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EXECUTIVE SUMMARY
TECHNICAL ENFORCEMENT GUIDANCE DOCUMENT

The RCRA Ground-Water Monitoring Technical Enforcement Guidance Document

(TEGD), describes what the United States Environmental Protection Agency (EPA)
deems to be the essential components of a Resource Conservation and Recovery
Act (RCRA) ground-water monitoring system. The purpose of ground-water
quality monitoring is to determine whether pollutants from a hazardous waste
facility are entering the ground water, and if so, at what direction and rate
the contaminant is moving. The guidance is intended to be used by trained
professional enforcement officials, permit writers, field inspectors, and
attorneys at the Federal and state levels. It is intended to assist them in
making informed decisions regarding the adequacy of existing or proposed
ground-water monitoring systems or modifications thereto. It is not a
regulation and should not be used as such. The expected benefits from the
TEGD are to promote national consistency for RCRA; assist in aecisionmaking,
provide guidance and focus, improve communications, and increase the
efficiency of the regulatory process. The TEGD is divided into §1x chapters
containing discussions on:

Characterization of site hydrogeology

Placement of detection monitoring wells

Monitoring well design and construction

Sampling and analysis

Statistical analysis of detection monitoring data
Assessment monitoring

O O 0O O O o

The document is mainly directed towards interim status facilities;
facilities that were in operation when the Solid Waste Disposal Act became
effective, but have not yet received a permit. Much of the purely technical
content, especially regarding site characterization, well design and con-
struction, and assessment of contamination of ground water s equally
applicable to permitted facilities as well as to non-RCRA programs. The
variation in hydrogeology even for similar regions may be broad, and no
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single document could provide detailed, step-by-step instructions for
monitoring each site. Federal and state writers of the TEGD have developed a
framework within which a decision-making process may be applied using a
combination of regional views and site considerations. Personal professional
judgement is required to apply the guidance to site-specific conditions.
Flexibility in applying the regulatory requirements may also be used when the
Code of Federal Regulations and circumstances permit.

In August 1985, the RCRA Ground-Water Monitoring Compliiance QOrder Guide

was published. It is the companion document to the TEGD and contains guid-

ance on the use and formulation of compliance orders. It is the hope of the
U.S. EPA that these guidance documents will further the goal of both the
regulators and regulated community to protect human health and the
environment.

The adequacy of an owner/operator's ground-water monitoring program is
dependent upon obtaining a clear and compiete understanding of the site
geology, ahd the potential pathways and rate of contaminant movement. This
requires the collection of sufficient data to: jdentify the uppermost
aquifer that wouid receive any jeakage from the facility, place the test and
observation weils in the right location and in sufficient numoers, and
setting the weil screens at correct depths within the water-bearing
formations. A systematic approach must be developed to include all the
pertinent site specific Tactors tnat affect the movement of grouna water.
Some of these factors inciude the physical and chemical characteristics of
the disposed hazardous wastes; the variation in the geology of the underlying
gravel, sand, ciays, or rocks: the ability of the strata to transmit water
and pollutants; the effect of rainfall and snow melt reaching the water
table; and discnarge from the aquifer to streams or lakes. The pumping of
wells in the vicinity can influence the siope of the water table and cause
changes in the direction and/or rate of ground-water flow and, therefore, an
inventory of adjacent water wells is necessary.

The amount of water the aquifer receives is important in defining how
fast wastes may enter the ground water. This is dependent upon the intensity
of storms and the amount of recharge from rainfall and snowfall. A
representation of the hydrologic cycle in shown in Figure 1. As illustrated

in the hydrologic cycle moisture will evaporate or transpire to the
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Figure 1. The Hydrologic Cycle.



OSWER-9950.1-2a

atmosphere, or infiltrate to the ground-water system. The subsurface soiis
and geology have a direct impact on rate of water infiltration. Clay-rich
soils retard infiltration whereas loose sand and gravel provide for rapid

infiltration.
The following sections summarize the Chapters in the TEGD.

CHAPTER 1. Characterization of Site Hydrogeology

Characterization of Site Hydrogeoiogy documents what is below the ground
surface. This information is essential to the owner/operator in designing a
ground-water monitoring program. Because of the complexity of ground-water
monitoring systems, owners/operators may discuss the intended approach with
qualified state or EPA personnel to assure that adeguate data are collected
and that approbriate tecnniques are used to collect, assemble, and interpret
the information gathered. Each site is unigue and zherefore the information
to pe obtained must be customized to the waste characteristics and to the
geologic features that may receive leaking waste material. EPA technical
reviewers and permit writers should evaluate the adeguacy of the facility's
hydrogeologic assessment monitecring network.

In order to define the geology beneath the site and to obtain the data
necessary to compiy with 40 CFR 265.90, the characteristics of the soil and
geology above and below the water table must be studied. This often requires
a review of aerial photographs, topographic maps, and geologic reports; an
examination of test borings already available for the site or adjacent area;
a reconnaissance of the site to investigate surface features; and a test
boring program to define geologic cross sections and to prepare a geologic
map Tfor <the area. Often surface geophysical surveys such as seismic,
ejectromagnetic, resistivity, and radar may be utilized. Accurate data on
the soils 7rom each bore hole should be logged in the field by a qualified
professional. Samples should be collected by split core samplers, which keep
the sample intact but allow easy removal. When required by site conditions
the owner/operator should also provide Tlaboratory analysis of each
significant geologic unit and soil zone to give background on physical,
chemical, moisture properties, ground-water flow rates, and other pertinent

data. When all boreholes are compiete, simultaneous water level measurements

-4 -



OSWER-9950.1-a

must be made at the boreholes to obtain the static water Tlevel and to
determine the slope of the water table and direction of ground-water
movement. Periodic measurements should be made to gauge seasonal
fluctuations in water-table elevations and flow directions. Temporal
variations of the water levels should also be assessed on a daily or hourly
basis as needed to determine the effect of pumping and recharge of the
aquifer from precipitation.

Clusters of wells screened at various depths and lengths may need to be
installed to measure vertical variations in hydraulic pressure at the same
location. The water level or pressure surface in each well must be measured
to determine whether the formations are isolated or whether there is flow
from one unit to another. Aguifer performance tests or pumping tests may be
performed where a well in a specific horizon is pumped and the discharge
measured to keep the pumping rate constant. The ground-water elevations in
surrounding wells are measured at periodic time intervals, from a few minutes

" apart at the beginning of the test to longer intervals, i.e., several hours,

as the test progresses. These data are used to determine the effect of the
ground-water withdrawal with respect to the distance from the pumping well.
Analysis of these data is also useful in defining the uppermost aquifer, in
detecting confining layers, and in determining the rate of flow or the
transmissivity in the formation in which the pumping well screen is set.

The information gathered during the site characterization study is the
foundation of the entire ground-water monitoring program and'is crucial to
the proper placement of wells and to setting the depths of screens at

detection and assessment monitoring wells.
CHAPTER 2. Placement of Detection Monitoring Wells
The location of the detection monitoring wells must be carefully se-

lected in order to detect the first trace of contaminant release from a
hazardous waste facility. Background wells for water gquality testing should

e be near the facility on the upslope or upgradient side of the aquifer, but
. should not be influenced by potential leakage from the waste site. Samples

from these wells will be used as a base datum to check downgradient well
water quality for deviation from the earlier measurements and to record any
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changes in the nonaffected part of the aquifer. The downgradient monitoring
wells are placed close to the point of compiiance (POC) of the facility. The
POC is defined as a vertical plane in the uppermost aquifer where pollution
would first appear if a leak were to occur. This is where the protection
standards are set. The number of wells along or near the POC line is
influenced by the number of potential contaminant paths that are defined.
Well screens must be set at depths where the contaminant is most Tikely to
concentrate and/or move most rapidly.

The regulations in 40 CFR 265.90(a) and 265.91(a) state that background
upgradient monitoring wells must be located so as to yield samples that are
not affected by the facility. Additionally, these sections require that
downgradient and other monitoring wells must be Tocated and screened so as to
ensure the immediate detection of any contaminants migrating from the site.
Each facility must ensure that its detection monitoring system considers the

following:

o) Placement of upgradient wells outside the influence of the regu-
Jated unit and in the hydrogeologic formation of concern

0 Placement of downgradient wells in likely vertical and horizontal
pathways of contaminant direction

0 Proper placement of well screens with respect to ground-water zones
to be monitored, to detect flowpaths and chemical constituent
characteristics ‘

) Effect of local withdrawal wells and seasonal fluctuations in

ground water

Downgradient detection monitoring wells should be instalied as close as
physically possible to the edge of the regulated unit in order to immediately
detect releases as required by the regulations. Geologic environments, such
as karst or volcanic tubes, may have discrefe channels that are likely to
serve as conduits for contaminant migration. These must also be intersected
by detection monitoring wells.

Discrete zones of potential migration should be identified and moni-
tored. In this case well clusters are utilized (a group of wells in close
proximity drilled and screened in each pertinent zone). Each monitoring well
is screened in only one zone. Therefore, the relative hydraulic pressure

- R -
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head in each formation can be recorded and vertical flow determined.
Sampling from each discrete zone can be accompiished without mixing. In more
uniform geologic settings where no preferred pathways are identified, a
relatively regular well screen placement pattern may be used. Short well
screens may be required to detect contaminant concentrated at a particular
elevation.

The well locations, screen depths, and lengths should monitor all of the
potential contaminant transport zones at a facility. An example of a complex
monitoring well placement, including screen lengths, s illustrated in
Figure 2. ‘

A sufficient number of upgradient wells should be located and con-
structed utilizing the data developed during site characterization studies.
These wells provide representative samples of ground water in the same por-
tion of the aquifer monitored by the downgradient wells. By having good
samples of background water quality for comparison, any Tleakage from the
waste facility can be more easily detected in the downgradient monitoring

wells.
CHAPTER 3. Monitoring Well Design and Construction

Performance standards in 40 CFR 265.90(a) and 265.91(a) state that
background and downgradient monitoring wells must be constructed so as to
yield samples that are representative of in situ conditions, and must be
located so as to ensure the immediate detection of any contamination migrat-
ing from the facility.

Monitoring well design, construction methods, and materials should
minimize negative impacts on existing aquifer chemistry. Significant factors
to consider during RCRA monitoring well design and installation include:

) Compatibility of well construction materials with the natural
in-place water quality and with the chemistry of the hazardous
constituents '

o) Aquifer contamination resulting from use of improper drilling

fluids and development techniques during well installation

0 Poor design or improper placement of filter pack and annular seal-
ant
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0 Selection of drilling method to match the specific geologic con-
ditions and to obtain the best soil samples and well construction

A variety of materials have been used for the construction of well
casings and screens, including virgin fluorocarbon resins, stainless steel,
cast iron, galvanized steel, polyvinylchloride (PVC), polyethylene, epoxy
biphenyi, and polypropylene. However, careful consideration should be given
to site geochemistry, anticipated Tifetime of the monitoring program, well
depth, and chemical parameters to be monitored prior to selecting well cas-
ings and screens materials.

Fluorocarbon resins or stainless steel should be specified for use in
the saturated zone when volatile organics are to e determined. In cases
where high corrosion potential existed or is anticipated, fluorocarbon resins
are preferable to stainless steel. Long term structural integrity, i.e., 30
or more years, may be essential to collection of unibiased ground-water
samples. Construction materials should not bias the sample by reacting with
the ground water. A typical monitoring well cross-section is shown in

Figure 3.
CHAPTER 4. Sampling and Analysis

Reguirements in 40 CFR 265.90, 265.92, 265.93, and 270.14 ouf]ine the
6¥ocedures and techniques for a written ground-water monitoring plan.

Critical elements of the water-quality sampling and analysis include
proced. ‘es for sample collection, sample preservation and handling, chain-
of-custody control, analytical procedures, and field and laboratory Quality
Assurance/Quality Control (QA/QC). During implementation of this plan,
procedures identified for withdrawing ground-water samples must be strictly
and consistently employed. It is also imperative that sample handling proce-
dures be accurately documented and that analytical methods be subject to
adequate QA/QC controls. Finally, all data must be recorded in a logical and
usable format by responsible personnel. It shall be signed, dated, and time
referenced.

The planning of a water-quality sampling and analysis program is essen=

tial to ensure that ground-water samples are properly collected, are
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representative of aquifer conditions, and are correctly analyzed; and yield
results that are totally defensible. Important issues associated with sampie

collection and analysis are:

o Use of correct techniques for preparing the well for sampling,
collecting a representative sample, handling and preserving the
sample, and protecting and tracking the sample from the field to
the laboratory

0 Use of correct methods for performing chemical analysis specified
in SW-846

) Use of appropriate QA/QC procedures during field and laboratory
operations

CHAPTER 5. Statistical Analysis of Detection Monitoring Data

Statistical analysis of the results of ground-water quality monitoring
is essential to determining whether a waste facility had an effect on the

quality of the surrounding ground-water system.

The determination of whether or not ground water is affected is based on
the results of a statistical test, which is required to determine if the
water quality constituents from the sampling wells follow a normal distribu-
tion relative to the background conditions of the aguifer, or if the water
quality has been influenced by drilling operations or sampling techniques.
The statistical test indicates whether a sample deviates significantly from
background conditions and thus reflects possible contamination due to
leaching from a hazardous waste facility. The TEGD provides detailed
information on statistical procedures.

The proper use of statistical tests will reduce or eliminate both false
negative and false positive readings. False negatives are a failure to
indicate statistically significant contamination when a release has actually
occurred. On the other hand, there may be a false positive, indicating
contamination when none has occurred. It is therefore essential that the
owner/operator and the state or EPA staff carefully conduct and evaluate
these pertinent statistical tests.

