

Target Proposed Field 
Matrix Analysis Detection Analytical Number of Duplicates Equipment Field Trip 

Limit Method Samples 
(A) 

Rinsate(B) Blanks(C) Blanks(D) 

Surface Water Temperature NA Field 3 0 0 0 0 
(Continued) 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 3 0 0 0 0 
Work - 2/88 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 3 0 0 0 0 
Work -.2/88 

TCL Metals and Cyanide CRDL CLP Statement of 3 0 0 0 0 
Work - 7188 

Soil TCL VOAs CRDL CLP Statement of 16 1 1 0 1 
Work - 2/88 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 16 1 1 0 0 
Work - 218% 

TCL Metals and Cyanide CRDL CLP Statement of 16 1 1 0 0 
Work - 7188 



TABLE 11-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
SITE 65: ENGINEERING AREA DUMP 
CAMP LEJEUNE, NORTH CAROLINA 
PAGE THREE 

(A) 

(B) 

(Cl 

0) 

NA Not Applicable. 
CLP 
CRDL 
EPA 
SW 

Contract Laboratory Program. 
Control Required Detection Limit. 
Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 

Field Duplicate - A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a Replicate Sample). Will be collected at a rate of l/10 samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks - Samplesconsisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be generated at 
the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not ‘exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 



TABLE 11-2 

Media 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
SITE 65: ENGINEERING AREA DUMP 
CAMP LEJEUNE, NORTH CAROLINA 

No. of 
Analysis Samples 

No. of Containers 
per Sample 

Type of Container 
Preservation 

(A) 
Requirements 

Holding Time 

koundwater TCL VOAs 3 3 40 ml VOA vials HCI to pH<2; 
COOI to 4°C 

14 days to analysis 

TCL BNA, PesticideslPCBs 3 2 8 oz. wide mouth glass jar Cool to 4°C 
7 days to extraction; 
40 days to analysis 

TCL Metals 3 1 1 liter polyethylene bottle 
HNO3topH<2; 6 months; Hg - 28 days; 
Cool to 4°C CN- 14days 

Cyanide 3 * I 1 titer polyethylene bottle 
NaOH to pH > 12; 
Cool to 4°C 

6 months; Hg - 28 days 

Temperature, Specific 
Conductance, pH 

3 IA N/A N/A N/A 

krface Water TCL VOAs 3 3 40 ml VOA vials 
HCI to pH<2; 
Cool to 4°C 

14 days to analysis 

TCL BNA, PesticideslPCBs 3 2 80 oz. amber glass bottles Cool to 4°C 
7 days to extraction; 
40 days to analysis 

iediment 

TCL,Metals 

Temperature, Specific 
Conductance, pH 

TCL VOAs 

TCL BNA, PesticidesIPCBs 

3 1 1 liter polyethylene bottle 

3 NA NA 

3 4 40 ml VOA vials 

3 1 8 oz. wide mouth glass jar 

HN03 to pH<2; 
Cool to 4°C 

NA 

Cool to 4°C 

Cool to 4°C 

6 months; Hg - 28 days 

NA 

10 days to analysis 

7 days to extraction; 
40 days to analysis 

TCL Metals and Cyamde 3 1 802. wide mouth glass jar None 
6 months; Hg - 28 days; 
CN- 14days 

;oil TCL VOAs 19 

TCL BNA, PesticideslPCBs 18 

4 40 ml VOA vials Cool to 4°C 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 
7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 18 1 8 oz. wide mouth glass jar None 
6 months; Hg - 28 days; 
CN - 14days 

(A) Number of samples includes field QAIQCsamples. 
NA Not applicable. 



TABLE 11-3 

MONITORING WELL INSTALLATION AND SAMPLING DETAILS 
SITE 65: ENGINEERING AREA DUMP 
CAMP LEJEUNE, NORTH CAROLINA 

Total 
Monitoring Boring 

Well Riser Screen Groundwater Sampling 

Well Number Depth 
Depth Length Length Analysis interval Sample Type Analysis 

(feet) (feet) (feet) (feet) (per well) (feet) 
(per well) 

65MW01, 
6SMW02, 
65MW03 

25 25(t) 17 10 TCL Organics 
TCL Inorganics, 

Cyanide 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

10.0 - 12.0 Split spoon None 

15.0 - 17.0(z) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

Wells will be screened from approximately 7 feet below to 3 feet above water table. 
Sample to be taken directly above water table. 



TABLE 11-4 

SUBSURFACE SOILSAMPLING DETAILS 
SITE 65: ENGINEERING AREA DUMP 
CAMP LEJEUNE, NORTH CAROLINA 

Soil Boring Number 

55SB01,65SBO2,65SB03, 
65SB04,65SBOS 

Sampling 
Interval Sample Type Analysis 

(feet) (per well) 

0.0 - 2.0 Split spoon TCL Organics 
TCL Inorganics, Cyanide 

5.0 - 7.0 Split spoon None 

lO.O- 12.0 Split spoon None 

15.0 - 17.0(l) Split spoon TCL Organics 
TCL Inorganics, Cyanide 

(1) Sample to be taken directly above water table. 
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11.4.3 Surface Water Samplinq 

Surface water samples will be collected from a total of three locations on the site. One location is 
planned for the inlet to each of two ponds along the perimiter of the site. The remaining sample is 
located in the drainage ditch that runs along the perimiter and feed the two ponds. These locations, 
as shown on Figure 1 l-2, will provide an estimation of the lateral distribution of contamination that 
could be moving off site via the surface waters. The laboratory analysis program for surface water is 
summarized in Table 1 l-5. 

All three surface water samples will be analyzed for the following parameters: 

0 TCL organics 
l TCL inorganics, cyanide 

11.4.4 Sediment Samplinq 

Three sediment samples will be collected at the same locations as the surface water samples. The 
laboratory analysis program is summarized in Table 11-S. All three sediment samples will be analyzed 
for the following parameters: 

l TCL organics 
l TCL inorganics, cyanide 

11.5 SURVEYING OPERATIONS 

The locations of all soil borings, monitoring wells, and surface water/sediment sample locations will 
be surveyed following their installation. A total of five soil borings (65SBOl-65SB05), three 
monitoring wells (65MWOl-65MW03), and three surface water/sediment sample locations 
(65SW/SDOl-65SWED03) will be surveyed. All of the sample locations are shown in Figure 1 l-2. 
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TABLE 11-5 

SURFACE WATER/SEDIMENTSAMPLlNG DETAILS 
SITE 65: ENGINEER AREA DUMP 

CAMP LEJEUNE, NORTH CAROLINA 

L 

Sample Medium 
Sample 

Location 
Number 

Analysis 
(per location) 

Surface Water 65SWOl 

I 

TCL Organics 
65SWO2 TCL Inorganics, Cyanide 
65SWO3 

Sediment 65SDOl 
65SD02 
65SD03 

TCL Organics 
TCL Inorganics, Cyanide 
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12.0 BACKGROUND SAMPLING 

Three soil samples are proposed to provide an estimation of the background concentrations of metals 
in soils at the base. The samples will be collected from three different locations and will be analyzed 
for TCL inorganics (no cyanide) only. No organic analyses are required for the background samples 
because it is assumed that no organic chemicals are naturally occurring (with the exception of 
polynuclear aromatics in certain environments, such as bogs or coal deposits). These samples will 
provide a baseline to which the concentrations of metals at the various waste sites can be compared 
so that only metals that are truly present at elevated concentrations are examined in the risk 
assessment. 

The locations of these samples have not been selected at this time, but the preferred locations will be 
in undeveloped areas of the base away from roads (because of the potential atmospheric deposition 
of lead) or from known or potential hazardous waste sites. Locations will be determined in the field 
by the geologist. 

Samples will be numbered 6’5-1, BS-2 and BS-3 and will be collected by hand, as stated in 
Section 13.4.1. In addition to the three samples, one duplicate field sample will also be taken at one 
of the three background sample locations for QA/QC purposes. 

When the field operations have been completed, background soil sample locations will be surveyed 
by a licensed surveyor and plotted on an existing base map. 
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This section defines and discusses the sampling operations and procedures, including proper 
documentation, for the proposed field activities. The following items are discussed in this section: 

0 

13.1 

Documentation of procedures for preparation of reagents or supplies which become an 
integral part of the sample (e.g., filters, and adsorbing reagents). 

Procedures and forms for recording the exact location and specific considerations 
associated with sample acquisition. 

Documentation of specific sample preservation methods. 

Calibration documentation of field devices. 

Documentation of collection of replicate samples. 

Submission of field-biased blanks, where appropriate. 

Documentation of potential interferences at the facility. 

Selection and documentation of construction materials and techniques, associated with 
monitoring wells, piezometers, and drive points. 

Specification of appropriate field equipment. 

Specification of appropriate sampling order. 

Selection of appropriate sample containers. 

Specification of sample preservation. 

Documentation of chain-of-custody, including: 

- Standardized field tracking reporting forms to establish sample custody in the field 
prior to shipment. 

- Pre-prepared sample labels containing all information necessary for effective sample 
tracking. 

FIELD INVESTIGATION ACTIVITIES 

This field investigation will consist of the following tasks: 

l Mobilization/demobilization. 
l Drilling operations for soil boringsand monitoring wells, and monitoring well installation. 
l Subsurface and near-surface soil sampling. 
l Groundwater sampling. 
l Surface water and sediment sampling. 
l Plane table surveying. 
a Collection of static water level measurements from monitoring wells. 
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13.2 GENERAL FIELD GUIDELINES -. 

This section describes the field procedures and quality assurance/quality control (QAI’QC) 
methodologies which will be employed by NUS personnel and subcontractors during the field 
activities. The EPA Region IV Standard Operating Procedures and Quality Assurance Manual 
(EPA, April 1986) and the NUS Standard Operating Procedures (NUS, 1989) are used as references for 
field procedures. The NUS Standard Operating Procedures have been approved by EPA for use under 
the ARCS Programs and are commonly referenced in this plan because of the similarity to the EPA 
Region IV protocols. Any inconsistencies between NUS and Region IV protocols have been 
documented. NUS field personnel are well trained in the use of the NUS procedures; therefore, 
procedures are anticipated to be consistently implemented during all phases of work by NUS 
personnel. 

13.2.1 Sample identification Svstem 

Each sample collected from the various sites will be assigned a unique sample tracking number. The 
sample tracking number will consist of a four-segment, alpha-numeric code that identifies the (1) site 
number, (2) sample medium, (3) location, and (4) the sample depth (in the case of soil samples or in 
the case of monitoring well groundwater samples). A fifth segment will be added to denote quality 
assurance samples, when appropriate. Any other pertinent information regarding sample 
identification will be recorded in the field logbooks. 

The alpha-numeric coding to be used in the sample numbering system is explained in the following 
diagram and the subsequent definitions: 

Character type 

0 A = Alpha 
0 N = Numeric 

Site Number 

l The assigned Site number 

Medium 

a GW = Groundwaterfrom monitoring well 
. SB = Subsurface soil sample from soil boring 
l so = Soil sample from surface or hand auger 
l SW = Surface Water 
0 SD = Sediment 

Station Location 

Sample locations of a given medium will be numbered sequentially beginning with “01” for all media 
except for monitoring wells. Numbers for new monitoring wells will follow sequentially from the 
highest number designated for the existing wells. 

Sample identifier 

l For soil samples: Interval depth, in feet, of top of sample. 
l For groundwater samples, floating product samples: Sample round. -. 

0 For surface water and sediment samples: This segment will be omitted. 
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P-=-Y QA Sample Designation 

0 D = Field Duplicate 
l F = Field Blank 
a R = Rinsate Blank 
l T = Trip Blank 

For example, a groundwater sample collected during Round 2 from Monitoring Well 7GWOl at Site 7 
would be designated as: 

07-GW-0 l-02 

A subsurface soil sample collected from Soil Boring 65SB03 at Site 65 from 1 to 1.5 feet below the 
ground surface would be designated as: 

65-SB-03-01 .O 

A duplicate sample from thissoil sample would be: 

65-SB-03-01.0-D 

13.2.2 Sample Handlinq and QA/QC Samples 

Sample handling includes the field-related considerations connected with the selection of sample 
containers, preservatives, allowable holding-times, and the analyses requested. The EPA Region IV 
Engineering Support Branch Standard Operating Procedures and Quality Assurance Manual, 
Appendix A, addresses the topics of containers and sample preservation. Table 3-l in the Quality 
Assurance Project Plan provides a unit-specific summary of all sample handling considerations. The 
planned field QNQC samples for all sites (3, 7, 43, 44, 54, 63, 65, 80,and 82) are specified in the 
laboratory analyses tables for each site in their respective sections and in Table3-1 in the Quality 
Assurance Project Plan. Definitions of the four types of QA/QC samples are given below. 

. 

l 

0 

0 

Field Duplicate -A single sample split into two portions, each of which is submitted blindly 
to the laboratory. Assesses the overall precision of sampling and analysis program (also 
known as a Replicate Sample). The number of field duplicates to be collected is shown in 
Table 3-l in the Quality Assurance Project Plan. These samples will be collected at a rate of 
approximately 1 sample per every 10 samples per medium. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is 
tested for carryover contamination before use and between subsequent uses by collecting 
a rinsate sample. The number of rinsate blanks to be collected is shown in Table 3-l in the 
Quality Assurance Project Plan. These samples will be collected at a rate of approximately 
l/day/medium. 

Field Blanks - Samples consisting of (1) the source water used in decontamination and 
(2) steam cleaning for a total of two (2) volumes per sample frequency. The number of 
field blanks to be collected is shown in Table 3-l in the Quality Assurance Project Plan. 
These samples will be collected at the rate of approximately l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and 
changes occurring during the shipping process. Samples are prepared prior to the 
sampling trip. Trip blanks are not exposed to field conditions, These are typically 
associated with the analysis of volatile organic compounds. 

D33119020 13-3 



13.2.3 Sample Packaqinq and Shipping 
-- 

Samples will be packaged and shipped in accordance with AppendixC of the the EPA (Region IV) 
Standard Operating Procedures and Quality Assurance Manual. This document is located in 
Appendix A. The field operations leader will be responsible for contacting the laboratory for 
notification of shipment and will report the following: 

l Site name/code. 
l Number(s), matrix(ces), and concentration(s) of samples shipped. 
l Method of shipment (e.g., overnight, 2-day). 
l Date of shipment. 
l Suspected hazards associated with the samples or site. 

13.2.4 Docuinentation 

Custody of samples will be maintained and documented at all times. Chain-of-custody begins with 
the collection of the samples in the field. A sample is in custody if: 

l It is in the field investigator’s or the transferee’s actual possession. 

l It is in the field investigator’s or the transferee’s view, after being in his/her physical 
possession. 

l It was in the field investigator’s or the transferee’s physical possession and then he/she 
secured it to prevent tampering. 

l It is placed in a designated secure area. .r- 

A chain-of-custody record form shall be used to record the custody of all samples collected and 
maintained by NUS personnel. The chain-of-custody (COC) also serves as a sample logging mechanism 
for the laboratory. Section 5.3 of NUS SOP SA-6.1 (see Appendix A) provides a description of the COC 
procedures that will be followed. 

The following is a discussion of the documentation necessary for tracking samples from collection to 
receipt of the analytical data. 

Sample Labels 

One label will be filled out for each sample container sent for laboratory analysis. The sample label is 
a 2-inch by 4-inch white label with black lettering and an adhesive backing. These labels are required 
on every sample. The sample label description and procedures for completion are found in NUS 
SOP SA-6.1 Section 5.2 (see Appendix A). 

Chain-of-Custody Record 

The Chain-of-Custody Record Form accompanies a sample (or group of samples) as it is transferred 
from person to person. This form must be used for any sample collected for chemical or geotechnical 
analysis, whether onsite or offsite. Procedures for using this form are contained in SOPSA-6.1 (see 
Appendix A). At the completion of field activities the Chain-of-Custody Record Form will be placed in 
the project file. 

Custody Seal 

The Custody Seal is a l-inch by 3-inch 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 the field. It is used 
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whenever samples are shipped with an accompanying Chain-of-Custody Record Form. Procedures for 
using Chain-of-Custody sealsare described in SOP SA-6.1 (see Appendix A). 

Sample Logsheet and Logbook 

A sample logsheet will be filled out for each sample. A sample logsheet is a notebook (3-ring binder) 
page that is used to record specified types of data pertaining to the samples. The data recorded on 
these sheets are useful in describing the sample as well as pointing ,out any problems encountered 
during sampling. Data such as container source and description, sample description type, and 
disposition, as well as time, date and sample method are recorded on this form. The sample logbook 
is a 3-ring binder which contains sample logsheets for each sample collected. The sample logsheets 
are sequentially numbered when placed in the sample logbook, and the sample number and logsheet 
page numbers are recorded in the sample logbook table of contents (placed at the front of the 
logbook) for easy reference and access. At the completion of field activities the sample logbook 
containing all sample logsheets will be placed in the project file. 

Equipment Calibration Log Form 

Each NUS field instrument requiring calibration will have a separate equipment calibration log form 
which documents that the manufacturer’s instructions were followed for calibration of the 
equipment, including frequency and type of standard or calibration device. The information placed 
on the form documents the accuracy, precision or sensitivity of the measurement, and, if necessary, 
will be used to determine if correction should be applied to the readings. A separate form will be 
established and maintained for the following field instruments: 

0 HNU or OVA 
0 pH meter 
l Specific Conductivity meter 
l Electronic water level indicator 

These forms will be maintained in a 3-ring notebook. At the completion of field activities the 
notebook containing the equipment calibration log formswill be placed in the project file. 

13.2.5 Field Chanqes 

Changes in project procedures may be necessary as a result of altered field conditions or 
unanticipated events. A summary of the sequence of events associated with field changes is as 
follows: 

l The Field Operations Leader (FOL) notifies the NUS Project Manager (PM) of the need for 
the change. 

0 If necessary, the NUS PM will discuss the change with the pertinent individuals (e.g., NUS 
Senior Technical Advisors, NUS Contracting Officer, Remedial Project Manager, and Camp 
Lejeune Project Coordinator) and will provide a verbal approval or denial to the FOL for the 
proposed change. 

l The FOL will document the change on a Task Modification Request Form and forward the 
form to the NUS PM immediately. 
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l The NUS PM will sign the form and distribute copies to the NUS Contracting Officer, NUS 
Quality Assurance Officer, Remedial Project Manager, Camp Lejeune Project Coordinator, 
the NUS FOL, and the Project File. 

-- 

0 A copy of the completed Task Modification Request Form will also be attached to the field 
copy of the affected document (i.e., Site Work Plan). 

13.2.6 Onsite Proiect Administration 

All onsite project administration activities are the responsibility of the NUS FOL. NUS field personnel 
will assist the FOL, as needed, in the day-to-day execution of these activities which include the 
following: 

l Track, review, and approve (as needed) subcontractor submittals and payment requests. 
l Maintain daily activities record forms. 
l Maintain site logbook, field notebooks, and other field records. 

Descriptions of the above activities are provided in the following sections. 

Subcontractor Submittals 

The NUS Project Manager or designee shall be responsible for tracking, reviewing, and approving 
subcontractor submittals such as requests for payment, boring logs, and well construction forms. 

Daily Activities Record Form 
- 

The daily activities record is designed for tracking the schedule and budget and progress reporting. 
This record documents the pay items involved with the daily activities and progress for each 
Subcontractor. These sheets summarize the work performed and form the basis of payment to the 
subcontractors. Thus, this information is used to check the subcontractor request for payment. 

Each field team leader who is supervising a subcontractor activity must complete a Daily Activities 
Record Form. The subcontractor’s signature is required at the end of each working day to verify work 
accomplished and the various pay items (e.g., hours worked, standby time, and material used). 

Site Logbook 

A site logbook will be maintained by the NUS FOL and/or designee. This book will serve to record all 
major on site activities during the site investigation. The logbook is a bound notebook with 
consecutively number pages that cannot be removed. it will contain a summary of the day’s activities 
and will reference the other controlled documents (field notebooks, sampling logsheets, chain-of- 
custody form numbers, calibration logsheets, etc.) when applicable. , 

The site logbook is initiated at the start of the first onsite activity (e.g., initial reconnaissance survey). 
Entries are made for every day that onsite activities take place. 

The NUS site logbook is issued by the PM (or designee) to the FOL for the duration of the project. It is 
the responsibility of the FOL to keep the site logbook current throughout the project. 

The cover of the site logbook containsthe following information: 

l Project Name and MCB, Camp Lejeune Work Assignment Number 
0 NUS Project Number 
0 Field Operation Leader’s Name 
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Daily entries into the logbook may contain a variety of information. At the beginning of each day, 
the following information must be recorded: 

l Date 
0 Start time 
l Weather 
l All field personnel present 
0 Any visitors present 

During the day, a summary of all site activities and level of personal protection shall be recorded in 
the logbook. The information need not duplicate that recorded in other field notebooks (e.g., 
sample logbook, Site Administrative Officer’s notebook, Health and Safety Officer’s notebook, etc.), 
but shall summarize the contents of these other notebooks and refer to the page locations in these 
notebooks for detailed information. 

The sample logsheet for each sample collected must be referenced. If measurements are made at any 
location, the measurements and equipment used must either be recorded in the site logbook or 
reference must be made to the notebook and page number(s) on which they are recorded. 

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the 
data shall be crossed out with a single str.ike mark, initialed, and dated. At the completion of entries 
by any individual, the logbook must be signed. It must also be signed by the FOL at the end of each 
day. Figure 13-I provides an example of a typical site logbook entry. 

Field Notebook 

A bound, weatherproof field notebook (daily diary) will be maintained by each NUS representative as 
designated by the NUS FOL. The field notebook will serve to record the daily activities during the 
facility investigation. At a minimum, the following NUS field personnel will be responsible for 
maintaining a personal field notebook (daily diary): 

l Field Operations Leader 
l Health and Safety Site Officer 
l Sampling Leader 
l Site Geologist 

These NUS representatives shall record daily the appropriate information related to field activities. 
All entries shall be made in black ink. This information may include, but, not be limited to the 
following: 

a Front cover of field notebook will contain: 
- Project name and MCB, Camp Lejeune Point assignment number. 
- NUS project number. 
- “Field Notebook” descriptor and sequential book number. 

0 First page will contain: 
- Name of person(s) responsible for maintaining the book, including start and end date. 
- Addressand phone number of NUS Pittsburgh office for each person. 
- Table of contents referencing page numbers relevant to daily entries 
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SITE NAME: 

START TIME: DATE: 

FIELD OPERATIONS LEADER: 

NUS CONTRACTOR NAVY/EPA, 

WEATHER: Clear, 68’ F, 2-5 mph wind from SE 

ACTIVITIES: 

1. calibrated HNu Number N-1640. See Notebook No. 3, page 10, and 
Calibration Log, page 2 for details. 

2. Asbestos removal activities at building resumes. 
observed removal activities. See Notebook No. 1, page 29-20, for details. Sample 
No. 123-21-54 collected; see Logbook No. 1, page 31. Removal activities completed 
at !1:50. See Notebook No. 1, page 31. 

3. Tanker truck PF-123 steam-cleaned at decontamination pit. Then set up at 
tank for waste removal. Activities observed by 

. See Notebook No. 2, page 39 for details. 

4. Navy project manager arrives on site at 14:25 hours. 

5. Large dump truck 129-FA arrives at 14:45 and is steam-cleaned. Backhoe and dump 
truck set up at building Begin filling truck with scrap metal. 

observed removal activities. See Notebook No. 1, page 32 for 
details. 

6. Express carrier picked up samples (see Logbook No. 2, pages42 through45) at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel offsite, gate 
locked. 

FIELD OPERATIONS LEADER OR DESIGNEE DATE 

FIGURE 13-1 
TYPICAL SITE LOGBOOK ENTRY 
CAMP LEJEUNE MILITARY RESERVATION 

l?i!EkE 

A Halliburton Company 
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0 

0 

l 

l 

Daily chronological synopsis of observations, activities, and accomplishments concerning 
the project, including work performed by the subcontractors and names of people 
involved, level of Health and Safety, etc. 

Sampling activities, including time, location, identification number, sampler’s name, 
reference to sample logsheet, etc. 

Sample pickup (chain-of-custody form numbers, sample numbers, carrier, airbill numbers, 
time). 

Unusual events, nonconformances, problems, etc., should be described in detail. 

Equipment calibration information including time, equipment type and serial numbers, 
reference to calibration logsheet, and name of person performing calibration. 

Description of photographs including direction of view, roll number, photo number, 
special lenses, etc. This can be placed in a separate section of the book (i.e., reserve the last 
10 to 20 pages for all photographs). 

Arrival/departure of equipment. 

Signature of unspecified person(s) making entries (at the end of each entry) and signature 
at the bottom of each page of person responsible for maintaining the notebook. Each 
field notebook is initiated at the start of the first onsite activity of the person responsible 
for maintaining it. 

Entries are made for every day that onsite activities take place which involve the person responsible 
for maintaining the book, as assigned or as designated by the NUS PM. No erasures are permitted. If 
an incorrect entry is made, the data shall be crossed out with a single strike mark, and initialed and 
dated. Any blank page or blank portions of pages shall also be crossed out, initialed, and dated. It is 
the responsibility of this person (or designee) to keep the field notebook current while in his 
possession, and return it to the FOL or to relinquish it to another NUS representative, who signs and 
dates the inside cover, thus assuming responsibility of it. 

NUS Sampling Documentation 

Sampling documentation will include, but not be limited to the following: 

l Chain-of-custody form 
l Sample logsheets and logbook 
l Equipment calibration logsheet 

At the completion of field activities, the FOL shall submit to the NUS Project Manager all field records, 
data, field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, daily logs, 
etc. The NUS Project Manager shall ensure that these materials are entered into the document 
control system in accordance with appropriate administrative guidelines. 

13.3 GENERAL FIELD OPERATIONS 

13.3.1 Mobilization/Demobilization 

Following approval of the Work Plan and this Sampling and Analysis, NUS will prepare drilling 
specifications, obtain a drilling subcontractor, and begin mobilization activities. All field team 
members will review the Work Plan, Sampling &Analysis Plan, and the Health and Safety Plan (HASP). 

D33119020 13-9 



In addition, a field team orientation meeting will be held to familiarize personnel with the scope of 
the field activities. -. 

Equipment mobilization may include, but will not be limited to, the mobilization and set-up of the 
following equipment: 

0 Sampling equipment. 
l Hydrogeologic monitoring equipment. 
l Health, safety, and decontamination equipment. 
l Subcontractor equipment. 
0 Survey equipment. 

The Field Operations Leader (FOL) will coordinate the mobilization activities necessary upon arrival at 
the facility. The FOL will also make any necessary equipment purchases in order to conduct the field 
investigation. The equipment required for the field activities will be loaded in Pittsburgh and driven 
to the site by the FOL and a technician. After field activities are completed, the FOL will demobilize 
the equipment and drive back to Pittsburgh. 

The subcontractor who is awarded the contract to perform the drilling will begin to mobilize 
equipment immediately after receiving notice to proceed. The subcontractor will be responsible for 
mobilizing,and demobilizing the necessary equipment in order to perform the work outlined in the 
bid specifications. The subcontractor specification(s) will be prepared following acceptance of the 
Final Work Plan by the MCB and EPA. 

13.3.2 Drilling Operations 

The proposed locations for soil borings and monitoring wells as discussed in Sections 3 through 11, 
were selected based on the suspected source areas, the overall expected groundwater flow pattern 
for the area and the data requirements need for the site investigation. 

13.3.3 Overburden Drilling Procedures 

Drilling operations for overburden soil borings will be conducted using any combination of drilling 
methods needed to drill through the sediments, with the only restriction being that potable water is 
the only fluid allowed if one is required. The preferred method of drilling is the hollow-stem auger 
method. The borings shall be advanced in accordance with the drilling specifications developed for 
this project. 

For borings which penetrate the saturated portion of the water table aquifer, the depth of the water 
table will be measured and/or confirmed by the field geologist prior to termination of the borehole 
drilling. Drill cuttings shall be containerized in a marked 55-gallon drum and left on site adjacent to 
the new well or boring. The analytical results from soil and water samples will be obtained and the 
drum contents evaluated. If contaminants are found to be nonhazardous, the contents will be placed 
on site. If the analysis reveals significant contaminant levels, the drum contents will be disposed of in 
accordance with Federal and state regulations. 

During drilling operations of overburden material, standard penetration tests and split-spoon 
sampling shall be performed. These sampling procedures shall be performed in accordance with 
ASTM 01586-84 (Section 7, see Appendix A) for each soil boring. In addition to any samples sent for 
laboratory analysis, all split-spoon soil samples will be analyzed for lithologic description in the field. 
Field descriptions will be in accordance with NUS SOPGH-1.5: Sections 5.2, 5.4, and 5.5 (see 
Appendix A). 

Each soil sample collected for lithologic description will be placed in an 8-ounce jar (to be provided by 
the drilling subcontractor), labeled, and the pertinent data recorded (i.e., project, boring and sample 
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numbers, depth, blow counts, and date) by the field geologist. The driller shall prepare a separate 
written boring log for each boring drilled, to be submitted to the field geologist at the conclusion of 
the field activities. 

A complete log of each well boring will be maintained by NUS in accordance with NUS SOPGH-1.5, 
Section 5.5. Appendix A contains an example of the boring log description form. At a minimum the 
boring log will contain the following information, when applicable, for each overburden well boring: 

l Sample numbers and types 
l Sample depths 
l Standard Penetration Test data 
0 Sample recovery/sample interval 
l Soil density or cohesiveness 
0 Soil color 
l Universal Soil Classification System (USCS) material description and symbol 

In addition, depths of changes in lithology, sample moisture observations, depth to water, OVA/HNU 
readings (if taken), drilling methods, and total depth of each borehole should be included on each 
log, as well as any other pertinent observations. Sample bottles containing soil samples collected 
solely for lithologic description from each monitoring well boring will be consecutively numbered 
starting with S-l. In addition, the following information stiall be recorded on the lid of these sample 
jars: 

l Job name and number 
l Well number and sample number 
0 Date 
0 Depth of sample 
0 Blow counts 

13.3.4 Monitorina Well Construction/Installation 

Overburden wells will be constructed of 2-inch-diameter, flush-joint-threaded, Schedule40 PVC 
casing and well screens equipped with a PVC end plug. Each section of casing and screen shall be 
NSF approved. Figure 13-2 illustrates typical well construction details for overburden wells. The slot 
size will be no larger than 0.02 inches. 

The PVC well installation procedure will consist of backfilling the boring (if required) with sand to the 
desired depth for the bottom of the well screen. The PVC pipe and screen will be placed at the 
desired depth in the completed boring and the annulus of the boring, around the well screen, and 
1 to 2 feet above the well screen will be backfilled with clean silica sand (Nos. 20 and 30 U.S. Standard 
Sieve size or as determined by the site geologist). A bentonite pellet seal (minimum 2-foot thickness) 
will then be installed and allowed to hydrate as per the manufacturer’s recommendation; the 
remainder of the annulus of the boring (from the seal to ground surface) will then be backfilled with 
cemenffbentonite grout placed using a tremie pipe. The depths of all backfill materials will be 
constantly monitored during the well installation process by means of a weighted stainless steel or 
plastic tape. A sample of the PVC used in well installation will be sent to L. Boucher. This sample will 
be archived throughout the course of the project. 

A 4-inch-diameter protective steel casing equipped with a locking steel cap will be installed around all 
wells. These casings will be grouted a minimum of 3 feet into the ground and will have at least one 
drain hole positioned approximately 0.5 feet above the ground surface. In addition a concrete apron 
measuring 5 feet by 5 feet by 0.5 feet will be constructed equally portioned around the casing of each 
well. For wells in high traffic areas, four marker posts (4-inch nominal diameter, 7-foot-long steel 
pipe filled with cement) will be embedded in each concrete apron. The marker posts will be 
positioned equidistant from one another and near the corners of the concrete apron. All locks 
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TYPICAL OVERBURDEN MONITORING WELL 
CONSTRUCTION DETAILS 
CAMPLEJEUNE MILITARY RESERVATION 

A Halliburton Company 
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supplied for the wells will be keyed alike. After installation, the ground surface, the top of the riser 
pipe, and the top of the protective casing will be surveyed to within O.Ol-foot vertical accuracy. In 
addition, the well will be surveyed to a O.l-foot horizontal accuracy. 

A monitoring well construction diagram will be completed for each well installed. A sample of the 
monitoring well construction form is provided in Appendix A. 

13.3.5 Justification for the Use of PVC Well Construction Materials 

PVC has been successfully used for well construction at numerous Superfund sites, as well as for RCRA 
investigations. Literature is available to support is use with a variety of contaminants. 

Based on known site history and prior sampling results, the majority of the sites at Camp Lejeune are 
thought to contain primarily volatile organic chemicals. However, there is one site that is expected to 
contain primarily PAHs, and another site that is a pesticide/herbicide site. However, most of the sites 
will be analyzed for a full spectrum of organic and inorganic contaminants on the Target Compound 
List. 

PVC is considered to be the best compromise if both organic and inorganic pollutants are to be 
determined in groundwater collected from the same well (USATHAMA, January 1990). Teflon is more 
absorbent than PVC, and stainless steel oxidizes in the presence of water forming ferric hydroxides 
that can adsorb a variety of inorganics. 

The major problems reported in the literature regarding the use of PVC have focused on the use of 
adhesives and sorption/desorption of organic chemicals in contact with the well material. No 
adhesives will be used in the construction process; only threaded PVC is proposed. Adhesives may 

,f=--- 
contain a variety of ketones (4-methyl-2-pentanone (MIBK), 2-butanone (MEK), and cyclohexanone) 
and tetrahydrofuran (THF). These chemicals can mask certain Target Compound List chemicals. For 
example, MEK coelutes with 1,2-dichloroethane, THF coelutes with l,l-dichloroethane, and 
cyclohexanone coelutes with bromoform. High concentrations of extraneous volatile organic 
chemicals can be found if new PVC bailers are used or if a well is not properly purged prior to 
sampling (Sosebee u, January 1982). 

Purging of wells prior to sampling is essential to the collection of representative groundwater 
samples. Standard protocol calls for purging of at least three well volumes and continuing until pH, 
conductivity, and temperature are stabilized. These parameters are measured in the field and. are 
recorded on sample log sheets. Samples are collected from all wells within 24 hours of purging. With 
this residence time of water in the wells, the literature reports no statistical differences are reported 
between wells constructed of PVC, teflon, and 316 stainless steel (Sykes et. al. 1986). This study used 
several volatile organics (monocyclic aromatics and halogenated aliphatics)‘concentrations ranging 
from 87 to 150 ug/L, and measured the concentrations at the end of 1 hour, 24 hours, and 7 days, 
focusing on sorption of the spiked chemicals. 

Additional support for the use of PVC comes from ARCO. Pieces of PVC screen were placed in three 
different pure gasolines for 6.5 months (Schmidt, 1987). At the end of that time, electron microscopy 
was used to evaluate the changes in slot size. No changes were observed between the control (in 
water) and the three samples placed in gasoline. 

It is known that some compounds in pure or highly concentrated form affect the quality of PVC pipe 
(Watersaver). For example, more than 10 percent weight loss is reported within 1 to 28days for PVC 
immersed in 100 percent methanol, JP-4, and kerosene, while significant deterioration is reported 
with pure toluene, trichloroethene, phenol, and benzene and concentrated sulfuric acid. No 
concentrations of this magnitude are expected at any site at Camp Lejeune. If pure product is found, 
well construction methods would be altered. 
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In addition to all the above points, PVC is more cost-effective and has been successfully applied by the 
Navy’s contractor at Superfund sites in Regions I, II, and III; at RCRA sites in Regions I, II, III, and IV; and 
at military sites throughout the United States under the Air Force IRP program. 

