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1.0 INTRODUCTION 

This Work Plan presents the proposed activities to be conducted for the Phase I1 Confmatory 
Sampling Program at 47 Solid Waste Management Units (SWMUs) located throughout Marine 
Corps Base (MCB) Camp Lejeune, North Carolina (the Base). The Work Plan was prepared 
under Contract Task Order (CTO) 0143 of the Department of the Navy's (DON'S) Comprehensive 
Long-Term Environmental Action Navy (CLEAN) Rogiam and is part of the Project Plans, 
which also include the Quality Assurance Project Plan (QAPP) and Health and Safety Plan 
(HASP). Baker Environmental, Inc. (Baker) is subcontnxted to CH2M Hill for implementation of 
this project. 

P=-' - -  - 1 1s document also will help to ensum u~ar u ~ e  project act~vitres are carried 
out in accordance with the United States Environmental Protection Agency (USEPA) Region IV 
and Naval Facilities Engineering Service Center (NEESC) standard operating procedures (SOPS), 
so that data obtained during the field investigation are of sufficient quantity and quality to 
evaluate potential impacts to soil and groundwater at the SWMUs. 

1.1 Proiect Obiectives 

The objectives of the Phase I1 Confirmatory Sampling Program are as follows: 

Attempt to determine the boundaries and approximate depth of the old landfill at SWMU 
46 - Montford Point Dump Site 

Upon completion of the Phase I1 Confirmatory Sampling Program, the SWMUs will either 
require additional investigation in the form of a Resource Conservation and Recovery Act 
(RCRA) Facility Investigation (RFI) or Corrective Measures Implementation (CMI), or will be 
designated as requiring no further action. 



2.0 BACKGROUND INFORMATION 

This section presents a brief summary of pertinent background information developed for the 
Base. Detailed descriptions of the background information including history and conditions are 
presented in the Phase I SWMU Confmatory Sampling Report (Baker, 2001) and other 
documents, which are referenced herein. 

2.1 Location 

The Base is located within the Atlantic Coastal Plain Physiographic Province in Onslow County, 
North Carolina, approximately 45 miles south of New Bern and 47 miles north of Wilmington 
(Figure 2-1). The Base covers approximately 236 square miles. The Base is bisected by the New 
River, which flows in a southeasterly direction and forms a large estuary before entering the 
Atlantic Ocean. 

The Base is bordered by the City of Jacksonville, North Carolina and State Route 24 to the north, 
the Atlantic shoreline to the south and east; and U.S. Route 17 to the west. 

The topography of the Base is generally flat and typical of the North Carolina Coastal Plain. 
Elevations on the Base range from sea level to approximately 72 feet above mean sea level 
(MSL). However, elevations on the majority of the base range from approximately 20 to 40 feet 
above MSL. 

Drainage at the Base generally is toward the New River, except in areas near the coast, which 
drain through the Intracoastal Waterway. In developed areas, the natural drainage has been 
altered by asphalt cover, storm sewers, and drainage ditches. Approximately 70 percent of the 
Base is situated in broad, flat interstream areas. Drainage is poor in these areas and the soils are 
ofien wet (WAR, 1983). The U.S. Army Corps of Engineers has mapped the limits of the 100- 
year floodplain at the Base at 7 feet above MSL in the upper reaches of the New River increasing 
downstream to 1 1 feet above MSL near the coastal area (WAR, 1983). 

The Base is located within the Tidewater region of the Atlantic Coastal Plain Physiographic 
Province. The sediments of the Atlantic Coastal Plain consist mostly of interbedded sands, silts, 
clays, calcareous clays, shell beds, sandstone, and limestone. These sediments are layered in 
interfingering beds and lenses that gently dip and thicken to the southeast to a combined thickness 
of approximately 1,500 feet. They were deposited in marine or near-shore environments and 
range in age from early Cretaceous to Quaternary time. Regionally, the sediments comprise ten 
aquifers and nine confining units, which overlie igneous and metamorphic basement rocks of the 
preCretaceous age. Seven of these aquifers and their associated confining units are present at the 
Base (Cardinell, et al., 1993). 

2.4 RCRA-Related History 

An initial RCRA Facility Assessment (RFA) was conducted at the Base by the USEPA Region 
IV and the North Carolina Department of Environment and Natural Resources (NC DENR) in 
January 1989. The RFA included 76 SWMUs. Seven of the SWMUs required confirmatory 
sampling; 23 of the SWMUs required an RFI; 46 of the SWMUs required no further action. The 



initial RFA was later expanded to include units such as landfills, surface impoundments, waste 
piles, tanks, container storage areas, septic tanks, drain fields, waste treatment units, and storm 
water conveyances. More than 3,500 SWMUs were identified during a preliminary review of 
Base records. Visual site inspections were conducted on nearly 500 of these SWMUs. The 
findings from the RFA are presented in the RCRA Facility Assessment Report for Marine Corps 
Base, Camp Lejeune, North Carolina (Ensafe, 1996). 

The 1996 RFA Report identified 41 Installation Restoration (IR) sites, 112 underground storage 
tank (UST) sites, and 56 SWMUs that required confirmatory sampling or corrective measures. 
Based on further negotiations between NC DENR and the Base, 62 SWMUs required 
confirmatory sampling. These 62 SWMUs were investigated under the Phase I Confirmatory 
Sampling Program conducted by Baker in 1997. The confmatory sampling data are presented in 
the Phase I SWMU Confirmatory Sampling Report (Baker, 2001). 

The focus of the Phase I Confumatory Sampling was to determine which SWMUs required 
additional investigation and which SWMUs required no further action. Of the 62 SWMUs 
investigated, 20 SWMUs required no further action, and 42 SWMUs were recommended for a 
Phase I1 Confirmatory Sampling Investigation. The 42 SWMUs requiring additional investigation 
are as follows: 

SWMU 43 - Pest Control Shop 
SWMU 46 - Montford Point Dump Site 
SWMU 53 - Coal Storage Area 
SWMU 89 - SLCH785 Basin 
SWMU 253 - 1205 AST 
SWMU 254 - 1408 Dumpster 
SWMU 255 - 1502 OillWater Separator-l 
SWMU 256 - 1700 OiVWater Separator-l 
SWMU 257 - 1700 OiVWater Separator-2 
SWMU 258 - S1745 OiVWater Separator 
SWMU 261 - 1780 UST-I 
SWMU 264 - 261 1 Container 
SWMU 265 - 2615 OiVWater Separator 
SWMU 269 - 8 16 OiVWater Separator 
SWMU 272 - AS 137 Oi Water  Separator 
SWMU 279 - FC200 OiVWater Separator 
SWMU 285 - S947 OiVWater Separator 
SWMU 291 - 034 Ditch 
SWMU 293 - 110611 107 OiVWater Separator 
S WMU 294 - 1203 OiVWater Separator 
SWMU 295 - 160 1 AST 
SWMU 296 - 1700 Basin B 
SWMU 297 - 1780 OiVWater Separator-2 
S WMU 299 - AS 1 14 AST 
SWMU 300- AS1 18AST 
SWMU 302 - AS504 AST 
SWMU 303 - AS5 15 AST-E 
SWMU 305 - BB224 Pile 
SWMU 306 - FC230 OiVWater Separator-1 



SWMU 307 - G649 Rack 
SWMU 308 - GP-19 Oilwater Separator 
SWMU 3 1 1  - S1619 OiVWater Separator 
SWMU 3 12 - S 1735 OiVWater Separator 
SWMU 3 13 - S 1753 OillWater Separator and AST 
SWMU 314 - SM187 OilIWater Separator 
SWMU 3 15 - SM269 Oillwater Separator 
SWMU 3 16 - TC773 Oilwater Separator 
SWMU 3 17 - m 4 5 3  Release 
SWMU 3 18 - AS5 15 Oilwater Separator 
SWMU 3 19 -Camp Geiger Wastewater Treatment Plant 
SWMU 336-AS4106 Paint Stripper 
SWMU 339 -AS 146 Sand Blaster 

It should be noted that additional investigation activities were recommended at SWMU 82. 
However, the additional investigation at this SWMU is currently being conducted under the 
Remedial Investigation (RI)/Feasibility Study (FS) at Building 45 and not the Phase I1 
Confmatory Sampling Program. 

In addition to the abovereferenoed SWMUs requiring additional investigation, the following six 
SWMUs were included in the Phase 11 Confirmatory Sampling Program as requested by the 
Environmental Quality Branch (EQB), Environmental Management Division (EMD), 
Installations and Environment Department: 

SMWU 358 - Sneads Ferry Road Battery Dump 
SWMU 359 - Lot 201 Battery Dump 
SWMU 360 -Building 1817 UST 
SWMU 361 - 333-C Former UST 
SWMU 362 -Dog 1 1 Area 
SWMU 363 - M-21 Arresting Gear 



3.0 DATA QUALITY AND SAMPLING OBJECTIVES 

The site-specific objectives presented in this section have been developed using the USEPA 
seven-step data quality objectives (DQO) process, as presented in USEPA Guidance for the Data 
Quality Objectives Process (USEPA, 2000a) and USEPA Data Quality Objectives Process for 
Hazardous Waste Site Investigations (USEPA, 2000b). 

3.1 Data Ooalitv Obiectives Process 

DQOs are qualitative and quantitative statements, developed using the USEPA DQO process, that 
clarify study objectives, define the appropriate type of data, and specify tolerable levels of 
potential decision errors that will be used as a basis for establishing the quality and quantity of 
data needed to support decisions. DQOs define the performance criteria that limit the 
probabilities of making decision errors by considering the purpose of collecting data, defining the 
appropriate type of data needed, and specifying tolerable probabilities of making decision errors. 
The seven-step DQO process is as follows: 

Step 1 -State the Problem 
Step 2 -Identify the Decision 
Step 3 -Identify the Inputs to the Decision 
Step 4 -Define the Boundaries of the Study . Step 5 -Develop a Decision Rule 
Step 6 - Specify Tolerable Limits on Decision Errors 
Step 7 -Optimize the Design for Obtaining Data 

In Step 1 of the DQO Process, the planning team is established, the problem is described, a 
conceptual model of the environmental hazard to be investigated is developed, and available 
resources, constraints, and deadlines are. identified. 

Step 2 of the DQO Process should identify the principal study question, define alternative actions, 
develop a decision statement, state each decision in terms of whether to take action, and organize 
multiple decisions into an order of priority. 

Step 3 of the DQO Process should identify the kinds of information needed, identify the sowce.s 
of information, determine the basis for setting the action level, and confirm the appropriateness of 
proposed sampling and analyses methods. 

Step 4 of the DQO Process should define the target population (i.e., what is to be sampled), 
determine the spatial and temporal boundaries, identify practical restraints, and define the scale of 
decision making. 

Step 5 of the DQO Process should define the population parameter, determine what action is 
needed, and confirm that the action level exceeds minimum detection limits. 

Step 6 of the DQO Process should specify tolerable limits on decision errors. 

Step 7 of the DQO Process is the review of existing environmental data, evaluation of the 
operational decision rules, development of general data collection design alternatives, calculation 
of the number of samples to be collected, and selection of the most resourceeffective data 
collection system. 



The following sections present the seven-step DQO process developed for the Phase I1 
Confirmatory Sampling Program. 

3.1.1 Step 1 - State the Problem 

The first activity associated with this step is to establish the planning team. The planning team 
will include the NC DENR, Atlantic Division, Naval Facilities Engineering Command 
(LANTDN), the Base, CH2M Hill, and Baker. These team members are. decision-makers for the 
DQo Pmcess. 

The planning team's objectives are to evaluate impacts to soil and groundwater at the SWMUs 
and determine if additional action is warranted in the form of an RFI or CMI. The problem is that 
a sufficient quantity of data does not exist to evaluate impacts to soil and groundwater at the 
SWMUs. 

The project team organization and project schedule are presented in Sections 9.0 and 10.0 of this 
Work Plan, respectively. The schedule presents the anticipated completion andlor submittal dates 
for specific tasks or documents. 

3.1.2 Step 2 - Identify the Decision 

The principal study question identified is: 

Before a decision statement can be formulated, a definition of "impacted" must be clarified. 

For this confirmatory sampling, soil and groundwater will be considered "impacted" if 
concentrations of A.A f potential 'COPCs) exceed applicable background, NC 
DENR, and/or d X screen~n 

Considering the principal study question and definition of impacted, the decision statement is as 
follows: 

Determine impacts to soil and groundwater at the SWMUs through soillgroundwater 
sampling and laboratory analyses of COPCs. 

3.13 Step 3 - Identify the Inputs to the Decision 

Existing information regarding impacts to soil and groundwater at the SWMUs is limited. It is 
evident that additional data are required to determine if additional action is warranted in the form 
of an RFI or CMI. The kinds of data and sources used to resolve the decision statement include: 

Kinds of Information Sources of Information 

Concentrations of COPCs in soil 

Concentrations of COPCs in groundwater 

Laboratory analytical results from soil 
samples collected from boring5 

Laboratory analytical results from 
groundwater samples collected from 
some existing monitoring wells and 
new, temporary monitoring wells 



The criterion for determining impacts to soil and groundwater will be based on background, NC 
DENR, andlor USEPA Region IX screening criteria. As described in Section 4.3, the samples 
will be analyzed at a fixed-based laboratory for volatile organic compounds (VOCs), semivolatile 
organic compounds (SVOCs), pesticides, and/or metals. The detection limits will be below the 
applicable screening criteria. 

3.1.4 Step 4 -Define the Boundaries of the Study 

Soil andlor groundwater samples will be collected at the SWMUs. Figures 4-1 through 4-38 
show the proposed sampling locations within the boundaries of each SWMU. There are no 
figures showing the proposed sampling locations at the six new SWMUs added to this program. 
The sample location for these SWMUs will be located in the field and figures will be constructed 
as part of the Drafi Phase n Confirmatory Sampling Report. 

Temporal changes in the distribution of COPCs are expected to be negligible. Thus, data 
collection is not time dependent. 

Practical constraints to sample collection are insignificant. There are no significant physical 
barriers or access issues at the SWMUs. Weather conditions (such as heavy rain) can delay the 
field activities, but is not a serious constraint. 

3.1.5 Step 5 -Develop a Decision Rule 

The decision rule developed for the Phase 11 Confirmatory Sampling Program is as follows: 

If a given concentration at a given sampling point exceeds the background screening 
criteria and either the NC DENR andlor USEPA Region IX screening criteria, then that 
sampling point will be considered to be impacted by activities associated with the 
SWMU. 

3.1.6 Step 6 -Specify Tolerable Limits ou Decision Errors 

Specification of tolerable limits on the decision errors will not be performed at this time. The 
proposed sampling locations are flexible and include points in and around the perimeter of the 
SWMUs. Specification of tolerable limits on decision errors may be performed at a later date if 
an RFI or CMI is warranted. 

3.1.7 Step 7 - Optimize the Design for Obtaining Data 

There are two fundamental goals for Step 7, and both rely on the review of existing data and 
information: 

To evaluate the decision rule 
To design and optimize the sampling and analyses program 

The decision rule developed in Step 5 has been shown to be valid following review of the existing 
data. In this case, a simple statistical hypothesis test will be used, broadly classified as a one- 
sample test. The test will involve a comparison of individual analytical data to known values 
(background, NC DENR, and USEPA Region IX screening criteria). 



Existing informatioddata has been reviewed to evaluate and develop the data collection strategy 
for the field pmgram. The development of alternate sampling plans is not practical given the 
dynamic nature of this investigation. Additionally, the flexibility of the Work Plan optimizes 
resources, in that the location of sampling points is determined by the existing data and field 
conditions. 

The proposed sampling and analyses program is detailed in the following section. 



4.0 SAMPLING LOCATIONS AND FREQUENCY 

This section of the Work Plan describes the location and frequency of environmental samples to 
be collected during the field program. Support activities, sampling locations, sample matrix, 
constituents to be analyzed for, and Quality AssurancelQuality Control (QAIQC) requirements 
also are discussed. Detailed investigation procedures and sample handling and analytical 
requirements are provided in Sections 6.0 and 7.0, respectively. The field program described 
below and summarized on Tables 4-1 and 4-2 will provide data to meet the objectives presented 
in Section 1.1 of this Work Plan. 

4.1 Soil Iavestieation 

Approximately 181 test borings will be advanced in and around the perimeter of the SWMUs as 
shown on Figures 4-1 through 4-38. In general, each boring will be advanced to the water table 
using direct push methods. Soil samples will be collected at continuous intervals and field- 
screened using a photo ionization detector (PID). Up to two samples from each boring will be 
selected for laboratory analyses. The selection of samples for laboratory analyses will be based 
on sample depth, lithologic location, and field observations (e.g., elevated PID readings, 
discoloration, etc.). Section 6.1 presents specific details on soil sample collection. 

4.2 Groundwater Investivatioa 

Approximately 136 temporary monitoring wells will be installed at locations shown on Figures 4- 
I through 4-38 to sample the shallow water-bearing zone. It is anticipated that the wells will be 
installed to a depth of approximately 7 feet below the groundwater table. The wells will be 
constructed of 1-inch inside diameter (ID), polyvinyl chloride (PVC) pipe, with I0 feet of 0.010- 
inch slot well screen. Section 6.2 presents specific details on temporary monitoring well 
construction. 

One groundwater sample will be collected from each of the new, temporary monitoring wells as 
well as a few existing wells. The samples will be collected using low-flow purge and sampling 
methods. Depth to groundwater and field measurements, including pH, specific conductance, 
temperature, turbidity, and dissolved oxygen (Level I quality) also will be collected. Section 6.3 
presents specific details on groundwater sample collection. 

4 3  Analvtical Requirements 

The soil and groundwater samples will be analyzed for the following parameters at a fixed-base 
laboratory: 

Target Compound List (TCL) VOCs using SW846 Method 8260 B, 
TCL SVOCs using SW846 Method 8270 C, 
TCL pesticides using SW846 Method 8081 A, andlor 
RCRA metals using SW846 6000/7000 Series. 

Routine, 2 lday  analytical turnaround time will be requested from the laboratory. A summary of 
sampling, analytical, and DQOs is presented on Table 4-3. 



4.4 Quality Assurance/Ouality Control Samples 

Specific QAIQC requirements are presented in the QAPP. The following QNQC samples will be 
collected during the field sampling activities: 

Equipment Rinsate Blanks 

Equipment rinsate blanks will be collected by running laboratory-supplied distilledldeionized 
water overhhrough the sampling equipment and placing it into the appropriate sample containers 
for laboratory analyses. One equipment rinsate blank per media sampled per day will be 
collected. Initially, equipment rinsate samples from every other day will be analyzed. If analytes 
pertinent to the project are detected in the rinsates, the remaining samples will be analyzed, as 
necessary. The results will be used to verify that the sampling equipment has not contributed to 
contamination of the samples. 

Field Blanks 

One field blank will be collected from each source of water used in decontamination. It is 
anticipated that a total of three field blanks will be collected. The field blanks will be collected 
by pouring the water from the original container directly into the sample bottle set. Field blanks 
will not be collected in dusty environments andfor from areas where volatile organics are present 
in the atmosphere or originating from a source other than the source being sampled. The results 
will be used to verify that the water used in decontamination has not contributed to contamination 
of the samples. 

Trip Blanks 

Trip blanks are samples of analyte-free water prepared by the laboratory, taken to the sampling 
site, kept with the investigative samples throughout the sampling event, and returned to the 
laboratory with the samples to be analyzed for VOCs. One trip blank will be included in each 
cooler containing samples for VOC analyses. The trip blanks will only be analyzed for VOCs. 
The results will be used to verify that the sample containers and method of sample container 
handling used throughout the sampling program have not contributed to contamination of the 
samples. 

Field Duplicate Samples 

Field duplicate samples will consist of one unique sample, split into two aliquots, and analyzed 
independently. Duplicate soil samples analyzed for parameters other than VOCs will be 
homogenized, and split. Samples for VOC analyses will not be mixed, but select segments of the 
soil will be collected from the length of the core using ~ n c o f l  samplers. Duplicate water 
samples will be collected simultaneously. The duplicate samples will be analyzed to verify the 
reproducibility of the laboratory results and degree of variability of reported concentrations. 
Duplicate samples will be collected at a frequency of 10 percent. 

Matrix Spikematrix Spike Duplicate Samples 

Matrix spikehatrix spike duplicate (MS/MSD) samples will be prepared in the field to address 
aliquoting reproducibility and to provide information on matrix reproducibility otherwise 
unobtainable from samples reported below analytically reproducible and statistically valid levels. 
Due to the limited number of samples at each SWMU, MSIMSD samples will be prepared at a 
frequency of 5 percent for each group of samples of a similar matrix. 



4.5 Geophysical Survey 

A geophysical survey is proposed to be conducted at SWMU 46 - Montford Point Dump Site. 
This investigation will be conducted to determine the boundaries and approximate depth of the 
old landfill. The geophysical methods proposed for the investigation include ground penetrating 
radar (GPR), magnetometry, electromagnetic induction, andlor earth resistivity survey methods. 
It has been Baker's experience that a multi-method geophysical investigation is the best non- 
intrusive method for evaluating the condition of landfills. Each survey method responds to 
different physical characteristics of the earth or landfill materials. In a landfill, particularly and 
old abandoned landfill, a variety of conditions might exist that one survey method cannot fully 
evaluate. Therefore, a multi-method geophysical survey provides the best overall evaluation of 
conditions in and around an abandoned landfill. Section 6.7 presents specific details on the 
geophysical survey. 



5.0 SAMPLE DESIGNATION 

In order to identify and accurately track the various samples, all samples collected during the 
Phase 11 Confirmatory Sampling Program, including QAIQC samples, will be designated with a 
unique number. The number will serve to identify the SWMU, sample media, sampling location, 
depthlround (for groundwater samples), and QNQC qualifiers. 

The sample designation format is as follows: 

SWMU#-Medialstation#-DepthlRound or QNQC 

An explanation of each of these identifiers is given below. 

SWMU# This will be the number assigned to each SWMU in the RFA report 
(Ensafe, 19%). 

Media SS = Surface Soil Sample 
SB = Soil Boring (soil sample from a boring) 
TW = Temporary Well (groundwater sample from a temporary well) 
MW = Monitoring Well (groundwater sample from an existing monitoring well) 

Station# Each sample location will be identified with a unique identification number. 

DepthIRound Depth indicators will be used for soil samples. The number will reference the 
depth interval of the sample. For example: 

00 = Ground surface to 2 feet below ground surface 
0 1 = 2 to 4 feet below ground surface 
02 = 4 to 6 feet below ground surface 
03 = 6 to 8 feet below ground surface 

A two digit number followed by a character (A through D) will indicate the year 
and quarter the sample was collected. For example: 

02A = First Quarter (January-March) of 2002. 
02B = Second Quarter (April-June) of 2002. 

QNQc FB =Field Blank 
TB = Trip Blank 
D = Duplicate Sample (following depthlround) 
ER = Equipment Rinsate Blank 
MS/MSD = Matrix Spikaa t r ix  Spike Duplicate 

Under this sample designation format, the sample number SWMU258-SB05-00D refers to: 

SWMU 258 
Soil sample from a boring 
Soil boring #5 
Sample depth interval 0 to 2 feet 
Duplicate (QNQC) sample 



The sample number SWMU 258-GWOITW-02A refers to: 

SWMU2580WOlTW-02A SWMU 258 
SWhfU258GWOlTW42A Groundwater sample from temporary well #I 
SWMU258-GWOITW-QQ First Quarter of 2002 

The sample designation SWMU258-ER0142A refers to: 

SWMU 258 
Equipment rinsate blank 
Equipment rinsate sample #1 
First Quarter of 2002 

This sample designation format will be followed throughout the project. Required deviations to 
this format in response to field conditions will be documented in the field logbook. 



0.0 INVESTIGATIVE PROCEDURES 

The investigative procedures to be used for the Phase I1 Confirmatoly Sampling Program are 
discussed in the subsections that follow. These procedures include soil sample collection, 
temporary monitoring well construction, groundwater sample collection, decontamination, 
temporary monitoring well abandonment, geophysical survey, and handling of investigation 
derived wastes (IDW). These procedures will comply with the field methods described in the 
USEPA, Region N, Environmental Services Division (ESD), Environmental Compliance Branch 
Standard Operating Procedures and Quality Assurance Manual (ECBSOPQAM), (USEPA, 1997). 
Additional guidance from other sources such as the American Society for Testing and MateriaIs 
(ASTM) may be used. but if the ASTM and ESD methods conflict. the ESD d u r e  will be 
"sed. ~ddit ional l~,  in-instances where the ESD has no SOP, other g"idance so&ces will be used, 
such as manufacturer's SOP manuals. Field deviations will be recorded in the field logbook and - 
discussed in the text of the report. 

The field program is summarized on Table 4-1 and 4-2; the proposed sample locations are 
presented on Figures 4-1 through 4-38. 

6.1 Soil Samele Collection 

Surface and subsurface soil samples will be collected from borings advanced using a truck- 
mounted rig (or by hand) and direct-push methods. Some brings locations may be difficult to 
access by truck. As a result, samples will be collected at these locations by band using a hipod 
system. Appendix A presents the SOP for soil sample acquisition. Appendices A through C 
present SOPS for brehole and sample logging, monitoring well installation, and soil sample 
acquisition. 

Prior to sampling the presence of underground utilities will be determined by an independent 
utility locating service. Soil samples from borings advanced either by a direct-push rig or by hand 
will be collected using a GeoProbe "Macro-Core Sampler" or "Large Bore Soil Sampler", 
respectively. The MacmCore Sampler is a 48-inch long, stainless-steel tube with a 2-inch 
outside diameter (OD). A I-1R-inch ID cutting shoe is threaded to the base. Soil samples are 
collected in a 45-inch long by I-la-inch wide acetate liner that is inserted into the tube. The 
Large Bore Soil Sampler is a 24-inch long stainless-steel tube with a 1-318-inch OD. A 1-1116- 
inch ID cutting shoe is threaded to the base. Soil samples are collected in a 22-inch long by 1- 
118-inch wide acetate liner that is inserted into the tube. 

Soil samples will be collected continuously from the ground surface to the water table. Soils will 
be classified according to the Unified Soil Classification System (USCS). Soil descriptions, 
including estimates of grain size, relative density, moisture content, discoloration, odor, and other 
visual observations will be recorded in the field logbook. 

Soil samples will be field-screened for total VOCs using a PID as follows: 

The acetate liner will be cut across the entire length of the liner. 

The two edges of the liner will be separated using gloved hands while the entire length of 
the soil core is field-screened for total VOCs using the PID. Any elevated PID readings 
and the depth that the readings were observed will be noted in the field logbook. 



Up to two soil samples from each boring will be collected and submitted to the laboratory for 
chemical analyses. The samples will be selected based on sample depth, lithologic location, and 
field observations (e.g.;elevated PID readings, discoloration, etc.). 

Soil for volatile organics analysis will be collected using Encore samplers to minimize loss of 
VOCs in the sample. Soil for all other analyses will be placed into an aluminum pan, thoroughly 
homogenized, and placed into the appropriate sample container@). All pertinent sampling 
information including sample depth, sample number and location, and time of sample collection 
will be recorded in the f ~ l d  logbook. The sample containers will be stored on ice in a cooler at 
approximately 4 degrees Celsius (or less) until shipped to the laboratory. Chain-ofCustody 
(COC) Forms and Sample Analyses Request Forms will be properly filled out and enclosed in the 
shipping package. COC seals will be atfached to the package prior to shipping. Sample 
preservation and handling procedures are outlined in Section 7.0. 

Subsequent to sampling, borings not converted to temporary monitoring wells will be bacH~lled 
with a mixture of its soil cuttings and sodium bentonite. The surface will be plugged with asphalt 
or material similar to the existing surface. In addition, each boring will be surveyed for 
horizontal position using a Global Positioning System (GPS). 

6.2 Temwrnrv Monitoring Well Construction 

Temporary monitoring wells will be installed in some of the borings at the SWMUs to sample the 
shallow water-bearing zone (see Tables 4-1 and 4-2). The wells will be constructed as follows: 

1 Subsequent to soil sampling as described in Section 6.1, the borehole will be reamed to 
approximately 7 feet below the groundwater table using 3-114-inch ID hollow-stem 
augers. 

t Upon completion of the borehole to the desired depth, the well construction materials will 
be installed through the hollow-stem augers. 

b 10 feet of I-inch ID, Schedule 40,0.010-slot, PVC screen with a bottom cap will be set at 
the bottom of the borehole. The top of the well screen will be placed such that 
approximately 3 feet of the screen (as subsurface conditions permit) extends above the 
groundwater table to allow for fluctuations in the groundwater table. The screen will be 
connected to threaded, flush-joint, PVC riser. The casing will be installed to be 
approximately 2 feet above the ground surface. A PVC riser slip-cap with a vent hole 
will be placed at the top of the casing. 

The annular space around the well screen will be backfilled with a well-graded, fine to 
medium sand as the hollow-stem augers are beiig withdrawn from the borehole. The 
sand will extend to approximately 2 feet above the top of the screened interval. A lesser 
distance above the top of the screened interval may be packed with sand if the well is 
very shallow to allow for placement of sealing material. 

I A sodium bentonite seal (minimum of 6 inches) will be placed above the sand pack and 
extended to the ground surface to prevent surface and near subsurface water from 
infiltrating into the screened groundwater monitoring zone. The bentonite will be 
hydrated with potable water, as necessary. 



The depth intervals of all backfilled materials will be measured with a weighted 
measuring tape to the nearest 0.1-foot and recorded in the field logbook. 

Figure 6-1 depicts a typical temporaty monitoring well construction diagram. The wells will be 
surveyed for horizontal position using a GPS and topographic elevation relative to MSL using a 
registered surveyor so that groundwater elevations can be determined. 

63 Groundwater Samole CoIleetioo 

The monitoring wells will be sampled using a peristaltic pump and low-flow pwge and sampling 
methods. The procedure for collecting groundwater samples is detailed in this section, and is 
based on ECBSOPQAM procedures. 

63.1 Selection of Water Quality Indicator Parameters 

ECBSOPQAM SOPS specifL using pH, specific conductance, temperature, and turbidity as water 
quality indicator parameters (WQPs) for stabilization. This field program will include those 
WQPs plus dissolved oxygen. Use of dissolved oxygen has precedence in USEPA and other 
studies. Dissolved oxygen and turbidity are more sensitive indicators of "fresh" groundwater than 
pH, specific conductance, and temperature (Puls and Powell, 1992). Barcelona et. al., 1994, 
suggest that dissolved oxygen and specific conductance are good indicators of stabilization. 

63.2 Purging and Sampling Procedure 

The following low-flow purge and sampling procedure will be used to collect the groundwater 
samples: 

The well cap will be removed and escaping gasses will be measured at the wellhead using 
a PID. This will determine the need for respiratory protection. 

The static water level will be measured. The total depth of the monitoring well will not 
be measured, as not to stir up any sediment. The total well depth will be obtained from 
test boring and well construction records. The water volume in the well will then be 
calculated. 

The sampling device intake (new, 114-inch ID, polyethylene tubing) will be slowly 
lowered until the bottom end is 2 to 3 feet below the top of the well screen or the top of 
the water level, whichever is greater. Next, the water level probe will be placed into the 
monitoring well just above the water. 

Purging will begin using a peristaltic pump. The pumping rate will be set to create a 
sustainable flow (approximately I literlminute or less) without causing a significant drop 
in water level in the well. The static water level will be periodically measured throughout 
purging to verify that a significant drop in water level has not occurred. 

The WQPs, including pH, specific conductance, temperature, turbidity, and dissolved 
oxygen will be measured frequently. 

Purging will be complete when a minimum of three well volumes have been removed and 
three successive WQP readings have stabilized within 10 percent (0.1 Standard Units for 
pH), or there is no firther discernable upward or downward trend. It is Baker's 



experience that at low values, certain WQPs (such as turbidity) may vary by more than 10 
percent, but have reached a stable plateau. 

Upon WQP stabilization, groundwater samples will be collected from the end of the 
tubing and placed into the sample containers. 

The following information will be recorded in the field logbook: 

Project location, date, and time 
Weather 
Sample location, number, round, and identification number 
Static water level 
Calculation of amount of water to be purged 
WQPs during purging 
Visual description of water (i.e., clear, cloudy, muddy, etc.) 
Names of sampling personnel 
Names of visitors on site 
Purging and sampling technique, procedure and equipment used 
Sampling remarks and observations 
QAIQC samples collected 

The sample jars will be stored on ice in a cooler at approximately 4 degrees Celsius (or 
less) until shipped to the laboratory. 

The samples will be packed for shipping in the same manner as the soil samples. COC 
Forms and Sample Analyses Request Forms will be properly filled out and enclosed in 
the shipping package. COC seals will be attached to the package prior to shipping. 

Sample preservation and handling procedures are outlined in Section 7.0. Appendix D presents 
the SOP for groundwater sample acquisition. 

6.4 Mooitorinp and Data Collection Equipment 

Field measurements, including pH, specific conductance, temperature, turbidity, and dissolved 
oxygen will be rewrded during groundwater sampling. Appendix E presents specific procedures 
for on-site water quality testing. 

Additional monitoring well information may be obtained using water level meters and well depth 
meters. The operation and various uses of this data collection equipment is provided in 
Appendix F. 

Health and safety monitoring and environmental media screening will be conducted using a PID 
and an oxygen/combustible gas (02lLEL) meter. The operation and use of the PID and OZnEL 
meter are described in Appendices G and H, respectively. 

6.5 Decontamination 

Equipment and materials that will require decontamination are as follows: 

. Field measurement, sampling, and monitoring equipment (e.g. water level meters, pH 
meters, etc.) 



Machinery, equipment, and materials (e.g. drilling rigs, drilling equipment, monitoring 
well materials, etc.) 

Appendices I and J presents procedures for decontaminating the aforementioned equipment and 
materials, respectively. 

6.6 Ternnoram monitor in^ Well Abandonment 

Subsequent to completion of the groundwater sampling activities, the temporary monitoring wells 
will be abandoned as follows: 

To the extent feasible, the well casing and screen materials will be removed. 

The borehole will be backfilled with sodium bentonite and hydrated with potable water. 

The surface will be completed with like material (e.g., grass, dirt, concrete). 

Waste materials (e.g., well casinglscreen) will be disposed of in on-site trash dump 
boxes. 

6.7 Geoohvsical Survey 

A geophysical survey is proposed to be conducted at SWMU 46 - Montford Point Dump Site. 
This investigation will be conducted to determine the boundaries and approximate depth of the 
old landfill. The geophysical methods proposed for the investigation include GPR, 
magnetomeby, electromagnetic induction, andor earth resistivity survey methods. It has been 
Baker's experience that a multi-method geophysical investigation is the best non-intmsive 
method for evaluating the condition of landfills. Each survey method responds to different 
physical characteristics of the earth or landfill materials. In a landfill, particularly and old 
abandoned landfill, a variety of conditions might exist that one survey method cannot fully 
evaluate. Therefore, a multi-method geophysical survey provides the best overall evaluation of 
conditions in and around an abandoned landfill. 

The approximate area of investigation is shown on Figure 4-2. The locations of the geophysical 
lines will be located by Baker using a pre-established site grid. The following sections provide a 
brief discussion of the geophysical survey techniques. 

6.7.1 Ground Penetrating Radar 

The GPR survey technique produces a graphic cross-sectional view of layered materials below 
the ground surface. Changes in the character (smooth, well-defined horiwns to broken, irregular 
point reflections) of the GRP record will be used to define the limits and depth of the landfill. 
The GPR depth of investigation is related to the conductivity of the soils being investigated (high 
conductivity - limited penetrationnow conductivity - deeper penetration). Appendix K presents 
specific procedures for conducting the GPR survey. 

6.7.2 Magnetometry 

The magnetometry survey will be used to delineate areas where metals may be buried. Shallow 
buried metal (iron, steel) objects tend to distort the earth's magnetic field, resulting in anomalous 
total field measurements. Often the edges of landfills can be defined by the change from irregular 



to consistent total field magnetic values. By evaluating the magnetic data obtained over the 
investigation area, a background range of magnetic values is established. Zones of anomalous 
total magnetic field values are differentiated as being higher or lower than the background range. 
Appendix L presents specific procedures for conducting the magnetometry survey. 

6.7.3 Electromagnetic Induction 

The electromagnetic induction survey provides an indication of the apparent conductivity of 
materials witbii the exploration depth. If several layers are present, the apparent conductivity is a 
composite of the layer's conductivities. High conductivity values often are associated with 
landfilled areas. Appendix M presents specific procedures for conducting the electromagnetic 
induction survey. 

6.7.4 Earth Resistivity 

Earth resistivity measurements obtained at the ground surface may be used to evaluate subsurface 
materials. The resisitiviiy of earth materials is invefsely proportional to their temperature, 
permeability, porosity, water content, and salinity or ion content. The apparent resistivity value 
of a particular material, as measured in the field, is a function of the material's true resistivity, the 
thickness of the unit, thickness and resistivities of adjacent layers, and the electrode spacing. 
Apparent resistivity values are calculated based on the configuration of current and potential 
electrodes. Interpretation of electrical resistivity data is based on either comparison of field- 
derived apparent resistivity values with an appropriate theoretical case or inverse modeling 
performed by a computer. The results will be used to determine approximate depths of 
conductive layers associated with the landfill materials to determine the depth of filling. 
Appendix N presents specific procedures for conducting the earth resistivity survey. 

6.8 Investiention Derived Waste Handling 

The subsections that follow discuss the responsibilities, sources, containerization, sampling and 
analyses, and disposal of IDW. These wastes include soil from borings, groundwater from 
purging of monitoring wells, decontamination fluids, and personal protection equipment. 

6.8.1 Responsibilities 

LANTDIV - LANTDN or the Base must ultimately be responsible for the final disposition of the 
IDW. As such, a LANTDIV or a Base representative will sign waste disposal manifests as the 
generator of the material in the event off-site disposal is required. However, it may be the 
responsibility of Baker, depending on the contingency discussions during execution of the 
investigation, to provide assistance to LANTDIV in arranging for final disposition and preparing 
manifests. 

Baker Project Manager - It is the responsibility of the Baker Project Manager to work with the 
LANTDIV-Technical Representative in determining the final disposition of the IDW. The Baker 
Project Manager will relay the results and implications of the chemical analyses of the IDW, and 
advise on the regulatory requirements and prudent measures appropriate to the disposition of the 
material. The Baker Project Manager also is responsible for ensuring that field personnel 
involved in the IDW handling are familiar with the procedures to be implemented in the field, and 
that all required field documentation has been completed. 



Baker Field Team Leader - The Baker Field Team Leader or Site Manager is responsible for the 
on-site supervision of the IDW handling procedures during implementation of the field program. 
The Baker Field Team Leader also is responsible for ensuring that all other field personnel are 
familiar with these procedures. 

6.83 Sources of Investigation Derived Wastes 

The field investigation activities will result in the generation and handling of potentially 
contaminated materials that must be properly managed to protect the public and the environment, 
as well as to meet legal requirements. These wastes may be either hazardous or non-hazardous in 
nature. The nature of the waste (i.e., hazardous or non-hazardous) will determine how the wastes 
will be handled during the field investigation. 

The following sections discuss the types of IDW that will be generated as a result of the field 
investigation and methods used to handle the IDW. 

Soil Cuttings 

Soil cuttings will be generated during soil sample acquisition and augering of the well borings. 
The soil cuttings will be field-screened using a PID. Soil containing no PID readings above 
background or evidence of gross contamination will be mixed with bentonite and placed back into 
the respective borehole. Alternatively, the soil may be spread on the ground surface at the 
boringlwell head, as appropriate. Soil containing elevated PID readings or evidence of gross 
contamination will be containerized in Department of transportation (DOT) approved 55-gallon 
drums for analytical testing, temporary storage on site, and subsequent treatment and/or disposal. 

Mouiforing WeU Purge Water and Decontamination Fluids 

Monitoring well purge water and decontamination fluids collected from decontaminatiotdwash 
pads will be containerized in DOT-approved 55-gallon drums for analytical testing, temporary 
storage on site, and subsequent treatment and/or disposal. 

Personal Protective Equipment 

A11 personal protective equipment (i.e., Tyvek coveralls, gloves, and other health and safety 
disposables) will be placed in garbage bags and disposed of in on-site trash dump boxes. 

6.83 Investigation Derived Waste Ssmplhg and Analyses 

One composite sample will be collected from the drums containing soil cuttings. The sample will 
be analyzed for Toxicity Characteristic Leaching Procedure (TCLP) organics and inorganics and 
RCRA hazardous waste characterization (ignitability, corrosivity, and reactive cyanide and 
sulfide). 

One composite sample will be collected from the drums containing monitoring well purge water 
and decontamination fluids. The sample will be analyzed for TCL organics, Target Analyte List 
(TAL) metals (total), total suspended solids (TSS), total dissolved solids (TDS), and RCRA 
hazardous waste characterization (ignitability, corrosivity, and reactive cyanide and sulfide). 



6.8.4 Labeling 

The dmms will be labeled by the field team during the field investigation. Information will be 
written on a plaque and affixed to the prominent side of the dmm. The labels will include, at a 
minimum: 

LANTDIV CTO number 
Camp Lejeune point-of-contact name and phone number 
Project name 
Contractor name and Project Manager name 
Drum number 
Date 
Source 
Contents 

If laboratory analyses reveals that containerized materials are hazardous, additional labeling of 
containers may be required. Baker will be responsible for additional labeling procedures, with 
assistance from the Base andlor LANTDIV as needed. These additional labeling procedures will 
be based on the identification of material present and USEPA regulations applicable to labeling 
hazardous and polychlorinated biphenyl (PCB) containing wastes, which are contained in 40 CFR 
Parts261,262, and 761. 

6.8.5 Container Log 

A container log will be maintained in the field logbook The container log will contain the same 
information as the container label plus any additional remarks or information. Such additional 
information may include the identification number of a representative laboratory sample. The 
EQB will be informed of the status of all IDW storage containers on a regular basis. 

6.8.6 Container Storage 

Containers of IDW will be stored on site or in a specially designated secure area that is managed 
by the EQB until disposition is determined. 

If the laboratory analyses reveals that the IDW is hazardous, additional storage security may be 
implemented. Baker will coordinate, with LANTDIV andlor the Base, any additional measures 
that may need to be taken to insure that the containerized IDW is secure and meets applicable 
Federal regulations. 

Baker will assist LANTDIV in devising the storage requirements as required. Weekly 
inspections by facility personnel of the temporary storage area also may be required. These 
inspections may assess the structural integrity of the containers and proper container labeling. 
Also, precipitation that may accumulate in the storage area may need to be removed. These 
weekly inspections and whatever precipitation removal is necessary will be recorded in the field 
logbook. 

6.8.7 Container Disposition 

The disposition of the containers of IDW will be determined by LANTDIV, with the assistance of 
Baker, as necessary. Container disposition will be based on quantity of materials, types of 
materials, and analytical results. If necessary, specific samples of contained materials may be 



collected to identitjr further characteristics that may affect disposition. Typically, container 
disposition will not be addressed until after receipt of applicable analytical results, which are 
usually not available until long after completion of the field investigation. 

6.8.8 Disposal of Contaminated Materials 

Actual disposal methods for IDW will be determined following receipt of the analytical results. 
The usual course will be a contractor specialist retained to conduct the disposal. However, 
regardless of the mechanism used, all applicable Federal, state, and local regulations will be 
observed. USEPA regulations applicable to generating, storing, and bansporting hazardous 
wastes are contained in 40 CFR Parts 262,263. 

For the Phase Il Confirmatory Sampling Program, any soil determined to be non-hazardous will 
be transported to the on-base landfull and used as soil cover. Soil determined to be hazardous 
will be taken to a Treatment, Storage, and Disposal Facility (TSDF). Monitoring well purge 
water and decontamination fluids may be taken to one of the on-base groundwater treatment 
plants designed handle solvent and petroleum contamination. 



7.0 SAMPLE HANDLING, ANALYSES, AND VALIDATION 

Field activities will be conducted in accordance with the USEPA Region IV ESD's 
ECBSOPQAM (USEPA, 1997). Procedures for sample preservation, labeling, handling, and 
maintaining a field logbook are detailed in SOPS. Because these procedures are not specific to 
this project, they are provided as appendices, rather than detailed herein. Major components of 
sample handling and analyses are discussed in the following subsections. 

A sample analyses summary is presented on Table 4-2 and a summary of sampling, analytical, 
and DQOs is presented on Table 4-3. 

7.1 Sampk Preservation and Handling 

Sample preservation, sample bottle packing, and shipping are important components to 
maintaining the integrity of the samples. Preservation and handling procedures to be used during 
the Phase I1 Confirmatory Sampling Program are detailed in Appendix 0 and Section 6.1 of the 
QAPP. 

COC is another important component to maintaining sample integrity. COC procedures to be 
followed during the Phase I1 Confirmatory Sampling Program are detailed in Appendix P. This 
SOP also details sample bottle labeling procedures. 

COC procedures ensure a documented, traceable link between measurement results and the 
sample or parameter they represent. These procedures are intended to provide a legally 
acceptable record of sample collection, identification, preparation, storage, shipping, and 
analyses. 

7 3  Field Lwbook 

Field logbooks will be used to record sampling activities and information. Entries will include 
general and specific sampling information so that the field activities may be reconstructed. 
Appendix Q describes a general format for the field logbook. 

Each field person will have and maintain a logbook. Logbooks will be copied and stored in the 
project files as backup in case the original is lost or destroyed. 

7.4 Sample Analyses and Validation 

This section discusses efforts relating to the following activities: 

Sample Management 
Laboratoly Analyses 
Data Validation 

Sample management activities involve coordination with the laboratory, tracking of samples 
submitted for analyses, tracking of analyses received, and tracking of information related to 
samples submitted and received from a third party validator. Sample management also involves 
resolving technical or administrative problems (e.g., reanalysis, resubmission of information) as 
necessary. 



Laboratory analyses begins when the samples am shipped fmm the field and received by the 
laboratory. For the Phase 11 Confirmatory Sampling Program, the soil and groundwater samples 
will be analyzed for the following parameters: 

TCL VOCs using SW846 Method 8260 B, 
TCL SVOCs using SW846 Method 8270 C, 
TCL pesticides using SW846 Method 8081 A, andlor 
RCRA metals using SW846 6000/7000 Series. 

Validation begiis when the validator receives the "raw" laboratory data. Baker will also receive 
the data from the laboratory, and enter it into a database for tracking purposes. A validation 
report will be expected within three weeks following receipt of laboratory data packages by the 
validator. The data will be validated in accordance with the Contract Laboratory Program (CLP) 
criteria as outlined in the following documents: 

USEPA, National Functional Guidelines for Organic Data Review (October, 1999) 

USEPA, Hazardous Site Evaluation Division, Laboratory Data Validation Functional 
Guidelines for Evaluating Inorganics Analyses (February, 1994) 



8.0 DATA EVALUATION AND REPORT PREPARATION 

This task involves efforts related to the data once it is received from the laboratory and is 
validated. It also involves the evaluation of any field-generated data, including water level 
measurements, Test Boring and Well Constnrction Records, and other field notes. Efforts under 
this task will include the tabulation of validated data and field data, generation of Test Boring and 
Well Construction Records, and generation of other diagrams associated with field notes or data 
received from the laboratory (e.g., sampling location maps). 

The laboratory analytical results will be compared to background, NC DENR, and USEPA 
Region IX screening criteria 

A report will be prepared to include, but not be limited to, the following: 

. A summary of the investigation/sampling activities 

A discussion of investigation procedures that deviated &om the Work Plan 

A discussion of the analytical results and comparison to the applicable screening criteria 
(e.g. background, NC DENR, andlor USEPA Region IX) 

A summary of recommendations including SWMUs that either will require additional 
investigation in the form of an RFI or CMI, or will be designated as requiring no further 
action. 

. A complete analytical results package 



9.0 PROJECT MANAGEMENT AND STAFFING 

Mr. Christopher Bozzini, CHZM Hill Project Manager, will provide overall coordination, project 
administration, and senior QAIQC functions. In addition, Mr. Bozzini will keep abreast of all 
project activities and will maintain close communication with the Navy Technical Representative 
and the Base. 

Mr. Jim Culp and Mr. Scott Moffett will co-manage the Baker Project Team. Their primary 
responsibilities will include guiding, monitoring, and coordination of the technical aspects of the 
project. Mr. Culp and Mr. Moffett also will be responsible for Baker project administration and 
the overall QAIQC of project deliverables. 

Mr. Richard Bonelli, the Baker Activity Coordinator, will serve as an essential member of the 
management team, maintaining communication with CH2M Hill, LANTDIV, and the Base. 

The Baker Project Team will include a Site Manager, an Assistant Project Geologist, and 
technical support staff as shown in Figure 9-1 and discussed below. 

9.1 Field Team Reswnsibiiities 

The field investigation portion of this project will be conducted in conjunction with the 
Background Groundwater Study and consist of one field team. A Site Manager will coordinate 
all field activities and serve as the Site Health and Safety Officer. The Site Manager will ensure 
that all field activities are conducted in accordance with the project plans which include the Work 
Plan, the QAPP, and the HASP. 

The Field Team will employ one drilling rig for the soil sampling and monitoring well 
installation. An Assistant Project Geologist will supervise the drilling rig work. 

9 3  Rewrtinp Reauirements 

The Site Manager will report a summary of each day's field activities to the Project Manager or 
hisiher designee. This may be done by telephone or fax. The Site Manager will include, at a 
minimum, the following in hisiher daily report: 

Baker personnel on site 
Other personnel on site 
Major activities of the day 
Subcontractor quantities (e.g., drilling footages) 
Samples collected 
Problems encountered 
Planned activities 

The Site Manager will receive direction from the Project Manager regarding changes in the scope 
of the investigation. All changes in the scope will be discussed and agreed upon by CH2M Hill, 
LANTDN, and NC DENR. 



10.0 SCHEDULE 

A proposed schedule for the deliverables and milestones associated with the Phase I1 
Confirmatory Sampling Program is presented on Figure 10-1 and detailed below. The assumed 
start date is February 11, 2002. The day in the "()" represents the proposed deliverable or end 
date for each tasklactivity. 