Unfavorable situations that may be encountered are (1) wells producing
consistently turbid samples; and (2) little or no recorded documentation on

_ll_
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well design, screen depth and length, or construction techniques. If these
two issues cannot be technically rectified to the satisfaction of the
permitting authority, the well will be considered deficient and may require

replacement.
CHAPTER 6. Assessment Monitoring Programs

Assessment monitoring is initiated when a significant change in water
quality has been detected at a hazardous waste facility and contamination is
suspected. The assessment monitoring program is directed at characterizing
the rate and extent of contaminant migration. Assessment monitoring under
Section 265 entails a determination of both the vertical and horizontal
concentration profiles of all hazardous waste constituents in the plume(s)
that escape from the hazardous waste management areas. The assessment
monitoring program requires development of a sampling and analysis plan,
which should be built upon the existing detection monitoring system.

If a water sample taken during the detection phase of a ground-water
monitoring program suggests that there has been a significant increase in an
indicator parameter in a downgradient well, the well must be resamb]ed as
soon as possible. If the statistical analysis of the resample again suggests
an increase in the indicator parameter, the assessment monitoring program
must be implemented. However, because detection monitoring parameters may be
nonspecific, a statistically significant change in one indicator parameter
may not necessarily represent a migration of hazardous waste constituents
into the ground water. One of the principal goals of the assessment program
is to determine whether hazardous waste constituents have indeed migrated
into the ground water and that the apparent detection is not just a
deficiency in the sampling techniques.

The assessment monitoring program should also be designed to acquire
sufficient site information to support future decisions regarding the need
for corrective action. Both direct and indirect investigatory techniques
should be used to collect any such information. Direct sampling of existing
detection monitoring wells should be used to provide much of the necessary
data. Assessment monitoring will probably require the expeditious
installation of additional well clusters in and around the plume to define

- 19 =
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q;;he horizontal and vertical extent of the contamination, the rate of
migrations, and the chemical composition. Indirect methods may be used to
delineate the general areal extent of the plume and help locate new wells.
Adequately substantiated mathematical models, utilizing input parameters
derived from measurements collected at the site, may also be used to guide
the assessment monitoring program.

Section 265 assessment requires monitoring for hazardous wastes or
"hazardous waste constituents." These include any 40 CFR 261 Appendix VII
constituents, any commercial substance listed in 40 CFR 261.33, or any sub-
stance listed in 40 CFR Section 261.14, or any EP Toxic substance found in a
facility's wastes. Section 170, on the other hand, requires sampling for
"hazardous constituents," which encompasses the full complement of Appendix
VIII constituents (Appendix VII is a subset of Appendix VIII).

CHAPTER 7. Conclusions

; The TEGD is a guidance document that reflects current EPA thinking on

§M¢he design and operation of ground-water monitoring systems. This summary
should not be interpreted as a complete discussion of Agency ground-water
monitoring guidance. If readers wish to become completely familiar with
EPA's current thinking, they shouid consult the TEGD and the pub]ications
mentioned in its reference list. The appendices to the TEGD presenf material
on evaluation worksheets, statistical tests, and indirect test methods. The
reader is also referred to the RCRA Ground-Water Monitoring Compliance Order
Guidance (COG) Manuals for guidance in developing administrative orders to
address RCRA ground-water monitoring violations at interim status land dis-
posal facilities. A key reference is the Code of Regulations, Protection of
Environment, 40, parts 190 to 399, revised July 1, 1986.

Ny
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Attached is the final of the Executive Summary, RCRA Ground-
Water Monitoring Technical Enforcement Guidance Document (TEGD).
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State officials and others a brief summary of the TEGD. It
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monitoring system that meets the objectives of RCRA. The purpose
of monitoring is stated together with a concise description of
the hydrologic cvcle and the relationship to aquifer performance
and potential groundwater pollution from a hazardous waste
facility. The summary presents a digest of each chapter in the
TEGD. Reading the summary will provide one with knowledge of
the content of the TEGD, its scope and purpose. It will give a
general background on techniques used for monitoring, well
construction, observation and sampling. Statistical analysis
of detection monitoring programs is also discussed.
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CHAPTER CNE

CHARACTERIZATION OF SITE HYDROGEQLCGY

The adequacy of an owner/operator's ground-water monitoring program
hinges, in large part., on the quality and quantity of the hydrogeolegic
data the owner/operator used in designing the program. Technical
reviewers and permit/closure plan reviewers (hereafter permit writers),
therefore, should evaluate the adequacy of an owner/operator's
hydrogeologic assessment as a f£irst step towards ascertaining the overall
adequacy of the detection and/or assessment monitoring network. Clearly,
if the design of the well system is based upon poor data., the system
cannot fulfill its intended purpose. Because of the complexity of
ground-water monitoring systems, owner/operators should discuss the

intended approach initially with the State or EPA.

In performing this evaluation. technical reviewers should ask
themselves two questions.
e Has the owner/operator collected enough information to:
(1) identify and characterize the uppermost aquifer and
_potential contaminant pathways, and (2) support the place-

ment of wells capable of determining the impact of the
facility on the uppermost aguifer?

e Did the owner/operator use appropriate techniques to collect

and interpret the information used to support the placement
of wells?

The answer to each question will, of course, depend on site-specific
factors. For example. sites with more heterogeneous subsurfaces require
more hydrogeologic information to determine placement of wells that will
intercept contaminant migration. Likewise, investigatory techniques that
may be appropriate in one setting., given certain waste characteristics

and geologic features, may be inappropriate in another.

" This chapter is designed to help technical reviewers answer the

above questions. It identifies various investigatory tasks that enable



an owner/operator to characterize a site, and explores the factors that
technical reviewers should consider when evaluating whether the
particular investigatory program an owner/operator used was appropriate
in a given case. Technical reviewers should also f£ind this chapter
useful when constructing compliance orders that include hydrogeologic

investigations.

1.1 Investigatory Tasks for Hydrogeologic Assessments

An owner/operator should accomplish two tasks in conducting a

hydrogeologic investigatory program:
1. Define the geology beneath the site area: and
2. Identify ground-water £low paths and rates.

A variety of investigatory techniques are available to achieve these
goals, and technical reviewers must evaluate the success of the
combination of techniques used by the owner/operator, given the site-

specific factors at the facility.

There are certain investigatory techniques that all owner/operators,
at a minimum, should have used to characterize their sites. Table 1-1
illustrates a number of techniques that an owner/operator may use to
perform hydrogeologic investigations. Those techniques that the
owner/operator, at a minimum, should have used to define the geology or
identify ground-water flow paths are identified with check marks.

Table 1-1 also presents preferred methods for presentation of the
data generated from a hydrogeologic assessment. An owner/operator who
has performed the level of site characterization necessary to design a
RCRA ground-water monitoring program will be able to supply any of the
outputs (cross sections, maps, etc.) listed in the last column of
Table 1-1.

The owner/operator should have reviewed the available literature on

rhe hvdrogeology of the site area prior to conducting the site-specific



TABLE 1-1
HYDROGEOLOGIC erESIlGAIORY TECHNIQUES

INVLSTIGATORY INVESTIGATORY DATA PRESENTATION FORMATS/
TASKS TECHNIQUES ASSESSMENT OUTPUTS
betinition of Subsurface ¢ Survey of existing geologic 4 Narvrative description of geoloyy

Materials [geology) information

4 Geologic cross sections

J Soil borings

4 Geologic or soil map (1" = 200")
e Rock corings

4/ Boring logs or coring logs
J Material tests (grain size =

analyses, standard penetration e Structure contour maps of aquifey
. tests, etc.) and confining layer (plan view)
|
e Geophysical well logs (point ¢ Raw data and interpretive analysis
and lateral resistivity and/or of geophysical studies
electromagnetic conductance,
gamma ray, gamma density, J Raw data and interpretive analysis
calipher, etc.) of material tests

e Surface geophysical surveys
(D.C. resistivity, E.M., seismic)

e Hydraulic conductivity measure-
ments of cores (unsaturated
zone)

e Aerial photography (fracture
trace analysis)

e Detailed lithologic/structural
mapping of outcrops and trenches

(Continued)
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TABLE 1-1 (Continued)

HYDROGEOLOGIC ,INVESTIGATORY TECHNIQUES

INVESTIGATORY lNVESIlGATORY
TASKS TECHNIQUES
Identitication of Ground- J Installation of plezometers;
Hater | low Paths [hydrology) water level measurements at

different depths and locations

J Slug tests and/or pump tests
Ground-water flow

divections (including
vertical and horizontal
components of flow)

Tracer studies

Hydraulic conductivities

Estimates based on
sieve analyses

J

DATA PRESENTATION FORMATS/
ASSESSMENT OUTPUTS

Narrative description of ground
water with flow patterns

Water table or potentiometric
maps (plan view) with tlow lines
(" = 200") .

Hydrologic cross sections
Raw data and interpretive analysis

of slug tests, pump tests, and
tracer studies

J Minimum techniques and corresponding outputs that should be used to define site hydrogeological conditions.

Y
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QVERVIEW

This publication, entitled the RCRA Ground-Water Monitoring Techni-

cal Enforcement Guidance Documemt (TEGD), describes in detail what the

United States Environmental Protection Agency deems to be the essential
components of a ground-water monitoring system that meets the goals of
the Resource Conservation and Recovery Act. This guidance is intended
to be used by enforcement officials, permit writers, field inspectors
and attormeys at the federal and state levels to assist them in making
informed decisions regarding the adequacy of existing or proposed
ground-water monitoring systems or modifications thereto. It is not a
requlation and should not be used as such. The TEGD is divided into six

chapters which contain discussions on the following:
e Characterization of site hydrogeology:
e Location and number of ground-water monitoring wells:

e Design, construction and development of ground-water monitoring
wells:

e Content and implementation of the sampling and analysis plan:
e Statistical analysis of ground-water monitoring data: and
e The content and implementation of the assessment plan.

The document is mainly directed towards interim status facilities.
Much of the purely technical content., especially regarding site charac-
terization, well design and construction, and assessment of contamination
of ground water, is germane to permitted facilities as well as non-RCRA
programs. Clearly, the spectrum of hydrogeclogic regimes is great, and
no single document could provide detailed, step-by-step instructions for
monitoring each one. The writers of the TIGD concur and have developed a
framework within which a dynamic decision-making process may be applied

using a combination of national opinion and site-specific considerations.

ii



In August 1985, the RCRA Ground-Water Monitoring Compliance Order

Guide was published. It is the companion document to the TEGD and
contains quidance on the use ang formulation of compliance orders. It is
the hope of U.S. EPA that these guidance documents will further the goal
of the regulators and regulated community alike to protect human health

and the environment.

The U.S. EPA fully recognizes the dynamic nature of the RCRA program.
The TEGD, as it is presented, documents current policy and direction for
enforcement and compliance. The TEGD can be used by technical reviewers
and the requlated community toward attaining the mandate of protection of

human health and the environment.

iii
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Influence of Casing Materials on Trace-Level
Chemicals in Well Water

by Louise V. Parker, Alan D. Hewitt, and Thomas F Jenkins

Abstract

Four well casing materials — poiyvinyl chloride (PVC), polytetrafluoroethylene (PTFE), and stainless steel 304
(SS 304) and 316 (SS 316) — were examined to determine their suitability for monitoring inorganic and organic
constituents in well water.

The inorganic study used a factorial design to test the effect of concentration of mixed metals (arsenic [As].
chromium {Cr], lead [Pb], and cadmium [Cd]). pH. and organic carbon. Sample times were 0.5. 4. 8, 24, and 72
hours. Except for slow loss of Pb. PTFE well casings had no significant effect on the concentration of metals in
solution. For the other casings, changes in anaiyte concentration often exceeded 10 percent in eight hours or less
and. thus. could bias analyses of samples taken from wells constructed with these materials. Specifically. PVC casings
sorbed Pb and leached Cd: SS 316 casings sorbed As and Pb and leached Cd: and SS 304 casings sorbed As. Cr.
and Pb and leached Cd. Both stainless steel casing materials showed markedly poorer performance than the PVC cas-
ings.

The well casings were also tested for sorption/desorption of 10 organic substances from the following classes:
chlorinated alkenes. chlorinated aromatics. nitroaromatics and nitramines. Sample times were 0. 1. 8. 24, and 72

_hours. seven days, and six weeks. There were no detectable losses of analytes in any of the sampie solutions containing

stainless steel well casings. Significant loss of some analytes was observed in sample solutions containing plastic

casings. although losses were always more rapid with the PTFE casings than with PVC. Chlorinated organic substances

were lost most rapidlv. For samples containing PTFE casings, losses of some of these compounds were rapid enough
(>10 percent in eight hours) to be of concern for ground water monitoring. Losses of hydrophobic organic constituents

in samples containing PTFE casings were correlated with the compound’s octanol/water partition coefficient.

Introduction

The U.S. Environmental Protection Agency’s
(EPAs) RCRA Ground Water Monitoring Technical
Enforcement Guidance Document (TEGD) (U.S. EPA
1986a) states that only fluorocarbon resins or stainless
steel (SS) casings should be used for monitoring volatile
organics in the saturated zone. The original draft of this
document (U.S. EPA 1985) suggested that Teflon® or
stainless steel 304 be used for all ground water monitor-
ing at RCRA sites. The EPA was concerned that many
of the casing materials used for ground water monitor-
ing could either affect the quality of the ground water
or did not have the long-term structural characteristics
required of RCRA monitoring wells. With respect to
the EPASs first concern. a review of the literature pub-
lished prior to 1986 did not reveal substantial eviderce
to support the position taken by the EPA in either edi-
ion of this document (Parker et al. 1989).