- 

13.3.6 Well Development 

Monitoring wells will be developed after installation to remove fines and sediments from around the 
well screens and to remove drill cuttings and residual drilling fluids from the area around the 
monitored interval of the boring. Wells will be developed by air lift, bailing and surging, or by 
pumping, as determined by the field geologist. Wells will be developed until water removed is visibly 
clear of suspended solids or until approved by the field geologist. The regular pH and specific 
conductance measurements will be collected for the purged water. Wells will be developed until 
these readings become stable and when the purged water is visibly clear, as described above. All 
development water and purge water will be containerized on site in labeled 55-gallon drums. The 
analytical results from soil and water samples collected from the site will be obtained and the drum 
contents will be placed on site. If samples are found to be nonhazardous, the contents will be placed 
on site. If the analysis reveals significant contaminant levels, the drum contents will be disposed in 
accordance with Federal and state regulations. 

13.3.7 Water-Level Measurements 

Synoptic water-level measurements will be taken from all existing and newly installed monitoring 
wells at all sites. To minimize the potential influence of tid,es on the water levels, synoptic water-level 
measurements‘within a site will be taken as quickly as possible (within a 4-hour period). To minimize 
potential tidal effects, wells closest to the Atlantic Coast, the New River or its tributaries will be 
measured first, and wells located furthest inland will be measured last. The exact sampling sequence 
will be determined in the field by the site geologist. 

Measurements will be taken with an M-scope (electrical water-level indicator), pressure transducer, 
steel tape and chalk, or popper, using the top of the well casing as the reference point for 
determining depths to water. Water-level measurements will be recorded to the nearest 0.01 foot in 
the appropriate field log book. 

13.3.8 Reportinq 

The following reports and documentation will be the responsibility of the field geologist during the 
drilling activities. A copy of applicable forms that will be used by the site geologist are located in 
Appendix A for the following: 

0 Soil Boring Description Log 
l Overburden Monitoring Well Construction Sheet 
l Data Sheet for Slug Test 

The field geologist’s logbook shall contain information about the drilling activities such as start/finish 
times, standby times, and problems or changes encountered during drilling. Drilling/ monitoring well 
construction information (e.g., footage drilled, depth of casing, etc.) will be recorded daily on the 
boring log and the overburden monitoring well sheet. The boring log, along with the geologist’s 
logbook, will be used to prepare the Daily Activities Record Form. This report will identify drilling 
activity and quantities of material used on a daily basis, and shall be signed by the drilling contractor 
foreman (or equivalent) and the site geologist. The reports shall be submitted to the NUS Project 
Manager at the completion of each well installation. These reports will also be used to fill out the Site 
Logbook. 
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13.4 GENERAL SAMPLING OPERATIONS 
P-+- 

13.4.1 Soil Samples Collected Usina Hand Equipment 

From Site80, some soil samples for laboratory chemical analysis will be collected from just below the 
surface. A total of three soil samples will be collected for chemical analysis using hand equipment as 
described in Section 7.3.2. Stainless steel equipment such as spoons, hand augers, shovels, or scoops 
shall be used to collect soil samples. The equipment shall be properly decontaminated (see 
Section 13.6 for decontamination procedures) prior to usage. 

If sampling occurs where a vegetative cover has been established, the turf shall be removed and set 
aside during the sampling operations. The turf shall be replaced after sampling is completed. When 
the soil sample is obtained, it shall be deposited into a glass or stainless steel bowl for mixing prior to 
filling the sample containers. Samples obtained for volatile organic analyses shall be taken 
immediately upon opening of the sampler and shall not be mixed in any manner. Mixing of the soil 
sample for chemical analysis shall be performed using a stainless steel spoon in the glass or stainless 
steel mixing bowl. The soil will be homogeneously mixed and then placed into the respective 
containers for packaging and shipment to the laboratory for chemical analysis. If this material is not a 
major constituent of the soil, large gravel- or cobble-size material which displays no visible porosity 
(e.g., quartz or feldspar) or evidence of contaminant staining of the rock surface, will be selectively 
discarded from the sample. 

Prior to sampling surface soils, leaves, grass, and surface debris should be removed from the area to 
be sampled using a clean stainless steel spoon or shovel. Surface soil samples shall then be collected 
using a precleaned, stainless steel scoop, trowel, or spoon. Shallow soil samples shall be collected by 
digging a hole or trench with a stainless steel shovel, then removing all of the loose soil and collecting 
a sample at the desired depth using a stainless steel spoon, trowel, or scoop. Soil samples will be 
preserved in accordance with NUS SOPSF-1.2, Section 5 (see Appendix A). Preservation requirements 
can be found in Table 3-l of the Quality Assurance Project Plan. 

13.4.2 Groundwater Samplinq 

One round of groundwater samples will be collected from new and existing wells. Groundwater 
sampleswill becollectedinaccordancewith NUSSOPSA-l.l,Section 5(AppendixA). 

Prior to obtaining samples, the static water level and well depth will be measured and the wells will 
be purged using a dedicated stainless steel bailer or a suction pump. Three to five well volumes will 
be purged. If the wells are purged dry with less than three well volumes removed, the water level in 
the well will be allowed to recover at least 70 percent, then a sample will be collected. In the event 
that recovery is slow, samples will be collected the following day. 

Field measurements shall be taken on the groundwater as it is purged and prior to sampling. These 
field measurements include: 

. PH 
l Specific conductance 
0 Temperature 
l Turbudity 

Stabilization criteria for field measurements are as follows: 

. pH + .5 
l Specific conductance + 10 percent 
0 Temperature +_ 1°C 
l Turbidity NTU 5 
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In addition, color shall be noted on the sample log form for each water sample obtained and for each 
purged well volume. Procedures for obtaining these field measurements will be in accordance with 
NUS SOP SF-1 .I (Sections 5.1, 5.2, and 5.3, respectively). Unfiltered samples will be obtained for 
metalsanalysis (see Table 3-l of the Quality Assurance Project Plan). 

Dedicated stainless steel bailers will be used for sample collection. The sample will be poured directly 
from the bailer into the appropriate sample bottles for analysis. 

Groundwater samples will be preserved in accordance with NUS SOPSF-1.2, Section5 (see 
Appendix A). Preservation requirementsare listed in Table 3-1 of the Quality Assurance Project Plan. 

All pertinent field data shall be recorded using 
book. 

13.4.3 Surface Water and Sediment Samplinq 

a Groundwater Sample Log Sheet and the field log 

Surface and sediment samples will be collected from various locations. Field Technicians will adhere 
to NUS SOP SA-1.2 for all surface water and sediment sampling activities. As stated in the SOP, surface 
water samples will be collected from areas of low current velocity and low turbulance to preclude 
stripping of volatile organics. 

In addition, field measurements will be obtained on the surface water samples prior to sample 
collection. These field measurements include: 

l PH 
l Specific conductance 
0 Temperature 

Color and turbidity shall also be noted on the sample log form for each surface water sample. 
Procedures for obtaining these field measurements will be in accordance with NUS SOPSF-1.1 
(Sections 5.1, 5.2, and 5.3, respectively). 

Surface water and sediment samples will be preserved in accordance with NUS SOP SF-I .2, Section 5 
(see Appendix A). Preservation requirements are listed in Table 3-l in the Quality Assurance Project 
Plan. 

All pertinent field data shall be recorded using Sample Log Sheets (example forms are presented in 
Appendix A) and the field log book. 

13.5 SAMPLE ANALYSIS 

Samples collected at the sites will be submitted for laboratory analyses. Table3-1 in the Quality 
Assurance Project Plan summarizes the analyses, bottle requirements, preservation requirements, and 
holding times for each sample. Groundwater and surface water samples will be unfiltered. This may 
result in conservatively biased analytical results. 

13.6 DECONTAMINATION 

The equipment involved in field sampling activities will be decontaminated prior to and during 
drilling and sampling activities. Such equipment includes drilling rigs, downhole tools, augers, 
pumps, well casing and screens, soil and water sampling equipment, and water level measurement 
devices. 

- 
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13.6.1 Major Equipment 

All drilling equipment, including the drill rig and its transport system, shall be steam cleaned prior to 
beginning work, between the drilling of separate boreholes, any time the drilling rig leaves the 
facility or unit prior to completing a boring, and at the conclusion of the drilling program. 

Decontamination operations will consist of washing equipment using a high-pressure steam wash. 
All decontamination activities will take place over an onsite area to be designated during 
mobilization. Additional requirements for drilling equipment decontamination can.be found in NUS 
SOPGH-1.6, Section 5 (Appendix A). lsopropanol will be used instead of acetone or methanol to 
comply with EPA Region IV requirements. Deionized water is acceptable to use in decontamination 
since the procedure calls for air drying. 

13.6.2 Samplina Equipment 

All sampling equipment used for-collecting samples will be decontaminated both prior to sampling in 
the field and between samples. Decontamination procedures will be in accordance with NUS 
SOP SF-2.3, Section 5 (see Appendix A). In general, the following decontamination steps will be taken: 

Potable water rinse 
Alconox or liquinox detergent wash 
Potable water rinse 
Distilled/deionized water rinse 
Nitric acid rinse 
Distilled/deionized water rinse 
Acetone or methanol double rinse 
Distilled/deionized water rinse 
Air dry 

Field analytical equipment such as instrument probes will be rinsed first with distilled/deionized 
water then with sample. 

13.6.3 Personnel 

Personnel decontamination is discussed in the Health and Safety Plan 
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1 .O PROJECT BACKGROUND 
.F--Y 

This Data Collection Quality Assurance Plan provides guidance for the Site Inspection activities at the 
Department of the Navy, Atlantic Division for the Camp Lejeune Military Reservation (CLEJ). 

This section provides a brief review of the facility history and description, as well as the scope of work 
for the Site Inspections. 

1.1 FACILITY LOCATION 

Camp Lejeune Military Reservation (CLEJ) is located in Onslow County, North Carolina (Figure l-l). 
The facility currently covers approximately 170square miles and is bisected by the New River. The 
Atlantic Ocean forms the southeastern boundary of the base. The western and northeastern 
boundaries are U.S. 17 and State Road 24, respectively. 

There are five major areas of development at Camp Lejeune: Camp Geiger, Montford Point, 
Courthouse Bay, the Rifle Range area, and Marine Corps Air Station (MCAS) New River. MCAS 
New River is a helicopter base and is a separate command on the west side of the New River. 
Helicopter Outlying Landing Field (HOLF) OakGrove, approximately 25 miles to the north, and 
Outlying Landing Field (OLF) Camp Davis, 10 miles to the southwest are also under the command of 
MCAS New River. HOLF Oak Grove is no longer active and is under caretaker status. 

,- 

Within 15 miles of Camp Lejeune are three large, publicly owned tracts of land: Croatan National 
Forest, Hofmann Forest, and Camp Davis Forest. In addition to the forested areas, the low elevations 
of the coastal plain have created vast acreage of inland and coastal wetlands. 

1.2 SITE HISTORY 

Construction of MCB Camp Lejeune began in 1941 at Hadnot Point where functions were centered. 
During construction, 9 million board feet of timber were harvested from the reservation. From 1944 
to 1954, a sawmill wasoperated by base personnel. 

During World War II, and the Korean and Vietnam conflicts, Camp Lejeune was used as a training area 
to prepare Marines for combat. The base serves as the home base for the Second Marine Division, and 
Fleet Marine Force (FMF) units have also been stationed as tenant commands. Construction in the 
Montford Point, Camp Geiger, and Courthouse Bay areas was completed by 1945. Montford Point, 
originally developed for training of troops is now used for Marine Corps Service Support Schools. 
Courthouse Bay hosts amphibious training, while Paradise Point is the site of housing for 
commissioned personnel. Noncommissioned personnel housing is provided at such locations as 
Tarawa Terrace I and II and Midway Park. 

The U.S. Naval Hospital opened in 1943 and has served military personnel during World War II and the 
Korean War. In addition, the hospital provides medical services for all assigned military personnel 
and their dependents. 

MCAS New River was set up as a separate command in 1951. At that time it was called Peterfield 
Point, but the name was changed to New River in 1968. In 1942 three new runways were added and 
the station came under the jurisdiction of MCAS Cherry Point. During this time PBJSquadron was 
based here and the facility was also used for glider training. During the Korean Conflict, it was used 
as a helicopter training base and for touch-and-go training for jet fighters. 

In 1968, Maine Corps Outlying Landing Field (MCOLF) Oak Grove was placed under the jurisdiction of 
MCAS New River. The field was used as a helicopter base and renamed HOLF Oak Grove. During 
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FIGURE l-1 
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World War II, the field was under the command of MCAS Cherry Point. At the end of the war, all 
structures were destroyed with the exception of the runways. 

1.3 SCOPE OF WORK 

The objectives and scope of work for the Site Inspections are presented in detail in the Work Plan 
(NUS, 1990).The nine sites covered in this project are listed below: 

IAS Site 7 - Tarawa Terrace-Dump 
IAS Site 63 - Verona Loop Dump 
IAS Site 54 - Crash Crew Burn Pit 
New Site 82 - Piney Green Road VOC Area 
New Site 80 - Paradise Point Golf Course 
IAS Site 3 - Old Creosote Plant 
IAS Site 43 - Agan Street Dump 
IAS Site 44 - Jones Street Dump 
IAS Site 65 - Engineer Area Dump 

The Site Inspections follow the Installation Restoration Program (IRP) format for Camp Lejeune 
Military Reservation. The nine sites listed above include six Initial Assessment Study (IAS) sites which 
were previously recommended for no further action, one site that is being investigated to obtain 
additional data to perform a risk assessment, and two recently identified sites. 

The project is part of the ongoing Installation Restoration Program at CLEJ. The first program 
objective was to collect and evaluate historical evidence indicating existence of pollutants that may 
have contaminated the installation or that pose an imminent health hazard on or off the facility. The 
IAS (Water and Air Research, Inc., March 1983), which is essentially equivalent to a Preliminary 
Assessment conducted by the EPA under the Superfund Program, accomplished this goal by 
identifying 76 suspect sites. 

The first objective for each of the sites is to determine whether the site requires a Remedial 
Investigation/Feasibility Study (RI/FS) or if no further action is required. 

The second objective of the program is to determine via sampling and analysis activities, whether 
specific toxic and hazardous materials identified in the IAS, and possibly other contaminants, exist in 
concentrations considered to be hazardous. This Work Plan fulfills this part of the objective for the 
nine sites identified above. 

The work activities proposed in this document are based upon the available history of the site, current 
data on the site, and discussions in the scoping meeting of September 27 and 28,199O. The plan 
focuses on sampling and analytical efforts that will provide data to define present and future risks to 
human health and the environment as well as to evaluate potential remedial alternatives. 

D33119012 l-3 



2.0 PROJECT ORGANIZATION AND MANAGEMENT 
r- 

This section provides a brief description of site access, project organization, and an overview of the 
schedule of the proposed field activities. 

2.1 SITE CONTROL 

The 9 sites designated for investigation are all located within the Camp Lejeune Military Reservation. 
No NUS or subcontractor personnel will enter the site without signing in at the base gate. 

All hand tools and light equipment will be returned to the command post and secured at the end of 
of each work day. Any equipment (e.g., drilling rig) left on site will be secured to the extent possible 
to prevent unauthorized removal or vandalism. Any unfinished wells will be covered or capped in 
such a manner as to prevent tampering. Finished wells will be locked. 

2.2 PROJECT ORGANIZATION 

The overall project organization and responsibilities of key management personnel are also discussed 
in Section 13.0 of the Work Plan. The organizational chart is presented here as Figure 2-l. 

,““I. 

Field work will be performed by a single team under the direction of the FOL. As shown in Figure 2-1, 
the FOL reports directly to the Project Manager. The FOL will be responsible for coordinating the 
overseeing of all field activities and will interface with the Health and Safety Officer (HSSO) in 
planning and performing the 51 tasks.ln accordance with the Health and Safety Plan, the HSSO or his 
designee will interact with the field team members during performance of their tasks. The specific 
responsibilities of the FOL and the HSSO are discussed below. 

l Field Operations Leader (FOL) - The FOL is responsible for all day-to-day aspects of the RFI 
field work. The responsibilitiesof the FOL include 

- Assuring that all field team members are familiar with the project Work Plan. 

- Assuring that all field team members have completed health and safety training. 

- Coordinating the activities of all field teams. 

- Reporting to the Project Manager on a regular basis regarding the status of all field 
work and any problems encountered. 

- Completing Task Modification Requests, as necessary, for approval by the Project 
Manager. 

- Providing field team members with daily assignments. 

- Assuring that field team members comply with the procedures outlined in the Work 
Plan. 

- Coordinating field activities to ensure sample shipping schedules are met. 

l Health and Safety Site Officer (HSSO) - The HSSO reports to the NUS Manager of Health and 
Safety and indirectly to the FOL and Project Manager. Details of the HSSO’s responsibilities 
are presented in the HASP and include: 
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- Controlling specific health and safety related field operations such as personnel 
decontamination, monitoring of worker heat or cold stress, distribution of safety 
equipment, etc. 

- Assuring that field team personnel comply with all procedures established by the HASP. 

- Identifying assistant HSSOs or HSSO designees. 

- Terminating work if an imminent safety hazard, emergency situation, or other 
potentially dangerous situation is encountered. 
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3.0 QUALITY ASSURANCE OBJECTIVES 

The Work Plan for the sites at Camp Lejeune contains a summary of available site information, defines 
the objectives, and identifies the types and amount of data necessary to perform the Site Inspections. 

In order to meet these objectives, additional site data are required. The data collection and quality 
assurance requirements described in this document are intended to provide data that are adequate in 
both number and quality to support completion of the Site Inspections. 

The overall Site Inspection objective is to determine via sampling and analysis activities, whether 
specific toxic and hazardous materials identified in the IAS, and possibly other contaminants, exist in 
concentrations considered to be hazardous. The specific objectives by site are summarized below: 

0 Site 54 - Obtain data required to perform a risks assessment and determine if the 
contaminants present pose a risk to human health or the environment. 

l Sites 3, 7, 43, 44, and 63 - To obtain data required to perform a risk assessment and verify 
previous NFA decisions documented in the IAS (1983) Report, and that the sites do not pose 
a risk to human health or the environment. 

l Sites 65, 80, 82 - To obtain data required to perform a risk assessment and determine 
whether these sites pose a risk to human health or the environment. 

3.1 DATA QUALITY OBJECTIVES 

Data quality objectives (DQOs) are qualitative and/or quantitative statements regarding the quality 
of data needed to support the Site Inspection activities. In order to develop site-specific DQOs, the 
intended use of the data must be defined. This use must be balanced between data quality needs and 
time aswell as cost constraints. 

Specific analytical protocols are selected to meet the DQOs in the following ways: 

l Compare Applicable or Relevant and Appropriate Requirements (ARARs), risk-based 
criteria, and data needs for risk assessment or engineering purposes to the detection limits 
for available analytical methods. 

l Select analytical methods to allow quantification of the analytes at levels sufficiently below 
the ARARs to minimize the number of critical data points. 

l Evaluate the maximum allowable variability in the data based on the ARARs comparison. 

l Develop site-specific acceptable variability based on the intended data use and method- 
specific precision and accuracy information. 

Table 3-l presents a summary of the proposed sampling and analysis program for the sites at Camp 
Lejeune. The information in this table was developed to meet the Site Inspection objectives. 

3.2 PRECISION, ACCURACY, REPRESENTATIVENESS, COMPLETENESS, 
AND COMPARABILITY (PARCC) GOALS 

The quality of a data set is measured by certain characteristics of the data, namely the PARCC 
parameters. Some of the parameters are expressed quantitatively, while others are expressed 
qualitatively. The objectives of the Site Inspection and the intended use of the data define the PARCC 
goals. 
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TABLE 3-l 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical 

Number of 
Samples Duplicates Equipment Field Trip 

Limit Method (A) 
Rinsate(B) Blanks(C) Blanks(D) 

site 7: Tarawa Groundwater TCL VOAs CRDL CLP Statement of 3 1 0 0 1 
Terrace Dump Work - 2/88 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 3 1 1 1 0 
Work 2/88 

TCL Metals CRDL CLP Statement of 3 1 1 0 0 
Work - 7188 

Soil 

Cyanide CRDL CLP Statement of 3 1 1 0 0 
Work - 7188 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 . 0 

P’-’ NA Field 3 0 0 0 0 

TCL VOAs CRDL CLP Statement of 16 2 1 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 16 2 1 0 0 
Work - 2788 

TCL Metals and Cyanide CRDL CLP Statement of 16 2 1 1 0 
Work - 7788 



TABLE 3-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE TWO 

Y 
W 

Target Proposed 
Analysis Detection Analytical 

Number of Field 
Site Name Matrix Samples Duplicates Equipment Field Trip 

Limit Method (4 
Rinsate(B) Blanks(C) Blanks(D) 

iite 63: Verona Groundwater TCL VOAs CRDL CLP Statement of 3 1 1 1 1 
.oop Dump Work 2188 - 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 3 1 1 1 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 3 1 1 1 0 
Work - 7188 

Cyanide CRDL CLP Statement of 3 1 1 1 0 
Work 7788 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

Pff NA Field 3 0 0 0 0 

Surface Water TCL VOAs CRDL CLP Statement of 2 1 0 0 0 
Work - 2188 

TCL BNA, PesticidesIPCBs CRDL CLP Statement of 2 1 0 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 2 1 0 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 2 1 0 0 0 
Work - 7188 



TABLE 3-1 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE THREE 

Site Name Matrix Analysis 
Target 

Detection 
Limit 

Proposed 
Analytical 

Method 

Field Number of Duplicates Equipment Field Trip 
Samples 

(A) 
Rinsate(B) Blanks(C) Blanks(D) 

ite 63: Verona Surface Water Temperature NA Field 2 0 0 0 0 
oop Dump (Continued) 
Continued) 

Specific Conductance NA Field 2 0 0 0 0 

PH NA Field 2 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 2 1 0 0 0 
Work - 2188 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 2 1 0 0 0 
Work - 2188 

TCL Metals and Cyanide CRDL CLP Statement of 2 1 0 0 0 
Work - 7788 

Soil TCL VOAs CRDL CLP Statement of 18 2 1 0 0 
Work - 2188 

TCL BNA, PesticidesIPCBs CRDL CLP Statement of ta 2 1 0 0 
Work - 2/88 

TCL Metals and Cyanide CRDL CLP Statement of 18 2 1 0 0 
Work - 7188 



TABLE 3-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE FOUR 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical Number of Equipment 

Duplicates Rinsate(B) 
Field Trip 

Limit Method 
Samples 

(A) 
Blanks(C) Blanks (D: 

iite 54: Crash Groundwater TCL Metals CRDL CLP Statement of 3 0 0 1 0 
Crew Burn Pit Work - 7188 

TCL PCBs CRDL CLPStatement of 3 I 1 1 0 
Work - 2188 

Cyanide CRDL CLP Statement of 3 0 0 1 0 
Work - 7188 

Total Petroleum 0.5 mg/L EPA418.1 3 0 0 0 0 
Hydrocarbons 

BTEX CRDL CLP Statement of 3 1 1 1 1 
Work - 2/88 

Hexavalent Chromium 1opgfi EPA218.4 3 1 1 1 0 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

Surface Water TCL Metals CRDL CLP Statement of 5 1 1 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 5 1 1 0 0 
Work - 7188 

Total Petroleum 
Hydrocarbons 

0.5 mg/L EPA418.1 5 0 0 0 0 



TABLE 3-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE FIVE 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical 

Number of 
Duplicates 

Equipment Field Trip 

Limit Method Samples 
(A) 

Rinsate(B) Blanks(C) Blanks (0) 

bite 54: Crash Surface Water BTEX CRDL CLP Statement of 5 1 1 0 1 
Yew Burn Pit (Continued) Work - 2188 
Continued) 

TCL PCBs CRDL CLP Statement of 5 1 1 0 0 
Work - 2188 

Hexavalent Chromium 10 ug/L EPA 218.4 5 1 1 0 0 

Temperature NA Field 5 0 0 0 0 

Specific Conductance NA Field 5 0 0 0 0 

PH NA Field 5 0 0 0 0 

Sediment TCL Metals and Cyanide CRDL CLP Statement of 5 1 1 0 0 
Work - 7188 

TCL PCBs CRDL CLP Statement of 5 1 1 0 0 
Work - 2188 

Total Petroleum 0.5 mglkg EPA418.1 S 0 0 0 0 
Hydrocarbons 

BTEX CRDL CLP Statement of 5 1 1 0 0 
Work - 2188 

Hexavalent Chromium 10 w/kg EPA 218.4 5 1 1 0 0 
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TABLE 3-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE SIX 

Site Name 

iite 54: Crash 
:rew Burn Pit 
Continued) 

Target Proposed Field 
Matrix Analysis Detection Analytical 

Number of 
Duplicates Equipment Field Trip 

Limit Method Samples 
(A) 

Rinsate(B) Blanks(C) Blanks(D) 

Soi I TCL Metals and Cyanide CRDL CLP of Statement 6 1 1 0 0 
Work - 7188 

TCL PCBs CRDL CLP Statement of 6 1 1 0 0 
Work - 2/88 

Total Petroleum 
Hydrocarbons 

BTEX 

1 mg/kg EPA4t8.1 6 1 0 0 0 

CRDL CLP Statement of 6 1 1 0 1 
Work - 2/88 

Hexavalent Chromium 100 rrg/kg EPA 218.4 6 1 1 0 0 

ite 82: Piney Groundwater TCL WOAs CRDL CLP Statement of 5 1 1 1 1 
ireen Road Work - 2188 

TCL Pesticides/PCBs CRDL CLP Statement of 5 1 1 1 0 
Work - 2188 

Temperature NA Field 5 0 0 0 

Specific Conductance NA Field 5 0 0 0 

PH NA field 5 0 0 0 



z TABLE 3-l 

ks 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 

N PAGE SEVEN 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical 

Number of Equipment Field Trip 

Limit Method Samples Duplicates 
(A) 

Rinsate(i3) Blanks(C) Blanks(D) 

#ite 82: Piney Surface Water TCL VOAs CRDL CLP Statement of 6 1 1 0 0 
ireen Road Work - 2188 
Continued) 

TCL Pesticides/PCBs CRDL CLP Statement of 6 1 1 0 0 
Work - 2188 

Temperature NA Field 6 0 0 0 0 

Specific Conductance NA Field 6 0 0 0 0 

PH NA Field 6 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 6 1 1 0 1 
Work-2188 

TCL Pesticides/PCBs CRDL CLP Statement of 6 1 1 0 0 
Work - 2188 

Soil TCL VOAs 

TCL Pesticides/PCBs 

CRDL CLP Statement of 18 2 1 0 1 
Work - 2188 

CRDL CLP Statement of 18 2 1 0 0 
Work - 2/88 

,ite 80: Paradise Groundwater Total Petroleum 0.5 mg/L EPA418.1 3 1 0 0 0 
‘oint Golf Course Hydrocarbons 

TCL VOAs CRDL CLP Statement of 3 0 0 0 0 
Work - 2188 

TCL Pesticides/PC& CRDL CLP Statement of 3 0 0 0 0 
Work - 2188 

Chlorinated Herbicides As per SW8150 3 1 1 1 0 
method 



TABLE 3-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE EIGHT 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical Number of 

Duplicates Equipment Field Trip 

Limit Method Samples 
6) 

Rinsate(B) Blanks(C) Blanks(D) 

iite80: Paradise Groundwater Temperature NA Field 3 0 0 0 0 
‘oint Golf Course (Continued) 
Continued) 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 

Surface Water Total Petroleum 0.5 mg/L EPA418.1 5 1 0 0 0 
Hydrocarbons 

TCL VOAs CRDL CLP Statement of 5 1 0 0 1 
Work - 2iaa 

TCL Pesticides/PC& CRDL CLP Statement of 5 1 0 0 0 
Work - 2188 

Chlorinated Herbicides As per SW8150 5 1 1 0 0 
method 

Temperature NA Field 5 0 0 0 0 

Specific Conductance NA Field 5 0 0 0 0 

PH NA Field 5 0 0 0 0 

Sediment TCL PesticidesIPCBs CRDL CLP Statement of 5 1 0 0 0 
Work - 2188 

Total Petroleum 
Hydrocarbons 

1 mglkg EPA418.1 5 1 0 0 0 

Chlorinated Herbicides As per SW 8150/3550 5 1 1 0 0 
method 

TCL VOAs CRDL CLP Statement of 5 1 0 0 1 
Work - 2188 



TABLE 3-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE NINE 

w 
1. 
0 

Site Name Matrix Analysis 
Target 

Detection 
Limit 

Proposed 
Analytical 
Method 

Number of Field Field Equipment 
Duplicates Rinsate(B) 

Trip 
Samples 

(A) 
Blanks(C) Blanks (D) 

Eite 80: Paradise Soil TCL Pesticides/PC& CRDL CLP Statement of 17 2 0 0 0 
‘oint Golf Course Work I 2188 
:Continued) 

Total Petroleum 1 mg/kg EPA418.1 17 2 0 0 0 
Hydrocarbons 

Chlorinated Herbicides As per SW 81 SO/3550 17 2 1 0 0 
method 

TCL VOAs CRDL CLP Statement of 17 2 0 0 1 
Work - 2188 

site 3: Old Groundwater TCL BNAs CRDL CLP Statement of 3 0 1 0 0 
Zreosote Plant Work - 2188 

Sediment TCL 8NAs CRDL CLP Statement of 2 1 1 1 0 
Work - 2/88 

Soil TCL BNAs CRDL CLP Statement of 16 2 1 1 0 
Work - 2/88 

Site 43: Agan Groundwater TCL VOAs CRDL CLP Statement of 3 1 0 0 1 
jtreet Dump Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 3 1 0 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 3 1 0 0 0 
Work - 7i88 

Cyanide CRDL CLP Statement of 3 1 0 0 0 
Work - 7188 

i 



TABLE 3-1 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE TEN 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical 

Number of Duplicates Equipment Field Trip 

Limit Method 
Samples 

(4 
Rinsate(B) Blanks(C) Blanks(D) 

iite 43: Agan Groundwater Temperature NA Field 3 0 0 0 0 
itreet Dump (Continued) 
Continued) 

Specific Conductance NA Field 3 0 0 0 0 

pf-’ NA Field 3 0 0 0 0 

Surface Water TCL VOAs CRDL CLP Statement of 5 1 0 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 5 1 0 0 0 
Work - 2188 

TCL Metals 

Cyanide 

CRDL CLP Statement of 5 1 0 0 0 
Work - 7188 

CRDL CLP Statement of 5 1 0 0 0 
Work - 7188 

Temperature NA Field 5 0 0 0 0 

Specific Conductance NA Field 5 0 0 0 0 

PH NA Field 5 0 0 0 0 



TABLE 3-l 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE ELEVEN 

Site Name 

Site 43: Agan 
Street Dump 
[Continued) 

Matrix 

Sediment 

Target Proposed Field 
Analysis Detection Analytical Number of Duplicates Equipment. Field Trip 

Limit Method Samples 
(A) 

Rinsate(B) Blanks(C) Blanks(D) 

TCL VOAs CRDL CLP Statement of 5 1 0 0 0 
Work - 2/88 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 5 1 0 0 0 
Work - 2/88 

Soil 

TCL Metals and Cyanide CRDL CLP Statement of 5 1 0 0 0 
Work - 7188 

TCL VOAs CRDL CLP Statement of 16 2 0 0 1 
Work - 2188 

TCL BNA, Pesticides/PCBs CRDL CLP Statement of 16 2 0 0 0 
Work - 2/88 

TCL Metals and Cyanide CRDL CLP Statement of 16 2 0 0 0 
Work - ?I88 

;ite 44: Jones Groundwater TCL VOAs CRDL CLP Statement of 3 1 1 1 1 
&feet Dump Work - 2188 

TCL Extractables CRDL CLP Statement of 3 1 1 1 0 
Work - 2/88 

TCL Metals CRDL CLP Statement of 3 1 1 1 0 
Work - 7188 

Cyanide CRDL CLP Statement of 3 1 1 1 0 
Work - 7/88 

Temperature NA Field 3 0 0 0 0 

Specific Conductance NA Field 3 0 0 0 0 

PH NA Field 3 0 0 0 0 
. 



TABLE 3-1 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE TWELVE 

Target Proposed Field 
Site Name Matrix Analysis Detection Analytical Number of Duplicates Equipment Field Trip 

Limit Method Samples 
(A) 

Rinsate(B) Blanks(C) Blanks(D) 

iite 44: Jones Surface Water TCL VOAs CRDL CLP Statement of 2 0 1 0 0 
itreet Dump Work - 2/88 
Continued) 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 2 0 1 0 0 
Work - 2188 

TCL Metals CRDL CLP Statement of 2 0 1 0 0 
Work - 7188 

Cyanide CRDL CLP Statement of 2 0 1 0 0 
Work - 7188 

Temperature NA Field 2 0 0 0 0 

Specific Conductance NA Field 2 0 0 0 0 

PH NA Field 2 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 2 0 0 0 1 
Work - 2188 

TCL BNA, PesticideslPCBs CRDL CLP Statement of 2 0 0 0 0 
Work - 2188 

TCL Metals and Cyanide CRDL CLP Statement of 2 0 0 0 0 
Work - 7188 

Soil TCL VOAs CRDL CLP Statement of 18 2 0 0 0 
Work - 2188 

TCL Extractables CRDL CLP Statement of 18 2 0 0 , 0 
Work - 2188 

TCL Metalsand Cyanide CRDL CLP Statement of 18 2 0 0 0 
Work - 7188 



0 
8 TABLE 3-l 

SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
ul 
0 CAMP LEJEUNE 

N PAGE THIRTEEN 

Site Name 

;ite 65: Engineer 
\rea Dump 

Matrix 

iroundwater 

iurface Water 

Analysis 

TCL VOAs 

TCL BNA, Pesticides/PCBs 

TCL Metals 

Cyanide 

Temperature 

Specific Conductance 

PH 

TCL VOAs 

TCL ENA, PesticideslPCBs 

TCL Metals 

Cyanide 

Target Proposed 
Detection Analytical 

Limit Method 

CRDL 

CRDL 

CRDL 

CRDL 

NA 

NA 

NA 

CRDL 

CRDL 

CRDL 

CRDL 

CLP Statement of 
Work - 2188 

CLP Statement of 
Work - 2/88 

CLP Statement of 
Work - 7J88 

CLP Statement of 
Work - 7188 

Field 

Field 

Field 

CLP Statement of 
Work - 2188 

CLP Statement of 
Work - 2/88 

CLP Statement of 
Work - 7f88 

CLP Statement of 
Work - 7fB8 

Number of 
Samples 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Field 
Duplicate! 

(A) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Equipment Field Trip 
Ri nsate(B) Blanks(C) Blanks(D) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



z SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 

B 
CAMP LEJEUNE 
PAGE FOURTEEN 

Site Name Matrix Analysis 
Target 

Detection 
Limit 

Proposed 
Analytical 

Method 

Field 
Number of Duplicates Equipment Field Trip 

Samples 
(A) 

Rinsate(8) Blanks(C) Blanks (0) 

jite 65: Engineer Surface Water Temperature NA Field 3 0 0 0 0 
c\rea Dump (Continued) 
:Continued) 

Specific Conductance NA Field 3 0 0 0 0 

P” NA Field 3 0 0 0 0 

Sediment TCL VOAs CRDL CLP Statement of 3 0 .O 0 0 
Work - 2faa 

TCL RNA, Pesticides/PC& CRDL CLP Statement of 3 0 0 ,O 0 
Work - 2faa 

TCL Metals and Cyanide CRDL CLP Statement of 3 0 0 0 0 
Work - 7faa 

Soil TCL VOAs CRDL CLP Statement of 16 1 1 0 1 
Work - 2188 

TCL ENA, Pesticides/PC& CRDL CLP Statement of 16 1 1 0 0 
Work - 2faa 

TCL Metals and Cyanide CRDL CLP Statement of 16 1 1 0 0 
Work - ?I88 



TABLE 3-I 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 
CAMP LEJEUNE 
PAGE FIFTEEN 

@I 

03 

0) 

NA 
CLP 
CRDL 

Not Applicable. 
Contract Laboratory Program. 
Control Required Detection Limit. 

