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1.0 INTRODUCI'ION 

This Work Plan presents the proposed field activities to be conducted for the Background 
Groundwater Study at Marine Corps Base (MCB) Camp Lejeune, North Carolina (thr Rxc)  The 
Work Plan was prepared under Contract Task Order (CTO) 0143 of the Department of the Navy's 
(DON'S) Comprehensive Long-Tern Environmental Action Navy (CLEAN) Program 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 subcontracted to CH2M H11l for 
implementation of this project. 

The primary purpose of this Work Plan is to provide guidance for the project field activities by 
describing in detail the sampling and data collection methods to be used in impletnzuling the 
various field tasks. This document also will help to ensure that the project activities are carried 
out in accordance with the United States Enviro~lental Protection Agency (USEPA) Region IV 
and Naval Facilities Engineering Service Center (NFESC) standard operating procedures (SOPS), 
so that data obtained during the field investigation are of sufficient quantity and quality to 
statistically evaluate background concentrations of inorganics in groundwater at the Base. 

1.1 Proiect Obiective 

The objective of the Background Groundwater Study is to establish a network of temporary 
monitoring wells that are located in "background" areas unaffected by activities at the Base. 
Temporary monitoring wells will be constructed at 25 locations throughout the Base. Two wells 
will be installed at each location to monitor the upper and lower portions of the surftcial aquifer. 
Data from the wells will be used to develop a statistical base for evaluating results from future 
investigations at Solid Waste Management Units (SWMUs) andlor newly identified areadsites at 
the Base. Specifically, the purpose of this study is to produce a background database, so that a 
determination can be made with respect to inorganic levels in groundwater at specific sites. 



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 Phuse I SWUU Conft-matov Sampling Report (Baker, 2001) and other 
documents, which are referenced herein. 

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 K i t e d  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 easc and U.S. Route 17 to the west. 

2.2 Topography 

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 lntracoastal Waterway. In developed areas, the natural drainage has been 
altered by asphalt cover, storm sewers, and drainage ditches. Approximately 70 pereent of the 
Base is situated in broad, flat interstream areas. Drainage is poor in these areas and the soils are 
often 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 appmximately 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). 



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 Sile Investigations (USEPA, 2000b). 

3.1 Data Oualitv 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 infonuation needed, identify the sources 
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 ~ l e s ,  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 Background 
Groundwater Study. 

3.1.1 Step 1 - State the Problem 

The first activity associated with this step is to establish the planning team. 'The plantn~~g team 
will include the North Carolina Department of Environment and Natural Resources (NC D m ) ,  
Atlantic Division, Naval Facilities Engineering Command (LANTDN), the Base, CH2M Hill, 
and Baker. These team members are decision-makers for the DQO Process. 

The planning team's objective is to statistically establish background concentrations of inorganics 
in groundwater at the Base through groundwater sampling and laboratory analyses. The 
background data will be used to evaluate results h m  future investigations at SWMUs andlor 
newly identified areadsites at the Base. Specifically, the purpose of this study is to produce a 
background database, so that a determination can be made with respect to inorganic levels in 
groundwater at specific sites. 

The problem is that the background concentrations used for several years at the Base were 
compiled using data collected upgradi i  of several Remedial Investigation (Rl) sites. It was 
later discovered that some of the RI sites were contaminated with inorganics. This discovery lead 
to the suspicion that background sample locations may also have been contaminated but to a 
lesser degree, therefore, possibly artificially inflating the average background concentration. 

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

3.13 Step 2 -Identify the Decision 

The principal study question identified is: 

What are background concentrations of inorganics in groundwater at the Saae? 

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

For this groundwater study, "background" is d e f d  as the concentrations of inorganics that are 
present in groundwater at the Base, but are not related to operations/activities at the Base. 

Considering the principal study question and definition of "background", the decision statcrnent 
is as follows: 

Statistically establish baseline concentrations of inorganics in groundwater at the Base 
through groundwater sampling and laboratory analyses. 

3.13 Step 3 - Identify the Inputs to the Decision 

Existing information regarding background concentrations of inorganics in groundwater at the 
Base is l i i t e d  and may not be truly representative of naturally occuning /area wide conditions. It 



is evident that additional data are required to statistblly establish "background." The kinds of 
data and sources used to resolve the decision statement include: 

Kinds of Information Sources of Information 

Background concentrations of Laboratory analytical data from new, temporary 
inorganics in groundwater monitorinn wells installed at locations unaffected bv - - 

activities at the Base 

The groundwater samples will be analyzed for inorganics at a fd -based  laboratory as described 
in Section 4.2 and 7.4. 

3.1.4 Step 4 - Define the Boundaries of the Study 

Figure 4-1 shows the proposed temporary monitoring well locations within the boundaries of the 
study area. The wells will be installed at locations unaffected by activities at the Base. The 
decision regarding background locations will be based on existing conditions at the time of 
investigation as well as knowledge of historical activities at the Base. These locations will be 
reviewed by the Base as to their appropriateness. 

Temporal changes in background concentrations of inorganics 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 background areas. Weather conditions (such as heavy rain) can 
delay well installation andlor sampling, but is not a serious constraint. 

3.1.5 Step 5 - Develop a Decision Rule 

Development of a decision rule will not be performed at this time. The intent of the Background 
Groundwater Study is not to define the distribution of contaminants at the Base but rather to 
determine background concentrations of inorganics in groundwater at the Base through 
groundwater sampling and laboratory analyses. 

3.1.6 Step 6 - Specify Tolerable Limits on M i i o n  Errors 

Specification of tolerable limits on the decision errors will not be performed at this time. The 
proposed well locations are flexible and were positioned to determine background concentrations 
of inorganics in groundwater. If is it determined that any location has been impacted by activities 
at the base, and does not reasonably represent background conditions, the location will not be 
considered representative of "background" and the boring will be abandonedlrelocated. 

3.1.7 Step 7 - Optimize the Design for Obtaining Data 

Existing informatiddata has been reviewed to evaluate and develop the data collection strategy 
for the field program. Based on review of existing data, it was discovered that some of the 
background sample locations may have been contaminated, therefore, possibly artificially 
inflating the average background concentration. 



The development o f  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 o f  sampling points is determined by tield conditions. 

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



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 Assurance/Quality Control (QNQC) requirements 
also are discussed. Detailed investigation procedures and sample handling/analytical 
requirements are pmvided in Sections 6.0 and 7.0, respectively. The field program described 
below will provide data to meet the objectives presented in Section 1.1 of this Work Plan. 

4.1 Temoorarv Monitoring Well Lofptions and Construction 

Twenty-fve temporary monitoring well clusters will be installed at background locations as 
shown on Figure 4-1. These locations will be reviewed by Base personnel as to their 
appropriateness. 

Each cluster will contain one shallow well and one intermediate well constructed in a common 
borehole for a total of 50 temporary wells. It is anticipated that the shallow wells will be installed 
to a depth of approximately 15 feet below ground surface (approximately 7 feet below the 
groundwater table) and the intermediate wells will be installed to a depth of approximately 35 
feet below ground surface. The wells will be constnrcted of I-inch inside diameter (ID), 
polyvinyl chloride (PVC) pipe, with 10 feet of 0.010-inch slot well screen. Section 6.1 presents 
specific details on the well construction procedures. 

4.2 Samaline and Analvtical Requirements 

One groundwater sample will be collected from each of the temporary monitoring wells. The 
samples will be collected using low-flow purge and sampling methods. Depth to groundwater and 
field measurements, including pH, specific conductance, temperature, dissolved oxygen, and 
turbidity (Level I quality) also will be collected. Section 6.2 presents specific details on 
procedures for groundwater sampling. 

The samples will be analyzed at a fured-base laboratory for Target Analyte List (TAL) metals 
using SW846 6000/7000 Series. Routine, 21day analytical turnaround time will be requested 
from the laboratory. The number of samples, analytical methods, DQOs, and laboratory 
turnaround times are presented on Table 4- 1. 

4 3  Oualitv Assuranee/Oualitv Control Samales 

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

Equipment Rinsate Blanks 

New polyethylene tubing will be used to collect the groundwater samples. As a result, one 
equipment rinsate sample is believed to be sufficiently representative of the entire lot of tubing. 
The equipment rinsate blank will be collected by running laboratory-supplied distilled/deionized 
water over/through the sampling equipment and placing it into the appropriate sample container 
for laboratory analyses. The results will be used to verify that the sampling equipment had 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. The results will be used to verify that the water used 
in decontamination has 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. The duplicate samples will be analyzed to verify the reproducibility of the 
laborato~y results and degree of variability of reported concentrations. Duplicate samples will be 
collected at a frequency of 10 percent. 

Matrix SpikefMatrix Spike D u p l i t e  Samples 

Matrix spikelmatrix spike duplicate (MSIMSD) 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. 
MSIMSD samples will be prepared at a frequency of 5 percent for each group of samples of a 
similar matrix. 



5.0 SAMPLE DESIGNATION 

In order to identify and accurately track the various samples, all samples collected during the 
Background Groundwater Study, including QNQC samples, will be designated with a unique 
number. The number will serve to identify the investigation, the site, the sample media, sampling 
location, the mund of groundwater sample, and QAIQC qualifiers. 

The sample designation format is as follows: 

Site#-Medialstation#-Round and QNQC 

An explanation of each of these identifiers is given below. 

Site# This will include the prefix "BASE GW" meaning base background. 

Media STW = Shallow Temporary Well (groundwater sample from a shallow 
temporary well) 
ITW = Intermediate Temporary Well (groundwater sample from an 
intermediate temporary well) 

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

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

O2A = First Quarter (January through March) of 2002. 
02B = Second Quarter (April through June) of 2002 

FB = Field Blank 
D = Duplicate Sample (following round) 
ER = Equipment Rinsate Blank 
MSIMSD = Matrix Spike/Matrix Spike Duplicate 

Under this sample designation fonnat, the sample number BASE-GWOISTW-02ADUP refers to: 

BASE-GWO I STW-02ADup Base background 
BASE-GWOI STW-02ADup Groundwater sample from shallow temporary well #I 
BASE-GWOI STW-UDup First quarter of 2002 
BASE-GWO 1 S T W 4 2 A m  Duplicate (QNQC) sample 

The sample designation BASE-EROI-O2A refers to: 

BASE-ERO I-0% Base background 
BASE-a01 42A Equipment rinsate blank 
BASE-ERW2A Sample No. 1 
BASE-ERO 1 - 0 2  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 



6.0 INVESTIGATIVE PROCEDURES 

The investigative procedures to be used for the Background Groundwater Study are discussed in 
the subsections that follow. These procedures include temporary monitoring well construction, 
groundwater sample collection, decontamination, temporary monitoring well abandonment, and 
handling of investigation derived wastes (IDW). These procedures will comply with the field 
methods described in the USEPA, Region IV, Environmental Services Division (ESD), 
EnvironrnentaI CompIiance Bronch Standard Operating Procedures and QuaIiq Assurance 
M m d  (ECBSOPQGM) (USEPA, 1997). Additional guidance from other sources such as the 
American Society for Testing and Materials (ASTh4) may be used, but if the ASTM and ESD 
methods conflict, the ESD procedure will be used. Additionally, in instances where the ESD has 
no SOP, other guidance sources 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. 

6.1 Temwrarv Monitoring Well Construction 

The temporary, shallow and intermediate monitoring wells will be constructed as follows: 

The presence of underground utilities in and around the proposed monitoring well 
locations will be mapped by an independent utility locating service. 

A common borehole will be advanced to approximately 35 feet below ground surface 
using a drill rig and 6-114-inch Inside Diameter (ID) hollow-stem augers. 

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

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 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 being withdrawn from the borehole. Sand 
will be placed from the bottom of the boring to approximately 2 feet above the top of the 
screened interval. 

A sodium bentonite seal will be placed above the sand pack to a depth of 2 feet below the 
desired depth of the shallow well estimated to be 15 feet below ground surface (i.e., 
bentonite will be placed from approximately 17 to 23 feet below ground surface). An 
approximate 2-foot thick, well-graded, fine to medium sand layer will be placed above 
the bentonite seal to prevent the bentonite from swelling and plugging the screen of the 
shallow well. 

Upon completion of the intermediate well, a shallow well will be installed. Ten feet of 
I-inch ID, Schedule 40, 0.010-slot, PVC screen with a bottom cap will be installed 
adjacent to the intermediate well in the same 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 1 K 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 screen will be backfilled with a well-graded, fine to 
medium sand as the hollow-stem augers are being 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. 

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 wne. 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 nested monitoring well construction diagram. The wells will be 
surveyed for horizontal position using a Global Positioning System (GPS) and topographic 
elevation relative to MSL using a registered surveyor so that groundwater elevations can be 
determined. Appendix A presents the SOP for Borehole and Sample Logging. Monitoring well 
installation procedures are outlined in Appendix B. 

6.2 Groundwater Sample Collection 

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

6.21 Selection of Water Quality Indicator Parameters 

ECBSOPQAM SOPS call for the use of pH, specific wnductance, 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. 

6.22 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 well head 
using a photo ionization detector (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 1 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, dissolved oxygen, and 
turbidity 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 further discemable 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 
QAlQC samples collected 

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

The samples will be packed for shipping. Chain-of-Custody (COC) Forms will be 
properly filled out and enclosed in the shipping package. COC seats will be attached to 
the package prior to shipping. 

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



63 Monitorine and Data Collection Eauipment 

Field measurements including pH, specific conductance, temperature, dissolved oxygen, and 
turbidity will be recorded during groundwater sampling. Appendix D 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 E. 

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

6.4 Decontamination 

Equipment and materials that require decontamination fall into two broad categories: 

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

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

Appendices H and I present procedures for decontaminating the two categories of equipment and 
materials, respectively. 

6.5 Temporaw Monitorine 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 in on-site trash dump boxes. 

6.6 Investieation Derived Waste Handline 

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



6.6.1 Responsibilities 

LANTDIV - LANTDIV 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 LANTDN in arranging for final disposition and preparing 
manifests. 

Baker Proiect Manager - It is the responsibility of the Baker Project Manager to work with the 
LANTDN-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. 

6-63 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. It should be noted that the monitoring wells will be 
located in areas representative of "background" (i.e., the locations will be "clean" and unaffected 
by activities at the Base). As a result, the IDW is not anticipated to exhibit hazardous 
characteristics. 

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 augering of the well brings. The soil cuttings will be 
field-screened using a PID. Soil containing no PID readings above background or evidence of 
gross contamination will be spread on the ground surface at the well head. If elevated PID 
readings or evidence of gross contamination are detected in soil cuttings from a well boring, the 
well location will not be considered representative of 'background" and the boring will be 
abandoned/relocated. The soil cuttings will be containerized in Department of Transportation 
(DOT) approved 55-gallon drums for analytical testing, temporary storage on site, and subsequent 
treatment andlor disposal. 



Monitoring Well Development and Purge Water and Decontamination Fluids 

Monitoring well purge water will be discharged to the ground surface at the well head. Methanol 
will be used in the decontamination process. Therefore, equipment and personal decontamination 
fluids collected from decontaminationlwash pads will be containerized in DOT-approved 55- 
gallon drums for anatytical testing, temporary storage on site, and subsequent treatment and/or 
disposal. 

Personal Protective Equipment 

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

6.63 Investigation Derived Waste Sampling and Analyses 

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

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

6.6.4 Labeling 

The drums, roll-off box and/or storage tank 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 
container. Container 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 and/or 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 
Parts 261,262, and 761. 



6.6.5 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 
Environmental Quality Branch (EQB), Environmental Management Division (EMD), 
Installations and Environment Department at the Base will be informed of the status of all IDW 
storage containers on a regular basis. 

6.6.6 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 hazardo* additional storage security may be 
implemented. Baker will coordinate, with LANTDN and/or the Base, any additional measures 
that may need to be taken to insure that the containerid IDW is secure and meets applicable 
Federal regulations. 

Baker wiU assist LANTDN 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. 

6.6.7 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 identify 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. 

6-63 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 transporting hazardous 
wastes are contained in 40 CFR Parts 262,263. 

Another consideration in selecting the method of disposal of contaminated materials is whether 
the disposal can be incorporated into subsequent site cleanup activities. For example, if 
construction of a suitable on-site disposal or treatment structure is expected, contaminated 
materials generated during the site investigation may be stored at the site for treatmentldisposal 
with other site materials. In this case, the initial containment will be evaluated for use as long- 
term storage. Also, othw site conditions, such as drainage control, security, and soil types must 
be considered in order to provide proper storage. 



For the Background Groundwater Study, any soil determined to be non-hazardous will be 
returned to the site, Soil determined to be hazardous will be taken to a Treatment, Storage, and 
Disposal Facility (TSDF). Monitoring well purge water will be discharged to the ground surface 
at the well head. 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 10-k are detailed in SOPS. Because these procedures are not specific to 
this projeci they are provided as appendices, rather than detailed herein. Major components of 
sample handling and analyses are discussed in the following subsections. 