Few studies have specifically addressed the possible
interactions between well casing materiais and metal
species. There is considerable evidence. however, that
sorption of metals by piastic and glass containers can

be significant (Eicholz et al. 1965. Robertson 1968, Bat-
ley and Gardner 1977, and Masse et al. 1981). In one
study of PVC well casings, there was negligible loss of
chromium but large losses of lead from a deionized
water solution (Miller 1982). Other studies with Pyrex
glass and polvethyiene also found that lead was the most
rapidly lost anaivte (Shendrikar et al. 1976). Barceiona
and Helfrich (1986) compared the concentrations of
several metal species in samples taken from adjacent
PVC, PTFE. and SS weils. They found increased leveis
of iron in water samples from the non-purged SS well
to be the only statistically significant difference. In a
previous in situ study by Houghton and Berger (1984),
a steel-cased well appeared to leach a number of metal
species. including iron, cadmium. chromium, copper,
manganese. molvbdenum, selenium. and zinc, when
compared with a PVC well and one constructed of acry-
lonitrile-butadiene-styrene (ABS).

Sorption of organic solutes by well casing materials
has been reported in several publications. Miller (1982)
tested PVC well casing for sorption of trace levels (2-
14 ppb) of six halogenated organic compounds (bromo-
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Figure L. Trends in mean arsenic concentration for four well
casing materiais.

In general. there was no change in arsenic concentration
for the sample solutions containing either the PVC or
PTFE casings during the 72-hour test period (Figure 1),
and no consistent pattern of effects was evident from
the ANOVA. The reason As did not interact with these
casings may be because As exists in natural waters in
the anionic form (Fowier et al. 1979). Masse et al. (1981)
found that anions do not strongly associate with plastic
(polyethylene and PTFE) surfaces. which are known for
their cation exchange capacity. The sampies containing
the stainless steel casings. on the other hand: showed a
10 percent decrease in aqueous arsenic concentration

-relative to the controls after 24 hours (Figure 1). It

appears that there was no further loss of this analyte
after 24 hours. Although these results cannot be used
to predict exactly what losses might occur under field
conditions. it is doubtful that this loss was rapid enough
to impact water quality measurements (losses were less
than 10 percent after eight hours).

The resuits for Cd are quite different. After oniy
four hours, Cd concentrations in the samples containing
PVC and stainless steel casings had increased by more
than 10 percent (Figure 2). with the most leaching occur-
ring in the samples containing the SS 316 casings. Cad-
mium may have been added to the PVC as a UV stabi-
lizer (Wilson et al. 1982), and may have been added to
the stainless steel to enhance resistance to chiloride
cracking (Sedricks 1979). The concentration of Cd in
the samples containing PVC casings leveled off after
eight hours. ANOVA revealed that pH had a signific:at
effect (at the 95 percent confidence level) for this cas:na.
Although the same amount of Cd leached in aii ne
samples (approximately 0.5 mg/L), concentration was
also significant (at the 95 percent confidence level), but
only because relatively more was leached in the low-
concentration samples. Concentrations in samples con-
+aining SS 304 casings decreased after eight hours and

.....fter 72 hours had returned to the same levels that were

found in the control samples. Again, more Cd leached
in the low pH samples. Cd was leached most rapidly in
samples containing SS 316 casings. There was a large
discrepancy between duplicate treatments for the sam-
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Figure 2. Trends in mean cadmium concentration for four well
casing materials.
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Figure 3. Trends in mean chromium concentration for four
well casing materiais.

ples that contained stainless steel casings. With the
exception of the first set of samples (t=0.5 hr), the
relative standard deviations ranged from 12 to 15 per-
cent for samples containing SS 304 and from 47 to
68 percent for those containing SS 316. In contrast, the
standard deviations for samples containing PVC and
PTFE casings were consistently below 6 percent.
Because the variance in the samples containing SS 316
was so large, there was no consistent detectable effect
of pH for these casings. However. surface oxidation
appeared to be the major source of this variance. With
respect to the leaching of metal stabilizers from PVC
pipes. the literature indicates that loss can be a surface
phenomenon that can be reduced or eliminated by either
washing (with detergent) or soaking in dilute mineral
acid before use (Packham 1971). It may be that the loss
of Cd from PVC casings can also be reduced by a similar
treatment, although we did not test this possibility.
There was no measurable sorption of chromium by
the PTFE, PVC, and SS 304 casings (Figure 3). Absence



of interaction with the plastic casings may be due to
chromium speciation. In solution, chromium exists pre-
dominantly as dichromate and chromate (Cr,0,". Cr0,*)
and. as mentioned previously, anions are not as likely
to exchange with plastic surfaces. However, loss of chro-
mium was rapid enough (13 percent after eight hours)
for SS 316 casing material to be of concern for ground
water monitoring. Losses were greater at the higher pH:
Cr speciation is known to be affected by pH and may
be responsible for some of these differences. Surface
oxidation was greater at the lower pH, which likely
contributed to the larger variability. Also. for those sam-
ples where a hydrous iron oxide precipitate was formed.
co-precipitation may have contributed to the losses from
solution. Again. the standard deviations were consider-
ably greater for the samples containing the stainless
steel casings. Humic acids apparently increased the sta-
bility of aqueous Cr. perhaps by acting as a complexing
agent {Stumm and Morgan 1970s).

Lead was by far the most actively sorbed metal spe-
cies. While all sample solutions containing casing mate-
rials showed some loss of Pb with time (Figure 4). PTFE
was the least active surface and SS 304 was the most
active. The losses for samples containing PTFE casings
do not appear to be of concern with respect to ground
water monitoring; losses were only 5 percent atter
24 hours. However. losses for samples containing PVC
and stainless casings are of concern: losses were 10 per-
cent after oniy four hours in the samples containing
PVC casings and 20 percent in those containing stainless
casings. Although loss was initiallv rapid in sampies
containing SS 316 casings. it leveled off after eight hours.
The standard deviation was higher for the sampies con-
taining SS 316 casings than for the other casings. For
both stainless steel casings. there was less sorption of
Pb at the lower pH where hydrogen ions may have
competed for sorption sites. Added humic material ap-
parently acted as a complexing agent in solution. making
lead less prone to sorption. Concentration had no consis-
tent effect.

Undoubtedly, there were shifts in the chemical equi-
“ibria of the well water solutions from the time the well
water was collected until the end of the experiment.
Ground water that is removed from an anoxic environ-
ment and exposed to oxvgen-rich air may undergo redox
and precipitation reactions (Stumm and Morgan 1970b).
Also, lowering the pH shifts the carbonate equilibrium
in solution from predominantly bicarbonate species
toward carbon dioxide (Manahan 1972) and causes shifts
in Cr speciation. Clearly. such changes would alter the
trace metal species distribution. These possible changes
were not monitored in this experiment.

For further details on this portion of the studv. refer
to Hewitt (1989).

Organic Study
Experimental

The four well casing materials were also tested for
sorption/desorption of low levels of 10 organic sub-
stances. The substances tested were hexahvdro-1.3.5-
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Figure 4. Trends in mean lead concentration for four well cas-
ing materials.

trinitro-1,3.3-triazine (RDX), 1,3,5-trinitrobenzene
(TNB), cis- and trans-1,2-dichloroethylene (CDCE and
TDCE). m-nitrotoluene (MNT), trichloroethylene
(TCE), chlorobenzene (CLB), and o-. p- and m-
dichlorobenzene (ODCB, PDCB, MDCB). The criteria
used for selecting these analytes included being an EPA
priority pollutant. molecular structure. solubility in
water. K,,, value. and retention time (using reversed-
phase high performance liquid chromatographv [HPLC]
analysis). HPLC analysis of the ground water used in
these studies revealed no detectable levels of any of
these substances.

For these experiments, casings were cut into 11- to
l4mm-iong sections. which were then cut into quarters.
Again. the length was varied so that the surface area
could be maintained constant. The casings were washed
in solutions of detergent and deionized water. rinsed
many times with deionized water. drained and left to
air dry. Two pieces of each tvpe of casing were placed
in 40mL glass vials that were filled with the aqueous
test solution so there was no head space. and capped
with Teflon-lined plastic caps. Vials with test solution
but no well casing material served as controls. These
controis allowed us to eliminate any effects such as those
that might be due to the vials or caps. The ratio of casing
surface area to solution volume was 0.79 cm*mL. The
ratio of soiution volume to volume of casing material
was approximately 10:1.

In the first experiment, the test solution was pre-
pared by adding known amounts of each of the organic
solutes directly to 2.2 L of well water in a glass-stoppered
bottle. which was stirred overnight. The final concentra-
tion was approximately 2 mg/L for each organic constitu-
ent. The solution also contained 40 mg/L of HgCl,,
which was added to prevent biodegradation of the
organics. Separate vials were prepared for each sampie
time so that the test solution could be discarded after
sampling; there were three replicate samples for each
material and time. Contact times were 0 hours, one
hour. eight hours, 24 hours, 72 hours (three days), 168
hours (seven days), and approximately 1000 hours (six
weeks). ‘

After an aliquot was removed for analysis from each



form. trichlorofluoromethane, trichloroethylene. 1.1.1-
trichloroethane, 1,1,2-trichloroethane, and tetrachloro-
ethylene) in aqueous solution and found slow losses of
tetrachloroethylene (25-50 percent in six weeks).
.. Reynolds and Gillham (1986) tested both PVC and
~ PTFE materials for sorption of trace levels (ppb) of five
halogenated organics. They found rapid sorption of
tetrachloroethylene by PTFE, slow sorption of 1.1.1-
trichloroethane, 1,1,2.2-tetrachloroethane and hexa-
chioroethane. and no sorption of bromoform. They also
found slow sorption of all the analytes except trichloroe-
thane by PVC. While 50 percent of the tetrachloroe-
thylene was sorbed by the PVC in five weeks. the same
amount was sorbed by PTFE in only eight hours. They
attributed loss of these organics to absorption and devel-
oped a model where uptake of the compound proceeds
by sorption/dissolution into the polymer surface. fol-
lowed by diffusion into the polymer matrix. However.
Reynoids and Gilham (1986) could not predict which
organic chemicals were most susceptible to absorption.

Sykes et al. (1986) compared sorption of severat
organics by PVC, SS. and PTFE well casings. The casing
materials were equilibrated for seven days (5 C) in ana-
lyte solution. placed in fresh analyte solution. and then
tested for losses due to sorption after one and 24 hours.
After 24 hours they did not find any significant losses
for any of the casing materials.

While these studies indicate that sorption of some
organics may be a significant problem for plastic casings
" ver the long term. only the study by Miller (1982)
“gxamined desorption during the first two weeks. In that
study. he observed some desorption (25 percent) of the
tetrachloroethviene that had been previously sorbed by
the PVC casings.

Casing materials may also leach a variety of organic
substances. In two studies (Miller 1982. Parker and Jenk-
ins 1986), analvtical interferences in leachates from PVC
well casings were sought but none were found. Curran
and Tomson (1983) also examined the leachates from
five plastics. including PVC and PTFE. They found that
PTFE leached the fewest contaminants and that non-
glued PVC was a close second. While it is possible that
organic substances such as lubricants used during manu-
facture or inks from printing could leach from stainless
or plastic casings, no information currently available in
the literature confirms this.

It is interesting to note that despite the literature
that is available regarding sorption of organics bv PTFE.
articles have recently been published that claim it is
superior for sampling organic substances (e.g., Brvden
and Smith 1989).

The purpose of the studies conducted by the authors
was to determine the suitability of four weil casing mate-
rials (PVC, PTFE, SS8304. and SS316) for monitoring
~ ~organic and organic solutes in ground water. To do
«...1S, tWo separate studies were conducted. one for inor-
ganics and one for organics.

General Comments on the Inorganic and
Organic Studies

Two-inch (inner) diameter well casings manufac-
tured specifically for ground water monitoring were
used in all studies. These casings were purchased speci-
fically for the studies and were stored in a cool, dry
room prior to use. Precautions were taken while the
casings were being cut to prevent contamination from
grease, dirt, oil. solvents, and excessive handling. The
ground water used in the studies was obtained trom a
domestic well (249 feet [76m} deep) in Weathersfield.
Vermont. No attempt was made to maintain the native
dissolved oxygen level. As a general guideline for eval-
uating our resuits. we considered any change in concen-
tration (relative to the control samples) of 10 percent
in an eight-hour period to be the maximum change toler-
able.

Inorganic Study
Experimental

Mixed metal solutions were prepared by spiking
ground water with arsenic (As), cadmium (Cd), chro-
mium (Cr) and lead (Pb) at two concentrations: 50 and
100 pg/L (ppb) for As, Cr. and Pb. and 10 and 2 pg/L
for Cd. The higher concentrations are the current maxi-
mum concentration limits set by the EPA for drinking
water (U.S. EPA 1986b). Prior to treatment. the cround
water used in this study was anaivzed and found to
contain no detectable amounts of anv of these metals
at the sensitivity levels used for anaivsis. To simulate a
wider range of ground water conditions. the tests were
run at the natural pH (7.8) of the well water plus a
lower pH (5.8) and at two levels of organic carbon. HCI
(reagent grade) was added to lower the pH and 5 mg/L
{(ppm) of humic acid was added to raise the organic
carbon content. A complete (2*) factorial experiment
was used to test the effect of these treatments (concen-
tration of metals. pH and organic carbon content)
(Table 1).

Because the wall thicknesses varied between the
plastic and the two stainless steel casings. the casings

TABLE 1
Matrix Design for Inorganic Study
Test Metal Organic Carbon
Condition Concentrations! pH Added?

1 high 7.8 no
2 high 7.8 yes
3 high 5.8 no
4 high 58 yes
5 low 7.8 no
6 low 7.8 yes
7 low 58 no
8 low 58 . yes

' High metal concentrations were 50 ug/L As. Cr. Pb. and 10 ug/L Cd.
Low metal concentrations were 10 pg/L. As. Cr. Pb, and 2 ug/L. Cd.
5 mg/L humic acid was added as a source of organic carbon.




were cut to different lengths so that the surface area of
each was constant (80 cm-). Cut sections were rinsed
with detonized water and air-dried before use. Individ-
ual well casings were then placed in 125mL polypro-
pviene jars containing 100mL of test solution:_the ratio
of casing surface area to aqueous volume was 0.82 cm?/
mL. Similar jars that contained the test solutions without
any casings were used for control samples. The sample
vessels were covered, stored at 24 C and kept from
natural light. Duplicates were run for each combination
of variables and each casing material.