EPA Methods for chemical analysis of water and wastes, EPA-600/4-79-020. 
SW Test methods for evaluation of solid wastes, physical/chemical methods, 3rd Edition. 

Field Duplicate -A single sample split into two portions, each of which is submitted blindly to the laboratory. Assesses the overall precision of sampling and 
analysis program (also known as a Replicate Sample). Will be collected at a rate of 1110 samples media. 

Rinsate Blanks - Samples generated from the sampling equipment in use. Equipment is tested for carryover contamination before use and between 
subsequent uses by collecting a rinsate sample. Will be collected at a rate of l/day/media, but will be analyzed every other day. 

Field Blanks - Samples consisting of the source water used in (1) decontamination and (2) steam cleaning, for a total two (2) samples. Will be generated at 
the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes occurring during the shipping process. Samples are 
prepared prior to the sampling trip. Trip blanks are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 



,- 3.2.1 Precision and Accuracy 

Precision and accuracy characterize the amount of variability and bias inherent in a data set. Precision 
describes the reproducibility of measurements of the same parameter for a sample under the same or 
similar conditions. Precision is expressed as a range (the difference between two measurements of 
the same parameter) or as a relative percent difference (the range relative to the mean, expressed as 
a percent). Range and Relative Percent Difference (RPD) values are calculated as follows: 

Range = OR - DR 

and RPD = 
OR-DR 

x 100% 
l/2 (OR + DR) 

where: 
OR = original sample result 
DR = duplicate sample result 

The internal laboratory control limits for precision are three times the standard deviation of a series 
of RPD or range values. RPD values may be calculated for both laboratory and field duplicates, and 
can be compared to the control limits as a quality assurance check. 

Accuracy is the comparison between experimental and known or calculated values expressed as a 
percent recovery (% R). Percent recoveries are derived from analysis of standards spiked into 
deionized water (standard recovery) or into actual samples (matrix spike or surrogate spike recovery). 
Recovery is calculated as follows: 

where: 
E = experimental result 
T = true value or theoretical result 

with Theoretical result = 
(Sample aliq.)(S ample cont.) + (Spike aliq.)(Spike cont.) 

Sample aliquot 

Control limits for accuracy are set at the mean plus or minus three times the standard deviation of a 
series of %R values. Organic %R values are set at the mean plus or minus two times the standard 
deviation. 

Field and laboratory precision and accuracy performance can affect the attainment of project 
objectives, particularly when compliance with established criteria is based on laboratory analysis of 
environmental samples. Such criteria are used in risk assessment and screening of remedial 
alternatives. Given the uncertainties associated with field work and laboratory activity, the following 
overall precision and accuracy goals are identified to meet the project objectives: 

0 Precision: + 50 percent RPD 
0 Accuracy: f 50 percent recovery 

Analytical precision and accuracy will be evaluated upon receipt of the la,boratory data. Analytical 
precision will be measured as the relative standard deviation of the data from the laboratory 
(internal) duplicates. Analytical accuracy measures the bias as the percent recovery from matrix spike 
and surrogate spike samples. CLP requirements will be used for the TCL compounds. 
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Field sampling precision and accuracy are not easily measured. Field contamination, sample 
preservation, and sample handling will affect precision and accuracy. By following the appropriate 
NUS Standard Operating Procedures (SOPS, see Appendix A), precision and accuracy errors associated 
with field activities can be minimized. Field duplicates and blanks (field, equipment, and rinsate) will 
be used to estimate field sampling and accuracy. 

No project resources will be expended to develop precision and accuracy data for method (field or 
analytical) validation except those commonly applied for collection of routine QAIQC data. Routine 
QA/QC data will include analyses from field duplicates and equipment rinsate blanks based on the 
existing guidance that specifies the type and proportion of samples submitted for QA/QC (NEESA, 
June 1988). 

Validity of data (i.e., 95percent confidence limit) with respect to its intended use will be assessed 
based on laboratory-supplied QA/QC data and protocols routinely employed .for validation of 
CLPresults. In general, results that are rejected by the validation process will be disqualified from 
application to the intended use. Qualified data will be used to the greatest extent practicable. 

3.2.2 Representativeness 

Representativeness describes the degree to which analytical data accurately and precisely define the 
material being measured. Several elements of the sampling and sample handling process must be 
controlled to maximize the representativeness of the analytical data. Sample collection, preservation, 
and storage are discussed in the Sampling and Analysis Plan and also summarized in Sections4.0 
and 5.0 of this document. The Work Plan contains details on the site sampling program and the 
rationale for sampling locations. The sampling program is designed to ensure that the data obtained 
during the Site Inspections accurately represent the site conditions. 

Representativeness of data is also affected by sampling techniques. Sampling techniques are 
described in Section 13.0 of the Sampling and Analysis Plan. To ensure that the data are 
representative, NUS’ Standard Operating Procedures will be used. 

To ensure that sample aliquots to be analyzed are representative, samples will be homogenized in the 
laboratory by removing non-representative materials (e.g., sticks and stones), then stirring, shaking, 
crushing, and/or blending the sample as appropriate to the matrix. 

3.2.3 Completeness 

Completeness describes the amount of data generated that meets the objectives for precision, 
.accuracy, and representativeness versus the amount of data expected to be obtained. For relatively 
clean, homogeneous matrices, 100 percent completeness is expected. However, as matrix complexity 
and heterogenicity increase, completeness may decrease. Where an,alysis is precluded or where data 
quality objectives are compromised, effects on the overall investigation must be considered. Whether 
or not any particular sample is critical to the investigation will be evaluated in terms of the sample 
location, the parameter in question, the intended data use, and the risk associated with the error. 

The sampling and analysis program for the site is sufficiently broad in scope to prevent a single data 
point or parameter from sacrificing attainment of the Site Inspection objectives. Each medium is 
critical to the site assessment. Consequently, there exists some critical data requirement below which 
the objectives of the study will be compromised. 

Critical data points may not be evaluated until all the analytical results are evaluated. Additionally, 
several sampling points, in aggregate, may be considered to be critical either by location (e.g., 
downgradient monitoring wells) or by analysis (e.g., lead). If in the evaluation of laboratory results it 
becomes apparent that the data for a specific medium are of insufficient quality, either with respect 
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to the number of samples or an individual analysis, resampling of the deficient data points will be 
necessary. 

3.2.4 Comparabilitv 

One of the objectives of the Data Collection Quality Assurance Plan is to provide analytical data of 
comparable quality both between sample locations and with data from previous investigations. Both 
analytical procedures (i.e., CLP) and sample collection techniques (as defined in NUS SOPS) will 
maximize the comparability of the Site Investigation data within this investigation and to any 
previous investigations. Additionally, to enhance comparability between samples, consideration will 
be given to seasonal conditions, stream flow, or other environmental conditions that could influence 
the analytical results. 
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4.0 FIELD INVESTIGATION ACTIVITIES 
:- 

The field investigation activities for the sites at Camp Lejeune are explained in detail in the Sampling 
and Analysis Plan. 

Table 4-1 summarizes the selection of sample containers, preservatives, allowable holding times, and 
the analyses required for the samples being collected at Camp Lejeune. The EPA User’s Guide to the 
Contract Laboratory Proqram (EPA, December 1988), NEESA’s Samplinq and Chemical Analysis Quality 
Assurance Requirements for the Navy installation Proqram (NEESA, June 1988), and the 
Federal Reaister (EPA, October 26, 1984) were used as guidance for identifying the sample containers, 
preservatives, and allowable holding times for the various analyses requested for the sites at 
Camp Lejeune. 
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TABLE 4-I 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
CAMP LEJEUNE, NORTH CAROLINA 

Site Name Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container Preservation 
Requirements 

Holding Time 

ite 7: Tarawa Terrace Dump Groundwater TCL VOAs 5 3 40 ml VOA vials HCI to pH C 2; 14 days to analysis 
Cool to 4°C 

TCL BNA, PesticideslPCBs 6 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 5 1 1 liter polyethylene bottle HNOjtopH<Z; 6 months; Hg - 28 days 
Cool to 4°C 

Cyanide 5 1 1 liter polyethylene bottle NaOHtopH>lZ; 14 days 
Cool to 4°C 

Soil 

Temperature, Specific 
Conductance, pH 

TCL VOAs 

TCL BNA, Pesticides/PCBs 

3 N/A N/A N/A 

20 4 40 ml VOA vials Cool to 4°C 

19 1 80~. wide mouth glassjar Cool to 4°C 

N/A 

10 days to analysis 

7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 19 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days: 
CN - 14 days 

ite 63: Verona Loop Dump Groundwater TCL VOAs 7 3 40 ml VOA vials HCI to pH< 2; 14days to analysis 
Cool to 4Y 

TCL BNA, Pesticides/PCBs 6 2 80 oz. amber glass bottle Cool to 4OC 7 days to extraction; 
40 days to analysis 

TCL Metals 6 1 1 liter polyethylene bottle HNO3 to pH<Z; 6 months; Hg 28 days 
Cool to 4°C 

i 
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SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
CAMP LEJEUNE, NORTH CAROLINA 
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e 
W 

Site Name Media Analysis 

ite 63: Verona Loop Dump iroundwater 
Continued) Continued) 

urface Water 

ediment 

Cyanide 

Temperature, Specific 
Conductance, pH 

TCL VOAs 

TCL BNA. Pesticides/PCBs 

TCL Metals 

Cyanide 

Temperature, Specific 
Conductance, pH 

TCL VOAs 

TCL ENA, Pesticides/PCBs 

TCL Metals and Cyanide 

No. of 
Samples 

(A) 

6 

Vo. of Containers 
per Sample 

Type of Container 

I 

Preservation 
Requirements 

I 

Holding Time 

1 1 liter polyethylene bottle NaOH topH>12; 
Cool to 4°C 

N/A 

HCI to pH <2; 
Cool to 4°C 

Cool to 4°C 

HN03 to pH<Z; 
Cool to 4°C 

NaOH topH>12; 
Cool to 4°C 

14days 

N/A 

3 

2 

1 

1 

N/A 

10 ml VOA vials 

30 oz. amber glass bottle 

1 liter polyethylene bottle 

1 liter polyethylene bottle 

N/A 

14 days to analysis 

7 days to extraction; 
40 days to analysis 

6 months; Hg - 28 days 

14 days 

N/A U/A N/A N/A 



TABLE 4-1 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
CAMP LEJEUNE, NORTH CAROLINA 
DAeETUnEE 
T.T”L I  I  I I ,LL 

Site Name Media Analysis 
No. of 

Samples 
6) 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time 

ite 63: Verona Loop Dump Soil TCL VOAs 21 4 40 ml VOA vials Cool to 4T 10 days to analysis 

Continued) 

TCL BNA, PesticideslPCEs 21 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 21 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 

ite 54: Crash Crew Burn Pit Groundwater TCL Metals 4 4 1 liter polyethylene bottle HNOa to pH<Z; 6 months: Hg _ 28 days 
Cool to 4°C 

TCL PCBs 6 1 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 
Hydrocarbons 

BTEX 

3 1 1 liter glass bottle 

7 3 40 ml VOA vials 

HCI topH<2; 

HCItopH<2; 
Cool to 4OC 

28 days 

14 days to analysis 

Hexavalent Chromium 6 

Cyanide 4 

1 500 ml polyethylene bottle 

1 1 liter polyethylene bottle 

Cool to 4°C 

NaOHtopH>lZ; 
Cool to 4°C 

24 hours 

14 days 

Temperature, Specific 
Conductance, pH 

3 N/A NIA N/A N/A 
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TABLE 4-l 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS. PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
CAMP LEIEUNE, NORTH CAROLINA 
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No. of 
Site Name Media Analysis Samples 

No. of Containers Preservation 

(A) 
per Sample 

Type of Container 
Requirements 

Holding Time 

P 
u-l 

,ite 54: Crash Crew Burn Pit Surface Water TCL Metals 7 1 1 liter polyethylene bottle HNOstopH<Z; 6 months; Hg 28 days - 
Continued) Cool to 4°C 

TCL PCBs 7 2 1 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 

Hydrocarbons 

BTEX 

5 1 1 liter glass bottle 

8 3 40 ml VOA vials 

HCI to pH<2 

HCI to pH<2; 
Cool to 4°C 

28 days 

14 days to analysis 

Hexavalent Chromium 7 

Cyanide 7 

1 500 ml polyethylene bottle 

1 1 liter polyethylene bottle 

Cool to 4°C 

NaOH topH>12; 
Cool to 4°C 

24 hours 

14 days 

Sediment 

Temperature, Specific 
Conductance, ptl 

TCL Metals and Cyanide 

5 N/A 

7 1 

N/A 

8 oz. wide mouth glass jar 

N/A 

None 

N/A 

6 months; Hg - 28 days; 
CN - 14 days 

PCBS 7 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 
Hydrocarbons 

BTEX 

Hexavalent Chromium 

5 1 32 oz. wide mouth glass jar 

7 4 40 ml VOA vials 

7 1 8 oz. wide mouth glass jar 

Cool to 4°C 

Cool to 4°C 

COOI to 4°C 

28 days 

10 days to analysis 

24 hours 



TABLE 4-1 
SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
LAMP LEIEUNE, NORTH CAROLINA 
PAGE FIVE 

P ol 

Site Name Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container Preservation 
Requirements Holding Time 

,ite 54: Crash Crew Burn Pit Soil TCL Metals and Cyanide 9 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
Continued) CN- 14days 

TCL PCBs 8 1 8 oz. wide mouth glass jar Cool to 4’C 7 days to extraction; 
40 days to analysis 

Total Petroleum 7 1 32 oz. wide mouth glassjar Cool to 4oc 20 days 
Hydrocarbons 

BTEX 9 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

Hexavalent Chromium 8 1 8 oz. wide mouth glass jar Cool to 4°C 24 hours 

’ #ite 82: Piney Green Road Groundwater TCL VOAs 9 3 40 ml VOA vials HCI to pHC2; 10 days to analysis 
Cool to 4°C 

TCL PesticideslPCBs 8 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Temperature, Specific 5 N/A N/A N/A NIA 
Conductance, pH 

Surface Water TCL VOAs 10 3 40 ml VOA vials HCI to pH<2; 14 days to analysis 
Cool to 4OC 

TCL Pesticides/PC& 9 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Temperature, Specific 
Conductance, pH 

6 N/A N/A N/A N/A 
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No. of 
Site Name Media Analysis Samples 

No. of Containers Type of Container Preservation 
per Sample Requirements Holding Time 

t.4 

iite 82: Piney Green Road Sediment TCL VOAs 10 4 40 ml VOA vials Cool to 4°C 10 days to analysis 
Continued) 

TCL PesticideslPCBs 9 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 daysto analysis 

Soil TCL VOAs 23 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

TCL Pesticides/PC& 22 1 8 oz. wide mouth glass jar Cool to 4°C 7 days toextraction; 
40 days to analysis 

;ite 80: Paradise Point Golf Groundwater Total Petroleum 4 1 1 liter glass bottle HCI to pH<2 28 days 
:ourse Hydrocarbons 

TCL VOAs 3 3 40 ml VOA vials HCI to PI&~; 14 days to analysis 
Cool to 4OC 

TCL Pesticides/PC& 3 2 80 oz. amber glass bottles Cool to 4°C 7 days to extraction; 
40 days to analysis 

Chlorinated Herbicides 6 2 80 oz. amber glass bottle COOI to 4°C 7 days to extraction; 
40 days to analysis 

Temperature, Specific 3 N/A N/A N/A N/A 
Conductance, pH 



u 
z TABLE 4-1 

SUMMARY OF ANALYSES, BOTTLE REQUIREMENTS, PRESERVATION RECJUIREMENTS, AND HOLDING TIMES 

i? CAMP LEJEUNE, NORTH CAROLINA 
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N . -..- ----.. 

No. of 
Site Name Media Analysis Samples 

No. of Containers Type of Container Preservation Holding Time 
(A) 

per Sample Requirements 

ite 80: Paradise Point Golf Surface Water Total Petroleum 6 1 1 liter glass bottle HCItopHC2 28 days 
‘ourse (Continued) Hydrocarbons 

TCL VOAs 7 3 40 ml VOA vials HCItopH<2; 14 days to analysis 
COOI to 4°C 

TCL PesticideslPCBs 6 2 80 oz. amber glass bottles Cool to 4°C 7 days to extraction; 
40 days to analysis 

Chlorinated Herbicides 7 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

Sediment 

Temperature, Specific 
Conductance, pH 

TCL Pesticides!PCBs 

5 

6 

N/A N/A N/A N/A 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

Total Petroleum 
Hydrocarbons 

Chlorinated Herbicides 

6 1 32 oz. wide mouth glass jar Cool to 4°C 

7 1 8 oz. wide mouth glass jar Cool to 4°C 

28 days 

7 days to extraction; 
40 days to analysis 

TCL VOAs 6 4 40 ml VOA vials Cool to 4°C 10 days to analysis 
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No. of 
Site Name Media Analysis 

No. of Containers 
Samples Type of Container Preservation 

(A) 
per Sample Requirements 

Holding Time 

bite 80: Paradise Point Golf Soil TCL PesticidesIPCBs 19 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
:ourse (Continued) 40 days to analysis 

Total Petroleum 19 1 32 oz. wide mouth glass jar Cool to 4°C 28 days 
Hydrocarbons 

Chlorinated Herbicides 20 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL VOAs 20 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

bite 3: Creosote plant Groundwater TCL 8NAs 4 1 8 oz. amber glass bottle Cool to 4OC 7 days to extraction; 
40 days to analysis 

Sediment TCL BNAs 5 1 802. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

Soil TCL BNAs 20 1 8 oz. wide mouth glass jar Cool to 4Y 7 days to extraction; 
40 days to analysis 

,ite 43: Agan Street Dump Groundwater TCL VOAs 4 3 40 ml VOA vials HCI to pH<2; 14 days to analysis 
Cool to 4°C 

TCL BNA, PesticideslPCBs 4 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 4 1 1 liter polyethylene bottle HNO3 to pH<Z; 6 months; Hg - 28 days 
Cool to cc 

Cyanide 4 1 1 liter polyethylene bottle NaOHtopH>12; 14days 
Cool to 4°C 

Temperature, Specific 3 N/A N/A N/A N/A 
Conductance, pH 
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Site Name Media Analysis 
No. of 

Sample5 
(A) 

No. of Containers 
per Sample 

Type of Container 
Preservation 

Requirements 
Holding Time 

,ite 43: Agan Street Dump Surface Water TCL VOAs 7 3 40 ml VOA vials HCI to pH<Z; 14 days to analysis 
Continued) Cool to 4°C 

TCL BNA, Pesticides/PCBs 6 2 80 oz. amber glass bottle Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 6 1 1 liter polyethylene bottle HNOxto pH<2; 6 months; Hg - 28 days 
Cool to 4°C 

Cyanide 6 1 1 liter polyethylene bottle NaOH to pH> 12; 14 days 
Cool to 4oc 

Sediment 

Soi I 

Temperature, Specific 
Conductance, pH 

TCL VOAs 

TCL BNA, Pesticides/PCBs 

TCL Metals and Cyanide 

TCL VOAs 

TCL BNA, Pesticides/PCBs 

TCL Metals and Cyanide 

5 N/A N/A N/A N/A 

6 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

6 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days t,o analysis 

6 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 

19 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

18 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 daysto analysis 

18 ’ 1 8 oz wide mouth glass jar None 6 months; Hg 28 days; 
CN - 14 days 
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Site Name Media Analysis 
No. of 

Samples 
(Al 

No. of Containers 
per Sample 

Type of Container Preservation 
Requirements 

Holding Time 

iite 44: Jones Street Dump Groundwater TCL VOAs 4 3 40 ml VOA vials HCI to pH ~2; 10 days to analysis 
Coolto4”C 

TCL ENA, Pesticides/PCBs 3 2 80 oz. amber glass bottle Coolto4”C 7 days to extraction; 
40 days to analysis 

TCL Metals 3 1 1 liter polyethylene bottle HN03 to pH<Z; 6 months; Hg - 28 days; 
Cool to uOc 

Cyanide 3 1 1 liter polyethylene bottle NaOH to pH > 12; 14 days 
Coolto4”C 

Temperature, Specific 3 N/A N/A N/A N/A 
Conductance, pH 

Surface Water TCL VOAs 3 3 40 ml VOA vials MCI topffzr2; 14 days to analysis 
Coolto4”C 

TCL BNA, Pesticides/PC% 3 2 80 oz. amber glass bottle Coolto4”C 7 days to extraction; 
40 days to analysis 

TCL Metals 3 1 1 liter polyethylene bottle HNOs to pH<2; 6 months; Hg - 28 days; 
Cool to 4°C 

Cyanide 3 1 1 liter polyethylene bottle NaOH topH>lZ; 14 days 
Coolto4~C 

Temperature, Specific 3 N/A N/A N/A N/A 
Conductance, pH 

Sediment TCL VOAs 4 4 40 ml VOA vials Cool to 4°C 10 days to analysis 

TCL BNA. Pesticides/PCBs 3 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanjde 3 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14 days 
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SUMMARY OF ANALYSES. BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES 
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Site Name Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container Preservation 
Requirements 

Holding Time 

ite 44: Jones Street Dump Soil TCL VOAs 20 4 40 ml VOA vials Cool to 4°C IO days to analysis 
:ontinued) 

TCL BNA, Pesticides/PCBs 20 1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 20 1 8 oz. wide mouth glass jar None 6 months; Hg 28 days; 
CN - 14 days 

ite 65: Engineer Area Dump Groundwater TCL VOAs 3 3 40 ml VOA vials HCI to pH<Z; 14 days to analysis 
Cool to 4°C 

TCL BNA, PesticideslPCBs 3 2 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 

Cyanide 

1 1 liter polyethylene bottle HNO3topHC2; 6 months; Hg - 28 days; 
Cool to 4°C CN - 14 days 

1 1 liter polyethylene bottle NaOHtopH>lZ; 6 months; Hg - 28 days 
Cool to 4°C 

Temperature, Specific 
Conductance, pH 

3 NIA NtA N/A N/A 
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Site Name Media Analysis 
No. of 

Samples 
(A) 

No. of Containers 
per Sample 

Type of Container Preservation 
Requirements 

Holding Time 

ite 65: Engineer Area Dump Surface Water TCL VOAs 3 3 40 ml VOA vials HCI to pH,<Z; 14 days to analysis 
Continued) Cool to 4°C 

TCL Extractables 3 2 80 oz. amber glass bottles Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals 3 1 1 liter polyethylene bottle HNOstopH<Z; 6 months; Hg _ 28 days 
Cool to 4°C 

Sediment 

Temperature, Specific 
Conductance, pH 

TCL VOAs 

TCL Extractables 

3 

3 

3 

N/A N/A NIA N/A 

4 40 ml VOA vials Cool to 4°C 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 3 1 8 oz. wide mouth glass jar None 6 months; Hg 28 days; 
CN-14days 

Soil TCL VOAs 19 

TCL Extractables 18 

4 40 ml VOA vials Cool to 4Y 10 days to analysis 

1 8 oz. wide mouth glass jar Cool to 4°C 7 days to extraction; 
40 days to analysis 

TCL Metals and Cyanide 18 1 8 oz. wide mouth glass jar None 6 months; Hg - 28 days; 
CN - 14,days 

(A) Number of samples includes field QnlQC samples. 
N4 Not applicable 



5.0 LABORATORY SAMPLE CUSTODY 

To ensure the integrity of a sample from collection through analysis, it is necessary to have an 
accurate, written record that traces the possession and handling of the sample. This documentation is 
referred to asthe sample chain-ofrcustody. 

A sample is under custody if 

l The sample is in the physical possession of an authorized person. 
l The sample is in view of an authorized person after being in his/her possession. 
l The sample is placed in a secure area by an authorized person after being in his/her 

possession. 
l The sample is in a secure area, restricted to authorized personnel only. 

Sample custody during collection and shipping is discussed in Section 4.51 of NUS SOPSA-6.1. 
Laboratory sample custody is discussed in the following sections. Further details are presented in 
Attachment F of the CLP Statement of Work (EPA, February 1988). All laboratories used in this study 
must follow these procedures. 

5.1 SAMPLE RECEIPT 

When samples are received, the shipping manifest is signed and dated to acknowledge sample 
receipt. The sample custodian must examine the shipping containers and verify that the correct 
number of containers was received. The shipping containers are then opened and the enclosed 
sample paperwork is removed. 

Samples are removed from the shipping containers and the bottle condition must be noted. The 
information on the chain-of-custody, the airbill, the containers and sample tags, and the laboratory 
request is reviewed to note any discrepancies. Discrepancies must be resolved through the NUS 
Project Manager. 

5.2 SAMPLE STORAGE 

All samples received by the laboratory must be stored at 4°C until analysis. Laboratory holding times 
are specified by the CLP contract and are presented in Table 4-l. 

5.3 LABORATORY SAMPLE TRACKING 

Laboratory sample tracking procedures are discussed in Section F of the CLP Statement of Work (EPA, 
February 1988). All laboratories used must conform to these requirements. 
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6.0 CALIBRATION PROCEDURES AND FREQUENCY 

Instrument used in the field and in the laboratory will be calibrated according to the procedures 
described below. 

6.1 FIELD INSTRUMENTS 

Several monitoring instruments may be used during field activities, including 

l Temperature probe 
l Specific conductance meter 
0 pH meter 
0 Electronic water-level meter 

The electronic water-level meter will be calibrated prior to mobilization and periodically at the 
discretion of the FOL. The remaining instruments will be calibrated daily or according to the 
manufacturer’s operating manual. 

Calibration will be documented on an Equipment Calibration Log (NUS SOPSA-6.4, Attachment D-l). 
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 the defective parts are repaired or replaced. 

6.2 LABORATORY INSTRUMENTS 

Calibration frequency for each of the environmental measurement parameters is presented below. 

l TCL Volatile Orqanics; BTEX - Continuing instrument calibration will be performed on each 
working day that samples are analyzed. Response factors for the gas chromatogram (GC) 
will be verified. 

0 TCL Extractable Orqanics - Continuing instrument calibration will be performed on each 
working day that samples are analyzed. The response factor will be verified by the 
measurement of two or more calibration standards, including one at the beginning of the 
day,andoneattheendoftheday. 

0 TCL Metals; Cyanide, Hexavalent Chromium - Calibration curves will be generated using a 
blank and three standards, at a minimum. A continuing calibration will be conducted for 
every hour of continuous sample analysis. 

l Chlorinated Herbicides - Continuing instrument calibration will be performed on each 
working day that samples are analyzed. Response factors for the gas chromatogram. (GC) 
will beverified. 

l Total Petroleum Hydrocarbons - Calibration curves will be generated using a blank and 
three standards at a minimum each day that samples are run. 
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7.0 ANALYTICAL PROCEDURES 

Solid and aqueous samples will be collected for chemical analyses. The analytical procedures to be 
used are summarized in Table 7-1. Method references are included as footnotes. 
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TABLE 7-1 

ANALYTICAL METHODS FOR CHEMICAL AND PHYSICAL PARAMETERS 
CAMP LEJUENE 

Analytical Parameter Solid Matrix Analytical Aqueous Matrix Analytical 
Method Method 

TCL Volatile Organics 1 CLP Statement of Work 2/88 1 CLP Statement of Work 2/88 

BTEX 1 CLP Statement of Work 2/88 1 CLP Statement of Work 2/88 

TCL Extractables 1 CLP Statement of Work 2/88 1 CLP Statement of Work 2/88 

TCL Metals I CLP Statement of Work 7/88 I CLP Statement of Work 7/88 

Cyanide I CLP Statement of Work 7/88 I CLP Statement of Work 7/88 

Hexavalent Chromium 1 EPA 218.4 1 EPA 218.4 

Chlorinated Herbicides I SW 81 SO, 3550 I NA 

Total Petroleum 
Hydrocarbons I EPA 418.1 

EPA EPA, March 1983. “Methods for Chemical Analysis of Water and Wastes.“ 
SW 

NA 

EPA, September 1986. “Test Methods 
Physical/Chemical Method,” 3rd Edition. 
Not Applicable. 

for Evaluating Solid Wastes - 
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING 
f=--. 

Data reduction, validation, and reporting will be conducted as described below. Data validation will 
be conducted by independent data validation. The validation will be performed with reference to 
the EPA Functional Guidelines for Data Validation. In instances where the Functional Guidelines are 
not specific or applicable, or method-specific quality control criteria will be used to evaluate the data. 

8.1 DATA REDUCTION 

The calculation of final results from raw data varies from parameter to parameter with the calibration 
approach. The ratio of instrument response to analyte concentration is determined for one or more 
standards. In general, if the concentration/instrument response ratio is linear, the average of the 
ratios is used to calculate sample results. If the response is not linear, response is plotted against 
concentration, and sample results are quantitated from the resultant curve. 

Results are generally expressed to two significant figures. Results for aqueous samples are expressed 
in ug/l. Organic results for solid samples are expressed in ug/kg, whereas inorganic results are 
expressed in mg/kg. 

8.2 DATA VALIDATION AND REPORTING 

The results of quality control checks are the primary tools used for data validation- Quality control 
checks are described in Section 9.0. Acceptance criteria (control limits) are discussed in Section 3.0. 
Raw data and final results are reviewed by the laboratory group leader on a daily basis. The group 

F--- 
leader confirms that documentation is complete and legible; qualitative identifications are accurate; 
calculations are accurate; results are expressed in the appropriate units and number of significant 
figures; and the required quality control checks were run and met acceptance criteria. Review and 
approval of the data is documented by the group leader. 

The chemical-analytical data generated by the laboratory will be reviewed by the NUS Chemistry and 
Toxicology Department. Review of the chemical-analytical data will include a quality assurance 
assessment to determine whether specified protocols were followed by the laboratory personnel. 
Results for field blanks and duplicates will be reviewed for consistency (i.e., relative percent 
difference values) and to identify contaminants. The laboratory will provide reagent blank, surrogate 
spike, and matrix spike results. This information will also be reviewed through comparison with the 
specified control limits (see Section 3.0). All data validation will be performed in accordance with the 
latest EPA Functional Guidelines. Documentation of the validity of laboratory results will be provided 
to the Project Manager in the form of letter reports. 

Chemical-analytical data generated during the study will be reduced to a concise form for 
presentation in the Site inspection Report. The analytical results will be managed using an existing 
computer program developed by NlJS specifically for chemical data bases. This program is capable of 
handling all TCL compounds, and will be customized for sites at Camp Lejeune to accommodate all 
indicator parameters. Quality assurance procedures will be implemented to assure that no errors 
occur during data entry. The data entered into the program are checked by the computer operator, 
and the printouts are checked against the original laboratory sheets by a chemist. The data entered 
into the program are checked by the computer operator, and the printouts are checked against the 
original laboratory by a chemist. 
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9.0 INTERNAL QUALITY CONTROL CHECKS 

Quality Control checks to be implemented in the field and in the laboratory are described below. 

9.1 FIELD QUALITY CONTROL CHECKS 

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

Field Duplicates - Field duplicates are samples that are divided into two portions at the time of 
sampling. Field duplication provides precision information regarding homogeneity, handling, 
shipping, storing, preparation, and analysis. Field duplicates will be submitted at a frequency of 1 per 
every 10 samples, or 1 per sampling trip if less than 10 samples are collected. 

Rinsate Blanks - Rinsate blanks are obtained under representative field conditions by running 
analyte-free deionized water through sample collection equipment (bailer, split spoon, corer, etc.) 
after decontamination and placing it in the appropriate sample containers for analysis. Rinsate 
blanks will be used to assess the effectiveness of decontamination procedures. Rinsate blanks will be 
collected for each type of nondedicated sampling equipment used and will be submitted at a 
frequency of 1 per day per media. 

Field Blanks - Samples consisting of the source water used in decontamination and steam cleaning. 
Field blanks will be generated at the rate of l/event/media. 

Trip Blanks - Allow the evaluation of contamination generated from sample containers and changes 
occurring during the shipping process. Samples are prepared prior to the sampling trip. Trip blanks 
are not exposed to field conditions. These are typically associated with the analysis of volatile organic 
compounds. Will be generated at a rate of l/cooler used for shipping VOAs. 

The proposed field quality control samples are included in Table 3-l (Section 3.0). 

9.2 LABORATORY QUALITY CONTROL CHECKS 

Laboratory analysis will be conducted in accordance with the appropriate analytical methods 
(Table 7-l). Internal laboratory quality control checks include surrogate and matrix spike addition 
and analysis and reagent blank generation and analysis. Laboratory quality control procedures for 
TCL compounds, BTEX, and hexavalent chromium will be performed as summarized in the CLP 
Statement of Work, Attachment E. 

9.2.1 Chlorinated Herbicides 

The quality control procedures routinely employed in Gas Chromatography (GC) analyses of water for 
chlorinated herbicides are presented below. 

Standardization 

The CC is calibrated initially with five standards covering the working range of the instrument. 

After each 10 samples are analyzed, or each day that analyses are performed, the instrument is 
standardized against a standard solution containing the compounds of interest. A response factor 
(RF) can be determined by the internal standard (IS) method, each time the standardization is 
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performed. Internal standards are added to all standards as well as to all blanks and samples before 
injection into the GC system. internal standard areas for each sample are monitored to detect 
changes in instrument conditions. The standardization response factor is calculated as follows: 

*scls RF = - 
*,scs 

Where: 

As = Integrated area of the characteristic ion for the pollutant standard. 
4s = ,lntegrated area of the characteristic ion for the internal standard. 
CIS = Amount (mg) of the internal standard. 
cs = Amount (mg) of the pollutant standard. 

A constant amount of internal standard is added to all samples, and the concentration (Co) of each 
chlorinated herbicide in the sample is calculated using the following equation: 

co in l..lg/l = 
(As) C,& 

(AIs) (RF) W,) 

Where: 

Vo is the volume of original sample in liters. 

Surrogate Standards 

Surrogate standards are added to all samples and blanks during sample preparation. The recoveries 
of the surrogate compounds are used to isolate any problems that could occur throughout the entire 
analytical process. For example, for chlorinated herbicide analysis, a preliminary extraction is 
required prior to analysis. The surrogates are added prior to the extraction so that not only 
instrument problems, but also extraction problems and sample matrix problems, can be detected. 

Blanks 

An aliquot of deionized water is taken through each preparation procedure each day samples are 
analyzed as a check for glassware and reagent contamination. 
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10.0 PERFORMANCE AND SYSTEM AUDITS 
.- 

The laboratory conducting the analyses will be fully certified and approved by the Navy as part of the 
Naval Energy and Environmental Support Activity. The laboratory will be audited as per the 
requirements of this approval process. 
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11 .O PREVENTIVE MAINTENANCE 

Measuring equipment used in environmental monitoring or analysis and test equipment used for 
calibration and maintenance shall be controlled by established procedures. Measuring and test 
equipment shall have an initial calibration and shall be recalibrated at scheduled intervals against 
certified standards, according to the CLP Statement of Work, Attachment E, or the procedures for 
other methods. Equipment will be calibrated periodically. Test equipment used for calibration of 
sensors shall also be calibrated at least once a year or when maintenance or damage indicates a need 
for recalibration. 