Receive NC DENR's concurrence on the proposed Phase 11 Confirmatory Sampling 
Work Plan (Day 1) 

Submit the Final Phase Il Confirmatory Sampling Work Plan (Day 14) 

Procurement of Subcontractors (Day 14) 

Mobilize to the field (Day 21) 

Conduct the field investigation (61) 

Demobilize from the field (Day 62) 

Receive analytical results (Day 83) 

Receive validated analytical results (97) 

Submit the Draft Phase I1 Confmatory Sampling Report/Results (Day 158) 

Receive NCDENR comments on the Draft Phase I1 Confirmatory Sampling 
RepodResults (Day 188) 

Respond to NCDENR comments on the Draft Phase 11 Confirmatory Sampling Report 
and submit Final Report (Day 21 8) 
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Tiibie 4-1 
Summary of Proposed Sampling Under Phase 11 

Phase I1 Confirmatory Sampling, CTO-0143 
MCB Camp Lejeunc, North Carolina 

be collected from drainage 
Benzo@)flwranIhene, 
BnzoQfluoranthcne, 
Indeno(l,2,3-cd)pyrene, 

SWMU 255 1502 OIW-1 

SWMU 2561257 - 1700 OIW-I B 2 

SWMU 258 - S1745 O N  

Dibenz(a,h)anthracene, 
Csrbazole 

Benzo(a)pyrene, 
Pentschlomphenol 

Benzo(a)pyrene 

Acetone, Cadmium, 
Mercury 

1 

5 

3 

5 

4 

2 

5 

3 

I 

4 

3 

One soil sample to be 
collected immediately 
beneath concrete and one 
soil sample lo be wllected 
at soiYgroundwater mterfacc 

SWMUs 256 and 257 were 
combined for the Phase I1 
Confirmatory Sampling 

Resample SWMU258-IS05- 
00 for VOCs only 

Industrial 

Industrial 

Industrial 





Tible 4-1 
Summary of Proposed Sampling Under Phase I1 

Phase I1 CoaSlrmatory Sampling, CTO-0143 
MCB Camp Leirune, North Carolina 

Benzo(k)fluoranthenc, 
Dibenz(a,h)anthracene, 
Indeno(l,Z,3-cd)pyrene, 
Naphthalene, Cadmium, 
Chromium, Mercury. 
Silver, Arsenic 



C b l e  4-1 
Summary of Proposed Sampling Under Phase I1 

Phase I1 Confirmatory Sampling, CTO-0143 
MCB Camp Lejeune, North Carolina 

SWMU Designation 
SWMU 319 -Camp Geiger Wastewater 
Treatment Plant 

SWMU 336 -AS4106 Paint Shipper 

SWMU 339 - AS146 Sandblaster 

SWMU 359 -Lot 201 Battery Dump 
SWMU 360 -Building I817 UST 
SWMU 361 - USTSile 3 3 3 4  

SWMU 362 -Dog l l Ann 
SWMU 363 - M-21 Armsting Gear 

Compounds Exceeding 
Screening Criteria 

Benzo(a)pyrene, 
Benm(a)anthracene, 
Benzo@)fluoranthene, 
Dibenz(a,h)anchraccne. 
Mercury 

Acetone, 4-Methylphenol 

Zinc 
Unknown 
Unknown 

Unknown 
Unknown 

Number of 
Borinw 

1 

2 

4 

2 
4 
6 

I 
3 

Additional 
Actions/Carnmmtt 

Sunples wuld not be 
~ l loc ted  horn floor drains 
during P h w  I; Boringa to 
be advanced outside 
building during Phase U; 
Samples to be analyzed for 
VOCs, SVOCs, and metals 

Resample VOCs and 
SVOCs in bonng 
SWMU339-IS01 

OIoundwatcr samples also 
to be collected &om existing 
monitoring wells MW02 
through MW06 

Groundwater samples to be 
collecled from IWO ofthe 
wells; the 3rd well will be 
for delemination of 
groundwater elevation only 

Comprriaon 
Cribrla 

Residential 

Industrial 

Industrial 

Industrial 
Residential 
Residential 

Residential 
Industrial 

Number of 
Sutfsn Soil 

Samples 
1 

2 

3 

4 
6 

4 
2 

Pmposed Sampling 
Number of 
Subsurface 

Soil Samples 
I 

2 

4 

2 
4 
6 

I 
2 

Under Phase I1 
Number of 

Surface Water1 
Sediment Samples 

3 

Number of 
Temporpw 

Monitoring Wells 

2 

3 

2 
4 
I 

3 





Table 4-2 
Sample Analyses Summary 

Phrac I1 Confirmatory Sampling, CTO-0143 
MCB Campl Lejeune, North Carolina 





Table 4-2 
Sample Analyses Summary 

Phase I1 Confirmatory Sampling, CTO-0143 
MCB Campl Lejeune, North Carolina 



Table 4-2 
Sample Analysea Summary 

Phase I1 Confirmatory Samplmg, CTO-0143 
MCB Campl Lejeune, North Carolina 



Table 4-2 
Sample Analyscs Summary 

Phase I1 Confirmatory Sampling, CTO-0143 
MCB Campl Lejeune, North Carolina 

Now: 
The number of equipment ~ r a l e  blanks and trip blanks are estimated. The actual number of samples ~ l l e ~ t e d  will be determined in the field in accordance with the Work Plan. 
(I) Soil tobt analyzed for TCLP VOCs, SVOCs, pesticides, and metals; wrrosivity; reactivity; and ignitability. 
(2) Wata to be analwd for VOCs, SVOCs, pesticides, metals, total suspended solids, and total dissolved solids. 
SVOCs - Semivolatile Organic Compounds 
SWMU = Solid Waste Management Unit 
VOCs = Volatile Organic Compounds 



Table 4-3 
Summary of Sampling, Analytical, and Data Quality Objectives 

Phase 11 Coofirmatory Sampling, CTO-0143 
MCB Camp kjeune, North Carolina 

Notes: 
CLP = Contrael Laboratory Program 
RCRA = Resource Conservation and Recovery Act 
SOW = Statement of Work 
SVOCs = Semivolatile Organic Compounds 
SWMU = Solid Waste Management Unit 
TCL =Target Compound List 
TCLP =Toxicity Characteristic Leaching F'rocedure 
VOCs = Volatile Organic Compounds 

SW846 moonow series 

Purge Wated 
Decontamination 
Fluids 

Reactive Sulfide 
TCL VOCs 
TCL SVOCs 
TCL Pesticides 
TAL Metals 
lgnitability 
Cotros~ity 
Reactive Cyanide 
Reactive Sulfide 
Total Suspended Solids 
Total Dissolved Solids 

7.3.4.2/9030 
SW846 82608 
SW846 8270C 
SW846 8081A 
SW846 6000~000 Series 
SWU6 1010 
SW846 11 10 
7.3.3.2/9010 
7.3.4.219030 
EPA 160.2 
EPA 160.1 

Level 111 28 Days 
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-ALL SAMPLES WERE COLLECTED WmIN 
3 FEET OF THE SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED EITHER 
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LEGEND 
PROPOSED SML BORUK: * PROposDDTDlPOllARYuownoRncrmL 

0 -=-- mp/lg UUDRY/IQW((W 

Q -uoNlraarclELL up/kp- 

FIGURE 4-1 3 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 272 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



m - 
---, . .: z.,.J. +. 

L,.A,'. ;.2- 1 ~. . . :Ai. >,- , . - -  
- -, -. . .- - .- m i  ~ - - --- ~ .~ .~ 

-ALL SAMPLES WERE COLLECm, WITHIN 
3 FEET OF THE SWMU's PERIMm.  - , . . - ., 

(UNLESS OTHERWISE NOTED). 
~. .--- ~ ~ ~- - 

-CONSTITUENTS SHOWN EXCEED EITHER 
NC - NORTH CAROUNA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESlDPmAL SOlL PRG'S - 9 

FC-200 
OIL/WATER 
SEPARATOR 

, 
- :3,--c- 

.. : 
-. . > *>. ,- 

.. , A , ? 5 i  
X& , ./ .. 

! 
! 

SWMU279-IM2 i 

/ 

. s w ~ ~ ~ ~ ~ - ~ ~ ~  / j 3 L 3 G  4 
U279-IM3 - /' 

SEPARATOR .--- i SFC-221 

*so 
I 

SAMPLE ID SWMU279-Ism-03 
DATE SAMPLED 09-12-1997 

3a ker 
N. T. S. I Ba 

EGEMQ 
- 

PROPOSED SOIL BORING FIGURE 4-1 4 
PROPOSED TEMPORARY MONITORING WELL PROPOSED PHASE I1 SWMU INVESTIGATION PLAN 

@ EXISTING SOIL BORING SAMPLE SWMU 279 
EXISTING MONITORING WELL MARINE CORPS BASE. CAMP LEJEUNE 

u g h  MICROGRAM/KILOGRAM NORTH CAROLINA 



-9. 

. I -:+..-- - .~ .~ ~~.~ - 

s' 
~ --.. ~ .+-- 

swklUzas-lso2 7 

. b* , .  . 
..< , .- 

, - ; ... - ~- -*-., , . 
-,-23.; J::.+;:\,>\;!: 

- ,  ; :;$E3::; -r lAIIE- m U 2 8 5 - I S 0 4  
57WZ44JE =x$$zij ',. 

,- *-- s.-. . .-- - ..H . ~ . .  , . ~ .  .. . 

,.. , .-l-A,.'lI>,?t;~:- 

JUTE 
-ALL SAMPLES WERE COLLECTED WITHIN 

3 !TI3 OF THE SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCOED 
NC - NORTH CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESlDPmAL SOlL Pffi'S 

" " " " " 
n n X ,7 " " " * n " n " A " n " " " 

n 

>< 

< 

MICHAEL ROAD 

N. T. s. B a k u  Enwmmmtd.lnc 

LEGEND 
PROPOSOO TEMPORARY MONlTORlNG WELL 

@ MISTING SOIL BORING SAMPLE 

udkg MICROGRAM/KILOCRAM 

FIGURE 4-1 5 
PROPOSED PHASE II SWMU INVESTlGATlON PLAN 

SWMU 285 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



- 
W P L E  ID SWUU291 -IS01 -04 
DATE WPLED 09-13-1997 

----- x DEPTH 8' - 10. 

43.3 
, - 
, - - -- , __-- _ _ - -  

, /- 
_ _ - - -  

, 
/ 

\ '@ WMU291 -SW/SD01 

\ 
fn 

\ 

SWMU 291 

a m  STANDING 

P WATER 
\ I 

NQE 
-ALL SAMPLES WERE COLLECTED WITHIN 

3 FEET OF THE SWMU's PERIMEER. 
(UNLESS OTHERWISE NOTED). 

-&NSTITUENTS SHOWN MC&D EilHER 
NC - NORTH CARWNA SOlL TO GROUNWVATER 
AB - AC€ BACKGROUND 
BB - BASE BACKGROUND 

bEGEND FIGURE 4-1 6 
PROPOSED TEMPORARY MONITORING WELL PROPOSED PHASE 11 SWMU INVESTIGATION P U N  

Q MISTING SOIL BORING SAMPLE SWMU 291 
8 EXISTING SURFACE WA?ER/SEDIMEM SAMPLE MARINE CORPS RASE. CAMP LEJEUNE 
mg/kg - MILLIGW/KILOGRAM NORTH CAROLINA 





am-,. 

SAMPLE ID SWMU294-lS02-00 
, DATE %PLED 

9 
TOTAL METUS [ma/ka) (8010/7410) 
Mercury (NC/AB/BB) 

- ~ 

- .  - - -. . . -~ - . . . . 
~ ~ 

~ ~ . ~ . ~ -~ ~ ~ ~ -- 

@SWMU294-Two4 

.~ A SWMU294-5503 ~ ~ . -- - - .~. . .~ 
SWMu294-Isol@ 

- 
w_Mu294--TwoYB &, . . -. ~ ~ .~ .. ~ ---- .. . - - ~- . ~~~ , . - . - . - . -. . . - . - .. SWMU294-TWOl@ .- --..--.a --;------- .- ~ U 2 9 4 - I S 0 5  

~p - 0 - -- - - . . . . -- 
'- . < 

@ SWMU294-IS03 : _ -4- =r:- ::: -: 7 
% < .... -- . . 

SWMU294-IS0 .- ?,A,:,;. gSWMU294-lS04 
MU294-Two3 =' -... 

SWMU294-Two2 
. .. -. ..~ ...- ' .\, ::>'L , .. - --- -- -. ,,-..:- I.? 

-' :'w 2.:.  ::z'~~,l 
.- 

:!+-JO'N O!lL CRLH 
-. - ~ 

' --~,~.?iS~IISSICl\, - -. -_:fC 3R'JbI 
- - 
.,(-. 
7,- 
. 2 , J l i  

-2 

-. . - ;I\IL~.BEL_C~ 
,/';:iIC'-L , 5RIbIS 

NA.SqL Xi ; 

XTL ?,,.;'< - - .. -- 
-ALL SAMPLES WERE COLLECTED WITHIN 3L3: 

3 FEET OF THE SWMU's PERIMETER. : 20.1 
(UNLESS OTHERWISE NOED). 

-CONSTITUENTS SHOWN ~ C E E O  EITHER i 

AB - AOC BACKGROUND' 
BB - BASE BACKGROUND 
NC - NORTH CARWN4 SOIL TO GROUNDWATER I 
US - USEPA REGION IX RESlDENTlAL SOlL PRG's I 

I 

N. T. S. - 
BQa EnhrnmtdJnC 

LEGEND FIGURE 4-18 
PROPOSED TEMPORARY MONrmRlNG WOI PROPOSED PHASE II SWMU INMSTIGATION PLAN 

I O MISTING SOIL BORING SAMPLE 
A PROPOSED SURFACE SOlL W P L E  

SWMU 294 
mg/kg - MILLIGRAM/KILOGRAM MARINE CORPS BASE. CAMP LEJEUNE 
ug/kg - M I C R O G W / ~  NORTH CAROLINA 



m 
-ALL SAMPLES WERE COLLECTED WITHIN 

3 FEET OF THE WMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENE SHOWN EXCEED Erl'liER 
AB - AOC BACKGROUND 
BB - W E  BACKGROUND 
NC - NORTH CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESlDENTlAL SOlL PRGs 

N. T. S. Bcka Envlrmrnanba',lnc 
u!xm 

p~apormsa~n~ i i~w  FIGURE 4-1 9 
P R ~ ~ ~ ~ E D T E U P O R A R Y U ~ O R * Y ~ ~  PROPOSED PHASE II SWMU INVESTIGATION PLAN 

1 @ umffi,nCiiIww, 
@ umHDYONIRH(IYCWOI~TlOW 

SWMU 295 
~ h v  MARINE CORPS BASE, CAMP LEJEUNE 
whYKIIOaW/IQOORAy NORTH CAROLINA 



- - SWMU299-TW01e 

SWMU299-SB01 WMU299-SB02 

SWMU299-IS02 -- .. . -. . 

WMU299-IS03 

+.. 

I 

g2.3 
G-. , 

L u E  
-ALL SAMPLES WERE COLLECTED WITHIN 

3 FEET OF M E  SWMU's PERIMEER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED EilHER 
NC - NORTH CAROLINA SOIL TO GROUNDWATER 
US - USEPA REGION IX RESlOEFmAL SOlL PRG'S 
AB - AOC BACKGROUND 
BB - EASE BACKGROUND 

- TO C,AMFSE-:L 3fli.IL‘RCb- -?<.\A3 TO CURT!S 
3 3 E T  ZCAC 

I 
I 
I 

N. T. S. I 
0 

LEGEND FIGURE 4-20 
J PROPOSED SOlL BORING 

PROPOSED EMPORARY MONITORING WOI 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

@ MISTING SOlL BORING SAMPLE SWMU 299 
mg/kg MILLIGRAtd/KILOGRAM MARINE CORPS BASE. CAMP LEJEUNE 
~ g / k g  MICROGRAM/KILOGRAM NORTH CAROLINA 



I 

I 

3mM - 
TO CURTIS - BANCROFF ROAD TO CAMPBELL 
ROAD RObiD 

SWMU300-IS 

USED OIL 

d 
03 

lum 
-AU SAMPLES WERE COLLECTED WITHIN 

3 FEET OF THE SWMU's PERIMEER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED: 
NC - NORTH CAROUNA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESlDENTlAL SOlL PRG's 

N. T. s. Baker Enlonmentd.hc. 

LEGEND 
PROPOSED TEMPORARY MONITORING WELL 

@ EXISTING SOIL BORING SAMPLE 

ug/kg - MICROGRM/KILOGRAM 

FIGURE 4-21 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 300 
MARINE C O R P S  BASE, C A M P  LEJEUNE 

N O R T H  C A R O U N A  



I 

WMU302-TWO3 

-ALL SAMPLES WERE COLLECTED WmIN 
3 FEET OF THE SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN MCEED EITHER 
AB - AOC BACKGROUND 
NC - NORTH CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESIDENTIAL SOlL PRG's 

PROPOSE0 TEMPORARY MONrrORlNG WELL 

a MISTING SOIL BORING SAMPLE SWMU 302 
mg/kg - MILLIGRAM/KILOGRAM 
ug/kg - MICROGRAM/KILOGRAM 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 



ELIMINATED 
SWMU3OS-SBO3@ \ 

la ker 

MIE 
-2, - 

-AU SAMPLES WERE COLLECTED WITHIN .- - 
3 E E T  OF THE SWMU's PERIMETER, , * 
(UNLESS OTHERWISE NOTED). ,. 

-CONSrrmENIS SHOWN EXCEED DMER lJ' 
AB - AOC BACKGROUND 
BB - BASE BACKGROUND 
NC - NORTH CAROUNA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESIDENTW SOlL PRG's 

N. T. S. ~dra  ~nvmnmmw~n~. 

mxMR 
PROPOSED SOlL BORING 
PROPOSED TEMPORARY MONITORING WELL 

O EXISTING SOIL BORING SAMPLE 
mg/kg - MILUGRAM/KILOGW 
w/kg - MICROGRAM/KILOGW 

FIGURE 4-23 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 303 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



Baker 11 

- 
/-,- ------'=-% -- - 7 

- 
- - - - - J 

t 
SWMU305-IS02 

i I 

, 

0 ' - 8 ,  i 
2 
(3 

-CONSlllUENTS SHOWN EXCEED EITHER: 
AB - AOC BACKGROUND 
BB - BASE BACKGROUND 

I 

US - USEPA REGION IX RESIDENTUL SOlL PRG's 

N. T. S. I 
I 

LEGEND 
@ PROPOSED T E M P O W  MONITORING WELL 

o MISTING SOIL BORING SAMPLE 
mg/kg - MILLIGRAM/KILOGRAM 

FIGURE 4-24 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 305 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



- 

SWMU306-TWO3 
GRASS 

SWMU306-TWO1 

* : >  
CE i 

: ?j 
! I ; 'A ! 
! 

I x t . L i 
: Q i  
: E :  