Sample aliquots (2.5mL) were taken from each con-
tainer after 0.5. 4. 8, 24, and 72 hours. The aliquots were
placed in clean 7.5mL polyethylene vials and acidified
to a pH of less than 1 with nitric acid to prevent sorption
by the containers. Metal concentrations were obtained
by graphite furnace atomic absorption spectroscopy
(Perkin-Elmer. model 703 atomic absorption spectro-
photometer coupled with a PE model 2200 heated
graphite atomizer). The concentrations of metals given
in this study were measured as total.

The me1al concentrations were normalized by divid-
ing the values obtained for sample solutions that con-
tained well casings by the values found for equivalent

controls. This allowed the resuits for both concentra-
tions to be analyzed by a single analysis of variance
(ANOVA). Thus. it was possible to simultaneously test
for the effect of solute concentration, pH and organic
carbon at each sample time for each casing material. If
a casing exerted no influence on analyte concentration,
the expected value would be 1.00. An increase in the
ratio indicates that the well casing released metal into
the solution, while a decrease in the ratio indicates that
metal was sorbed by the casing.

Results and Discussions

Approximately half of the stainless steel casings
showed signs of surface rust. In some cases (SS 316 at
a low pH), sufficient oxidation occurred to form a
hvdrous iron oxide precipitate. This precipitate was
never observed in the control sampies or those with
PVC or PTFE casings. While the authors realize that
rusting of the stainless casings is verv condition-specific,
the test conditions should be generally representative
of shallow wells. Also, it was noticed that the casings
had rusted some during storage prior to any testing.

Table 2 gives the normalized mean values and stan-
dard deviations for each analyte, well casing and time.

TABLE 2
Normalized Mean Metal Values! for Samples as a Function of Time
Arsenic Cadmium Chromium Lead
Time Mean Standard Mean Standard Mean Standard Mean Standard
(hr) Pipe Value Deviation Value Deviation Value Deviation Value Deviation
0.5 PVC 0991 = 0.038 1.01 = 0.025 1.01 = 0.018 0.999 = 0.009
PTFE 0.999 = 0.050 1.01 = 0.011 1.01 = 0.007 1.00 = 0.026
S$S304 0.997 = 0.057 1.06 = 0.036 1.01 = 0.016 1.2 = 0.008
SS316 0.994 = 0.040 1.04 = 0.021 1.02 = 0.015 1.01 = 0.025
4.0 PVC 1.02 = 0.045 1.13 = 0.037 0.999 = 0.013 0.889 + 0.030
PTFE 0.993 = 0.052 1.03 = 0.054 1.01 = 0.011 0.974 = 0.019
SS304 0978 = 0.063 1.17 = 0.15 0.957 = 0.037 0.784 = 0.035
SS316 0.945 = 0.060 1.24 = 0.49 0.921 = 0.052 0.803 = 0.077
8.0 PVC 1.00 = 0.045 1.15 = 0.037 1.00 = 0.014 0.893 = 0.035
PTFE 101 = 0.098 1.03 = 0.016 0.989 = 0.019 0.985 = 0.032
S$S304 0.962 = 0.057 1.16 = 0.14 0972 = 0.16 0.699 = 0.031
SS316 0.945 = 0.068 1.30 = 0.47 0.872 = 0.10 0.804 = 0.10
24.0 PVC 0.994 = 0.064 1.16 = 0.056 1.00 = 0.016 0.808 = 0.051
PTFE 0992 + 0.054 1.03 = 0.017 1.01 = 0.024 0.951 = 0.040
SS304 0.894 = 0.051 1.12 = 0.12 1.03 = 0.37 0.538 = 0.042
$S316 0.853 = 0.080 1.36 = 0.68 0.855 = 0.11 0.793 = 0.19
72.0 PVC 1.03 = 0.046 .14 = 0.049 1.01 = 0.018 0.743 = 0.064
PTFE 1.02 = 0.045 1.02 = 0.022 1.00 = 0.013 0.899 + 0.034
SS304 0.891 = 0.084 1.03 = 0.14 1.03 = 042 0452 = 0.061
SS316 0.874 = 0.083 1.25 = 0.66 0.836 = 0.099 0.720 = 0.17

! (Concentration for samples with casing)

- = Normalized mean vaiue
(Concentration for control samples)

These normalized values are the mean of ail the treatments (i.e.. for both pHs. organic carbon content. and concentration).
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ents. Sorption and leaching of metal species was affected
in some cases by the ground water composition (pH
and organic carbon content). Specifically. there was
more leaching of Cd and less sorption of Pb at the lower
" yH. Our resuits indicate that humic material may have

“=*acted as a complexing agent. making lead and chromium

less prone to sorption. If chemical interactions are used
as the only criterion. PTFE is clearly the best candidate
for monitoring metal species in ground water. PVC
would be a good second choice because its performance
was considerably better than either SS 304 or SS 316 cas-
ing.

In contrast. the organic studies clearly indicated that
PTFE was the poorest choice of the four well casing
materials tested. PTFE casings sorbed all the chlorin-
ated compounds and one nitroaromatic compound. and
losses of PDCB and MDCB were rapid enough to be
of concern for ground water monitoring. PVC casings
also sorbed some of the same compounds. but always
at rates that were considerably slower than those
observed for PTFE casings. The rates of these losses on
PVC were slow enough that they did not appear to be
of concern for ground water monitoring. There was no
loss of any of the organic solutes in the presence of
either tyvpe of SS casing.

The desorption study showed that the loss of
organics from agqueous solution is due to a sorption
process that was reversible. or at least parually so.
Desorption from contaminated casings could potentially
result in falselv high concentrations of analytes if the

%, . concentrations of the analvtes in the ground water were

to drop.

The loss of hvdrophobic organic constituents in the
samples containing PTFE casings could be correiated
with the substance’s K..,, values. However. this correia-
tion overestimates losses for hydrophilic organic sub-
stances.

There are several effects that make extrapoiating
these test data to a reai monitoring situation difficult:

e Casings were tested and not well screens. The rate
of sorption could be substantially greater in the
screened portions of the well because the surface area
of the screened portion would be greater.

e This experiment was conducted under static condi-
tions. The effect of sorption under real conditions
would be mitigated to some degree. depending on
the rate of exchange of water between the aquifer
and well casing.

Clearlv. choosing one casing material for samples
that will be analyzed for both trace metals and organics
involves compromise. However. based on the resuits of
the tests that the authors have performed to date. PVC
appears to be the best compromise choice of the four
casing materials tested.

, Future studies will examine leaching of inorganic

+.,..and organic solutes. the effect of low dissolved oxygen

on interactions between the metals and well casings,
and the suitability of other materials for ground water
monitoring.
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TABLE 4
Resuits of Desorption Study

Concentration in mg/L after three days equilibration

S Casing Materiai RDX TNB CDCE TDCE MNT TCE CLB

ODCB PDCB MDCB
Teflon ND ND 0.20 0.43 0.075 0.47 0.28 0.38 0.30 0.35
ND ND 0.21 0.45 0.076 0.48 0.28 0.35 0.34 0.36
ND ND * = 0.074 * * * * *
PVC ND ND 0.079 0.15 0.046 0.14 0.10 0.15 0.17 0.18
ND ND 0.080 0.14 0.046 0.14 0.10 0.15 0.16 0.21
ND ND 0.080 0.15 0.043 0.13 0.11 0.16 0.16 0.20

* Results not presented because of additional loss of volatiles. probably resuiting from a loose cap on this vial.

ND = Not detected.

water monitoring. For PVC, losses never reached
10 percent in eight hours for any of the organics tested.
and thus the authors believe that PVC s clearly superior
to PTFE for wells where water sampies wiil be anaivzed
for organic constituents.

To determine if the loss of organic solutes was revers-
ible. the pieces of casing that had been exposed to test
solution for 1000 hours were rinsed ana then exposed
to fresh well water for three days. Measurable quantities
of all the organics were recovered where significant
losses had been observed (Table 4). Thus. loss was due
to sorption and was at least partially reversible.

7" \lthough this experiment did not give us information
*=5n the kinetics of desorption. the amount of anaivie
desorbed after three days generally paralleled the
amount sorbed. However. PDCB and MDCB were
sorbed to the greatest extent while TCE and TDCE
were desorbed to the greatest extent. Therefore. 1t may
be that diffusion out of the polymer is more rapid for
smaller molecules.

In the second experiment NaCl was added to raise
the chloride concentration above 1000 mg/L. High chlo-
ride concentrations are known to corrode 304 stainless
steel. Specificallv, tests were performed to determine if
rusting would alter the sorptivity of the stainless steei
surfaces. It is also possible that sorption on plastic mate-
rials would change with increasing ionic strength of the
test soludion.

While addition of NaCl caused rapid rusting of both
stainless steel casings (<24 hr). it did not cause sorption
of any of the organic solutes by them. In addition. the
increased ionic strength had no detectable effect on the
rate of sorption by either plastic casing (for example,
Figures 8 and 9). These two figures also demonstrate
the excellent reproducibility of the results from these
two experiments.

lodeling the Sorption Process
These organic studies clearly demonstrated that the
loss of organic chemicals from solutions exposed to plas-
tic casing materials is via some reversible sorption pro-
cess. However. it was uncertain whether this loss was
due to sorption on the surface or whether there was
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Figure 8. Sorption of TDCE by PTFE well casings in the pres-
ence and absence of sait.

" " . T ' ‘ . |
|
- —
- L 1
- ' |
= 3 !
[ Ia -
4 “
< \
i -8
: . :
S Dap— —
B MDCB
H _ % sant =
- * No Sair H
' 1 L i { J H I
2 200 400 800 300 1000 1200

Time (nr)

Figure 9. Sorption of MDCB by PTFE well casings in the pres-
ence and absence of salt.

penetration into the polymer matrix. The rate of sorp-
tion was found to be slow, with no established equilib-
rium after hundreds of hours. One explanation for this
slow rate was that penetration into the polymer was
occurring, with the rate controlled by slow diffusion
within the bulk polvmer and/or the rate of penetration
into the small pores on the polymer surface. If it is
assumed that this is the case. the process can be
kinetically modeled by treating the plastic casing as an
immuiscible liquid phase in contact with water and relat-
ing the degree of partitioning for individual analytes to
their octanol/water partition coefficients (Kow). While
there are immiscible liquids other than octanol that are
better structural models for PTFE or PVC, the most
extensive collection of partition coefficients is available
for octanol.



If it is assumed that sorption is a reversible process,
ky
A, . (1)
k>
and is first order in both directions, then the rate equa-
tion can be written as (Gould 1959):

A -k [Aw] + k2 [AS] (2)

dt

where [A,,] is the concentration of solute A in aqueous
solution, [A,] is the concentration of solute A in the
plastic casing material. and k; and k are the first-order
rate constants for sorption and desorption, respectively.

Integration of the rate equation resuits in a non-
linear relationship for A,, as a function of time t and
two constants a and b (Equation 3), where a and b are
defined in Equations 4 and 5:

In (a[A,] + b) . (3)
a

a= k] + k: (4)

b = 10ks [A] | (5)

where A, is the initial concentration of solute A in
aqueous solution.

Optimat values for a and b were obtained for each
solute exposed to PTFE by application of the Gauss-
Newton method of non-linear curve fitting using the
measured concentrations at 1, 8, 24, 72. 128, and 1000
hours (Parker et al. 1989). Using determined values for
a and b. the authors simuitaneously soived Equations
4 and 5 for each solute to obtain estimates of k; and
k.. Because the process described is assumed to be
reversible and first order. the ratio of the rate constants,
ki/k3, is the equilibrium constant, K.

When the eight values of K.q were piotted vs. Log
Kow six of the eight points appeared to fall on a straight
line, while the points for MNT and ODCB did not (Fi-
gure 10). The poor fit for MNT and the lack of significant
sorption for TNB and RDX can be explained by the
tendency of nitro-containing organic molecules to form
strong hydrogen bonds. which keeps them in solution.
While octanol can be a donor in hydrogen bonding,
PTFE cannot. Thus. if the authors predict partitioning
into PTFE for these molecules based on their octanol/
water coefficients, the amount of sorption for these
types of compounds will be overestimated.

The poor prediction for ODCB can be explained by
the well-documented “ortho effect,” which is a complex
combination of electronic and steric interactions that
often resuits in ortho di-substituted aromatic molecules
behaving much differently than the meta- and para-iso-
mers.

A similar model predicting the loss of analyte for
PVC was not created because the percent sorbed was
small when compared with the experimental error and
this would produce an unacceptable degree of uncer-
tainty in the calculated rate constants.

Therefore. it is concluded that for hydrophobic
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Figure 10. Correiation between log K,w and K., for solutes
exposed to PTFE casings.

organic molecules that are not subject to hydrogen
bonding, the relationship presented in Figure 10 can be
used to estimate the equilibrium partitioning of an ana-
lyte between the aqueous phase and PTFE. It is
expected that losses in new wells would occur for some
time until equilibrium with the water is achieved.

While K., will determine the equilibrium concentra-
tions of each analyte in the water and plastic phases, it
is the magnitude of k, that will determine how quickly
various analvtes are depleted. For small. planar mole-
cules like TCE. the k, values are quite high compared
to the other analytes. This may explain the rapid loss
of tetrachloroethyiene from solutions containing PTFE
casings observed by Miller (1982) and Reynoids and
Gillham (1986).

Because the rate of sorption appears to be first order,
the relative concentration (concentration at a given time
relative to its initial concentration) is independent of
initial concentration (Castellan 1964). Thus. the percent
loss at a given exposure time is expected to be indepen-
dent of concentration, as was also predicted by the
model of Reynolds and Gillham (1986). We did not
confirm this. however, by conducting the test at several
concentrations.

For further details on the organic portion of this
study, refer to Parker et al. (1989).