The number of samples, analytical methods, DQOs, and laboratory turnaround times are 
presented in Table 4-1. 

7.1 Samale 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 Background Groundwater Study are detailed in Appendix J and Section 6.1 of the QAPP. 

COC is another important component to maintaining sample integrity. COC procedures to be 
followed during the Background Groundwater Study are detailed in Appendix K. 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 Logbook 

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 L describes a general format for the field logbook. 

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

7.4 S a m ~ l e  Analvses and Validation 

This section discusses efforts relating to the following activities: 

Sample Management 
Laboratory 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 from the field and received by the 
laboratoly. For the Background Groundwater Study, the samples will be analyzed for TAL 
metals using SW846 6000/7000 Series. 

Validation begins when the validator receives the "raw" laboratory data. Baker will also receive 
the data fbm 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 document: 

USEPA, Hazardous Site Evaluation Division, Laboratory Data Valihion Funcrional 
Guidelines for Evahtafing Inorgania Anabses (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 Construction 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 Constmction 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 statistically evaluated in accordance with the Ohio EPA 
Closure PIan Review Guidance for RCR4 Facilities (Section 3.12 - Guidance for Statistical 
Evaluation of Hazardous Waste Constituent Levels in Soil) (March, 1999). A copy of Section 
3.12 is included as Appendix M. Although this document is specific to soil, the same statistical 
evaluation methods apply to groundwater. 

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

A summary of the investigationlsampling activities 
A discussion of investigation procedures that deviated from the Work Plan 
A discussion of the analytical results and statistical evaluation 
A complete analytical results package 



9.0 PROJECT MANAGEMENT AND STAFFING 

Mr. Christopher Bozzini, CH2M 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 adminiittation and 
the overall QNQC 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, LANTDN, 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 Res~onsibilities 

The field investigation portion of this project will be conducted in conjunction with the Phase I1 
Confirmatory Sampling Program 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 monitoring well installation. An Assistant 
Project Geologist will supervise the drilling rig work. 

9.2 Reporting Requirements 

The Site Manager will report a summary of each day's field activities to the Project Manager or 
hidher designee. This may be done by telephone or fax. The Site Manager will include, at a 
minimum, the following in hidher 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, 
LANTDIV, the Base, and the NC DENR. 



10.0 SCHEDULE 

A proposed schedule for the deliverables and milestones associated with the background study is 
presented on Figure 10-1 and detailed below. The assumed start date is February 11,2002. The 
day in the "0" represents the proposed deliverable or end date for each tasklactivity. 

Receive NC DENR's concumnce on the proposed Background Groundwater Study 
Work Plan (Day 1) 

Submit the Final Background Groundwater Study Work Plan (Day 14) 

Procurement of Subcontractors (Day 14) 

Mobilize to the fieldlconduct field investigation (Day 21) 

Demobilize from the field (Day 62) 

Receive analytical results (Day 83) 

Receive validated analytical results (97) 

Statistical evaluation of data (Day 1 1 I) 

Submit the Draft Background Groundwater Study ReportResults (Day 151) 

Receive NCDENR comments on the Draft Background Groundwater Study 
RepodResults (Day 18 1) 

Respond to NCDENR comments on the Draft Background Groundwater Study Report 
and submit Final Report (Day 21 1) 
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Table 4-1 
Summary of Sampling, Analytical, And Data Quality Objectives 

Background Groundwater Study, CTO-0143 
MCB Camp Lejeune, North Carolina 

Notes: 
NA =Not Applicable 
SVOCs = Semivolatile Organic Compounds 
TAL - Target Analyte List 
TCL = Target Compound List 
TCLP = Toxicity Characteristic Leaching Procedure 
VOCs =Volatile Organic Compounds 
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FIGURE 2-1 
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FIGURE 6-1 
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BOREHOLE AND SAMPLE LOGGING 

1.0 PURPOSE 

This SOP provides general reference information and technical guidance on borehole and sample logging. 
Borehole logs provide information that is used in the determination of geological conditions, assessment of 
contaminant distribution, and the evaluation of remedial actions. 

2.0 SCOPE 

This SOP provides descriptions of the standard techniques for borebole and sample logging. These techniques 
shall be used to provide consistent descriptions of subsurface lithology for each boring that is logged. Whiie 
experience is the only method to develop confidence and accuracy in the description of soil and rock, the field 
geologist/engineer may develop adequate classifications 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 

Proiect Manager - It is the responsibility of the Project Uanager 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 completely logged by the responsible d r ihg  inspector. 
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 for providing copies of the test boring logs and field log books 
to the Project Fie via the Project Manager on a weekly basis, unless otherwise specified by the Project 
Manager. 

Drilline Ins~ector - 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 d i i t  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 accurately use the field classification system 
described in this SOP to maintain a consistent flow of i n f o d o n .  This identification is based on both visual 
examination and manual tests. The results of the boring activities, including soil and rock classications, shall 
be recorded on a Field Test Boring Record or the field notebook. 

5.1 Test Boring Record 

Each boring shall be fully described in a Field Test Boring Record. The drilling inspector shall log the boring, 
as it is beimg drilled, by recording relevant data on the Boring Record. It may be more appropriate to record 
the boring informati& in a bound field log book so that all boring logs recorded (by eachhd&ling inspector) 
are located in one source. The use of a field log book precludes the possibility of losing individual test boring 
Log sheets. Furthennore, use of the field log book allows for the m d m g  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 from 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 convated 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@). 
Identifyimg number and location of each boring. 
Soil classifications in acmdance 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 classif~cation and a soil description shall be included on the Test Boring Record. 
Depth l 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 thin- walled tubes. 
Depth to water as fmt  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. 
Identif~cation of equipment used, including model and type of drilling rig, sue  of split spoon 
samplers, auger types and sues, 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 instrument 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 detwmine 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). 

The data shall be recorded on a Field Test Boring Record, or in a k l d  logbook The method of deriving the 
classification should be described, 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 
classification shall consist of the two-letter USCS classification; the soil description shall be much more 
detailed. 

Where requkd, soils will be classified according to the USCS. The USCS method of classif ion 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 
classification systems define size ranges for these soil particles, but for field classification purposes, they are 
identified by their respective behaviors. Organic material (0) is a common component of soil but has no size 
range; it is recognized by its composition; peat is designated by "Pt." Coarse-grained soils are divided into 
sand (S) or gavel (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 information about the grain size distribution of 
granular soil, or the plasticity characteristics of fm-grained soils. These second letter modifiers are (F') poorly 
gradedlwell sorted, (W) well gradedlpoorly sorted, (C) clayey, (M) silty, Q low plasticity, or (H) high 
plasticity. 

5.3 Soil Descriutions 

The Test Boring Records shall contain complete soil descriptions in addition to the two-letter USCS 
classification, if rsquired. 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 ~bSe.~atioII~ such as visual contamhation, 
HNu measurements, etc. 
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5.3.1 Grain Size 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 
F i e  gravel 
Coarse sand 
Medium sand 
Fie 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 rnm (# 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" or "light-gray" 
or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is important for 
color descriptions to be consistent between horings. 

Colors must be described while the sample is still moist. Soil samples shall be bmken or split vertically to 
describe colors because sampling devices tend to smear the sample surface creating color variations between 
interior and exterior. 
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The term "mottled" shall be used to indicate soil irregularly marked with spots of different 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 so& the drilling inspector first shall identify the soil 
type. &annular soils contain predominantly sands and gravels. These types of soil are noncohesive (particles 
do not adhere well when compressed). Conversely, flnegrained soils which contain predominantly silts and 
clays are cohesive (particles will adhere when compressed). 

Tbe density of noncohesive. granular soils or the consistency of cohesive soils is classitled according to 
standard penetration resistances obtained from split- spoon (split- barrel) sampIing performed accordiing to 
ASTM D- 1586. Standard penetration resistance is the number of blows required to drive a sptit-barrel 
sampler with a 2-inch outside diameter 12- inches into the m a t e d  using a 14-pound hammer falling freely 
through 30-inches. In cases where geotechnical information is required, the standard penetration test is 
performed by driving the sampler through 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 broken by the sampler, or if rock fragments are lodged in the tip, the resulting 
blow count will be erroneously high, reflecting a higher density than actually exists. This 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, X- inch spoon barrels 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: 

Designation 

Very loose 
Loose 
Medium dense 
Dense 
Very dense 

Standard Penetration Resistance (Blows uer Foot) 

Less than 4 
4to10 
10 to 30 
30 to 50 
Greater than 50 
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The consistency of cohesive soils is also determined by blow counts as shown: 

Desimation 

very Soft 
Soft 
Medium Stiff 
sm 
Very Stiff 
Hard 

Standard Penetration Resistance (Blows per Foot) 

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: 

Desimation Moisture Content 

Dry 0 to 10 percent 
Damp 10 to 20 percent 
Moist 20 to 35 percent 
Wet 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. 

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

Designation Beddine Soacing 

Indistinct 
Laminated 
Very thin 
Thin 
Medium 
Thick 
Massive 

No bedding apparent 
Less than 112-inch 
1R-inch to 1-inch 
1 -inch to 4- inches 
4-inches to 1-foot 
I-foot to 3-feet 
Greater than three feet 
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The texture/fabric/beddiing of a soil shall be described, where appropriate. Texture is described as the relative 
angularity of the soil particles: rounded, subrounded, subangular, angular. Fabric shall be 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 (cg., stratified, lensatic, nonsfratified, heterogeneous varved, etc.). 

53.7 Summary of Soid Descriptions 

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

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

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

5.4 Sediientarv Rock Classid~cations 

Rocks are grouped into three main divisions: sedimentary, igneous, and metamorphic. Sediintary rocks are 
the most predominant type exposed at the earth'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 Boring Record in the field, sedimentary m k s  should be classified 
using the following hierarchy 

Rock type 
Color 
Bedding thickness 
Hardness 
Fracturing 
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 references 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 
p i n s  and cement, if apparent) on the Field Test Boring Record. The following designation should be used 
to describe grain size in sedimentary rocks: 

Desimation Grain Size Diameter 

Cobbles 
Pebbles 
Granules 
Very Coarse Sand 
Coarse Sand 
Medinm Sand 
Fie Sand 
Very Fine Sand 
Silt 
Clay 

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 mm 
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 giain 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 p i n s  cannot be seen with the unaided eye, but are distinguishable with a hand lens (Sx 
magnification) 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 fragments 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 
rock. A relative scale for sedimentary rock hardness follows: 

Very Soft - Very soft indicates that the rock is easily gouged by a knife, easily scratched by 
a fingernail, andlor easily broken by hand 
Soft - Soft indicates that the rock may be gouged by a knife, scratched by a fmgemail, 
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 kniie andfor is 
easily broken when hit by a hammer. 

w Hard - Had indicates that the rock is difficult to scratch with a knife but may be broken with 
a hammer. 
Very Hard - Very hard indicates that the rock is diicult  to break with a hammer. 

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

5.4.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fraclures or joint spacing. After 
eliminating drilling 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 1-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 shucturaI 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 mn: 

RQD (%) = rll x 100 

Where: 

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

1 = Total length of core mn. 

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



SOP FlOl 
Revision No: 1 

Date: 10199 
Page 1 1 of 12 

5.4.7 Weathering 

The degree of weathering is a significant parameter that is important 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 weathered - way soft to soft, with medium hard relic rock fragments, We to mod- 
cementation. Vugs and openings in bedding and fracture planes, some of which may be 
filled. 
Weathered - Soft to medium hard. Good cementation, bedding and fractures are pronounced. 
Uniformly stained. 
Slightly weathered - Medium hard Fractures pronounced, nonuniform staining, W i g  
distinct. 
Fresh - Medium hard to hard. No staining. Fractures may be present, bedding 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 fuaher identify rocks: 

Seam - thin (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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MONITORING WELL INSTALLATION 

1.0 PURPOSE 

The purpose of this procedure is to provide general guidance and reference material regarding the installation 
of monitoring w e b  at various sites. 

2.0 SCOPE 

This SOP describes the methods of installing a groundwater monitoring well, 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 FlOl 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, c a d ,  and sealed to intercept a 
dixrete zone of the subsurface, and is capable of providing a groundwater level and sample r epmta t ive  of 
the zone beiig monitored. 

Piezometer - A piezometer is a pipe or tube inse~ted into an aquifer or other water-bearing 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 charactetistic 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 Mana~er - It is the responsibility of the Project Manager to ensure that field personnel installing 
monitoring wells are familiar with these procedures The Project Manager also is mponsible 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 supervision 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 pmvide copies of the well construction logs and field 
log books to the Project Fie via the Project Manager on a weekly basis, unless otherwise specified by the 
Project Manager. 
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Drilling Insoector (Site Geoloeistl - 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 record 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 m o n i t o ~ g  system is designed Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, may require different 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 construction. and the materials used. 

The objectives for installing monitoring wells may include: 

Determining groundwater flow di i t ions  and velocities. 
Samplmg or monitoring for groundwater contamination. 
Determining aquifer characteristics (e.g., hydraulic conductivity). 
Facilitating site remediition via injection or recovery. 

In cases where only the groundwater flow direction or velocity needs to be determined, cluster piezometers 
or wells (ie., wells completed to different depths in different boreholes at one datacollection station) may be 
used. For groundwater quality monitoring or aquifer characteristic determination, monitoring wells or cluster 
wells should be used. In areas that are inaccessible to d d l  rigs (i.e., unstable sutface soils), driven wells (drive 
points) may be used. 

Siting of monitoring wells shall be performed after a preliminary estimation of groundwater flow direction. 
Typically, site visits, topographic mapping, regional/local hydrogeologic information, previously installed 
piemmeten or monitoring wells, or informaton supplied by local drilling companies will pmvide information 
for siting wells. Flexibility should be maintained, so that well locations may be modified during the field 
investigation to account for site conditions (eg., underground utilities). The elevation and horizontal 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 diameter monitoring wells. 
Project-specific modifications to these methods shall be documented in the Sampliig and Analysis Plan. 
These modifications may include larger dimmeter 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 conce111s. justification for using 
PVC must be developed on a pmject-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, respeaively), monitoring wells will usually be constructed using either 2-inch or 
4-inch inside diameter (LD.) 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 trafftc 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 installed in each boring. The length of screen typically varies 
from 1 to 20 feet depending on site-specific conditions. For light nonaqueous phase liquid (WAPL) 
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 surface so that free pmduct 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 weened interval. 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 (DNAPLs) may 
require placing the screened interval in a "sump" at the base of the aquifer. Depending on the putpose of the 
monitoring well, the riser pipe may extend from the top of the screened 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 cementmentonite 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 internal. 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 materials. 

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

The annular space above the bentonite seal will be backfdled with a cement-bentonite grout consisting of 
3 to 4 percent bentonite powder (by dry weight) or equivalent grout. The grout mixture shall he 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 d i t l y  into the annular space. 

The depth intervals of all backfill materials shall be measured with a weighted measuring tape to the nearest 
0.1 foot and recorded on the Field Well 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 
constructiou will take place. (Note that the well assembly is fabricated from 2-inch diameter stainless steel 
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and includes a screen casing, and hardened point). The drive points will be sampled according to SOP F104, 
"Groundwater Sample Acquisition." 

5 3  Surface Cornoletion 

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 instaUation of a 4- or 6-inch diameter, 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 spa& permits.   he pmtectivi steel casing shall not fully penetrate the bentonite seal. 
A concrete apron shall be constructed around the steel casing. 

The second method considers flush-mounted wells, typically installed where a stick-up installation would 
present a trafftc hazard. The monitoring well shall be completed at the surface using a "flush" mount type 
cover. If the well is installed h g h  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 f ~ s h e d  grade of the surroundig 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 specitic tasks may require &at 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 
f d y  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 appmpriate. 

5-4 Well Development 

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 p u r p e s  of the initial development are to stabilize and increase the permeability of the filter pack around 
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 selection of the well development method typically is based on drilling methods, well 
conshuction and installation details, and the c-cs of the formation. Any equipment 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 minimum of 24 hours has elapsed subsequent to well 
completion. This time period will allow the eement p u t  to set. W e k  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 well 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, turbidity, and temperature measurements (typically less than 
10 percent change between three successive measurements). 

In addition, a volume qua1 to any water added during drilling will be removed above and beyond the 
requirement specified above. 

Well development limits shall be specified in project-specific plans. A record of the well development (Figure 
A-3 in Attachment A) also shall he completed to document the development process. 