I : 
. ( j  

i ! 
i i i  I 

I /  
k I 

lism 
CONSTITUENTS SHOWN MCEED EITHER 

NC - NORTH CAROLINA SOIL m GROUNDWATER 
BB - BASE BACKGROUND 

i 
1 '  I 

N. T. s. Baker Enwonrnental.lnc 

LEGEND FIGURE 4-25 
I PROPOSED TEMPOWIRY MONmORING WELL PROPOSED PHASE I1 SWMU INVESTIGATION PLAN 

8 MISTING SOIL BORING SAMPLE SWMU 306 
mg/kg MILLIGRAMS/KILOCRAM MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



. am4I 

~~~ ~ ~ ~ . . . ~- - ~~ ~~ ~ ~ ~ . -- ~ ~ -~ 

~ ~ - - ~ -  ~~~ . ~ ~ . .  -- -~ ~. 

, 

.-- 

UMPLE ID M U 3 0 7 - I S 0 2 4 2  i i DATE SAUPLED 09-09-1997 I ! i DEPTH 
TOTAL METALS Ima/ka) (6010/74101 

j Mercury (NC/AB/BB) 0.14 

SWMU307-IS04 

SWMU307-IS05 
eSWMU307-TWO3 

MzE 
-ALL SAMPLES WERE COLLECTED WITHIN 
3 FEET OF M E  SWMU's PERIMmR. 
(UNLESS OTHERWISE NOTED). 

-CONSrrmENTS SHOWN EXCEED 
NC - NORTH CAROUNA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESIDENll4L SOlL PRG's 
AB - AOC BACKGROUND 
BB - BASE BACKGROUND N. T. s. Boka Environmemtal.lnc 

bEGEND 
@ PROPOSED TEMPORARY MONITORING WELL 

o M I ~ N G  SOIL BORING SAMPLE 

mg/kg - MILLIGRAM/KILOGRAM 

FIGURE 4-26 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 307 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROUNA 



- - - 
-\ 

I , 
I ; - 
I / 

9 
3 
W , f W 

w 
' 2  *\ I z .9." SWMU308-Is02 
I I -3 ! 

1 1  I P i i. 
I ,  1 3LJG 
1 ;  , 1 2 2 - ? 3  1 I I u i 1 / i 

; DRAIN 3AiK; j , SWMU308-IS01 

( , 1 SAM? 
SWMU308-TWO2 1 I 

I 

I i I 1 
i I 

I I 

M E  
-ALL SAMPLES WERE COLLECTED Wrl'HIN 

3 FEET OF THE SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED 
NC - NORTH CARWNA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESIDENTW SOlL PRGs 

BLDG 
81 6 

N. T. S. 

) 
LEGEND FIGURE 4-27 

@ PROPOSED TEMWRART MONITORING WOI PROPOSED PHASE II SWMU INVESTIGATION PLAN 
Q EXISTING SOlL BORING SAMPLE SWMU 308 

ug/kg - MICROGRAM/KILOGRAM MARINE CORPS BASE. CAMP LEJEUNE 
NORTH CAROLINA 



- ; . n n u  

7, ; :--7.- , -- 
-ALL SAMPLES WERE COLLECTED WlTHlN 

3 F E n  OF M E  SWMU's PERIMETER. 
(UNLESS OTHERWISE 4OTEO); -. --.- ~ -- .. - ~ . ~~ . 

-CONSmUENE SHOWN EXCEED ElTHER 
NC - NORTH CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESIDENTIAL SOlL PRGs 
AB - AOC BACKGROUND ~ - ~~ . . , i . + ~ ~ -  -~ 
88 - BASE BACKGROUND , 

\ 

SWMU311-5802 

i 

INTERMITTANT 

>< 
" n " " d " " 

n " a " a n n " rn 

< I 

FIR STREET N. T. s. Baka Environrnentol.lnc. 

LDEtiR 
PROPOSED SOlL BORING 

FIGURE 4-28 
@ P m w s m  TEMPORARY MONITORING w m  PROPOSED PHASE II SWMU INVESTIGATION PLAN 
0 MISTING M)IL BORING SAMPLE SWMU 31 1 

rng/kg - MILLIGRAM/KILOGRAM 
ug/kg - MICROGRAM/KILOGRAM 

MARINE CORPS BASE. CAMP LEJEUNE 
NORTH CAROLINA 



- ~ ~~ - 

. - ~  8 - 
.~ . .. ~ . . . - .  .. 

~~ ~~~ ~~ ~~ ~~ ~ . ~~ ~ ~ -------- ~ - -  ...~ 

.- - . .~~ . ~. .  

. ~. ~ . . ~ - ~  -- 

SAMPLE ID 
DATE SAMPLED 
DErm 
TOTAL METALS I m d k  

SWMU31 2-IS02 

DEPTH I 
@ SWMU312-TWO3 

NQE 
-ML SAMPLES WERE COUTCTED WITHIN 

3 FEET Of THE SWMU's PERIMmR. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED ErlHER 
NC - NORM CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESlDENTlAL SOlL PRG'S 
AB - AOC BACKGROUND 
BE - EASE BACKGROUND N. T. S. Baka Environmental.lnc 

LEGEND 
PROPOSED M I L  BORING 

@ PROWSED TEMPORARY MONITORING WELL 
O EXISTING SOlL BORING SAMPLE 

mg/kg - MILLIGRAM/KILOGRAM 
ug/kg - MICROGRAM/KILOGRAM 

FIGURE 4-29 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 312 
MARINE CORPS BASE. CAMP LEJEUNE . NORTH CAROLINA . 



BWG 
1704 

SANPLE ID SWYU313-IS02-W 
09-13-1997 

nrmu 

USED O I L  
A S T  

.SWMU~I~-TWOZ@ / 
GUM STREET 

I 
I 

SWMU 3 1 3 ~  
S 1 7 5 3  

MJE OIL/WATER 
-AU SAMPLES WERE COLLECTED WITHIN SEPARATOR 

3 FaT OF M E  SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

- C O N ~ E N T S  SHOWN M C ~ D  EITHER 
NC - NORTH CAROUNA SCiL TO GROUNDWATER 
US - USEPA REGION IX RESIDENML SOlL PRGs 
AB - AOC BACKGROUND 
BB - BASE BACKGROUND N. T. s. Bdca- Envirmmental,lnc 

LEGEND FIGURE 4-30 
) 8 PROPOSED SOIL BORING PROPOSED PHASE II SWMU INVESTIGATION PLAN 

PROPOSED T M W W  MONNORING WELL 
8 MISTING SOlL BORING SAMPLE 

SWMU 313 

mg/kg MICUGRAM/KILOGW 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 





SWMU315-TWO1 

SWMU315-IS0 

SWMU315-IS04 
SWMU315-TWO2 @ 

BLDG M-200 

.NEE 
-ALL SAMPLES WERE COLLECTED WITHIN 

3 FEET OF THE SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONST[TUENTS SHOWN EXCEED EITHER 
NC - NORM CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESIDENTIAL SOlL PRG'S 
AB - AOC BACKGROUND 
BE - BASE BACKGROUND N. T. S. Eaker EnvircmmentalJnc. 

J.KEtiR 
PROPOSED SOlL BORING 

@ PROPOSED TEMPORARY MONITORING WELL 
@ EXISTING SOIL BORING SAMPLE 

rng/kg MILUGRAM/KILOGRAM 
ug/kg MICROGRAM/KILOGRAM 

FIGURE 4-32 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 315 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



"G" STREET 

I MARINE CORPS BASE. CAMP LEJEUNE 
NORTH CAROUNA 

\ 

N Q E  
-ALL SAMPLES W 

3 FEET OF THE 
(UNLESS OTHER BLDG TC-773 

-CON!~UENTS SHOWN EXCEED EITHER 90 DAY HAZARWUS 
NC - NORTH CAROUNA SOIL TO GROUNDWATER WASTE STORAGE 
US - USEPA REGION IX RESIDENTIAL SOIL PRG'S (COVERED UNIT) 
AB - AOC BACKGROUND 
BB - BASE BACKGROUND N. T. s. B&a- Environmental.hc 

LEGEND 
6' PROPOSED TEMPORARY MONITORING WELL 
O SOlL BORING 
H FENCE AND BOUARDS 

FIGURE 4-33 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 316 



- 
5 + 
5 
U * 
$E 
3 
r 
I 
0 
0 

- 

I 

USED 

@mYU317-w02  
SWMU317-IS01 

4 
I 
-7 
0 

g 3 
- m 
0 + 

0 

3 
m 

B s 

Y 
> 
I w 
4 > 3" 
0 1 s- 

ME 
-AU SAMPLES WERE COLLECTED W I N  

3 FEET OF THE SWMU's PERIMEER. 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED EITHER 
NC - NORTH CAROLINA SOIL m GROUNDWATER 
AB - AOC BACKGROUND 
BB - BASE BACKGROUND 

N. T. S. Baka Enwronrnentd,lnc 

U G E N D  

PROPOSED T E M P O M  MONIlORING WELL 

@ SOIL BORING 

mg/kg MILLIGRAM/KILOGRAM 

FIGURE 4-34 
PROPOSED PHASE I1 SWMU INVESTIGATION PLAN 

SWMU 317 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



WPCE ID SWUU318-ISO3-00 
DATE W P L m  09-14-1997 
DEPTH 
TOTAL METALS (ma/ka) (6010/7410 
Arsenic (US/AB/BB) 3.7 

" " " v X 

1 I 

A A A A 
" " 

n 
" 
n " 

DRNEWAY I I 
I I 

SWMU318-5502 

MMU318-TWO 

NC - NWIH UROUNA SOIL m GROUNDVAER 
US - VSEPA RE- IX EWEUlW SOlL PRC% 
A B - M C B U W ( G m U N 0  
BB - BISE BACKGRWND 

- g J R F Y X Y K S A Y P l E  
PROPOSm TOlPORUn YOmORWO mu 

e mffi 5ML BORlNG SAUPLE. 
g5 otmffi N R F ~  ~ M L  SUPLE SWMU 318 
ms/rrl m-m- MARINE CORPS BASE. CAMP LEJEUNE 
W/W u-m- NORTH CAROLINA 



I I 
IAGWN 

----------- 

V C V  - X C E  *IN 

A- 

' !  

1 

SWMU319-IS01 

GRW CHAMBER 

SAYPLE ID SWMUII 9-603-W 
OATE WPLED 09-09-1 997 

MJL 
-AU SAMPLES WERE COLLECTED WITHIN 

3 FEET OF THE SWMU's PERIMETER, 
(UNLESS OTHERWISE NOTED). 

-CONSTITUENTS SHOWN EXCEED EilHER -NEW TREATED M E  FORCE / 
w N  To w N & P m u u t s -  - - - - 

NC - NORTH CAROLINA SOlL TO GROUNDWATER 
US - USEPA REGION IX RESlMFmAL SOlL PRG'S 
AB - AOC BACKGROUND 
BE - BASE BACKGROUND 

SOURCE: 
-FINAL RCRA F A C I W  ASSESSMM REPORT. 

MARINE CORPS BASE CAMP LEJEUNE 
(ENSAFE. JULY 25. 1996) N. T. s. Baker Ennronrnentol.lnc. 

LEGEND 

O EXISTING SOIL BORING SAMPLE 

mg/kg MILLlGf?AM/KILOGRAM 
ug/kg MICROGRAM/KILOGRAM 

FIGURE 4-36 
PPROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 319 
MARINE CORPS BASE. CAMP LEJEUNE 

NORTH CAROLINA 



MEE 
-SAMPLE LOCATIONS WILL BE FIELD 

LOCATED 



SEDIMENT 

SAMPLE I0 mu339- IW1-01 
DATE SAMPLED 09-09-1997 
DEPTH 2' - 4' 
voLAnlEs ( U ~ I I C ~ )  ( e . 2 ~ )  
Acetone (NC) 3200 
4-Methylphenol (NC) 

SWMU339-IS01 

/ 

SAMPLE DRAIN 

A!-41 46 

WHITE STREE7 TO CAMPBELL 
STREET 

-ALL SAMPLES WERE COLLECTED WITHIN 
3 FEEr OF THE SWMU's PERIMETER. 
(UNLESS OTHERWISE NOTED). 

-CONSTINENIS SHOWN EXCEED EITHER 
NC - NORTH CAROLINA SOlL TO GROUNDWATER 

I MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA I 

BLDG 
AS-519 

N. T. s. Bdcu Environrnental.lnc 

LUxMQ 
PROPOSED T E M P O M  MONm)RING WELL 

O MISTING SOIL BORING SAMPLE 
@ EXISTING MONITORING WELL 

FIGURE 4-38 
PROPOSED PHASE I1 SWMU INVESTIGATION PLAN 

SWMU 339 



LOT 201 

wt-1- 

LOT 203 

ROCK ROAD FRONT EDGE 
OF ROCK 

950' 800'- 720'-600'-580' ROAD 

) I 
PAVEMENT 

I 

z 
a 

7 
I 
Baker B k m m e n t a l ~  

LEGEND - FORMER D(CAVATI0N AREA 
@ - PRoposED TEMWRARY uONITOR'NG 

FIGURE 4-39 
PROPOSED PHASE II SWMU INVESTIGATION PLAN 

SWMU 359 

MARINE CORPS BASE. CAMP LEJEUNE 
NORTH CAROLINA 



1817 

SWMU360-TWO1 fB OIL WATER 
SEPARATOR 

1817MW01 

FORME 
WASTE OIL 
UST BASIN 

SWMU360-TWO2 e 

FENCE - - - - - .. .. - K 

PAVED AREA 

L 
W 
u 
I- 
V) 

s 
0 
Z 
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BOREHOLE AND SAMPLE LOGGING 

1.0 PURPOSE 

This SOP provides general reference information and technical guidaoce on borehole and sample logging. 
Borehole logs provide information that is used in the m a t i o n  of geological conditions, assessment of 
contaminant distribution, and the evaluation of remedial actions. 

2.0 SCOPE 

This SOP provides dewriptions of the standard techniques for borehole and sample logging. These techniques 
shall be used to provide consistent descriptions of subsurface lithology for each boring that is logged. While 
experience is the only method to develop confidence and accuracy in the description of soil and rock. the field 
geologistkngineer may develop adequate classif~cations through careful, thorough observation and consistent 
application of the classification procedure. 

3.0 DEFINITIONS 

Soil classifications and terms are given in Sections 5.2 and 5.3. Rock classification and terms are presented 
in Section 5.4. 

4.0 RESPONSIBILITIES 

Proiecl Manager - It is the responsibility of the Project Manager to ensure that field personnel responsible for 
borehole logging are familiar with these procedures. It also is the responsibility of the Project Manager to 
ensure that the appropriate documents (e.g., test boring logs. field logbooks, etc.) have been correctly and 
completely filled out by the drilling inspector. 

Field Team Leader - The Field Team Leader is responsible for the overall supervision of the drilling and 
boring activities, and for ensuring that each borehole is mmpletely logged by the responsible drilling inspector. 
The Field TeamLeader also is responsible for ensuring that all drilling inspectors have been briefed on these 
procedures. The field team leader is responsible for providing copies of the test boring logs and field log books 
to the Project File via the Project Manager on a weekly basis, unless otherwise specified by the Project 
Manager. 

Drilling Insoector - The drilling inspector (site geologist) is responsible for the direct supervision of boring 
and sampling activities. It is the Drilling Inspector's responsibility to log each boring, document subsurface 
conditions, complete the appropriate forms, and duect the drilling crew (or drilling supervisor). 
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5.0 PROCEDURES 

The classification of soil and rock is one of the most important jobs of a drilling inspector or site geologist 
It is imperative that the drilling inspector understand and accurate1y use the field classification system 
described in this SOP to maintain a consistent flow of information. This identification is based on both visual 
examination and manual tests. The results of the boring activities, including soil and rock classifications, shall 
be recorded on a Field Test Boring Record or the field notebook. 

5.1 Test B o w  Record 

Each boring shall be fully described in a Field Test Boring Record. The drilling inspector shall log the boring, 
as it is being drilled, by recording relevant data on the Boring Record. It may be more appropriate to record 
the boring information in a bound field log book so that all boring logs recorded (by each drilling inspector) 
are located in one source. The use of a field log book precludes the possibility of losing individual test boring 
log s h e .  Furthermore, use of the field log book allows for the recordimg of additional information (i.e. notes) 
for which space is not allocated on the Field Test Boring Record. Field Test Boring Records may then be 
transcribed fmm the field log book, but must be completed at a minimum, on a weekly basis. The Field Test 
Boring Records must be completely filled out and signed prior to demobilization from the site. Field Test 
Boring Records must also be legible. Completed Field Test Boring Records shall be converted to report format 
using a Test Boring Record. 

The data which is to be included on the Test Boring Records, when applicable is listed below. 

Project name, location, and Project and Task Number. 
Date(s). 
Identifying number and location of each boring. 
Soil classifications in accordance with the Unified Soil Classification System (see Section 5.2 
and Attachment B). These classifications will be noted in the field by the drilling inspector 
and revised, if necessary, based on laboratory analysis and review. Both field determined 
USCS soil classification and a soil description shall be included on the Test Boring Record. 
Depth l i i t s ,  and the type and number of samples taken. 
The number of blows required for each 6-inch penetration of a split-spoon sampler and for 
each 12-inch penetration of casing. The percentage of sample recovered, hammer weight, 
fall length, and hydraulic pressures to push thiin-walled tubes. 
Depth to water as first encountered during drilling operations, along with the method of 
determination. Any distinct water bearing zones shall also be delineated. 
Loss of drilling fluid (indicative of subsurface voids) and the interval over which it was 
observed. 
Identification of equipment used, including model and type of drilling rig, size of split spoon 
samplers, auger types and sizes, etc. 
Start date and completion dates for the boring. 
Name of the drilling company and the driller. 
Size and length of the casing used in each hole. 
Observations of visual contamination. 
Field inshument readings (i.e., photoionization detector, organic vapor analyzer). 
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As the boring is advanced, the inspector shall evaluate the samples and the cuttings to determine the location 
of each stratigraphic unit The descriptions should contain color, grain-size distribution, consistency moisture, 
etc., in addition to the USCS classification category (Section 5.3.7). 

5.2 Soil Classification 

The data shall be recorded on a I5eld Test Boring Record, or in a field logbook. The method of deriving the 
classification should be demibed, or reference made to this SOP or other applicable manuals. Both the soil 
classification and the soil descriptions must be entered on the Field Test Boring Record. If required, the soil 
classif~cation shall consist of the two-letter USCS classification; the soil description shall be much more 
detailed. 

Where required, soils will be elassified according to the USCS. The USCS method of classktion is detailed 
in Attachment B and identifies soil types on the basis of grain-size and Liquid limits, and categorizes them 
through the use of two letters. Although some laboratory testing is required for full USCS classification, 
preliminary classifications may be made in the field. 

Fie-grained soils are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). Some 
classif~cation systems defme 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; peat is designated by "Pt." Coarse-grained soils are divided into 
sand (S) or gravel (G). The careful study of the USCS will aid in developing the competence and consistency 
necessary for the classification of soils. 

The second letter of the two-letter USCS symbol provides infonuation about the grain size distribution of 
granular soil, or the plasticity charact&stics of fme-grained soils. These second lener modifiers are (P) poorly 
~gaded/well sorted, (W) well gradedlpoorly sorted, (C) clayey, (M) silty, Q low plasticity, or (H) high 
plasticity. 

The Test Boring Records shall contain complete soil descriptions in addition to the two-letter USCS 
classification, if required. Soil descriptions include the following components: grain size identification with 
descriptive terms indicating the relative percentage of each grain size, color, consistency or relative density, 
moisture content, organic content, plasticity, and other pertinent observations such as visual contamination, 
HNu measurements, etc. 
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5.3.1 Grain Sue Identification 

In nature, soils are comprised of varying size, shape, and combinations of the various grain types. The 
following terms are used to indicate soil grain size: 

Cobbles 
Coarse gravel 
Fine gravel 
Coarse sand 
Medium sand 
F i e  sand 
Silt 
Clay 

Size Limits 

3- inches to 12-inches 
314-inches to 3- inches 
4.76 mm (# 4 sieve size) to 314-inches 
2 mm (# 10 sieve size) to 4.76 mm 
0.42 mm (# 40 sieve size) to 2 mm 
0.074 mm (# 200 sieve size) to 0.42 mm 
0.002 mm to 0.074 mm 
less than 0.002 mm 

The proportion of each grain size (by weight percent) is indicated using the descriptive terms: 

Trace 0 to 10 percent 
Little 10 to 20 percent 
Some 20 to 35 percent 
And (or an adjective form of the grain size, 
i.e., sandy, silty, clayey) 35 to 50 percent 

Some examples of soil grain size descriptions are: 

Silty fine sand: 50 to 65 percent fine sand and 35 to 50 percent silt 
Medium to coarse sand, some silt: 65 to 90 percent medium to coarse sand, 20 to 35 percent 
silt 
F i e  sandy silt, trace clay: 50 to 65 percent silt, 35 to 50 percent fine sand, and 0 to 10 percent 
clay. 

The soil type may be classified as noncohesive, granular soils or as cohesive, fine-grained soils as discussed 
in Section 5.3.3. The grain shape of a soil usually does not need to be determined unless unusual or unique 
features are readily apparent. 

53.2 Color 

Soil colors shall be described utilizing 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" a "light-gray" 
or "blue-gray." Since color can be u t i t i  in correlating units between sampling locations, it is important for 
color descriptions to be consistent between borings. 

Colors must be described while the sample is still moist. Soil samples shalt be bmken or split vertically to 
describe colors because sampling devices tend to smear the sample surface creating cdar variaaims between 
interior and exterior. 
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The term "mottled shall be used to indicate soil irregularly marked with spots of diierent colors. Soil color 
charts shall not be used unless specified by the Project Manager. 

533 Relative Density and Consistency 

To classify the relative density andlor consistency of a soil, the drilling inspector first shall identify the soil 
type. Granular soils contain predominantly sands and gravels. These types of soil are noncohesive (particles 
do not adhere well when compressed). Conversely, fine-grained soils which contain predominantly silts and 
clays are cohesive (particles will adhere when compressed). 

The density of noncohesive, granular soils or the consistency of cohesive soils is classifled according to 
standard pene$ration resistances obtained from split-spoon (split-barrel) sampling performed according to 
ASTM D- 1586. Standard penelmtion resistance is the number of blows required to drive a split-barrel 
sampler with a 2-inch outside d i i t e r  12-inches into the mated using a 140-pound hammer falling *ly 
through 30-inches. In cases where geotechnical information is required, the standard penetration test is 
performed by driving the sampler rbmugh an 18-inch sample interval, the number of blows will then be 
recorded for each six-inch increment The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of the sample interval. It is important to note that if 
gravel and rock fragments are bmken by the sampler, or if rock w e n 6  are lodged in the tip, the resulting 
blow count will be erroneously high, reflecting a higher density than actually exists. This must be noted on 
the Field Test Boring Record and referenced to the sample number. In cases where soil sampling for 
environmental analytical analysis is required, 24-inch spoon banels can be used in order to obtain a sufficient 
quantity of sample for required analysis. Accordingly, the second and third 6-inch increments will be used 
to calculate the relative density. 

The relative density designations for noncohesive soils are: 

Desienation Standard Penetration Resistance (Blows uer Foot) 

Very loose 
Loose 
Medium dense 
Dense 
Very dense 

Less than 4 
4 to 10 
10 to 30 
30 to 50 
Greater than 50 
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 he consistency of cohesive soils is also determined by blow counts as shown: 

Desinnation Standard Penetration Resistance (Blows ~ e r  Foot) 

Very Soft 
Soft 
Medium Stiff 
Stiff 
Very Stiff 
Hard 

Less than 2 
2 to 4 
4 to 8 
8 to 15 
15 to 30 
Over 30 

53.4 Moisture Content 

Moisture content is estimated in the field according to four categories: dry, damp, moist, and wet: 

D ~ Y  
Damp 
Moist 
Wet 

Moisture Content 

0 to 10 percent 
10 to 20 percent 
20 to 35 percent 
35 to 50 percent 

Little or no water should appear in dry soil. Wet soils appear to contain all the water they can possibly hold 
(i.e.. saturated). Damp and moist are subjective. Laboratory analysis should be performed if it is necessary 
to accurately determine the natural water content. 

53.5 Stratification 

Stratification can only be determined after the split-barrel sampler is opened. Typically, bedding thicknesses 
are described as follows: 

Indistinct 
Laminated 
Very thin 
Thin 
Medium 
Thick 
Massive 

Bedding Soacinq 

No bedding apparent 
Less than 112-inch 
1R-inch to 1 -inch 
1 -inch to 4- inches 
4-inches to l-foot 
I-foot to 3-feet 
Greater than three feet 
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The texturelfabridbedding of a soil shall be described, where appropriate. Texture is d e s c n i  as the relative 
angularity of the soil particles. rounded, subrounded, subangular, angular. Fabric shallbe noted as to whether 
the particles are flat or bulky and whether there is a particular relation or orientation. The bedding structure 
also shall be noted (e.g., stratified, lensatic, nonstratified, heterogeneous varved, etc.). 

5.3.7 Summary of Soil Descriptions 

In summary, soils shall be classified in a similar manner by each drilling inspector. The soil description shall 
include: 

Soil grain size with appropriate descriptors 
Color 
Relative density andlor consistency 
Moisture content 
Stratification 
Texturelfabridbedding 
Other distinguishing features 

These descriptors are evaluated and the soil classified according to the USCS. AU information, measurements 
and observations shall be legibly recorded on a Field Test Boring Record. 

5.4 Sedimentarv Rock Classifications 

Rocks are grouped into three main divisions: sedimentary, igneous, and metamorphic. Sediintary rocks are 
the most pdominant type exposed at the eatth's surface. As such, this section will consider only classification 
of sedimentary rocks. Standard geologic references should be used for the complete classification of 
sedimentary, igneous and metamorphic rocks. 

For the purpose of completing the Field Test B o ~ g  Record in the field, sedimentary rocks should be classified 
using the following hierarchy: 

Rock type 
Color 
Bedding thickness 
Hardness 
Fractuling 
Rock Quality Designation 
Weathering 
Other characteristics 
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5.4.1 Rock Type 

There are numerous types of sedimentary rocks such as sandstone, shale, siltstone, claystone, conglomerate, 
limestone, dolomite, coal, etc. The drilling inspector should select the most appropriate rock type based on 
experience. Some of the refemces listed in Section 7.0 provide a more complete discussion of sedimentary 
rock types. 

.In addition to selecting a rock type, the drilling inspector should record the grain size (and composition of 
grains and cement, if apparent) on the Field Test Boring Record. The following designation should be used 
to describe grain size in sedimentary rocks: 

Desimation 

Cobbles 
Pebbles 
Granules 
Very Coarse Sand 
Coarse Sand 
Medium Sand 
Fine Sand 
Very Fine Sand 
Silt 
Clay 

Grain Size Diameter 

Greater than 64 mm (2.5-inches) 
4 mm (0.16-inches) to 64 mm 
2 mm (0.08-inches) to 4 mm 
1mmto2mm 
0.5 mm to 1 mm 
0.25 mm to 0.5 mrn 
0.125 mm to 0.25 mm 
0.0625 mm to 0.125 mm 
0.0039 mm to 0.0625 mm 
Smaller than 0.0039 mm 

For individual boundaries of grain size, a scale can be used for coarse-grained rocks. However, the division 
between silt and clay likely will not be measurable in the field. This boundary shall be determined by use of 
a hand lens. If the grains cannot be seen with the unaided eye, but are distinguishable with a hand lens (5x 
magnfication) the sample is silt. If the grains are not distinguishable with a hand lens, the sample is clay. 

5.4.2 Color 

The color of rock can be determined in a manner similar to that for soil samples. Rock cores or hgments shall 
be classified while wet, when possible. Rock color charts shall not be used unless specified by the Project 
Manager. 

5.43 Bedding Thickness 

The bedding thickness designation for soils (Section 5.3.5) shall also be used for rock descriptions. 
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5.4.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
m k  A relative scale for sedimentary rock hardness follows: 

Very Sofi - Very soft indicates that the rock is easily gouged by a knife, easily scratched by 
a fingemail, andlor easily broken by hand 
Soft - Soft indicates that the rock may be gouged by a knife, scratched by a fingemail, 
difficult to break by hand, andlor powders when hit by a hammer. 
Medium Hard - Medium hard indicates that the rock is easily scratched by a knife andlor is 
easily broken when hit by a hammer. 
Hard - Hard indicates that the rock is difficult to match with a M e  but may be broken with 
a hammer. 
Very Hard - Very hard indicates that the rock is difficult to break with a hammer. 

Note the difference in usage between the words "scratch and "gouge." A scratch shall be considered a slight 
depression in the rock whiie a gouge is much deeper. 

5.45 Fracturing 

The degree of fracturing or brokenness of a rock is described by m e a s u ~ g  the fractures or joint spacing. After 
eliminating drilIing breaks, the average spacing is measured and is described by the following terms: 

Very Broken - Less than a 2-inch spacing between fractures 
Broken - A 2-inch to l-foot spacing between fractures 
Blocky - A 1-foot to 3-foot spacing between fractures 
Massive - A 3-foot to 10-foot spacing between fractures 

5.4.6 Rock Quality Designation 

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 four inches and 
dividing by the total length of core run: 

RQD (96) = rll x 100 

Where: 

r - - Total length of all pieces of the lithologic unit beiig measured, which are greater than 
4 inches, and have resulted from natural breaks. Natural b& include slickeuslides, 
joints, compaction slicks, bedding plane partings (not caused by drilling) friable 
zones. etc. 

I = Total length of core run. 

The results of the RQD calculations shall be recorded on the Field Test Boring Record. 
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5.4.7 Weathering 

The degree of weathering is a significant parameter that is impomt  in determining weathering profiles and 
also is useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

Decomposed - Soft to very soft, bedding and fractures indistinct, no cementation. 
Highly weathexed - very soft to soft, with medium hard relic rock fragments, little to modexate 
cementation. Vugs and openings in bedding and fracture planes, some of which may be 
filled. 
Weathered - Soft to medium hard. Gwd cementation, bedding and fractures are pronounced. 
Uniformly stained. 
Slightly weathered - Medium hard. Fractures pronounced, nonuniform staining, bedding 
distinct. 
Fresh - Medium hard to hard. No staining. Fractures may be present, beddimg may or may 
not be distinct. 

5.4.8 Other Characteristics 

The following items should be included in rock description, where applicable: 

Description of contacts between rock units (sharp or gradational) 
Stratification 
Description of any filled cavities 
Cementation (calcareous, siliceous, hematitic, etc.) 
Description of joints and open fractures (with strike and dip, if possible) 
Observation of the presence of fossils 

5.4.9 Additional Terms 

The following terms also are used to further identify rocks: 

Seam - thim (12-inches or less), probably continuous layer. 
Some - Indicates significant (15 to 40 percent) amounts of an accessory material. 
Few - Indicates insignificant (0 to 15 percent) amounts of an accessory material. 
Interbedded - Indicates thin or very thin alternating seams of material occurring in 
approximately equal amounts. 
Interlayered - Indicates thick alternating seams of material occurring in approximately equal 
amounts. 

6.0 QUALITY ASSURANCE RECORDS 

Quality Assurance Records shall consist of completed Field Test Boring Records and Test Boring Records. 
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MONITORDIG WELL INSTALLATION 

1.0 PURPOSE 

The purpose of this pnxedure is to provide general guidance and reference material r e g d i g  the installation 
of monitoring wells at various sites. 

2.0 SCOPE 

This SOP describes the methods of installing a groundwater m o n i t o ~ g  we& and creating a Monitoring Well 
Installation Record. This SOP does not discuss drilling, soil sampling, borehole logging or related activities. 
These other activities are discussed in SOPS F102 and F10 1 entitled Soil and Rock Sample Acquisition, and 
Borehole and Sample Logging, respectively. 

3.0 DEFINITIONS 

Monitoring Well - A monitoring well is a well which is properly screened, cased, and sealed to intercept a 
discrete zone of the subsurface, and is capable of providing a groundwater level and sample representative of 
the zone being monitored. 

Piezometer - A piezometer is a pipe or tube inserted into an aquifer or other water-baing zone, open to 
water flow at the bottom, open to the atmosphere at the top, and used to measure water level elevations. 
Piezometers are not used for the collection of groundwater quality samples or aquifer characteristic data other 
than water level elevations. 

Drive Point - A monitoring well which includes a screen casing and hardened point fabricated from stainless 
steel that is driven into the soil to complete the well. The drive point can also be installed by hand augering 
to try to formulate a sand pack around the screen. 

4.0 RESPONSIBILITIES 

Proiect Manarrer - It is the responsibility of the Project Manager to ensure that field personnel installing 
monitoring wells are f d a ~  with these procedures. The Project Manager also is responsible for ensuring that 
all appropriate documents (e.g., test boring logs, monitoring well construction logs, etc.) have been correctly 
and completely filled out by the drilling inspector. 

Field Team Leader - The Field Team Leader is responsible for the overall supe~isicu of all drilling, boring 
and well installation activities, and for ensuring that the well is completely and correctly installed and logged. 
The Field Team Leader also is responsible for ensuring that all drilling inspectors have been briefed on these 
procedures. The Field Team Leader is responsible to provide copies of the well construction logs and field 
log boob  to the Project File via the Project Manager on a weekly basis, unless otherwise specified by the 
Project Manager. 
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Drilling Ins~ector (Site Geolo~istl - The Drilling Inspector or Site Geologist is responsible for the direct 
supervision of drilling and well installation activities. It is the Drilling Inspector's responsibility to record 
details of the well installation, document subsurface conditions, complete the appropriate forms, supervise the 
drilling crew (or drilling supervisor), and reand quantities of the drillers billable labor and materials. 

5.0 PROCEDURES 

The objectives for the use of each monitoring well and of the entire array of wells must be clearly defined 
before the monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, may require diierent types of construction. During all phases of the well 
design (both office and field), attention must be given to clearly documenting the basis for design decisions, 
the details of well constmction, and the materials used. 

The objectives for installing monitoring wells may include: 

Detenniniig groundwater flow dii t ions and velocities. 
Sampling or monitoring for groundwater contamination. 
Determining aquifer characteristics (e.g., hydraulic conductivity). 
Facilitating site remedimtion via injection or recovery. 

In cases where only the groundwater flow d i i o n  or velocity needs to be determined, cluster piezometers 
or wells (i.e., wells completed to different depths in diierent boreholes at one data collection station) may be 
used. For groundwater qualiy monitoring or aquifer characteristic detemkation, monitoring weus or cluster 
wells should be used. In areas that are inaccessible to drill rigs (i.e., unstable surface soils), driven wells (drive 
points) may be used. 

Siting of monitoring wells shall be perf- after a preliminary estimation of groundwater flow dii t ion.  
Typically, site visits, topographic mapping, regionaV1ocal hydrogeologic information, previously installed 
piezomxxs or monitoring wells, or information supplied by local drilling companies will provide information 
for siting wells. Flexibility should be maintained, so that well locations may be modified during the field 
investigation to account for site conditions (e.g., underground utilities). The elevation and horimn& location 
of all monitoring wells shall be determined through a site survey upon completion of well installation. 

5.1 Well Installation 

The methods discussed in this section are applicable to shallow, small d i i  monitoring wells. 
Project-S@IC modifications to these methods shall be documented in the Sampling and Analysis Plan. 
These modifications may include larger diameter shallow wells, extraction wells, deep monitoring wells 
requiring surface casing and other specially constructed well types. 

Note that these procedures discuss well installation using a PVC screen and riser pipe. Other materials such 
as stainless steel or Teflon also are available. Generally PVC is less expensive and easier to work with than 
either stainless steel or Teflon. A disadvantage to using PVC is the potential for degradation of the materials, 
or release (leaching) of constituents into the groundwater. Because of these concerns, justification for using 
PVC must be developed on a project-specific basis. The checklist shown in Attachment A provides a format 
for developing this justification. 
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Upon completion of each boring (refer to SOP FlOl and F102 for Borehole and Sample Logging, and Soil and 
Rock Sample Acquisition, respectively), monitoring wells will usually be constructed using either 2-inch or 
4-inch inside diameter (I.D.) screen and riser. Schedule 40 PVC, threaded, flush-joint casings with a 
continuous #10 slot (0.010-inch), threaded, flush-joint PVC screen. A larger or smaller diameter screen may 
be used to accommodate site-specific geologic conditions. If wells are to be constructed over 100 feet in 
length, or in high tral%c areas, or under other unusual conditions, Schedule 80 PVC may be used because of 
its greater strength. 

An appropriate length of well screen shall be h a l e d  in each boring. The length of screen typically varies 
from 1 to 20 feet depending on site-specific conditions. For light nonaqueous phase Liquid (LNAPL) 
applications, the screen should be installed such that at least 2 feet of screen is above the water table and the 
remainder of the screen extends below the water sndace so that free product can enter the well. Should very 
shallow water table conditions be encountered, the screened interval in both the saturated and unsaturated 
zones may be reduced to ensure an adequate well seal above the screened in&. If this situation is expected, 
it should be addressed in the project plans, as necessary. A 6- inch section of PVC casing may be placed at 
the bottom of each screen to act as a settling cup for fines which may pass through the filter pack and screen. 

Other applications may call for different screen placement depending on the zone to be monitored and the 
expected contaminants. For example, monitoring for dense non-aqueous phase liquids @NAPLs) may 
require placing the screened interval in a "sumpPP at the base of the aquifer. Depending on the purpose of the 
monitoring well. the riser pipe may extend from the top of the screened interval to either 6 inches below the 
ground surface (for flush-mounted wells) to between approximately one and 2 feet above the ground surface 
for wells completed with stick-up. 

The annular space around the screen is to be successively backfilled with a well graded quartz- sand, sodium 
bentonite and cementkntonite grout as the hollow-stem augers are being withdrawn from the borehole. The 
sand size used in well construction will be appropriate for the formation monitored by the well. Sand shall 
carefully be placed from the bottom of the boring to a minimum of 2 feet (or 20 percent of the total screen 
length) above the top of the screened interval. A lesser distance above the top of the scmaed interval may 
be packed with sand if the well is very shallow to allow for placement of sealing materials. 

A sodium bentonite seal at least two-foot thick shall be place above the sand pack. For deep wells, a bentonite 
slurry may be more appropriate than pellets due to problems with bridging in the annular space. 

The annular space above the bentonite seal will be backfilled with a cement-bentonite grout consisting of 
3 to 4 percent bentonite powder (by dry weight) or equivalent grout. The grout mixture shall be specified in 
the project plans. The grout will be tremied into the annular space greater than 20 feet high. If the annular 
space is less than 20 feet high, the grout may be poured directly into the annular space. 

The depth intervals of all bacld~ll materials shaU be measured with a weighted measuring tape to the nearest 
0.1 foot and recorded on the Field WeU Construction Record (Attachment C) or in a field logbook. 

5.2 Drive Points 

Drive points may be constructed in one of two ways. If the drive point is hammered into place, no other well 
constmction will take place. (Note that the well assembly is fabricated from 2-inch diameter stainless steel 



SOP F103 
Revision No: 1 

Date: 10199 
Page 5 of 8 

and includes a screen casing, and hardened point). The drive points will be sampled accord'ig to SOP F104, 
"Groundwater Sample Acquisition." 

5.3 Surface Completion 

There are several methods for surface completion of monitoring wells. Two such methods are discussed 
below. 

The fmt method considers wells completed with stick-up. The aboveground section of the PVC riser pipe 
will be protected by installation of a 4- or 6-inch d i e t e r ,  5-foot long steel casing into the cement grout with 
locking cap and lock The bottom of the surface casing will be placed at a minimum of 2- 112, but not more 
than 3- 112 feet below the ground surface. For very shallow wells, a steel casing of less than five-feet in 
length may be used, as space pertnits. The protective steel casing shall not fully penetrate the bentonite seal. 
A concrete apron shall he constructed around the steel casing. 

The second method considers flush-mounted wells, typically installed where a stick-up installation would 
present a traff~c hazard. The monitoring well shall be completed at the surface using a "flush" mount type 
cover. If the well is installed through a paved or concrete surface. the annular space shall be grouted to a depth 
of at least 2.5-feet and the well shall be finished with a concrete collar. If the well has not been installed 
through a paved or concrete surface, the well shall be completed by construction of a concrete apron. The 
concrete shall be crowned to meet the finished grade of the sunuunding pavement, as required. If appropriate, 
the vault around the buried wellhead will have a water drain to the surrounding soil and a watertight cover. 

Project specific tasks may require that all monitoring wells shall be labeled by metal stamping on the exterior 
of the protective steel casing or locking cap. A sign reading "Not For Potable Use or Disposal" also shall be 
firmly attached to each welL Alternately, well identification information may be stamped on a metal plate and 
attached to the well protective steel casing or embedded in the concrete apron, if appropriate. 

5.4 Well Develooment 

There are two stages of well development, initial and sampling. Sampling development is described in SOP 
F104, Groundwater Sample Acquisition. Initial development takes place after the completion materials have 
stabilized, as the last part of well construction. 
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The purposes of the initial development are to stabilize and increase the permeability of the fdter pack amund 
the well screen, to restore the permeability of the formation which may have been reduced by the drilling 
operations, and to remove fine-grained materials that may have entered the well or filter pack during 
installation. The seIection of the well development method typically is based on drilling methods, well 
construction and installation details, and the characteristics of the formation Any equipmeat that is introduced 
into the well during development shall be decontaminated in accordance with the SOP F501, entitled 
"Decontamination of Drilling Rigs and Monitoring Well Materials." A detailed discussion of well 
development is provided in Driscoll, 1986. 

Well development shall not be initiated until a m i n i m  of 24 hours has elapsed subsequent to well 
completion. This time period will allow the cement grout to set Wells typically are developed using bailers, 
low-yield pumping, or surging with a surge block or air. The appropriate method shall be specified in the 
project plans. 

In general, all wells shall be developed until weU water runs relatively clear of fme-grained materials. Typical 
limits placed on well development may include any one of the following: 

Clarity of water based on visual determination. 
A minimum pumping time period (typically one hour for shallow wells 10 to 30 feet deep). 
A minimum borehole volume (typically three borehole volumes) or until well goes dry. 
Stability of specific conductance, lurt,idity, and temperature measurements (typically less than 
10 percent change between thtee successive measurements). 

In addition, a volume equal to any water added during drilling will be removed above and beyond the 
requirement specified above. 

WeU development limits shall be specified in project-specific plans. A record of the well development (F~gure 
A- 3 in Attachment A) also shall be completed to document the development process. 

Usually, a minimum period of one week should elapse between the end of initial development and the first 
sampling event for a well. This equilibration period allows groundwater unaffected by the installation of the 
well to occupy the vicinity of the screened intervaL However, this stabilization period may be adjusted based 
upon project- specific requirements. 

55 Contaminated Materials Hand l in~  

SOP F504, entitled "Handlig of Site Investigation Derived Waste," discusses the procedures to be used for 
the handling of auger cuttings, decontamination water, steam pad water, and development and purge water. 
Specific handlig procedures should be delineated in the Sampling and Analysis PIan. In general. all site 
investigation generated wastes shall be containerized unless otherwise specified by the Sampling and Analysis 
Plan. The disposition of these wastes shall be determined after receipt of the appropriate analytical results. 

5.6 Well Construction Records 

Field Well Construction Records shall be completed by the Drilling Inspector for each monitoring well 
installed. These records preferably shall be completed as the well is being constructed. However, due to space 
limitations on this form it may be more practical to record well installation information in the field logbook 
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and later transfer it to the Field Well Construction Record. If well construction information is recorded in the 
field logbook, it must be transferred to the appropriate form within 5 days, and prior to demobilization from 
the field. 

Field Well Construction Rezords shall include not only well construction information, hut also information 
w i n g  to the amount of materials used for construction. Some of the following items shall be worded on 
the Field Well Construction Record, or in the fied logbook as appropriate: 

Project name and location. 

Project and Task number. 

Date and weather. 

Well identification designation. 

Drilling company and driller. 

Top of casing elevation (information collected after the site survey). 

Pay items including amount of sixem and riser pipe used, amounts of cement, bentonite and 
sand used, and other well construction items. 

Well casing and borehole d i r s .  

Elevations of (or depth to) top of steel casing, bottom of well, top of filter pack, top of 
bentonite seal, top of screen. 

The information on the Field Well Construction Record will be used to generate a final Well Construction 
Record which combines the Field Boring and Well Construction Logs into one package. 

6.0 QUALITY ASSURANCE RECORDS 

The Field Well Construction Record is the principle quality assurance record generated fmm well installation 
activities. Additionally, a Field Well Development Record shall also be completed, as well as pertinent 
comments in the field logbook. 
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ATTACHMENT A 

ALTERNATE WELL CASING MATERIAL JUSTIFICATION 

The following is EPA's minimum seven point information requirements to justify the use of PVC as an 
alternate casing material for groundwater monitoring wells. If requested by EPA (USEPA Region IV), 
justification of the use of PVC should be developed by add rdmg  each of the following items. 

1. The Data Quality Objectives @QOs) for the samples to be collected from wells with PVC 
casing as per EPN540IG-871003, "Data Quality Objectives for Remedial Response 
Activities." 

2. The anticipated compounds and their concentration ranges. 

3. The anticipated residence time of the sample in the well and the aquifer's productivity. 

4. The reasons for not using other casing materials. 

5. Literature on the adsorption characteristics of the compounds and elements of interest for the 
type of PVC to be used. 

6.  Whether the wall thickness of the PVC casing would require a larger annular space when 
compared to other well construction materials. 

7. The type of PVC to be used and, if available, the manufacturers specifications, and an 
assurance that the PVC to be used does not leach, mask, react or otherwise interfere with the 
contaminants being monitored within the limits of the DQOs. 
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SOIL AND ROCK SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this procedure is to describe the handling of rock cores and subsurface soil samples 

collected during drilling operations. Surface soil sampling also is described. 

2.0 SCOPE 

The methods described in this SOP are applicable for the recovery of subsurface soil and rock 

samples acquired by coring operations or soil sampling techniques such as split-barrel sampling and 

thin-walled tube sampling. Procedures for the collection of surface soil samples also are discussed. 

This SOP does not discuss drilling techniques or well installation procedures. ASTM procedures 

for "Penetration Test and Split-Barrel Sampling of Soils," "Thin-Walled Tube Sampling of Soils," 

and "Diamond Core Drilling for Site Investigation" have been included as Attachments A through 

C, respectively. 

3.0 DEFINITIONS 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called Shelby tube) used to recover 

relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 

inches outer diameter (O.D.) and 18 to 54 inches length. A stationary piston device is included in 

the sampler to reduce sample disturbance and increase recovery. 

Split-Barrel Samder - A steel tube, split in half lengthwise, with the halves held together by 

threaded collars at either end of the tube. Also called a split-spoon sampler, this device can be 

driven into unconsolidated materials using a drive weight mounted on the drilling string. A standard 

split-spoon sampler (used for performing Standard Penetration Tests) is two inches O.D. and 1-3/8- 

inches inner diameter (I.D.). This standard spoon is available in two common lengths providing 

either 20-inch or 26-inch internal longitudinal clearance for obtaining 18-inch or 24-inch long 

samples, respectively. 
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Grab Sam~le  - An individual sample collected from a single location at a specific time or period of 

time generally not exceeding 15 minutes. Grab samples are associated with surface water, 

groundwater, wastewater, waste, contaminated surfaces, soil, and sediment sampling. Grab samples 

are typically used to characterize the media at a particular instant in time. 

Comwsite Samples - A sample collected over time that typically consists of a series of discrete 

samples which are combined or "composited". Two types of composite samples are listed below: 

Areal Composite: A sample collected from individual grab samples collected on 

an areal or cross-sectional basis. Areal composites shall be made up of equal 

volumes of grab samples. Each grab sample shall be collected in an identical 

manner. Examples include sediment composites from quarter-point sampling of 

streams and soil samples from grid points. 

Vertical Composite: A sample collected from individual grab samples collected 

from a vertical cross section. Vertical composites shall be made up of equal 

volumes of grab samples. Each grab sample shall be collected in an identical 

manner. Examples include vertical profiles of soivsediment columns, lakes and 

estuaries. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that, where applicable, project- 

specific plans are in accordance with these procedures, or that other approved procedures are 

developed. Furthermore, the Project Manager is responsible for development of documentation of 

procedures which deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific 

sampling techniques and equipment to be used, and documenting these in the Samplig and Analysis 

Plan. It is the responsibility of the Field Team Leader to ensure that these procedures are 

implemented in the field and to ensure that personnel performing sampling activities have been 

briefed and trained to execute these procedures. 
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Drilling Inspector - It is the responsibility of the drilling inspector to follow these procedures, or 

to follow documented, project-specific procedures as directed by the Field Team Leader and/or the 

Project Manager. The Drilling Inspector is responsible for the proper acquisition of rock cores and 

subsurface soil samples. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these 

procedures, or to follow documented, project-specific procedures as directed by the Field Team 

Leader and/or the Project Manager. The sampling personnel are responsible for the proper 

acquisition of samples. 

5.0 PROCEDURES 

Subsurface soil and rock samples are used to characterize the three-dimensional subsurface 

stratigraphy. This characterization can indicate the potential for migration of contaminants from 

various sites. In addition, definition of the actual migration of contaminants can be obtained through 

chemical analysis of subsurface soil samples. Where the remedial activities may include in-situ 

treatment, or the excavation and removal of the contaminated soil, the depth and areal extent of 

contamination must be known as accurately as possible. 

Surface soil samples serve to characterize the extent of surface contamination at various sites. These 

samples may be collected during initial site screening to determine gross contamination levels and 

levels of personal protection required as part of more intensive field sampling activities, to gather 

more detailed site data during design, or to determine the need for, or success of, cleanup actions. 

Site construction activities may require that the engineering and physical properties of soil and rock 

be determined. Soil types, bearing strength, compressibility, permeability, plasticity, and moisture 

content are some of the geotechnical characteristics that may be determined by laboratory tests of 

soil samples. Rock quality, strength, sh-atigraphy, structure, etc. often are needed to design and 

construct deep foundations or remedial components. 
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5.1 Subsurface Soil Samples 

This section discusses three methods for collecting subsurface soil samples: (1) split-spoon 

sampling; (2) shelby tube sampling; and, (3) bucket auger sampling. All three methods yield 

samples suitable for laboratory analysis. Copies of the ASTM procedures for split-spoon sampling 

and shelby-tube sampling are provided in Attachments A and B, respectively. 

5.1.1 Split-Barrel (Split-Spoon) Sampling 

The following procedures are to be used for split-spoon, geotechnical soil sampling: 

Clean out the borehole to the desired sampling depth using equipment that will 

ensure that the material to be sampled is not disturbed by the operation. 

2. Sidedischarge bits are permissible. A bottom-discharge bit should not be used. 

The process of jetting through the sampler and then sampling when the desired 

depth is reached shall not be permitted. Where casing is used, it may not be driven 

below the sampling elevation. 

3. The two-inch O.D. split-barrel (not for geotech) sampler should be driven with 

blows from a 140-pound hammer falling 30 inches in accordance with ASTM 

D1586-84, Standard Penetration Test. 

4. Repeat this operation at intervals not longer than 5 feet in homogeneous strata, or 

as specified in the Sampling and Analysis Plan. 

5.  Record on the Field Test Boring Record or field logbook the number of blows 

required to effect each six inches of penetration or fraction thereof. The first six 

inches is considered to be a seating drive. The sum of the number of blows required 

for the second and third six inches of penetration is termed the penetration 

resistance, N. If the sampler is driven less than 18 inches, the penetration resistance 

is that for the last one foot of penetration. (If less than one foot is penetrated, the 
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logs shall state the number of blows and the fraction of one foot penetrated.) In 

cases where samples are driven 24 inches, the sum of second and third six-inch 

increments will be used to calculate the penetration resistance. (Rehsal of the SPT 

will be noted as 50 blows over an interval equal to or less than 6 inches; the interval 

driven will be noted with the blow count) 

P. Bring the sampler to the surface and remove both ends and one half of the split- 

spoon such that the soil recovered rests in the remaining half of the barrel. Describe 

carefully the recovery (length), composition, structure, consistency, color, 

condition, etc. of the recovered soil accordiig to SOP F101; then put into jars 

without ramming. Jars with samples not taken for chemical analysis should be 

tightly closed, to prevent evaporation of the soil moisture. Affix labels to the jar 

and complete Chain-of-Custody and other required sample data forms (see SOP 

F302). Protect samples against extreme temperature changes and breakage by 

placing them in appropriate cartons stored in a protected area. 

In addition to collecting soils for geotechnical purposes, split-spoon sampling can be employed to 

obtain samples for environmental analytical analysis. The following procedures are to be used for 

split-spoon, environmental soil sampling: 

1. Follow sample collection procedures 1 through 6 as outlined in Section 5.2.1. 

2. After sample collection, remove the soil from the split-spoon sampler. Prior to 

filling laboratory containers, the soil sample should be mixed thoroughly as 

possible to ensure that the sample is as representative as possible of the sample 

interval. Soil samples for volatile organic compounds should be mixed. 

Further, sample containers for volatile organic compounds analyses should be filled 

completely without head space remaining in the container to minimize 

volatilization. 

3. Record all pertinent sampling information such as soil description, sample depth, 

sample number, sample location, and time of sample collection in the Field Test 
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Boring Record or field logbook. In addition, label, tag, and number the sample 

bottle(s). 

4. Pack the samples for shipping (see SOP F300). Attach seal to the shipping package. 

Make sure that Chain-of-Custody Forms and Sample Request Forms are properly 

filled out and enclosed or attached (see SOP F301). 

5.  Decontaminate the split-spoon sample as described in SOP F501. Replace 

disposable latex gloves between sample stations to prevent cross-contaminating 

samples. 

For obtaining composite soil samples (see Definitions), a slightly modified approach is employed. 

Each individual discrete soil sample from the desired sample interval will be placed into a stainless- 

steel, decontaminated bowl (or other appropriate container) prior to filling the laboratory sample 

containers. Special care should be taken to cover the bowl between samples with aluminum foil to 

minimize volatilization. Immediately after obtaining soils from the desired sampling interval, the 

sample to be analyzed for Volatile Organic Compounds (VOCs) should be collected. In the event 

that a composite sample is required, care should be taken to obtain a representative sampling of each 

sample interval. The remaining soils should be thoroughly mixed. Adequate mixing can be 

achieved by stirring in a circular fashion and occasionally turning the soils over. Once the remaining 

soils have been thoroughly combined, samples for analyses other than VOCs should be placed into 

the appropriate sampling containers. 

5.1.2 Thin-Wall (Shelby Tube) Sampling 

When it is desired to take undisturbed samples of soil for physical laboratory testing, thin-walled 

seamless tube samplers (Shelby tubes) will be used. The following method applies: 

Clean out the hole to the sampling elevation, being careful to minimize the chance 

for disturbance or contamination of the material to be sampled. 
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2. The use of bottom discharge bits or jetting through an open-tube sampler to clean 

out the hole shall not be allowed. Any side discharge bits are permitted. 

3. The sampler must be of a stationary piston-+, to limit sample disturbance and aid 

in retaining the sample. E i e r  the hydraulically operated or control rod activated- 

type of stationary piston sampler may be used. Prior to inserting the tube sampler 

in the hole, check to ensure that the sampler head contains a check valve. The 

check valve is necessary to keep water in the rods from pushing the sample out of 

the tube sampler during sample withdrawal and to maintain a suction within the 