Summary and Conclusions

In summary, the inorganic study indicated that three
of the metals (As. Cr and Pb) were sorbed by one or
more of the casing materials. Specifically, Cr was sorbed
by SS 316 casings, As was sorbed by both 304 and 316
stainiess steel casings, and Pb was sorbed by all four
casings. On the other hand, Cd leached from the stain-
less steel and PVC casings, although subsequent sorp-
tion lowered concentrations in the sampies containing
stainless steel casings. While sorption of As was slow
enough that it is probably not of concern for ground
water monitoring, the changes in the Cr, Cd and Pb
concentrations are of concern. Both SS 304 and 316 cas-
ings were subject to surface oxidation, presumably by
galvanic action, which apparently provided active sites
for sorption and release of major and minor constitu-



TABLE 3
Normalized' Average Concentrations of Organic Analytes for the Four Well Casings with Time

- Analvte Treatment 1 Hour 8 Hours 24 Hours 72 Hours 168 Hours 1000 Hours
“RDX PTFE 1.03 1.00 1.00 1.02 0.91 0.99
PVC 1.01 1.00 0.98 1.00 1.02 1.00
SS304 0.99 0.99 1.01 1.02 1.10 0.98
SS316 1.01 0.99 1.01 1.02 1.11 1.00
TNB PTFE 1.01 1.00 1.00 0.98 0.95 1.01
PVC 1.01 1.00 0.98 1.02 1.01 1.02
SS304 0.99 1.00 1.00 1.05 1.07 1.00
$S316 1.02 0.99 1.01 1.07 1.06 1.02
C12DCE ITFE 1.01 0.96* 0.96* 0.94 0.91* 0.79*
pPVC 1.00 0.99 0.95* 0.96 0.95 0.90
$S304 0.97 1.00 1.00 0.96 1.04 0.98
SS316 0.95 0.99 1.00 1.01 0.98 0.99
TI12DCE PTFE 1.00 0.92* .0.88* 0.83 0.66 0.56*
PVC 1.00 0.98 0.93* 1.06 0.83 0.83
SS304 0.95* 1.00 1.00 0.96 1.11 1.00
$S316 1.00 0.99 1.00 1.12 1.03 1.00
MNT PTFE 1.03 1.00 0.99 0.99 0.90 0.90*
PVC 1.02 1.00 0.98 1.05 0.99 0.94
SS304 1.00 1.00 1.01 1.00 1.08 1.07
SS316 1.02 1.00 1.02 1.08 1.10 0.99
“..{CE PTFE 1.00 0.90* 0.85 0.78* 0.64* 0.40*
PVE 1.01 0.98 0.94* 0.99 0.94* ().88*
SS304 0.96 1.00 1.01 0.96 1.04 0.99
SS316 1.00 0.99 1.00 1.04 0.98 1.00
CLB PTFE 1.01 0.93* 0.90* 0.85* 0.74* 0.51*
PVC 1.01 0.98 0.95* 0.98 0.94* 0.86*
SS304 0.98 1.00 1.00 0.97 1.05 0.99
SS316 0.99 0.99 1.01 1.04 0.98 0.99
ODCB PTFE 1.01 0.91* 0.88* 0.81* 0.68* 0.43*
PVC 1.02 0.97* 0.94* 0.98 0.93 0.86*
$S304 0.98 0.99 1.00 0.99 1.04 1.00
$S316 1.01 0.98* 1.01 1.03 0.98 1.00
PDCB PTFE 0.92* 0.84* 0.77* 0.64* 0.47* 0.26*
pPVC 0.95 0.95* 0.92* 0.97 0.88* 0.80*
SS304 0.91* 0.98 1.00 0.98 1.02 1.02
SS316 0.94 0.97* 1.00 1.04 0.97 1.02
MDCB PTFE 1.00 0.84* 0.78* 0.66* 0.48* 0.26*
PVC 1.02 0.95* 0.92* 097 - 0.88* 0.80*
SS304 0.99 0.96* 1.00 0.99 1.02 1.02
SS316 1.03 0.96* 1.00 1.04 0.96 1.01

Values are determined by dividing the mean concentration of a given analyte at a given time and for a particular well casing by the mean concentration
(for the same analvte) of the control sampies taken at the same time.
* Values significantly different from coatrol values (a = 0.05)




of the 1000-hour samples, the vials were emptied and
the pieces of casing were rinsed with approximately
40mL of fresh well water to remove any residuai solution
adhering to the surfaces. The casing pieces were then
placed in new vials, and fresh unspiked well water was
added. The vials were capped with new caps ang allowed
to equilibrate for three days. Aliquots were then taken
from these samples and analyzed to determine if desorp-
tion had occurred.

In the second experiment 2.0 g/ of NaCl was also
added to the test solution to determine the effect of
increased ionic strength on the rates of sorption. Samp-
ling times were the same except that the last samples
were taken after approximately 1200 hours (seven
weeks).

All anaivtical determinations were made by
reversed-phase high performance liquid chromato-
graphy. A modular system was employed that consisted
of a Spectra Physics SP 8810 isocratic pump, a Dynatech
LC-241 autosampler with a 100-wL loop injector, a Spec-
tra-Physics SP8490 variable wavelength UV detector set
at 210 nm, a Hewlett-Packard 3393A digital integrator.
and a Linear model 553 strip chart recorder. Separations
were obtained on a 25cm x 4.6mm (5 pm) LC-18 column
(Supeico) eluted with 1.5 mL/min of 62/38 (v/v) metha-
nol-water. Baseline separation was achieved for all 10
analytes. Detector response was obtained from the
digital integrator operating in the peak height mode.
Analytical precision ranged from 0.4 to 3.98 percent. as
determined by the pooled standard deviation of tripli-
cate initial measurements.

For each analyte and sample time. a one-way analvsis
of variance (ANOVA) was performed to determine if
the well casing material had a significant effect on ana-
lyte concentration. Where significant differences were
found. Duncan’s muitipie range test was performed to
determine which sampies were significantly different
from the controis.

Before the two experiments described previously
were performed. a preliminary leaching study was con-
ducted to determine if any substances that could inter-
fere with the analytical determinations leached from the
casing materials. For this study, two pieces of each type
of well casing were placed in each of two vials. The vials
were filled with fresh well water so that there was no
headspace. capped and allowed to sit for one week. An
aliquot was taken from each vial and analyzed. No
detectable peaks were observed in any of the sampies.

Results and Discussion

The data for the first experiment are summarized
in Table 3, where the normalized concentrations for
solutions containing welil casings are given as a function
of time. Neither type of stainless steel casing affected
the concentrations of any of the analytes in solution.
However, significant loss of solute did occur in the solu-
tions that contained plastic casings. While the rate of
loss differed dramatically from anaiyte to analyte. losses
were always greater for PTFE than PVC.

For RDX and TNB there was no loss of analyte
from solutions containing either plastic casing, even

after 1000 hours. There was some loss of MNT in the
sample solutions that contained PTFE casings but the
loss only became significant after 1000 hours (10 percent
loss); there was no loss with the PVC casings. TDCE
was lost much more readily in samples containing PTFE
casings than was its isomer pair, CDCE (Figure 5). (The
solid lines shown in this figure and Figures 6-9 were
fitted manually.) Figure 6 shows the losses of TCE for
the four well casings. Figure 7 shows the rate of loss of
the three DCB isomers and CLB in the samples that
contained PTFE casings. The order of loss was PDCB
and MDCB > ODCB > CLB. While the rate of loss did
not exceed 10 percent in eight hours for any of the
previous solutes, it is noted that losses of PDCB and
MDCB were 16 percent in eight hours and thus were
rapid enough to be of concern with respect to ground
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investigation. Such a review provides a preliminary understanding of the
distribution of sediments and rock, general surface water drainage., and

ground-water flow that serves to guide the site-specific investigation.

The owner/operator's site-specific investigatory program should have
included direct (e.g., borings, piezometers, geochemical analysis of soil
samples) methcds of determining the site hydrogeology. Indirect methods
(e.g., aerial photography, ground penetrating radar, resistivity)., espe-
cially geophysical studies, may provide valuable sources of information
that can be used to interpolate geologic data between points where
measurements with direct methods were made. Information gathered by
indirect methods alone, however, generally would not have provided the
detailed information necessary. The owner/operator should have combined
the use of direct and indirect technigques in the investigatory program to
produce an efficient and complete characterization of the facility.

including an identification of:
e The geology below the owner/operator's hazardous waste facility:

e The vertical and horizontal components of flow in the uppermost
aquifer below the owner/cperator's site:

e The hydraulic conductivity(ies) of the uppermost aquifer:
e The vertical extent of the uppermost aquifer:; and

e The pertinent physical/chemical properties of the confining
unit/layer relative to hazardous wastes present.
The following sections outline the basic steps an owner/operator should
have followed to implement a site hydrogeologic study, and detail the
methods that the owner/operator should have used to collect and present
site hydrogeologic data.

1.2 Characterization of Geology Beneath the Site

In order to detail the geology beneath the site and therefore be

able to identify potential pathways of contamination. the owner/operator



should have collected direct information identifying the lithology and
structural characteristics of the subsurface. Indirect methods of
geologic investigation such as geéphysical studies may be used to augment
the evidence gathered by direct field methods, but should not be used as
a substitute for them. Surface geophysical studies, such as resistivity,
electromagnetic conductivity, seismic reflection. and seismic refraction,
and borehole methods like electromagnetic conductivity, resistivity, and
gamma ray may yield valuable information on the depth to the confining
unit, the types of unconsolidated material(s) present, the presence of
fracture zones or structural discontinuities, and the depth to the
potentiometric surface. Additionally, geophysical methods may have their
greatest utility in correlating the continuity of formations or strata
between boreholes. The result is the efficient compilation of extensive
site data without drilling an axcessive number of boreholes. Geophysical
methods. however, should have been used primarily to supplement infor-
mation obtained from direct sources. In order to characterize the
lithology, depositional environment, and geologic characteristics of the
area beneath the site, the owner/operator should have used direct means.
The limitations of geophysical methods should also be recognized. For
instance, electrical borehole logging canhot be performed when the hollow

stem auger drilling method is used.

1.2.1 Site Characterization Boring Program

The technical reviewer should determine whether an owner/operator,
through the soil/rock boring program. gathered the information necessary
to characterize the geology beneath the site and consequently to identify
potential contaminant migration pathways. Such a program should have
entailed the following:

e Initial boreholes should be installed at a density based on

criteria described in Table 1-2 and sufficient to provide initial
information upon which to determine the scope of a more detailed

evaluation of geolegy and potential pathwavs of contaminant
migration.
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FACTORS INFLUENCING

TABLE 1-2

DENSITY OF INITIAL BOREHOLES

FACTORS THAT MAY SUBSTANTIATE REDUCED DENSITY OF
BOREHOLES

FACTORS THAT MAY SUBSTANTIATE INCREASED DENSITY Of
BOREHOLES

e Simple geology (1.e., horizontal, thick,
homogeneous geologic strata that are con-
tinuous across site that are unfractured
and are substantiated by reglional geologic
information)

e Use of geophysical data to correlate well
log data. Preferred methods: DC resistivity,
seismic reflection or seismic refraction,
geophysical well logging

e Fracture zones encountered during drilling

o Suspected pinchout zones (i.e., discontinuous
units across the site)

¢ Geologic formations that are tilted or folded

e Suspected zones of high permeability that would
not be defined by drilling at large intervals

o Laterally transitional geologic units with
irreqular permeability (e.g., sedimentary
facies changes)




e Initial boreholes should have been drilled into the first
confining layer beneath the uppermost agquifer. The portion of
the borehole extending into the confining layer should have been
plugged properly after ﬁ.sample was taken.

e Additional boreholes should be installed in numbers and locations
sufficient to characterize the geology beneath the site. The
number and locations of additional boreholes should have been
based on data from initial borings and indirect investigation.

e Collection of samples of every significant stratigraphic contact
and formacion., especially the confining layer, should have been
taken. Continuous cores should have been taken initially to
ascertain the presence and distribution of small- and large-scale
permeable layers. COnce stratigraphic control was established.
samples taken at regular., a.g.. five-foot intervals, could have
been substituted for continuous cores.

e Boreholes in which permanent wells were not constructzed should
have been sealed with material at least an corder of magnitude
less permeable than the surrounding soil/sediment/rock in order
to reduce the number of potential contaminant pathways.

e Samples should have been logged in the field by a qualified
professional in geology.

e Sufficient laboratory analysis should have been performed to
provide information concerning petrologic variation, sorting (for
unconsolidated sedimentary units), cementation (for consolidated
sedimentary units), moisture coatent, and hydraulic conductivity
of each significant geologic unit or soil zone above the
confining layer/unit.

e Sufficient laboratory analysis should have been performed to
describe the mineralogy (X-ray diffraction), degree of compac-
tion. moisture content., and other pertinent characteristics of
any clays or other fine-grained sediments held to be the
confining unit/layer. Coupled with the examination of clay
mineralogy and structural characteristics should have been a
preliminary analysis of the reactivity of the confining layer
in the presence of the wastes present.

At many sites a site characterization has already been done and
monitoring wells installed. In evaluating the design of such systems,

the technical reviewer should utilize, where appropriate., data already
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gathered by the owner/operator. Because of the qﬁality of existing data,
it is possible that site characterization may be complete or may oniy
need to be supplemented by a few additional boreholes, piezometers, or
monitoring weils. Some facilitles. including closed facilities, may need

to undertake a site characterization from the first phase.

The borehole program to elucidate site hydrogeology generally
requires more than one iteration. A bernefit to this technique is that
data and observations derived from previous boreholes may be used to

guide the placement of future ones.