Usually, a minimum period of one week should elapse between the end of initial development and the fmt 
sampling event for a well. This equilibration period allows groundwater unaffected by the installation of the 
well to occupy the vicinity of the meened interval. However, this stab ' i t ion period may be adjusted based 
upon project- specific requirements. 

55 Contaminated Materials Handling 

SOP F504, entitled "Handling 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 handling procedures should be delineated in the Sampling and Analysis Plan. 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 Constmction Records shall be completed by the Drilling Inspector for each monitoring well 
installed. These records preferably shall be completed as the well is W i g  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 t r a n s f e d  to the appropriate form within 5 days, and prior to demobilization from 
the field. 

Field Well Construction Records shall include not only well construction information, but also information 
pertaining to the amount of materials used for construction. Some of the following items shall be recorded on 
the Field Well Construction Record, or in the field 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 (ionnation collected after the site survey). 

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

Well casing and borehole diameters. 

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 from well installation 
activities. Additionally, a Field WeIl Development Record shall also he completed, as well as pertinent 
commeuts 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 addressing each of the following items. 

1. The Data Quality Objectives (DQOs) for the samples to be collected from wells with PVC 
casing as per EPA1540lG-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 prcductivity. 

4. The reasons for not using other casing materials. 

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

6. Whether the wall thickuess of the PVC casing would require a larger annular space when 
compared to other weU 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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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 

Thii guideline provides information on proper sampling equipment and techniques for groundwater 
sampliug. 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 site-specific conditions or project-specific plans may require 
adjustments in methods. 

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. 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 
groundwater 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 Samplmg Groundwater Monitoring Wells (Attachment A). This reference is not 
intended as a monitoring plan or procedure 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. ?he 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 Samdine. Monitori~lp. and Evacuation Eanioment 

Sample containers shall conform with EPA regulations for the appropriate contaminants and to the 
specific Quality Assurance Project Plan. 



SOP F 104 
Revision No.: 2 
Date: 04194 
Page 4 of 12 

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. 

I. Pumps 

Shallow-well pumps: Centrifugal, Packer Pumps, pitcher, suction, or 
peristaltic pumps with droplines, air-lift apparatus (compressor and tubing), 
as applicable. 

b. Deepwell 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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w e l l  radius (in feet) 
h=standing 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 standing 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: 

Obtain all available information on well construction (location, casing, screens, 
etc.). 

Determine well or casing diameter (D). 

3. Measure and record static water level (DW-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: 

Vgal = VW x 7.48 gallons/ft3 

- Vgal ( # Well Vol) Vpurge - 

Where: 

VW = Volume of water standing in well in cubic feet (i.e., one well volume) 
x = 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 
Vpurge = Volume of water to be purged from well in gallons 
#Well Vol. =Number of well volumes of water to be purged from the well (typically 

three to five) 
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. Determine the minimum number of gallons to be evacuated before sampling. (Note: 
VYge 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 (Pureing) 

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 quality 
of water resources may require long pumping periods to obtain a sample that is representative of a 
large volume of that aquifer. The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. 

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 Pumos - 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 Samoles - 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 twc+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 
construction 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 cross-contamination between wells as a result of the sampling 
procedures. 

Sample preservation 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. First open the well cap and use volatile organic detection equipment (HNu or OVA) 
on the escaping gases at the well head to determine the need for respiratory 
protection. This task is usually performed by the Field Team Leader, Health and 
Safety Officer, or other designee. 

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. 

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). 

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. 

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 organie samples and the accepted method by EPA Regions I 
through N is with a bailer. 

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 unwed  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-type" bailer). Purged water should be collected in a designated container 
and disposed of in an acceptable manner. 

9. (Far pump and packer assembly only). Lower assembly into well so that packer is 
positioned just above the screen or open section and inflate. Purge a volume equal 
to at least twice the screened interval or unscreened open section volume below the 
packer before sampling. Packers 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 prefwred 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 sufficient volume of sample at any time, take the largest 
quantity available and record in the logbook. 

11. 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 fdling a vial to avoid 
turbulence which could also produce volatilization. The 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 presenf repeat the procedure. If the second attempt 
still produces air bubbles, note on Chain-of-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 
fonns 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 sampling containers for various ana1yte.s at various concentrations. 
Container requirements shall follow those given in NEESA 20.2 047B. 

5.43 Preservation of Samples and Sample Volume Requirements 

Sample ptwewation 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 111 and IV, samples collected far 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 presewation 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. 

5.4.5 Handling and Transporting Samples 

After collection, samples should be handled as r i l e  as possible. It is preferable to use self-contained 
"chemicaln ice (e.g., "blue icen) 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 cmss-contaminatinn. 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 Helding Times 

Holding times (i.e., allowed time between sample collection and analysis) for routine samples are 
given in NEESA 20.2-047B. 

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 name/number 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 fonn. Chain-of-custody forms (and 
sample analysis request forms) are considered quality assurance records. 

7.0 REFERENCES 
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Standard Guide for 
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proadurcs. 
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with the groundwater. If the wdi cannot bc cmpti* 
proadurrs m w  be t s l a b l i i  to duaotlscncc that rhc 
samde r c o ~ n t c  ~1-0undwater- Monitorim an indicative 

. 2.3 The typa of sp- chat tl.e to bc monitored ar wdl as 
thc conanbalhn lcvcls arc prime kcton for d&ng 
sampling d e v i ~ z  (1. 2): The sampling devia and 
mareriab aad dcvimlhc wataoOntaaS m w  bc c o m a e d  
of ma- lhat will not in-uce concaminmu or dter the 
analytc d K m i 4 y  in any way. 

2.4 The mdhod of mmplc dhdsavrai can vary the 
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~ n f d ~ ~  any other gmusalmorphcrc bd- conveying it 
to thc sampIe wntainer or llow cdl for on-site analvdx -. - 

25 L S m d a n d ~ f d c * t a d m t h a t g o a i n t o a  
sampling ~rogram is atways dcpcndcnt on the chunical 
spxks ofintarst and thc conantration kvdc ofin- AS 
the conantration I c d  of the chemical spaics of analycid 
intcnn the aporlc and prrmutions nmssary for 
+ampling arc incarad. T h c r b o ~  the sampling objcbivc 
m w  dearly bc dcfincd ahead of time. h r  ersmpie, to 
pnpan equipment for sampling for mgJL @pm) lnnls of 
Total Organic Carbon 0 in wata is about an o m  of 
madude cask &an prepariog to sample for f@L (ppb) 
LcvclsofatnceorgauicWrcbaumc~+pccificpraau- 
lions to be laken in prcparins to ampic for tracc organia 
diffcrrnt h m  t h e  to bc taken in sampiing for mace m& 
No f d  Environmental Pmcuion Agency @PA) pcotocoI is 
avaiiabk for gmphg  of tna A short guidance 
manwZ (3) and an EPA documcat (4) concaning moni- 
toring wdI 8mpIing, induding con+idaationc for rrace 
orl&aoiaarcaniIablc 

2.6 Can must be taka not to ams contaminate samples 
or monitoring wdLc with ampliog or pumping devices or 
mataials. AU Bmpla. sampling devicq and a n t a i o a  
m w  k p r o W  from the cavi~~nmcnt when not in uw. 
Wata lcvd masunxncnts should be madc b d o s  the wJI is 
flush&. Oxidation-raduaim poudal. pH. disdvcd ox- 
ygen. and tcmpcca~n and t i l tdon should 
all bc pafomcd on the sample in thc field, if possible All 
but tanpmaturc mcasmmcnt must bc donc prior to any 
e t i ~ = ~ - c r i c -  a-IC 
2.7 T h e ~ p m a d u r r s m u s t b c w d l ~ e d a n d a l l  

s a y l e  contamas must k plqgnd aad labdcd prior to 
gomg to the fidd 

pa&metccQsuch as &I during flushing is &bk %such ; 3- SW- use 
paramew can be identified. 

3.1 The quality of gmundmatcr has beunnc an b c  of 
national wnam. Gmumdwata monitoring we& an: one of 
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thc more important tools for evaluating the qualitytY of 
groundwater. dclincating contamination plumcs, and stab- 
lishing the integrity of hazardom matcrid rnanagcmcnt . . 
f a d &  

3.2 The goal in sampling groundwater monitoring wdls is 
to oblain samplcs that an truly rcprrscntative of thc aquxer 
o r  groundwater in qucslion This guidc d i m  thc advan- 
tags and disadyaataga of various wdl flushing, samp1c 
withdrawal, and amplc  prawation techniquu It rcvicws 
the parametas that a d  to be coosided in dcvdoping a 
valid sampling plan 

4. Well Rushiog (Purging) 
4.1 Wacer that stands within a monitoring w d  for a long 

period of timc may beconic uarcprescntacivc of formation 
wata bccausc chemical or biochemical chaogc may ca.w 
water quality al(cratioos and cvcn ifit is unchanged fmm the 
time it cntucd the we& thc stored water may not bc 
rcp-lative of formation e a t  thc time ofsamplin& or 
both. Bccauu: the rrp-tativcucss of norod wata is 
questionable. it should bc cxduded from sampla coUcUcd 
from a moni(oring well. 

4 2  Thc sumd way of aaomplLbing chis objodive is to 
&ovc all sorod waca Imm thc caring prior to sampliw 
Research with a -&in a full d e  modd2 in. PVC d l  (5) 
indicates that pumping 5 to 10'tima thc volumc of tk wdl 
via an in la  near the free water surfaec is suflidcnt to m o v c  
d l  chc storcd water in the casing. The volumc of thc wdl may 

be caIcuIalcd to indude thc wdl x n c n  and any gtavd pack 
if n a t d  flow through tbac is decmed insufficient to kkeep 
chcm flushed o u t  

4 3  In d c q  or Largc diamder ydls having a volume of 
wata n, large as to makc -oval of aU the water imprac- 
ticaI, it may bc f'casible to lower a pump or pump inld to 
some point wdl Mow chc wata surface, purge only the 
volume Mow that point thcn withdraw the sample Gom a 
dccpcr levcL Racarch indicates this approach should avoid 
most contamination associated with_ztorod mter (5.6.7). 
Scaling thc casing a b m  the purge point with a p a c k  may 
make this approach more dcpcadablc by preventing migra- 
tion of s t o d  wata h m  abovc But thc packer must bc 
above thc top of the -ed mnc, or stagnant water from 
abovc thc packer dl flow into thc purged zone through thc 
w a s  glavcl/saad pa& 

4.4 Inlow yidding uds. lhc only practical way to nmove 
d&ogwatermaybctocmptythc&Siaccitisnot 
always possiic to runow alI water. it may bc advisable to IU 
thc wdl m w x  (ntill) and cmpcy it again at  lcad o n e  if 
intmdudion ofoxygcn info the aquifer may be ofcoacan, it 
wouldbcbcd not to uncorcr thc saem when pafoaming the 
abovc pcoadunr The main diadvaa(agc of m&ds d c  
signed to ICUIOVC dl the s t o d  mter  is that Luge volumcs 
may need <o bc pumpod iu d o  iasIau0cs. The ma;. 
advantage is (ha( tk polcucial for oon(amination of sampl 
wich docad watcc is mi&mizcd. 



4.5 Another appmach to wdl Bushing is to monitor onc 
or mom indicator panmdas su& as pH, ian- or. 
conductivity and cousida thc wdl to k Bushed arhcn thc 
indicator(s) no longer changc The advanrage of this mdbod 
is that pumping can bc done from any location within the 
casing and the vglumc of rtorrd wdbx prrscnt hu no dkd 
bearing on thc volumc of ~ t e r  that mud be pqmpod 
Obviously, in a low yielding well, thc wrll may bc cmptiad 
bcfon thc parameten stabi lk A disadvantage of this 
approach is that thcn is no asmna in all situations that 
the stabiIizcd parametas rcp-t formation mtQ- Ifsignif- 
icant drawdown has occumd, wdbx Crom some disamx 
away may be pulled into thc screen cawing a d y  
parameta rcading but not a rqmsmtativr madin& Uzq a 
suitable indicator panmda and means of conrinuoudy 
measuring it in the fidd mud bc available 

4.6 Gibb (4.8) has d c x n i  a timedtawdown approach 
using a Imowlcdgc of che wdl hydraulics to plrdiQ thc 
puwntagc ofstored wa(acntmng a pump inlet near& top 
ofIhcrcrceaatanytimcaRafluzhingbeginrSampl~~an: 
taken whea the pcroentagc is -bly low. As bdon, the 
advantage ir that wdl volume has no diFcd &YX in (hc 
duratioa of pumpin& A -t knowicdge of the wdl's 
hydraulic is nuxSaty to &OY thir 
proa&Downward~tionofs~otorodwrtaduetocft&Lr 
other than drawdown (for aample dcadty ~~) is not 
accountui for in chi approach. 

4.7 In any nushiag apploach. a withdrawal ~ ( c  (hM 
minimizes drawdown while a w n g  timc d n t r  
s h o u l d b c d  Exassi~~~~didorcslherutunln0w 
pattern around a well and can c a w  c o n u n h a n ~  that war 
not p x n r  originally to bc drawn into the udL 

5. -@xi& and Maar*llctnre 
5.1 The choia of materials uwd in the consmaion of 

sampling dcvim should bc based upon a knowledge of wtrat 
wmp~ondc may be prcscnt in rhc sampliog environment 
and how the sample mami& may interact via leaching, 
ahtplioa. or aalysis. h some +ituatiolq PVC or  somc 
other plasfic may be mf6ident In othen. an all glass 
-= may 

53  Most analytical pmtaa)ls suggest that thc dcvim used 
in sampling and storing samplcs for traa o&cs analysis 

levds) mua bc consaudcd of glass or 
TFE=-iluocwabon re&. or both. One s g g 4 o a  advanced 
by thc EPA is that UIC monitoring wdl bc c o m c t c d  so that 
only 7FE-fluomcarbon tubing bc used in that portion of the 
ampling wrll that cxta& 6mm a few fed above the wabx 
cable to che boaom of the borehole (3.5) 5)ough this type 
of wcll casing is now c o m m d y  available, PVC wdl 
cadngz ace cunmtly thc most popuk If adhaha  art 
avo-klcd, PVC wdl caohgs am acceptable in many c a s ~  
although thdr use may still lead to s h e  pmbleau if =a 
organia an of conccm At p m t ,  the type of ba&gmund 
p-tcd by W C  and i n d o n s  occuukg k(wam pvc 
~ d ~ d w t e r ~ n o t w r ~ l ~ T ~ i n t h c f o r m o f  
a n a g a n o ~ ~ s ~ c d t o  Wc, mayentnamPlQ 
taLca 6mm W C  casing. (9) 

5 3  Since thc moa S&kant pmblan meountaad in 
trace o&cs s a a p h g .  IUU&S fmm & lrse of PVC 
adhesives in monitociug WCU ~ a d r u a i o n ,  chnadad join& 
might avoid (he pmblcm (3.5). MiEgram per ECnc @arrs PCr 
million) levdc of wanpounds such as tdrahydrof"r". 
muhfl-zthyl-kctone. and toluene ace found to la& lato 



- .. -.. groundwata samples h m  monitoring wdl d o g s  scalcd 
wich PVC solvent cement PoUucant phthahle &us (8.10) 
rn oficn found in wata a m p l a  at ppb Icvek the EPA has 
found them on  occasion at ppm lcvcls in cheir samples. The 
ubiquitous p-a of Chcse phchalate c s t a  is unexplained 
=ap t  to say thar rhey may be leached fmm plastic pipes, 
sampling &vim. and containers. 