NUS 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. 
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12.0 DATA ASSESSMENT FOR 
PRECISION, ACCURACY, AND COMPLETENESS 

The procedures used to assess precision, accuracy, and completeness (PAC) of laboratory data are 
described in Section 3.0. Upon completion of the analytical phases, of the project, data will be 
reviewed and validated as outlined in Section 8.0. In conjunction with the data review and validation, 
the specific PAC results will be compared with the laboratory quality control criteria and the 
completeness objective. Discrepancies may affect the usefulness of the data. 
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13.0 CORRECTIVE ACTION 

The need for corrective action may become apparent during surveillance of field activities, 
procurement of services and supplies, or other operations that may affect the quality of work. 
Corrective action will be taken immediately by the Project Manager and/or field personnel. 

The identification of significant conditions adverse to quality, the cause of the conditions, and the 
corrective actions shall be documents by the FOt and reported to the appropriate levels of 
management. The NUS Project Manager will have overall responsibility for implementing corrective 
actions, and must identify those responsible for initiating corrective action to remedy immediate 
effects of the problem. 

The corrective action program covers the analysis of the cause of any negative audit findings and the 
corrective actions required. This program includes the investigation of the cause of significant or 
repetitious unsatisfactory conditions relating to the quality of sampling, service, or the failure to 
implement or adhere to required quality assurance practices such as SOPS. 

Acceptability of laboratory data is defined by the PARCC parameters in Section 3.0 of this Quality 
Assurance Plan. If the data do not meet these criteria, it may be necessary to resample the locations 
for which deficiencies were noted. This laboratory has audit and corrective action procedures in place 
that they must follow. 
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14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 
al 

The Project Manager shall prepare a report summarizing the quality assurance and quality control 
status for the project and any conditions adverse to quality. Topics to be included in the report are as 
follows: 

l Results of any audits. 
0 Results of surveillances. 
l Any nonconformances initiated. 
l Training provided to project personnel. 
l Any significant quality assurance problems, together with recommended solutions. 

Assessment of the measurement data for precision, accuracy, and completeness is performed by the 
Chemistry/Toxicology Group and is reported to the Project Manager in the form of data validation 
letters. 
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whenever ‘applicable, noting that site-specific conditions or project-specific plans may require 
adjustmeqts in methodology. 

3.0 GLOSSARY 

None. * 

4.0 .RESPONSIBILITlES 

Site Hvdroqeolbaist or Geochemist - responsible for selecting and detailing the specific groundwater 
sampling techniques and equipment to be used, documenting these in the Project Operations Plan 
(POP), and properly briefing the site sampling personnel. 

. ‘._. 
Site Geoloaist- The Site Geologist is primarily responsible for the proper acquisition of the 
groundwater samples. When appropriate, such responsibilities may be performed by other qualified 
personnel (engineers, field technicians). 

Site Manaaer- The Site Manager is responsible for reviewing the sampling procedures used by the 
field crew and for performing in-fieid spot checks for proper sampling procedures. 

5.0. PROCEDURES 

5.1 G,ENERAL 

To be useful and accurate, a groundwater sample must be representative of the particular zone oi the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of testing in ordei to keep any changes in water 
quality parametersto a minimum; 

. Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of 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 vertical mixing of water in the well pipe or casing, and stratification will 
occur. The well water in the screened section will mix with the groundwater due to normal flow 
patterns, but the well water above the screened section will remain isolated and become stagnant. 
To safeguard against’ collecting non-representative stagnant water in a sample, the following 
approach shall be followed prior to sample acquisition: 

. 

1.0 PU’RPOSE 

The purpose of this procedure is to provide general reference information on the sampling of 
groundwater wells. The methods and, equipment described are for the collection of water samples 
from the saturated zone of the subsurface. 

2.0 SCOPE 

This procedure provides information on proper sampling,equipment and techniques for groundwater 
sampling. Review of the information contained herein will’facilitate planning of the field sampli.ng 
effort. by describing standard sampling techniques. The techniques described shall be followed . 

D334901 



;ubject Number Page 
SA-1.1 3of 14 

GROUNDWATER SAMPLE ACQUlSlTlON Revision Effective Date 
2 05/04/90 

1. AlI monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to 
five volumes is recommended for a representative sample. In a high-yielding groundwater 
formation and where there is no stagnant water in the well above the screened section, 
evacuation prior to sample withdrawal is not as critical.. 

2. For wells that can be purged to dryness virith the sampling equipment being used, 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 preferred. 

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

l A submersible pump, ixtake line of a surface pump or bailer shall be placed just below the 
water surface when removing the stagnant water and lowered as the water level 
decreases. 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 bailer 
niay be used to collect the sample for chemical analysis; 

l The inlet line of the sampling pump (or the submersible pump itself) shall be placed near 
the bottoni of the screened section, and approximately one casing volume of water shall 
be pumped from the well at a rate equal to the well’s recovery rate. ‘. 

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration 
gradients due to mixing and dispersiqv, processes in a hdmogeneous layer, and in layers of variable 
permeability into which a greater or lesser amount of the contaminant plume has flowed. Excessive 
pumping can dilute or increase the contaminant concentrations in the recovered sample compared to 
what is representative of the integrated water column at that point, and thus result in thecollection 
of a non-representative sample. 

5.2 ‘SAMPLING, MONITORING, AND EVACUATION EQUIPMENT 

Sample containers shall conform with EPA regulations foi the appropriate contaminants. 

The following equipment shall be on hand when sampling ground water wells: 

i Samole oackaaina and shiooind eauioment -‘Coolers for sample shipping and cooling, 
‘chemical preservatives, appropriate packing containers and filler, ice, labels and chain-of- 
custody documents. 

0 Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags; 
appropriate keys (for locked wells); engineers rule; water:level indicator; where 
applicable, specific-conductivity meter. 

0 Pumas 

- Shallow-well pumps--Centrifugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

* Deep-well pumps--submersible pump and electrical power generating unit, or air-lift 
apparatus where applicable. 

: 
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l Other samolina eouioment - Bailers and monofilament line with tripod-pulley assembly (if 
necessary). Bailers shall, be used to obtain samples for volatile organics from shallow and 
deep groundwater wells. 

o Pails - Plastic, graduated. 

l Decontamination solutions - Distilled water, Alconox, methanol, acetone. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, 
sterilized, and reused, able to operate at remote sitesin the absence of power sources, and capable of 
deliverin’g variable rates for well flushing and sample collection. . . 

5.3 cALC”LATlONS OF.WELL”OL”ME 

To insure that the prop’er volume of water has been reinoved,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 easily 
calculated by the following method. Calculations shall be entered in the field logbook and on the 
field data form (Attachment A): 

l Obtain all available information on welt construction (location, casing, screens, etc.). 

0 

0 

Determine well or casing diameter. 

E \  

0 

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

. . ., 
Determine depth of well (if not kno& from past records) by sounding using a clean, 
decontaminated weighted tape measure. 

Calculate number of liirear 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 = 0.163Tr2). 

where: 

v‘ =: Static volume of well in gallons. 
T = Thickness of water table in the well measured in feet, i.e., linear feet of static 

water. 
r = .Inside radiusof well casing in inches. 
0.163’ = A constant conversion factor which compensates for the conversion of the 

casing radius from inches to feet, the conversion of cubic feei to gallons, and 
. pi. 

0 

0 

l Determine the minimum amount to be evacuated before sampiing. ._ 
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5.4 EVACUATION OF STATIC WATER (PURGING) 

5.4.1 General 

The amount of flushing 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 
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite 
measurements of these parameters shall be recorded on the field data form. 

. 
For defining a contaminant plume, a representative sample of only a small volume of the aquifer is 
required. These circumstances require that’the well be pumped enough to remove the stagnant 
water but not enough to induce significant groundwater flow from other areas. Generally three.to 
five well volumes are considered effective for purging a well. 

The site hydrogeologist, geochemist and risk assessment personnel shall’define the objectives of the 
groundwater sampling program in the Work Plan, and provide appropriate criteria and guidance to 
the sampling personnel on the proper methods and volumes of well purging. 

5.4.2 Evacuation Devices 

The following discussion is limited’ to those devices commonly used at hazardous waste sites. 
Attachment 8 provides guidance on-.the proper evacuation device to use for given sampling 
situations. Note that all of these techniques involve equipment which is portable and readily 
available. 

5.4.2.1 Bailers 

Bailers are the simplest evacuation devices used and have many advantages; They generally consist of 
a:length,of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a 
ball check-valve at the bottom. An inert line isused to lower the bailer and retrieve the sample. 

Advantages gf bailers include: 

e Few limitations on size and materials used for bailers. 
l No external power source needed. . 
l Bailers are’inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
l There is minimal outgassing of volatile organics while the sample is in the bailer. 
e Bailers are relatively easy to decontaminate. 

Limit&ions on the use of bailers include the following: 

. l It is time consuming to remove stagnant water using a bailer. 
l Transfer of sample may cause aeration. 
l Use of bailers is physically demanding,.especially in warm temperatures at protection levels 

above Level 0. 
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5.4.2.2 Suction Pumps 
. ~ 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, 
peristaltic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at 
a fast pumping rate and Sor sampling at a low pumping rate. The peristaltic pump is a low volume 
pump (therefore not suitable for well purging) that uses rollers to squeeze a flexible tubing, thereby 
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher 
pump is a common farm hand-pump. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet’of the ground. surface. A 
significant limitation is that the vacuum created,by these pumps’can cause significant loss of dissolved 
gases and volatile organic% In addition, the complex internal components of these pumps may be 
difficult to decontaminate. 

5.4.2.3 Gas-Lift Samplers 

This group of samplers uses gas pressure either in the annulus of the well or in a venturi to force the 
water up a sampling tube. These pumps are also relatively inexpensive. Gas lift samplers are more 
suitable for well development than for sampling because the samples may be aerated, leading to pH 
changes and subsequent trace metal precipitation or loss of volatile organics. 

5.4.2.4 Submersible Pumps 
* 5 

Submersible pumps take in water and push the sample up a sample tube to the surface. .The power 
sources 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. Pumps are available for 2-inch diameter wells and larger. These pumps can lift water from 
considerable depths (several hundred feet). 

Li.mitations of this class of pumps include: 

0 They may have low delivery-rates. 
l Many models of these pumps are expensive. 
l Compressed gas or electric power is needed. 
l Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
l Decontamination of internal components is difficult and time-consuming. 

5.5 SAMPLING 

5.5.1 Samdina Plan 

- The sampling approach consisting of the following, shall be developed as part of the POP prior to the 
field work:. 

, 
l -Background and objectives of sampling. 

l Brief description of area and waste characterization. 

l Identification of sampling locations, with map or sketch, and applicable well construction . . data (well size, depth, screened interval, reference elevation). 
. 
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l Intended number, sequence volumes, and types of samples. if the relative degrees Of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly<contaminated, these shall be ,sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

a Sample preservation requirements. 

l Working schedule. 
. 

l List of team members. 

l List of observers and contacts. 

l Other information, such as the necessity for a warrant or permission of entry, requirement 
for split samples, access problems, location of keys, etc. 

5.5.2 Samplina Methods . 

The coll&tion of a groundwater sample is made up of the following steps: 

1. HSO or designee will first open the well cap and use volatile organic detection equipment 
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory 
protection. - .., ,’ 

2. When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data in a well sampling data sheet 
(Attachment A); then calculate the fluid volume in the well pipe. 

3. Calculate well volume to be removed asstated in Section 5.3. 

‘4. Select appropriate purging equipment (see Attachment B). If an electric submersible pump 
with packer is chosen, go to Step 10. 

5: Lower 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. Lower the purging device, as required, to maintain submergence. 

6. Measure rate of discharge frequently. A bucket and stopwatch are most commonly used;‘* 
other techniques include using pipe trajectory methods, weir boxes or flow meters. 

7. Observe 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 volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

8. Purge a minimum of three-to-five casing volumes before sampling. In low permeability 
strata (i.e., if the well is pumped to dryness), one volume will suffice. 

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 bailer, lower the bailer 
to sampling level before filling (this requires use of other than a ‘bucket-type’ bailer). 

. . 
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Purged water shall be collected in a designated container and disposed of in an acceptable 
manner. 

10. (For pump and packer assembly only). Lower assembly into well so. that, packer is 
positioned just.above the screen or open section and inflate. 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), sample collection 
can be delayed until the following day. .lf the well hai been bailed early 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 record in the logbook. 

12. Add preservative if required. Label, tag, and number the sample bottle(s). 

13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. 

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping 
package. Make sure that traffic reports and chain-of-custody forms are properly filled out 
and enclosed or attached.. 

15. Decontaminate all equipment . 
I I 

5.5.3 Sample Containers 

For most samples and analytical parameters, either glass.or plastic containers are satisfactory. 

5.5.4 Preservation of Samples and Samole Volume Reauirementr . 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contaminant and on the type of analysis to be performed. Procedure SF-l.2 describes the sample 
preservation and volume requirements for most-of the chemicals that will be encountered during 
hazardous waste site investigations. Procedure SA-4.3 describes the preservation requirement for 
microbial samples. 

5.5.5 Handlina and transportinca SamPIes 

After collection, sampier shall be handled as little as possible. It is preferable to use self-contained 
“chemical” ice (e.g., “blue ice”) to reduce the risk of contaminat,ion. If water ice is used, it shall. be 
bagged and steps taken to ensure that the melted ice does not cause sample containers to be 
submerged and thus possibly become cross-contaminated. All sample containers shall be enclosed in 
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the ice chest to 
prevent movement of sample containers and possible breakage. Sample packing and transportation 
requirements are described in SA-6.2, 

5.5.6 Sample Holdina Times 
: 

Holding times (i.e. allowed time between sample collection and analysis) for routine samples are 
given in Procedure SF-1.2. 
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5.6 RECORDS 

Records will be maintained for each sample that is taken. The sample log sheet will be used,torecord 
the following information: 

l Sample identification (site name, location, project number; sample name/number and 
location; sample type and matrix; time and date; sampler’s identity). 

l Sample source and source description. -. 

l Purge data - prior to removal of ‘each’casing volume and before sampling,‘pH, electrical 
conductance, temperature, color, and turbidity shall be measured and recorded. 

o Field observations and measurements (appearance; volatile screening;’ field chemistry; 
sampling method). 

l Sample disposition (preservatives added; lab sent to, date.and time; lab sample number, 
~ EPA Traffic Report or Special Analytical Services number, chain-of-custody number. 

a Additional remarks - (e.g., sampled in conjunction with state, county, local regulatory 
authorities; samples for specific conductance value only; sampled for key indicator 
analysis; etc.). 

5.7 CHAIN-OF-CUSTODY ;.,‘, 
I I 

Proper chain-of-custody procedures play a crucial role in data gathering. Procedure SA-6.1 .describes 
the requirements for a correct chain-of-custody. 
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1.0 PURPOSE 

This procedure describes methods and equipment commonly-used for collecting environmental 
samples of surface water’and aquatic sediment for either on-site examination and chemical’ testing or 
for laboratory analysis. 

2.0 SCOPE 

The information presented in this guideline is generally applicable to all environmental sampling of 
surface waters (Section 5.3) and aquatic sediments (Section 5.4), except where the ana.iyte(s) may 
interact with the sampling equipment. The collection of concentrated sludges or hazardous waste 
samples from disposal or process lagoons often requires methods, precautions and equipment 
different from those described herein. 

3.0 GLOSSARY 

Environmental Sample - low concentration sample typically collected offsite and not.requiring DOT 
hazardous waste labeling or CLP handling as a high concentration sample. 

Hazardous Waste Sample ; medium to high concentration sample (e.g., source material, sludge, 
leachate) requiring DOT labeling and CLP handling as a high concentration sample. 

4.0 RESPONSIBILITIES * . 
; 

Field Ooerations Leader - has overall responsibility for the correct implementation of surface water 
and sediment sampling activities, including review of the sampling plan with, and any necessary 
training of, the sampling technician(s). The actual collection, packaging, documentation (sample 
label and log sheet, chain-of-custody record, CLP traffic reports, etc.) and initial custody of samples 
will be the responsibility of the sampling technician(s). 

5.0 PROCEDURE5 _ 

5.1 INTRODUCTION 

Collecting a’ representative sample from surface water or sediments is difficult because of water 
movement, stratification or patchiness. To collect representative samples, one must standardize 
sampling bias related to site selection; sampling frequency; sample collection; sampling devices; and 
sample handling, preservation, and identification. . 

Representativeness is a qualitative description of the degree to which an individual sample accurately 
. reflects population characteristics or parameter variations at a.sampling point. it is therefore an 

important quality not only of assessment and quantification of environmental threats posed by the 
site, but also for providing information for engineering design and construction. Proper sample 
location selection and proper sample collection methods are important to ensure that a truly 
representative sample has been taken. Regardless of scrutiny land quality control applied during 
laboratory analyses, reported data are not better than the confidence that can be placed in the 
representativeness of the samples. 

-. 
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5.2 DEFINING THE SAMPLING PROGRAM 

Many factors must be considered in developing a sampling program for surface water or sediments 
.including study objectives; accessibility; site topography; .flow, mixing and .othe.r physical- 
characteristics of the water body; point and diffuse sources of contamination;.and personnel and 
equipment available to conduct the study. For waterborne constituents, dispersion depends on the 
vertical and lateral mixing within the body of water. For sediments, dispersion depends on bottom 
current or flow characteristics, sediment characteristics (density, size) and geochemical properties 
(which affect an adsorption/desorption). The hydrologist developing the sampling plan must. 
therefore, know not only the mixing characteristics of streams and lakes, but also must understand 
the roleof fluvial-sediment transport, deposition;and chemical sorption. 

5.2.1 Samplina Proaram Obiectives 

The objective of surface water sampling is to determine the surface water quality entering, leaving or 
remaining within the site.. The scope of the sampling program must consider the sources and 
potential pathways for transport of contamination to or in a surface water body. Sources may include 
point sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spi4I.s). The major pathways for 
surface water contamination (not including airborne deposition are: (a) overland runoff; (b) leachate 
influx to the waterbody; (c)direct waste disposal (solid or liquid) into the water body; and. 
groundwater flow influx from upgradient. The relative importance of these pathways, and therefore * 
the design of the sampling program, iscontrolled by the physiographic and hydrologic features of the 
site, the drainage basin(s) which encompass the site, and the history of site activities. 

Physiographic and hydrologic features& be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal .effects, artificial surface runoff controls such as berms or 
drainage ditches (and when they were constructed relative to site operation), and locations of 
springs, seeps, marshes, etc. In addition, the obvious considerations such as the location of man-made 
discharge points to the nearest stream (intermittent or flowing), pond, lake, estuary, etc., shall be 
considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of 
dissolved or sediment-associated contaminants away from the source. The dispersion could lead to a 
more homogeneous distribution of contamination at low or possibly non-detectable concentrations. 
Such dispersion does not, .however, always readily occur. For example, obtaining a representative 
sample of contamination from a main stream immediately below an outfall or a tributary is difficult 
because the inflow frequently follows a stream bank with little lateral mixing for some distance. 
Sampling alternatives to overcome this situation are: (1) move the site far enough downstream to 
allow for adequate mixing, or (2)collect integrated samples in a cross section. Also, 
nonhomogeneous distribution is a particular problem with regard to sediment-associated 
contaminants, which may accumulate in low-energy environments (coves, river bends, deep spots, or 
even behind boulders) near or distant ,from the source while higher-energy areas (main stream 
channels) near the source may show no contaminant accumulation. 

The distribution of particulates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to be absorbed by particulate matter. Nitrogen, 
phosphorus, and the heavy metals may also be transported by particulates. Samples will be collected 
with a representative amount of suspended material; transfer from the sampling device shall include 
transferring a proportionate amount of the suspended material. 
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5.2.2 Location of Samnlina Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utiI.ity of a sample for 
,ana.lysis and description of site conditions must be balanced against the costs of collection as 
controlled by accessibility. Bridges or piers are the first choice for locating a sampling station on a 
stream because bridges provide ready access and also permit the sampling technician to sample any 
point across the stream. A boat or pontoon (with an associated increase in cost) may be needed to 
sample locations on lakes and reservoirs, as well as those on larger rivers. Frequently, however, a boat 
will take longer to cross a water body and ‘will hinder manipulation of the sampling equipment. 
Wading for samples is not recommended unless it is known that contaminant levels are low so that 
skin contact will not produce adverse health effects. This provides a built in margin of safety in the 
event’that wading boots or other protective equipment should fail to function properly. If it is 
necessary to wade into the water body to obtain a sample, the sampler shall be careful to minimize 
disturbance of bottom sediments and must enter the water body downstream of the sampling 
location. If necessary; the sampling technician shall wait for the sediments to settle before taking a 
sample. 

Sampling in marshes or.tidal’areas may require the use of an all-terrain-vehicle (ATV). The same 
precautions mentioned above with regard to sediment disturbance will apply. 

Under ideal- and uniform .contaminant dispersion conditions in a flowing stream, the same 
concentrations of each would occur at all points along the cross section. This situation .is most likely 
downstream of areas of high turbulence, Careful site selection is needed in order to ensure, as nearly 
as possible, that samples are taken where uniform flow or deposition and good mixing conditions 
exist. . * 

:. 

The availability of streamflow and sediment discharge records can be an important consideration in 
choosing sampling sites in streams. Streamflow data in association with contaminant concentration 
data are essential for estimating the total contaminant loads carried by the stream. If a gaging 
station is not conveniently located on a selected stream, the project hydrologist shall explore the 
possibility of obtaining streamflow data by direct or indirect methods. 

5.2.3 Freauencv of Sampling 

The sampling frequency and the objectives of the sampling event will be defined by the work plan. 
For single-event site- or area-characterization sampling, both bottom material and overlying water 
samples shall be collected at the specified sampling stations. ‘If valid data are available on the 
distribution of the contaminant between the solid and aqueous phases it may be appropriate to 
sample only one phase, although this is not often recommended. If samples are collected primarily 
for monitoring purposes, consisting of repetitive, continuing measurements to define variations and 
trends at a given location, water samples shall be collected at a pre-established and constant interval 
as specified in the work plan (often monthly or quarterly) and during droughts and floods. Samples 
of bottom material shall be collected from fresh deposits at least yearly, and preferably during both 
spring and fall seasons. 

The variability in available water-quality data shall be evaluated .before deciding on the number and 
collection frequency of samples required to maintain an effective monitoring program. 

-. 
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5.3 SURFACE WATER SAMPLE COLLECTION 
. 

5.3.1 Streams, Rivers, Outfalls and Drainaae Features (Ditches. Culverts) 

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary from the 
simplest of hand sampling procedures to the more sophisticated multipoint -sampling techniques 
known as the equal-width-increment (EWI) method or the equal-discharge-increment (EDI), methods 
(see below). 

Samples from different depths or cross-sectional locations in the water course taken during the same 
sampling episode shall be cornposited. However,’ samples collected along the length. of the 
watercourse or at different times may reflect differing inputs or dilutions and therefore shall not be 
composited. Generally, the number and type of samples to be taken depend on the river’s-width, 
depth, discharge and on the suspended sediment the river’s transports. The greater number of 
individual points that are sampled, the more likely that the composite sample will truly represent the 
overall characteristics of the water. 

In small streams less than about 20 feet wide, a sampling site can general.ly be found where the water 
is well-mixed. In such cases, a single grab sample taken at mid-depth in the center of the channel .ir 
adequate to represent the entire cross-section. 

For larger streams,’ at least one vertical composite shall be taken with one sample each from just 
below the surface, at mid-depth, and just above the bottom. The measurement of DO, pH, 
temperature, conductivity, etc., shall be made on each aliquot of the vertical composite and on the 
composite itself. For rivers, several vertital.composites shall be collected. 

I- 

“., 
I, 

5.3.2 Lakes, Ponds and Reservoirs 

Lakes, ponds, and reservoirs have as much greater tendency to stratify than rivers and streams. The 
relative lack of mixing requires that more samples.be obtained. 

The number of water sampling sites on a lake, pond, or impoundment will vary with the size and 
shape of the basin. In ponds and small lakes, a single vertical composite at the deepest point may be 
sufficient. Similarly, the measurement of DO, pH, temperature, etc., is to be conducted on each 
aliquot of the vertical composite. In naturally-formed ponds, the deepest pdint may have to be 
determined empirically; in impoundments, the deepest point is usually near the dam. 

In lakes and larger reservoirs, several vertical composites shall be composited to form a single sample. 
These verticals are often taken along a transect or grid. In some cases, it may be of interest to form 
separate composites of epilimnetic and hypolimnetic zones. In a stratified lake, the epilimnion is the 
thermocline which is exposed to the atmosphere. The hypolimnion is the lower, “confined” layer 
which is only mixed with the epilimnion and vented.to the atmosphere during seasonal “overturn” 
(when density stratification disappears). These two zones may thus have very different 
concentrations of contaminants if input is only to one zone, if the contaminants are volatile (and 
therefore vented from the epilimnion but not the hypolimnion), or if the epilimnion’only is involved 
in short-term flushing (i.e., inflow from or outflow to shallow streams). Normally, however, a 
composite consists of several verticals with samples collected at various depths. 

In lakes with irregular shape and with bays and coves that are protected from the wind, separate 
composite samples may be needed to adequately represent water quality since it is likely that only 
poor mixing will occur. Similarly, additional samples are recommended where discharges, tributaries, 
land use characteristics, and other such factors are suspected of influencing water quality. 
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Many lake measurements are now made in-situ using sensors and automatic readout or recording 
devices., Single and multiparameter instruments are.available for measuring temperature, depth,‘pH, 
oxidation-reduction potential (ORP), specific conductance, dissolved oxygen, some cations ‘and 
anions, and light penetration. . 

5.3.3 Estuaries 

Estuarine areas are by definition zones where inland freshwaters (both surface and ground) mix with 
oceanic saline waters. Estuaries are generally categorized into three types dependent upon 
freshwater inflow and mixing properties. Knowledge of the estuary type is necessaryto determine. 
sampling locations: I I 

l - Mixed estuary - characterized by the absence of a vertical halocline (gradual or no marked 
increase in salinity in the water column) and a gradual increase in salinity seaward. 
Typically this type of estuary is shallo\iv and is found in major freshwater sheetflow areas. 
Being well mixed, the sampling locations are not critical in this type of estuary. 

. . . . 
l Sait wedge estuary - characterized by a sharp vertical increase in salinity and stratified 

freshwater flow along the surface. In these estuaries the vertical mixing forces cannot 
override?he density differential between fresh and saline waters. In effect, a salt wedge, 
tapering inland moves horizontally, back and forth, with the tidal phase. If contamination 
is being introduced into theestuary from upstream, water sampling from the salt wedge 
may miss it entirely. . . 

. . . 
0 Oceanic estuary - characterized by salinities approaching full strength oceanic waters. 

Seasonally, freshwater inflow is small with the preponderance of the fresh-saline water 
mixing occurring near, or at, the shore line. 

Sampling in estuarine areas is normally based upon the tidal phases, with samples collected on 
successive slack tides (i.e. when the tide turns). Estuarine sampling programs shall include vertical 
salinity measurements at 1 to 5 foot increments c&pled. with vertical dissolved oxygen and 
temperature profiles. 

. . 

53.4 !hrfZKe Water SamDha EauiDment 

Number 
W-1.2 

Revision 
2 

Page 
6of 10 

Effective Date _-- 
05/04/90 

The selection of &npling equipment depends on the site conditions and sample type required. The 
most frequently used samplers are: 

l Opentube 
l Dip sampler 
0 Hand pump 
e Kemmerer 
l Depth-Integrating Sampler 

The.dip sampler and the weighted bottle sampler aie used most often. 

. 
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The criteria for selecting a sampler include: 

l Disposable and/or easily decontaminated 
l inexpensive (if the item is to be disposed of) . - 

Ease of operation 0 
e Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample 

chambers are preferred (in that order) 

Each sample (grab or each aliquot collected for compositing) shall be measured for: 

l Specific conductance 
e Temperature 
l pH (optional) 
0 Dissolved oxygen (optional) 

as soon as it is recovered. These analyses will provide information on.water mixing/stratification and 
potential contamination. 

5.3.4.1 Dip Sampling. 

Water is often sampled by filling a container either attached to a pole or held directly, from just 
beneath the surface of the water (a dip or grab sample). Constituents measured in grab samples are 
only indicative of conditions near the surface of the water and may not be a true representation of 
the total concentration that is distributed throughout the water column and in the cross section. 
Therefore, whenever possible it is reco,mmended to augment dip samples with samples that represent 
both dissolved and suspended constituents and both vertical and horizontal distributions. 

. 
5.3.4.2 Weighted Bottle Sampling 

A grab sample can also be taken using a weighted holder that allows a sample to be lowered to any 
desired depth, opened for filling, closed, and returned to the surface. This allows discrete sampling 
with depth. Several of these samples can be combined to provide a vertical composite. Alternatively, 
an open bottle can be lowered to the bottom and raised to the surface at a uniform rate so that the 
bottle collects sample throughout the total depth and is just filled on reaching the surface. The 
resulting sample using either method will roughly approach what is known as a depth-integrated 
sample. 

A closed‘weighted bottle sampler consists of a stopped glass or plastic bottle, a weight and/or holding 
device, and lines to open the stopper and lower or raise the bottle. The procedure for sampling is: 

. . 

l Gently lower the sampler to the desired depth so as not to remove the stopper premature.ly 
(watch for bubbles); 

l Pull out the stopperwith a sharp jerk of the sampler line. 

0 Allow the bottle to fill completely, asevidenced by the absence of air bubbles. 

l Raise the sampler and cap the bottle. 

D . 

l Decontaminate the outside of the bottle. The bottle can be used as the sample container 
(as long as original bottle is an approved container). . 
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5.3.4.3 Kemmerer 

If samples.ate desired at a specific depth, and the parameters to be measured do not require a Teflon 
coated sampler, a standard Kemmerer sampler may be used. The Kemmerer sampler is a brass, 
stainless steel or acrylic cylinder with rubber stoppers that leave the ends open while being lowered in 
a vertical position to allow free passage of water through the cylinder. “Messenger” is sent down the 
line when the sampler is at the designated depth, to cause the stoppers to close the cylinder, which is 
then raised. Water is removed through a valve to fill sample bottles.’ 

5.3.5 Surface Water Samplina Techniques 

Most samples taken during site investigations are grab samples. Typically, surface water sampling. 
involves immersing the sample container in the body of water; however, the following suggestions 
are made to help ensure that the samples obtained are representative of site conditions: 

l 

. a 

0 

l 

0 

0 

0 

5.4 

5.4.1 

The most representative samples are obtained from mid-channel at 0.6 stream depth in a 
well-mixed stream. 

Even though the containers used. to obtain the samples.are previously laboratory cleaned, 
it is suggested that the sample container be rinsed at least once with the water to be 
sampled before the sample is taken. 

For sampling running water, it is suggested that the farthest downstream sample be 
obtained first and that subsequent samples be taken as one works upstream. Work from 
zones suspected of low contamination to zones of high contamination. 

’ I 
To sample a pond or other standing body of-water, the surface area may be divided into 
grids.. A series of samples taken from each grid is combined into one sample, or several 
grids are selected at random. 

Care should be taken to avoid excessive agitation of the water that results in the loss of 
volatile constituents. 

When obtaining samples in 40 ml septum vials for volatile organics, analysis, it is important 
to exclude any air space in the top of the bottle and to be sure that th.e Teflon liner faces in 
,after the bottle is filled and .capped. The bottle can be turned upside down to check for air 
bubbles.. . 

Do not sample at the surface, unless sampling specifically for a known constituent which is 
immiscible and on top of the water. Instead, the sample container should be inverted, 
lowered to the approximate depth, and held at about a 45-degree angle with the month of 
the bottle facing upstream. 

SEDIMENT SAMPLltiG 
+ 

General 

Sediment samples are usually collected at the same verticals at which water samples were collected. If 
only one sediment sample is to be collected, the site shall be approximately at the center of water 
body. Generally, the coarser grained sediments are deposited near the headwaters of the reservoir. 
Bed sediments near the center will be composed of fine-grained materials which may, because of 
their lower porosity and greater surface area available for adsorption, contain greater concentrations 

I 
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of contaminants. The shape, flow pattern, bathometry (depth distribution), and water circulation 
patterns must all be considered when selecting sediment sampling sites. In streams, areas likely to 
have sediment accumulation (bends, behind islands or boulders, quiet shallow areas or very deep, 
low-velocity areas) shall be sampled while areas likely to show net erosion (high-velocity, turbulent 
areas) and suspension of fine solid materials shall be avoided. 

Chemical constituents associated with bottom material may reflect an integration of chemical and 
biological processes. Bottom samples reflect the historical input to streams, lakes, and estuaries with 
respect to time, application of che,micals, and land use. Bottom sediments (especially fine-grained 
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even if 
water column concentrations are below detection.limits). It is therefore important to minimize the 
loss of low-density “fines” during any sampling process. 

5.4.2 Samplina Equipment and Techniaues 

A bottom-material sample may consist of a single scoop or core or may be’ a composite of several 
individual samples in the cross section. Sediment samples may be obtained using on-shore or 
off-shore techniques. 

When boats are used for sampling, life preservers must be provided and two individuals must 
undertake thesamphng. An.additional person shall remain on-shore in visual contact at all times. 

The following samplers may be used to collect bottom materials: 

l Scoop sampler . . 
l Dredgesamplers .‘. ” ,, 

5.4.2.1 Scoop Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of 
bamboo, wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end 
of the pole is usually attached using a clamp. 

If’the water body can be sampled from the shore or if it can be waded, the easiest and “cleanest” way 
to collect a sediment sample is to use a scoop. sampler. This reduces the potential for cross- 
contamination. This method is accomplished by ,reaching over or wading into the water body and, 
while facing upstream (.into the current), scooping in the sample along the bottom in the upstream 
direction; It is very difficult not to disturb fine-grained materials of the sediment-water interface 
when using this method. . 

5.4.2.2 Dredger 

Dredges are generally used to sample sediments which cannot easily be obtained using coring devices 
(i.e., coarse-grained or partially-cemented materials) or when large ,quantities of materials are 
required. Dredges generally consist of a.clam shell arrangement of two buckets. . The buckets may 
either,close upon impact or be activated by use of a messenger. Most dredges are heavy (up to 
several hundred pounds) and require use of a winch and crane assembly for sample retrieval. There 
are three major types of dredges: Peterson, Eckman and Ponar dredges. 

The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity 
is high. The dredge shall be lowered very slowly as it approaches bottom, because it can force out and 
miss lighter materials if allowed to drop freely. 
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The Eckman dredge has only limited usefulness. It performs well where bottom material is unusually 
soft, as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, 
and hard bottoms and is too light-for use in streams with high flow velocities. 

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top 
of the sample compartment. The screen over the sample compartment permits water to pass through 
the sampler as it descends thus reducing the “shock wave” and permitting direct access to the secured 
sample without opening the closed,jaws. The Ponar dredge is easily operated by one person in the 
same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers for 
general use on all types of substrates. Access to the secured sample through the covering. screens 
permits subsampling of the secured material with coring tubes or Teflon scoops, thus minimizing the 
change of metal contamination from the frame of the device. 

6.0 REFERENCES 

Feltt, H. R., 1980. Sionificance of Bottom Material Data in Evaluatino Water Qualitv in Contaminants 
and Sediments. Ann Arbor, Michigan, Ann Arbor Science Publishers, Inc., V. 1, p. 271-287. 

Kittrell,. F. W., 1969. A Practical Guide to Water Qualitv Studies of Streams. U.S. Federal Water 
Pollution Control Administration, Washington, D.C., 135~. 

U.S. EPA, 1980. Standard Operating Procedures and Oualitv Assurance Manual. Water Surveillance 
Branch, USEPA Surveillance and Analytical Division, Athens, Georgia. . . 

U.S. Geological Survey, 1977. National Handbook of Recommended Methods for Water-Data 
Acauisition. Office of Water Data Coordination, USGS, Reston, Virginia. 