tube to help retain the sample. 

1. With the sampling tube resting on the bottom of the hole and the water level in the 

boring at the natural groundwater level or above, push the tube into the soil by a 

continuous and rapid motion, without impacting or twisting. In no case shall the 

tube be pushed further than the length provided for the soil sample. Allow a free 

space in the tube for cuttings and sludge. 

5. After pushing the tube, the sample should sit 5 to 15 minutes prior to removal. 

Immediately before removal, the sample must be sheared by rotating the rods with 

a pipe wrench a minimum of two revolutions. 

6.  Upon removal of the sampler tube from the hole, measure the length of sample in 

the tube and also the length penetrated. Remove disturbed material in the upper end 

of the tube and measure the length of sample again. After removing at least an inch 

of soil, from the lower end and after inserting an impervious disk, seal both ends of 

the tube with at least a ID-inch thickness of wax applied in a way that will prevent 

the wax from entering the sample. Newspaper or other types of filler must be 

placed in voids at either end of the sampler prior to sealing with wax. Place plastic 

caps on the ends of the sampler, tape them into place and then dip the ends in wax 

to seal them. 
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7. A f f i  labels to the tubes and record sample number, depth, penetration, and 

recovery length on the label. Mark the same information and "up" direction on the 

tube with indelible ink, and indicate the top of the sample. Complete chain-of- 

custody and other required forms (see SOP F302). Do not allow tubes to freeze, 

and store the samples vertically (with the same orientation they had in the ground, 

i.e., top of sample is up) in a cool place out of the sun at all times. Ship samples 

protected with suitable resilient packing material to reduce shock, vibration, and 

disturbance. 

8. From soil =moved from the ends of the tube, make a careful description using the 

methods presented in SOP F101. 

9. When thin-wall tube samplers are used to collect soil for certain chemical analyses, 

it may be necessary to avoid using wax, newspaper, or other fillers. The SAP for 

each site should address specific materials allowed dependent on analytes being 

tested. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to 

be sampled. Often very loose andlor wet samples cannot be retrieved by the samplers, and soils with 

a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Dension 

or Pitcher cores can be used in conjunction with the tube samplers to obtain undisturbed samples of 

stiff soils. Using these devices normally increases sampling wsts and, therefore, their use should 

be weighed against the increased cost and the need for an undisturbed sample. In any case, if a 

sample cannot be obtained with a tube sampler, an attempt should be made with a split-spoon 

sampler at the same depth so that at least one sample can be obtained for classification purposes. 

5.13 Bucket (Hand) Auger Sampling 

Hand augering is the most common manual method used to collectsubsurface samples. Typically, 

4-inch auger buckets with cutting heads are pushed and twisted into the ground and removed a s  the 

buckets are filled. The auger holes are advanced one bucket at a time. The practical depth of 

investigation using a hand auger is related to the material being sampled. In sands, augering is 
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usually easily accomplished, but the depth of investigation is controlled by the depth at which sands 

begin to cave. At this point, auger holes usually begin to collapse and cannot practically be 

advanced to lower depths, and further samples, if required, must be collected using some type of 

pushed or driven device. Hand a u g e ~ g  may also become diicult in tight clays or cemented sands. 

At depths approachii 20 f e  torquing of hand auger extensions becomes so severe that in resistant 

materials, powered methods must be used if deeper samples are required. 

When a vertical sampling interval has been established, one auger bucket is used to advance the 

auger hole to the first desired sampling depth. If the sample at this location is to be a vertical 

composite of all intervals, the same bucket may be used to advance the hole, as well collect 

subsequent samples in the same hole. However, if discrete grab samples are to be collected to 

characterize each depth, a decontaminated bucket must be placed on the end of the auger extension 

immediately prior to collecting the next sample. The top several inches of soiI should be removed 

from the bucket to minimize the chances of cross-contamination of the sample from fall-in of 

material from the upper portions of the hole. The bucket auger should be decontaminated between 

samples as outlined in SOP F502. 

In addition to hand augering, powered augers can be used to advance a boring for subsurface soil 

collection. However, this type of equipment is technically a sampling aid and not a sampling device, 

and 20 to 25 feet is the typical lower depth range for this equipment. It is used to advance a hole to 

the required sample depth, at which point a hand auger is usually used to collect the sample. 

5.2 Surface Soid Samoles 

Surface soils are generally classified as soils between the ground surface and 6 to 12 inches below 

ground surface. For loosely packed surface soils, stainless steel (organic analyses) or plastic 

(inorganic analyses) scoops or trowels, can be used to collect representative samples. For densely 

packed soils or deeper soil samples, a hand or power soil auger may be used. 

The following methods are to be used: 
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1. Use a soil auger for deep samples (greater than 12 inches) or a scoop or trowel for 

surface samples. Remove debris, rocks, twigs, and vegetation before collecting the 

sample. 

2. Immediately transfer the sample to the appropriate sample container. Attach a label 

and identification tag. Record all required information in the field logbook and on 

the sample log sheet, chain-of-custody record, and other required forms. 

3. Classify and record a description of the sample, as discussed in SOP F101. 

Descriptions for surface soil samples should be recorded in the field logbook; 

descriptions for soil samples collected with power or hand augers shall be recorded 

on a Field Test Boring Record. 

4. Store the sampling utensil in a plastic bag until decontamination or disposal. Use 

a new or freshlydecontaminated sampling utensil for each sample taken. 

5.  Pack and ship as described in SOP F304. 

6. Mark the location with a numbered stake if possible and locate sample points on a 

sketch of the site or on a sketch in the field logbook. 

7. When a representative composited sample is to be prepared (e.g., samples taken 

from a gridded area or from several different depths), it is best to composite 

individual samples in the laboratory where they can be more precisely composited 

on a weight or volume basis. If this is not possible, the individual samples (all of 

equal volume, i.e., the sample bottles should be full) should be placed in a stainless 

steel bucket (or other appropriate container), mixed thoroughly using a 

decontaminated stainless steel spatula or trowel, and a composite sample collected. 

In some cases, as delineated in project-specific sampling and analysis plans, 

laboratory compositing of the samples may be more appropriate than field 

compositing. Samples to be analyzed for parameters sensitive to volatilization 
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should be composited and placed into the appropriate sample bottles immediately 

upon collection. 

Once rock coring has been completed and the core recovered, the rock core must be carefully 

removed from the barrel, placed in a core tray (previously labeled "top" and "bottom" to avoid 

confusion), classified, and measured for percentage of recovery, as well as the rock quality 

designation (RQD) (see SOP F101). If split-barrels are used, the core may be measured and 

classified in the split barrel after opening and then transferred to a core box. 

Each core shall be described and classified on a Field Test Boring Record using a uniform system 

as presented in SOP F101. If moisture content will be determined or if it is desirable to prevent 

drying (e.g., to prevent shrinkage of hydrated formations) or oxidation of the core, the core must be 

wrapped in plastic sleeves immediately after logging. Each plastic sleeve shall be labeled with 

indelible ink. The boring number, run number and the footage represented in each sleeve shall be 

included, as well as the top and bottom of the core run. 

After sampling, rock cores must be placed in the sequence of recovery in wooden or plastic core 

boxes provided by the drilling contractor. Rock cores from different brings shall not be placed in 

the same core box. The core boxes should be constructed to accommodate 10 to 20 linear feet of 

core and should be constructed with hinged tops secured with screws, and a latch (usually a hook 

and eye) to keep the top securely fastened. Wood partitions shall be placed at the end of each core 

~n and between rows. The depth from the surface of the boring to the top and bottom of the drill 

run and the run number shall be marked on the wooden partitions with indelible ink. The order of 

placing cores shall be the same in all core boxes. The top of each core obtained should be clearly 

and permanently marked on each box. The width of each row must be compatible with the core 

diameter to prevent lateral movement of the core in the box. Similarly, any empty space in a row 

shall be filled with an appropriate filler material or spacers to prevent longitudinal movement of the 

core in the box. 
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The inside and outside of the wre-box lid shall be marked by indelible ink to show all pertinent data 

pertaining to the box's contents. At a minimum, the following information must be included: 

Project name 

Date 

CTO number 

Boring number 

Footage (depths) 

Run number(s) 

Rewvery 

Rock Quality Designation (RQD) 

Box number (x of x) 

It is also useful to draw a large diagram of the core in the box, on the inside of the box top. This 

provides more room for elevations, run numbers, recoveries, comments, etc., than wuld be entered 

on the upper edges of partitions or spaces in the core box 

For easy retrieval when wre boxes are stacked, the sides and ends of the box should also be labeled 

and include CTO number, boring number, top and bottom depths of core and box number. 

Due to the weight of the core, a filled core box should always be handled by two people. Core boxes 

stored on site should be protected from the weather. The core boxes should be removed @om the 

site in a careful manner as soon as possible. Exposure to extreme heat or cold should be avoided 

whenever possible. Arrangements should be made to dispose of or return the core samples to the 

client for completion of the project. 
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6.0 QUALITY ASSURANCE RECORDS 

Where applicable, Field Test Boring Records and Test Boring Records will serve as the quality 

assurance records for subsurface soil samples, m k  cores and near surface soil samples collected 

with a hand or power auger. Observations shall be recorded in the Field Logbook as described in 

SOP F303. Chain-of-Custody records shall be completed for samples collected for laboratory 

analysis as described in SOP FlOl and SOP F302. 
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ATTACHMENT A 

ASTM D1586-84 

STANDARD METHOD FOR PENETRATION TEST AND 

SPLIT-BARREL SAMPLING OF SOILS 



- 84 (Reapproved 1992)'' 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils' 

This nzndard il iuud u d r  thc 6.4 d+0lni40 0 13116: I& mu* - h d i y  l0lb-k~ Ik 6 N t ~ ( i O m  indkws Ihc F a r  o( 
ori jn.1 .doptioa or. in t h  d r c ~  tk ~ r b u  wri- A wn(a i. p.l~krcr Ldiul t l r  yor otbu roppronl. A 

IUWNT~P cmiloo 1.1 idinel an c d k d  c b q c  d m  lk bu mn%am or 

Thir udmd h u  &o. .tworrdfi ur b qcnria d r k  &-panmu 4D4msr. Cmd r k  oOD 1.4% ~ S ~ C O I L N  a+ 
Jlondo~d~fi rhr  s,x@ic>wr 4irrur,rbich hor bmm d w r d k r r h t  DrpammU daknv. 

1. Scope hammer, hammer Call guide. thc anvil, and any hammw 
1.1 This test method describes the p r d u r c .  generally 

known as the Standard Pcnctntion T u t  (SPT). for driving a 
split-bad sampler to obtain a rcprcscntativc soil sample 
and a measure of the resistance of the soil to pcnctmtion of 
the sampler. 

1 2  Thir standard docs not purporr to address dl of [Ire 
d e t y  problems. $any. associated with its use. A is the 
respom'bility of the user of this standard lo establish appre 
priafe safay and health practices and determine the applica- 
bility of regulatory Iimitnrions prior to ure. For a spcxilic 
precautionary statement scc 5-4.1. 

1 3  The values stated in inchpound units arc to be 
rcgardcd as the standard 

2 1  ~ ~ ~ ~ ~ I a n d a r d r -  
D2487 Test Method for a-tication of Sob for Engi- 

nccring Purpoxs2 
D 2488 Pradie for Duaiption and Idcncitication of%& 

W i - M a n u a l  P r o a d u ~ ) ~  
~ 4 2 2 0  Practices for Prcsc~&g and Transpotting SdO - 

Samples' 
D4633 Test Method for Svczs Wave Energy Mcarurc- 

men1 for Dynamic Penetrometer Tcsling Systems' 

drop syscun. 
- 

3.15 hammer-that portion of the drive-weight assembly 
consisting of the 140 * 2 Ib (635 * 1 kg) impan weight 
which is s u d y  lilcd and dropped to provide the 
urugy that aaomplishcs tbc sampling and penetration. 

3.1.6 hummer drop lyaem-that ponion of the drive- 
wcight assembly by which the opcntor aaamplishu the 
lifting and dmpping of UK hammcr to produce thc blow. 

3.1.7 hammer /dl guide--that part of the driv~wcight 
assembly used to guide the fall of the hammcr. 

3-1-11 N - m l d c  blowcount rcpraenmtion ofthe pcnc- 
tntion rcdnana ofthe soil. Thc Arnluc rcponed in blows 
p a  foot, cquals UK sum of the number of blows n q u - d  to  
drivc the sampla over the depth interval o f6  to 18 in. (IS0 
to 450 mm) (soc 73). 
A19 AN--lhc number of blows obtained from each of 

the& (150-mm) intervals of samp!cr pencuation (scc 7.3). 
3.1.10 number of rope turn--the total contan angle - 

bewan the mpe and rhe cathcad at the beginning of the 
ogaatds mpc slackening to drop the hammcr, divided by 
3acr (sa ~ i g  1). 

3.1.1 1 sampling rods-& that connect rhc drive-wcight 
assembly to the samplerplcr. Dni rods are often used for this 
PUrpasc 

3.1.12 SPTdbbreviadon for Standard Pcnctration TcsS 
a term by which cngioccn commonly rcfcr to chis method. 

3. Twminology - 
3.1 Descriptionr of Terms Specific to This Standard 

4. Sigaiii- and Use - 
3.1.1 anvi l -w of d 6 v C - ~ t  -bly 4-1 This t a t  mclhod provides a soil sample for idcatilica- 

which the hammer strike and through which the hammer tion Pnrpoxs and for labofacor). tests appmpriate for soil 
energy P- into the drill rods. ob6ncd Gum a sampler that may produce large shear drain 

3.13 alhead-the rotating drum or windlass in the ~ I S I U ~ ~ ~ ~ C C  in the sample 
m-thcad lifi synem around which opcracor ,,,rips a 4 2  This t a t  method b uwd cxtcnsivcly in a great e c t y  
mpc to lift and dmp the hammer by ~ a c s i v c l y  tightening ~ f g ~ t e e b d  uplontion projccrr Man?- local correlations 

and hoscning the rope turns around the d ~ m .  and uiddy published correlations which relate SPT blow- 
3-12 drill ,.&-,,,& to m-1 d o m r d  f o a  count. oc h'-value and thc engineering behavior of e h -  

and tomue to the drill bit while drilling a borehole. umrk and foundations arc available 
3.1.4 2riv.e-weight assernbl- dc& conshing of the 

5. Appurha - - 
I ~ h b  - unQ thcwh 4- - i ~  a 1 8  .,. 5.1 Drilltng Eqr~ipmcm-~ny drillin% cquipmcnt that 

R& and i s  :he dime - r  dS~6crmoaiue D l l W  on S.mp:inc a d  PCO\ideS at the time of sampling a stiitabl~ clean open hole 
Rc- ~ic(d fotinr kZZZis1i0.~ beforc inmion of the sampler and ensures that thc penara-  cia.   PO-^- 18. IPS* fiblad Na-mw I98*(kidarUI' (ion iSWormcd on undisruM mil shrl,bc amptablc. ) plblihodu D l J 1 6 - I ~ T . ~ . n ~ r i o . r d i t ~  D1166-67119)*). ' 1,-1 BooC 4,i.W~ Y.&ds. Vo( 04.01. Thc fd0Wing picccs O r  cquipmcnr 'hl8-c pCOVCn bC 
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Cathead 

Sation A-A 

Section 6-6 

FIG. 1 OeCmilions of the Number of Rope Tums and the Angle for (a) CountNdoskwtse Rotation and (bj Uo&wise Rotafion of the 
Cathead 

suitable for advancing a borcholc in some subsudace condi- 
tions. 

5.1.1 Drag, Chopping. and Flhtail BiU. lcss than 6 5  in. 
(162 mm) and greater than 22 in (56 mm) in diameta may 
bc used in oonjuction CHith opcn-hole mlary drilling or 
casing-advancement drilling method% T o  avoid dkturbance 
of the underlying so& bottom bits arc not per- 
mitt&. only side dkchaxgc bits arc pamittcd 

5-12 Rollez-Cone Birr. 1- than 6 5  in. (162 mm) and 
grcater than 2 2  i n  (56 mm) in diamc(~  may bc used in 
conjunction with opcn-holc rotary drilling o r  d n g - a d -  
vancement drilling mahods if the drilling fluid didmrge is 
ddloaod ,- 

5.1.3 HollowSfem ~ N i m r m  Niht Augm, with or  
without a amter bit assembly, may bc usod to drill the 
boring. Thc inside diameter of the hollow-stem augers shall 
be 1css than 6.5 in. (162 mm) and grcatcr than 2 2  in. (56 
mm). 

5.IA Solid. Confinwarr Hkht. Bucket and Hand Arcgem, 
than 6.5 i n  (162 mm) and grcatcr than 22 in (56 mm) 

in  diameter may bc used if the soil on the side of Ihc boring 
docs not cave onto the gmpla or  sampling rodr during 
sampling. 

52 Sampling Rodr-Rush-joint a 4  drill rodr shau be 
uccd to -annccl the split-banrl s a m e  to Ihc dri~c-&ght 
-bIy. The sampling md shall haw a dIT~ca (moment 
of inatia) equal to or  grcata than that of paralld wall "A" 

) rod (a s t 4  rod which has an oucsidc diameter of 1% in. 
(4 1.2 mm) and an  inzidc d iamda or  I a/. in. (28.5 mm). 

Norr 1-1 csamh a d  mmpancivc t a i n g  indiata the typc 
rodmo4wi Ih~Rngi l tgfmm-A-drcrodla-N-bze~wiu 
usd& have amdigii dm on the N - n l w  U, depths ofat 1- 100 
Anom). 

5 3  Split-Batref Sampler-The sampler shall be con- 
structed with the dimensioas indicated in Fig. 2. The driving 
shoc shall be of hardened s t d  and shall bc replaced o r  
repaired when it beooma dented or diitortob The w of 
lincrs lo pmducc a conRant inside diameter of 1% i n  (35 
mm) is pumiUcd, but shall be noted on the penetration 
record if uxd The uw of a sample retainer baskct is 
penniuOq and should also be notcd on the pcnctrafion 
record if usedured . - 

NOTE 2--BMh &any a16 a- Icsl dw. suggcsl Cut N-nlua 
~iocnnSebchwu~ 10to30%wbchliaaxueuxd 

5-4 Drive- Weight ArremH-r 
5.4.1 Hamnur and AnriI-The hammer shall weigh 140 

-c 2 Ib (635 t 1 kg) and shall be a wtid @d metallic mass. 
Tk hammer shall N i i e  the anvil and make s t d  on sled 
contact when it is dropped. A hammer fall guide pamitting a 
free fall s h d  be uxd Hammers used xith thc cathcad and 
rope method &dl have an  unimpeded a\-&ti capacity ofac 
least 4 i n  (100 mm). Fordkty  rclcoar the use o f a  hammer 
assembly with an i n 1 4  anvil b encouraged. - - 

Norr J-It is -ad &I Ihc hammu (dl guids k panuncnlly 
Inadd la cnabk Ihc ORaXCff or inrpcclor lo j d g c  tbc hunma dmp 
b-&. 

5.42 Hammer Drop Syen-Ropcc;lthcad, trip. wmi- 
automatic. or aulpmatlc hammadrop s\xtcmS may be used. 
providing thc liftlns apparatus will not m u x  pcnctration of 
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ff plasGc re- may be vscd lo rHlLI sol d r  

FIG 2 Split-Barrel Sampler 

'he samplcr while rc-cngaging and lifting Ihc hammer. may nqt bc advanad bclow thc sampling elevation prior to 
5.5 Accessory Eqrripmenc-A-ria mu& as labels. sampling. Advandog a boring with bottom dxharge bits is 

plc wntaincrs, dam sheets, and groundwater lcvd m a -  not pcr'm-siblc It is not pcrmissiblc to advance rhc boring ' .ng dcvias shall be provided in a m r d a n a  with the for subScclucnt i ~ * 0 n  of thc sarnplcr soldy by means of 
rcquinmcnts of thc project and orhcr AZfh4 standards previous sampling with Ihc SPT sampler. 

6.4 Thc drilling fluid level within the boring or  hollow- 

6. Drilling Rocedure stcm augers shall bc maindncd at or abovc thc in situ 
groundwater lcvd at all timcs during drilling removal of drill 

6.1 Thc boring shall bc advanad incrcmcnlally to permit rods. and samplink 
intcnnittcnt or continuous s m o l i n ~  Test i n t d s  and 
localions are normally stipulated by ;hc project engineer or 
gcologisr Typically, thc intervals sclectcd arc 5 R (1.5 mm) 
o r  less in homogcnwus stma wi& t a t  and smpling 
locations at  cvcry change of 

6.2 Any drilling p r d u r c  that pmvida a suitably d a n  
a n d  stable holc bcforc inscction of thc samplcr and assum 
that thc pcnctxation test is pcriomcd on ascntially und i i  
turbed soil shall be aaxplablc Each of Ihc following 
proccdurcs havc proven to bc aaxptablc for some subsuriacc 
conditions. Thc subsurfaa condifions anticipated should bc 
considered when sclccting thc drilling mcthod to be used. 
6.2 1 Opcn-hole mmy drilling method. 
6.22 Continuous flight hollow-stem augcr method- 
6-23 Wash boring mc!hod. 
6 2 4  Continuous flight solid augcr mcthod. 
6:3 Svcral  drilling mc(hods produa una-(ablc 

bonnw. Thc proocss ofjctting (hrough an opcn tubc smplcr 
and thcn sampling when the dcsircd dcpth is rrachcd shall 
not bc pcnnittcd. Thc continuous flight solid augcr method 

11 not be usad Tor advancing thc boring bdow a WatCr '- or  bclow thc upper confining bcd of a conGncd 
\ cohuivc stratum that is  undu a n a i m  prcssurc Casing 

7. Sampling and Testing Procedure 

7.1 Aficr thc boring has bccn advanccd to ~ h c  daircd 
sampling clcvation and cxccssivc cuttings haw been rc- 
moved. prepax for thc t a t  nith the follo\>ing x q u c n a  of 
opciations. 

7.1.1 Anach thc split-barxl sampler to thc sampling rods 
and lower into thc borcholc. Do not allo\\- thc samplcr to 
drop onto thc soil to bc sampled. 

7.1.2 Position f i e  hammcr abovc and attach the anvil to 
thc top of thc sampling rodr This may bc donc bcforc the 
sampling rods and sampler arc lowcrcd into thc horcholc. 

7.13 R d  the dcad wight of thc samplcr. rods. anvil. and 
drive weight on 8 c  bottom ofthe boring and apply a sa t ing  
blow. lfcxcadvc cuttings are cncountcrcd ac the bottom of 
the boring. m o v c  !hc samplcr and samplins rods from thc . - 
boring and rrmovc thc cuttings 

7.1.4 Mark the drill rods in thrcc successi\-c 6-in. (0.15-m) 
incrcmcnu so that thc adxance of thc samplcr undcr thc 
impaa o f ~ I ~ e  hammcr can bc easily obxwcd for cach 6-in. 
(0.15-m) incrcmcnt. 
7.2 Drive thc smplcr \rich blows from thc IJO-lb (63.5- 



kg) hammer and count thc numbcr of blows applied in cach 
6-in. (0. IS-m) incrcmcnt un* onc ofthc followily occurs: 

7.2.1 A total of SO blows havc becn applied during any 
one ofthc thrcc 6-in. (0.15-m) incrcmcnts dacribod in 7.1.4. 

7.2.2 A total of 100 blows havc bccn applied. - 
7.2.3 There is no OM advana of thc sampler during 

- thc application of 10 succcnive blows of lhc Irammcr. 
7.2.4 The sampler is advanccd thc complctc I8 in. (0.45 

m) without thc limiting blow countr oaurring as dacr ibd 
in 7.2.1.732 or 7-2-37 

7.3 Rccord the numbcr ofblows quf rcd  to &cci cach 6 
in. (0.15 ml of ocncvation or fiadion thmwf. lhe Gnt 6 in. 
is consider& tdbc  a scacingdrivc Thcsum ofthc number of 
blows rcquircd for the xcond and lhird 6 in. of pcnctration is 
tcrmcd the "standard pcnctntion r a i s l ; l n ~ ~ "  or thc 
"N-valuc" If thc sampler is driven Ica lhan 18 in. (0-45 m). 
as  permitted in 7.21. 7.22. or 7.23, the numbcr of blows 
per cach complcte 6-in. (0.15-m) increment and pcr cach 
partial increment shall be rccordcd on lhc boring log. For 
parlial incrcmcnts, thc dcpth of penctntion shall bc rcported 
to the nearest 1 in. (25 mm), in addition lo lhc number of 
blows. If thc sampler advances below the bottom of thc 
boring undcr thc static wcight of lhc drill rods or lhc weight 
of thc drill rods plus the static weight of thc hammer, chi 
information should be noted on the boring log 

7.4 .PC raising and dropping of rhc 140-Ib (63.5-kg) 
hamm& shall'bc ammplisbed using cithcr of thc following 
two methods: 

7.4.1 By using a trip, automatic. or  scmi-autoniatic 
hammcr drop system which Lifts the 140-lb (63.5-kg) 
hammerand allows it to drop 30 1.0 in. (0-76 m f 25 mm) 
unimpeded. :: .-- . . - 7.4.2 By using-a cathead to pull a mpc allacbod to the 
hammcr. When thc d e a d  and rope m c W  u used the 
W c m  and opention sball confonn to the following 

7.4.2.1 t h c  cathcad sball bc essentially free of-pl, oil, or 
grtasc andhavc a diameter in the rangc of6 to LO in. (IS0 to 
250 mm). 

7.4.2.2 Thc cathcad should bc opcratcd at a minimum 
spwd of rotation of 100 RPM, or  Ulc approximate spcod of 
rotation shall bc rcponed on the boring log. 

7.4.2.3 No more (han 2% rope turns on IIIC eathead may 
bc used during the performane of lhc pcnctration test, ar 
shown in Fig. I. 

NOTE 4-Tbc 0-tor should pcnlly uu aIhcr 1% or 2% mpc 
lums. dcpcndiw upom wiwhcr or not Ihc mpc coma off Ihc lop (1% 
lums) or She batlorn (2% I-] of Ihc a l h d  I1 u s c o 4 l ~  known 
md actcptcd h i  2% or m m  nope iurns mRddcnhly imvcdcr Ihc fa1 
of lhc hammcr and should wl bc urad to pcriann Ihc 1- TI= aIhud 
rwc  should bc mainuincd in a rdativd~ dr): d u n .  and unrnycd 
condition. 

7.4.2.4 For cach hammcr blow, a 3O-in. (0.76-111) lill and 
dmp shall be employed by chc operator. The operation of 
pulling and throwing thc mpc shall bc pdormcd rhylhmi- 
cally without holding thc mpc at thc top of thc stroke. 

7.5 Bring the sampler to thc surfaa and opcn. Rocord !he 
percent raovcry or tbc kngth ofsamplc recovcrcd. w b c  

, thc soil samples r a v e d  a to composition. color. stratffi- 
cation. and andition, (hen place onc or morc ~~~~CSCnlallvc 
portions of thc sanlplc into xalablc moislurc-proor con- 
taincrs can)  withour rimming or distorlinc any atwrcnt 

stratification. Scat cach canlaincr to prcvcnt Cvaporation o r  
soil moisture. Allix lab& to thc contain- bearing j< .' - 
duignation. boring numbcr. amplc dcpth. and the blob. . 
count pcr 6in. (0.15-m) incrcmenl Pmtcd thc samples 
against wttrcmc 1cmPuatUrC Change.% Ifthcrc is  a soil change . 
within thc samplcr. make a jar for cach stratum and note its 
location in Qc sampler barrel. 

8. Report 
8.1 Drilling idonnation shall bc rrmrdcd in lhc field and 

shall indudc thc following 
8.1.1 Namc and location of job. 
8.1.2 Namcs of acw. 
8.1.3 Type and makc of drilling machine. 
8.1.4 Wcathcr conditions. 
8.1.5 Dalc and time of star( and finish orborin& 

- 8.1.6 Boring number and location (slation and coordi- 
nates, if a d a b l e  and applicabk). 

8.1.7 S u h u  devation. if aMilable, 
8.1.8 Method of advancing and dcaning thc boring. 
8.1.9 Mcchod of kccping boring opcn. - 
8.1.10 Dcpth of water surfau and drilling depth at  the 

timc of a noted loss of drilling nuid, and timc and &tc whcn 
nading or notation was made, 

8.1.11 Location ofNata changa. 
8-1-12 Sizc ofcasing, depth o f a w d  portion of boring. 
8.1.13 Equipment and method of driving smplcr. 
8.1.14 Type sampler and length and insidc diameter of  

b a r d  (note use of linm), 
8.1.15 S i  typq and d o n  Icngth of thc sampling rock 

and 
8.1.16 Remark 
8.2 Data obtained for qch sample shall bc recorded in the 

field and shall indude lhc following 
8.2.1 .Sample depth and, if u W ,  thc samplc numb&: 
8.2.2 Description of soil. 
8.23 Strata changcs within samplc. 
8.2.4 Sampler pcncWon and recovery Icnglbs, and 
8.2.5 Number of blows per 6-in. (0.15-m) or partial 

incrcmcnt. 

9. Precision and Bias 
9.1 Precision-A valid cslimatc oFtcsl pRcision has-not 

bccn dctcrmincd because it is too mstly to w n d u d  thc 
nsnsary inter-labomtory '(field) tests. Subcommittee 
D18.02 wdcomcs proposals to allow dcvclopmcnt of a valid 
precision statement. 

9.2 Biar--&cause there is no reference material for this 
t a t  mcthod. then can be no bias scatcmcnt. 

9.3 Variations in hr-valucs of 100 % or morc havc bccn 
obscrved whcn using different standard pcnctration tcsl 
apparatus and drillcn for adjaunt borings in thc samc wil 
formation. C u m 1  opinion. bawd on fidd cxpaiyc. 
indicates that whcn using thc samc apparatus and *Uer. 
N-valucs in thc samc soil can bc rcproduccd with a cocfIi- 
cicnt of variation of about 10 %. 

9.4 Thc uw of faulty cquipmcnt. such-% an wr(rundy 
massivc or  damagcd anvil. a runy cathcad. a low S@ 

cathcad. an old. oily rope. or massive oy poody lubricate. 
row shcavu c a n  significantly contriburc ro dillircnw in  
N-valucs obtained bcrrvccn opcratordrill rig systems. . 



9.5 Wc variability in N-valua produccd by diKcrcnl drill adjustment is Gvcn in T a t  Mdl~od D 4633. 
rigs and opcracors may be r c d u d  by mc'lrunng that pad of 
lhc hammcr cnugy d d i v d  into tllc drill rods from lhc 10- KcywordS 

mplcr and adjusiing N on chc basis of comparative 10.1 bloy m n ( ;  in-situ tea; pcnctncion rcsisfancc; s p l i ~  
eici. A mcihod for cncrgy m-rcmcnt and N-valuc bamlbmplidgNn&rd pcndra~ion c u t  
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ASTM D1587-83 

STANDARD PRACTICE FOR THIN-WALLED TUBE SAMPLING OF SOILS 



4S1b 
. 

Designation:  Cj 1507 - 03 

Standard Practice for 
Thin-Walled Tube Sampling of soils' 

Thh nmd.rd i. kucd ~ n d ~ r  thc Clad &&glution D tS1l; the numbcr i m d l d y  blb*iry hc 6ai'& indata thc ).ur or 
&g i rd  adoption -.in ~hc- or- thc ~ p r o l m  r"i%ioa.A ~ u m b c r i . ~ i o d a ~ ~ w o r W - ~ ~ .  A 
N ~ C X ~ A  q%hn 1.) i&tc. .a dtori l l  ch.rnrs Jwc Ihc hc lu( reridoa m w p d .  

i3irpraclicc hnr h m  oppardJk uu by *&<I &Ilu Drpnnmrm &Ddoucpdjwl r l i  in &t DOD I n d c r d ~ ( u u i 0 ~  a d  
SMd'Vdr 

1. Scope hard formations it may bc ncassary. although not recorn- 
1.1 T h i s  practice covcn a p r d u r c  for using a thin- 

wallad mctal tubc to recover rdativdy undislurlxd soil 
sarnplcs suilablc for Laboratory tests DfsWdural pmpalicr 
Thin-wallad tubcs wd in piston. plug or row-type  Sam-- 
plcrs, such as thc Dcnison or Pitcher, must wmply with thc 
portions of this practice which dcsaibe thc lhio-walled tubcs 
(5.3). 

Non I-TI2 pradcc docs not apply lo U n a  uud wilbin Ulc abovc 
samplcrr 

2. Referenced Doaunents 

2.1 ASTM S~andards: 
D2488 Practice for Dacription and Identification ofsoils 

W i - M a n u a l  Procod~rc)~ 
D 3550 Practice for Ring-Lincd Baml Sampling of So i i  
D4220 Practidcs for Pmscming and Transporting Soil 

samples= 

3. Summary of Practice 
3.1 A rclativdy un- sample is. obtainad by 

pressing a thin-walled mctal tube into thc in-situ soil, 
removing thc soil-Klled tube, and scaling the cnds to prtvcnt 
the soil from being disturbcd or losing moistun. 

4. Significance and Use 
4.1 This pradicq or  Practice D 3550. is uscd whcn it is 

nauJsary to oblain a &tivdy undisturbed spedrncn Nit- 
able for laboratory t a t s  ofstrudural pmpcrtia or olhcr ta ts  
that might be i n f l u c u d  by soil d i i t u h n c c  . 

5- Apparatus 
5.1 Drilling Equipment-Any drilling cquiprncnt may bc 

USU¶ that provides a reasonably dcan hole; that docs not 
disturb thc soil to bc sampled; and that docs not hinder thc 
Pcnclration of  the Lhin-walled sampler- Open borcholc 

mended, to drive thc thin-wallad tubc samplcr. 
53 Thin-Wclacd Tuba. should bc manufadurcd as 

shown in Fw I- pcy should havc an outsidc diamctcr of  2 
to 5 in and be made of mdal having adcquatc strength for 
UK. in thc soil and fonnation intcudcd. Tubcs shall bc dcan 
and frcc of all su&a imguhitics induding projeding wcld 
StaOlS. 
53.1 b h  of Tuba& Tablc I and 6.4. 
532 Td-. shall be within the limits shown in Table ' 

2. 
533 Inside aearance Ralia should bc 1 % or  as spoci- 

- ficd by thc cnginmor geologist for thc soil and fonnation to 
be sampld  G e o d y .  thc i a d ~ d e a r a n c c  ratio uscd should 
inacasc with thc in- in plasticity of thc soil being 
sai~plcd. See F& I for ddinition of inside dcarance ratio. 
5.3.4 C ~ I T ~ O I I  Pro~eaion-Corrosion, whether from gal- , 

vanic or  ckmical reaction, can damagc or  d-y both thc - ( 
lbin-wallad mbc awl thc sampk Scvcrily of damagc is a 
fundion of Iimc as wdl as intcradon bchircch thc sample . 
and UIC tuk Th in -Wed  tuba should havc somc form of  
pmtcclivc coating. Tubcs which will contain sample for 
more than 72 h shall be c o a t 4  The typc of coating to be 
uscd may vary dcpcnding upon the matcrial to bc samploh 
Coatings may indudc a light coat of lubricating oil, lacquer. 
cpoxy, Tdlon, and ochcn. Typc of coating must be @cd 
by thc cnginar or geologist if stongc will u c a d  72  b 
Plating of (hc t u b s  or +tuna&= basc mctals may bc @cd 
by thc cnginar or gcologis~ 
5.4 Sampler Head. saws to wuplc the thin-wallcd tube 

to thc i d o n  cquipmcnt and, togdhcr with thc ~ n - w a l l a d  
tubc, w m p r k  thc lhin-walled tube sarpplcr. Thc samplcr 
hcad shall contain a suiiablc chcck valvc a d  a venting arca 
to lhc oulsidc cqual to or  greater lhan thc arca lhrough thc 
check ualvc Altachmcnt of the head to lhc tubc shall be * 

conccncricand coaxial lo arturc uniform application of form 
to lhc tubc by thc samplcr insdion cquipmcnt. 

diamctcr and lhc insidc diamclcr of d&n &ng or hollow 6. Pt,dure. 
Stem augcr shall not c x d  3 3  tima thc outsidc diameter of -. 
the (him-walled tube. 6.1 Ucan out the borcholc to sampling clcvalioo using 

5.z s ~ ~ ~ [ ~ ~  ~ q u ; ~ , , , ~ ~ ~ .  shall bc adoquatc to whatcvu. mclhod is prcfcmd that will cnsurc thc matuial to . 
pmqdc a rclativdy rapid wn(inuour penclration fo- F~~ bC "mplcd is not disturbed. If groundwater is cncounlcrcd. - 

maintain thc liouid k v d  in the bonholc at or abovc mound - - 
water lcvd during thc sampling opcntion. 

' T ~ L  pna;a L u - c h c n d -  -dtcoc 0.1s o n ~ o a  .nd : 6.2 Bottom d i i r g c  bis arc not pcmitlcd. Side die' 
h = k  n d  h ~u 6-  POI^^ orsubmmmice 011.01 .a srnpliry &qc bits may bc uscd. with caution. Jctting through an 
u t d  Fn Tatin' for soil I.*~T(~c.&~oN opcn-lubc samplcr lo ckan out thc borcholc to sampling 
\ a m c a t  oditkioa a m a d  11. 191). ru- occabcr 1911.OriU'n.llr 

uwirhcd u D 1587-58~.  ~ . n  p n i a u d , h ~ 1 3 1 1 - 7 4 .  clcvation is not pcrmittcd..Rcmovc loow matcrial from tho 
' A"""d nod- d~sr~srond.& V O ~  w.08. ocntct of a casinc or I~ollow slcm auccr as carcfull~ Js 



- -- 
. . - - FIG 1 Thln-Wa(led Tube fOr SlU?Pb9 

TABLE 1 sulta~e ThbWalled S(ed sample ~ & f "  5 to LO diamdm ofthc tube in sands and 10 to 15 diamctcrs 

(XIWde &metec of thc h,bc in days 

TABLE 2 Dlmenslonal Tderancu for IhIn-Walled Tubes 

E I o m h a l T ~ D j , ( a r L n n T e b b I A T d a a m . k  

6.5 Whcn thc f o r m a h  is too hard for push-type ioscr- 
tion, thc tubc may bc drivcn or  Practice D 3550 may bc 
used, Othamdhods, as W e d  by thc cnginw.or geologist. 
may bc used. If driving mclhodc arc used, Ihc data d o g  
weight and fall of thc hamma and pcnc(raIion achicvcd 
must be &om in the report  Additionally, that tube must be 
pmminmdy laWed a %ivcn samplc" 

6.6 In no cueshall a Length ofadvance be grcatcx than lhc 
samplcabe length minus an +owaoa for lhc samplcr hcad 
and a minimum of 3 in. for sludgcznd cunings. 

N m  4-'lhc Nbc m y  bc rohtcd to r h a  banom of lbc ample 
1Ru prodog is corn* 

6.7 W k b a w  -pi& fmm'thc fo&&n as ~ f c f u l l y  
as pomilc in order lo minimize dislurbancc of Ihc samplc - denleta +om +om +Om 

-om -0.010 -0.Ots 7. Preparation for Shipment 
WaI - jam7 M.010 -15 
Onry 0.01s o m  am 7.1 Upon removal of Ihc t u k - + a s u c  the length of 
s o s l s c ~  O m F  0.- omom sample in thc h r k  Rcmovc rhc dislurbcd matcrial in the 

A h ( a n a d a ( e o r ~ ~ ~ O . ~ T ~ s h o w n  
upper cnd of thc tube and mcasurc thc length again. Seal thc - anmrda( - (a. -s s(fol uppa cud of the tnbc Rcmovc at lcasl I in. of material from 

n~aeharcr hahp- Swcifya-aytvmdma fdwca lolarm:uwk.o.o.~d Ihc lowver cud of the tube U x  this material for soil 
~ - o r O D . m d w a ~ . o r m . ~ ~ a ~  d&p(ion inaarordann with Racticc D 2488. Mcarurc Ihc 

o v d  sampk length. Seal thc lowcr cnd of Ihc Inbe. 
P o G b k  to avoid d t tu rbana  of Ihc material to be sampled. Altcmativdy. afta mcazuremcut, thc tube may be waled . 

without removal of sail fmm lhc cuds of Ihc tube if SO 
NOTE 2-ma SIS .re in d o m ~ d i a t i r y  a d  din-& dir& by the .opinCCT or gooldgin k t  conr~ntio-  ~ o w o ~ - j u ~  o o w m t i o n  mck bils arc nor 

KFCPmhlC DiNid a ~ t i i t i -  m F D a g y  =wtab(c NOTE 5-ficld d o a  and p a w - g  or cxrrudcd ampla udff 
- 

thc rpoEilicdircqion d r  ~~owchaicrl cadnccr or ~coI+ is pcrmilrcd. 
6-3 Ihc samplc tube so Unt ic+ bottom raIs on lhc NO= 6-Tuba rakd o w  chc cads ~r w r c d  lo thaw sakd 4th 

UOm oflhc hole Advan= (hcrunplcrwi(hout robtion by a d ~ p l d t c n  mould conuia c d  &ns io cnd widr in ordcr lo 
nrcvcnl d d o y e  or movcmcnl Or thc wmplc uilbin t h ~  mbc. 

~ n l i n u o u s  nlativdy rapid motion. 
6.4 Dccuminc the length orad- by thc resistance and 7.2 Rcparc and immcdiatdy f l a x  labels or apply mark- 

Andition orthc formation. but I ~ C  length slra11 ncvcr cracd iny  as ncc- to identify (Ilc mrnplc. ASUK chat thc 
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markings or  la& am adoquatc to survive Cranspo~tion 8-13 Mahod orddliw. o f h o l ~  sine. and drilling 
and st@-agc. fluid uscd. 

8.1.9 Dcpch to gmundmta Icvd: datc and time mca- 

/ --port surd. 
8.1.10 Any possii  anm( or  tidal clTcU on watcr lcvci, . T h e  approprialc i d m a t i o n  u rcquird as follows: 8.I.I I Soil dcsaip(ion in accordance with Practia 

-.I. I Namc and location of chc p ro ja l  D 2488, 
8.1.2 Boring numbcr and prcdsc location on projcct. bl.12 Length of amplcr advance, and 
8.1.3 Surface elevation o r  nfcrcntc lo a datum. 81.13 Rcmvcry. .length of samplc oblaind. 
8.1-4 Datc and time orbodng* and finish. 
8.1.5 Dcplb lo top of sample and number ofsamplc, 
8.1.6 Description of sampler. size. iypc of mccal. type of 9- Prccisiom lad 

coating, I 9.1 This pnctia docs not prodm numerical &la; there- 
8.1-7 Mdhod of sampla i d o l r  push or  drivq fore, a pm%on and bias MIcmcnt is no1 appticablc. 



ATTACHMENT C 

ASTM D2113-83 (1987) 

STANDARD PRACTICE FOR DIAMOND CORE DRILLING FOR 

SITE INVESTIGATION 



I .  Standard Practice for . 
Diamond Core Drilling for .Sit? lnvestigation1 - . -. . 
~ a ( . ~ b ~ r n d a t h c ~ d d & ~ z l l l ; i h c w ~ h ~ y ~ t h ~ h ~ ~ r h c l o r d  
~ i d a r r ~ d + ~ . b h c - d & q ~ ~ o l l u r d o 4 ~ n & I - ~ ~ ~ ~ ~ Q ( ~ - m ~ L .  
s ~ c n c n a c d b n ( ~ ) i & t c l u a d i M ~ ~ U r M ~ ~ r u p p o n L  

. . . . 
1. Scope I 

a reaming lhcll and con bit A wrc lifter located within  be 
corn bit is normal but may be omiacd atlhc h c d o n  o f k  I. I This piacdcc d- epulOmaLand pmcdura for 
geologist or CngInccr, . diamond a r c  drilling to - core -& of J;nd- 433 mUb,enk s v d - ~  -& Der,ga ir - some soii that an too hiud to s m p k  by s~-=PIIPS 

m&& a~ in th of MY the a m c  u thc double tubs rwivd-type, WG dcrign. 
raining h m  for foundation dcdgn and soococftw ucgx t6al the W d d g n  r h i a ~ . ~  tube W& a 
noering parposcr raw than for miaaal a d  mining explo- annular bU- the ~ b c q  a d  Wkca a kugcrmrc h m  
mtioa . the samc diam-%%bore hok. p e  tocc lifter is loclrcd v&ia 

the mre b i ~  
. Z . RCrerwxd bommcncs .43.4 W e  lkbc Swivel ope W M D ~ ~ ~  is similar lo 

2.1 ASTM S r d a r d x  
the Qublc tube, swkWpc, WG deign, that (h 
innertube is rhrardcd at its lowcrtnd to &vca cnrc.Wtcr 

D 1586 &Lod far Penefrdon Tea and Split-BMel tba td f - ivdy  atcad rhc iaauNbc wdl into , Sampling of Soil? G ~ t h u s ~ n g e x p o r u r e o f t h c ~ t 4 I h t ' ~ g n u M  . 
D IS87.Rnaice for Thln-Wallcd nbe Sompliab of S a G  A mrc lihe ir arntained core ox: on tbc 
D 3550 Pactice for Ring-Lieed Banel Sampling of Soil? incler htbe. 

3. SfgnXcnnee and Usc 
- 43.5 Double lbbe Swivel-Type. Large-DMer Derig?r 

irdmilprto chc&ubletubc, n v i v ~ W M d & u , ~  
3-1 Thk P&= is wad 0b& of the a@on ball dvr to conuol fluid hWW in a(l 

su&or q w t y  thaf iencn the tr-hitu condiciom of the and the addition - lo &- 
mnredal and suuaurc and y&& arc aritablc for standard 

:. ..vsical+mdcs - structdiotgrity heavy cuf*. on the hxa *ts. Thc l a r g & ~  
&en doublc tubc. &cl-tvmc. a r c  availableis- 

4. Appam(us in. (98.43 mm). 4 in (101.6 rnm) by 5% id (139-7 &);ad 
6 ia (152.4 mm) by 7% ia-(196.85 mm). Their w ii. 

4.1 ~ril l ing~achine. cnpablc ofproviding falation. focil, for very derailed $,.&tiivc 
and mmcfid~ by hydraulic m w m  &dnU & methods do not vidd admuarc r w ~ v ~ .  
rods. 

4 2  PhrId Pump or Air Comprexsor, capable of ddiva ins 
sufficient volume and vr- for the diamucr aod dcMh of 

4.3 Core barrels. as cequird . - 
4.3.1 Single M c  m, Jf'G Design consisting of a' 

hollow zrcd tubc with a head at  one cud thrudcd fo rdd l  
rod. and a W-cd c o n d o n  for a reaming shcU and cqrc 
bit at the orhcr end. A con liner, or d c z  locat.? wi?n 
the wrc bit b normal, but may bc omincd at the duacfmn 
o f fhc  p l ~ & t  or cnginca. 

4.32 D ~ b l e  Tube, J\ui~d-l&~ WG Debgn-An as- 
sembly of  two wnccntric sted t uba  Joincd and wpponed at 
the upper end by muus of a ball or r o l l c r U s  nvid 
arranged ta parnit rotacion ofthe outertubc &oat causing 
mlation of the iana tub= Thc upper cod ofthe outcr tube. 
or nmovablc h a d ,  ir (hrtadcd for drill rob A ducadcd 
a n n w i o n  is provided on the lowcrcnd ofrhc outa  wbc for 

43.6 DO& lkbe. .Wvd-'1)1rpe. Rbrievab~le I&-F& 
Method in whlch the core-ladcn inner-lube aseddy i 
nuieved to the h c c c  aad an anpry inner-ulbq aJscmb4 
rtrutnd to the f+ Of Ihc borchok rhrough rbc mawhiq 

- IKgLborc drill rods without .need for withdrawal and w 
placauear ofthc drill rods in the borcholc, The bcc-tak 
assembly consists oran inner tube wifh tcmovpblc con:.& 

'- case and a r c  lifter at one ad and a a o n b l e  innex-ldx 
head, hvivd kaxing. mpc+oa adjunmcnt.-and h w  
device with rclcnse mccimusm on the opposiu end. tb- 
inaa-tubc latching d c k  loch into a complcmcntary rm.  
in fbc wall of thc o u h  tube such that thc out= lube milk: 
rofated wilhout o d g  m ~ o n  of the inner tube aod srdj 
chat thc la& may be aauaud and the innM4ubc 
uanqmtcd by appcopriafe s ~ r f ~ a - t ~ ~ m l .  The outcr lubc'r' I thccadcd forthe tnatchhg. --born drill rod and idtuna?, 
tonGyrad to raxivc thc ianer-xubc lareh'tng dcvicc 1( m 
cod and thrcadcd lor a naminn shell and bir or bit oak.% - 
the ocher cnd. " I 

empncCscirundcrthcj - - d q  - rrcr soir ud 4A LOn~IrudInaIIy Sflit Innee Tubu-As appafcd 
M .nd b (6c ,+e-m,eLC%O(\ a d v  I& wnvcnGonal cylindrical imcr tuba, allow i t u p d o n  b( rm 
RrWdFic(aTc&.brbil~. - aacu to, che corn by simply rcmoving anc ofthc two Mro - 

C-l Alios J - T i  P d b l u d  A- I9aJ- %dlully ~h~~ arc IcqodaidjrCd but UE ,,vliwe cot (n 
W ~ u D 2 1 1 J - 6 1 T . ~ p n i a u & O l l I l - M ( 1 9 7 6 ~  ' ~ o v t  01,457M ~& vd 01 01. barrels induding many of thc rcuicvablc inner-cubc l y p ~  ! 
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4.5 Core iliu--Corr bils shall bc ~ l &  xl with din- ~ ~ & c d  by (bc nature of lho ovaburdca or UIC h-cat ,* imprcgnala with small diamond d ~ h c 4 t c d  mdhod Drhn @RC or W-d& Eldue shall bc 
.a bnfptcn arbide dues. bard-CPad wilh &OW diamcfalo p a s  (hc b?St  ax% bnrl to ba urod. & its- 

f' 
:hrd rnrfaeine IIUI&!C or fornl~hcd La saw400Ih form. dl bcdrivu~ 10 bcd tuckorto firm s&al an mow 
'a appropriate to tho formation bclnb d .nd 6th watcr-scnsilivc formation. A buduKd ddvc +boc ir ba -'. - imcmx~ccoFih~ geologkt or cnatnar. Bit -uix mat=i& urod Y I d n b  edge and thr* pmloction device on & ( 
' y ~ .  &apc, water-way type, loeation a d  mttbcr of mfff bottom of tho &vu pIpo or -ng. 'Ilac dr;vc thoo i d &  - 
1% diamond s k c  and cafat wcishf utd bit f G u ~ m G a ( s  diamcta shall bc hqs m g h  to pass UIC toot Inmdcd for 
%IIII be for gencral pufPObt ucc unlag 0lhNi.5~ ~ ~ P f ~ v c d  by q and h o  shoe and pipe or d g  &dl bc Cree from bum 
4mopict or engineer. Nominal size ofwme bits is shown o ~ o m  
i Table 1. 46.2 -CnzInp-Whcn In ox; l$~Uu@ formn- 

&t 6sigution (Ic((a s )p lW)  .rod (bc 
tiom h d y  gwretratd =&1c Or wbc9 no drivo 

~ b ~ ~ ~ ~ . ~ ~ 3 ~ ~ ~ & ~ ~ ~ i . n h l d c 1 ~ ~  eaSing~be~zctawu'linrradssMIbcprovidcdtafit 
R * M ~ U T ~ A Q ( K . O , ~ ~ I ~ ~ ~ U & U ~ ~ ~  ~theborcho lc14aUow~dthc l ladfmrElcrcam - 
b . l ~ ~ t o d r s 1 1 5 ~ ~ t h o n b e d c h o f ~ ~  b a r r d , S t u d s r d s i z c s ~ t c l ~ Q a i n g a r ~ r h o w n ~ n  

Table 2 Gsbg biLt havc an ohstr&on In tbdr iataiw and 
-UReanrfngShelk.shall b e n r d P o c ~ = i a d k o n b .  . ~eorpanthcnan~~~USCII~.,,.,U 
%-tal with- mall diamond pdch ia4crtod *lb *do& * mwd . . 

- tmgctenrarbidcdpsordug,hacd hcdwithvariour types 41U prw or- & may 
d bud rurfadns n t a W  or furd-dxd bIanlc. all be utcd to liae a dk ~ l n ~ q  
--C lo cht r o - e  -ah 4 s h a 1 d  notbcdsiren, a n d ~ c a i e r h o u l d b c ~  lo 0 C~r:~u3--Corc liftas of thc tpritdg tyPC 

fnrc align-t mroughout Ulc kngac orthe linalina ~orhud-ramd,shaIIbe~wanbmrIntainc4*ong 43.4 Hanow SYcm Auger--Hdow rtcm - may bc xi& ab&u caris or-lnna-tubc a r t d o d ~  or hltcr-inbc 
~ d q  in g d  conditioa or --t).pc hRcn. u ~ 9 * m ~ ~ m r i n s  
~ . * w i l h = ~ n - a a a p 1 c r s , ~ ~ o n ~ j o b ~  q g I D M R 4 d r o f T ~ S I c d C o ~ t d Y I a r c a o c -  
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6.0 SAMPLE COLLECTION. PRESERVATION, AND HANDLING 

Refer to the introductory material in this chapter, Organic Analytes, Sec. 4.1, for general 
sample collection information. The low concentration pottion of this method employs sample vials 
that are filled and weighed in the field and never opened during the analytical process. As a result. 
sampling personnel should be equipped with a portable balance capable of weighing to 0.01 g. 

6.1 Preparation of sample vials 

The specific preparation procedures for sample vials depend on the expected emcentration 
range of the sample. with separate preparation procedures for low concentration soil samples and 
high concentration soil and d i d  waste samples. Sample vials should be prepared in a fixed 
laboratory or other contrdled environment, seaIed, and shipped to the field location. Gloves should 
be worn during the pfeparation steps. 

6.1 .I Low concentration soil samples 

The following steps apply to the preparation of vials used in the collection of low 
concentration soil samples to be analyzed by the dosed-system purgeand4rap 
equipment desaibed in Method 5035. 

6.7.1.1 Add a dean magnetic stimng bar to each dean vial. If the purge-and- 
trap device (Sec. 4.2) employs a means of stirring the sample other than a magnetic 
stirrer (e.g.. sonicatii or other mechanical means), then the stir bar is omitted. 

6.1 .I .2 Add presentative to each vial. The preservative is added to each vial 
prior to shipping the vial to the field. Add approximately 1 g of sodium bisulfate to each 
vial. If samples markedly smaller or larger than 5 g are to be collected. adjust the 
amount of preservative added to correspond to appmximately 0.2 g of preservative for 
each 1 g of sample. Enwgh sodium bisulfate should be present to ensure a sample pH 
of r2. 

6.1.1.3 Add 5 mL of organic-free reagent water to each vial. The water and the 
preservative will form an add solution that will reduce or eliminate the majority of the 
biological adivity in the sample, thereby preventing biodegradation of the volatile target 
analytes. 

6.1.1.4 Seal the vial with the screwcap and septum seal. If the doubleended. 
fritted, vials are used, seal both ends as recommended by the manufacturer. 

6.1.1.5 Affbc a label to each vial. This eliminates the need to label the vials in 
the field and assures that the tare weight of the vial indudes the label. (The weight of 
any markings added to the label in the field is negligible). 

6.1.1.6 Weigh the prepared vial to the nearest 0.01 g. record the tare weight, 
and write it on the label. 

6.1.1.7 Because volatile organics will partition into the headspace of the vial 
from the aqueous solution and will be lost when the vial is opened. surrogates, matrix 
spikes, and internal standards (if applicable) should only be added to the vials after the 
sample has been added to the vial. These standards should be introduced back in the 
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laboratory, either manually by puncturing the septum With a small-gauge needle or 
automatically by the sample in t rodudi  qstem, just prior to analysis. 

6.1.2 High concentration soil samples collected without a presewative 

When high concentdm samples are collected without a preservative, a variety 
of sample containers may be employed. including 60mL glass vials with septum seals 
(see Sec. 4.4). 

6.1.3 High concentration soil samples collected and preserved in the fie!d 

The following steps apply to the preparation of vials used in the collection of high 
concentration soil samples to be preserved in the field with methanol and analyzed by the 
aqueous purge-and-trap equipment described in Method 5030. 

6.1.3.1 Add 10 mL of methanol to each vial. 

6.1.3.2 Seal the vial with the screw-cap and septum seal. 

6.1.3.3 Afk a label to each vial. This eliminates the need to label the vials in 
the field and assures that the tare weight of the vial indudes the label. (The weight of 
any markings added to the label in the field is negligible). 

6.1.3.4 Weigh the prepared vial to the nearest 0.01 g, r e d  the tare weight, 
and write it on tha label. 

Vials containing methanol should be weighed a second time on the day that 
they are to be used. Vials found to have lost methanol (reduction in weight 
of N.01 g) should not be used for sample collection. 

6.1.3.5 Sunugates, internal standards and matrix spikes (if applicable) should 
be added to the sample after it is returned to the laboratory and prior to analysis. 

6.1.4 Oily waste samples 

When oily waste samples are to be soluble in methanol or PEG, sample vials may 
be prepared as described in Sec. 6.1.3, using the appropriate solvent. However. when the 
solubility of the waste is unknown, the sample should be collected without the use of a 
preservative, in a vial such as that described in Sec. 6.1.2. 

6.2 Sample collection 

Collect the sample according to the procedures d i n e d  in the sampling plan. As with 
any sampling prdure ' fo r  volatiles, care must be taken to minimize the disturbance of the 
sample in order to minimize the loss of the volatile components. Several techniques may be 
used to transfer a sample to the relatively narrow opening of the low concentration soil v i l .  
These indude devices such as the EnCore" sampler. the Purge-and-Trap Soil Sampler "". 
and a cut plastic syringe. Always wear gloves whenever handling the tared sample vials. 
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6.2.1 Low concentration soil samples 

CD-ROM 

6.2.1.1 Using an appropriate sample collection device. collect approximately 5 
g of sample as soon as possible after the surface of the soil or other d i d  material has 
been exposed to the atmosphere: genefally within a few minutes at most Carefully wipe 
the exterior of the sample collection device with a clean cloth or towel. 

6.2.1.2 Using the sample collection device. add about 5 g (2 - 3 cm) of soil to 
the sample vial containing the preservative solution. Quickly brush any soil off the vial 
threads and immediately seal the vial with the septum and screwcap. Store samples 
on ice at 4°C. 

m: Soil samples that mntain carbonate minerals (either from natural sources or 
applied as an amendment) may effemesce upon contact with the aadic 
presetvative solution in the low concentration sample vial. If the amount of 
gas generated is veiy small (i.e.. seveml mL), any loss of vobtiles as a result 
of such effervescence may be minimal if the vial is sealed quickly. However. 
if larger amounts of gas are generated, not only may the sample lose a 
significant amount of analyte, but the gas pressure may shatter the vial if the 
sample vial is sealed. Therefore, when samples are known w suspected to 
contain high levels of carbonates, a test sample should be collected, added 
to a vial, and checked for effervescence. If a rapid or vigorous reaction 
occurs, discard the sample and collect low concentration samples in vials 
that do not contain the preservative solution. 

6.2.1.3 When practical. use a portable balance to weigh the sealed vial 
containing the sample to ensure that 5.0 t 0.5 g of sample were added. The balance 
should be calibrated in the field using an appropriate weight for the sample mntainers 
employed (Ssc. 4.5.5). R d  the weight of the sealed vial containing the sample to the 
nearest 0.01 g. 

6.2.1.4 Alternatively, collect several trial samples with plastic syringes. Weigh 
each trial sample and note the length of the soil column in the syn'nge. Use these data 
to determine the length of soil in the syringe that corresponds to 5.0 f 0.5 g. Discard 
each trial sample. . 

6.2.1.5 As with the collection of aqueous samples for volatiles. collect&least 
two replicate samples. This will allow the laboratory an additional sample for reanalysis. 
The semnd sample should be taken from the same soil stratum or the same section of 
the solid waste being sampled, and within dose proximity to the location from which the 
original sample was collected. 

6.2.1.6 In addition, since the soil vial cannot be opened without compromising 
the integrity of the sample, at least one addiional aliquot of sample must be collected for 
screenitlg, dry weight determinafion, and high concenttation analysis (if necessary). This 
third aliquot may be collected in a 60-mL glass vial or a third 4DmL soil sample vial. 
However, thii third vial must not contain the sample preservative solution. as an aliquot 
will be used to determine dty weight. If high concentrattion samples are collected in vials 
containing methanol. then two additional aliquots should be collected. one for high 
concentration analysis collected in a vial containing methanol, and another for the dry 
weight determination in a vial without either methanol or the low concentration aqueous 
preservative solution. 
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6.2.1.7 If samples are known or expected to contain target analytes over a wide 
range of concentrations. thereby requiring the analyses of multiple sample alquots, it 
may be advisable and practical to take an additional sample aliquot in a low 
mncentration soil vial containing the presentative, but collecting only 1-2 g instead of the 
5 g collected in Sec. 6.2.1.1. This aliquot may be used for those analytes that exceed 
the instrument calibration range in the 5-9 analysis. 

6.2.1.8 The EncoreTM sampler has not been thoroughly evaluated by EPA as 
a sample storage device. While prelmimy resdk indicate that storage in the EnCorem 
device may be appropriate for up b 48 hours, samples collected in this device should be 
transferred to the soil sample vials as soon as possiie, or analyzed within 48 hours. 

6.2.1.9 The collection of low concm&ation soil samples in vials that contain 
methand is a appropriate for samples analyzed with the closed-system purge-and-trap 
equipment described in this method (see Sec. 63.2). 

6.2.2 High concenbation soil samples preserved in the field 

The collection of soil samples in vials that contain methanol has been suggested by 
some as a combined presewation and extraction procedure. However. this procedure is ncg 
appropriate for use with the low wncentration soil procedure described in this method. 

The use of methanol presewation has not been famally evaluated by EPA and 
analysts must be aware of two potential problems. First, the use of methanol as 
a presewative and extraction d e n t  introduces a significant dilution factor that 
will raise the method quantitation limit beyond the operating range of the low 
concentration direct purge-and-trap procedure (0.5-200 pglkg). The exad 
dilution factor will depend on the masses of solvent and sample, but generally 
exceeds 1000, and may make it d i i l t  to demonsbate compliance with 
regulatory limits or action levels for some analytes. Because the analytes of 
interest are volatile, the methanol extract cannot be concentrated to overcome 
the dilution problem. Thus, for samples of unknown composition. it may still be 
necessacy b dl& an aliquot for analysis by this dosed-system procedure and 
another aliquoi prese~ed in methanol and analyzed by other procedures. The 
second problem is that the a d d i i  of methanol to the sample is likely to cause 
the sample to fail the ignitability characteristic, thereby making the unused 
sample volume a hazardous waste. 

6.2.2.1 When samples are to contain volatiles at concentrations high 
enough that the dilution factor will not preclude obtainlng results within the calibration 
range of the appropriate determinative method, a sample may be collected and 
immediately placed in a sample vial containing purge-and-trap grade methanol. 

6.2.2.2 Using an appropiate sample collection device. collect approximately 5 
g of sample as soon as possible after the surface of the soil or other solid material has 
been exposed to the ahnosphere: gemally W i n  a few mnutes at most. Carefully wipe 
the exterior of the sample collection device with a dean doth or towel. 

6.2.2.3 Using the sample collection device, add about 5 g (2 - 3 cm) of soil to 
the vial containing'l0 mL of methanol. Quickly brush any soil off the vial threads and 
immediately seal the vial with the septum and screw-cap. Store samples on ice at 4°C. 
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6.22.4 When practical. use a portable balance to weigh the sealed vial 
containing the sample to ensure that 5.0 f 0.5 g of sample were added. The balance 
should be calibrated in the field using an appropriate weight for the sample containers 
employed (Sec. 4.5.5). R e d  the weight of the sealed vial containing the sample to the 
nearest 0.01 g. 

6.2.2.5 Alternatively, collect several trial samples with plastic syringes. Weigh 
each trial sample and note the length of the soil column in the syringe. Use these data 
to determine the length of soil in the syringe that corresponds to 5.0 i 0.5 g. Discard 
each trial sample. 

6.2.2.6 Other sample weights and volumes of methanol may be employed, 
provided that the analyst can demonstrate that the sensitivity of the overall analytical 
procedure is appropriate for the intended application. 

6.2.2.7 The collection of at least one additional sample aliquot is required for 
the determination of the dry weight, as described in Sec. 6.2.t .6. Samples collected in 
methanol should be shipped as desaibed in Sec. 6.3, and must be dearly labeled as 
containing methanol. so that the samples are not analyzed using the dosed-system 
purge-and-trap equipment described in this procedure. 

6.2.3 High concentration soil sample g preserved in the field 
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The collection of high concentration soil samples that are not presewed in the 
field generally follows similar procedures as for the other types of samples described in 
Secs. 6.2.1 and 6.2.2, with the obvious exception that the sample vials contain neither 
the aqueous presewative solution m methanol. However, when field prese~ation is not 
employed, it is better to collect a larger volume sample, filling the sample container as 
full as practical in i n e r  to minimize the headspace. Such collection procedures 
generally do not require the collection of a separate aliquot for dry weight determination, 