5A T F E - I l u o ~ n  rains arc h i i y  inat  aid have 
sufKcicnt mechanical mcugth to permit fabrication of sam- 
pling devices and wdl casings Molded p a  an: expod to 
high tunpaatun during fabrication which W y s  any 
orgaic c o n t a ~ u .  The evolution of fluoainated mm- 
pounds can ormr duting fabrication. will case rapidly. and 
docs no( occur aRmwds unlas thc ruin is heated to its 
mdting point 

5 5  Ertrudcd tubing or TFE-fluorocarho for sampling 
I may contain surface vaas of an organic SoIvcat uuusion 

aid. This can b e m o v e d  easily by t l~c  fabricator and. once 

rcmwed by flushing sbould not-allied che sample 
fluo&n FEP a d  T F E - f l u m a  PFA rrdnr do not 
.wuk this cxtrudon aid and may be suitable for sample 
tubing as wdL Unsintaed tbnmi-xabmt tape of TFE- 
fluo&n is available in an "oxygen &a" grade and 
contains no a tnuion aid and inbricant 

5.6 Lounatlan. ct aL (11) alludes to pmMems c a d  by a 
lubricating oil uscd during TFE-fluomcarbon tub@ exmu- 
sion This d a a  also p m t z  cvideaa that a fluorinalcd 
dhflcnepmpyIcnc copdyma adsorbed aatonc to a degree 
thal later causcd mntamiaation of a gas sampIe 

5.7 Glass and staid& stcd are two OChq mataids 
gcnmJly catsidend inat  in aqueous cnvimnmcnts Glass is 
probably among the ben choias though it is not inconodu- 
able it aovld adsorb some constituents as wdl as &case otha 
concamiaants (for example. Na. silicate. and Fc). Of cou - 
glass sampling cquipmcnl must bc handled d u l l y  in  
fidd. Stainless st& is rlrongly and easily machined i0 



fabricate equipment Unfocbmatdy. it is not totaIIy ~ ~ ~ U I I C  

to c o d o n  that could nlea5c metallic c o n t a m h n ~ .  Stain- 
ka sted contains various alloykg metals, somc of these (for 
example NI) are commoaly usad as catalysts for various 
readions l b e  alloyed coossi~cnts of some saidcs stcds 
a n  bc wlubilitcd by the pitting a d o n  of nonmrididng 

- anions such as chloride, tluoridc. and in some instances 
sulfat~ over a range of pH conditiodr Aluminum. titanium, 
polydhylco~ and olhcr corrosion &stant matuials have 
bccn proposed by somc as acaptablc mataid% dcmding 
on groundwater quality and the wDzti~cn15 of in ta rn  

S S  Whae t e m p o d y  i d c d  sampIing eguipment is 
Usdd che .sampling &vice that u cham should be non- 
plastic (unkn T F J X u o ~ n ) ,  d d k  of tsa or- 
ganics. and must & dcaned bctwccn each monitoring wdl 
use in o d a  to avoid cmrccontamination of wrlLr and 
samp1~Thcon lywy  tocmmthatchedcviaisindetd 

and acceptable is to a n a l p  laboatory wata bbnks 
andGddwaccrManksththawbecnsoalrcdinandpasscd 
through the nmpliog device to chcdr for the badqmmd 
lcvcls that may wult f m  chc sampliag matcrkk or fmm 
tidd conditions fhuZ all samplings for tmx auk&s 
should be accompanied by samples which wmxeut thc fidd 
b a m n d  C i  posi'bk), the sampling aquipmeot back- 
ground. aad the laboratory badcgnmnd. 

5.9 Additional samplcs arc often talc& in thc M d  and 
spiked (spiked-fidd samples) in order to vuify chat the 
sample handling prooodurcs arc valid. The Amaian Chcm- 

pubWededguiddina for data acqnisition &d data cvalua? 
&ch should & uscfuI in such cnvimnmcntal cvalitati 

6. Sampling Equipment 
6.1 Thcn is a W y  large choice of equipment pccx 

available for groundwater 9mpIing from single s a u  
~andwdldurccrrShesamplingdcvi(r~canbcca~ 

into rtK idlowing dght basic *.per 
6.1.1 Down-Hde Gk'itxf&n D D e m  
d1.l.l Bailen. mmenga baifag or thicf samplcrz 

14) an examples ofd~~p-hole  dcvies that probably PIT 
valid sampta on- the w d  has been flushod They an 
pradcal for ranoval of  lac^,^ vdumcs of wata. 1 
dcvicacanbew~ucdinvariousshapcsandsizcsG 
variety of mat* They do not subjcQ the samP 
P--CS. 

6.1.11 B a i f a  do expose pat i  of thc sample 
atmasphere d u h g  w i M r m d  Bailas used for sam~fi 
da& compoua& should hay(: a sample cc 
dnA valve ia or acar UIC boaom of the ampler an 
withdrawal d a sample 6mm the well Mow the ex 
Nfaoc of lhc wata or & first fm inches of the s 
should be discudob Suspension tidu for bailax and 
samplus should be kept off che p u n d  and fc~e of 
concamina(ing mat& that could & d c d  into th 
Down-hoIc dcvim am not very pradd Tor use it 



Pressure 
Line 

Gas 
Pressure- 

... wrlLr Howcvcr. potential sample oxidation during d a d  
thc samplc into a mUcdion v d  and time c o d n t s  for 
lowcrhg and 6 c v a l  for dap sampling arc the primary 
disadvantag~ 

6.1.1.3 fhrcc down-hole dcviccs M the single and doublc 
chock valve bailers and chid sampIen A schematic OF a 
single chock valve unit is illustrdtcd in Fg. I. The bailer may 
be ffmaded in the middle so that additional lengths of blank 
casing may bc added co in- the sampling vdumc 

-2 m u -  or PVC are the most wmmon ma& 
uscd for comcb:on (15). 

6.1.1.4 In opuation, thc single check valve bailer 
lowcrod into the wdl. water cntcrs the chamber througfi the 
bottom. and the weight ofthe water column do= the chedc 

valve upon baila n t d d  The spocifc gravity of the balI 
shouldbcabout lAta2OsothatthcbaIIa~odsi~onthc 
&& valve scat during chamber filGng Upon bailer with- 
drawal, fhc ban w9 immcdiatdy xat without any samples 
Ims through thc c k k  4% A similar W q u c  invoIvcs 
lowuing a reakd sample oont&er within a weighted botcIc 
into the wdLThc st- u then pulled fmm Ihc bottle via a 

- line and Ihe erairc -My is rdcved upon lXng of the 
container (14.16). - 

6-1-13 A do& chak valve bailer allows point wun*: 
sampGagataspeilic@th(lS, 17).haamp1eiZshorm in 
F~2Inthicdoabkchedcualvcdcsign.watcrflowsthrough 
thcsamplc Ehambaa chc unit is lowrrcd. A vurturi tapemi 
idd and 0ulM Ul.WlU chat Water paSCS 6rady through l h ~  
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unit Whcn a depth whac the sample is to be coUcctd n 
reached. the unit is m t r i d  Because tk diffarna between 
each ball and check valve seat is maintained by a pin lhat 
blocks vertical movement of the check WI, both check 
valves dose simultanmudy upoo ntricML A dcainage pin is 
p l a d  into (hc bouom of the bail? to drain the sample 
diroaly into a coucdion va$ to red- tk possibility ofair 
oxidation The a m 2  modd in l5g. 2 is thnaded at the 
midxaion dowing Ihc addifion of thnaded casing to 
in- IIIC sampling vdumc 

6.1.1.6 Another approach for obtaining point swnx: sam- 
ples employs a weighted masmga or pneumatic change to 
'Lrip" plugs at either end of aa open tube (for example, tubc 
wata sampler or thid sampler) lo dosc the chamber (18). 
F o a ~ ,  Kcmmmx. and Bacon sampkn an of this variety 
(Id. 17. 19). A simple and incxpcnsivc pneumatic sampler 
was -try d e s a i i  by Gillham (20). The devioc ( F i  3) 
cansirrs of a -1e 50 mL plartic syringe .modified by - sawing off the plungcr and the linger g r i p  The syringe is . 
lhca atlachcd to a gas-linc by means of a ~ b b a  sloppa 
~My..The&illcenendstochcsurtac+andisusedto 
drive the ~ 4 c s s  plunger, and to nire and Iowa the rylingc 
into thc holc When (he gar-Iioc is pmsmid, (he rubber - 
pluaga is M d  at the tip of chc syringe The sampler is then 
lowed into the hdlatioa. and d u n  the dcsind dqnh is 
reached. Ihe prrssurc in chc gs-liac k red& to atmo- 
spheric (or .sIiitly kss) and wata catas thc The 
sampler is then raricved fmm chc iastaUation and the 
syringe detached fmm (he gas-lilrc Ahcr the tip is salcd. the 
syringe is used as a short-tam slomgc conlaina. A number 

of thief or mascnga devica m avaElabtc in various 
materials and shapes 

6-12 SucIion Li# Pumps 
6-12.1 'Ihrcc typa of sudon lift pumps an lhc d i m  

Linq anuihgal and -tic A majw disadvantage of any 
suction pump is that it is limited in its abiity to latc water 
by thc head available fmm atmcspkic psmn. Thus. if thc 
sutfaa of the water is mom than about 25 A be1ow thc 
pump. wdta may not bc withdrawn. Thc thcodcal suction 
limit n about 34 ft, but mod d a  pumps an capable of 
maintaining a water lift of only 25 fi or lea 

6 - 1 2  Many suction pump- draw thc wata through 
some sort of volute in which impdcq p-tons. or othu 
deviax opaate to indue a 'vacuum. Such pumps arc 
probably unacaptablc for mod sampling purposes becaw 
they arc usually condrudcd of common mataiaLc such r 
braa or mild sted and may expose amplcs to lubricants 
They oRen indue very low pnssuns around rotating ~ n c  
or otha such parts su& that dcgasring or cvcn cavitatior 
mayormr.Theycanmkairwith(hesamplcviasmalII& 
in the earia& aad they ~IC  ditlidt to adequately d- 
bhmtn uxr such pumps an auxptablc for purging o: 
%Us, but should not g c o d y  be used for samplkw 

6.113 one ~ O U  to ~IIC ~ ~ O V C  MCC~~CII~S is a psi 
d t i c  pump. A paidtic pump is a selfQritdin& lev 
volume d o 1 1  pump of a rotor with pal 
W n g  roll= (21). F l ~ u i e  tubi i  is insetted amuad th 
pump war and s q d  by heads 3s they d w  in 
a& panan around the mcor. m e  a d  of chc tubing i 
placed into the well while the o&x end can be manace  



directly to a ruxiving vasd. As the rotor movq a d u d  
pressure is crratcd in rhc wdl tubing and an in& 
pressurr. (<a psi] on the tube leaving Lhc rotor hcad A drive 
shaft c o n n d  ta the rotor h a d  can be artcndcd so thrt 
multiple rotor heads on be aaachcd to a s*@e drive shaf~ 

6.114 The puistaltic pump moves the liquid totally 
within the sample tube No pan of chc pump contads thc 
Liquid The sample may still bc degassed (cavitation is 
unlikely) but thc p q b 1 ~  due to contact with the pump 
mechanism are diminatcd Peris(altic pumps do require a 
fairly flexible d o n  of tubing withio the pumphead i U .  A 
sation of silicone tubing is commonly used wichin the 
pcrinaltic pumphad, but olhcr typcr of tubing can bc used -- parliculariy for thc d o n s  extending into thc wdl or from 
the pump to the nxeiviag contains. Thc National Council 
of the Papa Industry for Air and Strcam Improvcmcnt(22) 
ncommcnds using medical grade silicone tubing for organic 
sampling purpaws as thc Siandard grade uws an organic 
vulcanbing agcnt which has ban shown to leach into 
samples Mcdical gradc &cone tubc 4 however, limited to 
uce ovcr a d a c d  nngc of ambient tcmpuaturrr Various 
ma~ufacluras oKa tubing lined with TFLfluorocarbon or 
Viton' for w with their pump Gibb (1. 8) found little 
d i B m a  bdwoca sampl~ withdnwn by a puislaltic pump 
and those taken by a baila. 

6.1.2.5 A d k u  m& ofconacing a sample by suction 
conrim of laraing oac end of a kng~I~ of plastic tubing into 
the wdl or piaomdcr. The opposite a d  of the tubing is 
connedod to a two way sloppcr bottle and a hand held or 

I 
' YiM h . rrdonu(r d €  1. du Por & N-n & Co., Wdonilycem, DE 

I91911 .ad hu bo;n h ~ a d  wiublc fm th is  w- 

mechanical vacuum pump is attached to a seand tubing 
leaving the bottle A check valve is attached bemxn the twr 
lines to maintain a ooodant vdcuum control. A ample cu 
then be drawn W y  into the collaticn v d  without 
contaaing the pump mc&a&n (5.23.24). 

6.116 A anCrifugal pump can be attad& to a length of 
plastic tubing that is lowend into t6c wdL A foot valve is 
usually anached to thc end of the wcll tubing to assist in 
priming thc mbe The maximum liA is about 4.6 m (IS ft) 
for such an anangcmcnt (23.2526). 

6.117 Sudan  pump a p p d c s  offa a simple sample 
rcuintal mahod for &allow monitoling. The d k d  &c 
mechod is utrcmdy po& though comidcrable oxidation 
and mixing may occur during collodion. A antriK~&al pump 
w;U agitate tbe sample lo an even &tcr dcgnx although 
pumping raws of 19 ta 151 Lpm (5 ta 40 gpm) can bc 
aUaiucd A puislaltic pump provides a Iowa sampling rate 
with less agitation than the other two pumps. Thc wirh- 
dtawal rate ofpah4 t i c  pumps om be canfully regulated by 
adjuztment of thc rotor head ~ d u t i o a  

6.118 AUttuccsystcmrcanbcspodally~cdw,that 
thc water sample mntads only che TFE flou-n or 
silicone mbii prior to sample botlk =try. Scpaalc tub'log 
is n x o a u n d  for ca& wdl or p-mmetcr sampld  

6-13 Elcaric S- Armprr 
6.13.1 A submc~z~'blc pump adsti of a scaled dcctric 

m o c o r t h a t p o w a z a ~ n m h d i d ~ e ~ w ~ c m a ~ a  
highrpm. Watcrisbmughtt~thcwCaacchPoughana- 
tub= Such pumps have kcn used in the vnter wdt ind- 
for yeas a d  many derlgns utt (5.26). 

6.1.32 SubmusiMc pumps provide rrlati~dy hi dl- 
rates for waccr wi(hdnwa1 at d c p b  beyond sudoa  



l i t  capabilitia. A bancry operated unit 3.6 cm (1.4 i n )  in 
diameter and with a 4 5  Lpm (1.2 gpm) flow n te  at 33.5 m 
(1 10 R) has ban dcvdopod (27). Another submaible pump 
Wan ou ta  diametw of 11.4 an (45 in) and cai pump 
wata from 9 1 m (300 fi). Puinping ram vary up to 53.0 
4 m  (14 gpm)dcpending upon the depth of thc pump (28). 

6.133 A submersible pump pmvidcs higher a w a a b n  - 
rates than many otha  mcchods. CouGduaMe sample Gta- 
Lion results, hcnvcva. in the wdl and in.the colkdon tubc 
during t m q m z  The possibility dintroducing mace meals 
into the sample from pump mataialr a h  wrinr Stam 
dcaaiclg of the unit.foUwd by rinsing with unchlodnatcd, 
deionized wata is suggared between sampling when analysis 
for ownics in the pacts per million (ppm) or  parts per billion 
(ppb) tangc is rcquird (29). 

6.1.4 Gas-hjrr Pumps: 
6.1-4.1 Gas-Iiti pumps use c o m p d  air to bring a water 

sample to the surface. Waca is forad up an cdnuor pipe 
that may be the outer casing or a smallex diameter pipe 
ioscrtcd into the wdl anadus bdow thc ~ ( e r  lcvd (30.31)- 

6.1.42 A simikr pcindplc is used for a unit that m d s s  
o r a  s d  diamda WF tube @id in the I o w a  end 
This tube is.placcd Gchia &a tubc of slightly larga 
diamaa. Comproea air is iqia(cd into the ima mbe; the 
air bubbles rhrwbh thc pccfomionr. thacbylihing the w a t a  
sample + chc anaulus bchvccn thc ma and i nna  tubing 
(32). In pnpdia. thc eduaor line should bc rubmaged to a 
dcpch lo 60 % of the total submerged cduaor lcn& 
durinb-ptm~ing (26)- A 60 % ratio is considered optimal 
altliough a 30 % submcrgcnoc ratio is adcquatc. 
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6.t4.3 The so- of cam- gar may bc a hdnd 

pump for depths gcncratly ICS chatl7.6 m (25 ft3. F o r m  
depths, air amp- prsu&d air bottles, and ak 
oompmssc4 from an automobile cngine haw b&a d 

6.1.4.4 As M y  mcotiond, gas-litt mclhob lault ia 
coaddaaMc samp1c agitation and mixing within the 
and cannot bc used for sampIa which wiU bc Gcrtcd 
volatik organics. ihf oduccor pipe or w&htcd pktk tubh 
ir a potcncial SO- of sample cancamioacioa In addihio~. 
G i i  (8) uncovcrod dimcultics in sampling for inorganics 
7hc.e dilliculticr wcm a~uibutcd to changa in &ox. pH. 

and spccics crandonniltion due to ~Iubiclity constant 
chagcs d ( i n p  from strippi- oxidatioo. and p m  
d=w- 

6.15 Gas Displulxrnenf Punl4tr 
6.111 Gas dkphxmcnt or gas &YC pumpr arc dttin- 

guisbcd horn gas-lift pumps by chc mahod of munp1c 
tnmpmt Gas dkkcmcnt pumps fonx a &c&c co1umn 
of watcr to thc d a m  via mdchanical liA without d y e  
mixing OCthCplrsnrrizad gar and walaas ocaur with air-lift 
eguipmaC The principk is shown scbema(ically in F '. 
Wafs f i  the chamber. A positive is applied t : 
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gas Iinc dosing che sampkrchedc valve and fomng wata up 
the samplc line By removing chc pranuc the-cydc caa be 
rcpcaccd Vacuum can also bc used in conjuaction with the 
gas (30). The dcvia can bc pamancqtly i d l e d  in the well 
.(33.34,35) or 10- into the wetl(36,~37). 