7.0 ATTACHMENTS 

None. 
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1.0 PURPOSE 

This purpose of this procedure is to provide information on chain-of-custody procedures to be used 
under the NUS Program. 

2.0 SCOPE 

This procedure describes the steps necessary for transferring samples through the use of Chain-of- 
Custody Records.. A Chain-of-Custody Record is required, without exception, for the tracking and 
recording of all samples collected for on-site or off-site analysis (chemical or geotechnjcal) during 
program activities. Use of the Chain-of-Custody Record Form creates an accurate written record that 
can be used to trace the possess.ion and handling of the sample from the moment of its collection 
through analysis and its introduction as evidence. This procedure identifies the necessary custody 
records and describes their completion. 

This procedure does not take precedence over region-specific or site-specific requirements for chain- 
of-custody. 

3.0 GLOSSARY - 

Chain-of-Custodv Record Form - A Chain-of-Custody Record Form is a printed two-part form that 
accompanies a sample or group of samples as custody of the sample(s) is transferred from one 
custodian to another custodian. A Chain-of-Custody Record Form is a controlled document, provided 
by the regional office of EPA. : 

1 ’ 
The chain-of-custody form is a two-page carbon-copy type form. The original form accompanies the 
samples during shipment, and the pink carbon-copy is retained in the project file. 

Controlled Document - A consecutively-numbered form released by EPA or Program Management 
Office (PMO) for use on a particular work assignment. All unused forms must be returned or 
accounted for at the conclusion of the assignment. 

Custodian - The person responsible for the custody of samples at a particular time, until custody is 
transferred to another person (and so documented), who then becomes custodian. A sample is under 
your custody if: 

0 It is in your actual possession. 
e It is in your view, after being in your physical possession. 
e It was in your physical possession and then you locked it up to prevent tampering. 
l It is in a designated and identified secure area. 

Samole - A sample is physical evidence collected. from a facility or the environment, which is 
representative of conditions at’the point and time that it was collected. 
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4.0 RESPONSIBILITIES 

Field Ooerations Leader - Responsible for determining that chain-of-custody procedures are 
implemented up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record and maintaining custody of 
samples until they are relinquished to another custodian, to the shipper, or to the common carrier. 

Remedial lnvestiqation Leader - Responsible for determining that chain-of-custody procedures have 
been met by the sample shipper and analytical laboratory. 

. 
5.0 PROCEDURES 

5.1 OVERVIEW 

The term “chain-of-custody” refers to procedures which ensure that evidence’ presented in a court of 
law is what it is represented to be. The chain-of-custody procedures track the evidence from the time 
and place it is first obtained to the courtroom and, secondly, provide security for the evidence as it is 
moved and/or passes from the custody of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the 
management control of samples. Regulatory agencies must be able to provide the chain of 
possession and custody of any samples that are offered for evidence, or that form. the basis of 
analytical test results introduced as -evidence. Written procedures must be available and followed 
whenever evidence samples are collected, transferred, stored, analyzed, or destroyed. . . . 

I 
( 

5.2 SAMPLE IDENTIFICATION 

The method of identification of a sample depends on the type of measurement or analysis 
performed. .When in-situ measurements are made, the data are recorded directly in bound logbooks 
or other field data records, with identifying information. 

5.2..1 Sample Label 

Samples, other than in-situ measurements, are removed and transported from the sample location to 
a laboratory or other location for analysis. Before. removal, however, a sample is often divided into 
portions, depending upon the analyses to be performed. Each’portion is preserved in accordance 
with the Sampling Plan. Each sample container is identified by a sample label (see Attachment B). 
Sample labels are provided by the PMO. The information recorded on the sample !abel includes: 

l Project: EPA Work Assignment Number (can be obtained from the Sampling Plan). 

o Station Location: The unique sample number identifying this sample (can be obtained 
from the Sampling Plan).. 

l Date: A six-digit number indicating the day, month, .and year of sample collection; 
e.g., 1 U2liB5. 

0 Time: A four-digit number indicating the 24hour time.of collection (for example: 0954 is 
9: 54 a.m., and 1629 is 4:29 p.m.). 

l Medium: Water, soil, sediment, sludge, waste, etc. 

0.334901 
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0 Concentration: The expected concentration (i.e., low; medium, high). 

l Sample Type: Grab or composite. 

l Preservation: Type of preservation added and pH levels. 

l Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other; 

l Sampled By: Printed name of the sampler. 
. 

.e Case Number: Case number assigned by the Sample Management Office. ’ 

l Traffic Report Number: .Number obtained from the traffic report labels. 

w  Remarks: Any pertinent additional information. 

Using just the work assignment number of the sample label maintains the anonymity of sites. This 
may be necessary, even to the extent of preventing the laboratory performing analysis from knowing 
the iden’tity of the site (e.g., if the laboratory is part of an organization that has performed previous 
work on the site). 

5.2.2 Sample identification Taq 

A Sample Identification Tag (Attachment F) must also be used for samples collected for CLP (Contract 
Laboratory Program) analysis. The.Sample Identification Tag is a white, waterproof paper label, 
approximately 3-by-6 inches, with a reinforced eyelet, and string or wire for attachment to the neck 
of the sample bottle. The Sample Tag is a controlled document, and is provided by the regional EPA 
office. Following sample analysis, the Sample Tag is retained by the laboratory as evidence of sample 
receipt and analysis. 

The following information is recorded on the tag: 

l Project Code: Work Assignment Number. 

l Station Number: The middle portion ‘of the Station Location Number, (between the 
hyphens). 

l Month/Day/Year: Same as Date on Sample Label. 

l Time: Same asTime on Sample Label. 

l Designate - Camp/Crab: Composite or grab sample. 

l Station Location: Same ai Station Location on Sample Label. 

l Samplers: Same as Sampled By on Sample Label. 

l Preservative: Yes or No. 

l Analyses: Check appropriate box(es). 

b 
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l Remarks: Same as Remarks on Sample Label (make sure the Case Number and Traffic 
Report numbers are recorded). I 

l Lab Sample Number: For laboratory use only. 

The tag is then tied around the neck of the sample bottle. . 

If the sample is to be split, it is aliquoted into similar sample containers. Identical information is 
completed on the label attached to each split. 

Blank, duplicate, or field spike samples shall not be identified as such on the label, as they may 
compromise the quality control function. Sample blanks, duplicates, spikes, and splits are defined in 
Piocedure SA-6.6. 

5.3 CHAIN-OF-CUSTODY PROCEDURES 

‘After collection, separation, identification; and preservation, the sample is maintained under 
chain-of-custody procedures until it is in the custody of the analytical laboratory and has been stqred 
or disposed of. 

5.3.1 ’ Field Custodv Procedures 

l Samples are collected as described in the site-specific Sampling Plan. Care must be taken to 
record precisely the sample location and to ensure that the sample number on the label 
matches the sample log sheeTand Chain-of-Custody Record exactly. 

l The person undertaking the actual sampling in the field is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 

l When photographs are taken of the sampling as part of the documentation procedure, the 
name of the photographer, date, time, site location, and site description .are entered 
sequentially in the site logbook as photos are taken. Once developed, the photographic 
prints shall be serially numbered, corresponding to.the logbook descriptions. 

l Sample labels shall be completed for each sample, using waterproof ink unless prohibited 
byweather conditions, e.g., a logbook notation would explain that a pencil was used to fill 
out thesample label because a ballpoint pen would not function in freezing weather. 

5.3.2 Transfer of Custodv and Shbment 

Samples are accompanied by a Chain-of-Custody Record Form. Chain-of-Custody Record Forms used 
in EPA Regions I-IV are shown in Attachments A through D. The appropriate form shall be obtained 
from the EPA Regional Office. When transferring the possession of samples, the individuals 
relinquishing and receiving will sign, date, and note the time on the Record. This Record documents 
sample custody transfer from the sampler, often through another person, to the analyst in the 
laboratory. The Chain-of-Custody ,Record is filled out as follows: 

l Enter header information (project number, samplers, and project name -- project name can 
be obtained from the Sampling Plan). 

l Sign, date, and enter the time under “Relinquished by” entry. 

D334901 
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Enter station number (the station number is the middle portion of the station location . 
number, between the hyphens). 

Check composite or grabsample. . * 

Enter station location number (the same number as the station location on the tag and 
label). 

Enter the total number of containers per station number and the type of each bottle. 

Enter either the inorganic traffic,report number, the organic traffic report number, or the 
SAS number for each station number in the remarks column. I 

Enter the tag number from the bottom of the sample identification tag in the remarks 
column for each station location. 

Make sure that the person receiving the sample signs the “Received by” entry, or enter the 
name of the carrier (e.g., UPS, Federal Express) under “Recgived by.” Receiving labaratory 
will sign “Received for Laboratory by” on the lower line and enter the date and time. 

Enter the bill-of-lading or Federal Express airbill number under “Remarks,” in the bottom 
right corner, if appropriate. 

Place the original (top, signed copy) of the Chain-of-Custody Record Form in the 
appropriate sample shipping,package. Retain the pink copy with field records. 

, 
Sign.and date the custody seal, a l-by 3-inch white paper label with black lettering and an 
adhesive backing. Attachment G is.an example of a custody seal. The custody seal is part of 
the chain-of-custody process and is used to prevent tampering with samples after they have 
been collected in the field. Custody seals are provided by ZPMO on an as-needed basis. 

Place the seai. across the shipping container opening so that it would be broken’ if the 
container is opened. . . 

Complete other carrier-required shipping papers. 

The custody record is completed using black waterproof ink. Any corrections are made by drawing a 
line through and initialing and dating the change, then entering the correct information. Erasures 
are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record Forms; 
this necessitates packing the record in the sample container (enclosed with other documentation in a 
plastic,zip-lock bag). As long as custody forms are sealed inside the sample container and the custody 
sealsare intact, commercial carriers are not required to sign off on the custody form: 

If sent by .mail, the package will..be registered with return receipt requested. If sent by common 
carrier or air freight, proper documentation must be maintained. 

. . 
The laboratory representative who accepts the incoming sample shipment signs and dates the 
Chain-of-Custody Record, completing the sample transfer process. It is then the laboratory’s 
responsibility to maintain internal logbooks and custody records throughout sample preparation and 
analysis. 

d3349y 
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5.3.3 Receipt for Samples Form 

Whenever samples are split with a private party or government agency, a separate Receipt for 
Samples Record form is prepared for those samples and marked to indicate with whom the samples 
are being split. The person relinquishing the samples to the party or agency shall require the 
signature of a representative of the appropriate party acknowledging receipt of the samples. If a 
representative is unavailable or refuses to sign, this is noted in the “Received by” space. When 
appropriate, as in the case where the representative is unavailable, the custody record shall contain a 
statement that the samples were delivered to the designated location at the designated time. This 
form must be completed and a copy given to the owner, operator, or agent-in-charge,even if the 
offer for split samples is declined. The original is retained by the Field Operations Leader. 

6.0 REFERENCES 

U.S. EPA, 1984. User’s Guide to, the Contract Laboratory Program, Office of Emergency and Remedial 
Response, Washington, D.C. 

7.0 AnACHilENTS 

Attachment A - Chain-of-Custody Record Form for use in Region I 
Attachment 8 - Chain-of-Custody Record Form for use in Region II 
Attachment C - Chain-of-Custody Record Form for use in Region III 
Attachment D - Chain-of-Custody Record Form for use in Region IV 
Attachment E - Sample Label . . ” 
Attachment F - Sample Identification Tag I’ 
Attachment G - Chain-of-Custody Seal . 
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AlTACHMENTB 
. CHAIN-OF-CUSTODY RECORD FORM FOR USE IN REGION II 

(Original is 8 by 10-l/2) 

CHAIN OF CUSTODY RECORD 
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1.0 PURPOSE 

This procedure describes the procedures and equipment required to measure the. following 
parameters of an aqueous sample in the field:. 

l PH 
l Specific Conductance 
l Temperature 
0 Dissolved Oxygen (DO) Concentration 
l Oxidation Reduction Potential 

Certain Dissolved Constituents Using Specific ton Elements , I l 

2.0 SCOPE 

,This procedure is applicable for use in an on-site groundwater quality monitoring program to be 
conducted during a remedial investigation or site investigation program at a hazardous or non- 
hazardous site. The procedures and, equipment described are applicable to nearly all aqueous 
samples, including potable well water, monitoring well water, surface water, leachate and drummed 
water, etc. and are not, in general, subject to solution interferences from color, turbidity and colloidal 
material, or suspended matter. 

This procedure provides generic info.rmation for measuring the parameters listed above with 
instruments and techniques in common use. Since instruments from different manufacturers may 
vary, review of the manufacturer’s literature pertaining to the use of a specific instrument is required 
before use. < f 

3.0 GLOSSARY 

*  
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3.1. pH MEASUREMENT 

&i - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity’is 
related to the’hydrogen ion concentration, and, in relatively.weak solution, the two are nearly equal. 
Thus, for all practical purposes, pH is a measure of the hydrogen ion concentration. 

. 
pH Paoer - Paper that turns different colors depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication 
of the solution pH: 

3.2 SPECIFIC CONDUCTANCE MEASUREMENT 

Ohm - Standard unit of electrical resistance (R). A siemen (or umho) is the standard unit of electrical 
conductance, the inverse of the ohm 

Resistance -A measure of the solution’s ability to oppose the passage of electrical current. For metals 
and solutions, resistance is defined by Ohm’s law,. E = IR, where E is the potential difference, I is the 
current, and R is the resistance. 

_.. 
Conductance - The conductance of a conductor.1 centimeter long and 1 square centimeter in cross- 
sectional area. Conductivity and specific conductance are used synonymously. 

0334901 
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3.3 TEMPERATURE MEASUREMENT 

None. 
. . 

3.4 DISSOLVED OXYGEN MEASUREMENT 

Galvanic Cell - An electrochemical cell in which chemical energy is spontaneously converted to 
electrical energy, The electrical energy produced is supplied to an external circuit. 

Electroltiic Cell - An electrochemical cell. in which electrical energy is supplied from an external 
source. This cell functions in much the same way as a galvanic cell, only in the opposite direction d.ye 
to the external source of applied voltage. 

3.5 OXIDATION-REDUCTION POTENTIAL MEASUREMENT 

Oxidation - The process in which an atom or group of atoms loses electrons to achieve an increasing 
positive charge. 

Reduction - The gaining of electrons by an atom or group of atoms and subsequent increase in 
negative charge. 

Oxidation-Reduction Potential (ORPI - A measure of the activity ratio of oxidizing and reducing 
species as determined by the electromotive force‘developed by a noble metal electrode, immersed in 
water, as referenced against a standaidhydrogen electrode. 

3.6 SPECIFIC ION ELECTRODES MEASUREMENT 
. . 

Specific Ion Electrode - An’ electrode which develops a potential difference across a membrane in 
response to the concentration differences for selected ions on either side of that membrane. 

4.0 RESPONSIBILITIES 

Site Manaaer - in consultationwith the Project Geochemist, is responsible for determining which on- 
site water quality measurements can contribute to the RI, when these measurements shall be made, 
and the data quality objectives (DQOs) for these measurements. The Project Operations Plan (POP) 
shall contajn details of type, frequency.and locations of the desired measurements. 

Proiect’Geochemist i primarily responsible for determining the type, frequency and locations for on- 
site.water quality measurements as presented in the POP and for interpreting the results, including 
determination of which measurements are unrepresentative. 

Field Ooerations Leader - responsible forimplementing the POP, and also for deciding under what 
field conditions a particular on-site measurement will be unrepresentative or unobtainable. 

Field Samplers/Analvsts - responsible for the actual analyser.that take place, including calibration, 
quality control and recording of results, as well as for the care and maintenance of the equipment in 
the field. 

. . 
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5.0 GUIDELINES 

5.1 MEASUREMENTOF pH 

5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry. 
Practically every phase of water supply and wastewatet treatment such’as acid-base neutralization, 
water softening, and corrosion control, is pH dependent. Likewise, the pH of leachate can be 
correlated with other chemical analyses to determine the probable source of contamination. It is 
therefore important that reasonably accurate pH measurements be taken. . 

Measurements of pH can also be used to check the quality and corrosivity of soil and solid waste 
samples. However, these samples must be immersed in water prior to analysis, and specific 
techniques are not described. 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator 
paper is used when only a rough estimate of the pH is required, and the pH meter when a more 
accurate measurement is needed. The response of a pH meter can be affected to a slight degree by 
high levels of colloidal or suspended solids, but the effect is usually small and generally of little 
significance. Consequently, specific methods to overcome this interference are not described. The 
response of pH paper is unaffected by solution interferences from color, turbidity,. colloidal or 
suspended materials unless extremely~ high levels capable of coating or masking the paper are 
encountered. In such cases, use of a pH meter is recommended. . . 

5.1.2 Principles of Equipment Opera&n , I 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or hasicity of 
the solution with the indicator compound on the paper. Depending on the indicator and the pH 
range of interest, a variety of different colors can be used. Typical indicators are weak acids or bases, 
or both. ‘Process chemistry and molecular transformations leading to the color change are variable 
and complex. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to 
hydrogen ion concentration across that membrane.‘ The membrane is conductive to ionic species and, 
in combination with a standard or reference electrode, a potential difference proportional to 
hydrogen ion concentration can be generated and measured. 

5.1.3 Eauipment- 

The following equipment is needed for taking pH measurements: 

l Accumet 150 portable pH meter, or equivalent. . 

i Combination electrode with polymer body to fit the above meter (alternately a pH 
electrode and a reference electrode can be used if the pH meter is equipped with suitable 
‘electrode inputs. 

l pH indicator paper, such asHydrion or Alkacid, to cover the pH range 2 through 12. 

l ,Buffer solutions of pH 4,7 and 10, or other buffers which bracket the expected pH range. 
: 

. 
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5.1.4 Measurement Techniques for Field Determination of &I 

1. pH Meter 

The following procedure is used for measuring pH with a pH meter (Standardization is 
according to manufacturers instructions): 

a. The instrument and batteries shall be checked and calibrated prior to initiation of the field 
effort. 

b. The accuracy of the buffer solutions used for field and laboratory calibration shall be 
checked. Buffer solutions need to be changed often due to degradation upon exposure to 
the atmosphere. 

C. 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 
d’y- 

d. Make sure all electrolyte solutions within the electrode(s) are at their proper levels and that 
no air bubbles are present within the electrode(s). 

e. Immerse the electrode(s) in a”pH&7 buffer solution. 
I( 

f. Adjust the temperature compensator to the proper temperature (on models with 
automatic temperature adjustment, immerse the temperature probe into the buffer 
solution). Alternately, the buffer solution may be immersed in the sample and allowed to 
reach temperature equilibrium before equipment calibration. It is best to maintain buffer 
solution at or near expected sample temperature before calibration. . 

g, Adjust the pH meter to readi.0. 

h. Remove the electrode(s) from the buffer and rinse well with demineralized water. 
Immerse the electrode(s) in pH-4 or 10 buffer solution (depending on the expected pH of 

.the sample) and adjust the slope.control to read the appropriate pH. For best results, the 
standardization and slope adjustments shall be repeated at least once. 

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

j. Read and record the pH of the solution, after adjusting the temperature compensator to 
the sample temperature. pli shall be recorded to the nearest 0.1 pH unit. Also record the 
sample temperature. 

k. Rinse the electrode(s) with deiqnized water. 

I. Keep the electrode(s) immersed in deionized water when not in use. 
I 
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The sample used for pH measurement shall never be saved for subsequent conductivity or 
chemical analysis. ‘All pH electrodes leak small quantities of electrolytes (e.g., sodium or 
potassium chloride) into-the solution. Precipitation of saturated electrolyte solution, especially 
at colder temperatures, or in cold water, may result in slow electrode response. Any. visual 
observation of conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, shall be noted. 

2. 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 (indicating approximately pH 1,’ 
to 12), mid-range (approximately pH 0 to 6, 6 to 9, 8 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. 

5.2 MEASUREMENT OF SPECIFICCONDUCTANCE 

5.2.1 General 
‘. 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and ixtent 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 variousdissolved 
ions, their valences, and their actual and relative concentrations affect conductivity. 

It is important “to obtain a specific conductance measurement soon after taking a’ sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
the specific conductance. 

5.2.2 Principles of Eauibnent Ooeration . 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the 
positive ions migrate toward the negative electrode, while the negatively charged ions migrate 
toward the positive electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium 
carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic 
compounds such as sucrose or benzene, which do not disassociate in aqueous solution, conduct a 
current very poorly, if at all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be 
used for measurement of electrical resistance. The ratio of current applied to voltage acrossthe cell 
may also be used as a measure of conductance. The core element of the apparatus is the conductivity 
cell containing the solution of interest. Depending on ionic strength of the aqueous solution to be 
tested, a potential difference is developed across the cell which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

: 
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5.2.3 EauiDment 

The following equipment is needed for taking specific conductance measurements: 

l YSI Model 33 portable conductivity, meter, or equivalent 
l Probe for above meter 

A variety of conductivity meters are available which may also be. used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment may be obtained to meet the 
specific requirement of the sampling program. 

. ‘. 
5.2.4. Measurement Techniaues for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturers instructions): 

l Check batteries and calibrate instrument before going into the field. 

l Calibrate the instrument daily when used. Potassium chloride solutions with a specific 
conductance closest to the values expected in the field shall be used. Attachment A may be’ 
used for guidance. 

l Rinse the cell with one or more portions of the sample-to be tested or with deionized 
water. ~ 

. . 
l Immerse the electrode in’.the sample and measure the conductivity. Adjust the 

temperature setting to the sample temperature. 

l Read and record the results in a field logbook or sample log sheet. 

-If the specific conductance measurements become erratic, or inspection shows that any platinum 
black has flaked off the electrode, replatinitation of the electrode is necessary.. See the 
manufacturer’s instructions for details. 

Note that specific conductance is occasionally reported at temperatures other thanambient. 

5.3 MEASUREMENT OF TEMPERATURE 

5.3.1 ‘General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of 
biological action in a water sample. It can also be used to trace the flow direction of contaminated 
groundwater. Temperature measurements shall be taken in-situ,‘or as quickly as possible in the field. 
Collected water samples may rapidly equilibrate with the temperature of their surroundings. 

5.3.2 EauiDment 

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type 
_. thermometers. ‘In addition, various meters such.as specific conductance or dissolved oxygen meters, 

which have temperature measurement capabilities, may also be used. Using such instrumentation 
along with suitable probes and cables, in-situ measurements of temperature at great depths can be 
performed. 

0334901 
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5.3.3 Measurement Techniaues for Water Temoerature 

If a thermometer is used on a collected water sample: . 

l Immerse the thermometer in the sample until temperature equilibrium is obtained 
, (l-3 minutes). To avoid the possibility of contamination, the thermometer shall not be 

inserted into samples which will undergo subsequent chemical analysis. 

l Record values in a field logbook or sample log sheet, 

I f  a temperature meter or probe is to be used, the instrument shall be calibrated according to 
manufacturer’s recommendations with ‘an approved thermometer before each measurement or 
group of closely spaced measurements. 

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION 

5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the.water body. Conversely, the growth of many aquatic organisms as well as 
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all 
possible, DO measurements shall be,taken in-situ, since concentration may show a large change in a 
short time if the sample is not adequately preserved. .:. 

The method monitoring discussed herein is limited to the use of dissolved oxygen meters only. 
Chemical methods of analysis (i.e., Winkler methods) are-available, but require more equipment and 
greater sample manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for 
highly polluted waters, because the probe is completely submersible, and are free from interference 
caused by color, turbidity, colloidal material or suspended matter. 

5.4.2 PrinciDles of EauiDment ODeration 

Dissolved oxygen probes are normally electrochemical cells that have two solid .metal electrodes of 
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a 
suitable,potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at 
the cathode surface. An electrical current is developed that is directly proportional to the rate of 
arrival of oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
. cathode; it is important that a fresh supply of sample always ‘be in contact with the menibrane. 

Otherwise, the oxygen in the -aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the, sample (or the probe) constantly to 
maintain fresh solution near the membrane interface. Stirring, however, shall not be so vigorous ttiat 
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this 
possibility, some probes are equipped with stirrers to agitate the solution near the probe, but to leave 

. the surface of the solution undisturbed. 

Dissolved oxygen probes are relatively free of interferences. Interferences that can occur are 
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide which are not I 
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easily depolarized from the indicating electrode. If the gaseous interference is suspected, it shall be 
noted in the field log book and checked if possible. Temperature variations can also cause 
interference because probes exhibit temperature sensitivity. Automatic temperature COmpenSatiOn’is 

.normally provided by the manufacturer. 

5.4.3 Equipment 

The following equipment is needed to measure dissolved oxygen concentration: 

e YSI Model 56 dissolved oxygen monitor or equivalent. 
l Dissolved oxygen/temperature prob,e for above monitor. 
l Sufficient cable to allow the probe to contact the sample. 

5.4.4 Measurement Techniques for Dissolved Oxvaen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate 
reading. The’following general steps shall be used to measure the dissolved oxygen concentration: 

. 
l The equipment shall be calibrated and have its batteries checked in the laboratory before 

going to the field. 

l 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. 

l The instrument shall be cdlibrated in the field before each measurement or group of 
closely spaced measurements by placing the probe in a water sample of known dissolved 
oxygen concentration (i.e., ,determined by Winkler method) 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 (see Attachment B). 

l Immerse the probe in the sample. * Be sure to provide for sufficient. flow past the 
membrane, either by stirring the sample, or placing the probe in a flowing stream. Probes 
without stirrers.placed in wells can be moved up and down. 

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

l 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 notinvolved. 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 solubilization and positive test interferences. * 

.a 
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5.5 MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL 

5.5.1 General 

The oxidatio.n-reduction potential (ORP) provides a measure of the tendence of organic or inorganic 
compounds to exist in an oxidized state. The technique therefore provides evidence of the likelihood 
of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to reduced 
species in the sample. 

5.5.2 Principles of Eauioment 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. If a reference electrode is placed i,n 
the same solution, an ORP electrode pair is established.. This electrode pair allows the potential 
difference between the two electrodes to be measured and,will be dependent on the concentration 
of the ions in solution. By this measurement, the ability 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. 

5.5.3 Equipment 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

l Accumet 150 portable pH meter or equivalent, with a millivolt scale. 
l Platinum electrode to fit above pH meter. 
l Reference electrode such as a calomel, si,lver-silver chloride, or equivalent. 

5.5.4 Measurement Techniaues for Oxidation-Reduction Potential 

The following procedure is used for measuring oxjdation-reduction potential: 

l The equipment shall be calibrated and have its batteries checked before going to the field. 

l Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aq,ua regia, nitric 
acid, or chromic acid, in accordance with manufacturer’s instructions. 

l Thoroughly rinse the electrode with demineralized water. 

l Verify the sensitivity of the electrodes by noting the change in millivolt reading when the 
pH of the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample in 
a clean glass beaker and agitate the sample.. Insert the electrodes and note the ORP drops 
sharply when the caustic is added, the electrodes are sensitive and operating properly. If 
the ORP increases sharply when the caustic is added,, the polarity is reversed and must be 
corrected in accordance with the manufacturer’s instructions. If the ORP does not respond 
as above when the caustic is added, the electrodes shall be cleaned and the above 
procedure repeated. 

l After the assembly has been checked for sensitivity, wash the electrodes with three 
changes of water or by means of a flowing stream of water from a wash bottle. Place the 
sample in a clean glass beaker or sample cup and insert the electrodes, Set temperature 

I 

0334901 



Subject Number Page 
SF-l.1 llof16 

ONSITE WATER QUALITY TESTING Revision Effetiive Date 
2 05/04/90 

compensator throughout the measurement period. Read the millivolt potential of the 
solution, allowing sufficient time for the system to stabilize and reach temperature 
equilibrium. Measure successive portions of the sample until readings on two successive 
portions differ by no more than 10 mV: A system that isvery slow to stabilize properly will 
not yield a meaningful ORP. Record all results in a field logbook, including ORP (to nearest 
10 mV), sample temperature and pH at the time of measurement. 

5.6 SPECIFIC ION ELECTRODE MEASUREMENTS 

5.6.1 General 

Use of specific ‘ion electrodes can. be beneficial in the field for determining the presence and . 
concentration of dissolved inorganic species. which may be associated with contaminant plumes or 
leachate. Thus, electrodes can be used for. rapid screening of water quality and determination of 
water migration pathways. 

‘This procedure provides generic information for specific ion electrodes commonly used in 
groundwater quality monitoring programs and describes the essential elements of a field 
investigation program. Analytical methods using some specific ion electrodes have not been 
approved, by the USEPA. In addition, calibration procedures and solutions, interferences and 
conditions and requirements for use for various electrodes vary greatly. Consequently, review-of 
manufacturer’sliterature is mandatory prior to use. 

5.6.2 PrinciDles of EauiDment Operation 

All specific ion electrode measurements involve the use of a reference electrode, a pH meter, and a 
specific ion electrode (SIE). When the SIE and the reference electrode are immersed in a solution of 
the ion to be measured, a potential difference is developed between the two electrodes. This 
potential can be measured by a pH meter and related to the concentration of the ion of interest 
through the use of standard solutions and calibration curves. 

Several different types of SIEs are in use: glass, solid-state, liquid-liquid membrane, and gas-sensi’ng. 
All of the electrodes function using an ion exchange process as the potential determining mechanism. 
Glass electrodes are used for pH measurement. The glass in the tip of the electrode actually acts as a 
semi-permeable membrane to allow solution. Solid-state electrodes replace the glass membrane with 
an ionically4onducting membrane, (but act in essentially the same manner) white liquid-liquid 
membrane electrodes’have an organic liquid ion exchanger contained in the pores of a hydrophobic 
membrane. Maintenance of the conducting’interface, in combination with a reference electrode, 
allows completion of the electrical circuit and subsequent measurement of the potential difference. 
Gas-sensing electrodes have a membrane that permits.the passage of gas only, thus allowing for the 
measurement of gas concentration. Regardless of the mechanism involved in the electrode, most SlEs 
are easy to use under field conditions. The sensitivity and applicable concentration range for various 
membranes and electrodes will vary. 
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5.6.3 Equipment 

The following equipment is required for performing quantitative analyses using a specific, ion 
electrode: . 

l A pH meter with a millivolt scale, or equivalent. 
0 The specific ion electrode for the parameter to be measured. A partial list of ions which can 

be measured includes cyanide, sulfide, ammonia, lead, fluoride and chloride. 
l A suitable reference electrode to gowith the above SIE. 

Specific electrodes for other ions have also been d&eloped, but ‘are not widely vsed for field 
investigation efforts at this time. Note that of the specific electrodes referenced above, only fluoride 

’ and ammonia have analytical methods approved by the U.S. EPA. 

5.6.4 Measurement Techniques for lnoraanic Ions Usina Specific Ion Electrodes 

‘Different types of electrodes are used in slightly different ways and are applicable for different 
concentration ranges. Following the,manufacturer’s instructions, the general steps given bel.ow. are 
usually followed: 

l Immerse.the electrode in water for a suitable period of time prior to sample analysis. 

l Standardize the electrode according to the manufacturer’s instructions, including 
necessary chemical additions for ionic strength adjustment, etc. Standard solutions 
normally differ by factors of.ten. in concentratidn. Constant stirring is needed for accurate 
readings. I s 

l Immerse the electrode in the sample. Allow the reading to stabilize and record the results 
in a site logbook. Stir the sample at the same rate as the standards. Air bubbles near the 
membrane shall be avoided, since this may cause interference in millivolt readings. 

(NOTE: Each SIE has substances which interfere with proper measurement. these may be eliminated 
using pretreatment methods as detailed by the manufacturer. It is important to know if interferences 
are present so that suspect readings may be noted as such.) 

l If the pH meter does not read out directly, plot millivolts versus concentration for the 
standards and then determine sample concentration. 

6.0 REFERENCES 

American Public Health Association, 1980. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition, APHA, Washington, D.C. 

U.S. EPA, 1979. Methods for Chemical Anal& of Water and Wastes. EPA-600/4-79-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data 
Acbuisition, Chapter ‘5: Chemical and Physical Quality of Water and Sediment. U.S. Department of 
the Interior, Reston, Virginia. 
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Attachment A - Specific Conductance of KC1 Solutions at 25 degrees Centigrade 

Attachment B -Variation of Dissolved Oxygen Concentration in Water as a a Function of Tempeiatbe 
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AlTACHMENT A 

SPECIFIC CONDUCTANCE OF M KCI 
AT VARIOUS TEMPERATURES1 

1 Data derived from the International Critical 
Tables l-3-8. 
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ATTACHMENT B 

VARIATION OF DISSOLVED OXYGEN CONCENTRAnON 
IN WATER AS A FUNCTlON.OF TEMPERATURE AND SALINITY - 

14 10.4 9.9 9.3 a.8 a.3 0.010 
15 10.2 9.7 9.1 8.6 a.1 0.010. I 
16 10.0 9.5 9.0 . a.5 a.0 0.010 
17 9.7 9.3 ‘8.8 a.3 7.8 0.010 
la 9.5 9.1 8.6 a.2 7.7 0.009 
19 9.4 a.9 a.5 a.0 7.6 0.009 
20 9.2 a.7 a.3 7.9 7.4 0.009 
21 9.0 a.6 a.1 7.:7 7.3 . 0.009 
22 a.8 a.4 a.0 7.6 7.1’ 0.008 
23 a.7 a.3 7.9 7.4 7.0 0.008 
24 a.5 a.1 7.7 7.3 6.9 0.008 * 
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I 41 1 6.5 1 
1.. 42 1 6.4 1 1.. I 
I 43 16.31” 1 I 

Note: In- a chloride solution, conductivity can be roughly related to chloride concenration (and 
therefore used to correct measured D.O. concentration) using Attachment A. 

:  .  
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1.0 PURPOSE 

This procedure describes the appropriate containers to be used for samples depending on the 
analyses to be performed, and the steps necessary to preserve the samples when shipped ,offsite for 
chemical analysis. 

2.0 SCOPE 

Different types of chemicals react differently with sample containers made of var.ious materials. For 
example, trace metals adsorb more strongly to glass than to plastic, while many organic chemicals 
may dissolve various types of plastic containers. It is therefore critical to select the correct container in 
order to maintain th.e quality of the sample prior to analysis. 

Many water and soil samples are unstable, and therefore require preservation when the time interval 
between field’collection and laboratory analysis is long enough to produce changes in either the 
concentration or the physical condition of the constituent(s) requiring analysis. While complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected. 

Preservation techniques are usually limited to pH’ control, chemical addition(s) and refrigeration/ 
freezing. Their purpose is to (1) retard’ biological activity, (2) retard hydrolysis. of chemical 
compounds/complexes, (3) reduce constituent volatility, and (4) reduce adsorption effects. 

3.0 GLOSSARY 

HCI - Hydrochloric Acid 
H2SO4- Sulfuric Acid 
HN03 - Nitric Acid 
NaOH - Sodium Hydroxide 

. . 
. . ” 

, * 

Normality (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing one gram-atom of replaceable hydrogen or its equivalent. Thus, a 
one molar solution of HCI, containing one gram-atom of H, is “one-normat,“.‘while a one molar 
solution of HzS04 containing two gram-atoms of H, is “two-normal.” 

4.0 RESPONSlBlLlllES 

Field Operations Leader - retains overall responsibility for the proper storage and preservation of 
samples.. During the actual collection of samples, the sampling technician(s) will be directly 
responsible for the bottling, preservation, labeling, and custody of the samples they collect until 
released to another party for storage or transport to the analytical. laboratory. 