but it may be advisable to collect a second sample aliquot for screening purposes. in 
order to minimize the loss of volatiles in either aliquot. 

6.2.4 Oily waste samples 

The collection procedures for oily samples depend on knowledge of the waste 
and its solubility in methanol or other solvents. 

6.2.4.1 When an oily waste is kncYwn to be soluble in methanol or PEG, the 
sample may be collected in a vial containing such a solvent (see Sec. 6.1.4). using 
procedures similar to those described in Sec 6.2.2. 

6.2.4.2 When the solubility of the oily waste is known, the sample should 
either be collected in a vial without a preservative, as described in Sec. 6.2.3, or the 
solubility of a trial sample should be tested in the field. using a vial containing solvent. 
If the trial sample is soluble in the solvent, then collect the oily waste sample as 
desaibed in Sec. 6.2.2 Otherwise, cdled an unpreserved sample as described in Sec. 
6.2.3. 
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6.3 Sample handling and shipment 

All samples for volatiles analysis should be cooled to approximalely 4"C, packed in 
appropriate containers, and shipped to the laboratory on ice. as desaibed in the sampling plan. 

6.4 Sample storage 

6.4.1 Once in the laboratory, store samples at 4°C until analysis. The sample storage 
area should be free of organic solvent vapors. 

6.4.2 All samples should be analyzed as soon as practical, and within the designated 
holding time from collection. Samples not analyzed within the desiqnated holdina time must - - 
be noted and the data are considered minimum values. 

6.4.3 When the low concentration samples are strongly alkaline or highly calcareous 
in nature, the sodium bisulfate preservative solution may not be strong enou& tb reduce the 
pH of the soillwater solution to below 2. Therefore. when low concentration soils to be 
sampled are known or suspeded to be strongly alkaline or highly calcareous, additional steps 
may be required to preserve the samples. Such steps indude: addition of larger amounts of 
the sodium bisulfate presewative to non-calcareous samples, storage of low concentration 
samples at -10°C (taking care not to fill the viak so full that the expansion of the water in the 
vial breaks the vial), or significantly reduang the maximum holding time for low concentration 
soil samples. Whikhever steps are employed, they shwki be dearly described in the sampling 
and QA projed plans and distributed to both the field and laboratory personnel. See Sec. 
6.2.1.2 for additional information. 
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GROUNDWATER SAMPLE ACQUISITION 

1.0 PURPOSE 

The purpose of this guideline 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 guideline provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling 
effort by describing standard sampling techniques. The techniques described should be followed 
whenever applicable, noting that sitespecific conditions or project-specific plans may require 
adjustments in methods. 

None. 

4.0 RESPONSIBILITIES 

Project Manager I The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Manager is responsible for development of documentation of procedures 
which deviate from those presented herein. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the specific 
groundwafer sampling techniques and equipment to be used, and documenting these in the Sampling 
and Analysis Plan. It is the responsibility of the Field Team Leader to ensure that these procedures 
are implemented in the field and that personnel performing sampling activities have been briefed 
and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to follow these 
procedures, or to follow documented, project-specific procedures as directed by the Field Team 
Leader and the Project Manager. The sampling personnel are responsible for the proper acquisition 
of groundwater samples. 

5.0 PROCEDURES 

To be useful and accurate, a groundwater sample must be representative of the particular zone being 
sampled. The physical, chemical, and bacteriological integrity of the sample must be maintained 
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from the time of sampling to the time of testing in order to minimize any changes in water quality 
parameters. 

The groundwater sampling program should be developed with reference to ASTM D4448-85A, 
Standard Guide for Sampling Groundwater Monitoring Wells (Attachment A). This reference is not 
intended as a monitoring plan or p r o d u r e  for a specific application, but rather is a review of 
methods. Specific methods shall be stated in the Sampling and Analysis Plan (SAP). 

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 largely isolated and become 
stagnant. To safeguard against collecting non-representative stagnant water in a sample, the 
following approach should be followed during sample withdrawal: 

1. All monitoring wells shall be pumped or bailed prior to withdrawing a sample. 
Evacuation of three to five volumes is recommended for a representative sample. 

2. Wells that can be pumped or bailed to dryness with the sampling equipment being 
used, shall be evacuated and allowed to recover prior to sample withdrawal. If the 
recovery rate is fairly rapid and time allows, evacuation of at least three well 
volumes of water is preferred; otherwise, a sample will be taken when enough water 
is available to fill  the sample containers. 

Stratification of contaminants may exist in the aquifer formation. This is from concentration 
gradients due to dispersion and diffusion processes in a homogeneous layer, and from separation of 
flow streams by physical division (for example, around clay lenses) or by contrasts in permeability 
(for example, between a layer of silty, fine sand and a layer of medium sand). 

Purging rates and volumes for non-production wells during sampling development should be 
moderate, pumping rates for production wells should be maintained at the rate normal for that well. 
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, thus result in the 
collection of a non-representative sample. Water produced during purging shall be collected, stored 
or treated and discharged as allowed. Disposition of purge water is usually site-specific and must 
be addressed in the Sampling and Analysis Plan. 

5.1 Sameling. Monitorine. and Evacuation Eauipment 

Sample containers shall conform with EPA regulations for the appropriate contaminants and to the 
specific Quality Assurance Project Plan. 
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The following list is an example of the type of equipment that generally must be on hand when 
sampling groundwater wells: 

1. Sample packaging and shipping equipment: Coolers for sample shipping and 
cooling, chemical preservatives, and appropriate packing cartons and filler, labels 
and chain-of-custody documents. 

2. Field tools and instrumentation: PID; Thermometer, pH meter, specific 
conductivity meter, appropriate keys (for locked wells) or bolt-cutter; tape measure; 
plastic sheeting; water-level indicator; calibrated buckets and, where applicable, 
flow meter. 

3. Pumps 

a. Shallow-well pumps: Centrifugal, Packer Pumps, pitcher, suction, or 
peristaltic pumps with droplines, air-lift apparatus (compressor and tubing), 
as applicable. 

b. Deep-well pumps: Submersible pump and electrical power generating unit, 
bladder pump with compressed air source, or air-lift apparatus, as 
applicable. 

4. Tubing: Sample tubing such as teflon, polyethylene, polypropylene, or PVC. 
Tubing type shall be selected based on specific site requirements and must be 
chemically inert to the groundwater being sampled. 

5. Other Sampling Equipment: Bailers, Packer Pumps, teflon-coated wire, stainless 
steel single strand wire, and polypropylene monofilament line (not acceptable in 
EPA Region I) with tripod-pulley assembly (if necessary). Bailers shall be used to 
obtain samples for volatile organics from shallow and deep groundwater wells. 

6. Pails: Plastic, graduated. 

7. Decontamination equipment and materials: discussed in SOP F501 and F502. 

Ideally, sample withdrawal equipment should be completely inert, economical, easily cleaned, 
sterilized, and reusable, able to operate at remote sites in the absence of power sources, and capable 
of delivering variable rates for well purging and sample collection. 

5 2  Calculations of Well Volume for Pureing 

The volume of the cylinder of water in a well is given by: 

Where: V =volume of standing water in well (in cubic feet) 
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-ell radius (in feet) 
hstanding water in well (in feet) 

To insure that the proper volume of water has been removed from the well prior to sampling, it is 
first necessary to determine the volume of sfanding water in the well pipe or casing. The volume 
can be easily calculated by the following method. Calculations shall be entered in the field logbook: 

1. Obtain all available information on well construction (location, casing, screens, 
etc.). 

2. Determine well or casing diameter (D). 

3. Measure and record static water level @W-depth to water below ground level or 
top of casing reference point), using one of the methods described in Section 5.1 of 
SOP F202. 

4. Determine the depth of the well (TD) to the nearest 0.01-foot by sounding using a 
clean, decontaminated weighted tape measure, referenced to the top of PVC casing 
or ground surface. 

5. Calculate number of linear feet of static water (total well depth minus the depth to 
static water level). 

6. Calculate the volume of water in the casing: 

Vpurge = Vgal ( # Well Vol) 

Where: 

VW = Volume of water standing in well in cubic feet (i.e., one well volume) 
L = pi, 3.14 
r = Well radius in feet 
TD = Total depth of well in feet (below ground surface or top of casing) 
DW = Depth to water in feet (below ground surface or top of casing) 
Vgal = Volume of water in well in gallons 
Vpur e - Volume of water to be purged from well in gallons 
# ~ e f l  ~ol.&umber of well volumes of water to be purged from the well (typically 

three to five) 
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7. Determine the minimum number of gallons to be evacuated before sampling. (Note: 
VPe should be rounded to the next highest whole gallon. For example, 7.2 

ga Ions should be rounded to 8 gallons.) 

Table 5-1 lists gallons and cubic feet of water per standing foot of water for a variety of well 
diameters. 

TABLE 5-1 
WELL VOLUMES 

5.3 Evacuation of Static Water (Pn1ying2 

The amount of purging a well should receive prior to sample collection will depend on the intent of 
the monitoring program and the hydrogeologic conditions. Programs to determine overall qualify 
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. 

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 a wide area. Generally, three to five 
well volumes are considered effective for purging a well. 

An alternative method of purging a well, and one accepted in EPA Regions I and IV, is to purge a 
well continuously (usually using a low volume, low flow pump) while monitoring specific 
conductance, pH, and water temperature until the values stabilize. The well is considered properly 
purged when the values have stabilized. 

If a well is dewatered before the required volume is purged, the sample should be collected from the 
well once as a sufficient volume of water has entered the well. In order to avoid stagnation, the well 
should not be allowed to fully recharge before the sample is collected. The field parameters (pH, 
conductance, and temperature) should be recorded when the well was dewatered. 
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The Project Manager shall define the objectives of the groundwater sampling program in the 
Sampling and Analysis Plan, and provide appropriate criteria and guidance to the sampling 
personnel on the proper methods and volumes of well purging. 

53.1 Evacuation Devices 

The following discussion is limited to those devices which are commonly used at hazardous waste 
sites. Note that all of these techniques involve equipment which is portable and readily available. 

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 (e.g., Teflon-coated) 
is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

. Few limitations on size and materials used for bailers. . No external power source needed. . Inexpensive. . Minimal outgassing of volatile organics while the sample is in the bailer. . Relatively easy to decontaminate and use. 

Limitations on the use of bailers include the following: 

. Limited volume of sample. . Time consuming to remove stagnant water using a bailer. . Collection and transfer of sample may cause aeration. . Use of bailers is physically demanding, especially in warm temperatures 
at protection levels above Level D. . Unable to collect depth-discrete sample. 

Suction P u m ~ s  - 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 for sampling at a low pumping 
rate. The peristaltic pump is a low volume pump (generally 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 10 to 25 feet of the 
ground surface. A significant limitation is that the vacuum created by these pumps will 
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cause significant loss of dissolved gases, including volatile organics. In addition, the 
complex internal components of these pumps may be difficult to decontaminate. 
Gas-Lift Sam~les - 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 pumps 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. An inert gas such as nitrogen is generally used as 
a gas source. 

Submersible Pumps - 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 air 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 two-inch 
diameter wells and larger. These pumps can lift water from considerable depths (several 
hundred feet). 

Limitations of this class of pumps include: 

. Potentially low delivery rates. . Many models of these pumps are expensive. . Compressed gas or electric power is needed. . Sediment in water may cause clogging of the valves or eroding the 
impellers with some of these pumps. . Decontamination of internal components is difficult and time-consuming. 

The sampling approach consisting of the following, should be developed as part of the Sampling and 
Analysis Plan prior to the field work: 

1. Background and objectives of sampling. 

2. Brief description of area and waste characterization. 

3. Identification of sampling locations, with map or sketch, and applicable well 
constmction data (well size, depth, screened interval, reference elevation). 

4. Sampling equipment to be used. 

5.  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 should be sampled last 
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to reduce the risk of crosscontamination between wells as a result of the sampling 
procedures. 

6. Sample presewation requirements. 

7. Schedule. 

8. List of team members. 

9. Other information, such as the necessity for a warrant or permission of entry, 
requirement for split samples, access problems, location of keys, etc. 

5.4.1 Sampling Methods 

The collection of a groundwater sample includes the following steps: 

1. F i  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. This task is usually performed by the Field Team Leader, Health and 
Safety Off~cer, or other designee. 

2. When proper respiratory protection has been donned, measure the total depth and 
water level (with decontaminated equipment) and record these data in the field 
logbook. Calculate the fluid volume in the well according to Section 5.2 of this 
SOP. 

3. Lower purging equipment or intake into the well to a distance just below the water 
level and begin water removal. Collect the purged water and dispose of it in an 
acceptable manner (e.g., DOT-approved 55-gallon drum). 

4. Measure the rate of discharge frequently. A bucket and stopwatch are most 
commonly used; other techniques include using pipe trajectory methods, weir boxes 
or flow meters. Record the method of discharge measurement. 

5. Observe peristaltic pump intake for degassing "bubbles" and all pump discharge 
lines. If bubbles are abundant and the intake is fully submerged, this pump is not 
suitable for collecting samples for volatile organics. The preferred method for 
collecting volatile organic samples and the accepted method by EPA Regions I 
through IV is with a bailer. 

6. Purge a minimum of three to five well volumes before sampling. In low 
permeability strata (i.e., if the well is pumped to dryness), one volume will suffice. 
Allow the well to recharge as necessary, but preferably to 70 percent of the static 

water level, and then sample. 
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7. Record measurements of specific conductance, temperature, and pH during purging 
to ensure that the groundwater level has stabilized. Generally, these measurements 
are made after the removal of three, four, and five well volumes. 

8. 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 the sampling level before filling (this requires use of other than 
a "bucket-trpe'' bailer). Purged water should be collected in a designated container 
and disposed of in an acceptable manner. 

9. (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 intern1 or unscreened open section volume below the 
packer before sampling. Packers should always be tested in a casing section above 
ground to determine proper inflation pressures for good sealing. 

10. In the event that groundwater recovery time is very slow (e.g., 24 hours), sample 
collection can be delayed until the following day. However, it is preferred that such 
a well be bailed early in the morning so that sufficient volume of water may be 
standing in the well by the day's end to permit sample collection. If the well is 
incapable of producing a suflicient volume of sample at any time, take the largest 
quantity available and record in the logbook. 

1 1. Add preservative if required (see SOP F301). Label, tag, and number the sample 
bottle(s). 

12. Volatile organics septum vials (40 ml) should be completely filled to prevent 
volatilization and extreme caution should be exercised when filling a vial to avoid 
turbulence which could also produce volatilization. T3e sample should be carefully 
poured down the side of the vial to minimize turbulence. As a rule, it is best to 
gently pour the last few drops into the vial so that surface tension holds the water 
in a "convex meniscus." The cap is then applied and some overflow is lost, but air 
space in the bottle is eliminated. After capping, turn the bottle over and tap it to 
check for bubbles; if any are present, repeat the procedure. If the second attempt 
still produces air bubbles, note on Chain+f-Custody form and in field notebook and 
submit sample to the laboratory. 

Fill the remaining sample containers in order of decreasing volatilability (semi- 
volatiles next, then pesticides, PCBs, inorganics, etc.). 

13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. 
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14. Pack the samples for shipping (see SOP F301). Attach custody seals to the shipping 
container. Make sure that Chain-of-Custody forms and Sample Analysis Request 
forms are properly filled out and enclosed or attached (see SOP F302). 

15. Decontaminate all equipment. 

5.4.2 Sample Containers 

For most samples and analytical parameters, either glass or plastic containers are satisfactory. SOP 
F301 describes the required samdine, containers for various analytes at various concentrations. 
Container requirements shall foliow those given in NEESA 20.2 0 4 7 ~ .  

5.43 Preservation of Samples and Sample Volume Requirements 

Sample preservation techniques and volume requirements depend on the type and concentration of 
the contaminant and on the type of analysis to be performed. SOP F301 describes the sample 
preservation and volume requirements for most of the chemicals that will be encountered during 
hazardous waste site investigations. Sample volume and preservation requirements shall follow 
those given in NEESA 20.2-047B. 

5.4.4 Field Filtration 

In general, preparation and preservation of water samples for dissolved inorganics involve some 
form of filtration. All filtration must occur in the field immediately upon collection. The 
recommended method is through the use of a disposable in-line filtration module (0.45 micron filter) 
utilizing the pressure provided by the upstream pumping device for its operation. 

In Region I, all inorganics are to be collected and preserved in the filtered form, including metals. 
In Region 11, metals samples are to be analyzed as "total metals" and preserved unfiltered. In 
Regions IU and IV, samples collected for metals analysis are also to be unfiltered. However, if 
metals analysis of groundwater is required, then both an unfiltered and filtered sample are to be 
collected, regardless of regulatory requirements. Filtration and preservation are to occur 
immediately in the field with the sample aliquot passing through a 0.45 micron filter. Samples for 
organic analyses shall never be filtered. Filters must be prerinsed with organic-free, deionized 
water. 

5.45 Handling and Transporting Samples 

After collection, samples should be handled as little as possible. It is preferable to use self-contained 
"chemical" ice (e.g., "blue ice") to reduce the risk of contamination. If water ice is used, it should 
be double-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 should be 
enclosed in plastic bags or cans to prevent cross-contamination. Samples should be secured in the 
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ice chest to prevent movement of sample containers and possible breakage. Sample packing and 
transportation requirements are described in SOP F301. 

5.4.6 Sample Holding Times 

Holding times (i.e., allowed time between sample collection and analysis) for routine samples are 
given in NEESA 202-047B. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each sample that is collected. The following 
information will be recorded in the Field Logbook: 

. Sample identification (site name, location, project no.; sample namelnumbw and 
location; sample type and matrix; time and date; sampler's identity). 

. Sample source and source description. 

. Field observations and measurements (appearance; volatile screening; field 
chemistry; sampling method, volume of water purged prior to sampling; number of 
well volumes purged). 

. Sample disposition (preservatives added; lab sent to; date and time). 

. Additional remarks, as appropriate. 

Proper chain-of-custody procedures play a crucial role in data gathering. SOP F302 describes the 
requirements for correctly completing a chain-of-custody form. Chain-of-custody forms (and 
sample analysis request forms) are considered quality assurance records. 
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I. Scope 

1.1 mi y i d c  coven pmcuium for obtaining valid, 
rcprewntativc samplcs Crom groundwater monitoring wells 
The scope is limited to sampling and -in the lidd" p-- 
lion and docs not indude wdl location, depth. wdl develop 
mcnc daign and coaumqion. -ing or analytical 
p m u r a .  

1 3  This guide is only intended to prbvide a rcvicw of 
many of thc.most commonly used methods for sampling 
groundwater quality monitoring wdls and is not intended to 
serve as a groundwater monitoring plan for any spccific 
application. k u s c  of the brge and cver number 
of options available. no single guide can bc n c w d  as 
compnbc~sive. The practitioner m w  make every effort to 
ensure that the mahods used, whether or not thcy arc 
a d d W  in this guide. arc adcquate to satis@ thc moni- 
toring objedivcs at  cach site 

1.3 This standard may inwIve hazardous mruerioLr. oper- 
aiions. and equiimenc lhis standard does not purport ro 
addrw all of thesrr/dy problems assoaoamcd with its rrrc It is 
the responsibiIity of whoever user this aandmd to w d t  and 
establish appropriae safdy and health gradices and d m -  
mine fie appIicabiIity ofrqdatory limimions prior to rrrc 

2. Summary of Guide 
2 1  Thc equipment and promduns used for sampling a. 

monitoring wdl depend on many factors. W a c  indude, but 
arc not limited to, thc ddcsigo and construction of the wcU, 
rate of groundwata flow. and the chemical s p c c i ~  of 
i nce ra  Sampling p d u r c s  will bc d i a m t  if analping 
for trace organiq volatilq oxidizable &cs. or trace 
metals is needed. This guide considas all of thcsc fadocs by 
&cussing equipment and proadure options at each stage of 
thc sampling scqucnas For ease of o-tion. the sam- 
pling process can bc divided into three steps wdl flushing 
samplc withdrawand field preparation ofmnplcz. 

22  Monitoring wells must be flusbed prior to ampling so 
that thc mundwata is sampled, not the stagnant water in 
IhcwdlCaring.Uthewdl~ngcapbccmpti~(hismaybc 
donc although it may be naffsary to avoid oxygen cnntaa 
with the groundwilta. If the hc cannot be cmpt i4  
procedum must bc atabliiod to dcmoosMc that thc 
samplc npmscnts groundwatff- Monitoring an indicative 
pamccer such as pH during flushing is deskbk if such a 
pameter  can be idcntifiul. 

23 The t w  O ~ S P & ~  that= to be monitored 4 1  
thc co-tntion IevLLr uc p h c  factom for deai 
sampling &asQI (l. 2L1 Thc sampling & 
matcnals and h o t s  the wuaconIacls must bc c o m a  
of mat& Ihat Vtiu not kPodUcc Contaminan& oralter c 
ady te  chemically in any way. 

2 4  The mccbod of sample withdrawal can vary *~ith (I 

warndm of iatuc% The idcal sampling sch- m u  
C~PIOY a mmplctd~ inert matad. would not s u b j a  
m p l c  to ncgativ~ pvsurc and only moderak podti. 
pmrun. would not expow thcsample to thc a-w, 
P ~ ~ W Y .  any other gaseour morph- bdorc conveying 
to the smplc concaincr or flow dl for on& anal* 
25 WC dcg- and type of &kt and can that gocs into 

S ~ D P ~  Pmgram is a l w y ~  -t on tbe chcmic 
sXr;cs of intenrt and &c conaotration kvds ofinterm. I 
thc conoentntion levd of the chemical spc.5~ ofanalytic 
i n m  daxascs. tbc work and pncaations neocssary fi 
 ampl ling arc incnsased Thd' the sampbg o b j d ~  
must dcuiy be ddined ahcad of fimc For uamplq I 

prcpan cquipmcnt for sampling for mgn (ppm) lcvds c. 
Total organic Carbon CMC) in water is about an ode r  
magnitude easier than prcpa&g to sample for (Ign (ppl 
lcvdsofatraaorganiclikc~cl'hespcdticp~oca~ 
tions to bc taken in pmp6ng to sample for tncc O@Q a 
d i a m t  6rom those to be (alccn in sampling for tract m d  
No l i d  Environmental Protation Agency (EPA) pmlocol 
availabk for sampling of trace organics A short guidanc 
manual, (3) and an EPA document (4) concuning mom 
toting wdl sampling. including considaatioac for tnc  
06s  an available. 

26 Carc must be takcn not to - contaminate samplc 
or monitoring wells with gmpIing or pumping devices a 
matedalc. AU samples, &Vim. and containu 
must bc proteckd from thc enmamar t  whca not in usc 
Water levcl mcammnentr mould be made bcfom thc wcll i 
fluchdd Oxidation-Irducaion potcntkl, pH, diaolvcd ox 
ygcs a d  tcmpaatun mcasusmcnts aud 6kation shoul. 
all bc p c r f i a i  on Ihc saatpIc in the field. if pomie. A 
but tuqwatute mcamwmmt must k. donc prior to an 
~ c a n t ~ a s p h u i c ~ i f p o s s i b l c .  

27 f h c ~ l i n g p m c c d ~ ~ 5 m n d b c w d l p ~ c d ~ d a  
samplc con(aimrs m a  bc and labdcd prior t 
going to rhc f& 

3. S i i -  md Use 
3-1 Thc quality of groundwater has bccpmc an issue c 

na t iod  conam. Gmundwatcr moailaring wdLc am one a 
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. the mon important tools for evaluatiag the quality' of 
groundwater, delineating contamination pkumq and cstab- 
Sihing t h e  integrity of hazardous mat& managcant 
facilities 
32 Thc goal in sampling groundwata monitoring wdls k 

to obtain samp1cs that am truly r c p ~ t a t i v c  of the aquifa 
or groundwater in qucslioa This guide disarncs thc advan- 
Caga and disadyautagcs d d o u s  wdl flushing, samp1c 
withdrawal, and sample pcesm'acion techniques. It nvim 
the panmeters lha~ n d  to bc c o a - d d  in dcvdoping a 
valid sampling plan. 

4. Well Rushing (Pu&gl 
4.1 Watcc that Nnds within a monitoring 4 Tor a Iong 

puiod of timc may become u m ~ ~ ~ ~ ~ t a t i v c  of ionnation 
water because chemical or biochemical change may QUSC 

water quality afteratioar and cvcn if it is unchanged fmm thc 
time it catcnd che well. thc dorad w e  may 1101 bc 
rep-mtive offormation wata at thc (imc ofsampk.  
boch. Because the ~ ~ t i v a l c s s  of stood wafer rr 
qucscioaab1c. it should bc d u d c d  fmm sampla a,kctd 
from a monitoting well. 

4 2  Tke s u d  way of aammpWtng chis objedvc k to 
nmove dl s t o d  w l ~ a  fmm Ihc casing prior to sacq~liag. 
Rcscarch with a mar in a full @e modd 2 in PVC wdl(9 
indicates that pumping 5 to 10 tima thc d u m c  of* wdl 
via an inld near the f i e  watasurfacc is ~BIdenr  to nxuove 
all chc storcd watcr in the cas in~ Thc volume oTchc wdl may 

bc calcnlatcd ta induck thc wdI scrmt and any gravd pack 
i f n a t d  now through these is daemcd insufficient to kocp 
chcm fiushed out. 

4 3  h decp or krgc diamc4cr w l l s  having a volumc of 
wata n, as to makc removal of all the water imptac- 
tical. it may be f d b k  to I o w a  a pump or pump inld to 
somc point wdl bdaw Ihc wata d a o ;  pmgc only thc 
volume Mow ma( point thcn wi fhhw the sample Gum a 
dccpa levd Racarch indicates chis approach should avoid 
most contadmtioa asacktcd with-dorod wata (5.6,i'). 
ScaEngthe~abo lnIhepucge~*mtwi thapa~may  
makx this approach mom depcadabk by pnvcnting migra- 
tion of ztorcd wala from above But the packa mud be 
a b m  the top of thc -cd mnq or m t  wala Emm 
abavc the psdm wiU flow into the purged mfK: thmugh thc 
well's gavd/sand pa& 

4.4 Inlowyiddingwdlr. theoaly pradical way to nmove 
allztanding~d.tcrmaybetocmpt9'thccaSing.Sinaitkno~ 
always pmaWc to move all watcr. it may bc advigMc to I d  
t h c w c U n m v a ( ~ a n d c m p r y i c ~ a t l c a n o a c c ~ f  
introdudion ofoxygen thc @a may bc of wacan, it 
dbcbcscnottou~theraccn~cnpcrforming(hc 
above proccdurrr fhc main disadvaatagc of methods do 
Ggwd to nmovc dl tbc smrod waccr is hl large volumc 
may nccd to bc pimped in d a  inscanca. The ma;- 
advantage k that thc ~ c n r i t l  forcon+nination of +amp1 
with s t o d  water is minimtcd. 



4.5 Another approad to well flushing is Lo monitor one 
or mom indicator pammdcn such as pH; t c m p c m  or-  
conductivity and condda thc wdl to bc flushed w b n  the 
indicatoris) no Ionger change. Tke advantage of this mclhod 
is that pumping can bc done from any location within the 
casing and the volume of dorod wafer p-t has no dircd 
bearing on thc volume of%afcr that musf bc p m @  
Obviously. in a Low yidding wdl. thc well may bc d o d  
b e f a  thc panmdcrs stab& A disadvantage of thL 
approach is tha( thcn is no asucmce in alI situations h t  
thc stabilimi pamuam repmat  formation water- If-- 
icanf drawdown has o c a n d ,  wata fium same distance 
away may be puIIed into thc saren cawing a d y  
parameter rcading but not a rep-tatin: rrading. Also, a 
suitabIc indicator pasameta and means of con6nuoudy 
measuring it in the GcId mud be avaiIab1lc 

4.6 Gibb (4.8) has d ~ ~ 1 b c d  a fimednwdown appmach 
using a howicdgc of thc wdl hydraulics to predid thc 
puuutagc of sforul wafa catering a pump inid ncarthc Lop 
of the hc at any time a f t a  flushing bcgiK SampIcs arc 
taka whca thc puuutagc is aoccp(;tbIy low. As bdorc. the 
advantag~ischacwdlvolumchasnodinddfc~in(hc 
duration af pumpiw A cucxmt k n o w f ~  of the d s  
hydraulic chKa&cs is namary to empIoy (hir ap 
p r o a h  Downward migr?tion of n o d  water due dcds 
other lhan drawdown (for uamp1e W f y  diffarna) is nof 
acwuntod for in rhi approah 

4.7 In any flushing approach. a wiIhdrawaI rate rhat 
minimizes drawdown while s a w n g  time condnintr 

I should be usui Exccssivc drawdown dtc0ti.s the nahnal flow 
patfuns around a wdl and can cause contaminants lhat rn 
noc D-C originally to bc dram into the wdL 

5. Mnt* pnd lManukhuf2 
i l  The choice of mataials used in the coashuccion c 

smpling d- should bc bascd upon a howicdgc of* 
compounds may bc present in the sampling c~vinmmer 
and how the sample matnials may inteaad via lcachinr 
adsorpti0a.-or catalysir In some sifuatioaz. PVC o r  som 
othcr plashc may bc suEidcat in others, an atI gIa! 
qpanNs may bc nccxsaty- 

52 Most analytid protocols asggcst that thc dcvius use 
in sampling and s l o e  samples for traa odes analys 
@/I. kvck) must be conshudcd of glass c 
TFE-fluorocartron nsh. or both. Onc atggcstion a d m a  
bythcEPAishtthcmoaitoringwdlbcconztrudedsach; 
only TFEnuomcarbon hlbing bc uscd in that podon of It 
amplingwdl htcxGendstium afcw fkctabovcthcwat 
caMc to the bomm ofthc boIrho1c (3.5) Although this tn 
of wdl cadng is now comma&Uy available. PVC wc 
casings arc currmtly the most popuIar. If adhcsivcs a 
avoided, PVC wrll casings ate aaqtablc in many cas 
dth0ughthciruu:maystiIlkadto~cprubIansif~ 
~ a r c o f c o a a r n . A t ~ t . I h c t y p c o f ~ u r r  
prrsetucd by PVC and intendons occurdng bctwam Pv 
and gmundwafer are not dI udastmd Ti inthc f a  ( 

an aganofin dabika addd to W c  may mta 9mp1t 
r a k c n f r o m W C ~ ( 9 )  

5.3 Sina the most si@kmt poMaa m-td i 
ma @cs sxmpling, d t r  from thc use of PV 
adhcsivcs in monitocidg w d  cosuuctioa. tluradcd join 
might avoid Ihe pIPMem (3.5). M i i  p a  li(n ( p m  P 
million) lcvck of oompounds such as mrdhydrofufa 
mdhyl-cihyi-kccone. and tducnc w found to Icach 10 



groundwata sampla from monitoring wdl Qdngs walcd 
with PVC solvent cement Pollutant phlhalate cslcn (8.10) 
an o f t a  found in watcr sampla at ppb Icvds; lhc EPA has 
'found lhcm on d o n  at ppm lcvds in their sampla. The 
ubiquitous p-a of thcsc phthalatc csla is unuplaind. 
cxcspt to say that they may bc leached from plasric pipq 
sampling devicq and 0ontaincl.s. 

S A  TFGfluolocarbon rcsins arc h i i y  incli a id  havc 
sufficient mcdaanical Snngth to m i l  fabrication of sam- 
pling dcvim and w e l l  caring.% Molded are wrpowd to 
high tcmpcntm during fabrication which dcNoys any 
o&c coatamioancr Thc evolution of fluorinated com- 
pouods can omrr during fabrication. will aasc rapidly. and 
docs not occur aficnvds unlcss lhc resin is heated to its 
mdting point 

5 5  Extruded tubing of TFE-fluorocarbon for sampling 
may oondn surface of an organic solvcnc extrusion 
aid. This can bcxmovcd casily by t l~c Cabricaror and. once 

nmovcd by flushing should no t -a id  thc sample TFI 
f l u o ~ n  FEP and WE-fluomcarbon PFA resins do nc 
.napire this cxtnrson aid and may be suitable for samp 
tubing as wdL U o s i n W  thrcad-sdant tape of TFI 
fluomcarbon is available in an "oxyga savicc" grade an 
wntains no cxtrusioa aid and lubiicdnt 

5.6 Louwmm, d aL (11) alluda to pmbluas cauxd by 
lubricating oil usd during TFGUuomcu6on tubing u;n, 
sion This dmna also pnxats c v i d m  that a fluorina~ 
dhyl~~.cpropylcnc copolymer adsorbed acdonc to a dcgn 
chat latcr c a d  wnIami~tioa of a gas sample. 

5.7 Glan and staiokss sted are tvm o b  ma&=ria 
gcnually conddurd inac in aqueous caviroamae. Gbs 
pmbably among thc bca choim though it is not 'mood 
ablc it could adsorb wmc consfitucnts as wdl as dcasc O~JI 
amtaminantc (for example. Na. silicate, and Fc). Ofoou 
glass sampling quipmcnt muz( bc handlcd d u l l y  in 
field. Stainla sled is  suondy and easily machined 



fabricate oquipmcnt Unfiunauly, it is not totally immune 
to wnodon that auld nlcase metallic contaminants. Stain- 
las st& contains various alloying metals. somc of the (for 
cxamplc NI) ~IE mmmonly used as catalysis for various 
maiorn Thc alloyed wdtucnts of somc s t i n k s  nods 
can be w l u b i i  by the pining action of nonoxididng 

- anions such as chloride. fluoride, and Zn some h o t s  

sulfate, over a range of pH conditiodr Aluminum. titanium. 
polyclhylcac. and other m&on r&stant ma&aJs haw 
bcen proposed by some as a.cccptabIc matccia4 d e ~ ~ ~ d i o g  
on groundwater quality and thc consti~ents of intarst 

5.8 Whae tcmpotarily inztalled sampling equipment is 
used, che .smpliog dcvia (hat k chosen should be non- 
p W c  (unlca ~ u o ~ n ) ,  dcanabk of tna or- 
gania. and must be dcaned bcorntn each moaitoritlg wdl 
use in orda to avoid awsumramination of & a d  
samplcr Thc only way to CMIIC. tha1- chc dcvia is indccd 
-dean" and a~pcaMc is to andyzc laboratory wata Manla 
and Gdd wata blanks fhat havc been soaked in and passcd 
h u g h  thc sampling &mice to check for thc b&gmuad 
levdr that may d t  fmm the sampling macaiats or fmm 
Gdd condidoas. Thus. dl ramplings for taaa rmtaials 
should bc aommpaaied by samples which mxxcscnt the lidd 
backgmund (it px&'Mc). chc sampling cquipmat back- 
ground. and the laboratoq b a ~ o u n d .  

5 9  Additional rampla often takd in the f i d  and 
spikcd (spikuJ4dd sampla) in ordcr to vuify Chat thc 
samplc handling p r d u r c s  arc valid. 7hc Amaican Chcm- 

ical Soddy'r committee oa environmcdtal impmvcn 
pubIished puiddina for data acquisition and data cv; 
wfrich sbould be uwrul in such cnvirdnmental cval 

6- Sampling Equipment 
6.1 Thcn is a Cairy krgc choice of cquipmcnt p 

aMikbLe for grouaduatcr Bmpliag b m  singlc r 
wdLc and wdl dustax. Tkc ampliog dcvies can bc 
tized into rkc fbbving cight basic typcs 

6.1.1 Lbm-Hde CdCcaibn Device 
6.1.1.1 Baikn, mcacoga bailas, or thid samp 

14) an examples of down-holc dcvias that pmbabl) 
val id~esowcthcWCnharbecnflu+hdThq 
praclid for rrmoval of large yoluma of watc 
devica can be ~ ~ d c d  in various shapes and s i n  
variay of m a W  Thcy do not subjod rhc E 
pnoure-CS. 

6.1.12 Bas= do arposc  pa^ of the sampb 
atmosphat doriDg withdrawal. Bait- used for rar 
vaIa(ik o& compouads should have a smpk 
dratt nlvc  in or aar the bottom of thc gmplcr 
withdrawal of a sample from chc wdl below t h c  
sudaa of the waca or the tist few inchcs of U 
should be dkcadcd. Surgcnsioa liacs for bail- 
amp1as shoutd be kcpc off the ground and f m  
oondnatiag maicriaIs that auld  bc d a d  inu 
Doumholc devices arc not vay  praaical for us 
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--. . wcllr HOWCVQ, potenrial samplc oxidation during tmd~d 
thc sampIc inlo a cnlIdon vcssd and time constraints for 
lowering and h c v a l  for dccp sampling an thc primacy 
disad~ncagcs. 

6.1.1.3 Tlutx down-holc &vim are the single and doublc 
dodc valvc bail- and chid samp1u-s A schematic of a 
single chaL valvc unit h ilI~dra(ed in Fc 1. Thc bailer may 
bc thmadcd in k middle so that additional lengths of b W  . 
casing may bc ad& to in- thc sampling vdumc - .. TFE-fluomcarbon or PVC arc thc most common mat& 
uscd for c o w u i o n  (15). 

6.1.1.4 In operation. thc si&c c h d  d v c  bailer is 
10- into (he well, water alas thc cbambcr through the 
bottom. and &c wighwdghc of chc wata column d o ~ s  the check 

d v c  upon b d a  &cvaL The spcdfc gravity of thc ball 
should bc about 1.4 to 20 so lhac the balI a ~ o z t  +its on the 
chcdc valve +cat during chamber fillkg Upon bails with- 
drawal. thc ball wiU immd&dy xat without any sampla 
loa though thc &c& vaIvc A am* technique invoIvcs 
lowwing a scaled samplc container within a weighted boUIc 
into thc wclL Thc scoppcr is chen pdod fmm the bonlc via a 
Line and the en& sacmMy is &cved upon filling of thc 
container (14.16). 

6.1.1.5 A &ubk c h d  valve baila aJ.lows point roruu: 
sampling at a rpcdfic dqxh (15.17). &I ucamplc is show4 in 
Fig 2 In this donMe cheek valve dcdgn. watcr flows through 
the sampIe chamber as the unit is lowaad A venturi (a@ 

inlct and outlcc eoaurs that wata passes W y  through thc 
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unit Whur a dcpth what the sample is to bc dfdcd is 
machd, the unit is W e d .  Because the diffbcncz bchwa - each ball and check valve scat is maintained by a pin that 
blocks vertical movemcnt of the check ball. both chctk 
vaIvcs dou: simultaneoady upon dd A dmhge  pin is 
plaad into the bottom of the bai* to drain Ihe sample 
d i d y  into a c o n d o n  v q d  to radua the possibility ofair 
oxidation. The acrylic modd in F& 2 is W e d  at thc 
midscuion allowing Ihe addition of thnadcd casing to 
in- the sampling volume 

6.1.1.6 Anotherappmach for obIainiog point s o m  +am- 
plcs employs a -tcd mcncnga or pneumatic change to 
"trip" plugs at citha end of an opca tube (for exam* tube 
water sampIer or thief sampler) to dose the chamba (18). 
Focrst. Kcmmm. and Bacon samplas arc of this variety 
(14. 17.19). A simple and inapcnsive pneumatic sampler 
was rarntly d c s a i i  by Gillham (20). The device (Fig 3) 
a,& of a disposable 50 mL plastic syringe .m&cd by - sawing off thc pluoga and thc finga grips The is . 
thcnarcachcdtoa~ebymcansofa~bbcrs~)pper  
assembly. The gas-line &cuds to thc surfaoc. and is used to 
drivc tbcstcm-lcss plunger, and to raise and lawathcsyriagc 
into the holc When fhc gar-liac is t h c ~ b b c r -  
plunger is hdd rc thc tip oilhe is ttica 
lo& into the indlatioa. m d  when the datrd dcpth is 
machcd.Ihcpnauninrhcgr+.tinCiCduadtoarmo- 
spheric (or .sIighdy l a )  and water cntcrs thc syringe. Thc 
sampler is then rcuicvad fmm chc inaalLtioa and the 
syringe detached fmm the gas-linc After the tip is salcd. the 
syringe is urcd as a shrn<cnn stongc container. A uumbcr 

of rhid or mc%sager dcviocs an avaiiblc in 
materials and shapes. 

6.12 Swim Lijl Pwnpc 
6.121 Thr& types of su&n litt pumps an the d 

tine. ant&&, and puhaldc A majordisadvantage of 
suction pump is that it is ti& in its ability to Faisc v 
by the head a&bk ha a~~~ospheric pccsure Ttiuq i 
surface of the water is mon than about 25 A below 
pump. warn may not bc withdrawn The thantical ntc 
limit is about 34 fS bat m a t  d o n  pumps a cap& 
maintaining a water lift of only 25 !I or lcsr 

6.123 Many sudion pumps_ h w  the water thn 
somc sort of volute in wttich .impeNcrs. pistons. or c 
devias opaau to induce a vacuum. Such pumps 
probably unamptable for mest sampling purporc~ bcc 
they ~ I C  usually conzwQod ofcommon mataials suc 
bran or mild stad and may expose sampla to Iubric 
They o h  induce vay low pxsurrs-ammd mtatiag v 
o r o t h c r s u c h p a a z ~ ~ ~ o r c v c a c a v i c a  
mayocuu.nCycanmixrirwitbchcsampIcviadI 
in the cash& and they an di8bicut to adcquatdy c 
betwen uwr Such pumps are w b l c  for purgin 
wd4 but should not g e a d y  be used for s a m d i ~  

6.123 Octccxaption ~oIhc&~~~stavmen(sis a I 
Nlric pump. A p a i d t i c  pump is a sdf+iink 
volumc d o n  plmp which consk of a mtor with 
bcariDg rollen (21). Flexible tubing is in.sulcd around 
pump rotor and s q u d  by heads as they nvolvr: 
&wlu pattan around the mor. One cad of che tubb 
g l a d  into the wdl while the ofha cod a n  be aJnn< 



FIG 7 Bbd 

dircclly to a nociving v d  As thc rotor movq a d u d  
p m r e  is acatcd in che wdl tubing and an i n d  
prcmtrc (c40 psi) on thc mbc icaving the rotor had. A drivc 
shaft c o n n d  ta the rotor head can bc utcndcd so W 
multiple rotor hcads can bc attachcd to a single drivc shak 
6.12.4 The pc&Atic pump mova thc tiquid lotaUy 

within thc samplc tube No par( of the pump conlaus the 
tiquid The samplc may ailI bc dcganed (cavitation is 
udikdy) but the pn&Icms due to contad with thc pump 
mechanism arc dimhat& Pclinatic pu.mps do require a 
fairly flcxiblc d o n  oftubig within rhc pumphcad illclC A 
d o n  of dliconc tubing is commonly used within thc 

- - peristaltic pumphcad. but othcr typcs of ~ b i n g  can bc used 
particulariy for the d o n s  extending into thc wdl or from 
thc pump to thc cuxiviog oontainerCC T&c National Council 
of lhc Papa I n d u ~ y  for Ak aad S d  lmpcovcmcnt (22) 
ncommcnds using medical padc dlicnoc tubing for organic 
sampling purpoxs as thc standard gn.& w an organic 
vulcaaizing a g m  which has bccn shown to Icach into 
sampIcs. Medical gsdc silicone tubc is, howcver. limited to 
usc ovcr a d d c d  range of ambicnt tcmperatupQ Vaaious 
maauCaa- offer tubing tincd wih TFEnuorocarbon or 
Vhn '  for usc with thdr pumps Gibb (I. 8) found little 
diffx-eacc bdwecn samplu withhwa by a pc&Atic pump 
and those takc~~ by a bailer. 

6.1.25 A dincc method ofdaciog a sampIc by suaioa 
consists oflowering one end ofa kogch ofplastic tubing into 
the wdl or piaomc(cc. The opposite end of thc tubing is 
coaneclcd to a two way slopper bolllc and a hand hdd or 

mechanical vacuum pump is atiachcd to a second tubing 
leaving thc bottle A check valvc is attach& between the twc 
Linu to maintain a ansmut vacuum control A samplc c a ~  
tbcn bc drawn dimdy into thc co l ldoa  vcad without 
contacting thc pump rnehanism (5.23.24). 

6.126 A anlrifugal pump can be actachcd to a l a &  of 
plastic tubing thaf is lowcrcd into thc wdL A foot valve is 
usually attachcd to the cnd of (he well tubing to assis( in 
priming thc m k  The maximum Lift is about 4.6 m (IS ii) 
for such an anangemcot (23.25.26)- 

6.127 Suaion pump approaches off= a simple samplc 
d e v a l  mdhod for shallow monitoring Thc dipm linc 
mahod is cxkmdy p o W c  though cousidcnMe oxidation 
and mixing may occur duringcoUdoa A antcihgal pump 
w;U agitatc thc samplc to an ana & a t a  dcgree allhough 
pump@ ram of 19 to I51 Lpm (5 to 40 gpm) can be 
attained A pcrislaltic pump provides a 1- sampling rate 
with 1 s  agitation thaa the orha two pumps. The with- 
drawal rate of paistaltic pumps can be cadidly mguktcd by 
adjustmat ofthc rotor head nvolution 

6.128 AU three sys&a~~ can bc sp&y designed so chat 
the wafer gmplc conkas only the TFE floumcabon o r  
siIicoae tubiag prior to -PIC botlk entry. Sparate tubing 
is rrrommeadcd for each WCU or  p iwmcta  &cd 

6.13 EIcdric SubmedIe Amrprr 
6.13.1 A submcaible pump c o d  of a scaled d&c 

motor that pawas a piston or hclical siagle M wocm at a 
high rpm. Watcr is bnmght to the rurfaa rhrough an MOJS 
tubc Such pumps bave boco usul in tl~c smfm wdl ind- 
for years and many designs cxist (5.26). 
6.132 SubmaSiMc pumps pmvidc &ti-vdy high dis- 

charge ra(a for watcr withdnwal at depth bcyond suclioo 



lift apabititics. A bancry opuatcd unit 3.6 cm (1.4 in) in 
diamcter and with a 4.5 Lpm (11  gpm) flow rate at 33.5 m 
(I 10 R) has bccn devdopcd (27). Another submusiblc pump 
W a n  outer diameter of 11.4.cm (4.5 in) and cad pump 
wata from 91 m (300 ft). Pumping rates vacy up to 53-0 
Lpm (14 gpm)dcpsnding upon thc dcp(h of thc pump (28). 

6.13.3 A s u b m ~ ~ ~ i c  pump provides higha ar(radou - 
rata than many other methods. Considerable sampIc.agita- 
tion nx11(s. howcw, in the well a d  in.thc coUccfion tube 
dutiag transpoa Thc possibility dincroduaag tmx m& 
into thc sample from pump matuials alto & Steam 
deaniag of the unit-followed by rinsing wtth unchlotinacod. 
dcionitcd w a ~ a  is suggcned betwan sampling when analysis 
for ocganics in chc parts per miltioa (ppm) or paas per billion . 

(ppb) rangc is quircd (29). 

6.1.4 Gas-Lii P I I ~ P Z  
6.1.4.1 Gas-lih pumps uw comprised air to bring a watc 

sample to the d c c  Watcr is f d  up an cduaor pip 
that may be the o u t a  casing or a smaller diameter pip 
iosertcdiato~chcwdl~bdowchcwatalcvd~.31: 

6-1-43 A similar priaciplc is used for a unit that consist 
of a Man diamda plaRic tube pafacd  in the lows cad 
This tubc is-placcd wichia aaothcr tube of slightly large 
d i .  C o m p d  air is inja(cd into rhe inner tube: th 
air bubMu lhmugh the perco~~tious, t h e  Iiftiag thc w i t c  
sample + chc annulus bdwca the outa m d  inner tubin 
(32). In pn- chc cduaor Liac should be rubmagod 10 
dcpch equal to 60 % of the total submagod d u d o r  k n S  
duriug.pumping (26). A 60 % racio ir ~~Nidcrad oprim: 
although a 30 X submcrgcna ratio is adcquacc. 
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Pressure from 
Exhaust 

6.243 The so- of w m p d  f p ~  pcy be a h&d 
pump for dcpcbc g e a d y  Icn  Ihaa 7.6 m 25). For gnatcr 
dcpchs. air comprraors. pccswkd  air b a a  and 
wrnpnzred h m  an autornobilc cngiae have bben uxd 

6.1.4.4 As +y mcntioncd, mcchods nsult in 
wnsidaablc sample agifation irnd mixing within Qc d 
aad cannot be usui for ~ m p l c s  d i i c h  wiIl be tczted Cbt 
mlatile ownis  The cdudor p-w or wdghccd tubk 
is a pocential souroc of sampIc ooutamiaatioa. ta addition, 
Gibb (8) uacovqd dilKcultiu ia sampling for iao& 
Tl~czc diliicultia wcx aruibuccd lo d t a a p  io rodox. pH. 

and rpodcs transformation due to solubiity wastan 
-cs &ling h m  r a i p p P P ~  oxidation, and p- 

a1.s Gas Dispk€mar( Pumps 
6-1.5.1 Gas dkpkamcnt or gas &ivc pumps ate disti~ 

guisllcd6mmgas-liItpumpsbg(tacauhodof~P 
transpoct Gas dispfaamcnt pumps foroc a discntc d u m  
of .nW <a thc surface vk rn&iwical lilt without actcnsi. 
d a g  Orlhc'pmsmkd gas and watcras ocauz air4 
equipmal ?hc prindple is shown schematically in P 
Watcr T i  the chamber. A positive pnssurc is appticd t 
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gas line dosing the sampler chcdc valve and fomng wala up 
the sampIe Iinc By removing the p m r e  the.cydc can be 
repeated Vacuum can also bc used in conjunction with the 
gar (30). Thc dcvicc can bc permancqtly installed in the wdl 
.(33.34.35) or l 6 k d . i n t o  tbe well (j6;37). 

6 ,152 A more complicated two ztagc design coorWctcd 
of glan with chedc Val= ma.& of TFEfIu- har 
bnn constructed (38.39)- fhc unit was dcGpcd s p ~ X d y  
for sample t d n g  for (racc lcvd organics Continuous flow 
ratcs up to 2.3 Lpm (0.6 gpm) arc pomiIc with a 5.1 cm C2 
in.) dimmeter unit. 

6.15.3 Gas d*~rplaccment pumps have also bex dcvd- 
oped with muItipk f u n d i o ~ .  The water sample in Fi 5 
&~rovida picmmaric data mcasurancqts with an i n t c d l y  
mountod craosdua. (40). A samplc with its WUCCT 
upcd u t 4 y  for piezomctric rnwsummcn? is inus- 
tntcd in Fi 6 (41). Thc wasor can adM(e che gds ~ u n r  a€' 
the zurfaa to cause smpie  chamber pcssukation at the 
pndetamind depth. Anocha design can bc used as a wata 
sampler or as a tool for injaning brine or  ocba (races into a 
well (42). 

6.1.5.4 Gas displa-t pumps olfcr -aablc poten- 
tial for pr-ng sampIe integrity because Gnlc of the 
driving gas coma  in w n w  with thc samde as chc sample is 
conveyed to the surface by a positivc~prcaurc. Thcn is. 
homuer. a poccntial loss o l  d i i l vcd  gasses or contamina- 
tion from rhc driving gas and thc housing maccrials. 

61.6 Bladder Pumps: 
6.1.6.1 Bladder pumps, alra r d d  to d gasqwata 

sguozc pumps. wnsist of a flexible munbraac cndoscd bj 
rigid houdng Water cntm thc munbcant thmugh a cho 
valve in (hc vcad bottom: comprmcd gas ejjeded into t 
cavity bdwan the housing and Mad& f o r m  the s m c  
through a chedc valve at the top ofthe rncmbcanc and intc 
UC line (Fi 7). Water is pwmtcd  fhm rc-cntm 
che bladder by the top ch& valve The p n x r n  is 113pcatcd 
&c che water to Lhc sucfacc Samplcs taka liom depths 
30.5 m (100 ft) havc ban reportd 

6.1.61 A varicty of dctiga m&cations and ma& 
am available (43.44). Bladda mataials indudc naopn 
rubber. ethfimc pmpyIcnc CupoIymcr (E.P.T.). nicrilc. z 
the fluorowhn %ton3 A bladder d c  of TFEauc 
cartton is also umkr dcvdoprnmt (49.  Automated sampl 
S~SCUI~S have bccn devdopod to m n m l  thc timc bctw 
pccsswbtion q d c s  (46). 

6.1.63 Bladder pumps pmvidc an adapCab1c samp 
t d  due primarily to the numbcr of bladdcr shapes chat 
f d i M c  Thctc deviai haw a d X o a  advantage over 
dimhameat pumps in fht there is no oou(ad with 
driving gr Disadvantaga indudc (hc large gas voIu 
rcquircd low pumping r a t g  and potenlid conmmina 
from many of che bladder materiais. Ihe rigid housing 
bo*. 

6.1.7 Gas Driven Pinon Pumps: 



i 6.1.7.1 A simplc and inapcnrivc uumplc of a &W d r i v ~  

i piston pump is a syringe pump (47). The pump (Fi 8)  u 
/ c o n n ~ c i c d  from a SO mL &sic sy&gc with plunga ncm 

rcmovcd. The dcvia is conncaad to a gas tinc to the s u r h a  
and thc samplc paacs through a chcdc valvc amnguncu! to 
a sampling contiina at thc surlacc By s u m z s i d y  applying 
positive and ncgativc prasurc to thc gas-Iinc. thc plungcr rr 
activated driving wata to rhe surlaa. 

6.1.7.2 A doublc pinon pump powacd by c o m p r d  air I - -  s rllunntcd in Fig 9. P h  &W a t a s  thc chamber 
! bctwCCIl the P~S~ON; thc ~ ( c I M G ~ ~  chamber prCSSu&Gon 

activates the piaon which d o m  \nccr cnUy during thc 
sudion Nokc of  thc piston and f' the samplc to thc 

i d a a  during rhc p- -kc (48). Pumping nus 
b c t w c u 1 9 S a n d 3 0 3 I ~ l u ( L S ~ o 8 k a t / h r ) ~ v c b e e n  

3 nported from 305 m (100 ft DcpChs in  urass of 457 m 
(IS00 ft) an poszibIc % 

6.1.73 Thc gas pision pump pmvidcs continuous sample 
i withdnuraI at dcpths gn-aicr than is pomilc with mod 0 t h ~  
i ' appmachcr N~~~ c o n m i o n  of tracc dcmcnts 

. j from the stain~css stod and bra~r is a potential prob~cm and 
thc quantity ofgas uscd is SigniIicanL 

- -i 6.16 P& Aunp Arrangerzmc 
6.1.8.1 A packa pump maagcmcnt providcs a means by 

which two cxpandablc -packas" isolate a sanding unit 
bchvcatwopaclcas~thinawdlSiathchydrauGcor 
pocumatic activatai packas an2 wedged a&iinst thc casing 
wall o r  ~ c n .  thc simpling unit will obtain water samples 
only Gom thc isolatcd wd portion. The packas ddlatcd 
for d c a l  movcment within the wdl and inflatcd whcn thc 
dcsid depth is attained. Submcmile. gas ti& and d o n  
pumps can bc used for sampling Thc packets an d y  
wnstruucd Gom some type of mbbcr or  mbbcr compound 
(48.49.50,Sl). A packs pump unit modsting of a vacuum 
a m p l a  wsitioncd bctwocn two rmkus is illusintai in FG 
10 (52). - 

- 

6.162 A packa aaembly allom thc isohtion of disartc 
sampling poinu within a d A number of difcaxnt 
samplers can bc situated bctwccn thc packen dcpcnding- 
upon thc aualfid~specilications for s a m ~ l c  tatbg. Vcliical 
movcmcut of wata  outside thc w d  &ng during sampling 
is pombc with packa pumps but dcpcnds upon the 
pump-hg rate and suhrequent disturbance. Dctcrioration of 
the urpandablc materials will oaar with timc with the 
i n d  possibility of uadcskbIe organic contambats 
contributing to the wa(a samplc 

7. Sample Coataiuers and Pr-ation 
7.1 Complcxe and unequivocal prrscrvation of samples, 

whetha domcnic wastcwata. indumial wa~lcs, or natural 
Waters. is pradcaUy imponibllc At besf. pccsuvatioo tcch- 
niqucs only nxard (hc chemical and biological change tbat 
incvitabIy continue afta k samplc is nmovcd from the 
sou- ThcnCooc, insuring (he timdy analysis oCa sample 
should bc onc ofthe forrmoa consideaations in thc sampling 
p h n  schcdulc Mdhods of pccsuvation arc somewhat lim- 
itcd and an intcndcd to miad  biological adioq.nxard 
hydrolysis- of chcmical compounds and complexes, and 
d u a  thc volatility of constituents. Rcsccvatioo mcthods 
arc gcncnlly limitcd to pH control. dicmical addition. 
rcfrigcrdtion and lioczing. For wata sampla. tmmdiatc 

rdr;Saation jua a b v c  frcuing (4-C in ia) i+ oftcn tf 
bca p===tion tcchniquc avzilablc. but it & oo( the on 
mcasurc nor is it appliabk in all - nlhcrc may -- 
caxs whcrc it might bc prudent to indude a ramn- 
thamomcta in the sample shipmcnt to vcriry the maximL. 
and minimum t&pcraturc (0 which the sample  - 
a p o x d  Inupcnrivc dcvicci for this pu- arc available 

7.2 All boltla and containas must bc specially 
d e a n 4  p r d a b d l 4  and organRkd in i a c h a ~  (iilatir 
samples and sampling cquipmcnt from the cnvimnmcn 
b&m onc g o a  into che fidd. Othcwkq in any a m p -  
sivc prOmun UtW duos d l y  dcvdops in the Iidd ( 
h b o n t q .  Thc time in Ihc fidd is v a y  valuable ;lad &oul 
bc spent on  taking fdd no(cs. mcawcmats .  and i 
d o c u m d n g  samples, not on labctling and o&ng 
pIcs Tharforc. thc =mpIiing plan zhould iadudc dc~ 
i n s u u a i o ~  to  the samfing pmonnd mnaming  thciafo, 
mation muid in thc rrdd data m r d  Iogbook (notebook 
Ibc infixmation ncodcd on container lab& for idatXi  
tion. the chain-ofcus(ody piutowlc. and the m&& fc 
pnpuing 6dd Manics and spikcd samples Example c 
daailed pbos and doamcntation proocduru have boe 
puHi&d (14.53). 
73 The aaa  nquinmcnts for thc volumes of sampl 

nadcd and thc numba of containas fo use may vary fro1 
laboratory to laboratory. This will depend o n  thc @ 
analysts to bc p a f o r m 4  thc wnou~.tration Icvcls o fmtacs  
and the individual laboratory pmtowk The manager of  th 
sampling program should makc no assumptions aboui tb 
laboratoty analyscs Hc shodd discus thc analfical rrquin 
mcnts of the sampf ng program in d& with thc Laboar 
coordioator Wonhand  Tbis is apedally fhc case si 
some analyses and pmxmation mcanurs musi bc pafiorme 
at thc Iabotatory as soon as pomilc af ia  the sampla arriw 
Thus. appmpriatc amangemcuts must bc madc 

7.4 Thcrc an a numkr of c x d c n t  d m m  availabl 
which lisc thc containas and p-ation technique apprc 
priatc for water and soilz (13, 14, SO, 54, 55. 56). Th 
Wandbook for Sampling and Samplc Pmuvation of Watc 
and Waslcwatcr" is an ucdlcnr r d c ~ c c  and pcrbaps fh 
most compnhcndvc one (14). Some of rhis information i 
sumomrkcd in Table I. 

7 5  Samplc contain= for tma organic samplcs nquir 
special d&ng and handling EoNiduations (57). Tb 
samplc containa for purgeable olgaaics consist of a sa-cn 
cap vial (25 to 125 mL) fiucd with a l+.Eflourocarbon faca 
siliconc rcptum. The vial is scaled in the laboratory immed 
acdy afta deankg and is only apcncd in thc fidd jua pric 
to pouring sample into i r  Thc watcr sample fhcn musi b 
scald into-thc vial badzpaa 6rec (no air bubbIcs) an 
immcdiatdy cooled (4-C) for shipmcnL MulQIe sampk 
( d y  about four taka fmm one largc samplc wntaina 
a calrcn bccausc l a h g c  of containers may cam 1- 
may aUow air to cnta the containar, and may cam 
m n a w r  analysis ofsome conaitucuts. Ah. some M y s ~  

arc best c o d u a c d  on indcpeodent protdcd samples. 
7.6 Thc p q c a b k  sampks must bc analyzed by Ih 

iaboramy within 14 days aftcr collcaiou. unlcss they a t 
bc anal+ for aaolcin or acrylonicrilc (in which cax ' 
a n  to bc analyzed within 3 &F). For samplcs for sol% 
cxuaaions (cxtsaaablc o ~ n i o - b a s e  neutrals. acids an 



mticidcs). t h c  sample bocclcs a rc  narrow mouth. c a p  
quarc boltlcs or half-gallon bottles chat havc ban p d c p n d  
r i n d  with thc cxtraaing organic sotvcnt a n d  ovcn dncd at 
IOS'C for at lean I h. T h e  bot tks  must  bc scaled with 
T F E - f l u o r o c a h n  lined caps (Notc). S m p l 6  for organic 
cxtraclion must  be c x t r i ~ c d  within 7 days a n d  anal@ 
within 30 days  afier cxtraaion. S M a l  prc-cleancd. d v c n t  
rinsed a n d  ovcn-dricd s ta in lcs  stccl bcakcrs (onc for each 
monitoring well) may bc used for transfcmng samplcs f ~ m  
thc sampling dcv& to chc samplc concainaz. 

NOTE-When collminr umda. she bMUcr should MI bc d c l k d  
or p&e vi(h u m p l c - ~ &  f&ly bccatuc oil Md abcr ma(crizlr 
may rrrmin in thc bMt1r This a n  ~ luw  c t m d ~  bigb mk 

7.7 For a numbcr  o f  gmundwaler p~amdcn. tbe m a t  
meaningful mcasurcmcnLc am thow madc in thc Geld at the 
timc o f samplc  collcccion 0-t last at an on-sitc labocatoly- 
Thcsc includc thc water  lcvd  in Ihc wdl and paramdm that 
somctimcs can changc rapidly with aoragc A dtcusdon of 
thc various tcchniqucs for measuring Ihc water lcvd in Ihc - 
wdl is contained in a NCASI publication (5) and daailed 
p d u m  arc outlined in  a US. Goological Survey publica- 
tion (58). Although a d i s a d o n  o f  thcsc techniques is 
b o n d  the scopc of this guide. it is important  ti, point out 
that accuratc m c a s u m c n u  must be madc Won a wdl is 
nushed or only  after it has had suf ic icnt  t imc to rmovcc. 
Paramctes that can changc rapidly with storage include 
spsific c o n d u u a n c q  pH. ttufitdiiy, &ox potcnW dis- 
solved oxygcq  a n d  tcmperatwc. For wmc of thc other 
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paramctcrs. thc cmpl~as is  i n  groundwater monitoGng 
chc concentration of each specific d 'kolvcd  componcnl 
the tom1 concentration o f  cach Samplcs for t h e  cyo 