It is imperative that the owner/operator research local hydrogeology
before initiating a borehole program. Existing reports. maps, and
research papers gathered from a variety of sources can be used to
understand. in a broad sense, the hydrogeological regime in which the
facility is located. Thus, such information as local stratigraphy.
depositional environment, and tectonic history serves to provide an
estimate of the distribution and types of geologic materials likely to be
encountered. Similarly, knowledge of regional ground-water flow rate,
depth, quality, and direction, local pumping, evapotranspiration rates,
and surface water hydrology represents an effective first approximation
of site-specific ground-water characteristics. The next phase should
have been the progressive placement of boreholes based, at first, on

research and, subsequently, on previous boreholes and data £rom research.

The number of initial boreholes should have been sufficient to
provide initial information upon which to determine the scope of a more
detailed evaluation of geology and potential pathways of contaminant
migration. An example of a simple case is illustrated in Figure 1l-1l.
The objective of the initial boreholes is to begin to reconcile the
broad. conceptual model derived from research data with the true site-
specific hydrogeologic regime. In other words, the borehole program is
necessary to establish the small-scale geology of the area beneath the
facility and place it in the context of the geology of the region or

locale.



SURFACE
IMPOUNDMENT

LEGEND
@ BOREHOLE
A PIEZOMETER

100  200° FENCE DIAGRAM LINES
] ]

L J
8

SURFACE IMPOUNDMENT
LEGEND
@ BOREHOLE

A PIEZOMETER

A A’ CROSS SECTION LINE

100  200°
| ]

FIGURE 1-1. POSSIBLE BOREHOLE CONFIGURATION FOR A
SMALL SURFACE IMPOUNDMENT

-10-



g,

The distance between these initial boreholes should be varied tased
on site-specific criteria., yet should have been close enough so that
cross sections would have accuréte;: portrayed stratigraphy with minimal
reliance on inference (see Table 1-2). In this way, a suitably restricted
configuration of a limited number of initial boreholes, in combination
with indirect investigative techniques and research data, will serve to
guide efficiently the placement of additicnal borghcles where needed to
characterize potential pathways for contaminant migration. A parallel
program using piezometers should also be undertaken. Litholegic data
should ultimately correlate with hydraulic parameters (e.g.. clean, well
sorted. unconsolidated sands should exhibit high hydraulic conductivicy).

If they do not, further hydraulic testing should be done.

During the compietion of the borings, the owner/operator should

check drill logs for:
e Correlation of stratigraphic units between soil/rock borings:

e Identification of zones of potentially high hydraulic
conductivity:

e Identification of the confining formation/layer:

e Indication of unusual or unpredicted geologic features such as
fault zones. fracture traces, facies changes., solution channels,
buried stream deposits, cross cutting structures, pinch out
zones, etc.: and

e Continuity of petrographic features such as sorting, grain size
distribution, cementation. etc., in significant formations.
If the owner/operator is unable to define such structural anomalies, or
zones of potentially high conductivity, or to correlate petrographic
features and/or stratigraphy between any two adjacent boreholes. then
additional intermediate boreholes should be drilled and ancillary
investigative techniques employed to describe potential contaminant

migration.

On the other hand., if the necessarv characterization is largely
achieved at the initial placementz, fewer additional borenolss and less
additional indirect investigation would be necessarv to describe pathwavs.

-11-



Figure 1-2 illustrates how subsequent boreholes and indirect supple-
mentary techniques can be added to the initial borehole configuration to
characterize potential pathways ‘for contaminant migration. In most cases,
additional boreholes will be necessary to complete the characterization

because the majority of hydrogeologic settings are complex.

It is vitally important that the owner/operator consider the thick-
ness and potential reactivity of confining clays or other fine-grained
sediments in the presence of site-specific waste types. Marl, for
instance, is chemically attacked by low pH wastes because of its high
carbonate content. Smectites and. to a lesser extent, illitic clays are
ineffective impediments to the migration of various organic chemicals
(e.g., xylene). In contaminated areas., a chemically degraded confining
layer ma? lead to hydraulic communication unanticipated by literature
reviews of stratigraphy. An example is shown in Figure l1-3. In pristine
areas, the possible future chemical degradation of a confining layer
should be of concern during any assessment monitoring or corrective

action necessary at the facility.

All samples should have been logged in the field by a qualified
professional in geology (see glossary). These samples should have been
collected witlr a shelby tube, split barrel sampler, or rock corer, and
represent the significant formations and stratigraphic contacts.
Continuous cores should have been taken initially to obtain stratigraphic
control. Samples could have been taken at regular intervals, depending
on site-specific conditions once stratigraphic control was established.
Drilling logs and field records should have been prepared detailing the
fdllowing information:

e Gross petrography (e.g., soil classification or rock type) of
each geologic unit, including the confining unit:

e Gross structural interpretation of each geologic unit and
structural features (e.g.., fractures, fault gouge. solution
channels, buried streams or valleys), bioturbation zones.
petrology. and discontinuitisas:
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e Development of soil zones and vertical extant and field
description of soil type (prior to any necessary laboratory
analysis):

e Depth of water-bearing unit(s) and vertical extent of each;
e Depth and reason for termination of borehole:

e Depth., location, and identification of any contamination
encountered in borehole: and

e Blow counts, colors, and grain-size distributions(s).

Table 1-3 identifies the minimum required information that should have

been included in a drilling leg. These items are marked with asterisks.

In addition to field descriptions as described above, the owner/
operator should have provided, where necessary. 3 laboratory analysis of
each significant geologic unit and soil zone. These analyses shoﬁld
contain the following information:

e  Mineralogy and mineralogic variation of the confining layer and

confining units/layers, especially clays (e.g.. microscopic

analysis and other methods such as X-ray diffraction as
necessary):

e Petrology and petrologic variation of the confining layer and
each unit above the confining unit/layer (e.g.. petrographic
analysis, other laboratory methods for unconsolidated materials
as deemed necessary) to determine among other things:

- degree of crystallinity and cementation of matrix
- degree of sorting, size fractionm, and textural variation
- existence of small-scale structures that may affect fluid flow

e Moisture content and moisture variation of each significant soil
zone and geologic unit; and

e Hydraulic conductivity and variation of each significant soil
zone and type and geologic unit in the unsaturated zone.

Some laboratory analysis methods available to investigate these

laboratory parameters are shown in Table 1-4.
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TABLE 1-3
FIELD BORING LOG INFQRMATION

geperal
)
¢ Project namne e Rig type
*e Hole name/number bit size/auger size
"e Date started and finished *e Petrologic litholegic

*e Genlogist's name

*s 0Oriller’s name

Sheet numober

‘e Hole location: map and
elevation

classification scheme used
(Wentwaerth, unified soil
classification system)

Informatign Columnsg

*e Qepth s Percent sample recovery

‘e Sample location/numoer “e MNarrative description

e B8low counts and advance rate *e (Qepth tg saturation
ritiv 1 1

e Geologic Observations:

- degree of
weathering

- presence of

carbonate

gr1l1ling Observations:

- loss of ciresulation

~ agvance rates

- rig chatter

- water levels

- amount of air
used, ar pressure

- arilling

solution cavities
bedding
discontinuities:
e.g.. foltation
water-bearing zones
formational strike
and dip

fossils

changes 1n drilling
method or eguipment
readings from
detective equipment,
if any

amount of water
yield or loss during

*- soi1l/rock type ‘- fractures *- depositional
- ¢olor and stawn
- gross petrology
- friadility

- mogisture content

structures
organic content
odor

suspected
contaminant

amounts and types
of any liquids
used

running sands
caving/hole
stability

gifficulties drilling at different

deoths
e (Qther Remarks:

- equipment fatlures

*- possible contamination

*- deviations from drilling plan
‘- weather

‘Indicates 1tems that the owner-gperator snould record. at a minimum.
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TABLE 1-4

SUGGESTED LABORATORY METHODS FOR SEDIMENT/ROCK SAMPLES

Sampie QOrigin

Parameter

Laboratory Method

Used to Qetermine

Geologic formation,
unconsolidated -
sediments, consoli-
dated sedments,
solum

Contaminated samples
(e.g., so11s pro-
ducing higher than
background organic
vapor readings)

Hydraulic conductivity

S12e fraction

Saerting

Specific yield
Specific retention
Petrology/Pedology

Mineralogy

Sedding

Lamination
Atterberg Limits
Appropriate subset

of Appendix VIII
parameters (§261)

Falling head. static
head test

Sieving (ASTM)
Settling measurements
(ASTM)

Petrographic analys1is
Column grawings
Centrifuge tests
Petrographic analysis

X-ray diffraction
confining clay
mineralogy/chemistry

Petrograpnic analysis
Petrograpnic analysis

ASTM

SW-846

Hydraulic conductivity

Hydraulic conductivity

Hydraulic conguctivity
Porgsity

Porosity

Sail type, rock type

Geochemistry, poten-
tial fliow paths

S011 cohesiveness

{dentity of
cantaminants

*Owners and operators might also want to consider performing this test while they are obtaining
the other types of information listed on this tabdle.
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1.2.2 Interpretation of Geology Beneath the Site

The technical reviewer should review the owner/operator's geologic

characterization and verify:

e The completeness of the narrative and the accuracy of the
owner/operator's interpretation, and

e That the geologic assessment addresses or provides means to
resolve any information gaps which may be suggested by the
geologic data.

In order to assess the completeness and accuracy of the owner/

operator's interpretation, the technical reviewer should:
e Examine and evaluate the raw data:

e Compare his own interpretation, based on the raw data, with that
of the owner/operator:

e Compare with other studies and information: and

e Identify any information gaps that relate to incomplete data
and/or to narrative presentation.
The technical reviewer should independently conduct the following
tasks to support and develop his interpretation of the site geology:

e Review drilling logs to identify major rock or soil types and
establish their horizontal and vertical variability:

e Construct representative cross sections from well log data:

e Identify zones of suspected high permeability, or structures
likely to influence contaminant migration through the unsaturated
and saturated zones:

e Review laboratory data, determine whether laboratory data
corroborate field data and that both are sufficient to define
petrology: and

e Review mineralogic identification of confining clays and the

owner/operator's assessment of general geochemistry and determine
corroboration between analytic and field data.

-13=-
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After the technical reviewer has interpreted the geologic data, these
results should be compared to the results developed by the owner/operator.

The technical reviewer should:
e Identify information gaps between narrative and data.

e Determine whether resolution requires collection of additional
data or reassessment of existing data: and

o Identify any information gaps that will affect the owner/
operator's ability to have located his/her RCRA monitoring well
system.

1.2.3 Presentation of Geolegic Data

In addition to the generation and interpretation of site-specific
geologic data, the technical reviewer should review the owner/operator's
presentation of data in geologic cross sections, topegraphic maps, and

aerial photegraphs.

An adequate number of cfoss sections should be presented by an
owner/operator to depict significant geologic or structural trends and
reflect geologic/struciural features in relation to local and regional
ground-water flow. Figure l-4 illustrates an example of a waste disposal
unit that is traversed by an adequate number of cross-section lines from

which a fence diagram may be created.

On each cross section, the owner/operator should have identified:
petrography of significant formations/strata, significant structural
features, stratigraphic contacts between significant formations/strata,
zones of high permeability or fracture, the location of each borehole,
depth of termination., depth to the zone of saturation. and depiction of
any geophysical logs. If the owner/operator is unable to supply such
details, the site characterization may be inadequate. Figure 1-5
illustrates an example of a geologic cross section. Vertical exaggera-

tion in cross sections should be minimized.

Additionally, surficial features may affect ground-water hwdro-

geology. An owner/operacor siculd have provided a surface topograpnic
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map and aerial photograph of the site. The topographic map should nave
been constructed under the supervision of a licensed surveyor and should
provide contours at a rwo-foot contour interval, locatioms and illustra-
tions of man-made features (e.g.. parking lots, factory buildings,
drainage ditches., storm drains, pipelines, etc.), descriptions of nearby
water bodies and/or off-site wells, site boundaries., individual RCRA
units., delineation of the waste management areas. solid waste managament
areas, and well and boring locations. An example of a site map is
depicted in Figure 1-6. An aerial photograph of the site should depict
the site and adjacent off-site features. This photograph should have the
site clearly delineated and labeled. In addition, adjacent surface water

bodies. municipalities and residences should be labeled.

1.3 Identification of Ground-Water Flow Paths

In addition to evaluating the owner/operator’s characterization of
geology., technical reviewers must determine whether owner/operators have
identified ground-water flow paths. The characterization must have
included:

e The direction(s) of ground-water f£low (including both horizontal
and vertical components of flow):

e The seasonal/temporal, naturally and artificially induced (i.e.,.
off-site production well pumping, agricultural use) variat:ions :in
ground-water flow: and

e The hydraulic conductivities of the significant hydrogeolog:ic
units underlying their site.

In addition. technical reviewers must ensure that owner/operators used

appropriate methods for obtaining the above information.

1.3.1 Determining Ground-Water Flow Directions

To locate wells so as to provide upgradient and downgradient well
samples, owner/operators should have a thorough understanding of how

ground water flows beneath their facility. Of particular importance is
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the direction of ground-water flow and the impact that external factors
(intermittent well pumping, temporal variat.ons in recharge pattarns,
etc.) may have on ground-water pattierns. In order for an owner/operator
to have assessed these factors, a program snhould have been developed and
implemented for precise water level monitoring. This program should have
been structured to provide precise water level measurements in a
sufficient number of piezometers and at a sufficient frequency to gauge
both seasonal average flow directions and to account for seascnal or

temporal fluctuation of flow directioms.