5.0 PROCEDURES 

5.1 SAMPLE CONTAINERS 

For most samples and analytical parameters either glass or plastic containers are satisfactory. In 
general, if the analyte(s) to be determined is organic.in nature,- the container shall be made of glass. 
If the analyte(s) is inorganic, then the container shall be plastic. Since container specification will 
depend on the analyte and sample matrix types (as indicated in AttachmentA) duplicate samples 
shall be taken when both organic and inorganic analyses are required. Containers shall be kept inthe 

033.4901 
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dark (to minimize biological or photooxidation/photolysis breakdown of constituent) until they reach 
the analytical laboratory. The sample container shall allow approximately S-10 percent. air space 
(“ullage”) to allow for expansion/vaporization if the sample is heated during transport (1 liter of 
water at-4OC expands by 15 ml if heated to 13O”F/55”C), however, head space for .volatile, organic 
‘analyses shall be omitted. 

For CLP laboratories, containers will be obtained through the CLP Sample Management Office. For 
Responsible party actions or non-CLP laboratories, the laboratory shall provide containers that have 
been cleaned according to U.S. EPA procedures. Sufficient lead time shall be allowed. Sh’ipping 
containers for samples, consisting of sturdy ice chests, are provided by the laboratory of the remedial 
investigation contractor. . 

Once opened, the container’ must be used at once for storage of a particular sample. Unused but 
opened containers are to be considered contaminated and must be discarded; because of the 
potential for introduction of contamination, they ‘cannot be reclosed and saved for later .use. 
Likewise, any unused containers which appear contaminated upon receipt,. or which are found to 
have loose caps or missing Teflon liner (if required for the container) shall be discarded. 

General sample container and sample ‘volume requirements are listed in Attachment A. Specific 
container requirements are listed in Attachment B. 

5.2 PRESERVATiON TECHNIQUES 

The preservation techniques to be, uied for various anaiytes are listed in AttachmentsA and B. 
Reagents required for sample preservat.ion wilC either be added to the sample containers by the 
laboratory prior to their shipment to the Field or,added in the Field. In general, aqueous samples of 
low concentration organics (or soil samples of low or medium concentration organics) are cooled to 
4°C. Medium concentration aqueous,samples and high hazard organics sample are not preserved. 
Low concentration aqueous samples for metals are acidified with HN03, while medium concentration 
and high hazard aqueous metal samples aie not preserved. Low or medium concentration soil. 
samples for metals are cooled to 4°C while high hazard samples are not preserved. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific analytes which require these preservatives. 

5.2.1 Addition of Acid’iHpSOb HCI, or HNOz) or Base 

Addition of the following acids or bases may be specified for sample preservation; these reagents 
shall be analytical reagent (AR) grade and shall be diluted to the required concentration with double- 
distilled, deionized water in the laboratory, before Field sampling commences: 

. . 
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I Acid Base I 
Concentration I Normality 

I 
Amount for 

Acidification* 
r 

HCI 1: 1 dilution of concentrated HCI 6N S-10ml 

H2S04 1: 1 dilution of concentrated H2SO4 18N 2-5 ml 

HN03 Undiluted concentrated HN03 16N 2-5 ml 

NadH 400 grams solid NaOH in 870.ml water 10N 2 ml** 

* Amount of acid to add (at the specified strength) per liter of water to reduce the sample 
pH to less than 2, assuming that the water is initially at pH 7, and is poorly buffered and 
does not contain particulate matter. 

** To raise p.H of 1 liter of water to 12. 

The approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise 
the pH to 12) are shown in the’last column of the above table. These volumes are only approximate; 
if the water is more alkaline, contains inorganic or organic buffers, or contains suspended particles, 
more acid may be required. The final pH must be checked using narrow-range pH paper. 

Sample acidification or base addition shall proceed as follows: 

l Check initial pH of sample’vvith wide range (O-14) pH paper. 
.’ :. 

l Fill sample bottle to within S-10 ml of final desired volume and add about l/2 of estimated 
acid or base required, stir gently and check pH with medium range pH paper (pH O-6 or 
pH 7.5-14, respectively). 

e Add acid or base a few drops at a time while stirring gently. Check for final pH using 
narrow range (O-2.5or 11-13, respectively) pH paper; when desired pH is reached, cap 
sample bottle and seal. * 

Never dip pH paper into the sample; apply a drop of sample to the pH paper using the 
stirring rod. 

5.2.2 Cyanide Preservation 

Pre-sample preservation is required if oxidizing agents such as chlorine are suspected to be present. 
To test for oxidizing agents, place a drop of the sample on KI-starch paper; a blue color indicates the 
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, until a drop of sam.ple 
produces no color on the K&arch paper. Then add an additional 0.6 g of ascorbic acid for each liter 
of sample volume. Add Na0.H solution to raise pii to greater than 12 as ‘described in 5.2.1. If 
oxidizing agents are not suspected, add NaOH as directed. 

5.2.3 Sulfide Preservation 

Samples for sulfide analysis must be .preserved by addition of 4 drops (0.2 ml) of 2N zinc acetate 
solution per 100ml sample. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate 
solution is made by dissolving 220g of zinc acetate in 870 ml of distilled water to make 1 liter of 
solution. 

.* . 
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5i2.4 Preservation of Orqanic Samples Containina Residual Chlorine 

Some brganic samples containing residual chlorine must be treated to remove this chlorine upon 
collection (See AttachmentA). Test the samples for residual chlorine using EPA’methods 330.4 or 
330.5 (Field Test Kits are available for this purpose). If residual chlorine is present, add 0.008% sodium 
thiosulfate (80 mg per liter of sample). 

5.2.5 Field Filtration 

When the objective is to determine concentration of dissolved inorganic constituents in a‘ water 
system, the sample must be filtered through a non-metallic 0.45 micron membrane filter immediately 
after collection. A filtration system is recommended if large quantities of samples must be filtered in 
the field. The filtration-system shall consist of a Buchner funnej inserted into a single-hole rubber 
stopper, sized to form a seal when inserted into the top of a vacuum filter flask equipped with a 
single side arm. Heavy-wall Tygon tubing shall be attached to the single side arm of the vacuum filter 
flask and the suction port of a vacuum ‘pump. The stem of the Buchner funnel shall extend below the 
level of the side arm of the vacuum filter flask to prevent any solvent. from entering the. tubing 
leading to the vacuum pump. Before filtration, the filter paper, which shall be of a size to lay flat on 
the funnel plate, shall be wetted with the solvent in order to “seal” it to the funnel. Slowly pour the 
solvent into the funnel and monitor the amount of solvent entering the vacuum filter flask. Wtien 
the rate of solvent entering the flask is reduced to intermittent dripping and the added aliquot of 
solvent in the funnel has passed through the filter, the used filter paper shall be replaced with new 
filter paper. If the solvent contains a high percentage of suspended solids, a coarser-sized 
nonmetallic membrane filter may be u,sed prior to usage of the 0.45 micron membrane filter. This 
“prefiltering” step may be necessary to expedite the filtration procedure. Discard the first 20 to 50 ml 
of filtrate from each sample to rinse the filter and filtration apparatus to minimize the risk of altering 
the composition of the samples by the filtering operation. For analysis of dissolved metals, the filtrate 
is collected in a suitable bottle (see Section 5.1) and is immediately acidified to pH 2;O or less with 
nitric acid, whose purity is consistent with the measurement to be made. Inorganic anionic 
constituents may be determined using a portion of the filtrate that has not been acidified’. 

Samples used for determining temperature, dissolved oxygen, Eh, and pH should not be filtered. Do 
not use vacuum filtering prior to determining carbonate and bicarbonate concentration because it 
removes dissolved carbon dioxide and exposes the sample to the atmosphere. Pressure filtration can 
be done using water pressure from the well. If gas pressure is required, use an inert gas such as argon 
or nitrogen. 

Do not filter samples for analysis of volatile organic compounds. If samples are to be filtered for 
analyzing other dissolved organic constituents, use a glass-fiber or metal-membrane filter and collect 
the samples in a suitable container (see Section 5.1). Because most organic analyses require extraction 
of the entire sample, do not discard any of it. After filtering, the membrane containing the 
suspended fraction can be sealed in a glass container and analyzed separately as soon as practicable. 
Total recoverable inorganic constituents may be determined using a second, unfiltered sample 
collected at the same time as the sample for dissolved constituents. 

,  
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6.0 REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water.and 
Wastewater. 15th Edition. APHA, Washington, D.C. *. 
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7.0 ATTACHMENTS , 

Attachment A - General Sample Container and Preservation Requirements CERCWRCRA Samples 

Attachment 8 - Required Containers, Preservation Techniques, and Holding Times (3 sheets) 
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I I I 

l'.O PURPOSE 

The pu,rpose of these procedures is to provide a general methodology, protocol, and reference 
information on the proper decontamination procedures to be used on chemical sampling. and field 
analytical equipment. 

2.0 SCOPE 

This procedure addresses chemical sampling and field analytical ,equipment only, and should be 
consulted when equipment decontamination procedures are being developed as part of project- 
specific plans. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Site Manaaer - responsible for ensuring that project-specific plans and the implementation of field 
investigations are in compliance with these guidelines. 

Field Operations Leader - responsible for ensuring that decontamination procedures for all chemical 
sampling and field analytical equipment are programmed prior to the actual field effort and that 
personnel required to accomplish the task have been briefed and trained to execute the task. : 

.* 
5.0 PROCEDURES 

In order to assure that chemical analysis results are reflective of the actual concentrations present at 
sampling locations, chemical sampling and . field analysis equipment must be properly 
decontaminated prior to the field effort, during the sampling program (i.e., between sample points) 
and at the conclusion of the sampling program. This Will minimize the potential for cross- 
contamination between sample points-and the transfer of contamination offsite. 

This procedure incorporates only those aspects. of decontamination not addressed in other 
procedures. : Specifically it incorporates those items involved in decontamination of chemical 
sampling and field analytical equipment. 

5.1 ACCESS FOR SAMPLING 

5.1.1 Bailers and Bailina Line 

The potential for cross-contamination between sampling points via the use’of common bailer, or its 
attached line, is high unless strict procedures for decontamination are followed. It is preferable, for 
the aforementioned reason, to dedicate an indi.vidual bailer and its line to each sample point, 
although this does not eliminate the need for decontamination of dedicated bailers. For 
non-dedicated sampting equipment, the following conditions and/or decontamination procedures 
should be followed. 

i 
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Before the initial sampling and after ‘each succeeding sampling point, the bailer must be 
decontaminated. The following stepsshould be followed if sampling for organic contaminants: 

l Potable water rinse ‘_ *. 
l Alconox’or Liquinox detergent wash 
l Scrubbing of the line and bailer with a scrub brush may be required if the sample point if 

heavily contaminated with heavy or extremely viscous compounds 
l Potable water rinse 
l Rinse with 10 percent nitric acid solution* 
l Deionized water rinse 
i Acetone or methanol rinse 
0 Hexane rinse** 
l Distilled/Deionized water rinse 
l Air dry 

If sampling for organics only, the nitric acid, acetone, methanol, and hexane rinses may be omitted. 
Contract-specific requirements may permit alternative procedures. 

. . 
Braided nylon or polypropylene lines may be used with a bailer, however, the same line must not 
come in contact with the sample medium, otherwise, the line must be discarded in an approved 
receptacle and replaced. Prior to use, the bailer should be wrapped in aluminum foil or polyethylene . 
sheeting. 

5.1.2 SamPlina Pumps . * 

Most sampling pumps are normally ‘lo& volume,(.less than 2 gpm) pumps. These include peristaltic, 
diaphragm, air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling 
from more than one sampling point, they must be decontaminated. 

The procedures to be used for decontamination of sampling pumps compare to those used for a 
bailer except the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of t,he pump and the‘length 
of the intake arid discharge hoses. Certain types.of pumpsare unacceptable for sampling purposes. 

An additional problem is.inttoduced 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 
into the water. being sampled (especially the phthalate esters) or adsorb organics from the sampled 
water. For all other sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (in order 
of preference). Whenever possible, dedicated hoses should be used. 

* Due to the leaching ability of nitric acid, on stainless steel, this step i’s to be omitted if a stainless 
steel sampling device is being used and metals analysis is required with detection limits less than 
approximately 50 ppb; or the sampling equipment is dedicated. 

** If sampling for pesticides, PCBs, or fuels. 
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5.1.3 Filterina Equipment 

Part of the sampling plan may incorporate the filtering of groundwater samples, and subsequent 
.preservation. This should occur as soon after sample retrieval as possible; preferably in the.field as 
soon as the sample is obtained. To this end, three basic filtration systems are most commonly used - 
the in-line disposable Teflon filter, the inert gas over-pressure filtration system, and the vacuum 
filtration system. 

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, 
the cartridge must be disposed of in an approved receptacle and the intake and discharge lines must 
still be decontaminated; 

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 
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 with the sample. 
These filtration systems are preferred when decontamination procedures must be employed.) 

5.2 FIELD ANALYTICAL EQUIPMENT 

5.2.1 Water Level indicators . 

Water level indicators that come into .contact with groundwater must be decontaminated using the 
following steps: . . 

..:. ” 
l Rinse with potable water r 2 
l Rinse with deionized water 
l Acetone or methanol rinse 
l Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter 
incidental contact during installation or retrieval need only undergo the first and last steps stated 
above. 

5.2.2 Probes 

Probes, e.g:, pH or specific ion electrodes, geophysical probes, or thermometers which would come in 
direct contact with the sample, will ‘be decontaminated using the procedures specified above unless 
manufacturer’s instructions indicate otherwise; in those cases, the methods of decontamination must 
be clearly described in the FSAP. Probes that contact a volume of groundwater not used for 
laboratory analyses can be rinsed with deionized water. For probes which make no direct contact, 
e.g., OVA equipment, the probe will be wiped with cl.ean paper-towels or cloth wetted with alcohol. 

6.0 REFERENCES 

None. 

7.0 RECORDS 

None. 
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1 .o PURPOSE 
. 

The puiposeof 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 
subsurface lithology. While experience is the only m’ethod to develop confidence and accuracy in the 
description of soil and rock, the field geologist/engineer can do a good,job of &ssification by careful, 
thoughtful observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

‘None. . 

4.0 RESPONSIBILITIES 

Site Geoloqist - Responsible for supervising all boring activities and assuring that each borehole ‘is 
completely logged. If more than one rig is being used onsite the Site Geologist must make sure that 
each field geologist is properly trainedin logging procedures. A brief review or training session may 
be necessary prior to the.start up of the field program and/or upon completion of the first boring. 

. . . 
5.0 PROCEDURES I 

The classification of soil 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,soil and rock samples, the geologist orengineer may be equipped with’the following: 

l Rock hammer 
0 Knife 
0 Camera 
l Dilute HCI 
l Ruler (marked in tenths and hundreths of feet) 
l Hand Lens 

5.2 CLASSIFICATION OF SOILS 

All-data shall be written directly on the boring log (Exhibit41) or in a field notebook if more space is 
needed. Details on filling out the boring log are discussed in Section 5.5. 

-- 

_-- 
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5.2.1 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Exhibit 4-2. This method of classification identifies soil types on the basis of 
grain size and. cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay 
(C). Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common 
component of soil but has no size range; it is recognized by its composition. The careful study of the 
USCS will’aid in developing the competence and consistency necessary for the classification of soils. 

Coarse grained soils shall be divided into rock fragments, sand, or gravel. The terms and sand and 
gravel not only refer to the size of the soil particles but also to their depositional history. To insure 
accuracy in description,‘the term rock fragments shall be used to indicate angular granular materials 
resulting from the breakup of rock. The sharp edges typically observed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructing the 
depositional environment of the soils encountered. When the term “rock fragments” is used it shall 
be followed by a size designation such as (l/4 inch+1/2 inch@)” or “coarse-sand size” either 
immediately after the entry or in the remarks column. The USCS classification would not be affected 
by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utiIizing’a,single color descriptor preceded, when necessary, by a 
modifier to denote variations in shade ‘or color ,mixtures. A soil could therefore be referred to as 
“gray” or “light gray” or “blue-gray.” Since color can be utilized in correlating units between 
sampling locations, it is important for color descriptionsto be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term “mottled” shall be.used to indicate soils irregularly marked with spots of different colors. 
Mottling in soils usually indicates poor aeration and lack of good drainage. 

Soil ColorCharts shall not be used unless specified by the project manager. 

5.2,3 Relative Densitv and Consistencv 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil 
type. Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not 

. adhere well when compressed). Finer grained soils (silts and clays) are cohesive (particles will adhere 
together when compressed). 

The density of noncohesive, granular soils is classified according to standard .penetration resistances 
obtained from split barrel sampling performed according to the methods detailed in Standard 
Operating Procedures GH-1.3 and SA-1.2. Those designations are: 
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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 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils 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 if gravel or rock fragments are broken by the sampler or if,rock fragments are lodged in 
the tip, the resulting blow count will be,erroneously high, reflecting a higher density than actually 
exists. This shall be noted on the log and referenced to the sample number. Granular soils are given 
the USC5 classifications GW, GP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-2). 

The consistency of cohesive soils is determined by performing field tests and identifying the 
consistency as shown in Exhibit 4-3. Cohesive soils are given the USC5 classifications ML, MH, CL, CH, 
OL, or OH (see Exhibit 4-2). ’ ’ .%, 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive 5trength)‘or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are 
conducted on a selected sampte‘of the soil, 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.’ l.f the sample is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. 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 soils are as follows: 

Uric. ‘I I Standard 
Consistency Compressive Penetration 

Str. Tons/Square Resistance Field Identification Methods 

Foot (Blows per Foot) I 

Very soft 1 Less than 0.25 1 oto2 1 Easily penetrated several inches by fist 1 

10.25to0.50~ I 2to4 I Easily penetrated several inches by thumb 

Medium stiff 0.50 to 1 .o 4to8 Can be’penetrated several inches by thumb 
. 

Very stiff 1 .o to 2.0 8to 15 Readily indented by thumb 

Hard 1.2.0 to 4.0 1 15to30 . I Readily indented by thumbnail I 
Hard I More than 4.0 I Over 30 I Indented with difficultv bv thumbnail I 
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$2.4 Weiaht Percentaaes 

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 soil: 

t 
Terms of Identifying Proportion of the Component Defining Range of Percentages by Weight 

trace 0 - 10 percent 

some 11 - 30 percent : 

and or adjective form of the soil type (e.g., “sandy”) 31 - 50 percent 

Examples: 

l Silty finesand: 50 to 69 percent fine.sand, 31 to 50 percent silt. 

l Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent 
silt. 

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

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

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and 
saturated. In dry soil, 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 individual’s judgment. .A suggested parameter for thiswould be calling a soil wet if 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. 

,Laboratorytests for water content shall be performed if the natural water content is important. 

5.2.6’ Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
’ thickness for soil and rock is depending on grain size and composition. The classification to be used 

for stratification description is shown in Exhibit 44. . 

5.2.7 Texture/fabric/Beddinq 

The texture/fabric/bedding of the soil 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 
a!so be noted (e.g., stratified, lensed, nonstratified, heterogeneous varved). 

., 
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5.2.8 Summarv of Soil Classification 

In summary, soils shall ‘be classified in a similar manner by each geologist/engineer at a project site. 
The hierarchy oi’classification is as follows: 

Density and/or consistency 
Color 
Plasticity (Optional) 
Soil types 
Moisturecontent 
Stratification 
Texture, fabric, bedding 
Other distinguishing features 

5.3 CLASSlFiCATlON OF ROCKS 

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

l Sandstone ‘- Made up predominantly of granular materials ranging between l/l 6 to 2 mm 
in diameter. 

0 Siltstone - Made up of granular materials less than l/16 to l/256 mm in diameter. ractures 
irregularly. Medium, thick tothick bedded. 

0 Claystone - Vary fine grained rock made up of clay and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled cores. 

0 Shale -A fissile very fine grained rock. Fractures along bedding planes. 

0 Limestone - Rock made up predominantly of calcite (CaC03). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

. 0 Coal - Rock consisting mainly of organic remains. 

0 Others - Numerous other sedimentary rock types 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. These include 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: . . 
l Rock type 
0 Color 
l Bedding thickness 
l Hardness 
0. Fracturing 
l Weathering 
l Other characteristics . 

1 : I 
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5.3.1 RockTvpe . 

As described above, there are numerous names of sedimentary rocks. In most cases a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the 
modifier. Other modifiers can include carbonaceous, calcaieous, siliceous, etc. . 

Grain size is the basis for the classification of elastic sedimentary rocks. Exhibit44 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are 
slightly different than the USCS.subdivision for soil classification. For field determination of grain 
sizes, a scale can be used for the coarse grained rocks. For example, the division between siltstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be.seen with the naked eye but are distinguishable with a handlens, 
the rock is a siltstone. If the grains are not distinguishable with a handlens, the rock is a claystone. 

5.3.2. Colol’ 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior 
to color classifications. . 
Rock Color Charts shall not be used unless specified by the project manager. 

, 
5.3.3 Beddina Thickness . . 

The bedding thickness designations”applied to soil classification’ will also be used for rock 
classification.’ 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition 
of the rock. A relative scale for sedimentary rock hardness isas follows: _ - 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by 
fingernail. Soft rock crushes or deforms -under pressure of a pressed hammer. This term is 
always used for the hardness of the saprolite (decomposed rock which occupies the zone 
between the lowest soil horizon and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with 
crumbly edges from single hammer blow. 

l Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges 
fromsingle hammer blow. 

l Hard - Requires several hammer blows,to break and has sharp conchoidal. breaks. Cannot 
be scratched with screwdriver. . . 

Note the difference in usage here of the works “scratch” and “gouge-” A scratch shall be considered 
- - a slight depression in the rock (do not mistake the scraping off of rock flour from, drilling with a 

scratch in the rock itself), while a gouge is much deeper. 

D334901- 
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5.3.5 Fractutinq 

The degree of fracturing or brokeness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the average spacing.is calculated and the fracturing is 
described by the following terms: 

l Very broken (V. BR.) - Less than 2 in. spacing between fractures 
l Broken (BR.) - 2 in. to 1 ft. spacing between fractures 
@ Blocky (BL.) - 1 to 3 ft. spacing between fractures 
l Massive (M.) - 3 to 10 ft. spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by,the total ‘length of the coring run, to obtain a percentage. 

RQD% = r/lx100 

Method of Calculating RQD 
(After Deere, 1964) 

. 

r = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include slickensides, 
joints, compaction slicks, bedd,ing plane partings (not caused by drilling), friable zones, etc. 

5.3.6 

I = Total length of the coring$m.~ 

Weatherinq 

The degree of weathering is a significant parameter that is importa.nt in determining weathering 
profiles and is also useful in engineering designs.. The following terms can be applied to distinguish 
the degree of weathering: 

l Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

l Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay 
filling of joints may occur. Feldspar grains may show some alteration. 

l Moderate- Most of the rock, with exception of quartz grains, is stained. .Rock is weakened 
due to weathering and can be easily broken with hammer. 

l Severe - All rock including quartz grains is stained. Some of the rock is weathered to the 
extent of becoming a soil. Rock isvery weak. 

5.3.7 Other Characteristics : 

The following items shall be included in the rock description: 

l Description of contact between two rock units. These can be sharp or gradational. 
l Stratification (parallel, cross stratified) 
e Description of any filled cavities or vugs. 
e Cementation (calcoreousi siliceous, hematitic) 
: 
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l Description of any joints or open fractures. 
l Observation of the presence of fossils. 
l Notation of joints with depth, approximate angle to horizontal, any ,mineral filling or 

coating, and degree of weathering. 

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

5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 
. 

l Seam - Thin (12 inch or less), probably continuous layer. 

l 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--some shale seams.” . 

l 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 -- few shale seams.” 

l 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 (56percent) would be “interbedded sandstone and 
shale.” 

l Interlayered - 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: 

l Basa!t, - A fine-grained extrusive rock composed primarily of calcic plagioclase and 
pyroxene. 

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

0 Granite -A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

l Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagiociase and 
hornblende. 

-: * Gabbro - A coarse-grained plutonic rock consisting of Cal& plagioclase and clinopyroxene. 
Loosely used for any coarse grained dark igneous rock. 

03.34901 
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The following are some basic names that are applied to metamorphic rocks: 

0 Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. 
Contains predominantly chlorite, mica, quartz, and seeicite. 

l Phyllite - A fine-grained foliated rock,that splits into thin flaky sheets with a silky sheen’on 
cleavage surface. 

o Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the 
micaceous minerals which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

l Quartzite - A fine to coarse-grained nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement. 

5.4 ABBREVIATIONS 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a 
minimum. Following are some of the abbreviations that may be used: 

5.5 BORING LOGS AND DOCUMENTATION 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
information obtained from the preceeding sections shall be used to complete the logs. A sample 
boring log has been provided as Exhibit 4-6. The field geologist/engineer shall use this example as a 
guide in completing each borings log. Each boring log shall be fully described by the 
geologist/engineer as the borina is beina drilled. Every sheet contains space for 25feet of log. 
Information regarding classification details is provided on the back of the boring log, for field use. 

. 5.5.1 Soil Classification 

l Identify site name, boring number, job number, etc. Elevations and water level data to be 
entered when surveyed data is available. 

l Enter sample number (from SPT) under appropriate column. Enter depth sample was taken 
from (1 block = 1 foot). Fractional footages, i.e., change of lithology a 13.7feet, shall be 
lined off at the proportional location between the 13 and 14foot marks. Enter blow 
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration 
resistance is covered in Section 5.2.3. 
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l Determine sample recovery/sample length as shown. Measure the total length of sample 
recovered from the split spoon sampler, including material in the drive shoe. DO.not 
include cuttings or wash material that.may be in the upper portion of the sample tube.. 

l Indicate any change in lithology by drawing a line at the appropriate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This information is helpful in the construction of 
cross-sections. As an alternative, symbols may be used to identify each change in lithology. 

l ’ The density of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Chart of back of log sheet. For consistency of . 
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this 
information under the appropriate column. Refer to Section 5.2.3. 

a Enter color of the material in the appropriate column. 

l Describe material using the USCS. Limit this column ,for sampie description only. The 
predominate material is described last. If the primary soil is silt but has fines (clay) - use. 
clayey silt. Limit soil descriptors to the following: 

’ . 
; Trace 0 - 10 percent 
s Some 11 - 30 percent 

And 31 - 50 percent 
. : 

a Also indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organic material, etc. 

l Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of 
,two basic groups, a borderline symbol may be used with the two symbols separated by a 
slash. For example MUCL or SM/SP. 

l The following information shall be entered under the Remarks Column and shall include, 
but is not limited by the following: 

s Moisture - estimate moisture content using the following terms - dry, moist, wet 
and saturated. These terms,are determined by the individual. Whatever method 
is used to determine moisture, be consistent throughout the log. 

- Angularity - describe angularity of coarse grained particles using Angular, 
Subangular, Subrounded, 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 observations. , 

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

. 
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l Additional comments: 

., . 

- 

- 

Indicate presence of mica, caving of hole, when water was encountered; difficulty 
in drilling, rbssor gain of water. 

Indicate odor and HNu or OVA reading if applicable. 

Indicate any change in lithology by drawing in line through the lithology change 
column and indicate the depth. This will help later on when cross-sections are 
constructed. 

. 
At the bottom of the page indicate type of rig, drilling method, hammei size and 
drop and any other useful information (i.e., borehole size, casing set, changes in 
drilling method). 

Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 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 Iithology column. Show top 
‘and bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 Rock Classification . 

0 

0 

0 

0 

0 

0 

.  

I  

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet. Indicate RQD, core run number, RQD percent and core recovery under 
the appropriate columns. 

Indicate lithology change by drawing a line at the appropriate depth as explained’ in 
Section 5.5.1. 

Rock hardness is entered under designated.column using terms as described on the back of 
the l’og or as explained earlier in this section. 

Enter color as determined while the core sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary, igneous or metamorphic For sedimentary rocks use 
terms as described in Section 5.3. Again, be consistent in classification. Use modifiers and 
additional terms as needed. For igneous and metamorphic rock types use terms as 
described in Sections 5.3.8. 

Enter brokeness of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the 
Boring Log. 
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l The following information shall be entered under the remarks column. items shall include 
but are not limited to the following: 

- Indicate depths of joints, fractures and breaks and also approximate to horizontal 
angle (such as high, low), i.e., 70”angle from horizontal, high arigle. 

- Indicate calcareous zones, description of any cavities or vugs. 
m Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

l Remarks at the bottom of Boring Log shall include: 

Type and size of core obtained. 
- Depth casing was set. 

Type of Rig used. 

l As a final check the boring log shall include the follovving: 

Vertical lines shall be drawn as explained for soil classification to indicate 
consistency of bedrock material. 

If applicable, indicate screened interval in the lithology column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
construction forms. . . 

5.5.3 Classification of Soil and Rockfrom Drill Cuttinas ..,. 
The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole 
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only 
general information on subsurface lithology. Some procedures that shall be followed when logging 
cuttings are: 

l Obtain cutting samples at approximately 5 foot intervals, .sieve the cuttings.(if mud rotary 
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip 
lock” 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. 

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

l Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or lithologic changes. 

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

,e Record this and any other useful. information onto the boring log as provided in 
Exhibit 4-1. 

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 
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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 reviewed. Items to be reviewed 
include: 

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

. 
6.0 REFERENCES 

Unified Soil Classification System (USCS) 

ASTM 02488,198s 
. 

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

7.0 RECORDS . 

Originals of the boring logs shall be retained in the project files. 
. . 

. . ‘) 

I 
0334901 . 



ubject 

BOREHOLE AND SAMPLE LOGGING 

Number 
GH-1.5 

Revision 
2 

EXHIBIT41 

Page 
150f 26 

Effective Date 
05/04/90 

. 
: .,...,.....,.................... . . . . . . DATE: _. ._ 1. : __ _. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I.... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FIELD GEOLOGIST: .,,....,.,... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,...._...,.,.,.._._ 
. . . . . . .._.._...__...................................................................................... 

CLASSlFlCATlON 

REMARKS 
BORING 

PAGE-OF- 
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SOIL TERMS 
. UNIFIED SOIL CLASSlFlCATlON (USCS) 

1 
FINE GRAINED SOILS COARSE GRAiNED SOILS 

Uorct~nhU~m~cr*litURCtll thaunNo.ZOOrkvtrirc. 

FIELO IDENTIFKATION PROCEDURES 

I 

GROUP 
(Eidudingprtickr lag41 than 3’ L tmimg SYM- 

FIELD IDENTl,FICATlON PROCEDURES 
E.rdudi,q pmicksJaqe# than 3’ 6 basuag Nrrtionr 

on ettimated uciphtr) 

. ~~ 
CONSISTENCY OF COHESIVE SOILS 

1 -DENSITY OF GRANULAR SOILS 1 

Lessthbn0.25 
035 too.50 
030101.0 
lDIO3.0 
1.0104.0 

MO#Otblun4.O 

HoCK TERfU 

ROCK HARDNESS (FROM CORE SAMPLES) 

OfSCtUPWE TERMS 

ROCK sAMPiES’- WPQ 

-- ,I ? 
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. . CONSISTENCY FOR COHESIVE SOILS 

Consistency 

dery soft 

Soft 

Medium stiff 

Unconfined 
Compressive 

(Blows Strength 
per Foot) (tons/square Field Identification 

foot by pocket 
penetration 

oto2 .’ Less than 0.25 Easily penetrated several inches by fist. 

2to4 0.25 to 0.50 Easily penetrated several inches by thumb 

4to8 0.50 to 1.0 Can be penetrated several inches by 
thumb with mod.erate effort 

itiff 8to 15 1 .o to 2.0 Readily indented by thumb but penetrated 
only with great effort 

Jery stiff 15to30 2.0 td 4.0 Readily indented by thumbnaii. 

iard Over 30 ‘More than 4.0 Indented by thumbnail 

. . 
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BEDDING THICKNESS CLASSlFlCATlON 

Thickness Thickness (Approximate 
(Metric) English Equivalent) Classification 

> 1.0 meter > 3.3’ Massive 

30cm - 1 meter 1 .O’ L’3.3’ Thick Bedded 

lOcm-30cm 4”- 1.0 Medium Bedded 

3cm-10cm I”-4” Thin Bedded 

1 cm-3cm US”-1” Very Thin Bedded 

3mm-lcm 1/w - 2/5* Laminated 

lmm-3mm l/32” - l/8” Thinly Laminated 

1 <lmm <l/32” Micro Laminated 
. 

(Weir, 1973 and Ingram, 1954) ” 
. . 
..‘. , 

, 
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EXHIBIT 4-5 

GRAIN SIZE CLASSlFlCATlON FOR ROCKS :. : 

After Wentworth, ,l922 
‘T. 
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.19‘( .._ . DATE: .:+%+7 DRILL 
FIELD GEOLOGIST: ~.‘hNtl._.. 

. 
(Date, Time & Condlt:onr) Y.. 

CUSUFICATION . 

9-22 

REMARKS 
BORING - 

* see uqrnd 0~ am PAGEw2-OF 3 

. 
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BORING LOG NUS CORPORA r/ON I 
’ PROJECT: ~EBELLLb 5a.E .._. . . . . . . BORING NO.:.&~,~A 

PROJECT NO.: ..b.!9 y . DATE: .9.?22:,81. . DRILLER: 13. .62wclu~. 
ELEVATION: . FIELD GEOLOGIST: .sJ.. kwT.\ ..,. ._ 
WATER LEVEL DATA : . 

1” ..__.__ 
., 

(Date, Time & Condlhow) . . . I 

I I ’ 
MATERIAL 

Cl.ASSIFIcAnON ’ uKs 
I I 

REMARKS 

1 

I 

I I HII I I I 

t I 
I I I I 
I I I I 

~1 M-; i i / I II 

I I.1 I 

f  
I 

I I 1 FEW fht 

A 175.oH. A 
I 

t,i iii. 

. 
Subject 

BOREHOLE AND SAMPLE LOGGING 

I 
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BORING LOG NUS CORPORilTlON 

. , ,..,.,,., . . . . . . . . ..~... . 
DATE: .7.:.3.:..%? ..,...... 

7: FIELD GEOLOGIST: . ..s.J tq.tiT.! ,.., PEAN - CQILL 
WATER LEVEL OATA : 5.sq.’ ?,.. 3:50 ,bY ..7:23.-81. f- PYC :. ,... ,‘, .-!.crEG .m- ti 

REMARKS *me’ I-.fs PM - -l--7- 27 IjQrJl, Y’/4” ID k~O’dJ,>~~Ftkr; 
4-q e‘ 35.30Cm.C 70 ts~bkw 34~. wae $55. tl91.r; B‘ORING Mw Q’3 
s- 5c +:zr3w 4cKFL w L- L4om-m.L 03 

rw.2 &mcr. PAGE 1 OF q -- 
‘., sAtfIRE TkkEC J 

‘A SW. lye \b !rlt Ad 20 IUCU bci,OP. 

~ 

s 
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WATER LEVEL DATA : . ,. ,.,,, .,, .,... . . . . . . . . . . .I_....’ ‘, 
(Date, Time (I Conditions) ,,,,,,..,,...._.,,._,,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ .._.,.,,.._.._ ,.. .,,..., .:... 

BORING LOG NUS CORPORATION 

- 
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. . 

ELEVATION: ....... ......... FIELD GEOLOC 
WATER LEVEL DATA : ............................ 
(Date. Time & Conditlonr) ................................... I I 
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1.0 PURPOSE 

The purpdse of this procedure is to provide reference information regarding the appropriate 
proc,edures to be followed when conducting decontamination activities of drilling equipment and 
monitoring well materials used during field investigations. 

2.0 SCOPE 

This procedure addresses only drilling equipment and monitoring well materials decontamination, 
and shall not be considered for use with chemical sampling and field analytical equipment 
decontamination. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Responsible for ensuring that project specific plans and the implementation 
of field investigations are incompliance with these procedures. 