m a s u r c m c n a  should bc fillcrcd through 0-45 wm , 
branc fittcn idcally in t hc  field Or possibly at an 
laboratory as soon  as p w i b l c  Analyses often reqt 
filtered samples includc d l  mcmls. r ad ima iv i ty  param 
total organic carbon. dissolved oflhophosphatc (if ,, 
a n d  tolal dissolved phosphorous (if nccdcd) (13. 1. 
mccals arc to  be anal@. filtff the samptc  pGor to 
pmava t ion .  For TOC organics. t he  Nlcr mat- shou 
tcsicd to assurc chat it docs not contribute 10 ~c TOC 
cypc or size of thc filtcr 10 be uxd is not wdl und- 
H-, if results of mual, TOC or other paramctcr: 
could be elfcdcd by solids are to bc compared. rhc 
Picr ing  pmccdurc must Ix used in cach caw. Rcp 
analytical m l t s  -should state w h d h a  thc sampfa 
filtend and how chcy wcrc filtuui. 

7.8 Shtpmcat and m x i p t  o f  samples mun be Q X ) ~  

with fit laboratory to minimize time in raansit AU sal 
for O ~ C  analysis (and many othcr paramuas). s! 
anivc at thc laboratory within one day after it is shippc 
be maintained at abou t  4'C with wet ia The best way 
thcm to the laboratory in good condition is to send h. 
sturdy insulated icc chcsts (coolas) q u i p p o d  with 
divida. 24-h councc suvia is m m m c n d d ,  if pcr 
delivery h a  is not p r a a i d  
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ON-SITE WATER QUALITY TESTING 
(FIELD PARAMETERS) 

1.0 PURPOSE 

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

. PH . Specific Conductance (Sc)/Salinity . Temperature (T) . Dissolved Oxygen Concentration (DO) . Turbidity (Secchi Disc) 

The first three are the usual field parameters; dissolved oxygen may be used in particular 
applications according to project requirements. 

2.0 SCOPE 

These procedures are applicable for use in an on-site water quality monitoring program to be 
conducted during a Remedial Investigation or Site Investigation at a hazardous or nonhazardous site. 
The procedures and equipment described are applicable to nearly all aqueous samples, including 

potable well water, monitoring well water, surface water, leachate and d ~ m m e d  water, etc. 

This procedure provides generic information 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. 

3.0 DEFINITIONS 

Conductance - A measurement of water's capacity for conveying electrical current and is directly 
related to the concentrations of ionized substances in the water. The units of measurement for 
wnductance (mhos) are the inverse of ohms, the unit commonly used to express resistance. 
Conductivity and specific wnductance are used synonymously. 

Electrolvtic 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 
due to the external source of applied voltage. 

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. 
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Oxidation - The process in which an atom or group of atoms loses electrons to achieve an increasing 
positive charge. 

J&I - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is 
related to the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly 
equal. Thus, for all practical purposes, pH is a measure of the hydrogen ion concentration. The 
range of pH is 0 to 14 standard units. 

Resistance - A measure of the solution's ability to oppose the passage of electrical current. For 
metals and solutions, resistance is defmed by Ohm's Law, E = IR, where E is the potential difference 
(in units of volts), I is the current (in units of ~ m ~ e r e s ) ,  and R is the resistance(in nnits of ohms). 

Secchi disc - A metal disc having four quadrants, two opposing ones painted black and the other two 
either white or unpainted. The Secchi disc is used to measure turbidity based on the depth of light 
penetration. 

Turbidity - An optical property of water that causes light to be s c a t t e d  or absorbed in the water, 
resulting in decrease in water transparency. It is a function of at least three variables: 1) dissolved 
chemicals, such as tannins, acids, or salts; 2) suspended particles, such as silt, clay, and organic 
matter, and, 3) density of microbial and planktonic life. 

Salinity refers to the total amount of soluble salts in water, either naturally or added to the 
environment as pollutants. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Manager is responsible for determining which on-site water quality 
measurements shall he made, the data quality objectives (DQOs) for these measurements, and for 
ensuring that these measurements are made in accordance with project-specitic plans. 

Field Team Leader - The Field Team Leader is responsible for determining that these water quality 
measurement procedures are implemented in the field in accordance with this SOP, or in accordance 
with project-specific plans, and to ensure that personnel performing sampling activities have been 
briefed and trained to execute these procedures. 

Samvling Personnel - It is the responsibility of the field sampling personnel to follow these 
procedures for collecting on-site water quality measurements including instrument calibration, 
quality control and recording of results, as well as care and maintenance of the instruments in the 
field. 
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5.0 PROCEDURES 

The following sections provide general procedures for collecting pH, specific wnductance/salinity, 
temperature, dissolved oxygen concentration and turbidity measurements. 

5.1 Measurement of  DH 

Measurement of pH is one of the most important and frequently used tests in water chemistry. 
Practically every phase of water supply and wastewater treatment, such as acid-base neutraliition, 
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 also can 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; specific 
measurement techniques for solids are not described here. 

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, the pH meter is used 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 most cases, use of a pH meter will be required. 

5.1.1 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or 
alkalinity 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 the establishment of a potential difference across a glass or other type of 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. 

5.1.2 Equipment 

The following equipment and reagents are needed for taking pH measurements: 
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Portable pH meter, or pH indicator paper, such as Mydrion or Akacid, to cover the 
pH range 2 through 12. 

. Laboratory-prepared buffer solutions of pH 4, 7 and 10, or other buffers which 
bracket the expected pH range. 

5.13 Measurement Techniques for Field Determination of pH 

4. pH Meter 

Standardization, calibration, and operation and maintenance shall be performed 
according to the maoufacturers instructions. The following procedure is used for 
measuring pH with a pH meter: 

The batteries and instrument shall be checked and calibrated prior to 
initiation of the field effort 

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. 

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

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). 

Immerse the electrode@) in a pH-7 buffer solution. 

Adjust the temperature compensator to the proper temperature (on models 
with automatic temperature adjustment, immerse the temperature probe 
into the buffw solution). It is best to maintain the buffer solution at or near 
expected sample temperature before calibration, if possible. 

Adjust the pH meter to read 7.0. 

Remove the electrode(s) from the buffer and rinse well with distilled- 
deionized 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. 
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9. 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 
chemical reaction (e.g., degassing) may be W i g  place in the sample, or 
the meter or electrode may be malfunctioning. This must be clearly noted 
in the logbook. 

10. After adjusting the temperature compensator to the sample temperature, 
read and record the pH of the solution. The pH value shall be recorded to 
the nearest 0.1 pH unit. Also record the sample temperature. All 
measurements shall be recorded in the Field Logbook. 

11. Upon completion of measurement and removal of the electrode from the 
sample, the electrode shall be thoroughly rinsed with deionized water. 

12. The elecfxde(s) shall remain immersed in d e i o n i d  water when not in use. 

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 within the electrode, 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 in the Field Logbook. 

B. 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, or 8 to 14) 
and narrow-range (many available, with ranges as narrow as 1.5 pH units). The 
appropriate range of pH paper shalI be selected. If the pH is unknown the 
investigation shall start with wide-range paper. 

5.2 Measurement of Soecitic Conductance/Salinitv 

Conductance provides a measure of dissolved ionic species in water and can be used to suggest the 
direction and extent of migration of contaminants in groundwater or surface water. Salinity refers 
to the total amount of soluble salts in water, either naturally or added to the envimnment as 
pollutants. One basic measure of salinity is the ability of water to conduct electric current, and, 
therefore, a measurement of specific conductance provides a measurement of salinity and the same 
instrument can be used. Salinity measurements are important in ecological field investigations 
because flora and fauna can be limited in their distribution based on the salinity of the sampled 
waters. 
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Conductivity is a numerical expression of the ability of a water sample to carry an electric current. 
This value depends on the total concentration of the ionized substances dissolved in the water and 

the temperature at which the measurement is made. The mobility of each of the various dissolved 
ions, their valences, and their actual and relative concentrations affect conductivity. 

It is important to obtain a specific conductance and salinity measurement soon after taking a sample, 
since temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all 
affect the specific conductance. 

5.2.1 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the 
positive ions (cations) migrate toward the negative electrode (cathode), while the negatively charged 
ions (anions) migrate toward the positive electrode (anode). 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 wnductance 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 across the cell 
also may be used as a measure of wnductance. 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. 

523 Equipment 

A portable conductivity meter, probe and thermometer are needed for taking specific wnductance 
and salinity measurements. A variety of conductivity meters are available which also may be used 
to monitor salinity and temperatures. Probe types and cable lengths vary, so equipment may be 
obtained to meet the specific requirements of the sampling program. 

5.2.3 Measurement Techniques for Specific CouductancelSatinitySatinity 

Standardization, calibration, and operation and maintenance shall be performed according to 
manufacturers instructions. The steps involved in taking specific wnductance and salinity 
measurements are listed below. 

1. Check batteries and calibrate instrument before going info the field. 

2. Calibrate the instrument daily when used. Potassium chloride solutions with a 
specific conductance closesf to the values expected in the field shall be used. 
Calibration information shall be recorded in the field logbook. 
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3. Rinse the cell with one or more portions of the sample to be tested or with deionized 
water. 

4. Immerse the electrode in the sample and measure the conductivity and salinity. If 
specified, adjust the temperature setting to the sample temperature. 

5. Read and record the results on the Calibration Form (in the absence of the 
Calibration Form, the Field Logbook will be used). 

6. If the meter does not compensate for temperature variations, the corrections given 
in Attachment A shall be applied. 

7. On some meters, specific conductivity and salinity measurements may need to be 
reported with the associated temperature measurement. If the conductivity and 
salinity has been corrected, the measurements shall be reported as "corrected to 
2S°C." (See Attachment A) 

'I. Do not take readings if the sample temperature is less than lo0 C, because 
the calibration curve no longer Follows a straight line below this 
temperature. If necessary, heat the sample in your vehicle to at least 10" C. 

b. Measure the sample temperature to the nearest 0. lo C to comply with SW- 
846. 

c. Only report results to the nearest two significant digits for the most 
circumstances, because of the inherent inawrracy in the test and conversion 
procedure. 

examples: . a calculated reading of 2353 umhos/cm @ 25O C should be 
reported as 2400 umhoslcm @ 25" C . a calculated reading of 2325 should be reported as 2300 . a calculated reading of 337 should be reported as 340 . etc. 

53 Measurement of Temaernture 

In combination with other parameters, temperature can be a u*l 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 
prior to sample collection. Collected water samples may rapidly equilibrate with the temperature of 
their surroundings. 
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5.3.1 Equipment 

Temperature measurements may be taken with Thermistor, alcohol-toluene, mercury or bimetal 
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 can be performed. 

53.2 Measurement Teehniqum for Water Temperature 

If a thermometer is used on a collected water sample: 

. Immerse the thermometer in the sample until temperature equilibrium is obtained 
(1-3 minutes). To avoid the possibility of contamination, the thermometer shall not 
be inserted into samples which will undergo subsequent chemical analysis. 

Record values in a Field Logbook to the nearest 0.5 or O.l°C, depending on the 
measurement device used. 

If a temperature meter or probe is to be used, the insaument shall be calibrated according to the 
manufacturer's recommendations with an approved thermometer. 

5.4 Measurement of Dissolved Oxygen Concentration 

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-sit& since concentration may show a large change in 
a short time, if the sample is not adequately preserved. 

The method discussed here 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. DO meters also are free from interference 
caused by color, turbidity, colloidal material or suspended matter. 

5.4.1 Principles of Equipment Operation 

Dissolved oxygen probes normally are electrochemical cells that have two solid metal electrodes of 
different potential immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of higher 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 directly proportional to the rate of arrival 
of oxygen molecules at the cathode. 
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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 membrane. 
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. S t i i g ,  however, shall not be so vigorous that 
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this 
possibility, some probes are equipped with sthem 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 easily depolarized from the indicating electrode. If gaseous interference is suspected, it shall 
be noted in the Field Logbook and checked if possible. Temperature variations also can cause 
interference because probes exhibit temperature sensitivity. Automatic temperature compensation 
normally is provided by the manufacturer. Attachment B presents variations of DO in water as a 
fraction of temperature and salinity. 

5.42 Equipment 

The following, similar or equivalent, equipment is needed to measure dissolved oxygen 
concentration: 

. YSI Model 56 dissolved oxygen monitor (or equivalent). . Dissolved oxygenltemperature probe. . Sufficient cable to allow the probe to contact the sample. 

5.43 Measurement Techniques for Dissolved Oxygen 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. 

1. Calibrate equipment and check batteries in the laboratory before going to the field. 

2.  The pmbe shall be conditioned in a water sample for as long 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. 

3. The instrument shall be calibrated 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 6eshly 
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). 
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4. 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 which are placed in wells should be moved up and down. 

5. Record the dissolved oxygen content and temperature of the sample in a Field 
Logbook. 

6.  Recalibrate the probe when the membrane is replaced, or following similar 
maintenance, or as needed. Follow the manufacturer's instructions. 

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

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

5.5 Measurement of Turbiditv Usinp. a Secchi Disc 

In combination with other parameters, turbidity can be a useful indicator of the likelihood of 
biological action in a water body. It can be used to determine the depth of light penetration of 
surface water and the distribution and intensity of photosynthesis in the body of water. Turbidity 
measurements shall he taken in-situ with a Secchi disc. 

5.5.1 Equipment 

Turbidity measurements may be taken with a Secchi disc. In addition, turbidity may be measured 
using a colieter or a spectrophotometer. These are ex-situ measurements conducted in a laboratory 
environment. 

5.5.2 Measurement Tefhniques for Turbidity 

Observations must be made through a shaded area of water surface. 

. Standard conditions for the use of the Secchi disc are: 1) clear sky; (2) sun directly 
overhead; 3) shaded, protected side of boat or under a sun shade; 4) minimal 
waves or ripples; and, 5) any departure from these conditions should be specifically 
stated on field sheets. 

. Rope accurately graduated in meten with 0.1 meter graduations for the first meter 
and 0.5 meters thereafter. 

. Observer's eye should be 1 meter above the surface of the water. 
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. Observations should be made during the middle of the day. 

. Lower the disc into the water, noting the depth at which it disappears, then lift the 
disc and note the depth at which it reappears. The average of the two readings is 
considered to be the limit of visibility and is recorded in a Field Logbook to the 
nearest 0.1 meter (fmt meter) or 0.5 meter, depending on the depth of visibility. 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records for on-site water quality management consists principally of observations 
and measurements recorded in the Field Logbook. Records of instrument calibration, malfunction, 
repair, etc., shall be maintained in an Equipment Logbook as described in the Navy CLEAN 
Contractor Quality Control Plan. 

7.0 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 Analvsis of Water and Wastes. EPA-60014-79-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data 
Awuisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Department 
of the Interior, Reston, Virginia. 
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SPECIFIC CONDUCTANCE CONVERSION TABLE 



Notes: 
Do not make specific conductance measurements at temperatures below 10" C. 
Measure temperature to the nearest 0.1" C. 
Report all conductivities at 2S0 C, to two significant digits. 
This conversion table is based on a temaeramre coefficient of 0.0191 (as aer SW-846) and a cell constant of 1. where the ratio of conductivih, at 25 C to the conductivitv ..... .... ~ ~ ~ - . -  ~- .~. ~~ ~~~~- r ~ . ~ ~ ~ ~ ~ ~ ~  ~~ ~ ~- ~~ ~ ~~~ ,~ \ ~ ~ r  ~ ~ ~, 
at temperature to C equals 1/(1+0.0191[t-251). 
The temperature coefficient and cell constants are only approximate, actual values may differ. 
The more the temperature deviates from 25' C, the greater the uncertainty in applying the temperature correction. 



ATTACHMENT B 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION 
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY 



2. (.Chloride Concentration in Watw 
2.I.l.O 

2.1.2.5,OOO 
2.1.3.10,ooo 
2.1.4.15,OOO 
2.1.5.20.000 

2.Z.Di fferencel 
LOO mg chloride 



2. I .Chloride Concentration in Water 
2.1.1.0 

2. I .2.5,000 
2.1.3.10,OOO 
2.1.4.15,OOO 
2.1.5.20.000 

2.2.Differencel 
100 mgEhioride 
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WATER LEVEL, WATER-PRODUCT LEVEL MEASUREMENTS, AND 
WELL DEPTH MEASUREMENTS 

1.0 PURPOSE 

The purpose of this procedure is to describe the method of determining various down-hole 
measurements: groundwater levels and product (or non-aqueous phase liquid, NAPL) levels, if 
present, and total depth of groundwater monitoring wells and piemmeters. 

2.0 SCOPE 

The methods described in this SOP generally are applicable to the measurement of groundwater 
levels, product or NAPL levels, and well depths in monitoring wells and piemmeters. 

3.0 DEFINITIONS 

None. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other approved procedures are 
developed. 

Field Team Leader - The Field Team Leader is responsible for ensuring that these procedures are 
implemented in the field, and for ensuring that personnel performing these activities have been 
briefed and trained to execute these procedures. 

Sampling Personnel - It is the responsibility of the sampling personnel to follow these procedures 
or to follow documented, project-specific procedures as directed by the Field Team Leader and/or 
the Project Manager. The sampling personnel are responsible for the proper acquisition of down- 
hole measurements. 

5.0 PROCEDURES 

Calculations of groundwater elevations and product or NAPL interface level measurements collected 
from a monitoring well give an indication of: 

. The horizontal hydraulic gradient and the direction of groundwater flow. 

The vertical hydraulic gradient, if well nests are used (i.e., the direction of 
groundwater flow in the vertical plane). 
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Floating or sinking product thicknesses which are also known as Light Non- 
Aqueous Phase Liquids (LNAPLS) and Dense Non-Aqueous Phase Liquids 
(DNAPLS), respectively. 

This information, when wmbimed with other site specific information such as hydraulic conductivity 
or transmissivity, extent of contamination, and product density, may be used to estimate the rate of 
contaminant movement or source areas, etc. 

Well depth is one of the factors used to determine the zone that a well monitors. Well depth also 
is used in the calculation of purge volumes as discussed in SOP F104, Groundwater Sample 
Acquisition. 

The following sections briefly discuss the procedures for measuring groundwater levels, pmduct or 
NAPL levels, and well depth. For all of the procedures discussed, it is assumed that the 
measurement will be taken from the top of the PVC or stainless steel casing (though other measuring 
points can be used), and that horizontal and vertical control is available for each well through a site 
survey, such that measurements may be converted to elevations above Mean Sea Level (MSL) or 
some other consistent datum. A permanent notch, placed on the inner PVC or stainless steel casing 
by the surveyor will facilitate consistent water level measurements. 

The manufacturer's instructions for all equipment referenced herein should be read by the equipment 
operator(s) and accompany the equipment to the field. 

5.1 Water Level Measurement 

Water levels in groundwater monitoring wells shall be measured from the permanent point indicated 
at the top of the inner casing (the surveyed elevation point, as marked by the surveyor), unless 
otherwise specified in the project plans, using an electronic water level measuring device (water 
level indicator). The point of measurement will be documented in the field logbook if different from 
the top of the inner casing. The reason for deviating from the measurement point should also be 
noted. 

Water levels are measured by lowering the probe into the well until the device indicates that water 
has been encountered, usually with either a constant bun, or a light, or both. The water level is 
recorded to the nearest foot (0.01) using the graduated markings on the water level indicator cord. 
This measurement, when subtracted from the measuring point elevation, yields the groundwater 
elevation. 

Groundwater levels shall always be measured to the nearest 0.01 foot. However, reporting of water 
level elevations depends on the accuracy of the vertical control (typically either 0.1 or 0.01 foot). 
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5.2 Product o r  NAPL Level Measurements 

The procedure for product or NAPL level measurement is nearly identical to that for groundwater 
elevation measurements. The only differences are the use of an interface probe that detects both 
NAPLs and water, and the indication signal given by the measurement device. Typically, 
encountering NAPLs in a monitoring well is indicated by a constant sound. When water is 
encountered, the signal becomes an alternating d o f f  beeping sound. This allows for the collection 
of measurements for both the top of the NAPL layer in a well and the waterMAPL interface. 

The apparent water table elevation below the product level will be determined by subtracting the 
"depth to water" from the measuring point elevation. The corrected water table elevation will then 
be calculated using the following equation: 

WTEC = WTEa + (Free Product Thickness x 0.80) 

Where: 

Corrected water table elevation 
Apparent water table elevation 
Average value for the density of petroleum hydmcabns. Sitespecific data 
will be used where available. 

53 Well Depth Measurements 

Well depths typically are measured using a weighted measuring tape. A water level meter may also 
be used. The tape is lowered down the well until resistance is no longer felt, indicating that the 
weight has touched the bottom of the well. The weight should be moved in an up and down motion 
a few times so that obstructions, if present, may be bypassed. The slack in the tape then is collected 
until the tape is taut. The well depth measurement is read directly off of the measuring tape, at the 
top of the PVC or stainless steel casing, to the nearest 0.01-foot and recorded in the Field Logbook. 
If a water level indicator is used, add the distance from the bottom of the probe to the point where 

water levels are measured. 

5.4 Decontamination of Measur in~ Devices 

Water level indicators, interface probes and weighted measuring tapes that come in contact with 
groundwater must be decontaminated using the following steps after use in each well: 

. Rinse with potable water 

Rinse with deionized water 

Rinse with Methanol or lsopropanol 
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Rinse with deionized water 

Portions of the water level indicators or other similar equipment that do not come into contact with 
groundwater, but may encounter incidental contact during use, need only undergo potable water and 
deionized water rinses. 

6.0 QUALITY ASSURANCE RECORDS 

The Field Logbook shall serve as the quality assurance record for water, product level or well depth 
measurements. 
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PHOTOIONIZATION DETECTOR (Pm) 
HNu MODELS PI 101 and DL 101 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using the HNu Model PI 101 
or DL 101 photoionization detector (PID), or an equivalent or similar instrument, in the field. 
Calibration and operation, along with field maintenance will be included in this SOP. 

2.0 SCOPE 

This procedure provides information on the field operation and general maintenance of the HNu 
(PID). Application of the information contained herein will ensure that this type of field monitoring 
equipment will be used properly. Review of the manufacturer's instruction manual is necessary for 
more complete information. 

These procedures refer only to monitoring for health and safety. The methods are not directly 
applicable to surveillance of air quality for analytical purposes. 

3.0 DEFINITIONS 

Ionization Potential - In this case, a numeric equivalent that expresses the amount of energy needed 
to replace an electron with a photon. This energy is further defined in terms of electron volts (eV). 

PID - Photoionization Detector - 

- parts per million: parts of vapor or gas per million parts of air (directly proportional to 
calibration gas). 

4.0 RESPONSIBILITIES 

Proiect Mana~er - The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other approved procedures are 
developed. The Project Manager is responsible for selecting qualified individuals for the monitoring 
activities. 

Proiect Health and Safety Oficer (PHSol - The Project Health and Safety O f f i r  is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air monitoring 
requirements. 

Field Team Leader - It is the responsibility of the Field Team Leader to implement these procedures 
in the field, and to ensure that the Field Investigation Personnel performing air monitoring activities, 
have been briefed and trained to execute these procedures before the start of site operations. 
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Site Health and Safety Off~cer (SHSO) - The SHSO is responsible for ensuring that the specified air 
monitoring equipment is on site, calibrated, and used correctly by the Field Personnel. The SHSO 
will coordinate these activities with the Field Team Leader. 

Field Investigation Personnel - It is the responsibility of the Field Investigation Personnel to follow 
these procedures or to follow documented project-specific procedura as directed by the Field Team 
LeaderISite Health and Safety Officer. The Field Investigation Personnel are responsible for 
documenting all air monitoring results in both the Field Logbook and the daily Realtime Air 
Monitoring Log during each field investigation. 

5.0 PROCEDURES 

The HNu utilizes the principle of photoionization whereby contaminant molecules enter the ion 
chamber and electrons are displaced by ultraviolet photons producing positive ions. These displaced 
positive ions are in turn collected on a special electrode. As the positive ions collect on the 
electrode, they create an electrical current which is amplified and displayed on the meter as a 
concentration in parts per million (ppm). 

The HNu is only effective for contaminants that have ionization potentials (IP) of less than or equal 
to the electron volt (eV) capacity of the lamp (i.e., methane, having an IP of 12.98 eV, will not be 
detected at a lamp potential of 1 1.7 eV). The standard lamp is 10.2 eV with optional lamps of 9.5 
eV and 1 1.7 eV, respectively. For the PI 101 the span settings should be as follows: 1 .O for 9.5 eV 
lamps; 9.8 for 10.2 eV lamps; and 5.0 for 11.7 eV lamps. During calibration, these span settings will 
be adjusted as necessary, using the span control knob. 

The following subsections will discuss HNu calibration, operation, and maintenance. These 
sections, however, should not be used as a substitute for the manufacturet's instruction manual. 

5.1 Calibration 

For calibration purposes, the following items will be needed: 

. *Gas cylinder containing 95 to 100 parts per million (ppm) of isobutylene, balance 
in air. . A 0.30 liters per minute regulator. . Connector tubing. . Screwdriver set . Calibration Gas Humidifier (for high humidity environments). . Photoionization Detector (PID) Calibration Form. 

*Note: Do not rely on accuracy of rated cylinder concentration when content drops to R O O  psi. 

Prior to each use, make sure that the battery is fully charged, the ultraviolet lamp is working, and 
that the fan is operating and drawing air into the probe (fan operates at approximately 100-200 
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cclminute for the PI 101 and 225 dminute for the DL 101). Procedures for completing these 
preliminary activities are given in the manufacturer's instruction manual. 

To calibrate the HNu PI 101, the steps provided below should be followed. For an itemized 
description of the calibration process, refer to Section 3-5 in the manufacturer's instruction manual. 
The HNu PI 101 should be calibrated on a daily basis. 

. Turn the function control switch to the standby position and zero the instrument by 
turning the zero adjustment knob to align the indicator needle with zero on the 
readout meter. 

Set the range on the HNu and allow the insttument to warm up a few minutes before 
calibrating. Choices for range are 0-20, 0-200, and 0-2,000 ppm, respectively. 
Range choice must take into account the concentration of the calibration gas. For 
example, if you are using a concentration of 100 ppm isobutylene as the calibration 
gas, your range should be set on the 0-200 scale. If you have to zero the instrument 
in the desired range, record background if present. 

Attach tubing to the regulator (use the Calibration Gas Humidifier in high humidity 
environments). 

Attach the free end of the tubing to the probe and turn on the calibration gas. 

Calibrate the PID to benzene equivalents. Using the 10.2 eV (lamp) probe and 100 
ppm isobutylene, the meter should read 56 units. Using the 1 1.7 eV (lamp) probe 
and 100 ppm isobutylene, the meter should read 65 units. If the reading on the 
meter is not *5 percent of the concentration of the calibration gas, adjust the span 
setting knob until the meter reads accordingly. If after adjusting the span setting 
knob the readout meter is still not responding, refer to the manufacturefs instruction 
manual. Also, when the HNu is calibrated it should respond to a minimum of 90 
percent of the concentration of the calibration gas within three seconds after 
introduction of that gas. If proper calibration cannot be obtained, internal 
calibration may be required. Note, only qualified personnel should perform internal 
calibrations. 

- Record the calibration on the "Photoionization Detector (PID) Calibration Form". 

To calibrate the HNu DL 101, the steps provided below should be followed. For an itemized 
description of the calibration process, refer to Section 4.4 in the manufacturer's insttuction manual. 
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Press and release the POWER button on the keypad and wait for the screen to 
stabilize then press the CALIBRATE key until "Calibrate?" appears. At this point 
press the ENTER key until "Elec-Zero? Yes" appears on the screen in which case 
you will press the ENTER key, again, to confirm the electronic zero. 

The display will now read "CE/ENT/EXIT Conc = - ppm" which requires the 
concentration of the calibration gas (noted on the side of the calibration gas bottle) 
to be entered on the keypad. The display will prompt you to "Attach gas to probe 
and /ENTER/" so attach tubing to probe (use the calibration gas humidifier in high 
humidity environments), open valve, and press ENTER key. Press ENTER again 
when "Press ENTER when Ready: xxx ppm" appears on screen. This will cause 
"Calibrating ... Please Wait" to appear on screen. 

Note: This calibration is effective when the instrument is in the Survey Mode, which is the default 
mode. For calibrations other the one described, or if proper calibration cannot be obtained, 
refer to the manufacturer's instruction manual. 

For calibrations using an alternate gas or span values, refer to Section 4.5 of the 
manufacturer's instruction manual. 

Record the calibration on the "Photoionization Detector (PID) Calibration Form" 
which accompanies each HNu. 

Note: IMPORTANT - The HNu should be "zeroed" in a fresh air environment if at all possible. 
If there is a background concentration, it must be documented and then zeroed out. 

Prior to each use of the HNu, check that the battery is fully charged by turning the 
dial to BATT and making sure that it is within range. Also make sure that the 
ultraviolet lamp and the fan are working properly. 

Select your desired range. HNu ranges consists of a 0-20,O-200, and 0-2.000 ppm, 
respectively. Consult with the Field Team Leader for more information when 
choosing the appropriate range, however, in most instances the range will be set 
initially at 0-20. 

When HNu is used intermittently, turn knob to STANDBY to help in extending the 
life of the W lamp when operating in a low humidity environment. Otherwise, 
leave the knob set to the range desired so that the UV lamp will "bum off' any 
accumulated moisture. 
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Note: When using the PI 101 HNu, make sure that the probe does not contact water or soil during 
sampling. This will cause erroneous readings and will possibly damage the instrument. 

The DL 101 is designed to default to the survey mode when initially powered up, therefore once the 
calibration has been completed, the instrument is ready to go. Within the survey mode several 
options are available, briefly these options include: 

1. The Site Function 

The Site function assigns a number to a site that is being analyzed. Press the Site Key on the keypad 
to enter a specific site number, or press the gray button on the rear of the probe to increment a site 
number. 

2. Logging Data 

The Log function stores data in memory. To log data, press the Log key on the keypad or the Log 
button on the back of the probe. "Log" will appear in the upper right corner of the display when 
activated and disappears when not activated. To turn logging off, press either the Log key on the 
keypad or the red Log button on the rear of the probe. 

. The DL 101 allows for the interchanging of different voltage lamps, however, refer 
to the manufacturer's instructions before attempting to change the lamp. 

The DL 101 also offers three other modes of operation, the Hazardous Waste Mode, 
the Industrial Hygiene Mode, and the Leak Detection Mode. Each of these modes 
increases the range of capabilities for this instrument which is covered in detail in 
the manufacturer's instruction manual. 

Note: When using the DL 101 HNu, make sure that the probe does not contact water or soil during 
sampling. This will cause erroneous readings and will possibly damage the instrument. 

53  Interferences and Potential Problems 

A number of factors can affect the response of the PI 10 1 HNu and DL 10 1 HNu. 

. High humidity can cause lamp fogging and decreased sensitivity. This can be 
significant when soil moisture levels are high, or when monitoring a soil gas well 
that is accessible to groundwater. 

High concentrations of methane can cause a downscale deflection of the meter. 
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High and low temperature, electrical fields, FM radio transmission, and naturally 
occurring compounds, such as terpines in wooded areas, will also affect instrument 
response. 

5.4 Maintenance 

The best way to keep an HNu operating properly is to keep it as clean as possible. HNu's should be 
decontaminated or wiped down daily or after each use, as appropriate. 

Corrective Maintenance 

. The ultraviolet lamp should be periodically cleaned using a special compound 
supplied by HNu Systems, Inc. for the 10.2 eV lamp, and a chlorinated solvent such 
as I,l,l-trichloroethane for the 11.7eV lamp. Consult the manufacturer's instruction 
manual for specific cleaning instructions. 

. The ionization chamber can be periodically cleaned with methyl alcohol and a swab. 

Note: W lamp and ion chamber cleaning is accomplished by following the procedures outlined 
in Section 5.2, however, this should only be performed by trained personnel. 

- Documenting the HNu's observed symptoms and then referring to the 
manufactureis instruction manual section on troubleshooting (Section 6.0) also can 
be employed. Ifthis does not work, the Field Team Leader should be consulted for 
an appropriate course of action. 

Repair and Warranty Repair - HNu's have different warranties for different parts, so documenting 
the problem and sending it into the manufacturer assists in expediting repair time and obtaining 
appropriate warranty service. 

5.5 Shipaine and Handlinp 

Following is information regarding the transport of the HNu meter and calibration gas. 

. If HNu is to be carried on in aircraft, the calibration gas must be removed from the 
carrying case as cylinders of compressed gas are not permitted on passenger 
aircraft The calibration gas should either be shipped to the site of its intended use, 
or purchased locally. 

Shipping of the calibration gas requires the completion of a form (specified by the 
shipping company) that identifies the package as a compressed gas. Compressed 
gas stickers must be affixed to the package. 
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6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following 
information shall be recorded in the Field Logbook. 

Identification - Site name, location, CTO number, activity monitored, (surface water 
sampling, soil sampling, etc.) serial number, time, resulting concentration, 
comments and identity of air monitoring personnel. 

Field observations - Appearance of sampled media (if definable). 

. Additional remarks (e.g., the HNu meter had wide range fluctuations during air 
monitoring activities). 

7.0 REFERENCES 

HNu Systems, Inc. Instruction Manual. Model PI 101, 1986. 
HNu Systems, Inc. Operator's Manual. Model DL 101, 199 1. 
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BACHARACH COMBUSTIBLE GAS/ 
OXYGEN METER AND PERSONAL GAS MONITOR 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using the Bacharach 
Sentinel 4 and Bacharach Sniffer@ 503-A meters in the field. Calibration and operation, along with 
field maintenance, will be included in this SOP. 

2.0 SCOPE 

This procedure provides information into the field operation and general maintenance of the Sentinel 
4 Sniffer and 503-A. Review of the information contained herein will ensure that this type of field 
monitoring equipment will be properly utilized. Review of the owner's instruction manuals is a 
necessity for more detailed descriptions. 

Carbon Monoxide Sensor - Expresses the Carbon Monoxide concentration in parts per million 
( P P ~ ) .  

Combustible Gas - Combustible gas is expressed as a percent of the lower explosive limit (LEL). 

Hydrogen Sulfide Sensor - Expresses the Hydrogen Sulfide concenh.ation in parts per million (ppm). 

Oxygen Sensor - Expresses the Oxygen concentration as a percentage. 

- parts per million: parts of vapor or gas per million parts of air by volume. 

Sentinel 4 - Combustible Gas/OxygenRlydrogen SulfideICarbon Monoxide meter. 

Sniffer 503-A - portable Combustible Gas and Oxygen Alarm instrument 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that project -specific plans are 
in accordance with these procedures, where applicable, or that other approved procedures are 
developed. The Project Manager is responsible for selecting qualified individuals for the monitoring 
activities. 

Proiect Health and Safety Oficer (PHSO) - The Project Health and Safety Otllcer is responsible for 
developing a site-specific Health and Safety Plan (HASP) which specifies air monitoring 
requirements. 
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Field Team Leader - It is the responsibility of the Field Team Leader to implement these procedures 
in the field, and to ensure that the Field Investigation Personnel performing air monitoring activities, 
have been briefed and trained to execute these procedures before the start of site operations. 

Site Health and Safety Officer ISHSO) - The SHSO is responsible for ensuring that the specified air 
monitoring equipment is on site, calibrated, and used comectly by the Field Personnel. The SHSO 
will coordinate these activities with the Field Team Leader. 

Field Investigation Personnel - It is the responsibility of the Field Investigation Personnel to follow 
these procedures or to follow documented project-specific procedures as directed by the Field Team 
~ e a d e r / ~ i t e  Health and Safety Officer. -The ~ i e i d  ~nveitigation Personnel a& responsible for 
documenting all air monitoring results in the Field Logbook during each field investigation. 

5.0 PROCEDURES 

The Sentinel 4 Personal Gas Monitor and Sniffer 503-A utilize the principle of detecting sensors. 
The following four paragraphs discuss theory of operation as it applies to each functional sensor. 

The combustible gas sensor uses two elements that are wound with a platinum wire. One of the 
elements is impregnated with a catalyst to oxidize combustible gases. The other element is 
impregnated with material that will also oxidize combustible gases, but will respond to temperature 
and humidity conditions. When the meter is turned on, an electrical current is passed through the 
elements and wires. As a combustible gas enters the chamber the elements will oxidize the 
combustible gas, thus increasing the heat and resistance of the element. This change in resistance 
causes a system imbalance, which produces a measurable signal proportional to the combustible gas 
concentration. 

The percent oxygen is measured utilizing an electrochemical sensor. As atmospheric oxygen enters 
the meter it diffuses into the sensor which converts the amount of oxygen in the sensor to a voltage 
signal. This voltage is directly proportional to percent oxygen in the atmosphere. 

The concentration of hydrogen sulfide is measured utilizing an electrochemical sensor. As 
atmospheric hydrogen sulfide enters the meter it diffuses into the sensor which converts the amount 
of hydrogen sulfide in the sensor to a voltage signal. This voltage is directly proportional to the 
atmospheric hydrogen sulfide concentration. 

The concentration of carbon monoxide as measured utilizing an electrochemical sensor. As 
atmospheric carbon monoxide enters the meter it diffuses into the sensor which converts the amount 
of carbon monoxide in the sensor to a voltage signal. This voltage is directly proportional to the 
atmospheric carbon monoxide concentration. 
The Sentinel 4 Personal Gas Monitor and Sniffer 503-A are intrinsically safe for use in Class I, 
Division 1, Groups A, B, C and D hazard areas. One fact that needs to be expressed is that this type 
of monitoring equipment utilizes internal oxidation of combustibles, if the meter is placed in an 
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oxygen deficient atmosphere, the combustible reading may be affected. Review of each of the 
instruction manuals will aid in determining the percentage of oxygen that affects the combustible 
gas readings. 

The following subsections will discuss Sentinel 4 and Sniffer 503-A calibration, operation, and 
maintenance. These sections, however, do not take the place of the instruction manual. 

5.1 Calibration 

Sentinel 4 

Due to the numerous steps involved in calibration, it is recommended that you follow the calibration 
procedures (on a daily basis) as outlined in the instruction manual from pages 5-12 to 5-20. 

NOTE: A calibration kit will be provided for each Sentinel 4. This kit contains a cylinder for the 
combustible gas sensor, one cylinder for the hydrogen sulfide sensor, and one cylinder for the carbon 
monoxide sensor. The oxygen sensor can be calibrated with (uncontaminatedlfresh air environment) 
atmospheric air and does not need cylinder gas. 

Note: When a single sensor doesn't zero, none of the sensors are zeroed. 

O m e n  Detector 

1. Check battery charge by turning finction switch to "BATTERY TEST," if battery 
is in recharge zone instrument will need to be charged. 

2. To zero the oxygen detector, turn function switch to "BATTERY TEST' position 
and pres "TEST' switch and observe the 02 meter indication. If indicator is zero, 
no further adjustment is necessary. If not, follow procedures in Section 5.4.1 of the 
Operations Manual. 

3. To calibrate the oxygen detector, turn function switch to -BATTERY TEST' 
position. Unlock the "OXYGEN CALIB" knob and adjust it for an 0 2  meter 
indication of 21 or at the CAL mark. Relock "OXYGEN CALIB" knob. If using 
zero calibration gas, follow procedures in Section 5.4.2 of the Operator's Manual. 

4. Record on Calibration Sheet. 
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% LEL Detector 

1. Check battery charge by turning function switch to "BATTERY TEST," if batter 
is in recharge wne, instrument will need to be charged. Allow 5 minutes for the 
instrument to warm up. 

2. Turn function switch to the % LEL position. 

Note: To eliminate the annoyance of the audible alarm, cover the a h  with a hand 
or duct tape during calibration. The tape must be removed, prior to operation!! 

3. Connect calibration gas (typically 30% of the LEL) and allow gas to flow for 1 
minute. 

Note: If calibration gas has a concentration value, not a % LEL value, the % LEL 
can be calculated as follows: 

% calibration gas (i.e., methane) x 20% LEL (meter alarm setting) = % 
LEL calibration setting 

If meter indication is within *S% of LEL calibration gas, no further adjustment is 
required. If not, follow procedures in Section 5.5.4 of Operator's Manual. 

1. Connect sample probe and tubing to the instrument's sample inlet (refer to Sections 
8.4 and 8.5 for the Operator's Manual for available hoses and probes. 

. Check that battery is in Operational Range. 

3. Turn instrument to % LEL range and allow to warm up for 1 minute. 

4. Check in a fresh air environment that % LEL reads 0% and that 0 2  indicator reads 
21% (calibration mark). 

I. Sample airlgas from area to be tested, allow 30 seconds for readings to stabilize. 
When finished, allow at least 10 seconds (longer if extension line is used) to purge 
sample line. 

6.  If instrument is operating erratically, refer to "TROUBLESHOOTING" Section 
(Table 5-2) in Operator's Manual. 
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5.2 Operation 

Sentinel 4 

Due to the Sentinel 4 having many functions in terms of operation, it is recommended that you 
follow the operational procedures as outlined in the instruction manual from pages 6-1 to 6-34. 

NOTE: Since the Sentinel 4 is capable of measuring four different parameters, an understanding of 
the alarm, error, and fault messages must be obtained. This can be done by reviewing the 
troubleshooting table found on pages 9-2 to 9-9. 

53 Site Maintenance 

After each use, the meters should be recharged and the outside of the instruments should be wiped 
clean with a soft cloth. 

5.4 Scheduled Maintenance 

Function 

Check alarm and settings Monthlylbefore each use 
Clean screens and gaskets around sensors Monthly 
Replace sensors Biannually or when calibration is unsuccessful 

6.0 QUALITY ASSURANCE RECORDS 

Quality assurance records will be maintained for each air monitoring event. The following 
information shall be recorded in the Field Logbook. 

. Identification - Site name, date, Location, CTO number, activity monitored, (surface 
water sampling, soil sampling, etc), serial number, time, resulting concentration, 
comments and identity of air monitoring personnel. 

Field obsewations - Appearance of sampled media (if definable). 

Additional remarks (e.g., the Sentinel 4 or Sniffer 503-A had wide range 
fluctuations during air monitoring activities.) 

NOTE: The 'Toxic Gas Meter Calibration Form" will be completed daily, prior to 
performing any air monitoring. 

7.0 REFERENCES 

Bacharach Installation, Operation, Maintenance Manual, Sentinel 4 Personal Gas Monitor, 1990. 
Bacharach Installation, Operation, Maintenance Manual, Sn i f fea  503-A, Rev. 3 - October, 1990. 





APPENDIX I 
DECONTAMINATION OF SAMPLING AND 

MONITORING EQUIPMENT 



SOP F502 
Revision No.: 1 
Date: 1993 
Page 1 of 6 

DECONTAMINATION OF SAMPLING AND 
MONITOIUNG EQUIPMENT 

TABLE OF CONTENTS 

1.0 PURPOSE 

2.0 SCOPE 

3.0 DEFINITIONS 

5.0 PROCEDURES 
5.1 Sampling Equipment Decontamination Procedures 
5.2 Field Analytical Equipment Decontamination 

6.0 QUALITY ASSURANCE RECORDS 

7.0 REFERENCES 



SOP F502 
Revision No.: 1 
Date: 1993 
Page 2 of 6 

DECONTAMINATION OF SAMPLING AND 
MONITORJNG EQUIPMENT 

1.0 PURPOSE 

The purpose of this SOP is to provide a general methodology and protocol, and to reference 

information for the proper decontamination of field chemical sampling and analytical equipment. 

2.0 SCOPE 

This procedure applies to all field sampling equipment including, but not limited to, split-barrel soil 

samplers (split-spoons), bailers, beakers, trowels, filtering apparatus, and pumps. This procedure 

should be consulted when decontamination procedures are being developed as part of project- 

specific plans. Additionally, current USEPA regional procedures and decontamination guidance as 

well as state guidance should be reviewed. 

3.0 DEFINITIONS 

Decontamination - Decontamination is the process of removing or neutralizing wntaminants which 

may have accumulated on field equipment. This process ensures protection of personnel from 

penetrating substances, reduces or eliminates transfer of wntaminants to clean areas, prevents 

mixing of incompatible substances, and minimizes the likelihood of sample cross-contamination. 

Project Manager - It is the responsibility of the Project Manager to ensure that project-specific plans 

are in accordance with these procedures. Documentation should be developed for areas where 

project plans deviate from these procedures. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures 

are implemented in the field. The FieId Team Leader is responsible for ensuring field personnel 

performing decontamination activities have been briefed and trained to execute these procedures. 
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Sampling Personnel - It is the responsibility of field sampling personnel to follow these procedures, 

or to follow documented, project-specific procedures as directed by the Field Team Leader. 

5.0 PROCEDURES 

In order to ensure that chemical analysis results reflect actual concentrations present at sampling 

locations, sampling equipment must be properly decontaminated prior to the field effort, during the 

samptig program (i.e., between sampling locations) and at the conclusion of the sampling program. 

This will minimize the potential for cross-contamination between sampling locations and the 

transfer of contamination off site. 

Preferably, sampling equipment should be dedicated to a given sampling location. If this is not 

possible, equipment must be decontaminated between sampling locations. Sampling personnel also 

must use disposable gloves and change them between sampling locations. 

5.1 Sam~l iug  E a u i ~ m e u t  Decontamination Procedures 

Soil and sediment sampling equipment including, but not limited to trowels, beakers, dredges, etc., 

shall be decontaminated using the following USEPA Region procedures. 

The following sections summarize decontamination procedures for USEPA Regions I through IV 

for overall comparison. Each region should be contacted prior to initiation of sampling activities 

to assure that the most recent, accepted decontamination procedures are used. 

USEPA Region I 

Prior to use, all sampling equipment should be carefully cleaned using the following procedure: 

1. A dilute hydrochloric acid rinse 
2. Deionized water rinse 
3. Methanol or acetone rinse; and, 
4. Distilled, organic-free water rinse. 
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For badly contaminated equipment, a hot water detergent wash may be needed prior to the rinse 

procedure. Additionally, a hexane rinse also may be needed, prior to the final distilled water rinse, 

when sampling for low-level organic pollutants. 

USEPA Reaion I1 

Prior to use, all sampling equipment will be decontaminated using the following procedure: 

Low-phosphate detergent wash (i.e., Alconox or Liquinox) 
Tap water rinse 
10 percent nitric acid solution rinse 
Tap water rinse 
Methanol followed by a hexane or an acetone rinse 
Analyte-free deionized water rinse 
Air dry 
Wrap in aluminum foil, shiny side out, for storage or transport 

If the samples will not be. analyzed for metals, then steps 3 and 4 may be omitted; if samples will 

not be analyzed for organics, then step 5 may be omitted. All solvents must be pesticide-grade. 

USEPA Repion 111 

Prior to use, all sampling equipment will be decontaminated using the following procedure: 

Potable water rinse 
Alconox or Liquinox detergent wash 
Scmbbing, as necessary 
Potable water rinse 
10 percent nitric acid rinse 
Distilled-deionized water rinse 
Methanol or hexane rinse 
Distilled-deionized water rinse 
Aii dry 

USEPA Region IV 

Prior to use, all sampling equipment will be decontaminated using the following procedures: 
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1. Clean with tap water and laboratory detergent using a brush if necessary to remove 
particulate matter and surface films. 

2. Rinse thoroughly with tap water. 

3. Rinse thoroughly with deionized wafer. 

4. Rinse twice with pesticide grade isopropanol. 

5 .  Rinse thoroughly with organic-free water and allow to air dry as long as possible. 

6. If organic-free water is not available, allow equipment to air dry as long as possible. 
Do not rinse with deionized or distilled water. 

7. Wrap with aluminum foil, if appropriate, to prevent contamination if equipment is 
going to be stored or transported. 

1 Portable power augers (such as the Little Beaver@) or large soil boringldrill rigs 
should be cleaned before boring or drilling operations. 

5.2 Field Analytical Eauiament Decontamination 

Field analytical equipment which may come in direct contact with the sample or sample media, 

including, but not limited to water level meters, waterfproduct level meters, pH or specific ion 

probes, specific conductivity probes, thermometers, andlor borehole geophysical probes must be 

decontaminated before and after use, according to the procedures outlined in Section 5.1, unless 

manufacturers instructions indicate otherwise. Probes that contact water samples not used for 

laboratory analyses may be rinsed with distilled water. Probes which make no direct contact (e.g. 

HNu or OVA probes) will be wiped clean with clean paper towels or an alcohol-saturated cloth. 

6.0 QUALITY ASSURANCE RECORDS 

Decontamination procedures are monitored through the collection of equipment rinsate samples and 

field blanks. Collection of these samples shall be specified in the project-specific Sampling and 

Analysis and Quality Assurance Plans following the requirements of NEESA 20.2-047B. 

Documentation recorded in the field logbook also shall serve as a quality assurance record. 
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7.0 REFERENCES 

NEESA 20.2-047B. Samolina and Chemical Analysis Quality Assurance Requirements for the 

Navv Installation Restoration Program. Naval Energy and Environmental Support Activity. Port 

Hueneme, CA. June 1988. 

U. S. EPA Office of Waste Program Enforcement. RCRA Ground Water Monitorine Technical 

Enforcement Guidance Document CI'EGD). OSWER Directive 9950.1. 1986. 

U. S. EPA. Standard Ooeratin~ Procedures and Ouality Assurance Manual. Environmental 

Compliance Branch, U. S. EPA Environmental Services Division, Athens, Georgia. 1991. 

Micham, J. T., R. Bellandi, E. C. Tifft, Jr. "Equipment Decontamination Procedures for Ground 

Water and Vadose Zone Monitoring Programs: Status and Prospects." in Ground Water Monitoring 

Review. Spring 1989. 
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DECONTAMINATION OF DRILLING RIGS AND 
MONITORING WELL MATERIALS 

1.0 PURPOSE 

The purpose of this SOP is to provide a general reference regarding the proper decontamination of 
drilling rigs and monitoring well materials used in the performance of field investigations. 

2.0 SCOPE 

This procedure addresses drilling equipment, test pit equipment (i.e. backhoe) and monitoring well 