6.1.53 A more complicated two e c  daign coastruaai 
of glass with chcck valves made of f F E B u o d n  has 
been connruaed (38,39). Thc unit was dcsigaled &tdy 
for sample testing for ha lcvd otganics. ~ n 6 n u o u s  Itow 
rates up 10 2.3 Lpm (0.6 gpm) arc posnblc with a 5.1 an (2 
in.) d i i t c r  unit 

6.15.3 Gas diilacunent pumps have also been dml- 
oped with multiple fundioas. Thc wata sample in Fc 5 
pmvides piaomcuic data mcasunmenls with m h t d y  
mounted transducer (40). A sample with its transducer 
exposcd c x t d y  for piaomctric maumncntr is iUus- 
crated in Fi 6 (41). Thc sensor can activate the & Gnwc ata 
thc nufaac to cause sample chambcr lmsmrhtion at the 
pdetamincd depth. Anotha daiga can be used as a water 
sampler or as a tool for iajcccing brinc or other Man into a 
wdl(42). 

6.1.5.4 Gas displacunent pumps offcr nuonable potm- 
1ial for preserving samplc integrity because W c  of thc 
driviag gas coma in c o n w  with Ihc sample as thc nmplc is 
conveyed co thc surface by a pobtivc'pasu~c Thnc is. 
howcvcr..a potential 10s of dirsdvcd garxs or contamina- 
lion Tmrn thc driving gas and chc housing malcrials. 

6-16 BIadda Aunpz 
6.1.6.1 Bladdcr pumps, also dfand to ai gawpuated 

squ- pumps. consist ofa flmie mcmbrasc aadoscd by a 
rigid housing Water cntm the membrane through a check 
valve in the vcad bottom; unnpnsd gas injajedcd into the 
cavity bctwMn the houdng and bladda focus thc smplc  
thmugb a chedc valve at thc top of the mcmbnac and into a 
disdrargc line (Fll 7). Wata b p m n t c d  from reentering 
the bladder by the top check valyc The p- is npcatcd to 
cydc the wata to the hecfaa. Samples taken h m  depths of 
MJ m (100 ft) havc been nportcd 

6.1.61 A variety of dcdgn modi6Catioas and  ma^^ 
arc available (43.44). Bladder materials indudc ncoprenc 
mbbcr. ethylene pmpylenc tecp01ymcr eP.T.), nitrile. anr 
thc fluorocarfron VitoaJ A bLadda made or TFEnuom 
carbon is also under dcnlopmcat (45). Automated ampIin 
systems haw been dcvdopcd to control the time bcrmc 
P-on wks (46). 

6.1.63 Bladda pumps pmvidc an adaptable samplio 
tool due primarily to (he numba of WCZ shapcs that ar 
fcasiblc Thae devias have a diniad ad-tagc over g 
displaamcnt pumps in that chac is no r n n w  with d 
driving m Divanraga indudc the large gkc velum 
required. low pumping mcq and powcial mn(aminatic 
Tim many of che bladda omtaiak, the &id housinp. . 
both. 

6.1.7 Gas Drivcn Pinon Pumps: 



. 6.1.7.1 A simplc and inupuuivc u a m p k  of a gas drivcn 
piston pump is a syrinp pump (47). Thc pump (F% 8) is 
constmud from a 50 mL piraic ryringc with plungcr siem 
rcmoved Thc dcvia is c o ~ c a c d  to a gas linc to thc surfaa 
and thc samplc parvr through a c h d  A v c  anangun-! 10 
i samolinh conllincr at thc i u r f a ~  Bv sucCadvd~ d ~ t n g  - -- - -  
positive and ncgativc pr- to (hc &line. (hcplungcr 6 
aaivatcd driving watcr lo thc surface. 

6.1.7.2 A double piston pump powcrcd by air 
is illunntcd in Fig. 9. P m r i z c d  gas cn- thc cham& 
bccw- thc pistons; (he altanating chambcr pr-htion 
aaivatcs the pidon which allows water entry during the 
sudion Nokc of thc &on and f- thc ample lo thc 
s u d s  during the prcaurc ~ o k c  (48). Pumping ra(a 

bcnvca 9 5  and 303 Uhr (LS to 8 gallhr) have been 
repoltcd from 30.5 m (100 A Depths in uccs of 457 m 
(1 500 ft) arc poaailc 4. 

6.1.73 Thc ps piston pump pmvidcs continuous sample 
withdrawal at dcpchr grcata than is posdblc with mast ocba 
appmad~cs. Ncvuihdcn. conmintion of ma dcmcnts 
from the stakdcp stod and hacs is a potential problem and 
thc quantity of- usad is S i g Q i t i ~ ~  

6.1.8 Pooka Pump Atrangeaunt 
6.1.8.1 A padca pump ananganent pmvida a means by 

which huo cxpandabIc epackaz" isolate a sampling unit 
betwen two paclvn *(bin a wrlL S i n a  thc hydraulic or  
pneumatic activated padrm arr Weaged against thc casing 
waU or saun, the simpling unit will obtain water ampks 
only from the isolatcd wdl p o d o n  Tho packas a~ ddlatcd 
for v d d  movement within the wdl and inIlatcd whcn the 
d d  depth is attaiuob Submccsiblc. gas LifS and s d o n  
pumps can bc uscd for sampfing Thc padcers am usually 
constructed fmm some type ofmbbcr or mbbcr compound 
(48.49.9.51). A packapump unit co&ng ofa  vacuum 
ampler positioned bchKcur two pa& is i l l m t c d  in Fc 
10 (52). 

6.1.82 A packa anembly aIlows thc isolation of disartc 
sampling points within a wrlL A numb= of diffcmt 
samplas can 'bc situated bctwocn thc padccn depending- 
upon Ihe analytical specifications forsam3lc tcning V d c a l  
movcmcnt of wat& outsidc thc wcll casing during sampling 
is possible with packa pumps but dcpcads upon thc 
pumping ratc and subsapucnt dinurban- Dciuioration of 
thc cxpandaMe matclials will occur with timc with the 
in& possibility of u-Ie organic contaminants 
concniuting to che wata samplc 

7. Snmple CoaCniners and Re~ensfion 
7.1 ~omplclc  and unequivocal pmcsvation of sampla. 

whctba domestic wastewater. indumial wastes. or naNral 
watcq is pradically imposiblc At bcR prrscrvation t h -  
niqucs only & thc chcmical and biological changcs that 
inevitably continuc afta thc amplc is runovcd h m  thc 
source. TharrCon; imriog the timdy analysis of-a samplc 
should be onc of the Camnost mnsidaationc in thc samoline . - 
plan schcdulc Mcthcds of prrscrvation arc somewhat lim- 
ited and arc intcndcd to 4 biologid adon. .relad 
hydrolysk of chcmical compounds and complua. and 
n d u a  tbc volatility of constituents. Pxscmtioo mcfhods 
arc gcncdly limitcd to pH conuol. chemical addition. 
rcrriqratioo and Crazing. For watcr sanipla. irnmcdratc 

rdtiguation above Irezing (4-C in mc1 i-) is the 
bac P-tion tcchniquc available. but it is no( the only 
mcantrc nor is it applicable in all caur kc may bc &=r 
cavr wheat it might bc prudent to indude :. - 
thcrmomclcr in thc sample shipmcnt to v&ry maximL... 
and minimum tcmpcraturc to which chc samples - 
c x p d  IOwcpcnsivC dcvica for this purg~w arc available 

7.2 All &(tics and conlainas must bc specially prc- 
dcan4 prdabdlcd. a d  organized in i achcds  (iilaGng 
sampla a d  sampling cquipmcnt from thc cnvironmcnt) 
bdom onc gocs into UIC fidd OlherwiK. in any a m p d e n -  
sive progrdm Ut(a chaos usually develops in the ti& or 
laboratary. Thc timc in the fied is v a y  valuable and should 
be spent on Ukbg lidd mcammncnts. and in 
documenting sampks. not on laming and organking -- 
plcs. M o t ~ .  thc  ampl ling plan should iadudc dear 
inmudions to the sampling pcrsonnd concerning rhc infor- 
mation r e q d  in thc Iidd data record logbook (no&k). 
the idamation lMdCd On container lab& for 
tion. the c h a i ~ ~ ~ f e y  p h t 0 ~ 1 4  and the mcchods for 
p& EGdd Manb and spiked samplcs. ExampIc o f  
M c d  plans and documentation pmcedura haw baen 
PU- (Ie 

7 3  The uaa quixcmcnts for the volumes of g m p k  
nccsicd and thc numbs of containas to usc may vary Gum 
laboratory to Iahatory. This will depend on  thc specific 
analyses to be pC~iO~lUod, the o~~mntra t ion Icvdz Ofintcrrsf 
and thc individual lahnatory pmtocok Thc managa of  the 
sampling pmgmm should makc no assumptionz about the 
laboratory a n a l p s  Hc should discus thc analyrid rcquirc- 
mcnts ofthc sampling program in dccail wifh the Iaboratr 
wardinator bcfonhand This is apcdally the case si 
somc analysa and pmavation mcasurcs must be pufonnca 
at thc laboratory as soon as p o s i l c  afta thc samples a n i v c  
Thus. a p p m p ~ t c  a m ~ e m c n t s  must be made 

7.4 Thur arc a numba of cxcdlcnt rcCuu~00 available 
which Lin thc contains and p-tion tochdqkcs appro- 
ptiatc for watQ and soils (13. 14. 50. 54. 55. 56). Thc 
'Handbook for Sampling and Sample Fkxnat ion of Water 
and Wastcwaccr" is an c x d c n t  d c r c n a  and perhaps thc 
most comprchcndvc onc (14). Somc of chis infomation is 
summarized in Tablc I. 

7.5 Sample coutainas for traa o&c sampla q u i r e  
spccial dcaning and handling wnsiderations (57). Thc 
sample container for purgcabIe organin consist of a wxw- 
cap vial (25 to 125 mL) f ind with a TF&flourocarbon Caad 
siliwnc sepNm. The vial is scald in thc laboratory immedi- 
atdy afca deaning and is only opcncd in lhc 6 d d  just prior 
la pouring sample into i t  The watcr samplc then must be 
scalcd into-the vial hcadspaa (no air bubblcs) and 
immcdiatdy ooolcd (4%) for shipmat. Multiple gmplcs 
(usually about four t a k a  from one largc samplc container) 
ur takcn becaw lcakage of containen may cause ~ 0 s ~ ~ .  
may allow eir to en ta  the containus. and may cause 
crroneaus analysis of some conni~culc. Also. somc analyses 
am bat conduacd on indcpendcnt protc~cd a m p l c s  

7.6 TIIC purgcaMc umptcs mud be anal@ by chc 
laboratory wit>in 14 days after coudon .  unlas they arc to 
bc anal@ for aaolein or acryloniUilc (in which case * 
a to bc anal@ within 3 days) For samples for sol\ 
c x l l a a i o ~  (cxtractablc oqanicdmx ncutralr. acids and 



pcsticida). l hc  sarnpk bo l t l a  arc narrow mouth, a P  
q u a n  b o t t l a  or halfgallon h t k s  that  havc been p d ~ n e d .  
rinsed with thc cxlncting organic solKJlt a d  OKJl dried at 
IOSC for at least I h. botclcr mu* be Sealed with 

TFE-fluorocarbon lined caps (Note). S a m p l a  for o ~ n i c  
cxtnction must  bc cxt r iacd  within 7 days a n d  and@ 
within 30 days after extraction. Spcdal p r ~ c l o n c d .  sdvcn t  
r i n d  and  ovcitdricd s t a i n l a  stccl bcakcrs (onc for cach 
monitoring well) may bc used for t n d c m n g  $am& fmm 
thc sampling d c v i a  t o  the sample containm. 

Nrn-Whc. rnlkaing s a w l q  lhc bol& should oa be M 1 c d  
or wilh umpk berace Cting bmuv oil and ahcr 
may remain in lhc bock  This a. auu c m o d y  ails 

7.7 For a number of groundwa(u paramctaS tbe mst 
meaningful m c a s u n m c n e  arc (how madc in thc Gdd at 
t ime ofsamplc colleaion 0-1 least at an on& laboratory- 
Thcsc i n d u d c  the water lcvd in a c  d l  and paramders that 
w m c r i m a  can change rapidly with norage. A diwurdon of 
the various cechniqua for measuring thc watff Icvd in the - 
wdl is contained in a NCASI publication (5) and d d e d  
p d u m s  arc outl i ied in a US. Geological Survey publica- 
tion (58). Allhough a disaraion of they. techniques is 
Mood t he  scope of fhis guide. i t  is important t6 point out 
(hat aauratc mcasurunenu musl be madc Won a well is 
flushed or only ahcr i t  has bad suficicnt timc to m c r .  
Paramctcs tha t  can changc aapidy with sto~gc indude 
Spaific conductance, pH. turti~dity. redox potatbl, dis  
wlvcd oxygen, and ternpentun.  For some of the orhcr 

(I) 13%. J. P, Schuncr. R M Gti~lin, R A, M o n i e  Wcll 
SampIingandPc~avmiou Tdni@ta. EPA400/9-WIOI. 1980. 

(2) Payjohn. W. A. knlap. WW. I, Cc&. R I Kody. J. W, 
5ampSng G m u d  Warn for Organic Conlaminan%: G d  
Wmcr. V d  19. (2). ManidApril 1981. pp. 180-189. 

(3) D u n k p . W . I , M c N a W . L F , W M R , C m b y , R L ~ ~ i n g ,  
for Oqanic ~~ and Micmoqankms in fhc. Sduu!f+ . . 
EPA600fZ-77-176. m S  PB 276 679. AUeUSl 1977.35 PP. 

(4) SalC M. R.. McNabb. 3. F, ~ u n & .  W. J, and Cmby. R L 
Manual of Gmund Wmcr Qualify SampI~ng Pmccducs, National 
Watu Wdl km&ticna NXlS PEE2 103 045.1981. 

(5) ^A Guidc to Gmundwatu SampIiog.' N W I  TdnimlBdIAin. 
No. 362, January 1982 

(6) Humenids M I, Turk L I, Cddrin. M, -Mclhodology for 
Monitoring Grnund Watcr u URnium Solution Minq* Gmund 
Water. Vol 18 (3). May-lunc 1980. p. 262 

Q Ma& I. M, zed Uoyd. 1. W.. -Dccailr oE Hydmcbcmiel 
Variations in Flouing Wdls.' Ground Wafer. Volumc 18 (4). 
July-~ugun 1980. p. 366. 

(8) Gibb. I. P, Schullcr. R. M, Grillis R A, ~Cdlexion of 
Rqrcwnutivc Wztcr Quality Data from Moaitoriag WcllS." 
Proccdiiry of chc Municipal Solid Wosrc Re- Recoycry 
Spposium. EPAd0019dl4lX)2A. Ma& 1981. 

(9) Bocnmr. €A. Gwndolp. L 8.. a n d .  H.. Aquino. R.. O+ic 
and Oqanain Compaundr Lrachcd /?om PVC and CPVC Pipc. 
NTlS P8 82-108 333.198L 

(LO) Junk. G. A. Srcc. H. I, Vkk. R D.. Avcry. M. I.. %numi- 
natior. of W a ~ u  by Synrhccic Pdymcr Tuba.- &rironmmaI 
Scicncc and T~hndoxy. Vd 8 (13) 1100, Dmmbcr 1974. 

(I I) Louncmzn. U'. A.. Eufalini. I. I.. Kunu. R L. and Molir. S A .  
-Con<aminatnon (,om fluormarDon Films.- Enn.<ronmcnral Scr- 
mnrrmd T<rhc,$e<r Vol I S  ( I ) .  Januaq 11961 

paramaus .  the cmpharis i n  groundwater m o n i ~ o " ~ ~  is o, 
the conantrat ion o f  each spedfic d i ~ l v c d  component, no 
the  total conctntration o f  uch. Samples for t h e  
mcasurutients should be fillcrcd through 0-45 wrn mern 
bnne filtcn idcally in thc field or possibly at an 
laboratory as  soan  as possible Anal- often requirin 
filtcrcd samplcs include all metals. radioactivity paramctcrr 
to& organic carbon. dissolved orlh0phosphatc (if 
a d  total d i w l v c d  phosphornus (if needed) (13, 14). i 
mctals arc to bc anal@. tiller the sample prior lo aci, 
pr-tion. For TOC organics, the fitcr material should b 
wed to aaun that it docs not contribute to the Tor- 
type or size oi lhc filter to be uscd is not weit und-ood 

Howcvcr, if d t s  oi mecal. TOC or other & 
could bc d i e d  b y  diids ;m 10 & cumpared. the s m  
ritering prowlure must be uscd in each car Rcpea- 
analytical nxults -should slalc wfidha the a m p l a  m r  
f i l t e d  and how they wen filtcrcd. 