5.0 PROCEDURES 
. . 

To insure that analytical chemical results are reflective of the actual concentrations present at 
sampling locations, various drilling equipment ‘involved in field investigations must be properly 
decontaminated. This will minimize the potential for cross-contamination between sampling. 
locations, and the transfer of contamination off site. 

Prior to the initiation of a drilling program. all drill’ing equipment involved in field sampling activities 
shall be decontaminated by steam cleaning at a predetermined area. Thesteam 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 sample. The decontamination procedure shall be.perfocmed 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’ 
and/or drilling location, including soil borings, installation of monitoring wells, test pits, etc. Such 
equipment shall include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. 

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-surface tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases, due to bu,dget constraints, 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. The location of the steam cleaning area shall be on site in order to minimize 
potential impacts at certain sites. . 

L 
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Guidance to be used when decontaminating equipment shall include: 
. 

l As a general rule, any part of the drilling rig which extends over the borehole, shall be 
f steam cleaned. 

l All drilling rods, augers, and any other equipment which will be introduced to the hole 
shall be steam cleaned. 

l 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. ’ 

Rinsate samples of well casing and screens may be necessary if specifically required for a given site. If 
required, at least 1 percent, and no more than 5 percent of steam cleaned lengths of casing and 
screens combined shall be sampled. 

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. A, 
drilling rig left at the drilling location does not need to be steam cleaned until it is finished drilling at 
that location. 

6.0 RECORDS 

None. . . 
. . ” 

.  

.  

: . 

. 

. 

. 
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1.0 PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivi’ty testing 
(slug testinQ) in boreholes and monitoring wetls, and provide a short description of commonly used 
evaluation techniques for the data generated. Slug tests are used to provide data regarding the 
hydraulic properties of the formation tested. A variation of the slug test, called a constant-head test, 
is also briefly described. 

2.0 SCOPE . 

Slug tests are short-term tests designed to provide approxjmate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. 
These tests are less accurate than pumping tests, as a much more localized area is involved, so a 
number of slug tests are performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Slug tests may be preferable to pumping tests in 
situations where handling of large volumes of contaminated water is a, concern or when time/budget 
constraints preclude the more expensive and time-consuming setup arid performance of a putiping 
test. 

Constant-head tests.also are used to determine hydraulic conductivity values and are similar to slug 
tests in regards to the quality of data obtained and time/cost considerations. A disadvantage to 
constant-head tests is that a significant volume of water may be added to the formation, potentially 
affecting short-term water quality. . . 

., :. 
3.0 GLOSSARY 

Hvdraulic Conductivity (Kl - A quantitative measure of the ability of porous material to transmit 
water. Volume of water that will flow through a unit cross sectional. area of porous material per unit 
time under a head gradient. Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units of expression include centimeters per second (cm/se& feet per day (ft/day), and 
gallons per day per foot2 (gpd/ftz). 

Transmissivitv (Tl- A quantitative measure of the ability of an aquifer to transmit water. The product 
of the hydraulic conductii//ty x saturated thickness. 

Slua-test - A rising head or falling head test used to measure hydraulic conductivity. A slug test 
consists of instantaneously changing the water level within a well and measuring the rate of recovery 
of the water level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of 
water (rising head test) or adding a slug of water (falling head test), then measuring recovery over 
time. A solid slug of known volume can be used to displace a volume of water, thereby simulating the 
addition or removal of water. 

4:o RESPONSIBILITIES 

The-project geologist shall evaluate the type(s) arid extent of hydraulic teiting required for a given 
project during the planning process, and design the field program accordingly. The project geologist 
also shall ensure that field personnel have the necessary training and guidance to properly perform 
the tests, and oversee data reduction activities, including selecting the appropriate. evaluation 
techniques and checking calculations for accuracy. 

. . 
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The field geologist is responsible for performing the planned field tests as specified in the planning 
documents, or as directed by the project geologist shall the field program require modification, and 
generally assists in the data evaluation process. The field geologist shall be knowledgeable in the 
testing methodologies required and is responsible for obtainmg the necessary support.equipment 
required to perform the field tests. All applicable data regarding testing procedures, equipment 
used, well construction, and geologidhydrogeologic conditions shall be recorded by the field 
geologist. The field geologist shall be familiar enough with testing procedures/requirements to be 
able to recommend changes in methodology, should unanticipated field conditions be encountered. 

5.0 .PROCEDURES 
* 

5.1 IN-SITU HYDRAULKCONDUCTIVI~Y TESTING IN WELLS 

Slug tests are commomy performed in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within 
the well has stabilized, it shall be quickly raised or lowered and the rate of recovery measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially; Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the we!l. A 
solid slug of known volume, quickly lowered below the water level within the well, will displace an 
equivalent volume of water and raise the water level within the well. The slug can be I.eft in place 
until the water level restabilizes at the.static water level, then suddenly removed to create a drop in 
water level within the well. An advantage of using a solid cyl’inder of known volume to change the 
water level (slug test) is that no water’is removed or added to the monitoring well. This eliminates 
the need to dispose of contaminated water and/or add water to the system, which might raise doubts 
regarding the representativeness of future groundwater samples. A bailer or pump can be used to 
withdraw water from the well. (If a pump is used, pumping shall not.continue for more than several 
seconds so that a cone of depression is not created which would adversely impact testing results. The 
pump hose shall also be removed from the well during the recovery period, as data analysis 
techniques involve volume of recovery versus time, and leaving the hose within the well would distort 
the calculated testing results by altering the apparent volume of recovery.) Falling head slug tests 
should only be performed in wells with fully submerged screens, while rising head slug tests can be 
performed in wells with either partially or fully submerged screens/open intervals. 

Other methods that can be used to change water levels within a’well include creating a vacuum or a 
high pressure environment within the well. The vacuum method will raise water levels within the 
well, while the pressure method will depress the water level in the well. These methods are 
particularty useful in highly permeable formations where other methods are ineffective in creating 
measurable changes in water levels. Both methods are limited to wells which .have completely 
submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) 
until water level recovery exceeds 90 percent of the initial change in water level. In low permeability 
formations, the test may be cut off short of 90 percent recovery due to-time constraints. Time 
intervals between water level readings will vary according to the rate of recovery of the well. For a 
moderately fast recovering well, water level readings at O,O.l, 0.2,0.3,0.4,0.5,.0.75, 1.0, 1.25, 1.5,2.0, 
2.5, 3.0,4.0,, . . minutes may be required. With practice, readings at down to 0.05minute (3 seconds) 
time intervals can be obtained with reasonable accuracy, using a pressure transducer and hand held 
readout. For wells which recover very fast, a pressure transducer and data logger may be required to 
obtain representative data. Time intervals between measurements can be extended for slow 
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recovering wells. A typical schedule for measurements for a slow recovering well would be 0, 0.25, 
.O.S, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0,30.0,. . . minutes from the beginning the test. 
Measurements shall be taken from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or 
pressure transducer. Steel tape, coated with chalk or water sensitive paste although very accurate, is 
a slower method of obtaining water levels and is generally not recommended for use due to the 
frequency at which water levels need to be taken during the performance of a slug test. 

The following data shall be recorded when performing slug tests in wells or borings: 

l Well/boring ID number 
l Total depth of well/boring 
l Screened/open interval depth and length 
l Gravel pack interval depth and length 
l Well and boring radii 
l Well stickup above groundsurface 
l Gravel pack radius 
0 Static water level 
l Aquifer thickness 
0’ Depth to c&fining layer 
l Time/recovery data 
l Gravel pack porosity 

A variation of the slug test is a test in which water is added to the well at a measured rate sufficient to 
maintain the water level in the well tit a constant height above the static water level, and is called a 
constant-head test. ,Once a stable elevated water level has been achieved, discharge (pumping) rate 
measurements shall be, recorded in place of time/recovery data for approximately 10 to 2Qminutes, 
then the hydraulic conductivity calculated from this. This type of test is generally not recommended 
for monitoring wells as large volumes of water may be introduced into the screened formation, 
potentially impacting later sampling events. 

5.2 IN-SITU HYDRAULIC CONDUCTIVITY TESTING IN BORINGS 

S!ug tests can be performed in borings while the boring is being advanced. This permits testing of 
formationsat different depths throughout the drill’ing process. Boreholes to be tested shall be drilled 
using casing, so,that discrete depths may be investigated. Various tests and testing methods are 
described below. The most appropriate test’and testing method to be used in a situation varies with 
drilling, geologic, and general site conditions and shall be selected after a careful evaluation of the 
above factors. 

Rising head or falling head slug tests can be performed in .saturated and unsaturated formations 
during drilling. There are two ways that the tests can be performed. One way entails’setting the 
casing flush with the bottom of the boring. when the desired testing depth has been reached. The 
hole is then cleaned out to remove loose materials, the drill bit and rods are carefully withdrawn from 
the boring, and a few feet of sand (of higher permeability than the surrounding formation) is added 
to the bottom of the boring. After the water.level in the boring has stabilized (for saturated 
formations), the static water level shall be measured and recorded. The water level shall then be 
raised (falling head test) or lowered (rising head test) and the change in water level measured at time 
intervals as determined by the field.hydrogeologist. Only falling head tests can be performed for 
depth intervals within the unsaturated (vadose) zone. As described for wells, time intervals for water- 
level measuremerits will vary according to the formation’s hydraulic conductivity. The faster the rate 
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of recovery expected, the shorter the time intervals between measurements shall be. A 
predetermined pattern of time intervals shall, be used during each test. The rate of change of water 
level will be used to calculate hydraulic conductivity. The test shall be conducted until the water level 
again ‘stabilizes, or for a minimum of 20 minutes. In low permeability formations, it irnot always 
practical to run the test until the water level atabilites, as it may take a long time to do so. The top of 
the casing shall be used as the reference point for all water level measurements. 

The second method consists of placing a temporary well with a short screen into the cleaned out 
boring, pulling the drilling casing back to expose the screen, allowing the formation to collapse 
around the screen (or placing a sand/gravel pack around the screen), .and performing the appropriate 
hydraulic conductivitytest in the well, as’described for the first method. Again, the test shall be 
conducted until the water level stabilizes or for a minimum of 20 minutes. this method allows for 
testing a larger section of the formation and results in more reliable hydraulic conductivity estimates. 

Constant head tests may also be performed in borings. As described for monitoring wells, on,ce a 
stable elevated level has been achieved, the discharge rate into the boring is measured for a period of 
time, usually 10 to 20 minutes, and the hydraulic conductivity calculated from this. This method is the 
most accurate method depicted in .this section and shall be given preference over others if the 
materials are available to perform the test.and the addition of water to the boring does not adversely 
impact project objectives. Once the test is over, additional information can be gathered by measuring 
the rate of the drop in water level in the boring (for saturated formations). A limitation of the test is 
that foreign water is introduced into the formation which must be removed from the well area by 
natural or artificial means before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the.‘.,performance of borehole hydraulic conductivity tests and 
subsequent data analysis techniques are providedcin Ground Water Manual (1981). 

5.3 DATA ANALYSIS . 

There are a number of data analysis methods available for use to reduce and evaluate slug testing 
data. The determinati.on of which method is most appropriate shall be made based on the testing 
conditions (including physica! setup of the well/boring tested, hydrogeologic conditions, and testing . 
methodology) and the limitations of each test analysis method. Well constructi.on details, aquifer 
type (confined or unconfined), and screened/open interval (fully or partially penetrating the aquifer) 
shall be taken into account in selecting an analysis method. Cooper, etal. (1967), and Papadapulos, 
et al. (1973), have developed test interpretation procedures for fully penetrating wells i’n confined 
aquifers. Hvorslev(1951) developed a relatively simple analytical procedure for point pietometers in 
an infinite isotropic medium. In’ Cedergren(1967), Hvorslev presents a number of analytical 
procedures which cover a wide variety of hydrogeologic conditions, testing procedures, and 
well/boring/ pietometer configurations. Bouwer and Rice (1976) developed an analytical technique 
applicable to both unconfined and confined conditions, factors in partial/full penetration, and 
discusses well screen gravel pack considerations. The Ground Water Manual (1981) presents a 
number of testing and test analysis procedures for wells and borings open above or below the water 
table, and for both falling-head and constant-head tests. The methods described above do not 
represent a complete listing of test analysis methods available, but are some of the more commonly 
used and accepted methods. Other methods can be used, at the discretion of the project 
hydrogeologist. . 

One consideration to be noted during data’ analysis is the determination of the screened/open 
interval of a tested well. If a well with a fully submerged screen is installed in a relatively low 
permeability formation, and a gravel pack which is significantly more permeable is installed around 
the screen, the length of the gravel pack (if longer than the screened interval) may be used as the 
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screened/open length, rather than the screen length itself. In situations where the formation 
permeability is judged to be comparable to the gravel pack permeability (within about an order of 
magnitude) this adjustment is not required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project file. 
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I 7.0 RECORDS 

Field data shall be recorded on the data sheet included as AttachmentA*. Any notes regarding 
testing procedures, problems encountered, and general observations not included on the.data sheet 
shall be noted in the field ‘logbook. The boring log and well, construction diagrams for each 
well/boring tested shall be used as references during testing and data analysis activities: Original data 
sheets shall be placed in the project file, along with the field logbook. 

* If an automated data recorder is used, the data may be displayed using the printer output from 
the unit. Such printouts should be annoted to include the relevant data form, or attached to 
the form shown as Attachment A: 
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A-ITACHMENT A 
HYDRUALIC CONDUCTIVITY TESTING DATA SHEET 

.I h’n’aAr/rff CONDllCTIVIl’Y TESflNG DATA Sk&V NUS-CORPORATION 1 ,,,I..-w-.B -V.--T-.---- _ _ __ - - 
1 

PROJECTNAME: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . WELUBORING NO.: .,.... s ,.....,.............,.... 
PROJECT NO.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . GEOLOGIST: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. 
WELL DIAMETER: . . . . . . . . .._........................ SCREEN LENGTH/DEPTH: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TEST NO.: . . . . .._............ 
STATIC WATER LEVEL (Depth/Elevation): I DATE: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..a............... 
TEST TYPE (Rising/Falling/Constant Head): CHECKED: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
METHOD OF INDUCING WATER LEVEL CHANGE; ,.._.,,.,,,,....__: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*..................... PAGE OF -- 

0334901 



Number Page 
-; ‘. 

STANDARD. ‘,,t.zvrffe 
1 of9 

fJevision 

OPERATING 05/04/90 1 

ENVIRONMENTAL 
Applicability 

PROCEDURES EMG 
MANAGEMENT GROUP 

Prepared 
Earth Sciences 

ubject 
MAGNETIC AND METAL DETECTION SURVEYS 

Approved * 
D. Senovich. 

TABLE OF CONTENTS 

SECTION 

1.0 PURPOSE 

2.0 SCOPi 

3.0 GLOSSARY 

4.0 RESPONSIBILITIES 

5.0 PROCEDURES 
5.1 DESCRIPTION OF METHODS 
5.1.1 Theory and Principles of Operations 
5.1.2 General Applicability 
5.1.3 Instrumentation . . 
5.2 DATA ACQUISITION.. 
5.2.1 Field Procedures . . ,’ 
5.2.2 Data Format I’ 
5.3 DATA INTERPRETATION 
5.3.1 Magnetics 
5.3.2 Metal Detection 
5.4 APPLICATIONS MANAGEMENT 
5.4.1 Prerequisites 
5.4.2 Work Plan.ning and Scheduling 
5.5 CALIBRATION 
5.51 Magnetic Survey 
5.52 Metal Detection 

6.0 REFERENCES 

7.0 RECORDS 

033490 

: 

1 ’ 



Subject 

MAGNETIC AND METAL 
DETECTION SURVEYS 

Number Page 
G H-3.2 2 of 9 

Revsion 
1 

Effective bate 05,04,go 

1.0 PURPOSE 

The purpose of this guideline is to provide a general description of, and technical management 
guidance on, the use of Magnetic and Metal Detection Surveys for site investigations. 

2.0 SCOPE 

This guideline provides a description of the principles of operation, instrumentation, applicability and 
implementability of standard geophysical methods used during site investigations to determine site 
features related to magnetic anomalies and .buried metal. .The document is intended to be used by 
the site manager (SM), RI leader, Field Operations Leader, or site geologist to develop an 
understanding of each method sufficient to permit work planning and scheduling, resource 
planning, subcontractor procurement and evaluation, and manipulation and use of the technical 

’ data during remedial investigations and feasibility studies. Thk guidance is not intended to provide.a 
detailed description of methodology and operation. The highly specialized nature of the subject 
geophysical methods requires inclusion of project-specific, site-specific, and subcontractor-specific 
information prior to development of .detailed operating procedures, during both planning and 
execution 

The description focuses on methods and equipment that are readily available and typically applied; ii 
is not intended to provide a complete discussion of the state-of-the-art. 

3.0 GLOSSARY . . 
..,, ” 

Maqnetic Susceptibility -- Property of a materiat,corresponding to its ability to distort an applied 
magnetic field. 

Maqnetometer -- A device used for precise and sensitive measurements of magnetic fields.- 

Maanet’ic Survey -- A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. . 

Metal detection -- A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive.objects. 

Maanetometrv -- The science of measuring variations in the earth’s magnetic field; 

4.0 RESPONSIBIUTIES 

Site Manaaer - responsible for scoping the magnetic qr metal detection surveys during development 
of the Work Plan with the help of the RI leader, site geotogist, and site geophysicist. 

Site Geophvsicist -- central role in determining the technique used for providing necessary data. Field 
work for these surveys is supervised by the site geophysicist, with support from geophysical.technical 
specialists and other personnel as needed. Data reduction and interpretation are performed by the 
site geophysicist or technical specialists. 
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5.0 PROCEDURES . 

5.1 DESCRIPTION OF METHODS 

51.1 iheorv and Principles of Operation 
_ 

Magnetometry 

Materials subject to a magnetic field will develop an induced magnetization, proportional to the 
applied magnetic field and the magnetic susceptibility of the material. 

. . 
Induced magnetization in an object produces a local magnetic field which either reinforces (positive 
magnetic susceptibility) or reduces (negative susceptibility) the external applied field. The variations 
in an otherwise hoinogenous field caused by the presence of the object is called’s magnetic anomaly, 
and observations of such anomalies can be used to infer the presence of magnetic objects. 

Because there are numerous factors that affect magnetic fields there is no unique interpretation of a 
set of magnetometry data. Conversely, there is no unique magnetic anomaly produced by a 
particular kind of buried object. Factors that influence the response of a magnetometer to buried. 
objects include the size, shape, depth, orientation, and magnetic susceptibility of the buried material, 
and permanent magnetqmeters such that many’objects of interest at hazardous waste sites 
(particularly buried ferromagnetic materials such as drums, tanks, pipes and iron scrap) are 
detectable. While the location of ferromagnetic material can be detected to the precision of the 
survey, difficulties may be encountered in interpreting and attempting to identify the source of 
magnetic anomalies. . . 

:. ,’ 

Metal Detection 

When a radio frequency electromagnetic field generated by a transmitter coil encounters a highly 
conductive object such as metal (not necessarily ferromagnetic), alternating currents are induced in 
the object that, in turn, generate alternating secondary magnetic fields that are detected as 
alternating voltages by a receiver coil. The presence of the metal object effectively “couples” the 
transmitter and receiver coils, which. otherwise are oriented so that little or no coupling exists. The 
principles of metal detector operation are very similar to those associated with electromagnetic 
induction instruments. 

A number of factors influence the response of a metal detector. The receiver response increases with 
the size and surface area, and decreases with the depth of a buried object. Factors such as soil 
properties and object shape complic5te detectability and interpretation. Certain shapes, such as 
elongated metal rods, are difficult to detect. Iron ‘minerals and conductive fluids will affect the 
detector response in much the same manner as a target of interest. Generally, metal detectors show 
greater response to smaller nearby targets than to larger targets at greater depth, and the presence 
of widespread.metallic debris at a site can interfere with attempts to detect buried drums and other 
objects. 

. 
5.1.2 General Aoolicability 

. 
Magnetic Surveys (Magnetometry) 

. . 
Applications of magnetic surveys at hazardous waste sites center on confirming the presence (or 
absence) and location of buried ferromagnetic objects. Location of buried waste containers such as 
drums or tanks and surveying of proposed drill sites to detect interfering pipes, cables or tanks are 
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two important applications. Typically, a single 55-gallon drum can be detected at distances of up to 
3 meters and large drum deposits or’large tanks can be detected at distances of 12 meters or more. 

Magnetic surveys can more readily detect metallic masses than identify or characterize targets. 
Calculations of the mass or size of detected objects generally yield only approximate results. 

Magnetic surveys may be impractical in areas where metal pipes, fences, railroad tracks, metal 
buildings, and other ferrous metal artifacts are abundant. However,’ proper selection of equipment 
and survey techniques can often alleviate some of these problems. 

Metal Detection 

Metal detectors (MDs) can be used for locating buried metallic containers of various sizes; d.efining 
the boundaries of trenches containing metallic containers; locating buried metallic storage tanks; 
locating buried metallic pipes; avoiding buried utilities when drilling or trenching; or locating utility 
trenches which may provide a permeable pathway for contaminants. 

The detection range of a MD is relatively short. Its sensitive.areas are focused directly above and 
below the coil providing good definition of object location. Quart-si’zed metal objects can be 
detected at a distance of about 1 meter; objects the size of a 55 gallon drum can be detected up to 
3 meters; and massive piles of metals can be detected at depths of 3 to 6 meters. Deeper objects are 
difficult to detect with an MD. Although most MDs are operated on foot, .so’me can be 
vehicle-mounted if desired. 

5.1.3 Instrumentation _‘.’ 

Magnetometers 

Two types of magnetometers, the fluxgate and proton precession magnetometers, are commonly 
used at hazardous waste sites. The fluxgate magnetometer uses an iron core of high magnetic 
susceptibility as a sensor. The amount of coiled electrical current necessary to induce magnetic 

.saturation of the rod is directly dependent upon, and thus measures, the strength of the ambient 
magnetic field. In a proton precession magnetometer a strong magnetic field is applied to a bottle or 
proton-rich fluid (e.g., kerosene) that realigns the protons. The .field is then ‘turned off and the 
frequency of the signal generated by the protons.as they realign themselves (“precess”) to the earth’s 
magnetic field is dependent upon and measures the strength of the field at that point. Some 
magnetometers, such as the fluxgate, are extremely sensitive to orientation during measurement. In 
order to alleviate this problem, two sensors are connected by a rigid pole to form a “gradiometer” 
that measures only a certain directional component of the earth’s magnetic field. These 
gradiometers are commonly used at hazardous waste sites. 

The type of magnetometer best suited for a particular site investigation depends upon characteristics 
of that site and should be chosen ,by a ‘person familiar with the different instruments ‘available. 
Proton precession magnetometer, for example, while very useful’in many situations, will cease to 
function in an area with high magnetic gradientssuch as a junkyard or near a steel bridge. 

I 
Different instruments have different levels of sensitivity. Whereas in some cases, high sensitivity may 
be desired to detect deeply buried objects, in other instances, a low sensitivity instrument may be 
desired to reduce the effects of “noise” from nearby fences or cars. Furthermore, the size of the 
survey area and the resolution required will determine whether the magnetometer used is hand-held 
for stationary measurements or a vehicle-mounted continuous sensor model. 

0334901 



Subject 

MAGNETICAND METAL 
DETECTION SURVEYS 

,. 
Number Page 

GH-3.2 5of9 
,a, 
Revs/on 

1 
Effecttve Date 05,04/go 

I Metal Detectors (Ml%) 
I 

Three general classes of metal detectors are commonly used in hazardous waste site studies: 
pipeline/cable locators, conventional “treasure hunter” detectors and specialized .detect.ors. The 
pipeline/cable detectors are commonly used by EPA field investigation teams. They do not respond to 
small objects like soda cans. Although most’of the “treasure hunter” type .detectors are used for 
locating coin-sized objects, some can be fitted with larger sensor coils suitable for detection of larger 
objects at greater depths. Some of these models also can operate with adverse soil condition; such as 
high iron content. Specialized detectors are also available to operate to greater depths, over a wide 
sweep area, operate continuously, cope with special field problems, or operate while 
vehicle-mounted. These special MDs require. an experienced. operator and are not commonly 
available. 

5.2 DATA ACQUISITION 

5.2.1 Field Procedures 

I Magnetics . 

Magnetic measurementsare generally made in a cross-grid pattern, or if a continuous sensor is used, 
in a series of parallel lines across the survey area. The desired resolution (reconnaissance or high 
density) and the si’ze and depth of the objects sought, determines the spacing of measurement 
stations or survey lines. Because of the phenomenon of temporal magnetic drift, a magnetic survey 
must include a base station where magnetic measurements are made at regular intervals. These base 
station readings are later used to correct that survey data for temporal differences due to drift. If the 
survey area permits, surveys are often:conducted, in a loop, the base station forming the end and 
starting points. 

Special care must be taken with handling of the magnetometer during use. The operator must not 
take measurements with the sensor near ferromagnetic objects such as belt buckles or steel-toed 
boots. The orientation of the magnetometer and its height from the ground must also be carefully 
controlled during operation. Recorded data must be annotated with station locations to ,alloti 
construction of a site magnetic map. 

Metal Detector ., 

Surveys with metal detectors are similar in planning to those with magnetometers. A grid pattern of 
evenly spaced parallel lines is used. Desired resolution and the size of objects determine spacing. In 
some cases, elevating the MD a few feet off the,ground may help to eliminate noise from small 

. surface objects. An experienced operator is recommended. Recorded data must be annotated with 
station locations to allow construction of a site metal detection map. 

I 5.2.2 Data Format 

I Magnetits 

The output of a magnetometer is a numerical value (in gausses).of the intensity of the earth’s 
magnetic field at a location. It may be displayed electronically or printed on a strip chart depending 
on the instrumint used. Because the. object-of a magnetic survey is generally to complete a map of 
the survey area, each magnetic reading must be coupled with a record of its precise location. 
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The times of each reading must also be recorded to allow temporal drift connection. Some recent 

proton magnetometers .include microprocessors for recording information on readings, locations, 
and tiines in one memory for playback at the survey’s completion. . 

Metal Detection 

The data provided by a metal detector is less quantitative than that of a magnetometer. The MD 
signal strength may vary (depending on the instrument) with object depth, size and shape, but this 
signal does not translate into a quantity such as field strength. It merely indicates the presence of a 
metal object. This on/off type of signal is useful because it can indicate the boundaries of.a.metal- 
bearing zone more clearly than some quantitative data such as magnetometer recordings. 

5.3 DATA INTERPRETATION 

5.3.1 Maanetics 

5.3.1.1 Cdrrection of Diurnal Variations 

Corrections for diurnal variations are made by plotting base station readings on a 
time-versus-total-field graph; total-field values for times in between actual readings are interpolated. 
A datum value for total field is chosen, and the differences (AT) between the base station total-field 
reading and the datum value can be determined for any time during the survey. The corrected 
total-field reading for the survey data.isobtained by adding AT to the total-field reading. 

. . 

5.3.1.2 Depth Estimates from Total .Field , 

The width of a magnetic anomaly is proportional to the depth (or distance) of the source from the 
magnetometer sensor; the deeper the source, the broader the anomaly. This relationship is of 
primary importance in interpreting the results *of a magnetic survey.’ The proportion between the 
width of an anomaly and the depth of the source is a function of the fall-off rate, or the variation of 
anomaly amplitude with distance(d). For a dipole, the total-field anomaly amplitude varies as l/d3, 
and for a monopole as l/dz. In actual practice, source orientation and other factors may result in fall- 
off rates from l/d to l/d3. The shape of the magnetic profile of an anomaly and knowledge of the 
source object help in selecting the proper fall-off rate for depth estimation.’ ‘A range of depths 
determined from several fall-off rates may be the most appropriate way to present depth estimates. 

In general the anomaly width is on the order of one to three times the depth of the source. Thus, for 
an anomaly with a width of 100 feet, the source probably lies between 30 and 100 feet deep (or 
distant). Several methods, including the half-width rule and the slope technique, can be used to 
estimate source depths from total field profiles. 

. 
5.3.1.3 Half-Width Rule 

The half-width (x7/2) of an anomaly on a total field profile is the horizontal distance between the 
principal maximum (or. minimum) of the anomaly (assumed to be over thecenter of the source) and 
the .point Where the total field value is exactly one-half of the principal maximum (Figure 3.2-l). A 
profile that is used for depth estimation by using the half-width rule should be oriented 
perpendicular to the long axis of the anomaly to give the narrowest profile. This rule is valid only for 
forms such as spheres, cylinders, and other simple shapei: For example, a si\ngle upright 55-gallon 
Steel drum can be approximated as a vertical cylinder (monopole) and the depth (d) = 1.3 xl12. A 
buried trench filled with drums can be approximated by a horizontal cylinder, where d = 2 x1/2. 
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5.3.1.4 Slope Techniques 

Depth of the source can be estimated using the slope of the anomaly at the inflection points of the 
profile. The horizontal extent (X,) of the “straight” portion of the slope is determined as shown in 
Figure 3.2-l _ The depth is then estimated by the equation, 

d = KXZwhere0.5 <K < 1.5 

5.3.2 Metal Detection 

Very little interpretation is necessary for Metal Detection surveys, performed to provide qualitative 
data on the presence of metallic objects in the survey area, as a precursor to more detailed 
subsequent geophysical surveys. For these cases, the positive audible responses or.meter deflections 
are recorded on site grid maps and no further processing or interpretation is made. More detailed 
metal detection surveys using strip-chart or magnetic tape recording are possible. Typically, data is 
plotted on site grid maps following computer processing. Corrections for nonlinearities and 
smoothing of the data to eliminate small-target responses can be accomplished. . 

5.4 APPLICATIONS MANAGEMENT 

5.4.1 Prerequisites 

As described in Section 5.1.2, appropriate planning of magnetic and metal detection surveys requires 
at least a basic understanding of general.site features and geohydrologic characteristics, as well as the 
probable variability in conditions. The Work Plan’should describe, in as much detail as possible, the 
known site conditions which may affect the measurements, and the objectives of proposed survey 
efforts. The type and degree of data interpretation and the desired format for data presentation 
should be specified if possible. 

5.4.2 Work Plannina and Schedulinq 

Magnetic and metal detection surveys may’be performed concurrently with field geotechnical 
investigations, in which case on-site interpretation of data may provide real-time guidance for well 
drilling activities. Ideally, however, these geophysical surveys should be conducted in advance, 
allowing sufficient time for data interpretation and use of the results in planning other field 
exercises. 

The time and effort required by these geophysical surveys vary greatly depending on the site-specific 
objectives and site conditions. Typically, from two to ten acres can be covered by metal detection and 
from one-half to two acres can be covered by magnetic survey per day by a two-person team. Data 
reduction and interpretation will require at least an equivalent amount of time to the field work. 
Weather conditions, terrain, and obstructive site features cause considerable variability in these 
estimates. 

.0334901 
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5.5 CALIERATION % 

5.5.1 Maqnetic 

Magnetometer readings should be compared regularly to readings of a referehce bare station 
magnetometer; this procedure is necessary if corrections are to be made for changes in the earth’s 
magnetic field over time. 

Daily Quality Control 

All data sets should be,accompanied by quality controi data that indicates the level of quality of each 
individual data point. Periodically, replicate measurements should be made sq that’measuremerit 
precision can be established. This procedure also requires correctibns for variations in the. earth’s 
magnetic field with time. Each data set should be referenced to the most recent calibrations. All data 
obtained prior to a calibration requiring significant changes in instrument controls is suspect, and the 
measurements should be repeated or otherwise validated. Data should, be preliminarily reduced and 
plotted during the field program to determine the overall quality of the data and whether the survey 
results are consistent with the site conceptualization. Data pointi representing discontinuities in the 
curves should be validated by repetition and, if necessary, a fine grid of measurements niadk to 
(Cletermine whether the anomaly represents a site feature of interest, a spurious reading, or an 
obstructive interference. 

5.5.2 Metal Detection 

Calibration 

Metal detectors normally are not calibr&.ed, and &ly relative response is of interest. Periodically, the 
sensitivity should be checked by nulling the instrumqnt at’s fixed location known to be free of metal, 
and adjusting the gain to provide a @roper response over a known target. 

Daily Quality Control 

Metal detector data should be accompanied by sufficient. quality control data to verify that the 
instrument was operating properly. Occasional repetitive measurements and a log of the sensitivity 
adjustments usually suffice for this purpose. 

6.0 REFERENCE5 

Good discussions of various geophysical survey techniques and applications are found in the 
following references: . 

Benson, R. C., R. A. Glaccum and M. R. Noel, 1982. Geoohvsical Techniques for Sensing Buried Wastes 
and Waste Miaration,Technos, Inc., Miami, Florida, Contract No. 68-03-3050, U.S. EPA Environmental 
Monitoring Systems Laboratory, Las Vegas, Nevada. 

Costello, R: L., 1980. Identification and Description of Geoohvsical Techniques, Report 
NO. DRXTH-TE-CR-80084, U. 5. Army Toxic and Hazardous Materials Agency, Aberdeen Proving 
Ground, Maryland; Defense Technical Information System Number ADA 123939. 

McKown, G. L., G. A. Sandness and G. W. Dawson, 1980. Detection and Identification of Buried Waste 
and Munitions, Proceedings of the 11 th American Defense Preparedness Association Environmental 
Systems Symposium, Arlington, Virginia, 1980. 

, 
I 
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3rndwd Mothod for 
PENETRATIOti TEST ANO SPLl~4lA~RAEL SAMPLING Of 
SOILS’ 

uirrd SrumkrdJ 

1. scope 

I. 1 This method darrikr the ProCedUfC LCn- 
erally known u the Standard Pcnetntton Test 
(SIW. for drivitt9 a *c-burel sampkr to obtain 
a tqwumurive soil map& md o measure of the 
mtstanfxdthe%nltopmvuion~thrum- 
Pk. 

I .2 7Yhir stan&d may i&w hu:a&tu mu- 
trriolr. -ions. and rpwpmmr. This stanabd 
does na pwporr to a&wss all ul’the s&t.v pn+ 
lums assuc~uted wth rts WI. It 8.~ rhc* rusponsrbd- 
rt.v u/whorvu YVJ th& #and&d IO con&t and 
establish appwpriate safa.v and hwhh wa&es 
and determtne the opplicabt&t ui’rwdatoq lintt. 

’ Iuwms prior to we. For a speclk pmwiowy 

st1telncnt. se 3.4. I. 
I .3 The values sta@d ia inch++d untt~ ut 

tobeteprdedutherundud. . . 



I 

I 

I 

I 

-I 

wnning of tk omtm rap tick-8 to 
drop the hammer. divided by 560’ (we Fk Il. 

3 I I r‘ymp/inp rat&-rods that connect the 
drive-we!&1 asamMy to the sampler. Drill rods 
a~ often used for thts pum. 

3. I2 SPT-abbrewauon for Standard Pew 
tmtton ‘Test. a term by which enyncen com- 
monly refer to thha method. 

4. Siiif- ti Ur 
4.1 This method providea a soil sample for 

rdenthtwn pur@ses and for laboratory tests 
appropttrtc for soil obtained from a wmpkr that 
may praducc large shear stun disturbance tn the 
sample. 

4.5 this method is uti extenuvcl~ in a oreal 
uanety of ~techntcal explontton PrOJC’ZtS. 
Man) locii comlations and widel) published 
comlauons whtch relate SPT bloucount. of K- 
value. and the cn(ineerQt6 behavior of urth- 
works and foundauoas an available. 