material decontamination and should be consulted during the preparation of project-specific plans. 
This procedure does not pertain to personnel decontamination, or to chemical sampling or field 
analytical equipment decontamination. 

Decontamination - Decontamination is the process of removing or neutralizing contaminants which 
may have accumulated on field equipment. This process ensures protection of personnel from 
penetrating substances, reduces or eliminates transfer of contaminants to clean areas, prevents 
mixing of incompatible substances, and minimizes the likelihood of sample cross-contamination. 

4.0 RESPONSIBILITIES 

Project Manager - It is the responsibility of the Pmject Manager to ensure that project-specific plans 
are in accordance with these procedures. Documentation should be developed for areas where 
project plans deviate from these procedures. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures 
are implemented in the field. The Field Team Leader is responsible for ensuring the field personnel 
overseeing decontamination activities, and personnel conducting the activities have been briefed and 
trained to execute these procedures. 

Drilling Inspector (Site Geologist, Rig Geologist etc.) - It is the responsibility of the drilling 
inspector to ensure that the drilling subcontractor follows these, or other project-specific procedures 
as directed by the Field Team Leader. 

5.0 PROCEDURE 

The various drilling equipment and materials involved with test boring, test pit excavation, 
subsurface soil sampling, and monitoring well construction must be properly decontaminated to 
ensure that chemical analysis results reflect actual concentrations present at sampling locations. 
These procedures will minimize the potential for cross contamination between sampling locations 
and the transfer of contamination off site. 
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5.1 Eauioment 

All drilling equipment involved in field sampling activities shall be decontaminated prior to drilling, 
excavation, or sampling activities. Such equipment includes drilling rigs, backhoes, augers, 
downhole tools, well casings, and screens. Split-spoon soil samplers and other similar soil sampling 
devices shall be decontaminated according to the procedures given in SOP FS02. 

5.2 Decontamination Procedures 

Prior to drilling, or leaving the site, large equipment not directly utilized for sampling will be 
decontaminated by steam-cleaning in a designated area. The decontamination procedure consists 
of steam-cleaning the equipment, using potable water as the steam source, to remove visible signs 
of soils or wastes, and allowing the equipment to air dry. If necessary, the equipment may be 
cleaned with a scrub brush and alconodliquinox-water solution prior to steam cleaning to remove 
visible signs of contamination. 

The steam cleaning area will 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 tank. A shallow, above-surface tank may be used or 
a pumping system with discharge to a waste tank may be installed. 

At certain sites, due to the type of contaminants or proximity to residences, concerns may exist about 
air emissions from steam cleaning operations. These concerns can be alleviated by utilizing one or 
more of the following practices: 

. Locate the steam cleaning area on site to minimize potential impacts. 

Enclose steam cleaning operations. For example, augers and drilling rods can be 
steam cleaned in drums. Tarpaulins also can be placed around the steam cleaning 
area to control emissions. 

For a given project, the location of the steam cleaning area will be identified in the Sampling and 
Analysis Plan. 

Decontamination wastes will be collected and contained unless otherwise directed by LANTDIV. 
The eventual disposition of these wastes will be determined on a project-specific basis, but may 
include on-site treatment andlor transport off site to an approved treatmentldisposal facility. 

6.0 QUALITY ASSURANCE RECORDS 

Rinsate samples may be collected from steamcleaned equipment as quality assurance records. The 
frequency of rinsate samples from either drilling tools or well casings/screens shall be specified in 
the Sampling and Analysis and Quality Assurance Project Plans for a given project, as appropriate. 
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Documentation in the field logbook also shall serve as a quality assurance record of 
decontamination activities. 
7.0 REFERENCES 

None. 
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GEOPHYSICS: GROUND PENETRATING RADAR (GPR) 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information and technical guidance on the 
methods and techniques of ground penetrating radar (GPR). 

2.0 SCOPE 

These procedures provide overall technical guidance. 

3.0 DEFINITIONS 

Bistatic Antenna - An antenna system in which transmitting and receiver wils are housed in separate 
antenna units. 

Dewnvolution - A wmputer processing method. The process of undoing the effect of another filter 
(in this instance the "earth"). A process that removes ringing, multiples, ghosts, and some 
background noise (Sheriff, 1973). 

Dielectric Permittivitv - (Also known as the relative dielectric permittivity): 1. A complex number 
consisting of a real and imaginary part, which uniquely describes the propagation and attenuation 
of electromagnetic energy in every material. The real dielectric permittivity (dielectric constant) 
characterizes the propagation and reflection of electromagnetic (EM) waves, while the imaginary 
part (dielectric loss) characterizes the attenuation of EM signal (Kutrubes and Olhoeft, 1987). 2. A 
measure of the capacity of a material to store charge when an electric field is applied (Sheriff, 1973). 

Eleetromaenetic Waves - One of the waves that are propagated by simuItaneous periodic variations 
of electric and magnetic field intensity and that include radio waves, infrared, visible light, 
ultraviolet, X-rays and gamma rays (Webster's New Collegiate Dictionary. 1979). 

Mieration - here velocity varies laterally, data will migrate (relative to the time versus antenna 
distance plot), and ray tracing is used to determine migrated positions (Sheriff, 1973). 

4.0 RESPONSIBILITIES 

Proiect Mana~er - The Project Manager is responsible for ensuring that the project-specific plans 
are in accordance with these procedures, where applicable, or that other approved procedures are 
developed. The Project Manager is responsible for ensuring that the personnel operating and 
interpreting the geophysical data are trained, skilled in that endeavor, so far as to receiving 
documentation on the training and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 
geophysical technique and equipment to be used. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and to ensure that the field investigation 
personnel performing the activities have been briefed and trained to execute these procedures. 
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5.0 PROCEDURES 

5.1 Overview 

Ground penetrating radar (GPR) is an active geophysical system which transmits high frequency 
electromagnetic (EM) waves into the ground and detects the energy reflected back to the surface. 
GPR operates on a similar principle as seismic reflection, except, instead of acoustic waves, 
electromagnetic waves of radio and microwave fkquencies (80 MHz to 1,000 MHz) are utilized. 
Electromagnetic signals are reflected back to the surface from interfaces with differing electrical 
properties, such as dielectric permittivity and conductivity. The greater the contrast in the real 
dielectric permittivity (dielectric constant) between two materials, the more energy is reflected to 
the surface. Reflections typically occur at lithologic changes, subsurface discontinuities, and internal 
soil structures such as: 

Top of bedrock surfaces 
Soil and rock stratification 
Water table 
Seepage and leachate zones 
Buried metal objects such as drums and utilities 
Open and water filled voids 
Bedrock fractures 
Archaeological structures 

The depth of penetration of GPR is site specific, being limited by the attenuation of the 
electromagnetic energy. Signal attenuation is controlled by four different mechanisms listed below, 
any or all of which may be present at a site. 

Scattering losses . Conduction losses . Water losses 
Clay losses 

Energy losses due to scattering occur when signals are dispersed in random directions, away from 
the receiving antenna, by large irregularly shaped objects, such as boulders and tree stumps. 

Signal attenuation due to conduction is a fimction of the conductivity of a material, which varies 
with mineral composition, the amount of water, and the total dissolved solids (salt, heavy metals) 
within the water. The greater the electrical conductivity values of materials at a site, the more signal 
attenuation (hence less penetration) there will be. 

Energy losses attributed to water occur when water molecules polarize in the presence of the applied 
electromagnetic field. Electromagnetic energy is lost to the radar system when it is converted to 
kinetic and thermal energy as a result of the rotation of water molecules. 

Signal attenuation due to clay losses occurs when electrochemically charged ions polarize along clay 
surfaces in the presence of the electromagnetic field induced by the radar system. The migration and 
subsequent collision of these charged particles causes electromagnetic energy to be converted to 
kinetic and thermal energy, which is lost to the radar system. 
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Signal penetration is also dependent on the frequency of the transmitting antenna used in the radar 
system. Higher frequency antennas produce waves with shorter wave lengths, which are attenuated 
more rapidly with depth, but give better resolution. Specially designed 2 MHz antennas have been 
used to detect the icerock boundary of a 2 km thick glacier. Penetration of up to 75 feet has been 
reported for water saturated, clean sands in a Massachusetts glacial delta using a commercial 
antenna. Signal penetration in saturated clays, on the other hand, is on the order of magnitude of a 
few inches. Olhoefi (1986a) determined that even 5% clay added to a clean sand and gravel will 
cause a decrease in penetration by a factor of 20. Salt water is also a high loss substance, as signal 
penetration in sea water is less than a foot It is important to note that in a layered medium a single, 
highly reflective layer alone can limit signal penetration by preventing the propagation of energy 
through it. In this instance the apparent loss of energy is caused by reflection rather than by signal 
attenuation. 

5.2 Applications and Uses 

Ground penetrating radar (GPR) is a shallow penetrating geophysical profiling system used where 
rapid and accurate surveys are desired. GPR can be used for both area and soorce detection studies. 
GPR has been used to locate underground pipes, buried drums, foundations, voids in rock and 
concrete, lithologic contacts, determine stratigraphy, depth to the water table, and depth to bedrock, 
locate buried archaeological artifacts, excavations, filled pits and lagoons, and numerous other site 
specific applications. GPR has been used successfully to delineate the lateral extent of plumes. 
Haeni et al. (1985) used GPR to investigate the thickness, type, and extent of sediments beneath a 
frozen lake with a 80 MHz antenna. The information acquired with GPR was used to help map the 
lateral extent of an aquiclude, and better estimate inputs to the mass balance equation for water 
budget calculations. 

A GPR system can be used to determine depths to reflecting discontinuities by conducting a depth 
calibration. Typically, calibration is performed by moving the radar antenna over a metal target of 
known depth, such as a buried metal plate. Also, if transmitting and receiving antennas are housed 
in different units, designated as a bistatic antenna system, a common depth point (CDP) survey, 
identical to surveys conducted with seismic reflection, can be used to calculate the velocity of the 
medium, and hence depth to the reflector. Sakayama and others (1988) describe another method to 
calculate velocity from bistatic antennas where the receiving antenna is continually moved away 
from the stationary transmitting antenna. The velocities of the direct arrival and the first strong 
reflector are recalculated from the inverse slope of the timedistance display (antenna separation) 
on the GPR record in a similar manner as seismic refraction. 

To verify GPR results, other geophysical or ground truth methods can be utilized. Haeni et al. 
(1985) utilized seismic retiaction to correlate calculated depths of stratigraphic horizons and water 
tables with radar reflections. Magnetometry and electromagnetic induction methods have been 
utilized to verify the presence of buried drums and fuel tanks. Electromagnetic induction and 
electrical resistivity have been utilized to verify the lateral extent of conductive plumes. The depth 
to a particular reflector or target can also be verified by boreholes andlor test pit excavation. 

53 Eauioment 

A ground penetrating radar system, shown on Figure 1, consists of: 

ACIDC power supply 
Control unit (pulse transmitter) 
Antenna(s) 
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Graphic recorder 
Digital m r d e r  (optional) - Magnetic tape recorder (optional) . Coaxial cable which connects the control unit to the antenna 

Typically, radar antennas contain both the transmitter and receiver within one fiberglass unit. Once 
a radar impulse is transmitted, the antenna switches to the receiver mode and records reflected radar 
impulses. The pulse receiver contains an amplifer which increase the amplitude of reflected signals. 
~ is ta t ic  ante- (transmitter-receiver areseparate) allow the coverag; of larger areas wit6 one 
pass, and multi-receiver combinations allow the "stacking" of radar data which increases the signal 
to noise ratio. 

Field data are generally printed by a graphic recorder and simultaneously can be stored on magnetic 
tape or diskette. The graphic recorder produces a continuous time (vertical) versus distance 
(horizontal) profile of the subsurface for field quality control and qualitative interpretations. Radar 
impulses a& synchronized with the swept-s$us &pe graphic recorder, producing a dark band 
~rowrtional to the am~litude of reflected radar simal. Because the antenna is movine. each Dass 
bf &e stylus represen& a slightly different antenna position. Gradually, as the re&der paper 
advances under the moving stylus, a pattern of reflective interfaces emerges. 

Storage of data on diskette or magnetic tape allows opportunity of additional printing andfor 
mmputer processing for the refmement of data. Deconvolution of stored data enhances stratigraphic 
reflections from the water table and soil structures (Olhoeft, 1988). Migration of data allows easier 
resolution of metallic targets, such as buried drums, and delineation of excavations and sinkholes 
(Hogan, 1988). 

Radar systems are designed to use antennas of various electrical characteristics. Selection of the 
antenna is dictated by the requirements of the survey. If high resolution, near-surface data are 
desired, a small, high frequency antenna is used; if the survey requires deeper probing, a larger, 
lower frequency antenna is used (80, 120,250,300,400,500,900, and 1,000 MHz antennas are 
commercially available). The drawback of using the lower fkquency antennas is that resolution of 
data is sacrificed for penetration. Also, the low frequency antennas (less than 250 MHz) are 
generally not shielded, making them susceptible to overhead power line noise and spurious 
reflections from passing cars. The 900 and 1,000 MHz antennas are used almost exclusively for 
short penetration projects such as the detection of rebar in concrete, as their penetration is generally 
limited to 2 to 3 feet. 

5.4 Field Procedures 

The majority of time involved with any GPR survey is spent establishing survey lines in the area of 
investigation so that detected anomalies can be easily located and excavated. Survey lines should 
be set to maximize coverage, while maintaining a grid spacing proportional to the presumed target 
dimensions. A minimum survey line spacing of 10 feet is desired when looking for a 1,000 gallon 
fuel tank, while a larger spacing of 50 feet or more may be used to define the lateral extent of a 
conductive plume. 

At the onset of any GPR survey the radar control unit should be adjusted for the anticipated depth 
of penetration. Adjustments of the time window of exploration should be made by estimating the 
velocity of the medium and desired depth of penetration. Most surveys can be effectively conducted 
with a minimum time window of 50 nanoseconds. 
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Accurate determination of the depth to any layer requires calibration of the radar system. The 
easiest way of calibrating the GPR system to specific settings is by burying a plate at a measured 
depth, and moving the antenna slowly along the survey line. The plate will produce on the GPR 
record a thick, dark band, parabolic or flat in shape, with many multiple reflections beneath it. Once 
a certain confidence level is attained from depth calibration, the survey is conducted by slowly 
pulling the antenna along survey lines. A slow walking pace increases the horizontal resolution as 
radar signals are propagated in a 15 to 45 degree cone from the bottom of the antenna. A slow 
walking pace is recommended for hazardous waste investigations as targets are better defined and 
easier to resolve. On the other hand, the radar antenna can be towed from the back of a car or truck 
at speeds up to 10 miles an hour if the "target" is a continuous reflector, such as the water table. 

A typical GPR record is shown on Figure 1. A representation of a single GPR signal pulse is shown 
along the side of the record. The horizontal scale of the record is maintained by marking on the 
record the locations of survey stations as they are reached by the antenna Accurate determination 
of the vertical scale (i.e, conversion of a time into a depth) requires calibration of the radar system. 
If the depth to a known reflector can not be determined through calibration or verification using 
boreholes and test pits, the velocity of the medium can be approximated from relationships involving 
the velocity of the medium, and the dielectric constant (real dielectric permittivity) of the medium. 
Values of the dielectric constant can be found in GSSI (1974), and Kutmbes (1986). It is important 
to note that the relationship is no longer valid when signal losses are great. The depth to the 
reflector can be calculated from time and velocity values. 

Interpretation of GPR data is subjective, even among experienced interpreters. The strength of a 
reflected signal andlor the continuity of that reflector across the record may be indicative of a 
stratigraphic contact. The water table in an unconfined sand and gravel aquifer may also produce 
a similar signature on the GPR record. The strong continuous reflector shown in Figure 2 delineates 
the contact between bedrock and unconsolidated materials. Point targets, such as buried drums, 
pipes, boulders, tree stumps, etc., create a distinctive parabolic feature on GPR records. Positive 
identification of point targets are subjective, as the GPR signature of a pipe is similar to that of a 
large boulder. 

Figure 3 shows the characteristic parabolic signal created by a point target, underground storage 
tanks in this instance, which are situated in a clean sand and gravel deposit. Metallic objects, such 
as buried drums and pipes, also produce a characteristic parabolic signal on the record, and 
sometimes produces a "ringing" noise, denoted by the heavy, dark banding, as shown in Figure 3. 

Recorded data from diskettes or magnetic tapes can be enhanced using numerous computer 
processing methods to remove constant noise problems, such as ringing, or to sharpen up geologic 
contact feahms and point target boundaries. Such methods are described in detail by Hogan (1988) 
and Olhoefi (1988). Computer processing is costly and generally not necessary in mostinstances. 

Advantages of ground penetrating radar systems include: 

Rapid coverage of an area 
GPR is a non-destructive technique 
Portable equipment 
Provides higb vertical resolution profiles in the field for immediate interpretation 
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Ground penetrating radar provides a cost effective way of evaluating a large site in a short amount 
of time. One day of work coverage completed by GPR may be equivalent to four or five days of 
work with seismic refraction or electrical resistivity. The GPR method is "non-destructive" in that 
it does not require any excavation or probing of the overburden materials, although verification of 
anomalies should be conducted. 

Equipment can be easily loaded in the back of a truck as most pieces comprising the radar system 
weigh under 40 pounds. The 80 MHz antenna weighs about 100 pounds and is less portable as it is 
approximately 4 feet wide. 

Limitations of radar systems include: 

Survey lines must be cleared to ground level 
Multiple receiver antennas are generally required to stack and process radar data 
Penetration is site specific, requiring data corroboration using alternative geophysical 
methods andlor verification 
Interpretations are subjective 

To maximize resolution and minimize scattering losses, survey lines must be as level as possible to 
prevent the bouncing and jarring of the radar antenna. Survey lines cleared of debris also allow the 
antenna to be pulled at an even, continuous pace, permitting the easy determination of horizontal 
scale. 

Application of GPR to a site is limited by soil type and presence of high loss materials. In New 
England, the presence of glacial tills, and lacustrine and marine clays limit the depth of penetration. 
Delineation of buried drums beneath a conductive plume also may not be possible. The 
unpredictability of radar effectiveness requires that site investigations be conducted with alternative 
geophysical methods, such as electromagnetic induction, seismic refraction, magnetometry, and/or 
electrical resistivity. 

6.0 QUALITY ASSURANCE RECORDS 

All data will be recorded in field log books with the following information: date, location, personnel 
on site, start and fmish times (in military time), instnunent gain and time settings, and Contract Task 
Order number. 
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GEOPHYSICS: MAGNETOMETRY 

1.0 PURPOSE 

This SOP provides general reference information and standard techniques for using magnetometry. 

2.0 SCOPE 

This SOP provides a description of the field procedures, equipment, and interpretation methods 
necessary to fully utilize this procedure. 

3.0 DEFINITIONS 

Diurnal variations - daily changes in the total magnetic field strength due to solar activity and 
which (may be as large as 100 gammas or more) 

Gradient - change in magnetic field strength in a given vertical or horizontal distance 

Mametic storm - sudden and simultaneous variations of up to several hundred gammas throughout 
the world. Magnetic storms can occur as often as several times a month and can last one to several 
days. 

Total magnetic field intensity - a scaler measurement of the magnitude of the earth's magnetic field 
vector independent of its direction. 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that the project-specific plans 
are in accordance with these procedures, where applicable, or that other approved procedures are 
developed. The Project Manager is responsible for ensuring that the personnel operating and 
interpreting the geophysical data are trained, skilled in that endeavor, so far as to receiving 
documentation on the training and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 
geophysical technique and equipment to be used. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and to ensure that the field investigation 
personnel performing the activities have been briefed and trained to execute these procedures. 

5.0 PROCEDURES 

5.1 Overview 
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Magnetic surveying is a passive geophysical technique which measures the strength of the earth's 
magnetic field. The earth's field is a vector quantity having a unique magnitude and direction at 
every point on the earth's surface. A magnetometer is the instrument which measures the magnetic 
field strength in units of gammas or nanoteslas. In order to recognize a magnetic anomaly, it must 
be several times larger than the background noise level along that profile. Buried ferrous metal 
objects such as steel dnuns or tanks cause local variations or anomalies in the earth's magnetic field 
that can be detected by a magnetometer. Geologic features such as igneous intrusion or imn rich 
sands can also be mapped using magnetic surveying. 

The earth's magnetic field is not completely stable. It undergoes long-team (secular) variations over 
centuries; small, daily (diurnal) variations (less than 1% of the total field magnitude); and transient 
fluctuations called magnetic storms resulting from solar flare phenomena. Both naturally-occuning 
and manmade magnetic materials can modify the earth's magnetic field locally. 

Analysis of magnetic data by an experienced geophysicist can provide an estimate of the areal extent 
and quantity of buried ferrous objects. Depth of burial approximations can be made usine maohical -- . 
methbds of interpretation such & slope Gchniaues and'hf-width rules as described in Nettleton 

5.2 Apeliention and Uses 

Buried ferrous metal objects such as pipelines, barrels, tanks, etc., generally produce a perturbation 
in the earth's naturally occurring magnetic field. The size (amplitude) of this perturbation is related 
to the size of, distance to, susceptibility and remanent magnetization of the buried object. The 
magnetic survey method, therefore, is a useful tool for site studies to locate and identify buried 
ferrous metal. Figures 1 and 2 shows magnetic profiles and contour maps over buried metal objects. 
Non-anomalous magnetic data acquired over EM conductivity anomalies is an indication of the 
existence buried conductive, non-ferrous metal (copper, aluminum, brass) objects. 

Magnetic data also can be helpful in determining the size and geometry of geologic features such 
as fault zones, mineralized zones, and bedrock valleys and depressions. These features are 
characterized generally by longer wavelength anomalies and are readily distinguishable from 
anomalies associated with buried metal. In many areas, such geologic features may control or affect 
the direction and magnitude of groundwater flow. 

The total field proton precession magnetometer, the fluxgate magnetometer, and the magnetic 
gradiometer are commonly used magnetometers in environmental site investigations. The total field 
proton precession magnetometer is the most commonly used magnetometer-because they are easy 
to operate, have no instrumental drift, and can acquire data rapidly. The fluxgate magnetometer can 
better define the boundaries of buried ferrous objects than the proton precession magnetometer but 
is subject to instrument drift, and needs to be exactly oriented. Magnetic gradiometer measurements 
enhance anomalies resulting from shallow magnetic sources. 

Magnetometers commonly used in hazardous waste site investigations include the total field proton 
procession magnetometer, the flux gate magnetometer, and the magnetic gradiometer. Text books 
such as Telford (1976) and Nettleton (1976) discuss in detail the operation and construction of these 
and other magnetometers. 
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The total field proton procession magnetometer is the most commonly used magnetometer in 
hazardous waste investigations. This instrument utilizes the precession of spinning protons of 
hydrogen atoms in a sample fluid (kerosene, alcohol or water) to measure the total magnetic field 
intensity. Total field proton precession magnetometers are portable and do not require precise 
orientation and leveling; the sensor must be oriented with one side facing approximately north and 
the sensor held stationary during the cycling period. Proton precession magnetometers have no 
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instrument drift, do not require calibrations, are easy to operate, and have an accuracy of 0.1 
gamma. Most modem proton precession magnetometers have digital readouts and electmnic storage 
of data. 

Vertical magnetic gradiometers are magnetometers that measure vertical differences of the earth's 
total magnetic field. Gradient measurements enhance magnetic anomalies resulting from near 
surface magnetic source and diirimination between neighboring magnetic anomalies is also 
enhanced. These measurements are generally made using an instrument similar to a total field 
magnetometer that has two or more sensors mounted on a staff. The sensors are vertically separated 
by a constant distance, usually one to three feet. Gradient readings are adversely affected by ferrous 
metal surface debris since signals from this surface debris are also amplified. Consequently, removal 
of surface metal should be considered before conducting a gradiometer survey. 

The flux gate magnetometer was developed during World War I1 as a submarine detector. Text 
books such as Telford (1976), RAO and Murthy (1978) explain in detail the principals of operation 
of the flux gate magnetometer. A fluxgate magnetometer can define the boundaries of regions of 
buried ferrous metal objects more precisely than the proton precession magnetometer. There are 
several sources of errors in flux gate magnetometers including unbalance in the two coils, thermal 
and shock noise, circuit drift and temperature sensitivity. The advantages are direct readout, no 
azimuth orientation, coarse leveling required, light weight and portability (Telford, 1976). 

5.4 Field Procedures 

Magnetic data are generally acquired at relatively close station spacings (5 to 50 foot intervals) along 
closely spaced (10 to 50 feet) parallel survey lines. 

Magnetic data can be acquired in a rectangular grid pattern or along traverses. Grid data are 
readings acquired at the nodes of a rectangular grid; traverse data is acquired at f d  intervals along 
a Lie. Traverse data is often preferable to grid data because it generally is less expensive to acquire 
(heavily vegetated sites require time consuming brush cutting to establish a complete grid) and more 
useful for interpretation than an equal number of grid readings. Traverse lines generally ought to 
be oriented in a north-south dii t ion so that the maximum amplitude of an anomaly can be detected. 
However, line orientations are often more dependent on site obstacles and sources of magnetic 
noise. 

Station and line spacing intervals are determined on the basii of the desired resolution of the survey. 
If individual drums or clusters of deeply (greater than 25 feet) buried drums are the objective of the 
survey, then a detailed magnetic survey with relatively close station spacings (approximately 5 to 
10 feet) and line spacings (approximately 10 to 25 feet) should be used. If large metal objects such 
as 10,000 gallon tanks or trenches filled with barrels are the objective of the magnetic survey, then 
a reconnaissance or screening survey with longer station spacings (25, 50, or 100 feet) and line 
spacings of (25,50, or 100 feet) may be appropriate. 

In conducting a survey, the field operator must avoid or note any sources of high magnetic gradients 
and alternating currents, such as power lines, buildings, and any large iron or steel objects. It is also 
important that the operator be relatively free of magnetic materials on hisfher person and the 
magnetometer sensor be kept clean to avoid possible magnetic-bearing dirt. Periodically during a 
survey, and particularly when an anomaly is detected, it is important to establish that the 
magnetometer is providing valid readings and not random, meaningless instrument noise. The 
simplest means of verifying magnetometer field readings is to take several successive readings at 
one location. These readings should repeat to within k1 gamma. Readings are taken at 
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predetermined intervals which depend on the nature of the survey and which may have to be 
modified depending on the gradients encountered. For detailed surveys, a base station or the 
reoccupation of a set of stations several times a day or a continuous monitoring station (within 100 
miles) is established to check for diurnal variations and magnetic storms. At the height of a 
magnetic storm, magnetic surveying may be impractical due to the large instantaneous changes in 
the total magnetic field. 

5.5 Interoretation 

5.5.1 Data Analysis 

Magnetic data can be corrected for diurnal variations; however, diurnal changes are generally very 
gradual and linear and should not have the e-me fluctuations associated with buried ferrous metal 
objects. Magnetic data can be plotted in profile form or contoured depending upon the survey 
coverage. Noise sources (surface ferrous metal objects, fences, power lines, etc.) should be noted 
on the profiles or contour map so that anomalies due to these known sources can be accounted for. 
The amplitudes of similar sized surface metal objects should be compared. If similar sized ferrous 
metal surface objects have extremely different anomaly amplitudes, it may be an indication that 
buried ferrous metal objects exist in the vicinity of the higher amplitude anomalies. 

5.5.2 Presentation of Results 

The results of a magnetic survey should be presented in profile and/or contour map form. The 
orientation of the traverses should be indicated on profiles and lines of coverage on wntour maps. 
Locations of observed ferrous metal and other cultural features (hills, valleys, sheams, etc.) should 
be noted on both the profie and the contour maps. 

5.53 Interpretation 

Magnetic anomalies can be analyzed both qualitatively and quantitatively. The shape and gradient 
of an anomaly (slope, wave-length, amplitude, etc.) contains enough information to draw qualitative 
conclusions regarding the location and depth of the causative source. 

Quantitative computer modeling interpretations of magnetic data are complicated both by the 
inherent complexity of dipole magnetic behavior and by the fact that a number of different types and 
configurations of sources can cause the same anomaly. Where the properties of the earth's field and 
the local geologic materials (inclination, declination, susceptibility, and remanent magnetization) 
are well known, mamnable assumptions regarding the nature of the source can be made, and a fairly 
accurate model of the source generally can be derived. 

5.6 Advantaees and Limitations 

Advantages of the magnetic survey method include: 

- Rapid operation 
Low expense 
Identification of buried metal (ferrous) 
Sensitivity to small ferrous objects 
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Limitations of the magnetic survey method include: 

Susceptible to effects of manmade structures, utilities, buildings, fences, etc. 
Detection is limited to the distance to and quantity of ferrous metal present 

6.0 QUALITY ASSURANCE RECORDS 

All data will be recorded in log books and/or data logging sheets designed for this procedure. All 
data will be entered with the following basic information: date, start and end times (military time), 
location, personnel on site, Contract Task Order number, and weather. 

7.0 REFERENCES 
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GEOPHYSICS: ELECTROMAGNETIC INDUCTION METHOD 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using electromagnetic 
induction (EM) methods. 

2.0 SCOPE 

This SOP provides a description of field procedures, equipment, and interpretation methods 
necessary to fully utilize this procedure. 

3.0 DEFINITIONS 

Conductivity - Ability of a material to transmit an electrical current. Inverse of resistivity. 

Horizontal diwle mode - Transmitter and receiver coils oriented vertically. 

Vertical dioole mode - Transmitter and receiver coils oriented horizontally. 

Vertical sounding - Multiple EM measurements centered at a point with varying wil spacings. 

Vertical omfiling - EM measurements along a traverse with a fixed coil spacing and coil orientation. 

4.0 RESPONSIBILITIES 

Proiect Manager - The Project Manager is responsible for ensuring that the project-specific plans 
are in accordance with these procedures, where applicable, or that other approved procedures are 
developed. The Project Manager is responsible for ensuring that the personnel operating and 
interpreting the geophysical data are trained, skilled in that endeavor, so far as to receiving 
documentation on the training and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 
geophysical technique and equipment to be used. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and to ensure that the field investigation 
personnel performing the activities have been briefed and trained to execute these procedures. 

Field Investieation Persome1 - It is the responsibility of the field investigation personnel to follow 
these procedures, or to follow documented, project-specific procedures a s  directed by the Field 
Team Leader and the Project Manager. Field personnel are responsible for the proper acquisition 
of geophysical data 

5.0 PROCEDURES 

Electromagnetic Induction (EM) methods are non-intrusive geophysical techniques of measuring 
the apparent wnductivity of the subsurface materials. Electrical conductivity values of subsurface 
materials are determined by transmitting a high frequency electromagnetic (primary) field into the 
earth and measuring the secondary electromagnetic field produced by the eddy current as illustrated 
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in Figure 1. The transmitter and receiver coils do not require direct ground contact thus pennitting 
continuous profiling and rapid data acquisition. 

The strength of the secondary field is a function of the inter coil spacing, operating frequency and 
ground conductivity. The ratio of the secondary to the primary magnetic field is directly 
proportional to the terrain conductivity which enables direct insmment readout of apparent 
conductivity values (measured conductivity values are the bulk average conductivity for the area or 
volume of earth sampled). Conductivity ranges typical of various earth materials are shown on 
Figure 2. EM conductivity values are usually expressed in units of milliohms per meter. 
Conductivity values are converted to resistivity values in ohm-meters by use of the following 
relationship: 

resistivity (ohm - meters) = 
1.000 

EM instrument readoirt (milliohm per meter) 

The apparent conductivity of the subsurbx materials is dependent upon subsurface conditions such 
as: 

Lithology 
Porosity 
Permeability 
Conductivity of subsurface pore fluids 

Changes in these parameters causing measurable variations in electromagnetic conductivity can 
result from: 

Conductive contaminant plumes 
Abandoned trenches and lagoons 
Lateral changes such as backfill or landfill materials . Bedrock fracture zones 
Lithological variations 
Buried metallic objects 

The sampling depth or depth of investigation is related to the coil spacing and coil mode. The two 
coil modes used are the vertical dipole mode (coils horizontal) and the horizontal dipole mode (coils 
vertical). Figure 3 shows the relationship of the coil spacings, mode and relative responses. 

Two common terrain conductivity meter are EM-3 1 and the EM-34-3. The EM-3 1 has a fixed 
intercoil spacing of 3.7 meters and an effective depth of penetration of approximately 6 meters. The 
EM-343 has two coils which can be separated by 10,20, or 40 meters and can be oriented in either 
the horizontal or vertical dipole modes. Intercoil separations increase the effective depth of 
investigation as shown below. 

Intercoil Soacin~. 
(meters) 

Devth of Investiaation (meters) 
Horizontal Dipole Vertical Dipoles 
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The coil orientation (horizontal or vertical) allows the EM-34-3 to respond to materials of different 
depths. 

Vertical sounding and horizontal profiling are the two EM survey techniques. Vertical profiling is 
accomplished by multiple measurements about a point with varying coil spacing. Horizontal 
profiling is performed by making measurements along traverses with a fixed coil spacing. General 
discussions of electromagnetic induction methods are presented in texts by Grant and West (1965), 
Telford and others (1976), and Griffiths and King (1981). 

5.2 Aoalications and Uses 

The measurement of subsurface conductivity at a hazardous waste site provides a valuable 
contribution to site characterization. The conductivity (resistivity) of the hydro~eolonic section is - - 
predominantly influenced by the pore fluids. ~ons&uentl~,  cokductivity measurements provide 
indirect information on the porosity and permeability of subsurface materials, the degree of 
saturation, and the wnductivity of the pore fluids. The conductivity of the pore fluid is influenced 
by the presence of dissolved electrolytes. Contaminant plumes in the unsaturated and saturated 
zones can be mapped provided there is a sufficient change in the conductivity to be detected by the 
EM instrument. Generally, contaminant plumes of inorganic waste are easily detected because the 
pore fluids often have wnductivity values as much as three orders of magnitude above background 
values. Figure 4 illustrates an EM anomaly associated contamination plume. EM conductivity 
measurements can also be used to detect the presence of buried waste; filled disposal trenches, and 
buried metal objects such as drums, tanks or metal debris. Figure 5 illustrates an EM anomaly over 
a buried metal object. Electromagnetic surveys can be used to locate conductive as well as and non- 
conductive bodies. The many applications include: 

Contaminant plume mapping 
Locating abandoned trenches and lagoons 
Delineating bedrock fracture zones 
Determining thickness of weathered layers 
Lithology mapping 
Locating buried metallic objects 
Lateral anomalies such as pockets or pits of different materials 

Examples of EM applications at sites where groundwater is contaminated are presented by Duran 
(1982), Greenhouse (1983), and Greenhouse and Slaine (1983). 

The two-coil EM instnunent and the VLF (very low frequency) instrument are basically the two 
different types of electromagnetic surveying &strumen& in use; each is capable of sensing to 
different depths. There are several models and manufacturers of this equipment. 

The two-coil system consists of a transmitter coil and a receiver coil. Refer to Figure 1 which 
illustrates the basics of a two-coil electromagnetic induction apparatus. The transmitter coil induces 
an electromagnetic field of known strength and the receiver coil measures the resulting quadrature, 
or ratio of primary to secondary fields resulting from subsurface features. Each instrument is read 
directly in units of milliohms per meter (conductivity). EM readings represent the average bulk 
conductivity at a point halfway between the two coils. 
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The VLF instrument is a receiver which relies on specialized, very low frequency communication 
antennas for induction of an electromagnetic field. Surveying with the VLF or equivalent 
instrumentation is commonly referred to as VLF surveying. 

The VLF Instrumentation is a small, lightweight hand-held instrument which can be operated by one 
person. Principal components of the instrument are a pair of mutually perpendicular coils and a 
receiving crystal with a frequency specific to a transmitting antenna. The two receiving coils are 
used to measure local characteristics of the primary induced field and any secondary fields 
emanating from bodies of variable conductivity. Typical sources of induced electromagnetic fields 
for VLF surveying are. the very low frequency antennas used for submarine communications. 

5.4 Data Acauisition 

The advantage of the EM survey method is the speed and accuracy with which lateral changes of 
termin conductivity can be measured. The EM conductivity data can be acquired using sounding 
and ~rofiline technjaues similar to those used in electrical resistivity. EM profiling is a&mplished 
by &versing an ar& with a fixed coil spacing and orientation; EM sounding is>ccompliihed by 
expanding the inter-coil spacings in a manner similar to that used by electrical resistivity soundings. 
Some commonly used EM equipment is l i  in the number of available inter-coil spacings that 
can be used, however, there are other EM instruments available that can operate at many coil 
spacings and frequency ranges to provide numerous sounding data points necessary for accurate 
computer modeling and profiling. 

The factors determining which instrument is used and what the grid spacing should be at particular 
sites are: 

Depth to target and size of target 
Accessibility of the site 
Effects of manmade structures and utilities, such as electric power lines 
Conductivity of the earth materials 

EM induction instruments may have a depth of investigation of up to 200 feet depending upon coil 
spacing and orientations used (see Figure 3). The very low frequency VLF device has the greatest 
depth of investigation and is generally used to evaluate large geologic structures. 

In conducting a VLF survey, VLF readings should be acquired with the instrument oriented 
perpendicular to a straight line fiom the site to the transmitter antennas. This orientation is 
necessary to ensure optimum data quality. A11 readings from a particular VLF station must be 
obtained with the instrument oriented in the same direction. 

For an EM induction survey, a regular pattern of survey stations will provide coverage of the area 
in question. Typically, use of a grid spacing which is approximately equal to the size of the target 
sought by the survey, and a coil spacing with a maximum response for the depth of interest will 
produce satisfactory results. Specific needs for local detail, however, may require a refined 
coverage. The chosen spacing should always be site and target specific. 

In conducting an EM survey, the field operator must avoid or note any potential sources of 
anomalous (noise) conductivity values such as power Lies, buildings, fences, buried pipelines or 
any other large metal objects. Noise sources should be noted on the profiles or contour maps 
accounting for anomalies due to these known sources. 
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Important information that should be known for planning and before conducting an EM conductivity 
survey are: assumed hydrogeologic characteristics of the site, potential source locations and 
migration paths, characteristics of the hazardous substance of interest, and depths of interest. The 
level of detail necessary (size of object of interest and detail of resolution) determines the number 
of lines and station spacings of readings required. 

EM data, if not recorded on a strip chart or digital recording instrument, should be recorded on 
standardid data sheets. At a minimum all data (strip chart, digital disks, or standard forms) should 
have the following information listed: 

. Projds i te  location identification . Company . Date and time . Operators name . Instrument make, model . Coil spacings and configuration . Line and station numbers . Instrument reading scales . Weather conditiondtemperature 

5.5 Interaretation 

5.5.1 Data Analysis 

In general, electromagnetic survey data require relatively little processing before they can be 
interpreted. This is especially true for fuced coil spacing surveys because the data are recorded in 
units of conductivity; preliminary interpretations are made by comparison of conductivity values. 
A contour map can be prepared from the data and compared with results of other surveys. EM 
instruments also can be used for vertical soundings similar to resistivity sounding. Vertical sounding 
with EM equipment, however, has lower resolution than that performed with the resistivity 
technique. As a result, EM data are generally more useful for continuous profiling surveys. 

VLF instruments do not read directly in units of conductivity. The in-phase measurement (the tilt 
of primary induced field) is read in terms of the tangent to the angle of tilt and is given as a 
percentage. Quadrature measurements, which are the ratios of voltage required to equalize the 
primary to secondary signal strengths, are also given as percentages. For field interpretation these 
two sets of data can be plotted in profile form, percentage versus distance. Greenhouse and Slaine 
(1983) describe a simple mathematical conversion so that VLF data can be presented in wntour 
format and compared to other available data such as resistivity and magnetics. Digital data 
acquisition systems are now available that allow calculation of conductivity. 

5.53 Presentation of Results 

Results of an EM conductivity survey can be presented in profile andlor wntour map form. The 
orientation of the traverses should be indicated on profiles in Lines of coverage on contour maps. 
Locations of observed surface metal and other cultural features such as topography, buildings, 

fences, power l i e s  etc. should be noted on both the profiles and the contour maps. 
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5.5.3 Interpretation 

EM conductivity data can be analyzed qualitatively and quantitatively. Generally, profiling data a x  
presented as a contour map or profiles. Profile lines should be stacked and aligned. A qualitative 
analysis of the contour map or aligned profiles usually can allow an interpreter to identify any 
conductivity trends that may be indicative of buried metal, groundwater flow and contaminant 
transport A comparison of available geologic data, cultural f m u s  metal and debris maps prepared 
during data acquisitions should be made to evaluate the causes of any conductivity trends observed. 

Computer or chart comparisons of EM sounding data with available theoretical models can be made. 
This type of interpretation is similar to that used in electrical resistivity, but in EM sounding it is 
limited to relatively simple hydrogeologic conditions. 

5.6 Advantages and Limitations 

Advantages of the electromagnetic induction method include: 

No ground contact required 
Rapid data acquisition (faster than resistivity) 
Lightweight, one or two man operation 
Wide range of applications 
High lateral resolution 
Field interpretation possible 

Limitations of the electromagnetic induction method include: 

Limited dynamic range 1-1,000 milliohm/meter 
Susceptible to effects of man-made structures, utilities, etc. . Less vertical resolution than resistivity . Limited penetration . Does not distinguish even simple layering without more complex application and 
interpretation . Setting and maintaining instroment at zero 

6.0 QUALITY ASSURANCE RECORDS 

Field data will be recorded in log books andlor data recording sheets accompanying the monitoring 
equipment. Data recorded in a field log book will be entered with the following data: date, site 
location, Contract Task Order number, personnel conducting the investigation, time (military time), 
start time and end time, weather. 
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GEOPRYSICS: RESISTIVITY METHOD 

1.0 PURPOSE 

The purpose of this SOP is to provide general reference information for using and interpreting 
electrical resistivity surveying. 

2.0 SCOPE 

This SOP indicates the normal methods of interpreting and implementing resistivity data. The 
description of field implementation methods, data acquisition and recording are described herein. 

Finite-element modeling - A numerical method of approximating a solution to differential equations. 

- A unit of frequency. One hertz equals one cycle per second. 

Imoedance - The apparent resistance to the flow of alternating current; analogous to resistance in 
a direct current circuit. 

Milliamr, - A unit of electric current flow, equal to one thousandth of an ampere. 

Sinusoidal - An adjective describing a curve in the pattern of a sine function (mathematics). 

Soundine. - Measurement of geoelectrical properties as they vary with depth. 

Sauare wave - A waveform consisting of alternating positive and negative portions. 

4.0 RESPONSIBILITIES 

Pmiect Manager - The Pmject Manager is responsible for ensuring that the project-specific plans 
are in accordance with these procedures, where applicable, or that other appmved procedures are 
developed. The Project Manager is responsible for ensuring that the personnel operating and 
interpreting the geophysical data are trained, skilled in that endeavor, so far as to receiving 
documentation on the training and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing the 
geophysical technique and equipment to be used. It is the responsibility of the Field Team Leader 
to ensure that these procedures are implemented in the field and to ensure that the field investigation 
personnel performing the activities have been briefed and trained to execute these procedures. 
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5.0 PROCEDURES 

5.1 Overview 

Electrical resistivity surveying is an active geophysical technique that utilizes electrical 
measurements obtained on the ground surface to determine physical properties of subsurface 
materials. Typically an electric current is applied to the earth using two electrodes (current 
electrodes C1 and C2); the resulting potential difference or voltage is measured between a second 
pair of electrodes (potential electrodes PI and P2) as shown on Figure 1. An "apparent resistivity" 
is then calculated using values for the applied current, measured voltage, and electrode separation. 

The values measured during a field program are known as "apparent" resistivities because they can 
be a composite of resistivity values for several layers. For a single isotropic homogeneous material, 
the apparent resistivity would equal the true resistivity. 

Resistivity and its reciprocal, electrical conductivity (I/resistivity = conductivity), are inherent 
properties of soil, rock, and groundwater. The resistivity of an earth material depends on the 
following: 

Material composition 
Water content (porosity and degree of saturation) 
Salinity or ion content of the water 
Permeability 
Temperature 

Most soil and rock materials are relatively poor electrical conductors (i.e., exhibit high resistivities) 
compared with groundwater. An applied electrical current is conducted almost entirely by water in 
the pore spaces or fractures of soil or rock rather than by the soil or rock alone. This applies to the 
unsaturated and vadose zones, because in general there is some moisture in unsaturated media Pure 
water is non-conductive, but most groundwater contains dissolved salts and hence is somewhat 
conductive. 

The approximate ranges of resistivity for common soil and rock types are shown on Figure 2. The 
ranges of resistivity values for a single material generally indicate resistivity variations between dry 
and water-saturated conditions. Dry sands, gravels, and massive unweathered rock typically exhibit 
relatively high resistivities; whereas, clays, clayey tills, water-saturated sediments, and weathered 
rock (chemically broken down to clays) tend to have lower resistivities. 

Resistivity measurements are commonly used to delineate either changes in resistivity with depth 
or lateral variations in resistivity. These applications are known respectively as: 

Vertical electrical soundings (VES) 
Horizontal profiling 

In VES surveys the center of an electrode array is kept at a fured position, and resistivity 
measurements are obtained at successively larger electrode spacings. Measurements at the longer 
electrode separations sense deeper into the earth to identify geoelectrical layering in soil and rock. 
These data are often used to identify the water table, clay layers, and the bedrock surface, and to 
select optimum electrode spacings for horizontal profiling surveys. 
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In horizontal profiling, the electrode spacing is kept constant and the array is moved across the 
survey area. Profiling measurements are often repeated with at least two different electrode 
separations to identify lateral variations at more than one depth. 

A variety of electrode arrays are used for resistivity surveys. The most common ones will be 
discussed in this section. In all of the arrays listed below, the electrodes are arranged in a straight 
line. Differences between the arrays consist of variations in electrode spacing and relative position. 
The most commonly used electrode arrays (see Figure 3) are: 

Werner (and Lee modification of Wenner) 
Schlumberger 
Dipole-dipole 

These three arrays measure the induced electrical (potential) field differently, thus the arrays have 
different applications. The Wenner array measures an "average" of the induced potential because 
its potential electrodes are relatively far apart. This averaged measurement rendets the Werner array 
suitable for VES surveys, but it is less sensitive to horizontal variations in resistivity. 

The Lee modification of the Werner array involves the addition of a third potential electrode 
halfway between PI and P2 (see Figure 3). Three potential measurements are taken, using 
electrodes PI - P2 (normal), Pi - Po (Lee left), and P2 - Po (Lee right). Apparent resistivities are 
calculated for the Lee left and right measurements. If the left and right measurements do not each 
equal one-half of the normal measurement, there is either a measurement error or a lateral variation 
in resistivity in the vicinity of the potential electrodes. 

In the Schlumberger array the potential electrodes are relatively close together compared to the 
current electrodes, and the array measures the first derivative of the induced potential field. The 
Schlumberger array's performance is comparable to that of the Wenner array for VES applications, 
but has greater sensitivity in horizontal profiling. Generally, only the current electrodes are moved 
in a Schlumberger VES survey. This is simpler than Wenner VES measurements, in which four 
electrodes must be moved, but it can result in larger measurement errors. Because of the closely- 
spaced potential electrodes the voltages measured in a Schlumberger survey are smaller than those 
measured in a Wenner survey, and an error in potential measurement has a greater effect on 
Schlumbergercalculated resistivities. At sites where many local variations in resistivity occur near 
the ground swface, ScMumberger results may be less noisy because the potential electrodes are kept 
in the same material for several readings. Wenner results for the same area will be more noisy 
because the potential electrodes are in different media for each reading. 

The Werner and Schlumberger arrays have some similarities. Both can be used for profiling or VES 
surveys, and both have a maximum depth of investigation related to the current electrode separation 
(approximately one-third of the Wenner "a-spacing" or one-ninth of the Schlumberger current 
electrode separation). Schlumberger profiling measurements have greater sensitivity to lateral 
resistivity changes, and Schlumberger VES data have less error due to heterogeneous near-surface 
materials. Wenner measurements are more accurate at sites where small potential voltages are 
induced, including sites with low resistivity (high conductivity) clays. Either Wenner or 