7.8 Shiimcnt and d p t  o f s a m p k s  must be coordinate 
with the laboratory to minimizc time in vandt AU samplc  
for analysis (and m a n y  olhcr p~amctcrs). shoul 
arrive at thc laboratory within one day after it is shippod an 
& maintained at about 4% with wel ice The bcd way to g< 
them to the labomtory in good condition is to send rhcm i 
sturdy insulated ia chests (axles) equipped with bow 
dividers. 24-h couricr &a is m m m c n d d  if person: 
delivuy &a is not praccicaI. 

- 
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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 0 . Dissolved Oxygen Concentration (DO) . Turbidity (Secchi Disc) 

The f m t  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 Remedid 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 drummed 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  manufacture?^ 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 
conductance (mhos) are the inverse of ohms, the unit commonly used to express resistance. 
Conductivity and specific conductance are used synonymously. 

Electrolvtic Cell - An electrochemical cell in which electrical energy is supplied fmm an extemal 
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. 

plI - 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 at1 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 defined by Ohm's Law, E = IR, where E is the potential difference 
(in units of volts), I is the current (in units of Amperes), and R is the resistance (in units of ohms). 

Sewhi 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 scattered or absorbed in the water, 
resulting in deaease 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 pmcedures are 
developed. The Project Manager is responsible for determining which on-site water quality 
measurements shall be made, the data quality objectives (DQOs) for these measurements, and for 
ensuring that these measurements are made in accordance with project-specific 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. 

Sam~lina Personnel - It is the responsibility of the fied 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 conductancdsalinity, 
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 neutralization, 
water softening, and corrosion control, is pH dependent. Likewise, the pH of leachate can be 
correlated with other chemical analyses to determine the probable source of contamination. It is 
therefore important that reasonably accurate pH measurements be taken. 

Measurements of pH 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 Alkacid, 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 

A. pH Meter 

Standardization, calibration, and operation and maintenance shall be performed 
according to the manufacturers instructions. The following procedure is used for 
measuring pH with a pH meter: 

1. The batteries and instrument shall be checked and calibrated prior to 
initiation of the field effort. 

2. 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. 

3. 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 
how 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. 

4. 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). 

5. Immerse the electrode(s) in a pH-7 buffer solution. 

6. Adjust the temperature compensator to the proper temperature (on models 
with automatic temperature adjustment, immerse the temperature probe 
into the buffer solution). It is best to maintain the buffer solution at or near 
expected sample temperature before calibration, if possible. 

7. Adjust the pH meter to read 7.0. 

8. Remove the electrode@) 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 appmpriate pH. For best results, the standardization and slope 
adjustments shall be repeated at least once. 
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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 taking 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. 

1 1. Upon completion of measurement and removal of the electrode from the 
sample, the electrode shall be thoroughly rinsed with deionized water. 

12. The electrode(s) shall remain immersed in deionized 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 shall be selected. If the pH is unknown the 
investigation shall start with widerange paper. 

5.2 Measurement of Sneeific CondnetancefSalinity 

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 d a c e  water. Salinity refers 
to the total amount of soluble salts in water, either naturally or added to the environment 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 I i i t e d  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 conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be 
used for measurement of electrical resistance. The ratio of current applied to voltage across the cell 
also may be used as a measure of conductance. The core element of the apparatus is the 
conductivity cell containing the solution of interest. Depending on ionic strength of the aqueous 
solution to be tested, a potential difference is developed across the cell which can be converted 
directly or indirectly (depending on instrument type) to a measurement of specific conductance. 

5.2.2 Equipment 

A portable conductivity meter, probe and thermometer are needed for taking specific conductance 
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. 

5.23 Measurement Techuiques for Specific Conductance/Sslinity 

Standardization, calibration, and operation and maintenance shall be performed according to 
manufacturers instructions. The steps involved in taking specific conductance and salinity 
measurements are listed below. 

1. Check batteries and calibrate instrument before going into the field. 

2. Calibrate the instrument daily when used. Potassium chloride solutions with a 
specific conductance closest to the values expected in the field shall be used. 
Calibration information shall be recorded in the field logbook. 
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J. 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). 

5. If the meter does not compensate for temperature variations, the corrections given 
in Attachment A shall be applied. 

'. 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) 

a. Do not take readings if the sample temperature is less than 10" 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 O.1° C to comply with SW- 
846. 

c. Only report results to the nearest two significant digits for the most 
circumstances, because of the inherent inacurracy in the test and conversion 
procedure. 

examples: . a calculated reading of 2353 umhos/cm @ 2S0 C should be 
reported as 2400 nmhos/cm @ 25" C . a calculated reading of 2325 should be reported as 2300 . a calculated reading of 337 should be reported as 340 . etc. 

5.3 Measurement of Temoeratore 

In combination with other parameters, temperature can be a useful indicator of the likelihood of 
biological action in a water sample. It can also be used to trace the flow direction of contaminated 
groundwater. Temperature measurements shall be taken in-situ, or as quickly as possible in the field 
prior to sample oollection. Collected water samples may rapidly equilibrate with the temperature of 
their surroundings. 
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53.1 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. 

5.33 Measurement Techniques 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 0.I0C, depending on the 
measurement device used. 

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

5.4 Measurement of D i i l v e d  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-situ, 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 metes only. Chemical methods 
of analysis (i.e., Wmkler 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 k h  solution near the membrane interface. Stirring, 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 *IS 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. 

5.4.2 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 specifss of use. Follow the manufacturer's instructions to obtain an accurate 
reading. The following genera1 steps shall be used to measure the dissolved oxygen concentration. 

1. Calibrate equipment and check batteries in the laboratory before going to the field. 

!. The probe 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. 

I .  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 W i l e r  method) or in a freshly 
air-saturated water sample of known temperature. Dissolved oxygen values for air- 
saturated water can be determined by consulting a table listing oxygen solubilities 
as a function of temperature and salinity (see Attachment B). 
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4. Immerse the probe in the sample. Be sure to provide for suff~cient 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. 

Record the dissolved oxygen content and temperature of the sample in a Field 
Logbook. 

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 Usine 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 distribotion and intensity of photosynthesis in the body of water. Turbidity 
measurements shall be 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 colimeter or a spectrophotometer. These are ex-situ measurements conducted in a laboratory 
environment. 

55.2 Measurement Techniques for Turbidity 

Observations must be made through a shaded area of water surface 

. Standard conditions for the use of the Secchi disc are: I) 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 fkom these conditions should be specifically 
stated on field sheets. 

Rope accurateIy graduated in meters with 0.1 meter graduations for the first meter 
and 0.5 meters thereafter. 

Obsewer'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 (first 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 
Acuuisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Department 
of the Interior, Reston, Virginia. 
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ATTACHMENT A 
SPECIFIC CONDUCTANCE CONVERSION TABLE 



Notes: 
Do not make specific conductance measurements at temperatures below loo C. 
Measure temperature to the nearest 0. I O C. 
Report all conductivities at 25" C, to two significant digits. 
This conversion table is based on a temperature coefficient of 0.0191 (as per SW-846) and a cell constant of 1, where the ratio of conductivity at 25 C to the conductivity 
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 



2.1.2.5.000 
2.1.3.10,ooo 
2.1 A. 15,000 
2.1.5.20,OOO 
2.2.DifferenceJ 
100 mg chloride 

I I I I I I I 
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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 piezometers. 

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 piezometers. 

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 andlor 
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 alsa known as Light Non- 
Aqueous Phase Liquids (LNAPLS) and Dense Non-Aqueous Phase Liquids 
(DNAPLS), respectively. 

This information, when combined 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, product or 
NAPL levels, and well depth. For all of the procedures discussed, it is assumed that the 
measurement will be taken h m  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 
operatofls) 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 imer 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 buzz, 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 odoff beeping sound. This allows for the collection 
of measurements for both the top of the NAPL layer in a well and the water/NAPL 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 cortected water table elevation will then 
be calculated using the following equation: 

WTE, = WTEa + (Free Product Thickness x 0.80) 

Where: 

- =  Corrected water table elevation 
- =  Apparent water table elevation 
0.80 = Average value for the density of petroleum hydrocarbons. Site-specific data 

will be used where available. 

5.3 Well Devth 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 obshuctions, if present, may be bypassed. The slack in the tape then is wllected 
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 Measurinp 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 Isopropanol 
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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 @ID) 
HNu MODELS P I  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. 

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 - 
~JXJ - parts per million: parts of vapor or gas per million parts of air (directly proportional to 
calibration gas). 

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 Officer PHSol  - The Project Health and Safety Officer 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 Safetv Officer (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 procedures as directed by the Field Team 
LeadedSite 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 11.7 eV, respectively. For the PI 101 the span settings should be as follows: 1.0 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 manufacturer'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 se t  . 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 QOO 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 cclminute 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 instrument 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 zem 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) pmbe 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 manufacturer's 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 instruction 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 "AtEach gas to probe 
and /ENTEWn 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: 'Ibis calibration is effective when the instrument is in the Survey Mode, which is the default 
mode. For calibrations other the one described, or if pmper 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 
manufacturefs instruction manual. 

Record the calibration on the "Photoionization Detector (PID) Calibration Form'' 
which accompanies each HNu. 

5.2 Operation 

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 BAlT 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 "burn 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 hnction 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. 

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 comer 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. 

5.3 Interference 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 l,l,l-trichlomethane for the I 1.7eV lamp. Consult the manu-fs instruction 
manual for specific cleaning instmctions. 

. 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 he performed by trained personnel. 

. Documenting the HNu's observed symptoms and then referring to the 
manufacturer's instruction manual section on troubleshooting (Section 6.0) also can 
be employed. If this 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 Sh i~o ine  and Handling 

Following is information regarding the transport of the HNu meter and calibration gas. 

. If HNu is to be wried 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, (sufice 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 101,1991. 
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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. 

3.0 DEFINITIONS 

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 concentration 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/Oxygen/Hydrogen SuIfidelCarbon 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. 

Pmiect Health and Safety Officer (PHSO) - The Project Health and Safety Oflicer is responsible for 
developing a sitespecific 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 Safetv Officer (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 Investidon 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 
LeaderISite Health and Safety Officer. The Field Investigation Personnel are 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 tumed 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 difises into the sensor which converfs 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, Gmups 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. Tbe oxygen sensor can be calibrated with (unwntaminatedlfresh air environment) 
atmospheric air and does not need cylinder gas. 

Note: When a single sensor doesn't zero, none of the sensors are zeroed. 

Oxwen Detector 

1. Check battery charge by turning function switch to 'LBATTERY 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 press "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 zone, 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 alarm 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 *5% of LEL calibration gas, no fiuther 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. 

2. 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). 

5. Sample airfgas from area to be tested, allow 30 seconds for readings to stabilize. 
When fmished, 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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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 Maiiteaance 

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 Freauency 

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 observations - Appearance of sampled media (if definable). 

Additional remarks (e.g., the Sentinel 4 or Sniffer 503-A bad 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, Sniffer@ 503-A, Rev. 3 - October, 1990. 



APPENDIX H 
DECONTAMINATION OF SAMPLING AND I 

MONITORING EQUIPMENT 1 



SOP F502 
Revision No.: 1 
Date: 1993 
Page 1 of 6 

DECONTAMINATION OF SAMPLING AND 
MOMTORING EQUIPMENT 

TABLE OF CONTENTS 

1.0 PURPOSE 

2.0 SCOPE 

3.0 DEFINITIONS 

4.0 RESPONSIBILITIES 

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 
MONITORING 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 beiig 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 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 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 Field 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 he properly decontaminated prior to the field effort, during the 

sampling 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 Sampling Eauipmeat 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: 

A dilute hydrochloric acid rinse 
Deionized water rinse 
Methanol or acetone rinse; and, 
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 Region I1 

Prior to use, all sampling equipment will be decontaminated using the following procedure: 

1. Low-phosphate detergent wash (i.e., Alconox or Liquinox) 
2. Tap water rinse 
3. 10 percent nitric acid solution rinse 
4. Tap water rinse 
5. Methanol followed by a hexane or an acetone rinse 
6. Analyte-free deionized water rinse 
7. Air dry 
8. Wrap in aluminom 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 Region 111 

Prior to use, all sampling equipment will be decontaminated using the following procedure: 

Potable water rinse 
Alconox or Liquinox detergent wash 
Scrubbing, as necessary 
Potable water rinse 
10 percent nitric acid rinse 
Distilled-deionized water rinse 
Methanol or hexane rinse 
Distilled-deionized water rinse 
Air 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 water. 

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. 

a Portable power augers (such as the Little Beavem) or large soil boringfdrill rigs 
should be cleaned before boring or drilling operations. 

5.2 Field Analvtical 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, waterlproduct 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 QUALJTY ASSURANCE RECORDS 

Decontamination procedures am 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. Sampling and Chemical Analvsis Oualitv Assurance Reauirements for the 

Navy 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 Monitoring. Technical 

Enforcement Guidance Document (TEGD). OSWER Directive 9950.1. 1986. 

U. S. EPA. Standard Ooeratina Procedures and Oualitv 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 

w. 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. 

3.0 DEFINITIONS 

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 firom 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. 



SOP F501 
Revision No.: 1 
Date: 1993 
Page 3 of 4 

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 F502. 

53 Decoutammation 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 alwnoxfliquinox-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 floordrain 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 fmm steam-cleaned 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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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 mote 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 condition 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. 

Preservation 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 compounds/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 thii 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 Federal 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 
HN03 -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 "one-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. 



SOP F301 
Revision No.: 2 
Date: 04/94 
Page 4 of 6 

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 andfor 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 analytgs) 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 photo-oxidatiodphotolysis of constituents) until 

they reach the analytical laboratory. The sample container shall have approximately five to ten 

percent air space ("ullage") to allow for expansiodvaporization if the sample is heated during 

transport (one liter of water at 4OC expands by 15 milliliters if heated to 130°F/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. 

I 
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5.2 Preservation Techniaues 

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 preservatives. 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 Sample 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 cross-contamination, 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 NationsAnternational Civil Aviation Organization (UNACAO). The 

Dangerous Goods Regulations promulgated by the International Air Transport Association (IATA) 

meet or exceed DOT and UMCAO 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, 1981. 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 Analysis of Water and Wastes. EPA-60014-79-020. USEPA 
EMSL, Cincinnati, Ohio. 

USEPA, Region IV, 1991. Environmental Compliance Branch Standard Operating Procedures and 
Oualitv 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. 
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ATTACHMENT A 

SUMMARY O F  CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR AQUEOUS SAMPLES 

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 alpha/gross beta 

Chlorinated herbicides 

Hardness 

Bottle Requirements 

glass teflon lined cap 

glass teflon lined cap 

glass teflon lined cap 

plastidglass 

plastic/glass 

glass, teflon lined cap 

plastic/glass 

plastidglass 

plasticlglass 

plasticlglass 

plastidglass 

glass, teflon lined cap 

plastidglass 

Preservation 
Requirements 

Cool to 4OC 
1:l H C I p H O  

Cool to 4OC 
Dark 

Cool to 4-C 
Dark 

NaOH to pH>12 
Cool to 4°C 

HNO, to pH O 

Cool to 4OC 
H,SO, to pH Q 

Cool to 4*C 
H2S0, to pH Q 

none required 

Cool to 4OC 

Cool to 4'C 

HNO, to pH <2 

Cool to 4OC 

HNO, to pH Q 

Bottle Volume 

2x401111 

2 x l liter 

2 x l liter 

I x l liter 

l x l liter 

2x401111 

250 ml 

250 ml 

250 ml 

250 ml 

l gallon 

I000 ml 

150 ml 

Holding Time ('1 

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.U325.3 

EPA 375.4 

EPA 
310.11310.2 

9310 

EPA 515.1 

EPA 130.2 



ATTACHMENT A (Continued) 

SUMMARY OF CONTAINERS, PRESERVATION, AND HOLDING TIMES FOR SOIL SAMPLES 

('1 Holding times for CLP methods are based on Validated Time of Sample Receipt as stated in CLP statement of work of FebmaIy, 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 
P A )  
Semivolatile Organic 
Compounds (SVOA) 

PCBiPesticides 

Metals (TAL) 

Cyanide 

Bottle Requirements 

glass teflon lined cap 

glass teflon lined cap 

glass teflon lined cap 

plasticlglass 

plasticlglass 

Preservation 
Requirements 

Cool to 4OC 

Cool to 4OC 

Cool to 4OC 

Cool to 4OC 

Cool to 4°C 

Analytical 
Method 

CLP 

CLP 

CLP 

CLP 

CLP 
EPA 335.2M 

Holding Time ('I 

10 days 

Extraction within 10 days 
Analyze 40 days 

Extraction withim 10 days 
Analyze 40 days 

Mercury is 26 days 
180 days 

14 days 

Bottle Volume 

1 x50gm 

1 x 250 gm 

Ix50gm 

lx5Ogm 

l x 5 0 g m  
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ATTACHMENT B 

SAMPLE SHIPPING PROCEDURES 

Iutroductiou 

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 'Wational 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 261.4(d). 