In addition to considering the components of flow in the horizontal
direction., a program should have been undertaken by the owner/operator to
accurately and directly assess the vertical components of ground-water
flow. Ground-water flow information must be based at least in part on
empirical data from borings and piezometers. Technical reviewers should
raview independently an owner/operator's methodology for obtaining
information on ground-water £low and account for factors that may
influence that flow at the facility. The following sections provide
acceptable methods by which an owner/operator should have agsessed the

vertical and horizontal components of flow at the site.
1.3.1.1 Ground-water level measurements

In order for the owner/coperator to have initially determined the
elevation of the potentiometr:ic surface in any monitoring well or
piezometer, several criteria should have been considered by the
owner/operator.

e The casing height should have been measured by a licensed

surveyor to an accuracy of 0.0l feet. This may have required the
placement of a topographic benchmark on the facility property.

e Generally, water level measurements from boreholes, piezometers.
or monitoring wells used to construct a single potentiometric
surface should have been collected within a 24-hour period. This
practice is adequate if the magnitude of change is small over

-24-
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that period of time. There are other situatlions, however, wihich
necessitate that all measurements be taken within a short time
interval:

- tidally influenced agquifers:;

- aquifers affected by river stage, impoundments, and/or unlined
ditches:

- aquifers stressed by intermittent pumping of production wells:
and

- aquifers being actively recharged due to a precipitation event.

e The method used to measure water levels should have been adeguate
to attain an accuracy of 0.0l feet.

e A survey mark should be placed on the casing for use as a
measuring point. Many times the lip of the riser pipe is not
f£lat. Another measuring reference should be located on the grout
apron.

e Piezometers should be re-surveved periodically to determine the
extent of subsidence or rise in ground surface.

e Water levels in piezometers should have been allowed to stabilize
for a minimum of 24 hours after well construction and develop-
ment, prior to measurement. In low yield situations, recovery
may take longer.

If an owner/operator cannot produce accurate documentation or

provide assurance that these criteria were met during the collection of
water level measurements, this may indicate that the generated

information may be inadequate.

In cases where immiscible contamination is found during the
characterization, water level measurements should be adjusted to reflect

its true elevation.
1.3.1.2 Interpretation of ground-water level measurements

After the technical reviewer has assured that the water level data
are valid, he should proceed to independently interpret the information.

The technical rewviewer should:



e Use the owner/operator’'s raw data to construct a potentiomezric
surface map (see Figure 1-7). The data used to develop the
potentiometric map should.be data from piezometers/wells screened
at equivalent stratigraphic horizons: ‘

e Compare these data with that of the owner/operator and deter-
°mine whether the owner/operator has accurately presented the
information, and ascertain if the information is sufficient to
describe ground-water flow trends: and

e Identify any information gaps.

In reviewing this information, the technical reviewer should now have
an approximate idea of the general flow direction; however., in order to
have properly located monitoring wells, the owner/operator should have
established hydraulic gradient (flow direction) in both the horizontal and

vertical directions.
1.3.1.3 Establishing vertical components of ground-water flow

In order for the owner/operator to have determined the direction of
flow, vertical components of flow must have been directly determined.
This will have required the installation of piezometers in clusters.

A piezometer cluster is a closely spaced group of wells screened at

diffarent depths to measure vertical variations in hydraulic head. To

obtain reliable measurements., the following criteria should be considersd

in the placement of piezometer clusters:

e Information obtained from multiple piezometer placement in single
boreholes may generate erroneous data. Placement of vertically
nested piezometers in closely spaced separate boreholes is the
preferred method.

e Pigzometer measurements should have been collected at least
within a 24-hour period. and within shorter intervals under
certain conditions., if measurements are to be used in any
correlative presentation of data.

e Piezometer measurements should have been determined along a
minimum of two vertical profiles across the site. These profiles
should be cross sections roughly parallel to the direction of
ground-water £low indicated by the potentiometric surface.
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When reviewing piezometer information obtained from mulitiple
placement of piezometers in single boreholes, the technical reviewer
should closely scrutinize the construction details for the well. It is
extremely difficult to adequately seal several piezometers at discrete
depths within a single borehole., and special design considerations should
have been considered by the owner/operator. If detailed information for
the design is not available, it may indicate that adequate construction
considerations have not been used. Placement of piezometers in closely
spaced well clusters, where piezometers have been screened at different,
discrete depth intervals, is more likely to produce accurate
information. Additionally, multiple well clusters sample a greater
proportion of the aquifer, and thus may provide a greater degree of
accuracy for considerations of vertical potentiometric head in the

aquifer as a whole.

The information obtained from the piezometer readings should have
been used by the owner/operator to construct flow nets (see Figure 1-8).
These flow nets should include information as to piezometer depth and
length of screening. The flow net in Figure 1-8 was developed from
information obtained from piezometer clusters screened at different.
discrete intervals. The technical reviewer should be able to verify the
accuracy of the owner/operator's presentation and calculations by either
constructing a flow net independently from the owner/operator's data or
spot-checking the owner/operator's presentation. It is also important to
verify that the screened interval is accurately portrayed and to
determine whether the piezometer is actually monitoring the water level

of the desired water-bearing unit.

If there is reasonable concurrence between the information presented
by the owner/operator and the technical reviewer's interpretation, the
technical reviewer should next interpret the flow directions from the

waste management area.
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1.3.1.4 Interpretation of Ilow direction and flow rates

In considering flow directions established by the owner/operator,

the technical reviewer should niave first established:

e That the potentiometric surface measurements are valid: that is
the distributions of hydraulic head and hydraulic conductivity
are Jnown. and that the total porosities as approximations of
effective porosities (determination of effective porosity can be

time consuming) of significant strata are known to permit
estimation of flow rate; and

e That the vertical components of flow have been accurately

depicted and are based on valid data.

At this point, general direction(s) and rate(s) of ground-water flow
may be estimated. The technical reviewer should construct vertical
intercepts with the potentiometric contours for both the potentiometric
surface map and flow nets. Once the vertical and horizontal directions
of flow are established (from points of higher to lower hydraulic head).
it is possible to estimate where monitoring wells will most likely
intercept contaminant flow in the vertical plane. To consider the
placement that will most effectively intercept contaminant flow,

hydraulic conductivity(ies) must be calculated.

1.3.2 Seasonal and Temporal Factors: Ground-Water Flow

It is important to note if the owner/operator has identified and
assessed factors that may result in short-term or long-term variations in
ground-water level and flow patterms. Such factors that may influence

ground-water conditions include:

e Off-sits well pumping, recharges, and discharges:

Tidal processes or other intermittent natural variations (e.g.,
river stage, etc.):

On-site well pumping:

Off-site, on-site construction or changing land use patterns’
Deep well injection: and

Waste disposal practices.

NE€f-site or on-site well pumping may affect both the rat2 and

direction of ground-water flow. Municipal, industrial, or agricultural
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ground-water use may significantly change ground-water flow patterns and
levels over time. Pumpage may be .seasonal or dependent upon complex
water use patterns. The effects of pumpage thus may reflect continuous
or discontinuous patterns. Water level measurements in piezometers must

have been frequent enough to detect such water use pattermns.

Natural processes such as riverine, estuarine, or marine tidal move-
ment may result in variations of well water levels and/or ground-watsr
quality. An owner/operator should have documented the effects of such
patterns. Seasonal patterns have a significant effect on hydraulic head
and ground-water f£low. Short-term recharge patterns may affect ground-
water flow patterns that are markedly different from ground-water flow
patterns determined by seasonal averages. An owner/operator should have

gauged such transitional patterns.

Additionally, an owner/operator should have implemented means for
gauging long-term effects on water movement that may result from on-site
or off-site construction or changes in land-use patterms. Development
may affect ground-water flow by altering recharge or discharge patterms.
Examples of such changes might include the paving of recharge areas or
damming of waterways.

In reviewing the owner/cperator's assessment of ground-water flow
patterns, the technical reviewer should consider whether the owner/
operator's program was sensitive to such seasonal or temporal variations.
An owner/operator should have, in effect, determined not only the location
of water resources, but the sources and source patterns that contribute

to or affect ground-water patterns below the requlated site.

1.3.3 Determining Hvdraulic Conductivities

In addition to defining vertical and horizontal gradients and
sources of spatial and temporal variation. the owner/operator must
identify the distribution hydraulic conductivity (K) values within each
significant formation. VYariations in the hydraulic conductivity witiin

or between formations or strata can create irregularities in ground-watar
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flow paths. Strata/formations of high hydraulic conductivity represant
areas of greater ground-water flow and therefore zones of potential
migration. Further, anisotropy within strata or formations affects the
magnitude and direction of ground-water flow. Thus, information on
hydraulic conductivities is necessary before owner/operators can make

reasoned decisions regarding well placements.

Technical reviewers should review the owner/operator's hydrogeo-
logic assessment to ensure that it contains data on the hydraulic
conductivities of the significant formations underlying the site.

In addition, technical reviewers should review the method the owner/
operator used to derive the conductivity values. It may be beneficial to
use analogous or laboratory methods to augment results of field tests:
however, field methods provide the best definition of the hydraulic

conductivity in most cases.

Hydraulic conductivity can be determined in the field using either
single or multiple well tests. Single well tests, more commonly referred.
to as slug tests, are performed by suddenly adding or removing a slug
(known volume) of water from a well and observing the recovery of the
water surface to its original level. Similar results can be achieved by
pressurizing the well casing, depressing the water level, and suddenly
releasing the pressure to simulate removal of water from the well. Cne
recommended method, wnich will be proposed for inclusion in SW-846 (Test
Methods for Evaluating Solid Waste, U.S. EPA, July 1982), is Method 9100,

which is also recommended for use in determining aquifer wvulnerability.

When reviewing information obtained from single well tests. the
technical reviewer should consider several criteria. First, they are run
on one well and, as such. the information is limited in scope to the
geologic area directly adjacent to the screen. Second, the vertical
extent of screening will control the part of the geologic formation that
is being tested during the test. That part of the column above or below
the screened intarval that has not been tested may also have to be testad

for nydraulic conductivity. Third, the methods that the owners/operator
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used to collect the information obtained from single well tests should be
adequate to measure accurately parameters such as changing static watar
(prior to initiation, during, andAfollowing completion of the test), the
amount of water added to, or removed from, the well, and the elapsed time
of recovery. This is especially important in highly permeable formations
where pressure transducers and high speed recording equipment may need to
be used. The owner/operator's interpretation of the single well test
data should be consistent with the existing geologic information (boring
log data). The well screen and filter pack adjacent to the interval
under examination should have been properly developed to ensure the
removal of fines or correct deleterious drilling effects. It is,
therefore, important that reviewers examine the owner/operator's program
of single well testing to ensure that enough tests were run to provide
representative measures of hydraulic conductivity and to document lateral

variations of hydraulic conductivity at various depths in the subsurZace.

Multiple well tests, more commonly referred to as pumping tests, are
performed by pumping water from one well and observing the resulting
drawdown in nearby wells. Tests conducted with wells screened in the
same water-bearing formation provide hydraulic conductivity data. Tasts
conducted with wells screened in different water-bearing zones furnish
information concerning hydraulic communication. &ultiple well tasts for
hydraulic conductivity are advantageous because they characterize a
greater proportion of the subsurface and thus provide a greater amount of
detail. Multiple well tests are subject to similar constraints to those
listed above for single well tests. Some additional problems that should
have been considered by the owner/operator conducting a multiple well
test include: (1) storage of potentially contaminated water pumped from
the well system and (2) potential effects of ground-water pumping on
existing waste plumes. The technical reviewer should consider the
geologic constraints that the owner/operator has used to interpret the
pumping test results. Incorrect assumptions regarding geology may

translate into incorrect estimations of hydrauiic conductivity.



In reviewing the owner/operator's hydraulic conductivity measure-
ments. the technical reviewer should use the following criteria to
determine the accuracy or completeness of informatien.

e Values of hydraulic conductivity between wells in similar

lithologies should not exceed one order of magnitude difference.
1f values exceed this difference. the owner/operator may not have

provided enough information to sufficiently define a potential
flow path, or there is a mistake in the logs.

e Hydraulic conductivity determinations based upon multiple well
tests are preferred. Multiple well tests provide more complete
information because they characterize a greatar portion of the
subsurface.

e Use of single well tests will require that more individual tests
be conducted at different locations to sufficiently define
hydraulic conductivity variation across the site.

e Hydraulic conductivity information generally provides average
values for the entire area across a well screen. For more depth
discrete information, well screens will have to be shorter. If
the average hydraulic conductivity for a formation is required.
entire formations may have to be screened, or data taken from
overlapping clusters.

It is important that measurements define hydraulic conductivity both

vertically and horizontally across an owner/operator's regulated site.

*
Laboratory tests may De necessary to ascertain vertical hydraulic
conductivity in saturated formations or strata. In assessing the
completeness of an owner/operator's hydraulic conductivity measurements,
the technical reviewer should also consider results from the boring
program used to characterize the site geolegy. Zones of high permeability
or fractures identified from drilling logs should have been considered in
the determination of hydraulic conductivity. Additionally. information
from boring logs can be used to refine the data generated by single well
or pumping tests.

1.4 Identification of the Uppermost Aquifer

The owner/operator is regquired under 40 CFR §265 Subpart F to monitor

rhe upparmost aquifer Leneath the facility in order to immediately Zetacc
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a release. Proper identification of the uppermost aquifer is therefore
essential to the establishment of a compliant ground-water monitoring
system. EPA has defined the uppermost aquifer as the geologic formation,
group of formations, or part of a formation that is the aquifer nearest
to the ground surface and is capable of yielding a significant amount of
ground water to wells or springs (40 CFR §260.10) and may include £ill
material that is saturated. The identification of the confining layer

or lower boundary is an essential facet of the definition of uppermost
aquifer. There should be very limited interconnection. based upon
pumping tests, between the uppermost aquifer and lower aquifers.* If
zones of saturation capable of yielding significant amounts of water are
interconnected, they all comprise the uppermost aquifer. Quality and use
of ground water are not factors in the definition. Even though a
saturated formation may not be presently in use, or may.contain water not
suitable for human consumption, it may deserve protection because contami-
nating it may threaten human health or the environment. Identification
of formations capable of "significant.yield" must be made on a case-by-

case basis.