Schlumberger arrays may be used for reconnaissance and detailed measurements by varying the 
spacing between profile traverses or sounding locations. Widely spaced traverses or soundings are 
used for reconnaissance surveys or for delineation of large targets (horizontally extensive clay or 
gravel layers). Closely spaced data are required for identification of localized features such as 
discrete wnes of leachate migration, etc. 
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Dipole-dipole measurements represent the second derivative of the induced potential field; they are 
thus more sensitive to lateral changes in resistivity than the Wenner or Schlumberger arrays, but less 
sensitive to changes with depth. A dipole-dipole survey is better-suited to locating discrete features 
(buried metal, igneous dikes, solution cavities), and should not be used for identification of soil and 
rock layering. 

Contrasts in resistivity for some geologic materials (see Figure 2) make resistivity surveying a 
valuable technique for many applications including: 

Depth to groundwater 
Delineation of conductive contaminant plumes andor buried wastes 
Locating hsWsalt water interfaces 
Detecting a perched water table 
Distinguishing bedrock and sediment lithologic types and contacts 
Identification of zones of weathered bedrock, fractures, and possibly solution 
cavities 

Examples of resistivity applications including identification of buried stream channels, mapping the 
groundwater table, and clay layers may be found in Zhody et al. (1974) and Yazicigil and Sendlein 
(I 982). 

Resistivity surveys have occasionally been applied to the problem of detecting electrically resistive 
contaminants; however, this procedure is generally not possible. Successful applications of 
resistivity in organic contaminant identification requires (1) conductive contaminants (landfill 
leachate, chlorides, iron oxides, dissolved nitrates and salts) associated with the organic compounds, 
or (2) a layer of organic product (hydrocarbons including gasoline, PCBs) several feet thick which 
displaces the groundwater table. 

Resistivity data are well-suited for correlation and verification by a variety of geophysical 
techniques andor test borings. Possible correlative geophysical techniques for the applications listed 
above include seismic retraction, electromagnetic terrain conductivity, ground penetrating radar 
(GPR), and magnetometry. 

Basic field equipment needed for resistivity surveying includes: 

. Two current electrodes . Two or three potential electrodes . Insulated connecting cables . Non-conductive fiberglass measuring tapes . Source of electric current . Voltage measurement device 

Resistivity instrumentation comes in a variety of designs with widely varying capabilities. 
Advantages and limitations of four popular designs will be discussed in this section. 

The simplest resistivity instruments are known as "DC" (direct current) devices. They apply a direct 
current to the earth and measure the resulting DC potential with a high-impedance (at least 1 x 106 
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ohm) volt meter. Because SP (self-gotential) voltages can adversely affect the accuracy of simple 
DC resistivity measurements, these instruments usually contain a "nulling" or "balancing" circuit 
to remove the SP effect; although SP constitutes a form of noise in a resistivity survey, SP 
measurements can also be used as a geophysical exploration technique (see Section 8.50). If SP is 
varying rapidly in the area of investigation, then its effect is nearly impossible to remove or 
cornpensaw, for this reason, simple DC resistivity measurements are not suitable for all field areas 
(see Section 8.5.1 for a discussion of SP sources). 

A more versatile resistivity meter is known as the low-frequency "AC" (alternating current) type. 
This instrument uses a sinusoidal applied current, usually of only a few hertz, to avoid some of the 
interference caused by SP. Both the DC and low-frequency AC meters are best-suited for relatively 
shallow investigations, with depths of investigation less than about 100 feet, in soils that are neither 
highly conductive nor highly resistive. These limitations are imposed by the small battery-powered 
current transmitters used. Current output of these units is measured in tens of milliamps at less than 
one thousand volts. 

More powerful resistivity equipment is also available, using sinusoidal AC or square-wave DC 
transmitters powered by portable electric generators. These units often have a transmitter and 
receiver mounted in separate housings to provide greater versatility and to minimize electrical 
interference between the transmitting and receiving circuits. They also have the capability of 
producing up to tens of amperes of current at several thousand volts, sufficient for surveys in highly 
resistive or conductive media at maximum depths much greater than battery powered instruments. 

Recent innovations in electm~cs design have resulted in a fourth type of resistivity meter that fills 
a niche between the standard battery and generator powered AC instruments. These units are also 
battery-powered, but produce electric currents with unique waveforms. Voltage measuring circuits 
in these devices are designed to recognize the specific waveform produced by the transmitter, thus 
enabling measurement of weak potentials in somewhat noisy conditions. Signal enhancement 
(summing of a few voltage measurements) is usually offered with these instruments and also 
contributes to improved resolution. This type of resistivity meter is capable of operation in more 
resistive or conductive media than the low-fbquency AC meters, and can also be used to investigate 
deeper structures. 

5.4 Field Procedures 

Field procedures involve placing electrodes at the intended separations, connecting the electrodes 
to the transmitter and receiver, and obtaining current and potential measurements. Electrode 
locations should be determined with non-conductive measuring tapes to avoid providing an 
alternative path for the applied current. Fiberglass tapes are commonly used. Most resistivity 
surveys are performed with metal electrodes which are driven into the ground. Steel and copper-clad 
steel are common electrode materials, although other metals may be used. Electrodes of dissimilar 
metals should not be used during a survey (e.g. three steel electrodes and one aluminum electrode) 
because unusually large self-potentials can be generated. Electrodes are usually driven one to three 
feet into the ground. Water is poured around each electrode, if needed, to decrease the resistance 
between the electrode and earth materials. Copper sulfate solutions have historically been used to 
improve electrode contact, but tap water is usually sufficient. 

At sites with strong self-potential noise e&ts, use of DC resistivity instrumentation may necessitate 
non-polarizing electrodes. These special electrodes are commonly of the porous-pot type, consisting 
of an unglazed ceramic pot containing a metal electrode and a saturated electrolytic solution. The 
solution must be of a salt of the same metal as the central electrode; e.g., a solution of copper sulfate 
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is often used with a copper electrode. The porous pot is placed on the ground surface, and electrical 
contact with the earth is achieved by seepage of the electrolytic solution through the porous ceramic. 
Finally, the electrode is connected to the resistivity instrumentation by insulated wire. 

Quality assurance is important in resistivity field procedures. This entails careful measurement of 
electrode positions, checking resistances across potential and current electrodes to ensure good 
contact with the earth, and plotting calculated apparent resistivities in the field to quickly make 
identification of spurious readings. Instrument calibration is not usually of concern because the 
equipment is calibrated by its manufactum. Verification of the equipment's operating condition can 
be obtained by repeating resistivity measurements at a known location prior to conducting field 
work. 

Careful planning is another significant factor in conducting resistivity mrveys. Parallel lines should 
be tied together with a perpendicular line, or by using another geophysical technique such as EM 
or seismic. To minimize errors from fences or other cultural features, electrode arrays should be 
placed perpendicular to metal fences or other linear conductive objects. Topographic effects are 
minimized if the electrodes are maintained at nearly the same elevation; a VES survey is best 
performed along hillside contours, not up and down the hill. 

5.5 Interpretation 

55.1 Data Analysii 

Analysis of resistivity data involves different procedures for horizontal profiling, VES surveys, and 
dipole-dipole surveys. Horizontal profiling data is contoured or plotted on linear graph paper, with 
apparent resistivity values on the y-axis and distance along the traverse on the x-axis. The contour 
map or profiles are then examined for relative variations in resistivity which may be indicative of 
the intended target body. An example of Wenner profiling data is provided on Figure 4. 

Wenner and Schlumberger VES data are plotted on log-log graph paper with apparent resistivity 
values on the y-axis and Wenner a-spacings or the Schlumberger current electrode separations on 
the x-axis (Figure 5). Until a few years ago, interpretation would have next been accomplished by 
comparison of the field data with published master curves. Examples of the curves and their use may 
be found in Orellana and Mooney (1966), Keller and Frischknecht (I%), Dobrin (1976), Telford 
et d. (1976), Van Nostrand and Cook (1966), and Zhody et al. (1974). This technique is slow, 
inaccurate, and limited in applieation because curves are available only for two and three layer cases 
at a few resistivity contrasts. 

Currently, VES interpretations are performed using a computer and the linear filter algorithm 
described by Gbosh (1971a and I971 b) and Koefoed (1979). This algorithm operates very quickly 
on any computer, from a mainframe to a Laptop, and provides greater accuracy and versatility than 
is possible with curve matching techniques. A contractor should clearly identify the modeling 
technique used in the interpretation. 

Computer-aided modeling can be performed in two manners. Fonuard modeling entails computation 
of theoretical resistivity values from a layer thickness/resistivity model supplied by the interpreter. 
Agreement between the field and theoretical curves in the model is obtained by subsequent trial and 
e m  refinement of the layer parameters (thicknesses and resistivities). Boring or test pit logs, if 
available, should be used to wnfum the resistivity modeling results. 
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Inverse modeling also begins with computation of theoretical resistivity values from layer 
parameters supplied by the interpreter, but refinement of the layer parameters is automatically 
performed by the computer code. The final product of an inverse modeling session is a set of layer 
parameters and a corresponding theoretical curve which provide the best possible fit to the field data. 
This "numerically correct" interpretation must be examined by a geologist or geophysicist to ensure 
that the model is geologically reasonable. Again, actual field data from a boring or test pit should 
be used to check the model. 

Dipoledipole resistivity analysis is considerably different from horkmtal profiling or VES analysis. 
Dipole-dipole data are displayed in a two-dimensional pseudosection format (Figure 6), and the 

analysis is thus performed by twodimensional numerical modeling. An example of finite-element 
modeling of dipolsdipole data may be found in Rijo (1977). Note that the complexity of this finite- 
element modeling requires a well-trained interpreter and a mini-computer, these restrictions will 
limit the number of contractors qualified to perform dipoledipole interpretation. 

5.5.2 Presentation of Results 

Horizontal profiling data are contoured or presented as linear-linear plots of apparent resistivity 
versus distance along a traverse. An example of the profiling plotting technique is provided on 
Figure 4. 

VES data are plotted on log-log graphs with apparent resistivity values on the y-axis and Wenner 
a-spacings or the Schlumberger current electrode separations on the x-axis. See Figure 5 for an 
example. Layer parameters used in VES modelling, i.e. layer thicknesses and resistivities, must be 
included with each VES plot, as shown on Figure 5. 

Dipole-dipole data are shown as pseudosection plots, usually with resistivity values contoured (see 
Figure 6). A cross section of the inferred geologic model should accompany the pseudosection plot. 

5 3 3  Interpretation of Results 

Interpretation of resistivity data entails comparing resultant ranges of resistivity values with natural 
earth materials or manmade objects likely to be present. Horizontal profiling data and VES 
modelling results are directly indicative of the resistivities of the materials encountered: higher 
resistivity values represent more electrically resistive materials (such as sands or gravels). Figure 4 
shows Wenner profiling data over a localized zone of anomalously low resistivity soil. Figure 5 
shows Wenner resistivity sounding data over a clay seam that occurs between more resistive soil 
layers. 

Dipoledipole interpretation is more subjective, and requires an experienced interpreter. The 
complexity of dipole-dipole interpretation arises from the lack of correspondence between a dipole- 
dipole pseudosection and the actual resistivities of the earth materials investigated. As a simple 
example, a low-resistivity vertical dike will produce a dipole-dipole anomaly in the shape of an 
inverted letter "V". Although the d i e  has low resistivity, the anomaly will contain both low and 
high resistivity values which could be misinterpreted by inexperienced personnel. 

Correlation of resistivity data with other geophysical data sets, borehole geologic logs, or borehole 
cores and samples, is necessary to more accurately identify the materials or structures inferred from 
the resistivity results. Estimates of layering thicknesses from resistivity modeling typically have to 
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be compared with seismic refraction or geologic data because of the imprecision inherent in 
resistivity layer calculations. The imprecision is caused by the non-uniqueness of resistivity data: 
many different models can produce theoretical curves which nearly fit the field data. A 
knowledgeable interpreter is thus needed to successfilly integrate the resistivity results with other 
data, including geologic information regarding the site of interest. 

Advantaees and Diadvaota~es 

Some of the advantages ofresistivity surveying include the general portability of the equipment, the 
potential for in-field data reduction by using portable computers with horizontal profiling and VES 
surveys, and the generation of information which cannot be obtained with other methods a similar 
cost. Euuallv imwrtant are the limitations inherent in resistivitv surveyin% which will be reviewed 
below. knowled& of these limitations is critical to avoid misa&~icatidn Gthe resistivity technique. 

First, the resistivity surveying methods can be carried out only in media which are neither 
extraordinarily conductive or resistive. If electrodes are placed in very conductive material, e.g., a 
clay layer, then the applied current flow is trapped in the conductive layer. A bedrock layer 
underlying the clay, could remain undetected because virtually none of the current would pass 
through the rock. 

In very resistive materials, such as talus, resistivity surveying often cannot be performed because 
poor electrode contact prevents introduction of current into the earth. hkginal cases may be aided 
by wetting the electrodes to decrease earth resistance, but in severe cases the resistivity method must 
be replaced with another technique. 

Another limitation is the size of a target body which can be detected by resistivity surveys. Thin 
layers, or targets of limited lateral extent, may be undetectable because the measured potentials 
integrate the effects of a large volume of material. This difficulty can be reduced if the minimum 
size and resistivity contrast of the expected target is known before the field measurements are begun. 
Numerical modelling can then be performed to select the most effective electrode array and spacing 

to identify the desired target. This approach is particularly effective in planning VES and dipole- 
dipole surveys. 

Cultural interference is another serious limitation of resistivity surveying. Interference from metal 
fences can be minimized by orienting electrode arrays perpendicular to the fence. The same 
approach can be used with underground utilities, but in general an area of utilities is best avoided 
altogether. 

All reports must include a statement of the field and computer methods used, including calibrations 
and correlations with other geologic or geophysical data. 

6.0 QUALITY ASSURANCE RECORDS 

All data will be recorded in log books andlor data logging sheets designed for this procedure. All 
data will be entered with the following basic information: date, start and end times (military time), 
location, personnel on site, Contract Task Order number, and weather. 
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SAMPLE PRESERVATION AND HANDLING 

1.0 PURPOSE 

This SOP describes the appropriate containers for samples of particular matrices, and the steps 

necessary to preserve those samples when shipped off site for chemical analysis. It also identifies 

the qualifications for individuals responsible for the transportation of hazardous materials and 

samples and the regulations set forth by the Department of Transportation regarding the same. 

2.0 SCOPE 

Some chemicals react with sample containers made of certain 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 

the integrity of the sample prior to analysis. 

Many water and soil samples are unstable and may change in chemical character during shipment. 

Therefore, preservation of the sample may be necessary when the time interval between field 

collection and laboratory analysis is long enough to produce changes in either the concentration or 

the physical wndition of the constituent(s). While complete and irreversible preservation of samples 

is not possible, preservation does retard the chemical and biological changes that may occur after 

the sample is collected. 

Presewation techniques are usually limited to pH control, chemical addition(s), and 

refrigeratiodfreezing. Their purposes are to (I) retard biological activity, (2) retard hydrolysis of 

chemical compwnds/complexes, (3) reduce constituent volatility, and (4) reduce adsorption effects. 

Typical sample container and preservation requirements for the CLEAN Program are referenced in 

NEESA 20.2-047B and are provided in Attachment A of this SOP. Note that sample container 

requirements (i.e., volumes) may vary by laboratory. 
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The Department of Transportation, Code of Federal Regulations (CFR) Title 49 establishes 

regulations for all materials offered for transportation. The transportation of environmental samples 

for analysis is regulated by Code of Fedeml Regulations Title 40 (Protection of the Environment), 

along with 49 CFR Part 172 Subpart H. The transportation of chemicals used as preservatives and 

samples identified as hazardous (as defined by 49 CFR Part 171.8) are regulated by 49 CFR Part 

172. 

3.0 DEFINITIONS 

HCI - Hydrochloric Acid 
H2SO4- Sulfuric Acid 
HNO3 - Nitric Acid 
NaOH - Sodium Hydroxide 

Normalitv (N) - Concentration of a solution expressed as equivalents per liter, where an equivalent 

is the amount of a substance containing one mole of replaceable hydrogen or its equivalent. Thus, 

a one molar solution of HCI, containing one mole of H, is "on*normal," while a one molar solution 

of H2S04 containing two moles of H, is "two-normal." 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans are 

in accordance with these procedures, where applicable, or that other, approved procedures are 

developed. The Project Manager is responsible for development of documentation of procedures 

which deviate from those presented herein. The Project Manager is also responsible for proper 

certification of individuals responsible for transportation of samples of hazardous substances. 

Field Team Leader - It is the responsibility of the Field Team Leader to ensure that these procedures 

are implemented in the field and to ensure that personnel performing sampling activities have been 

briefed and trained to execute these procedures. The Field Team Leader is responsible to ensure all 

samples andlor hazardous substances are properly identified, labeled, and packaged prior to 

transportation. 
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Sampling Personnel - It is the responsibility of the field sampling personnel to initiate sample 

preservation and handling. It is also the responsibility of the field sampling personnel to understand 

and adhere to the requirements for proper transportation of samples andlor hazardous substances. 

5.0 PROCEDURES 

The following procedures discuss sample containerization and preservation techniques that are to 

be followed when collecting environmental samples for laboratory analysis. 

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 measured is organic in nature, the container shall be made of glass. 

If the analyte(s) is inorganic, then glass or plastic containers may be used. Containers shall be kept 

out of direct sunlight (to minimize biological or photwxidation~photolysis of constituents) until 

they reach the analytical laboratory. The sample container shall have approximately five to ten 

percent air space ("ullage") to allow for expansion/vaporization if the sample is heated during 

transport (one liter of water at 4OC expands by 15 milliliters if heated to 130QF/550C); however, head 

space for volatile organic analyses shall be omitted. 

The analytical laboratory shall provide sample containers that have been certified clean according 

to USEPA procedures. Shipping containers for samples, consisting of sturdy ice chests, are to be 

provided by the laboratory. 

Once opened, the sample 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 liners (if required for the container) shall be discarded. 

General sample container, preservative, and holding time requirements are listed in Attachment A. 
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5.2 Preservation Techniques 

The preservation techniques to be used for various analytes are listed in Attachment A. Reagents 

required for sample preservation will either be added to the sample containers by the laboratory prior 

to their shipment to the field or added in the field using laboratory supplied p-atives. Some of 

the more commonly used sample preservation techniques include storage of sample at a temperature 

of 4°C. acidification of water samples, and storage of samples in dark (i.e. amber) containers to 

prevent the samples from being exposed to light. 

All samples shall be stored at a temperature of 4°C. Additional preservation techniques shall be 

applied to water samples as follows: 

Water samples to be analyzed for volatile organics shall be acidified. 

Water samples to be analyzed for semivolatile organics shall be stored in dark 

containers. 

Water samples to be analyzed for pesticides/PCBs shall be stored in dark containers. 

Water samples to be analyzed for inorganic compounds shall be acidified. 

These preservation techniques generally apply to samples of low-level contamination. The 

preservation techniques utilized for samples may vary. However, unless documented otherwise in 

the project plans, all samples shall be considered low concentration. All samples preserved with 

chemicals shall be clearly identified by indicating on the sample label that the sample is preserved. 

5.3 S a m ~ l e  Holdine Times 

The elapsed time between sample collection and initiation of laboratory analyses is considered the 

holding time and must be within a prescribed time frame for each individual analysis to be 

performed. Sample holding times for routine sample collection are provided in Attachment A. 
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6.0 SAMPLE HANDLING AND TRANSPORTATION 

After collection, the outside of all sample containers will be wiped clean with a damp paper towel; 

however sample handling should be minimized. Personnel should use extreme care to ensure that 

samples are not contaminated. If samples are placed in an ice chest, personnel should ensure that 

melted ice cannot cause sample containers to become submerged, as this may result in sample cross- 

contamination and loss of sample labels. Sealable plastic bags, (zipper-type bags), should be used 

when glass sample containers are placed in ice chests to prevent crosscontamination, if breakage 

should occur. 

Samples may be hand delivered to the laboratory or they may be shipped by common carrier. 

Relevant regulations for the storage and shipping of samples are contained in 40 CFR 261.4(d). 

Parallel state regulations may also be relevant. Shipment of dangerous goods by air cargo is also 

regulated by the United Nationdnternational Civil Aviation Organization (UNIICAO). The 

Dangerous Goods Regulations promulgated by the International Air Transport Association (IATA) 

meet or exceed DOT and UNIICAO requirements and should be used for shipment of dangerous 

goods via air cargo. Standard procedure for shipping environmental samples are given in 

Attachment B. 

7.0 REFERENCES 

American Public Health Association, 198 1. Standard Methods for the Examination of Water and 
Wastewater. 15th Edition. APHA, Washington, D.C. 

USEPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

USEPA, 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-60014-79-020. USEPA 
EMSL, Cincinnati, Ohio. 

USEPA, Region IV, 1991. Environmental Comoliance Branch Standard Ooerating Procedures and 
Qualitv Assurance Manual. Athens, Georgia. 

Protection of the Environment, Code of Federal Regulation, Title 40, Parts 260 to 299. 

Transportation, Code of Federal Regulation, Title 49, Parts 100 to 177. 



ATTACHMENT A 

REQUIRED CONTAINER, PRESERVATION TECENIQUES 

AND HOLDING TIMES 



ATTACHMENT A 

SUMMARY O F  CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR AQUEOUS SAMPLES 

( I )  Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of February, 1991. 
Holding times for Non-CLP methods are based on time of sample collection. 

Parameter 

Volatile Organic Compounds 
(VOA) 
Semivolatile Organic 
Compounds (SVOA) 

PCBPesticides 

Cyanide 

Metals (TAL) 

Total Organic Carbon 

Total Organic Halogen 

Chloride 

Sulfate 

Alkalinity 

Gross alphatgross beta 

Chlorinated herbicides 

Hardness 

Bottle Requirements 

glass teflon l i e d  cap 

glass teflon lined cap 

glass teflon lined cap 

plastic/glass 

plastidglass 

glass, teflon lined cap 

plasticlglass 

plasticlglass 

plastidglass 

plasticlglass 

plastidglass 

glass, teflon lined cap 

plastic/glass 

Preservation 
Requirements 

Cool to 4OC 
1:l HCIpHQ 

Cool to 4OC 
Dark 

Cool to 4OC 
Dark 

NaOH to p W l 2  
Cool to 4OC 

HNO, to pH Q 

Cool to 4'C 
H$O, to pH Q 

Cool to 4°C 
H,S04 to pH Q 

none required 

Cool to 4°C 

Cool to 4OC 

HNO, to pH <Z 

Cool to 4OC 

HNO, to pH Q 

Holding Time (') 

10 days 

Extraction within 5 days 
Analyze 40 days 

Extraction within 5 days 
Analyze 40 days 

14 days 

180 days except Mercury is 
26 days 
28 days 

28 days 

28 days 

28 days 

14 days 

6 months 

14/28 days 

6 months 

Analytical 
Method 

CLP 

CLP 

CLP 

CLP 
EPA 335.2 

CLP 

EPA415.1 

EPA 450.1 

EPA 
325,21325.3 

EPA 375.4 

EPA 
310.1/310.2 

9310 

EPA515.1 

EPA 130.2 

Bottle Volume 

Z x 4 0 m l  

2 x 1 liter 

2 x 1 liter 

1 x 1 liter 

I x l liter 

2 x 4 0 m l  

250 ml 

250 ml 

250 ml 

250 ml 

l gallon 
1000 ml 

I50 ml 



ATTACHMENT A (Continued) 

SUMMARY O F  CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR SOIL SAMPLES 

(I' Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of Febluary, 1991. 
Holding times for Non-CLP methods are based on time of sample collection. 

Note: Verify this information with the laboratory that will perform the analyses. 

Parameter 

Volatile Organic Compounds 
(VO.4) 
Semivolatile Organic 
Compounds (SVOA) 
PCBPesticides 

Metals (TAL) 

Cyanide 

Bottle Requirements 

glass teflon lined cap 

glass teflon lined cap 

glass teflon lined cap 

plastidglass 

plastic/glass 

Preservation 
Requirements 

Cool to 4°C 

Cool to 4OC 

Cool to 4OC 

Cool to 4OC 

Cool to 4*C 

Holding Time (') 

10 days 

Extraction within 10 days 
Analyze 40 days 
Extractian within 10 days 
Analyze 40 days 

Mercury is 26 days 
180 days 

14 days 

Analytical 
Method 

CLP 

CLP 

CLP 

CLP 

CLP 
EPA 335.2M 

Bottle Volume 

l x 5 0 g m  

1 x 250 gm 

1 x50gm 

1 x50gm 

1 x50gm 
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ATTACHMENT B 

SAMPLE SHIPPING PROCEDURES 

Introduction 

Samples collected during field investigations or in response to a hazardous materials incident must 

be classified by the project leader, prior to shipping by air, as either environmental or hazardous 

substances. The guidance for complying with U.S. DOT regulations in shipping environmental 

laboratory samples is given in the "National Guidance Package for Compliance with Department 

of Transportation Regulations in the Shipment of Environmental Laboratory Samples." 

Pertinent regulations for the shipping of environmental samples is given in 40 CFR 261.qd). 

Samples collected from process wastewater streams, drums, bulk storage tanks, soil, sediment, or 

water samples from areas suspected of being highly contaminated may require shipment as 

dangerous goodslhazardous substance. Regulations for packing, marking, labeling, and shipping 

of dangerous goods by air transport are promulgated by the United Nations International Civil 

Aviation Organization (UN/ICAO),which is equivalent to IATA. 

Individuals responsible for transportation of environmental samples or dangerous goodslhazardous 

substances must be tested and certified by their employer. This is required by 49 CFR Part 172 

Subpart H Docket HM-126 to assure the required qualifications for individuals offering materials 

for transportation. 

Environmental samples shall be packed prior to shipment by commercial air carrier using the 

following procedures: 

1. Select a sturdy cooler in good repair. Secure and tape the drain plug (inside and 
outside) with fiber or duct tape. Line the cooler with a large heavy duty plastic bag. 
This practice keeps the inside of the cooler clean and minimizes cleanup at the 
laboratory after samples are removed. 

2. Allow sufficient headspace (ullage) in all bottles (except VOAs) to compensate for 
any pressure and temperature changes (approximately 10 percent of the volume of 
the container). 



Be sure the lids on all bottles are tight (will not leak). In many regions custody 
seals are also applied to sample container lids. The reason for this practice is twc- 
fold: to maintain integrity of samples and keep lid on the container should the lid 
loosen during shipment. Check with the appropriate regional procedures prior to 
field work. In many cases, the laboratory manager of the analytical lot to be used 
on a particular project can also provide this information. 

It is good practice to wrap all glass containers in bubblewrap or other suitable 
packing material prior to placing in plastic bags. 

Place all bottles in separate and appropriately sized polyethylene bags and seal the 
bags with tape (preferably plastic electrical tape, unless the bag is a zipper-type 
bag). Up to three VOA bottles, separately wrapped in bubblewrap, may be packed 
in one plastic bag. 

Optionally, place three to six VOA vials in a quart metal can and then fill the can 
with vermiculite. 

Place two to four inches of vermiculite (ground corn cob, or other inert packing 
material) in the bottom of the cooler and then place the bottles and cans in the 
cooler with sofficient space to allow for the addition of more vermiculite between 
the bottles and cans. 

Put h z e n  "blue ice" (or ice that has been placed in properly sealed, double-bagged, 
heavy duty polyethylene bags) on top of and between the samples. Fill all 
remaining space between the bottles or cans with packing material. Fold and 
securely fasten the top of the large heavy duty plastic bag with tape (preferably 
electrical or duct). 

Place the Chain-of-Custody Record and the Request for Analysis Form (if 
applicable) into a plastic bag, tape the bag to the inner side of the cooler lid, and 
then close the cooler and securely tape (preferably with fiber tape) the top of the 
cooler unit. Wrap the tape three to four times around each side of the cooler unit. 
Chain-of-custody seals should be affixed to the top and sides of the cooler within 
the securing tape so that the cooler cannot be opened without breaking the seal. 

Each cooler (if multiple coolers) should have its own Chain-of-Custody Record 
reflecting the samples shipped in that cooler. 

Label according to 40 CFR 261.qd). The shipping containers should be marked 
"THIS END UP," and arrow labels which indicate the proper upward position of the 
container should be affured to the container. A label containing the name and 
address of the shipper and laboratory shall be placed on the outside of the container. 
It is good practice to secure this Label with clear plastic tape to prevent removal 

during shipment by blurring of important information should the label become wet. 
The commercial carrier is not required to sign the COC record as long as the 
custody seals remain intact and the COC record stays in the cooler. The only other 
documentation required is the completed aitbill, which is secured to the top of the 
shipping container. Please note several cooledshipping containers may be shipped 
under one airbill. However, each cooler must be labeled as "Cooler 1 of 3, Cooler 



2 of 3, etc.", prior to shipping. Additionally it is good practice to label each COC 
form to correspond to each cooler (i.e., 1 of 3 , 2  o f  3, etc.). 
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CHAIN-OF-CUSTODY 

1.0 PURPOSE 

The purpose of this SOP is to provide information on chain-of-custody procedures to be used to 
document sample handling. 

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 samples collected for on-site or off-site analysis (chemical or geotechnical) during 
program activities (except wellhead samples taken for measurement of field parameters, SOP F101). 
Use of the Chain-of-Custody Record Form creates an accurate written record that can be used to 
trace the possession and handling of the sample from the moment of its collection through analysis. 
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 DEFINITIONS 

Chain-of-Custody 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. One copy of the form must be retained in the project file. 

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 
one's custody if: 

. It is in one's actual possession. . It is in one's view, after being in one's physical possession. . It was in one's physical possession and then helshe locked it up to prevent 
tampering. . It is in a designated and identified secure area. 

- 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. 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Manager is responsible for development of documentation of procedures 
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which deviate from those presented herein. The Project Manager is responsible for ensuring that 
chain-of-custody procedures are implemented. The Project Manager also is responsible for 
determining that custody procedures have been met by the analytical laboratory. 

Field Team Leader - The Field Team Leader is responsible for determining that chain-of-custody 
procedures are implemented up to and including release to the shipper or laboratory. It is the 
responsibility of the Field Team Leader to ensure that these procedures are implemented in the field 
and to ensure that permme1 performing sampling activities have been briefed and trained to execute 
these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to initiate chain-of- 
custody procedures, and maintain custody of samples until they are relinquished to another 
custodian, the sample shipper, or to a common carrier. 

5.0 PROCEDURES 

The term "chain-of-custody" refers to procedures which ensure that evidence presented in a court 
of law is valid. The chain-of-custody procedures track the evidence from the time and place it is 
first obtained to the courtroom, as well as providing security for the evidence as it is moved andlor 
passed from the custody of one individual to another. 

Chain-f-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. 

5.1 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 identifj6ng information. 

Information which shall be recorded in the field logbook when in-situ measurements or samples for 
laboratory analysis are collected, includes: 

Field Sampler(s) 
CTO Number 
Project Sample Number 
Sample location or sampling station number 
Date and time of sample collection andfor measurement 
Field observations 
Equipment used to collect samples and measurements 
Calibration data for equipment used 
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Measurements and observations shall be recorded using waterproof ink. 

5.1.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported h m  the sample location 
to a laboratory or other location for analysis. Before removal, however, a sample is often divided 
inm portions, depending upon the analyses to be performed. Each portion is preserved in accordance 
with the Sampling and Analysis Plan. Each sample container is identified by a sample label (see 
Attachment A). Sample labels are provided, along with sample containers, by the analytical 
laboratory. The information recorded on the sample label includes: 

. Project or Contract Task Order (CTO) Number. 

. Station Location - The unique sample number identifying this sample. 

. Date - A six-digit number indicating the day, month, and year of sample collection 
(e.g., 12/21/85). 

. =me - A fourdigit number indicating the 24-hour time of collection (for example: 
0954 is 9 5 4  am., and 1629 is 4:29 p.m.). 

. Medium - Water, soil, sediment, sludge, waste, etc. 

Sample Type - Grab or composite. 

Preservation - Type and quantity of preservation added. 

. Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

. Sampled By - Printed name of the sampler. 

. Remarks - Any pertinent additional information. 

Using only 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 the analysis from 
knowing the identity of the site (e.g., if the laboratory is part of an organization that has performed 
previous work on the site). 

5.2 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 laboratoly and has been stored or 
disposed. 
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5.2.1 Field Custody Procedures 

Samples are collected as described in the site Sampling and Analysis Plan. Care 
must be taken to record precisely the sample location and to ensure that the sample 
number on the label matches the Chain-of-Custody Record exactly. 

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. 

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; photographs will be stored in the project files. It is good 
practice to identify sample locations in photographs by including an easily read sign 
with the appropriate samplellocation number. 

Sample labels shall be completed for each sample, using waterproof ink unless 
prohibited by weather conditions, e.g., a logbook notation would explain that a 
pencil was used to fill out the sample label if the pen would not function in freezing 
weather. 

5.2.2 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form. A Chain-of-Custody Record Form 
example is shown in Attachment B. When transferring the possession of samples, the individual(s) 
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 given below. 

Enter header information (CTO number, samplers, and project name). 

Eoter sample specific information (sample number, media, sample analysis required 
and analytical method, grab or composite, number and type of sample containers, 
and datdtime sample was collected). 

Sign, date, and enter the time under "Relinquished by" entry. 

Have the person receiving the sample sign the "Received by" entry. If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., Federal 
Express). 
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If a carrier is used, enter the airbill number under "Remarks," in the bottom right 
comer; 

Place the original (top, signed copy) of the Chain-of-Custody Record Form in a 
plastic zipper-type bag or other appropriate sample shipping package. Retain the 
copy with field records. 

Sign and date the custody seal, a 1- by 3-inch whi i  paper label with black lettering 
and an adhesive backing. Attachment C is an example of a custody seal. The 
custody seal is of the chain-of-custody process and is used to prevent tampering 
with samples after they have been collected in the field. Custody seals shall be 
provided by the analytical laboratory. 

Place the seal across the shipping wntainer opening so that it would be broken if 
the container was to be opened. 

. Complete other carrier-required shipping papers. 

The custody record is completed using 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 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record 
Forms; this necessitates packing the record in the shipping container (enclosed with other 
documentation in a plastic zipper-type bag). As long as custody forms are sealed inside the shipping 
container and the custody seals are intact, commercial carriers are not required to sign the custody 
form. 

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. 

6.0 QUALITY ASSURANCE RECORDS 

Once samples have been packaged and shipped, the COC copy and airbill receipt becomes part of 
the Quality Assurance Record. 

7.0 REFERENCES 

1. USEPA. User's Guide to the Contract Laboratow Pm-. Office of Emergency 
and Remedial Response, Washington, D.C. (EPAl5401P-91/002), January 1991. 



ATTACHMENT A 

EXAMPLE SAMPLE LABEL 

Note: Typically, sample labels are provided by the analytical laboratory and may be used instead of the 
above. However, samplers should make sure all pertinent information can be affixed to the label used. 



ATTACHMENT A 

EXAMPLE SAMPLE LABEL 

I Baker Environmental Inc. 
Airport Office Park. Bldg. 3 
420 Rouser Road 

I Coraopolw. PA 15108 I I Project: 19026-SRN CTONoz 0026 I 
Sample Description: Groundwater 

Date: 09/17/92 SampIec ABC 

Time: 0944 

I Analysis: TAL Metals (CAP) Preservatiom F~NOO. I 
Note: Typically. sample labels are provided by the analytical - 
laboratory and may be used instead of the above. However. 
samplers should make sure all pertinent information can be 
affixed to the label used. 



ATTACHMENT B 

EXAMPLE CHAIN-OF-CUSTODY RECORD 



Baker Environmental, Inc. 

Alr o n  Office Park. Bldg. 3 
4 2 t ~ o u r e r  Road CHAIN-OFmCUSTODY RECORD 
Corao olis, PA IS108 pg.-Of- I 4!2.2&.6000 
41 2.~69.6097 (tar) Analytical Methods I Preservatives General Comments 

Field Team: 
SEND RESULTS TO: 

Relinquished By: Date: Time: 
Received By: ! Date: Timc: 
Shipped by (check one): Hand 0 Overnight o Other o 

Relinquished By: Date: Time: . . 
Received By: Date: Time: 
Shipped by (check one): nand 0 Overnight 0 Other 

Relinquished By: Date: Time: 
Received By: Date: Timc: 
Shipped by (checkont): nand 0 Overnight 0 Other o 

.. ... . .  . . 

Sample Stored at4.C: ~ e i  0 NO 0 
Chain.of.custody realon cooler: Yes 0 Number: NO 0 
Analyrir turnaround: Pliority 0 - hrr. Regular o 
See WorkOrdtr  0 
See Analpis Request Fotm 0 

Sample Disposal: Return t o  Baker 0 ub Disposal 0 
Archive until: (dale1 

NOTES: 
1') A .A i r  SW . Surface water ill GB . Grab 

GW . Groundwater W .Waste COM . ~ofnpor i l r  
5 . Sprlng WP .Wipe P . Pla$tic 
50 Soil W. Wastewater G . GIacs 

. 



ATTACHMENT C 

EXAMPLE CUSTODY SEAL 



ATTACHMENT c 

EXAMPLE CUSTODY SEAL 

I I --- 
Date 

Signature 

CUSTODY SEAL 

I B -I-- 
D ~ t e  

Signature 

CUSTODY SEAL 
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FIELD LOGBOOK 

1.0 PURPOSE 

This SOP describes the process for maintaining a field logbook. 

2.0 SCOPE 

The field logbook is a document which records all major on-site activities conducted during a field 
investigation. At a minimum, the following activitieslevents shall be recorded in the field logbook 
by each member of the field crew. 

. AmvaVdeparture of site workers and visitors . ArrivaVdeparture of equipment . Sample pickup (sample numbers, carrier, time) . Sampling activities . Start or completion of boreholes, monitoring wells, or sampling activities . Health and safety issues 

The field logbook is initiated upon arrival at the site for the start of the first on-site activity. Enhies 
are made every day that on-site activities take place. At least one field logbook shall be maintained 
per site. 

The field logbook becomes part of the permanent site file. Because information contained in the 
field logbook may be admitted as evidence in legal proceedings, it is critical that this document is 
properly maintained. 

3.0 DEFINITIONS 

Field logbook - The field logbook is a bound notebook with consecutively numbered pages. Upon 
entry of data, the logbook requires the signature of the responsible datalinformation recorder. 

The Field Team Leader is responsible for maintaining a master field logbook for the duration of on- 
site activities. Each member of the sampling crew is responsible for maintaining a complete and 
accurate record of site activities for the duration of the project. 

5.0 PROCEDURES 

The following sections discuss some of the information which must be recorded in the field logbook. 
In general, a record of all events and activities, as well as other potentially important information 
shall be recorded by each member of the field team. 
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The inside cover or title page of each field logbook shall contain the following information: 

. Contract Task Order Number . Project name and location . Name of Field Team Leader . Baker's address and telephone number . Start date . If several logbooks are required, a sequential field Logbook number 

It is good practice to list important phone numbers and points of contact here. 

5.2 Daih Entries 

Daily entries into the logbook may contain a variety of information. At the beginning of each day 
the following information must be recorded by each team member. 

Date 
Start time 
Weather 
All field personnel present 
All visitors present 
Other pertinent information (i.e., planned activities, schedule changes, expected 
visitors, and equipment changes) 

During the day, an ongoing record of all site activities should be written in the logbook. The master 
logbook kept by the field team leader need not duplicate that recorded in other field logbooks, but 
should summarize the information in other books and, where appropriate, reference the page 
numbers of other logbooks where detailed information pertaining to a subject may be found. 

Some specific information which must be rec~rded in the logbook includes: 

Equipment used, equipment numbers, calibration, field servicing 
Field measurements 
Sample numbers, media, bottle size, preservatives, collection methods, and time 
Test boring and monitoring well construction information, including boringlwell 
number and location 
Sketches for each sample location including appropriate measurements if required. 
Photograph log 
Drum log 
Other pertinent information 
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All entries should be made in indelible ink; all pages numbered consecutively; and all pages must 
be signed or initialed and dated by the responsible field personnel completing the log. No erasures 
are permitted. If an incorrect entry is made, the entry shall be crossed out with a single line, 
initialed, and dated. 

If photographs are permitted at a site, the record shall be maintained in the field logbook. When 
movies, slides or photographs are taken of any site location, they are numbered or cross-referenced 
to correspond to logbook entries. The name of the photographer, date, time, site location, site 
description, direction of view and weather conditions are entered in the logbook as the photographs 
are taken. Special lenses, film, or other image-enhancement techniques also must be noted in the 
field logbook. Once processed, photographs shall be serially numbered and labeled corresponding 
to the field logbook entries. Note that it may not be permitted to take photographs at all Activities; 
permission must be obtained from the LANTDIV EIC and the Activity responsible individual. 

6.0 QUALITY ASSURANCE RECORDS 

Once on-site activities have been completed, the field logbook shall be considered a quality 
assurance record. 

7.0 REFERENCES 

None. 
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CHAIN-OF-CUSTODY 

1.0 PURPOSE 

The purpose of this SOP is to provide information on chain-of-custody procedures to be used to 
document sample handling. 

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 samples collected for on-site or off-site analysis (chemical or geotechnical) during 
program activities (except wellhead samples taken for measurement of field parameters, SOP F101). 
Use of the Chain-of-Custody Record Form creates an accurate written record that can be used to 
trace the possession and handling of the sample from the moment of its collection through analysis. 
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 DEFINITIONS 

Chain-of-Custody 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. One copy of the form must be retained in the project file. 

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 
one's custody if: 

. It is in one's actual possession. . It is in one's view, after being in one's physical possession. . It was in one's physical possession and then helshe locked it up to prevent 
tampering. . It is in a designated and identified secure area. 

- 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. 

Project Manager - The Project Manager is responsible for ensuring that project-specific plans are 
in accordance with these procedures, where applicable, or that other, approved procedures are 
developed. The Project Manager is responsible for development of documentation of procedures 
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which deviate from those presented herein. The Project Manager is responsible for ensuring that 
chain-of-custody procedures are implemented. The Project Manager also is responsible for 
determining that custody procedures have been met by the analytical laboratory. 

Field Team Leader - The Field Team Leader is responsible for determining that chain-of-custody 
procedures are implemented up to and including release to the shipper or laboratory. It is the 
responsibility of the Field Team Leader to ensure that these procedures are implemented in the field 
and to ensure that permme1 performing sampling activities have been briefed and trained to execute 
these procedures. 

Sampling Personnel - It is the responsibility of the field sampling personnel to initiate chain-of- 
custody procedures, and maintain custody of samples until they are relinquished to another 
custodian, the sample shipper, or to a common carrier. 

5.0 PROCEDURES 

The term "chain-of-custody" refers to procedures which ensure that evidence presented in a court 
of law is valid. The chain-of-custody procedures track the evidence from the time and place it is 
first obtained to the courtroom, as well as providing security for the evidence as it is moved andlor 
passed from the custody of one individual to another. 

Chain-f-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. 

5.1 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 identifj6ng information. 

Information which shall be recorded in the field logbook when in-situ measurements or samples for 
laboratory analysis are collected, includes: 

Field Sampler(s) 
CTO Number 
Project Sample Number 
Sample location or sampling station number 
Date and time of sample collection andfor measurement 
Field observations 
Equipment used to collect samples and measurements 
Calibration data for equipment used 
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Measurements and observations shall be recorded using waterproof ink. 

5.1.1 Sample Label 

Samples, other than in-situ measurements, are removed and transported h m  the sample location 
to a laboratory or other location for analysis. Before removal, however, a sample is often divided 
inm portions, depending upon the analyses to be performed. Each portion is preserved in accordance 
with the Sampling and Analysis Plan. Each sample container is identified by a sample label (see 
Attachment A). Sample labels are provided, along with sample containers, by the analytical 
laboratory. The information recorded on the sample label includes: 

. Project or Contract Task Order (CTO) Number. 

. Station Location - The unique sample number identifying this sample. 

. Date - A six-digit number indicating the day, month, and year of sample collection 
(e.g., 12/21/85). 

. =me - A fourdigit number indicating the 24-hour time of collection (for example: 
0954 is 9 5 4  am., and 1629 is 4:29 p.m.). 

. Medium - Water, soil, sediment, sludge, waste, etc. 

Sample Type - Grab or composite. 

Preservation - Type and quantity of preservation added. 

. Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

. Sampled By - Printed name of the sampler. 

. Remarks - Any pertinent additional information. 

Using only 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 the analysis from 
knowing the identity of the site (e.g., if the laboratory is part of an organization that has performed 
previous work on the site). 

5.2 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 laboratoly and has been stored or 
disposed. 
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5.2.1 Field Custody Procedures 

Samples are collected as described in the site Sampling and Analysis Plan. Care 
must be taken to record precisely the sample location and to ensure that the sample 
number on the label matches the Chain-of-Custody Record exactly. 

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. 

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; photographs will be stored in the project files. It is good 
practice to identify sample locations in photographs by including an easily read sign 
with the appropriate samplellocation number. 

Sample labels shall be completed for each sample, using waterproof ink unless 
prohibited by weather conditions, e.g., a logbook notation would explain that a 
pencil was used to fill out the sample label if the pen would not function in freezing 
weather. 

5.2.2 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form. A Chain-of-Custody Record Form 
example is shown in Attachment B. When transferring the possession of samples, the individual(s) 
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 given below. 

Enter header information (CTO number, samplers, and project name). 

Eoter sample specific information (sample number, media, sample analysis required 
and analytical method, grab or composite, number and type of sample containers, 
and datdtime sample was collected). 

Sign, date, and enter the time under "Relinquished by" entry. 

Have the person receiving the sample sign the "Received by" entry. If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., Federal 
Express). 
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If a carrier is used, enter the airbill number under "Remarks," in the bottom right 
comer; 

Place the original (top, signed copy) of the Chain-of-Custody Record Form in a 
plastic zipper-type bag or other appropriate sample shipping package. Retain the 
copy with field records. 

Sign and date the custody seal, a 1- by 3-inch whi i  paper label with black lettering 
and an adhesive backing. Attachment C is an example of a custody seal. The 
custody seal is of the chain-of-custody process and is used to prevent tampering 
with samples after they have been collected in the field. Custody seals shall be 
provided by the analytical laboratory. 

Place the seal across the shipping wntainer opening so that it would be broken if 
the container was to be opened. 

. Complete other carrier-required shipping papers. 

The custody record is completed using 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 

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record 
Forms; this necessitates packing the record in the shipping container (enclosed with other 
documentation in a plastic zipper-type bag). As long as custody forms are sealed inside the shipping 
container and the custody seals are intact, commercial carriers are not required to sign the custody 
form. 

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. 

6.0 QUALITY ASSURANCE RECORDS 

Once samples have been packaged and shipped, the COC copy and airbill receipt becomes part of 
the Quality Assurance Record. 

7.0 REFERENCES 

1. USEPA. User's Guide to the Contract Laboratow Pm-. Office of Emergency 
and Remedial Response, Washington, D.C. (EPAl5401P-91/002), January 1991. 



ATTACHMENT A 

EXAMPLE SAMPLE LABEL 

Note: Typically, sample labels are provided by the analytical laboratory and may be used instead of the 
above. However, samplers should make sure all pertinent information can be affixed to the label used. 



ATTACHMENT A 

EXAMPLE SAMPLE LABEL 

I Baker Environmental Inc. 
Airport Office Park. Bldg. 3 
420 Rouser Road 

I Coraopolw. PA 15108 I I Project: 19026-SRN CTONoz 0026 I 
Sample Description: Groundwater 

Date: 09/17/92 SampIec ABC 

Time: 0944 

I Analysis: TAL Metals (CAP) Preservatiom F~NOO. I 
Note: Typically. sample labels are provided by the analytical - 
laboratory and may be used instead of the above. However. 
samplers should make sure all pertinent information can be 
affixed to the label used. 



ATTACHMENT B 

EXAMPLE CHAIN-OF-CUSTODY RECORD 



Baker Environmental, Inc. 

Alr o n  Office Park. Bldg. 3 
4 2 t ~ o u r e r  Road CHAIN-OFmCUSTODY RECORD 
Corao olis, PA IS108 pg.-Of- I 4!2.2&.6000 
41 2.~69.6097 (tar) Analytical Methods I Preservatives General Comments 

Field Team: 
SEND RESULTS TO: 

Relinquished By: Date: Time: 
Received By: ! Date: Timc: 
Shipped by (check one): Hand 0 Overnight o Other o 

Relinquished By: Date: Time: . . 
Received By: Date: Time: 
Shipped by (check one): nand 0 Overnight 0 Other 

Relinquished By: Date: Time: 
Received By: Date: Timc: 
Shipped by (checkont): nand 0 Overnight 0 Other o 

.. ... . .  . . 

Sample Stored at4.C: ~ e i  0 NO 0 
Chain.of.custody realon cooler: Yes 0 Number: NO 0 
Analyrir turnaround: Pliority 0 - hrr. Regular o 
See WorkOrdtr  0 
See Analpis Request Fotm 0 

Sample Disposal: Return t o  Baker 0 ub Disposal 0 
Archive until: (dale1 

NOTES: 
1') A .A i r  SW . Surface water ill GB . Grab 

GW . Groundwater W .Waste COM . ~ofnpor i l r  
5 . Sprlng WP .Wipe P . Pla$tic 
50 Soil W. Wastewater G . GIacs 

. 



ATTACHMENT C 

EXAMPLE CUSTODY SEAL 



ATTACHMENT c 

EXAMPLE CUSTODY SEAL 

I I --- 
Date 

Signature 

CUSTODY SEAL 

I B -I-- 
D ~ t e  

Signature 

CUSTODY SEAL 
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