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 goods/hazardous 

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 two- 
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 $astic 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 sufficient space to allow for the addition of more vermiculite between 
the bottles and cans. 

Put frazen "blue ice" (or ice that has been placed in pmperly 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 261.4(d). The shipping containers should be marked 
"THIS END UP," and mow labels which indicate the proper upward position of the 
container should be affixed 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 airbill, 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  of 3, etc.). 
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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 sitespecific requirements for chain-of- 
custody. 

3.0 DEFINITIONS 

Chain-ofCustodv Record Form - A Chain-ofCustody 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 hdshe 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. 

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 
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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 p n n e l  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 and/or 
passed fkom the custody of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the 
management control of samples. Regulatory agencies must be able to provide the chain-of- 
possession and custody of any samples that are offered for evidence, or that form the basis of 
analytical test results introduced as evidence. Written procedures must be available and followed 
whenever evidence samples are collected, transferred, stored, analyzed, or destroyed. 

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 identifying information. 

Information which shall be recorded in the field logbook, when in-situ measurements or samples for 
laboratory analysis are collected, includes: 

Field Sampletfs) 
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 from the sample location 
to a laboratory or other location for analysis. Before removal, however, a sample is often divided 
into portions, depending upon the analyses to be performed. Each portion is preserved in accordance 
with the Sampling 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 rmorded 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). 

T i e  - A four-digit 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 sibs. 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 organimtion that has performed 
previous work on the site). 

5.2 Chain-of-Custodv Procedures 

Atter collection, separation, identification, and preservation, the sample is maintained under chain- 
of-custody procedures until it is in the custody of the analytical laboratory and has been stored or 
disposed. 



SOP F302 
Revision No.: 2 
Date: 04/94 
Page 5 of 6 

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 
p d c e  to identify sample locations in photographs by including an easily read sign 
with the appropriate sampldlocation number. 

Sample labels shall be wmpleted 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 k i n g  
weather. 

5.2.2 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Rewrd 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 %om the sampler, often through another person, to the analyst in the 
laboratory. The Chain-of-Custody Rewrd is filled out as given below. 

. Enter header information (CTO number, samplers, and project name). 

. Enter sample specific information (sample number, media, sample analysis required 
and analytical method, grab or composite, number and type of sample containers, 
and datehime 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 white paper label with black lettering 
and an adhesive backing. Attachment C is an example of a custody seal. The 
custody seal is part of the chain-of-custody process and is used to prevent tampering 
with samples after they have been collected in the field. Custody seals shall be 
provided by the analytical laboratory. 

Place the seal across the shipping container 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 
permitted. 

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. Useh Guide to the Contract Laboralow Promam. Office of Emergency 
and Remedial Response, Washington, D.C. (EPAl540P-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. 



A I T A C r n N T  A 

EXAMPLE SAMPLE LABEL 

Airport Office Park, Bldg. 3 
420 Rouser Road 
Coraopotis. PA 15108 

Project: 19026-SRN CMNo.: 0026 

Sample Description: Groundwater 

Date: 09/17/92 Samplec ABC 

Analysis: TAL Metals (CAP) Preservation: HNO? 

Project SampleNo.: CAX-GWU4 

Not= %ically, sample labels are provided by the analytical - 
laboratoty and may be used instead of the above. However. 
samplers should make sure all pertinent information can be 
affixed to the label used. 



A'ITACHMENT B 

EXAMPLE CHAIN-OF-CUSTODY RECORD 



Relinquished By: Date: Timc: 
Received By: Dare: Time: 
Shipped by [check one): Hand 0 Overnight 0 Other 0 

Relinquished By: Date: Time: 
, . 

Received By: Dare: Time: 
Shipped by (check one): Hand 0 Overnight 0 Other o 

Relinquished By: Date: Time: 
Received By: Dale: Time: 
Shipped by (check one): Hand Overnight o Other 

Sample Stored at 4'C: yes 0 NO 0 
Chain.of.custodysealon cooler: Yes Number: No 0 
Analpis turnaround: Priority 0 - hrs. Regular 0 
See Work Order 0 
See Analpis Request Form a 
Sample Disposal: Return to  Baker LabDisposrl 0 

Archive until: (date) 

NOTES: 
Ill A .Air  sw . surface water ra GB . Crab 

GW . Groundwater W .Waste COM . Comporirc 
S . Sprlng WP . Wipe (1) P . Plastic 
SO . Soil W. Wsrtewater G . Glan . 

A h .  0 h I I Ynllnw. I ahorrtnrv mnv: pink. Fiold C ~ n v  7 I U  
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EXAMPLE CUSTODY SEAL 



A'ITACFiMENT C 

EXAMPLE CUSTODY SEAL 

--- 
Date 

Signature 

CUSTODY SEAL 

Signaturn 

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 activitiedevents shall be recorded in the field logbook 
by each member of the field crew. 

. ArrivaVdeparture of site workers and visitors . ArrivaVdepatture 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 fist on-site activity. Entries 
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 ofthe responsible datafinformation recorder. 

4.0 RESPONSIBILITIES 

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 Dailv Entries 

Daily enhies 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 recorded 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 fiom 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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3.1 2 Guidance for Statistical Evaluation of 
Hazardous Waste Constituent Levels in Soils 

3.1 2.1 Introduction 

When a clean &sure of a hamdms waste management unit (unit) indudes remediation of affeded 
soil to the site specific background concentratbns, the detemhtion whether the soil has been 
successlully remediated reiies on some Ldnd of &Wkal *Wereme. h order to assist dosure 
plan reviewers to deckle whether the background-based r e m e d i i  standards (BRS) were 
established properly and if the statistical analyses were applied correclty, some commonly used 
statistical procedures are d*arssed in the following text In general, these procedures albw for 
comparison between selected observations in such a way that the result of comparison can be 
obtaiined with a specified (required) level of confidence (or significance). 

h order to conduct a dean doarm process (dosure). it is necessary to establish 
a BRS for each constituent ofpmxm. For u@ purpse. $~l&uate-d-dl 
samplwn ius t~~ . "~ t tdsn l rmberdependson  many@%om,jheQh&~~~&&& 

i t g  mconcentratbnsofa wndhmt in the soil samples 
( d ~ t e z  Umugh the laboratmy w) bnn g. % t a w d  samplem of aU background 
concentrations - a Ymdcground data sef. In addition, to mmpleSe (and certify) a dosure, soil 
sanples should be cdiected fram under andlor around the unit (the affeded area now assumed to 
be remediated) to prove that the caDtituent -ns have been 'sufficbw bwered. These 
concentrations am data mints which form a 'confbmatbn data ser. Unless all comknation - 
concentrations are below .the BRS, a statisti& test is necessary 6 demonstkate (in an objective 
manner) if a 'dkkM level of soil remediation has been attained. Depending on whether data is. 
or is not. normally diibuted (a &cannot be normalized with a tmmfcmation common to both 
data sets), two types ofstatisfical methods are used. They are called and 
-methods F o r t h e ~ d W g u i d a n c e ~ c o m m o n p a r a m e t r i c  
approachwibedsarssedinsrmedeta8.whileamferemewlll bemadetomnpammehicmethods 
wheneverappropriate. 

3.1 2.2 DETERMINATION OF THE NUMBER OF SAMPLES 

Due to practical reasons and axrstralnts. statistical analyses are frequently conducted on a l i i  
nrmber of obseniatiorts. This l i i  number of observations represents a ( statistical) sampk? (not 
to be confused with a 'soil sample3 extracted fmm a much larger group of values (called 
'fqmIation3 in an attempt to e&nate some shtisbd parameter(s) (such as a mean value of metal 
concentrations, for instance), or to conduct a statistical test while staying within economical and 
technical Mi. If the enbe population could be taken into account. a statistical estimate would 
reflect a YmfC value. Any lesser number of observah will probably introduce an e m .  In other 
words, how close and how reliably will a statistical parameter represent the ttuth, or how correct a 
conclusion drawn from a particular statistical test will be, depends largely on the number of 
observations that were &wen to represent the population. ~ ~ m t i o n  of a smallest number of 
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0bse~ations (smallest sample size) that will still allow a certain satisfactory level of confidence in 
a statistical evaluation, is a common problem. Unfortunately. it does not have a sb-aightfmard 
answer. The following are some of the reasons: 

D i i  statistical msthods for testing hypotheses, or for determination of estimators 
(mean. variance, quantiles, etc.). require a diierent number of observations (data 
points) in ader to achieve desired accuracy and level of confidence (i.e.. the kind of 
methods involved must be known up-front): 

Desired accuracy and confidence level have to be predetermined; 

An assumption about normality of data distribution has to be made before the data 
is actually mlleded; 

A guess has to be made about dispersion (variability) of data. 

It is obvious that the above requirements lead to a somewhat arbitrary determination of a smallest 
-table number of observations. To facilitate the initial choice of a (statistical) sample size for 
the purpose of estabhshing background based r e m e d i i  standsds for soils. bhii EPA 
m m e n d s  dninunn of 17 ( t w w  soil samples to be mlleded from an approptiate soil type 
(as desaibed under 'Requirements for Background Soil Sampling and Data Managemenr Sedion 
3.11.1.1). In stafisticdtem, these 12 data pdntsaPowfadetenniition ofa mean value with 95% 
pobabilily that itwill not exceed a true (population) mean by 50%. In other words, if soil sampling. 
analysis and the mean value calculations were done repeatedly, many times in the same manner. 
a chance of m a w  an eshate of a mean value 50% greater than the l n ~  mean is only 5%. If. for 
example, a true mean ofa metal cmcenbfion in soil is 145 mglkg, then the estimated mean would 
belessthan2176~(buemean+50%ofthetruemean)95%ofthetimeme Thisisaurectonly 
under the assumption that the soil samples (not corrdated over time and space) were mlleded 
through a simple random sampling pmcess. that the results of labomtory analysis (data) are normally 
distributed, and that the d c i e n t  of variation (the ratio between the standard deviition and the 
mean of the cdleded data) is within 95%. (For more detailed explanation, see Gilbert. Chapter 4.) 

The above discussion shows that the recommended minimum of 12 (twelve) soil samples offers 
somewhat accuracy in estimating the mean value (and may be inadequate for some other 
type ofstaiisfid i~llference). Ifa more accurate estimate ofthe mean mncentration of a constituent 
in a given soil is r e q M  or if any other requirement (statistical method) so dites, the necessary 
number of background soil samples has to be increased. 

It is also important to mention that 12 (twelve) soil samples have to be& (i.e.. usable). To 
amid additional sampling in case something goes wrong (lab error, outlier, etc.), it is considered a 
good pmctice to colkt-mp~~ than 12 soil samples initia-G. 

Various methods on how to determine an appropliate (necessary) number of 0 b ~ e ~ a t i o n ~  are 
presented in many statistical textbooks, papers and guidance documents (some of which are 
referenced at the end of this section). 

Closure Plan R w l e w  Clrlds- for RCRA FsdllUes 
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3.1 2.3 Data Comparison 

Under the assumption that the background and confirmation data are normally distributed &&&l 
needs to be demonstrated through appropriate tests for normalii, i-e. probability plots, box and 
whiskers plots, ShapimWlk test, andlw KolrnogmvSmirnov test with Lilliefors &tical values) a 

BRS is defined as a mean value plus two standard dwiations of the background data (&e, 
~~ ,.I- 

-). 

So defh.led. BRS repsen& the 97.72th percentRe (Or the 0.9772 quantile - qua- are percentiles 
eqmssed as a W o n  mther than percents) of the baWtwnd d i s t n i n .  In that case, the sdl 
can be dedared sme&uIy mwfmted (fa the metal of concern) when the 95% upper confidence 
limit for the mean of the conmnaeion data (whish also has to be Mmralty distributed for this purpose) 
is significantly smaller than the BRS. This can be demonstrated through a one sided 95% 
cordidence (ie, 0.05 sigdkwce) ievel t test (If & -tion Qta points are below BRS, there 
is no need for any formal statistical test) 

- 
P - B R S  -= -f -1. a95 
sy 16 

- 
+ t m - ~ .  0.95 X ( s J ~ )  < BRS 

whew: 

T - mean of continnation data 

SY 
- standard deviation of confirmation data. 

m - number of confirmah samples, and 

, - 0.B5th quantile of the t d i M o n  with ml degrees of freedom 

NOTE: When the background and contimation data sets (both or either one) are not normal. 
and cannot be mnna&ed, an appupkak nonpammetric test (such as: Wilcox on Rank- 
Sum Test, test of proportions, etc) should be u t i l i i  to pmve that the soil has been 
satisfactatily d ~ a t e d .  
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3.12.4 Test for Normality 

In order to correctly use a t test to demonstrate that the remaining contaminant concentrations do 
not significantly exceed the BRS, the lxxkgmund & confinnation data must be ramally diibuted. 
or lransformed to normality using the same transformation. The demonstration of nortiarty should 
be made (through probabdty dotsad box plots) and t h m h  e i t f  the ShaDir0-Wilk test . . 
(ako known as the ~-t&tj. or the thei<;olmoGmmimov test with Lilhefors criticai values. An ~- .-.. 

explanation on how to the shapigw& and Kohqpx-Smirnov tests can be found in . . a 2nd H i ,  W.J. Canover, 1980 (John Mky 8 Sons): and 
M i S t i C d  MdhOdS i k  fwn~6-I t a l t u 6 ~  MorUtQaLlO, . . RO. ~ilbert 1987-(~an hkoknd 

Reinhdd). 

As an example for graphical deterrninatan of normality, the data can be plotted as shown 
below 

Nonnal Probability Pbt Box Plot 

The graphs in this example tend to indicate that the data disbibution is not normal In the case of 
the pmbabii pbt graph, the doser the data points are to the line defining normality, the more likely 
thedataarenonnallyrkbihkd. W~theboxplotgreph,themore ltheplot,thedoser 
to normality the data distribution is. In order to proceed with the statistical analysii. the data set 1 needs to be bansformed to numalily. Log or ptnver b a n s f o r m a b ~ n  make a data set f nannalhl distributed. Some computer programs, as shown below, allow for a graphical comparison 
of several different t r a m  I ns: 

i 
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cuoe w a r e  1mt1ty  
.916667 916667 s33333  

0 0 0 
.000016 185.193 DO0625 32.49 1125 5.7 

var i 
  is tog rams by Transformation 

The graphs indicate that (in thii case) a log transformation may be the best way to normalize the 
data. ARer transforming the data, a cfiedc with a pDbab*ty plot and a box plot can be made toverify 
this indimtion. 

Normal Probabilii Plot Box Plot 

A final check for normal@ should be made through the ShapireWilk test. andlor 
Kolmogorov-Smirnov test with Lilliefors critical values. 
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the first step is to order the data from least to greatest: 

Fa an even number of data points, the quarbi are determined by spling the ordered data 
set twice equally (i.e.. into fourths). The quarbles are found at the sp l i  and can be 
adequately estimated by averaging the data points on e * W  side of the split Using Ule 
above data set, Q l  fa& between the 3rd and 4th obsentation and is therefore calculated as: 

Siw. 43 falls between the 9th and 10th observation and can be calculated as: 

This can be demonsb-ated visually as follows: 

Q1 (QZ or median) 43 
(1) (2) (3) 1 (4) (6) 1 0 (8) (9) 1 (10) (I f)  (12) 

0.025 0.1 02 0.4 0.6 0.6 0.8 0.9 1.3 1.7 2.5 5.7 

After calculating the quartiles, lhe next step is to ca1cuIate the interquattii range (IQR), or 
the diiereme between 43 and Ql: 

IQR = Q3 - Ql, i,e. 

lQRs1.5 - 0.3=12 

The final step is to calmlate the Upper and Lower cutoffs as defined by the Equations I 
and 2 above: 

Upper cutoff = 1.5 + 1.5(1.2) = 3.3 

(or 0. since a negative Lower cutoff does not make sense when data represent constituent 
concentratiins). 
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In this case. only one observation is not in the range between 0 and 3.3 (i.e.. 5.7, or the twelfth 
observation). Data points not falling between the u w  and lower cutoffs should be reviewed 
to determine whether evidence exists to suggest that these 0bzmvafb-1~ are not representative 
of the background population. The reviewer should d i r e  the facility (entity responsible for 
conducting closure) to check such data for sampling and laboratory errors, field evidence of 
waste materials at the sampling locations. and other plausible causes. Where sufficient 
evidence indicates that an observation does not truly represent concentrations found in 
background soil, a substitute observation must be provided. If no specific error can be 
documented, the observation should be retained in the data set. 