5d ApmlatuB 
5, I Dtii/in# Eqtum-Any ddlin8 equip 

ment that provi& 8t tJte time of satnplina 8 
suit&@ clan open hok b&m insertion of the 
sampkr mad easwm th8t the pwtntion test is 
pC&ttHdottUndiStUtWWilSh8llk8tWU- 
bk. The followin) piecea of equipment have 
proven to k suuiubk for adnncin) a borehok 
in some subautf8ce conditions ” 

5. I. I Drag. Chogpiry anA Fishwl 811s. I” 
thaa 6.3 ia. (162 mm) and greater thrn 2.2 in. 
(56 mm) in diameter may be used in conjuction 
with open-hok rotary dnliin6 or castng-advance- 
meat drillin@ metho& To avoid disturbance of 
ihunduiyiysoil.Wtomdisctt8qebitaarenot 
prmittedz oniy si& w bits are permittad. 

5. I .2 RdbC’w dir% kr tlma 6.3 in. ( 162 
mm)andqourth8a~2ie.(#rntn~indi8m- 
eternUyburcdiJl c8aqttmritlt~ 
routyJlfiniqa~drilli~ 
metho&ifth&iBi~&M~bd&cted. 

J; 1.3 Hamats ccwri#w m#ht Au@w. 
writbormranaTbir8aamb4y.m8yk 
uedlo~tb~n8imi&di8liwroc 
thhdrrrr~rb31klestha6.J in. 
(N2taWrJ~Umt2ik(S6mmm). 

5.1.4 &id C#rin#rr Flig6f. h&a and 
HuRd Auam. km t&a 6.S ia (162 mmt 8nd 
lnucrtlunL2ifL(Wmtn)iadi8mWtnayk 
u%dilth8toilontksid8ofth8boda#doe8aot 

cave on10 the vmplcr or vmpliq rods dunng 
sampiin~ 

5.2 SampAng Rods-Flush-Joint srcel drill 
rods shall be used to connect the splri-band 
vmpkr to the drive-wet&t asembly. The mm- 
pling rod shalt h8ve a st~kss (moment of mere 
tu) equal to or greater than that of panile wall 
‘A’ rod (a stael rod which has an ouutdc dum- 
eter of 1% in. (41.2 mm) and an tnudc dtameier 
0T’ 1% tn. (28.5 mm). 

5.3 Splir. Barrel Smplcr-The ampler shall . 
be constructed with the dimensions indicated II-I 
Fig. 2. The driving shoe shall be of hrrdcncd staet 
and shhrll be replaced or rcp81rcdivhcn it becomes 
dented or distorted. The use of iinen to produce 
a constant lnudc diratetq of I % in. (35 mm1 IS 
permitted. but shall be noted on the pnetnuon 
record I used. l?te uI of 8 Wmpk retatner basket 
is petmitt&, mttd should ah0 be noted 011 the 
penetration record if we& 

5.4 Driw-W-d&t &rtwr&iy: 
5.4. I Hummer and .4nv1l-lRe hunk shall 

wei* I40 : 2 lb (63.5 t I k@ and shall be a 
solid ripd metallic w The hrmmer shrll an&c 
the rnnl aad m8kc steal oa steel cont8ct when $1 
is dropped. A hammer fall guide pennttttne a 
free fall shall be us& H8mmcn meti with the 
uthad 8nd rope methad hail have aa un- 
im~overWaOwityofatlass4in.~lCHl 
mml.Fors8fetytuloa&tkwcd8h8tnmcI 
auambly with 8a iaun~I aatd ia encoura@. 

299 

‘. 



Ii. DfillJag Rmdare 
6, I Tk brin# shall be advanced incrrmen- 

tally to pnnrt tntcnnittcnr or amnuous wm- 
plmg. Tert mtervtis and locations are normally 
stipulated by the PfOJti ef!QMcr Or ~tob@st. 

. Typ~caily. the ~niervabukcted are 5 A 4 I .5 mm) 
or les in homo(enaoua ~nta wh tcsnc and sam- 
piing locations at evcy ck* of nnta. 

6.2 Any dnllin# mufe that pfovidaa a 
suitably ckan and subk hok b&ore tnseruoa oi 
the umpkr and aaaurba that thr penemuon lert 
is prfotmcd on esmuaily undisturkboil shall 
be acceptaRk. Earb of rk following procedures 
have ptwcn to be aseptabtr for some subsufface 
conditions Tk subwrfret cOndJti0~ UMki* 

pated skuld k considered when wkcury rib8 
dnlliy rneth& to k use& 

6.2.) Opea-hok rouydrillin$methed. 
6.2.2 Continuous fli@t hollow-stem au- 

method 
6.2.3 Wasit borina &tM 
6.2.4 Continuoua flight tohd a- method 
6.3 Sevd ddling mcthodr pmducr unac- 

ceptabkwinpT?bepmcmofjettiJtgtftroyh 

not allow the nmpler to drop onto the so4 to be 
UI7IPkd. 

7. I .? Position rk ttammci r&w ad attach 
the ;~nwl to tk top of the umpliq rods l’?ns 
may be done More the umphng roda and yrn* 
pier are lower4 mm tk bwehok. 

7. I.3 Rat the de& weqhr of tk umpkr. 
rods anvil. and dnvc WI@ on the bottom of 
the bocin# and ap@y a seaun( Mow. if excessbe 
cuttinp are encou+red at tk bottom of the 
borin& remove tk runpIer and wmplmg rods 
from tk banns and remove tk wttmp 

7. I.4 Mark the drill mda in three succeww 
6-h lO.I5-m) mcrements so th tk dvrncr of 
the vmpk under tRa impact of the hammer can 
be easily obmd for acb 643. (0.15.ml incn- 
meat. 

7.2 fah tk ~molrr tith bh3 fr0nr tk. 
l404b (63.5-k@ hammer and count tk number 
of blow lppried ia each 6-h. (0. I 5-m) increment 
until one of tk folkrri886 occws 

7.2.1 A total of 50 Mows have been appw 
duriw any one d tk lhm 6-h. (0. I5410 mere 
meats dambad in 7. I.4 

7.2.2 Atotaid1OOblowshnbaaappW.~ 
7.2.3 There ia JJO obwrwd dvalm of Ik 

SJUll*dWi~tk8p@idO@d10~~ 
bkwsofthshmmer. 



8. I. I Name and kxatron Of j0b. 
8.1.2 Namuofcrw. 
8. I.3 Type and makg of dnliin) machine. 
8. I .4 Wutha condrtlonr 
8.13 D8u and umc of run and finsb of’ 

banns 
8.1.6 Bocin$ numhcr ;md locarlon (StatIon 

and coordinates of l vvrtiabk and appiicahlr). 
8.1.7 Surface ekvatmtt. if rvadabk. 
8. I .8 Method of advancing and ckamn# the 

. hnnb i. 
8. I .9 Method of keepins tbnng opn. 
8. I. IO Depth of water surface and dnlltn) 

depth al the wne of a noted loss of drilling fluId. 
and time and date when ma&n8 or nouuon was 
made. 

8.1.11 Luzation0fstratachan~ 
8.1.12 Size daain~dcpah ofcased gortlon 

of bodn* 
8.1.13 Equipment ti me&d of driving 

mmvkr. 
8.1.14 Type ramp&r and ien@ and inside 

dirmeterdbunt(aatewrdlinm~ 
8.1.15 Size. trp. and wtioa kn@ of the 

umolinl rod utd 
8.t.16 Remub 
8.2.Dm obuind for each vmpk s&Ii be 

feco&distJwfrddaadchlltncludethef~- 
ins 

82.1 SIm*&pUtan&ifuU2ed.thtrom* 
numkr. 

8.2.2 Daxnmion of soi& 
8.2.3 Stnu chanm wuhitt mtnpk.. 
854 SunpJa penvltios and IemveQ 

kn@tb%ud 
8.23 Numba of bJow pa bib. (0. ISm) a 

.pnirlinmm#. 
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delrwcd Into the drill t-ads from the nmder and 
adptstmg Son the basts of compantibe MeryeS. 
A method for energy measurement and S-value 
adjustment IS cunently under development. 

section A-A 

Section B-8 
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APPENDIX c 

SAHPLX SHfPPING PRocEDtmf 

c. 1 1NTR0DUcT10N 

Samples collected during field lnvrr:lgr:ions or In teaponre co I hrtati- 
out aa:rrlxlr lncldrn: au8t bo el888lfled by :he project le8der, prior :o shfa- 
ping by air, 8s l l:her 8nvlrofment8~ or hazardour l t8rlal raaplo8. In general, 
l nviroamnc81 saplos Include drlnklag vatar, abirnt ground rnd surface w8:et, 
beckSround/control 80118, redlamar , trratrd munlelpel and-Lndur:tial uas:ew~c~r 
effluents, blologleal rpeclun8 or aay rrplor aot l xpmetad CO be con:mfnr:r!! 
vl:h high levrlr of harrrdou8 ut8rtels. The rhfpmeat of mmpler designaced as 
l nvlronwn:81 l anplos 8re not regul8t8d by the U. 5. kp8ttrnt of hrnrpor:a- 
tion (US-DOT). iiowvor, th88a ruplor 8wt be traarparted la ruch l a8nner 8s :o 
prrrerve their intwrlty. 

Sup108 collreted from proc88r u88tlcrat8t 8tr8Ua, druu, bulk rtorrgr 
tanks, or soil, sediment, or water 8aplaa from 8re88 rurpected of be,lnS hiSk1y 
contafrmted uy need to be shipped em l bamrdoua utetiti. Regul8tloo8 for 
packta#, urklcy, 18bellng mud rhtppiag of hat8rdou8 uteri818 rnd u8st8e are 
praulgated by the US-DOT 8ad are drrerlbad in the Code of ?ederal Re#ulrtlonr * 
(49 CPR 1.71 through 177). The guld8aco Car comglyiag ulth US-OUT ragul8rloa8 in’ 
rhippln( rmlronentai laboratory r8aplu le given la the ‘#8tloaeL- Culdmte 
Paekaga for Compli8nce with kparcmant ol Tmn8portation Regul8:loar In the 
Shipmat of Cavfroaent~l Labot8tory Sapiom’ (1). Aadltlonel guidance is 
given In l letter to bl. D. Lair, P.I., from Thomas J. Chrrl:on, P.L., Chief 
Stand8rdr Dlvlrlorr, Officr of ?Iartardouo Matrtialr Rrmhtlon, PIatrrlalr Ttmr- 
portrtion bureau, US-DOT (2). The truwportatioe ot hrrrrdour utrrlrls by EPA 
perroneel la covered by CPA Ordat 1000.1~. It 18 the re8pon8lblllty of :he 
field project leedot to insure t&t rrpks el8rotfiad a8 harbrdous a8t8rfrlr 
are rhippad fn accordance ui:h there rogul8tione. 

--- I--’ . -.. _ 
.’ -. - ---- .--.- .-___ .__..__--.._.- _. . 
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C.2 SWIP?WT OF ENVIRONKNTAL SAMPLES 

Semplee collected by Brrnch personnel end designeeed by the project 1mCc 
es l nvironun:rl euples shell be shipped using the u:hod described below. Hop 
ever, if the SfkirOMSntSl Staples are preserved. the l aoun: of .preserve:ive 
curt no: exceed the amounta 1adfcS:ed in TSblr 1. If :he amoun: of prtserve- 
tivo added fo l sample exceeds :hat listed la Table 1, :hen :he: remple nay be 
eonsidared a hetardoue uterief end shell be shipped in l ccordence ul:h proce- 
dures described in 4Y CPlt 171 through 177. In rddl:ion, the shipmen: of pre- 
preserved maple containerr or bottleo of preoervativee (i.e.., NaOW pelle:s, 
HCl, l ce.) which are deei#nued l e harudow under the US-DOT, Hetrrdour tta:er- 
is10 Tables, 69 CPR 172.101, muse be shipped purrueat co fhe appropriate US-DOT 
regulationa he shipment of nitric acid is forbidden oh l ll alrent:. 

tnvironuntrl rupler rhell be packed prlor co Shipment by air using :he 
follouing procedures: 

1. 

2. 

3. 

4. 

se 

6. 

7. 

I 
-: 8. 

Seletr 8 rrurdy cooler in good repair. 
uith fibrr rrpo. 

Socorm end ape the, drein plq 
Line rhe cook? uith e fuse himy duty pleatic beg. 

tilou ruffieient oucyo (ull4o) in a21 bottler (except. VOA’e) to’ 
‘compensate for any ptrrrute l d trperuure chengeo (rpproxi~crly~ 
10 pwcrnt of the volume of the containu). 

Ee 1)ure tha lldr oa all bortler l re tight (till ao; leek) -end then 
secure the ltd to the bottle ufth taps (preferably pleeric electrice 
tape) to inrutr the lid vlll au vibrate loose during :ranrpor:., 

Place all bottler in separate and l pptoptirtely sited pdlyethylene bagi 
ukd ?raA the bags vlth cape (preferably plastic electrtcel tape). 

Plue four to air VOA vie18 in l quart wtal cm end thea fill the cm 
ulrh verriculito. 

Pleco tw to fout iaehar of vermlculito in the bot:om of :he cooler end 
thea plum the bottlr8 cad c-e ia tbs CooLet uith rufflcient apace to 
l llau for the add&ton of mora vomiculitt brtuaes the bottles end 
Caao* 

Put ‘blue 'id (01 fee that bat beea pluod in heavy du& polye:kylene 
bum end propotlt oatid) on top of 01 ktumoa tlrr ampler, Pill ~11 
ruiaing rpate botuma the bottle* ot can* tic& vermiwllte. Secure- 
ly fate the top of tlu lug8 gatbua ba# with tape (preferably plm- 
tie dutrical tqd. 

?laca chia-of-custody aad applkabla CW Traffic Report Porn tato :he 
cooler and thoa close flw eoolw aa& wcut8ly tape (preferably uith 
fib.? tape) tha top of tbo cwler hut. The chain-of-curtody seals 
rhoull k afti%& co the top a04 *l&o& ot t& cooler to chat the cooler 
cannot be opmmd tithout btmbia$ tbo aaa&. 

,7” .-- - ~_ - ._.. .-, 
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The shipping t0ntalnors am: be marked “THIS END UP,” end arrow labels 
vhich lndieete the proper upward post:foo of the con:Jtner should be 
affixed to the eontrfner. A label con:rLning the name and rddrcss of 
the ehipper rhall be pleeed on :he ou:ride of :he con:ainer. Labels 
used in the shipment of hazardous aetrrielr (such as Cargo Only u:- 
craft, P1aamable Solids, etc.) are not pemi-- ..rd to be on the ou:slde 
of :he con:ainer u8ed co transport l nvlronmentrl samples and shall no: 
be used. 

. 



Cll6UIti LISTER IN THE HAZAIWYW)S HAlXl1Al.S TABLE (49 CFR 
llsi BY ES0 Pa6 nlsE6VlWC SANFLES 

I 12.101) 

. 

Preur*etlve 
Srplc type/ 

Cetaoeter 
M 

Rccomandatlon 
Quantlry of Prcscrvatlvc 

Added Per Lltcr 
ut. t of 

Prcstrvatlvc 

UC1 Vobtlle Qr#UlC Aoa1y.1. <2 - 21 4 drop* coot. llClt4lJ ml 0.221 (2) 

-12 u1tr8ger 6pedu ' N.A. 40 -6 o.tNlrt (I) 

<2 - 21 5 ml of cone. (7OZ) 0.35% (I) 

hoe Wltr~r Speclem <2 - 21 2 ml of 36n 0.352 (I) 
alu, Q&I A Gruu, 
r (IlydrolyubIe) 
Qr#@8lc cwh@o, rheulr 

CyooUu, Sdf Uee >I2 - j13 2 ml of 1011 0.060% (I) 

Blolo~lcel - llrh 6 U.A. - N.A. N.A. 
slullflmh thme 

e - Dry Ice 8e rlerrlfled l o l 06ll-A harerd by RR?. There lo no LabelInS requirement for srples preserved with 
dry lee, kt l a;Ch packye muat be plolnly end durably marked oo at leant one aldc or vdgv with rhe tlrslgnalton’ 
‘06WA.’ The packye rbould l lao be marked “Dry Ice’ or ‘Carbon Rtoalde, Jolld” and “Frofcn Rtagnustlc Spc- 
1Mme: SIpleo muot be packyed In accordance 4th tbe requlramvnta of 49 CPN 111.415 and advaucr orranW- 
meata oust k aad8 between the shlpper and each cq~~leq. wn?auL 

N.A. - I(ot l ppllceble. 

i I \ ** 
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c.3 &IP!mrr OT -US llAIRR1Al.S SAMPLES 

C.3.1 DeflnItIons 

The field project leador Is rssponslble for detrrmIainp if’ saoplrs CO!- 
1ec:ed during l rpeelfic field lnvestigetton should be clrastfird es hrtrtdous 
matwirls. It l seaple IS collected of l known subs:ence the: Is Ilsted ln :he 
Herardous Haterlals teble, 69 Ctll 172.101, then the: l eaple mus: be tdeocified, 
peckeged, marked, lebeled, end shipped rccordiw to :he l pecifled 1nr:ruc:ions 
listed for that aetrriel. Howver, If the eompeslrion of eollec:ed aampler l .re 
unknmm, the project leeder mast select the rpptopriate trmsportaeion ea:rgary 
in l ccordancs with the US-DOT Heterdous Materials Cl~ssIfIcatlon CIrble 2). I:: 
eddI:Ion, 19 CFR 172.402, Item Ii, statss l l arrrlel (sample) for which l reason- 
able doubt exists l e to Its class end lebeling requirements, end for whrch l 
reap16 must be transported for laboratory rdalysts, uy be lebeled according :o 
;he shipper’s :enta:Ive class l ssI(nment b?sed upon: 

l Dlfiniw crIterI4 (I.e., defInItIons ,of Ilruble Liquid, Poison B, 
etc.), 

l The herad precedeare prescribed In 49 CPU 173.2 (Table 2). of 
. 

l The rhippet’a kaouledge of the materiel. 

The project leader can utlllrr data obtrtaad tram l photoIonire:lon- detec- 
car or organic v*por l atyter, l xploslwter , or radiation, survey ins:rwen:s, 
es ueU l S pll meter/paper, to help eetegoriro the #ample. In general. samples 
of unknown harrrdous utorial8 collected by Brmch perronnel 411 be ea:egor- 
Itrd ee l Ilrruble Liquid, tlrublo Solid, Corro8lve tfatertai, or Polron 1. 
The proper .packiag, urlrl~, lebelicy, aad shippin@ prowdursr fo& l rampie 
felling IaFo one of these tout crtr#orSoa is lirted in the Hazardous Ke:erLels 
Able C9 QR 172,LOl. ( 1: I8 uaUkol7 that l rrpla collected by Breach person- 
nel vi11 be clessIfIed l e a “?oteoa A.’ In the l vsne s sap&e Is collec:ed 
thet Yet8 the DOT drf tnirioa tot a ‘?oIsos A” (f .e ., poironour gases or liquids 
of rwh l netute thet l emall avant of the gee or vrpor of the liquid, mixed 
u%th rir lr dangerour to life - 49 C?U 173.3261, the srple shell no: be 
shipped by l lr cergo~ iho DOT drfinlcioeo for Flrruble Liquid, Irlable 
SOlid, corrooivo narrtial, eDd kimat B are* 

C.3.L.l ?lmble Uqoia b9 CR 173.11S 

1. A flmble liquid wo UI~ liquid bvl~ l flash point belou 100*P 
(37.8W UIrh tbo fo~louiag accopcioaat 

(8) z fl$uSd m8eciry am ol the definitioao rpecitfed In 49 CFR 
. . 

(b) An; l txturo h-la@ om CQ)OIY(LL oe wee tith l tlerh point of 
100V (37.8'C) or higher, g&t ulu~ up at lees: 99 porcent of 
the total volw ot the mixture. 

-- .- 

_ -,-- -- - ._ - - 

..’ ilpr: 



. 

. 
S*c:10o so. c.,3 - 
Ravis~on Yo. 1 
DSCO: h/l/d6 
Pro* 2 of 11 

c.3.l.t Plrrublo Solid 49 Cyl 173.130 

“Plaublo Solid” is my solfd a8:ert81, othaf :h8n one cl8ssed 8s an l xpto- 
sive, uhich, under condition8 nomlly incident :o crsnspor:r:ion. 1s llrblr 2 
crupe fires through frlctlon, rrtxfned ho8t frw a8nuf8c:urtng or procers:.-.~, 
or which c8n be ignited rerdfly 8nd uhen ignl:ed burns so vigorously and pet- 
rlr:ontly 8s :o Creste 8 serioue tr8nrporf8cion h8rrrd. Included fn this clss~ 
8re spon:8neourly combustible and tote-re8c:ive utrrials. 

c.3.1.3 corrosive kfeterfrl 49 Cyll 173.210 

1. A corrosive uteri81 18 l liquid or solid the: c8uses vleble des:ruc- 
:ion or irrovrrsible 8lcer~tlonr in hueen rkin tissue a: :he si:e, Df 
eontwt, or ia cha Cal8 Of leekege ftoe ita PeCkaging, i liquid :ha: 
h8s e severe corroeioa refe 011 eteelc 

(e) A material ie eoneidered to be deetructive or to cause irrever- 
sible 8l:er8tioa ia human rkln tirrw if when tested on :he 
intact akin of the albino rebbit by the :echnique dercribed in 
Adpendix A Co thir pert, Cb #tfUttu~ of fhe tisrue et the mite 
of confect t8 dertroyed or chxqad lrreversfbly rt:er xx exposure- 
period of four hours ot lace. 

(b) A liquid la coaridetad to hebe l #ever* corrorloa rete if it8 
corroeton r8te exceeda 0.250 inch per year (IPY) on stral (SAE 
1020) at l trri trpet8tute of 130.t. An acceptable :es: is 
deecrlb8d in NACt Stbadard IWO1-69. 

2. If  huaen l xperfeace or other d&u indieete thee the hm8rd of l meter- r^i. 
la ir qreatet or lere t&a iadiuted by the rerultr of the ces:s 
rgcified ln parutapb (e) of this reetion, the Depertaent eey revise 
ita cl8rrlficxtioa or make the ecreriel rubjeee to fhe rquiremen:t of 
Peter 170-199, of this rubchepter. 

c.3.1.4 Poleca 9 19 m 173.343 

1. ,Clese 9 poieeee ue thus eubsteeces, liquid or solid (&eluding p8s:es 
and srirolide), otket thee Clue A peime or irtiteting ueerl~ls, 
vhich era bme to k w tech to am l x to afford 8 hazard LO he8l:h 
durlw tfwcpottatism. or uhteb, la the l beeri of adquatr d8:8 on 
hw toxAeiLf, are peeam@ to be Cos:c to mea bee&me they fall ulLth- 
%a my oae .ot tbe follwlm eetworiee u&a tuted on hboratory 

. 4aimelsr 

Ore& Teoricity - tl#u ehlch predeea dutb withla b8 hours fa 
half or awe t&o bslt of l 8tcup of tea et aete uhite l~botr 
tory rats ucubfcy 200 to 300 arue et e riqle doee of SO eilli- 
grm or lrr per Lila#rr ef body wf@ht, ubca dm&.al8:rred 
0fJlly. 
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(b) Toxiefcy of Inhalation - Those which produce dou:h uichtn A8 
hours in half or more :han helf of l #toup of :en or aore uhl:r 
laboratory rafs nighln# 200 to 300 grams. vhen Inhaled con- 
tlnuourly for l period of one hour or less I: l concm:rr:to~ 
of 2 niltlgraDr or less per 1t:rr of vapor, misc. or dust, 
provided such concentrrfion le likely fo be l ncounzered by man 
when the chalcil product Is ured In my reasonable foreseeable 
manner. 

(c) Toxici:y by Skin Absorp:fon - Those which produce dre:h vtthtx 
06’ hours in half 01 more than h8lf of l group of ten or more 
rrbbitr tested l t l dorege of 200 oilllgrur or less per kilogram 
body ue$ghh, when l dainlrrrred .by coatin~our con:act ul:h :he 
bare skln for 26 houtr or leso. 

2. The foregotrq cuegortee rhdl ao : apply lf the physical cherrctrrts- 
tics 01 the ptobeble hexarde CO humens l e shown by experience tndicrte 
:het rhe substences will aot cmae eertous sickness or dee:h. Neither 
the display of danger or w?nta# labels pertaining to use aor .the 
toxicity tesfs aec forth abovo shell prejudice or prohibit the urmp 
tioa of my rubstances ftor the ptavirioee of ?ercs 170-189 of :hir . 
chepcer. . 

C.3.2 $hiDniai ?rOUdutU 

The Branch shipping procedure8 for swplu categorized as a liof:.ed quas 
tity Plmmeble Liquid, Ilrubie Solid, ?eieooa B, or Corrosive Llqufd ate de- 
rcribed belou. (Li8i:ed quentitier tot tlmmble Wqutd, tlmmable Solfd. 
?oison B, end Corrosive Liquid l fo defined in 49 Q1 Section 123.118. 173.153. 
173.363, l t4 173.244, terpectively). I f  luger qwstitier of l sample are rc 
quired to he l hlpped thaa @se listed (1.8 ., mere than an &ounce con:alner/ 
rrple of qs specified be14 then the lioited quentity l hipp:ns procedures WY 
not rpply, ind the project ledor shdl refer to the US-DOT ryul~tfoas for 
:he propa shipping procedures. 

C.3.2.1 tlawable Solid or plemebfo Lia&& 

.I. Collect srple In aa 8-ouoce 81ma coat&law (or sea Appendix A io de- 
tealoo the 8pproprlrte eoauiaer8). Allou rmft icient ullye (apptoxi- 
utelt 10 perteat by volun) so~coataimu ir mot liquid full l : 130.t. 
I f  collecting l solid mtertal, tbo eoatalaac ,plw content8 ah11 not 
uced ou powd not wsght. 

2. 

. 

Attach ~epotly eagleta& Sapla Tag ha kctlon 3) to sample con- 
tuamr. 

. 
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4. 

5. 

6. 

7. 

8. 
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Ra wre the lidr On l ll bOt:ler we tight (will no: leak) and ;hea 
secure the lid to the bottle vi:h ape (preferably plrr:lc l lee:ricrl 
:ape). Place a cus:ody real rcrori :he lid of :he sample coa:aimr 
l d plrcr :he con:rlner in a t-all-chick (or chicker) polyr:hylrne 
bag. one l mple per bag. Seal the bag vi:h ape (p.refwrbly plrs:ic 
electric81 tape). Tag8 should be posleloned :o enable :hem :o be read 
through by. 

Place sealed by bride l metal can vi:h fncoobustfble, l brorbez: 
curhionfng material (e.g., vemiculi$e or dlrtoaweous ear: h) :2 
prevenf break-0 (OM bag per cm). Prerrutrcloro :he em and USI 

clipe, tape, or other porltlve meana to hold the lld securely, :ightly, 
and l ffectivqly. 

Nark aad label the container a8 iadlcated in No. 8 belov. 

Place one or more metal tens surrounded vi:h Lne#burtible packagiq 
u:rrial for rcrbificy during cranqart. into l rtroag ou:side -50~ 
iaiaer, much aa a wtal picnic cooler or l fiberboard box. 

Hark l d label the outride shipping cohcainar and complete l hipping’ 
paparr 41 described belou. . 

Mrkinr and Labelfry: Use rbbrrvixtionr only t&err rpecified. ‘?lace 
the folloving info~tioa on tha rhipplns contrtnu, l ithu hand 
printed or in.lrbol foms lrborocory nuo and addrrrr and ‘y!mhle 
Liquid, N.O.b.,- UN 1993 or %mmebla Solid, N.O.S.,' UN 132% Place 
the tollouia(l labels on tha oucrid8 of the conteinar. 

‘C&r& Aircraft Only*; “Ilrubh Liquid’; if not liquid, “PImmable 
Solid” (“Oalyrrow .tion Nat’ lab.1 rhould be wad if :he solid has 
aqr bun l xpaoed co WC l wironwat). 

NOTE: If cho ems ata ptwed in 4n exterior coatainu, both the: con- 
tainer and Inrlde cana 8ust have thirue urkilyr aad labels l rbove. 
‘Laboratory Sa8pl.a” md ‘TlUS SSDC U?” or ‘THU &SD U?” rhould also 
be urked 00 the top of the rxtrrior c~nc&ur, and upvard polntinp 
l rroaa rhould be plocqj OQ aA2 four ridw of rh8 l xtorlor con:ainer. 

Om l bbrwlat~oar oaly ubara rpeciflad bolou. ., 

Complrto cho curlu-prwldad Ml1 of &ding md riaa the certlfica- 
et08 l cxcaoot (if curio+ door aoc provide, uea aundord indur:ry 
fan) tiah the foloukq intormulon la thq ordu lirted. 9ne form 
uy k wad rot MIrn tba OM l XCUiO? aoatalaere 

‘tlmmable LiquSd, N.O.S.' 011993 (or ‘ll-u’lo SolU, W.O.S.’ UN1325, 
l l pproprlud; 
qtr.-; 

'cargo Alrxrxft Oaly? -Limited Qtytity* or L:d. 
“Laboruory Sapld; ‘kc Ndgbt or ‘N4t Volu88 
- (of hxurdoux coaccus), by ita, it mote chaa oaa rtal cm 

ir inride aa rxtuior coecai~~r. The net uoi#bt or aat volume muat bo 
placed jurt bofoto or jwt xftxr the ‘?ta#bl@ Liquid, N.O.S.” or 
‘tlrubla Solid, N.O.S.’ 

. I  - .  - - - - . . - - . - -  -  
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A Chairrof-Custody Buord tom (0~ Saction 3)‘ahould allo br properly 
l xecutJd Jnd included Ln tha l x:ertor concrinor.’ 

A teu amber eust l ccoaprny l hlppi4 eqn:alner(r) ‘co :he :rantpor: 
crrrisr snd, if rqquirad, open outsid eon:Jiner(r) for air fraigk: 
1n*p*c:i0n. 

C.3.2.2 ?lm8blr tiauid. Multi ClJsJ or SlnJlJ Clrrs. Crertir than Oze 
pint Contrinsrs: or Poison 8. Liauld: or Poiroa 1. Solid. (Note: PJc iJge t e- 
reqlirrrnt for l Aticl88s flrrubie liquids 81~0 l eo:8 the requirements foe 
Poison B liquid8 snd l olldr.) 

1. Collrct l mplJ In 8n +ouaco s1JJJ coatsinar (or 80, Appendix A ‘co 
drc8rmtaa the rpproprl8te coat8fwrrl,. AUOV eufftcfrn: dl4e Cap- 
proximately 10 percent by y.oiuu) Jo contalnw 10 not lfquid full J: 
13o.t. I f  eollntin(( c solid 8mtericl. the container plus conten:e 
rh8ll not exceed fivr pamds mt uight. 

2. 

3. 

I 4. 

1. 

6. 

7. 

Attub ‘properly ccrrplrted srgfe ta8 (see Seetioa 3) to sample con- 
tainer. 

k auto the lfdr on all bdttler l re tight (vilf net leak) ad thrs SC* 
cure the lid co the bottler with rJpe (pretetrbly plrrtlc rl8rtrlc81 
t4pJ) l Plree a custody red l ctosa the lli of the maple eoatrlnor 
snd place the conteieer in b Z-mil-chick (or thicker) polyethylene by 
(on rvlple par bag). Sell thr ba# with ape (prJterJbly pl88:ic l loc- 
trteei tepel. Tag8 should ho putt&&d to enable tha to 4e read 
thtwh bu. 

.Plaw ~roslad b8g inelde l or)rq\utt l errl cm vith fnco8bus::blo, Jb- 
sorbeclt eushimtng metuial (a.g ., Vetmi~dtta or di8toe8crpur l sr:h) 
to prweat brulrye (on bu pe? cm). ??ueurcelose :he cm 8nd use 
clips, tape, of otheui poeitive n~e8 to hold fhe 1Ld s8cur8ly. tightly. 
rud affectively. 

nerk Jaa 18@*1 the cooteiuw u’iudfcJt8d ia It.. I belou. 

Place the oee-quuf mtal eu or ceee ln l DOT 12B fibetbosrd box 
ust~ styvefer heedorr to evold aevaee~ at the em/esne. SpecJ8ily 
deeMa& boatea rUch prwido ~8 exe~t fi? tot the c8n/cur8 8nd hesderr 
Ut k U8+ 

?2rce the follouitq ieforutior, ea tha mct8& ccm (0s bottle) end eaer- 
lor 8hippLng coetcicer, l itbcr lmd prlatad ot lo 1-2 form: leborr 
foty aus and addtur ad pm)rr shippSn$ eme (i.e., ‘?oison 8, 
UquU, W.0.S” UT 2810. l teAa Placm thi follouhg lrbelr 00 fhe 
ear&de of CM wtck cm (cc bottld rd the l xterio? coatsine?r 

,, .-- +--- - i_ .__ _ -: --- -- l__p.-. --. ___ -- 
hia. 

,/ 
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Uota: “LaboratOv S-P1.s” and “THIS SIDE UP? or “EiIS END UP” should 
also be marked on the top of th* l :8rlor eontsinor and upward p~i3t;ng 
arrow should bo plse8d on slA four sides of :hs l x:sr:or toa:~~arr. 

ShiVBinS Psmrq: US8 l bbreviattons only where smciffsd balov. 

Capkx :ha cxrrfu-provided Sllr of Lading snd sign fhe CSC:L~~CS- 

tion statement (it carrlw does no: provide, usa s:andrrd indu~:ry 

ford with the following lnforution in the ordrt lfstod. one form 
may bJ usad for more thaa one uterior container. 

Proper shipping nroe (‘Poison B, Liqukd. N.&S.” UN 2810, etc.). 
‘Cargo Atremit Only’; ‘Laborrtoty Samplrr’; .-Net uelgh: . . 

or “Nat Voltma * (of hcrwdocu coateats), by item, f f  00-3 
one aotal cm lrde an l trrlor container. Iho net weight or RI: 
voluls~ mus: br plued just baforr or just rftrr fhe p.ropu‘ rhlpping 
noe. 

A Ch+Pot-Custody ItJcord tora (sac Section 3) rhouid l lro be pro-r- 
ly umcu:8d, and lncludod in thJ l xtrtier container. 

, 
9. A tea l mkt wet rccompwy rhippfly eoaCainor(s) to the trmsport S 

carrier and, if rquired, open outride eoo:Jinedr) for freight insper 
tlon. 

i&en eontalnotr grucat CIUu 6-ounce capacity mwt bo ship&d, :he 
rbova procrduru till ba used with rha foUou&ng wditica:Lons: _ 

1. Ourgal~oa or adler glur or pt.uuric coat&we ukl be used :o 
cwllect the srple (see Append&x 1 to drtrmine the proper con:rinor). 

2. ‘Thi cootaiaar vi11 them be placed dfroetly into J DOT ISA vooden box . 
(not JOrJ thJn tW CJJtJiJJrJ to l JCb box), BepJrJ:~d ti:h fOaS of 
styrofor padding md the ruindot at the bar filled with fncoabus- 
:iblr, JbJOtbJJt CuJbiOni~ MtJriJA (0.g ., vemiculitr or dia:ouerous 
earth). 

C.3.2.3 Co??or:vm ~d/CO?POriV. tpuL 

cOllae6 aupIe ia ~8 8-oancr &JU coet~ao? (au Appedh A to deter- 
tilU th0 JpwOpdJu CJlltJ&U?J). Allow rvft tcieat ullyo (approxi- 
Mt.&y 10 puc~t by VOhU8) a COU&hO+ 18 OOt k:qOta f\J& Jt 130.t. 
xi colluting 8 J&d m8fetiJ. th8 c08tJA8.r plw COnLeaCI JhJil nJt 
uccud ow pow& au night. 

Attfwlh pmpatly cupA0t.d auple tJ@ (a88 sucioR 3) to r-Pla to* 
fJ%llO?* 
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