Example for &J number of background data: 

For odd numbered data sets. the lower quartile (Ql) can be found by multiplying the number of 
observations (n) by 025, and then rounding the result to the next largest integer. The resulting 
number indicates the observation which mmspon& to Ql. S i m i i ,  Q3 can be found by 
multiplying n by 0.75. and rounding to fhe next targer integer. This number refers to the observation 
which conesponds to 03. For example, with the following data set (where n = 13): 

025 x 13 = 3.23 rounded up = 4 

So. Q l  is the 4th observation or 0.6. 

Likewise for Q3: 

0.75 x 13 = 9.75; rounded up = 10 

So. Q3 is the 10th obse~ation or 1.8. 

Q2 (median) is sknply the value in the middle - 7th observation or 0.9. 

The rest remains the same as in the previous example for even number of data. 

If there are no outliers, statistical analysis may proceed. 

If outlier are found, their origin must be investigated (as previously explained) before 
proceeding with statistical analysis. 
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3.1 2.5.1 Outlier Screening Considerations 

Availability of some pertinent information on the subject of intest is a prerequisite for conducting 
statistical analysis. This information is usually contained in a form of a data set generated from a 
series of observations. Only when these observations are made in accordance with some 
predetermined rule and followed by a careful data screening process. will the conclusions from 
statistical analysis be valid. If data do not represent the truth. the results will be more or less 
irrelevant, no matter how much sophistication was incorporated into the analysis. 

One of the reasons why statistical analysis may not render a correct result is the presence of 
'outliers' in a data set By some definitions. an outlier is 'an observation which appears to be 
incasistent with the mmainder of the data ser (Bamett and Wi, 1984). or .an observation which 
deviates so much fmm other m t i o n s  as to arouse suspicions that it was generated by a 
different mechmbf (IhMns. 1980). While these detinilions provide a good qwktative description 
of outliers, some formal test is still required to detect their existence within a data set Due to a 
relatively long h i i  of this problem. many methods have been developed and are desaibed in . . stabkal l i i t u r e  (Wow to Deted and Handle Out l i i *  by B. lglewicz and D.C. Hoagbn. 1993, is 
a good starting reference). One d such methods is the boxplot rule which, in general form, detines 
the upper and lower fences as: 

U=Q,+k(Q,-Q,) and L=Q,-k(Q,-Q,), respectively. 

Values falling outside the fences (also called the upper and lower cutoff points) are considered to 
be the potential wtliiers. In the above equations. Q, is the lower quartile. Q, is Ute upper quartile. 
(Q, - q ) is the interquartile tange, and the multiplicative constant k is one of the two factors 
deleminikg the pmbabiri of W n g  an observation as an outlier (the other factor is the number 
of o&ervalhs). The common range for k is between I .5 and 3.0. For the .standad boxplot (the 
method recommended by the Ohio €PA) k equals 1.5. It is important to notice the distinction 
between results of the boxplot method when k takes a value on either side of this range. When k 
is set to 15. the boxpbt may show a relative& high number of observations as -nd'~ng, some 
of which may mt be true outl i i .  On the other hand, when k equals 3.0, A observations that fall 
outside the cutoff pobds can be 'safelf considered as outliers. A shoatcoming, in this case, is that 
some lesser (but true) outliers may fall inside the fences and remain unflagged. In other words, the 
'standard' boxplot (k = 1.5) is more likely (approximately nine times - when a nonnalIy d i i u t e d  
data set consists oftwelve observations) to label an o b h d b n  as an outlier (albeit p o s s i i  errors). 
than a boxplot where k equals 3.0. HoagIin and 1 g M ~  (1987) have provMed k values with 
spedied pmbabilii of identifying at least one outlier in a normally distributed data set, depending 
on the number of observations. For example. if a data set consists of twelve o ~ a t b n s ,  and k 
equals 22, the probability of labeling at least one observation as an outlier is 5%. The Iow 
probabiii of Iabeling an observation as an outlier also indiites that the test is 'conservativee and 
that the kbeled obsewalion is indeed (very likely) an outlier. In cases where no detailed information 
exists about the origin of data, the above method can be advantageous by providing certain 
(predetermined) comfort level in screening out anomalous observations. 

When screening observations for the purpose of creating a representative data set for determining 
background based remediation standards, a considerable amount of information on the data 
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generating process is usually available. As required, the collection and analysis of soil samples is 
assumed to be a process conb-olled by some predetermined sampling methods, analytical 
procedures and sample handling protocols, where the good understanding of soils, contaminants 
and relevant site features provides the basis for the choice of sampling locations. Although the 
intent of all these requirements is to provide reliable information, it is quite possible that some 
a m l o u s  obsewations could be made throughout the process. If these observations are judged 
exclusively by their numerical propetties (through the use of a statistical test), there is danger that 
some ofthem cwld be removed from the data set or retained within. without investigating into the 
causes for.-. Since an cutstanding observation may point to some important issue (like 
possible site wide contamination. inherent Mliabilii of soil, sampling problem, lab error. etc.), it is 
necessary to utilize available information when deciding whether the obsewation will be 
(justifiably) discarded, or retained in the data set For that reason, the Ohio EPA recommends a 
procedure in which the 'standad boxpbt method (where k = 1.5) is used for labeling mential 
wtliers in a backgmund data set followed by a thorough investigation to reveal the reasons for any 
dixovwed inconsistency. 

The '&ndanf boxplot method is considered to be accurate when data are normally distributed. In 
other cases. it should be used with caution For the heavily skewed diiiutions. other methods are 
available and described in statistical literature. 

3.12.6 Remarks: 

( 1  It is frequently found that a BRS has been calculated in the log scale and then expomntiated 
back to the original scale. This procedure is generally not acceptable because the results of 
q m a h  conducted on means and standard deviations of transformed data may be biased 
when directly transfamed back into the original scale. 

(2) In some cases, a BRS duslvely calculated in the log scale and then exponentiated back to 
the original scale can be used for the sceenina wl~ose - and onk if it does not exceed 
97.72nd m t i l e  of the untransforrned data set. To finalk wove that the soil has been 
successfully remediited, a t-test should be conducted on the loa transformed site and 
backaround data. 

(3) Duplicate observations (resulting from duplicate soil samples) should not be averaged prior to 
a statistical evaluation. Such averaaing could lead to spurious condusions (for example, an 
outlier could be masked by a smal& Glue). 

(4) When non-detects are present. the following statistical methods are recommended for data 
comparison: 
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I ND <= 15 % I Replace NOS with MDU2 (half Method Detection Limit) and proceed 
with the following analysis: I 

Ilv disb-ib use parametric statistics, i.e.. t test I i'9":zyw Contidzzt% test as outlined above. I 
Remark: As an alternative to MDU2 Cohen's method may be used 
(when data are normally distributed) to determine sample mean and 
variance (i.e.. standard deviation) in order to proceed with a t test, or 
95% Upper Confidence Limit test. I 

use nonparamdric staktb  such as I 

statistics such as 

15% < NDc= 50% 

(5) Beside the specially designed skfktical computer programs, general spreadsheet sofhvare 
(Excel. LOTUS. etc...) can also be very useful in & i  the dosure dan reviewers with 

-For normallv distributed data. use Cohen's method to determine 
sample mean and variance (i-e., standard deviation) in order to 
proceed with a t test, or 95% Upper Confidence Mi test. 

statistical reviews. ~ o s t  spreadsheet applications mntaii many 'builtk functions for 
calculating sQtistics like mean, quartiles (or percentiles). variance, standard deviation, etc. 
However, quartiles (as well as other statistics) calculated by spreadsheet software 
sometimes may not be the same as i f  they were determined through the procedures 
described in this guidance document. The discrepancy is usually caused by the difference 
in methods. 
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3.1 2.7 Statistical A n a l y s i s  S t e p - b y - s t e p  Guidance 

Anahrzina the Backaround Data Set [for the Constituent of Interesa 

Step 1: Number of observations 

Does the background data set consist of a minimum of 12 (or more) observations derived from 
12 (or more) background soil samples (not munting split samples and duplicates)? 

NO - Find out the reasons for this deficiency and request addiknal soil samples in order to 
obtain a data set with at least 12 observations. 

YES - Proceed with Step 2. 

Step 2: Number of non-deteds (values reported as below the Method Detedian Limit - 
MDL) 

Are there any non-dekcts in the background data set? 

NO - Proceed with Step 3. 

YES - Chedc if MDL has been dearly stated and remains the same for all soil samples. 

If MDL is not dearty stated (or some otfier value - like WL, i.e. Practical Quantification 
Limit, has been used), contad the facility and request the MDL (and any previously 
unreported values above the MDL) before proceeding with statiskal ana*ts. 

If sev- cMfererlt values are reported as MDL, request that a d d i i o ~ l  soil samples be 
analyzed as necessary b W t n  a data set (12 observations minimum) based on the 
same MDL 

If MDL is dearly stated and remains the same for ail soil samples, determine the 
percentage of non-deteds. 

If the number of nmdete& is less than (or about) 15% of the number of observations 
in the data set, substitute the non-detects with MDV2 (one half of the Method 
Detection Limit) and proceed with Step 3. 

If the number of nondeteds is more than 15% of the number of observations in the 
data set, proceed in accordance with reammmhtion~ given in Section 3.12.6. remark 
#4. 

Step 3: Normality of the badground data set distribution 

In order to be used in a meaningful calculation of a background-based Remediation Standard 
(BRS), the values in a data set have to be normally distributed. To test the normality of a data 
set several methods are recommended: 
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- Shapiro-Wilk 0111) test 
- KolmogorovSmimov (KS) test with Ulliefors critical values 
- Normal Probability plot 
- Box and Whiskers plot. 

The normality check should at least indude the Normal Probability Box and Whiskers 
plots. either W or KS test. 

If the values in the data set are m l l y  distributed, pmceed with Step 4. 

If the values in the data set are normally distributed, it may not be possible to calculate a 
meaningful 'single numb& as a BRS. In that case, determination on whether the soil has 
been successfully remediated will have to be based on a statistical comparison of the 
normalized (transfoimed) background and confirmation data sets. 

step 4: 

Use the following equations (see examples in the previous Section Test for Outliers') to 
determine whether there is statistical evidence that a backgtwnd observation appears extreme 
and therefore does not fit the distribution of the rest of the data: 

Upper cutoff = upper qwrtile + 1.5 (interquartile range) Equation 1 

Lower cutoff = bwer quarble - 1.5 (interquartile range) Equation 2 

If there are no outliers, proceed with Step 5. 

If outlier(s) is (are) found, resolve the outlier issues (as explained in Section 3.125.1) and 
proceed with Step 5. 

Remark: If a data set has to be transformed to ncmmaRy, test for outlkrs can be conducted 
prior to Eransformafion (i.e., on the faw" data). bearing in mind that the heavily 
skewed d i i i n s  require exIra caution. Sometimes elimination of outliers 
(and substmmon with other valid obsendons. as necessary) can. by itself, bring . . - 
a data set to normality. 

Step 5: Calculation BRS from a Normally D i i i u t ed  Data Set 

a) Calculate the mean &,) and standard deviation (SJ for the background data set. 

b) Calculate BRS as: 

If BRS was calcuiated from a p w  lunhansfomed) background data set, it can be either 
used for direct comparison with the confirmation concentrations. or in a t test (where 
the raw d~ rma t i on  data also has to be normally distributed). 
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If direct comparison between the BRS and the raw confirmation data shows that no 
confirmation concentration exceeds the BRS, STOP HERE - the soil has been 
successfully remediated for constituent. 

If direct comparison shows that one or more confirmation concentrations exceed the 
BRS, a thorough evaluation be conducted to determine if this presents a threat to 
humans and the environment. whether the elevated concentration(s) should be 
considered and addressed as 'hot spot(s)'. whether and how many additional soil 
samples need to be collected, is it appropriate to perform &witch' to) a statistical 
comparison, should these values be included in the data set when conducting a 
statistical test, etc. 

If BR5 was caladated from a pansformed I n o r m a l i  kedgmmd data set, it can Q& 

be used for a statistical comparison (where the confirmation data also has to be 
normaliked with the same b-ansformation. 

Proceed with a n a w  of the confirmation data set. 

Anahrzina the Confirmation Data Set (for the Constituent of Interea 

Step I: Number of observations 

Does the wnfirmation data set consist of at least 12 obsewations derived from an equal 
number of confirmation soil samples (not counting split samples and duplicates)? 

NO - Find out the reasons for Ulis deficiency and request additional soil samples in order to 
obtain a data set with a minimum of 12 observations. (In some cases. where only d i i  
comparison with BRS is employed, a smaller number of confirmation samples may be 
suffiaent) 

Step 2: Number of nondetects (values reported as below the Method Detection Limit - 
MDL) 

Are there any nondeteds in the confirmation data set7 

NO - Proceed with Step 3. 

YES - Check if MDL has been dearly stated and remains the same for all soil samples. 

If MDL is not dearly stated (or some other value - like PQL. i.e. Practical Quantification 
Limit, has been used), contact the facility and request the MDL (and any previously 
unreported values above the MDL) before proceeding with statistical analysis. 
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If several diierent values are reported as MDL. request that additional soil samples be 
analyzed as necessary to obtain a data set (12 observations minimum) based on the 
same MDL. 

If MDL is clearly stated and remains the same for all soil samples, determine the 
percentage of non-deteds. 

If the number of non-deteck is less than (or about) 15% of the number of observations 
in the data set. substitute the d t e c t s  with MDW (one half of the Method 
Detedion Limit) and proceed with Step 3. 

If the number of norrdetects is more than 15% of the number of observations in the 
data set mcceed in accordance with recommendations given in the previous Section 

Step 3: Normalii of the cadinnation data set distribution 

In order to be ampared with BRS (through a t test), the values in the wnfirmation data set 
have to be normally diibuted. To test for normal@ of the amfinnation data set, the same 
methods (previously recommended for the baclgmund data d) can be used. 

If the values in the contirmation data set are normally distributed. the values in the 
background data set are m l l y  distributed, p r o d  with the t test. 

If the values in the confit ion data set are nnf normally diibuted, a logarithmic or some 
other transformation should be performed on both data sets (confirmation & background) in 
attempt to normalize them. 

If both data sets can be normaliked with the same transfmtion, proceed with the t test 

If the attempt to norrnaliie data fails. nonparamelric statistical methods (such as Wilmxon 
Rank-Sum test or Test of Propations) must be used in order to determine if the soil has been 
suwessfuIly &mediated. 

l.)&t 

For convenience, t test will be explained through the following example: 

Given the background and continnation data (in mglkg) for barium. 
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Ba - Background Ba - Confirmation 
- 

the mean and standard deviation for the badground data set are: 

/r, = 57.398 and S, = 25.946 

and the BRS can be calculated as: 

BRS=&+2Sb 

or BRS = 57398 + (2 x 25.946) = 10929 rng/kg. 

In order for lhe soil lo be declared remedialed for barium. a 1 tesl must show that the 95% 
upper confidence Crnit for the mean of confirmation data is smaller than the BRS, i.e.: 

' + 'm-1. 0.95 (sy16) < E r n  

where: 

- y - mean of the confirmation data. 

, - 1-distribution critical value for ml degrees of freedom (df) and 
confidence level of 95%. 

sY 
- standard deviation of the confirmation data, and 

rn - number of confirmation data points (observations). 
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From the confirmation data set 

From the table below: 

' t disfribution aitical values for 95% confidence level 

Remark t distribution tables with critical values for other confidence levels and degrees 
of M o m  can be found in various books on statistics. 

By entering the values in the t test express.m (where the left side represmts the upper 95% 
confidence level for the mean of the confirmation data. and the right side is the BRS). 

it can be shown that the 95% confidence level for the mean of the confirmation data does not 
exceed the BRS. and the soil can be dedared remediated for barium. 

Another way to wnduct this test is to mlculate a t value using confirmation and background data. 
and then compare it to an appropriate -value, i.e.: 
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- 
Y - B R S  

< -*,,-I. 0.95 
s, /J;;; 

It is interesting to note that (in this example) the soil can be declared remediated for barium, 
in spite of the fact that the two amtimation soil samples exhibit concentrations above the 
BRS. 
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