There are saturated zones, such as low permeability clay, that do
not yield a significant amount of water, yet act as pathways for
contamination that can migrate horizontally for some distance before
reaching a zone which yields a significant amount of water. If there is
reason to believe that a potential exists for contamination to escape
along such pathways, the technical reviewer may invoke enforcement and
permitting authorities other than §265.91 to require such zones to be

monitored. These authorities include 3008(h) for interim status

*Some hydrogeologic settings (e.g., basin and range provinces, alluvial
depositional environments) do not offer a clear confining layer. 1In
such cases, the technical reviewer should note the situation and
concentrate on the placement of wells in the uppermost aquifer to
immediately detect potential releases of contaminants.
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corrective action, 3004(u) for corrective action for permitting, the
omnibus condition authority under 3005(c) which mandates permit
conditions to protect human hea;th and the environment, and 3013
authority which permits broad investigations. Of course, if a release
has been detected the plume should be characterized in such saturated

zones regardless of yield.

In all cases, the obligation to assess any hydraulic communicat.on
and the proper definition of the uppermost agquifer rests with the
owner/operator. The owner/operator should be able to prove that the
confining unit is of sufficiently low permeability as to minimize the

passage of contaminants to saturated, stratigraphically lower units.

The following examples illustrate geologic settings wherein hydrau-
lic communication must De demonstrated before proper identification of
the uppermost aquifer can be made. The examples are not intended to be
exhaustive in the situations they portray: rather, they are meant to

provide a sample of geologic settings that depict hydraulic communication.

Figure 1-9 illustrates a site where preliminary drill logs indicated
a confining layer of unfractured. continuous clay beneath the site.
(Note: the actual geologic conditions are pictured for purposes of
clarity in the figure.) In order to confirm whether the clay layer is
continuous or discontinuous, the owner/operator conducted a pumping
test. A well at drill point No. 2 was screened at the uppermost part of
the potentiometric surface. Another well at drill point No. 3 was
located close by and screened below the‘clay layer. Measurable
drawdown was observed in the upper well when the well below the confining
layer was pumped. This indicated that the confining unit is not of
gufficient impermeability to serve as a significant boundary to
contaminant flow. In this case, the water-bearing unit below the clay
,layer and the formation above the clay layer are both part of the

uppermost aquifer.
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In Figure 1-10, the owner/operator drilled test borings through sand
and limestone formations into a sandstone unit. .In the initial cores, no
indication of fracturing of the 'limestone unit was observed. The owner/
operator initially assumed that the limestone unit dips at a moderate
slope due to differing levels of contact. However, as illustrated by the
figure, actual conditions involve faulting and post-depositional erosion
of the limestone formation (additional corings and geophysical studies
detected fracture zones). These fractures represent hydraulic communica-
tion between the upper unconsolidated sand layer and the sandstone
formation below the limestone unit. The uppermost aquifer, therefore,
includes the unconsolidated sand formation. the limestone formation. and

the sandstone formation.

Figure 1-11 illustrates a situation where perched water zones lie
above the potentiometric surface. The containment pathway includes the
perched water zones and that part of the sand formation from the top of

the potentiometric surface to the top of the granitic basement.

In Figure 1-12, initial test borings indicated that horizontal sand
units are underlain by a consolidated, well-cemented, limestone unit.
Initial borings did not indicate the presence of the anticline. The
owner/operator incorrectly assumed that the sandstone unit was a confining
layer that extended across the subsurface below the site. A dolomite
unit, in contact with the unconsolidated sandy silts and directly below
the waste unit, is fractured and highly permeable. Additional investiga-
tion including pump tests, borings, and/or geophysical analysis better
defined the subsurface. The uppermost aquifer, in this case. includes

the anticlinal formations.

In Figure 1-13, unconsolidated units are underlain by a consolidated
series of variable, near-shore, shallow marine sediments. The owner/
operator has installed three borings near the waste management unit to
identify the uppermost aquifer. Interpretation of these borings indicates

=hat =he unconsolidated units are underlain by a well-cemented l.mestone
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of very low permeability. Yowever, an undetected sandstone unit, which
is laterally continuous with the limestone unit, is highly permeable and
saturated and represents an undetected por=ion of the uppermost agui if2
Interpretation of the depositional environment of the limestone unit,
coupled with a knowledge of the local or regional geology, should have
been used in addition to other investigatory technigques to establish the
presence of the transitional lateral structural feature and thus properly

define the uppermost aguifer.

A special case that should be considered by the technzcal reviewer

is the possibility that existing wells may provide averues for hydraulic

communication between hydrogeclogic units. This is of special importaznce

when considering a site where a contaminant plume may have migrated down-
gradient to the extent that the plume approaches off-site wells. Such
wells may not have been constructed in a manner sensitive to problems of

cross-contamination between aquifers (see Chapter Four).

The goal of the site characterization is the identification of
potential pathways for contaminant migration in the uppermost aquifer.
The next step is to complete the installation of monitoring wells and
piezometers in those pathways and upgradient, which will comprise the

detection monitoring network.
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CHAPTER TWO

PLACIMENT CF DETECTION MONITORING WELLS

The purpose of this chapter is to examine criteria the technical
ceviewer should use in deciding if the owner/operator has made proper
decisions regarding the number and location of detection monitoring
wells. 1In evaluating the design of an owner/operator's detection
monitoring system, the technical reviewer should examine the placement of
upgradient and downgradient monitoring wells relative to hazardous waste
management units, and review the placement and screening of detection
monitoring wells for their interception of predicted pathways of
migration. The minimum number of monitoring wells an owner/operator may
install in a detection monitoring system under the regulations is.
. four--one upgradient well and three downgradient wells. Typically, site
hydrogeology is too complex or the hazardous waste unit is too large for
the regulatory minimum number of wells to prove adequate in achieving the

performance objectives of a detection monitoring system.

A fundamental concept that will be emphasized throughout this chapter
is that the placement and screening of wells in the detection monitoring
network will be based on the results of a thorough site characterization.
The basic goals of the site characterization process as described in
Chapter One are the description of the hydrogeological regime and the
identification of the uppermost aquifer and potential pathways for
contaminant migration. This information is the foundation for the entire
ground-water monitoring program and crucial to the placement of detection
monitoring wells in particular. It is likely that the technical reviewer
may encounter situations where the owner/operator has collected little or
no site hydrogeologic information or has relied exclusively on regional
data to design a monitoring system. In this situation. the technical
reviewer should carefully examine the decisions the owner/operator has
made regarding well placement and screen depths., and it mav De necessary

%o require the owner/operator =0 coilect additional site :nformac:ion.
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Upgradient monitoring wells are to provide tackground ground-watar
quality data in the uppermost aquifer. Upgradient wells must be
(1) located beyond the upgradient extent of potentcial contamination from
the hazardous waste management unit to provide samples representative of
background water quality, (2) screened at the same stratigraphic
horizon(s) as the downgradient wells to ensure comparability of data, and
(3) of sufficient number to account for heterogeneity in background

ground-water quality.

It is important to recognize that potential pathways for contaminant
migration are three dimensional. Consequently, the design of a detection
monitoring network that intercepts these potential pathways reguires a
three-dimensional approach. Downgradient monitoring wells must be
located at the edge of hazardous waste management units to satisfy the
requlatory requirements for immediate detection. The placement of
detection monitoring wells along the downgradient. perimeter of hazardous
waste management units must be based upon the abundance. éxtent, and the
physical/chemical characteristics of the potential contaminant pathwavs.
The depths at which contaminants may be located and at which downgradient
wells must be screened are functions of (1) geologic factors influencing
the potential contaminant pathways of migration to the uppermost aquifer,
(2) chemical characteristics of the hazardous waste controlling its
likely movement and distribution in the aquifer, and (3) hydrologic
factors likely to have an impact on contaminant movement (and
detection). The consideration of these factors in evaluating the design

of detection monitoring systems is described in Section 2.1.3.

A sufficient number of detection monitoring wells screened at the
proper depths must be installed by the owner/operator to ensure that the
ground-water monitoring system provides prompt detection of contaminant
releases. A detection monitoring system should be judged against site-

specific conditions: however, there are a number of criteria that



technical reviewers can apply %o ensure that detection monitoring svszams
satisfy the RCRA regulatory requ:rements. This chapter describes tioss
criteria and provides examples on how technical reviewers can evaluate
detection monitoring systems in various hydrologic situations. This
chapter also examines three common geologic environments: alluvial,
karst, and a glacial till. The rationale for well placement and ver=zical

sampling intervals within each geologic environment is discussed.

2.1 Placement of Downgradient Detection Monitoring WHells

The criteria.for evaluating the location of downgradient wells
relative to waste management areas are described in Section 2.1.1..
Section 2.1.2 contains the criteria for evaluating horizontal placement
of downgradient detection wells. Section 2.1.3 details the rationale for
selection of the wertical placement and sampling intervals of detection
monitoring wells. Discussed in Section 2.1.4 are three geologic settings
that have been encountered at hazardous wasta sites and the rationale for

detection well placement at each site.

2.1.1 Location of Wells Relative to Waste Management Areas

In order to immediately detect releases as required'by the
requlations, the owner/operator must install downgradient detection
monitoring wells adjacent to hazardous waste management units. In a
practical sense, this means the owner/operator must install detection
monitoring wells as close as physically possible to the edge of hazardous
waste management unit(s). The two drawings in Figure 2-1 (A and B)
illustrate the concept of the placement of wells immediately adjacent to
hazardous waste management unit(s). Note: the placement of wells
relative to the units shifts as a function of the direction of

ground-water £low.

Geologic environments with discrete solution channels such as Karst
formations must have detection monitoring wells located in those solution

channels likelv to serwve as conduits for contamination migration.
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At sites underlain by intersedded., unconsolidazad sands. silts, and
clays (e.g.. alluviai facies) where the potent:iometric surface is
deep-seated, the lateral component of contaminant migration may carry
contaminants beyond the ground-water monitoring system before they reach
ground water, and therefore beyond detection. The owner/operators could
institute a program of vadose zone monitoring as a supplement to the
ground-water monitoring program in such cases. to provide immediace
detection of any release(s) frem the hazardous waste management area.
Volatile organics that escape to the vadose zone. for instance, mav te

detected and characterized through soil gas analysis.

2.1.2 Horizontal Placement of Downcradient Monitoring Wells

The horizontal placement of detection monitoring wells along the
downgradient perimeter of hazardous waste management units should be
predicated on the interception of potential pathways for contaminant
migration. The majority of hazardous waste sites will have identifiable
pathways for potential contaminant migration. Some potential pathways
for contaminant migration are: zones with relatively high intrinsic
(matrix) hydraulic conductivities, fractured/faulted zones. solution
channels, and zones suspected to be incompatible with the waste(s)
present. Sites located in heterogeneous geologic settings can have
numerous. discrete zones of potential migration. Each zone of cotential

migration must be identified and monitored.

Within a potential migration pathway, the horizontal distance
between wells should be based upon site-specific factors such as those
described in Table 2-1 should be considered by technical reviewers wnen
evaluating the horizontal distance between detection wells. These
factors cover a variety of physical and operational aspects relating to
the facility, including hydrogeologic setting, dispersivity., seepage
velocity, facility design, and waste characteristics.

-49-
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TABLE 2-1}

FACTORS INFLUENCING THE INTERVALS BETWEEN INDIVIDUAL MONITORING WELLS
WITHIN A PGTENTIAL MIGRATION PATHWAY

WELL INTERVALS MAY 8E CLQSER IF THE SITE: WELL INTERVALS MAY BE WIDER [F TWE SITE:

e Manages or nas managed ligqu1igd waste

e Is very small

e Has fill material near the waste
management units (where preferential

flow might occur)

e Has burted pipes, utility trenches. etc..
where a point-source ieak might oclur

e Has complicatad geslogy e Has smple gealogy
- closely spaced fractures - ng fractures
- faults - no faults
- tight folds - no folds
- solution channels - no solution channels
- discontinuous structures - continyous structures
e Has heterogeneous congitions e Has homogeneous congitions
- variable nydraulic conductivity - unifgrm hydraulic conducliivity
- variable lithology - uniform lithology

e s lpcated in or near 3 recharge zone

e Has a steep or variable hydraulic e "Has a low (flat) and constant hydraulic
gradient gradient

e [s characterized by low dispersivity e Is characterized Dy high dispersivity
potential potential

e Has a high seepage velocity e Has a low seepage velocity
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<a the less common homogeneous geologic setting where no pres 23

pathways are identified, a more regular well placement pattern can ze
utilized based on formational characteristics (e.g., dispersivit;

hydraulic conductivity, and other factors listed in Table 2-1).

2.1.3 Vertical Placement and Screen Lengths

~his document addresses separately the horizontal placement and the
vertical sampling intervals of detection monitor:ing wells. These two
parameters. however, should be evaluated rogether in the design of the
ground-water detection monitoring system. Proper selection of the
vertical sampling interval provides the third dimension to the detection
monitoring of potential contaminant pathways to the uppermost aquifear.
Site-specific hydrogeologic data obtained by the owner/operator during
the site characterization are essential for the determination of the
horizontal placement of detection wells. and for the selection of the
vertical sampling interyal(s). Proper design of a detection monisoring
system enables the owner/operator to select the vertical sampling
interval capable of ihmediately detecting a release from the hazardous
waste management area. It is essential, therefore, that the
owner/operator's decisions regardihg vertical sampling intervals are
based upon a full site characterization, which defines both the depth and
thickness of the stratigraphic horizon(s) that could serve as contaminant
pathways. There are several guidelines or criteria that the technical
reviewer should follow in evaluating owner/operator decisions. A

discussion of these gquidelines follows in the examples in Section 2.1.4.

The owner/operator should have determined from the site characteri-
zation which stratigraphic horizons represent potential pathways for
contaminant migration, and should screen monitoring wells at the
appropriate horizon(s) to provide immediate detection of a release It

is extremely important to screen upgradient and downgradient wells in the
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same stratigraphic horizon(s) to obtain comparable ground-water gualil:ty
data, as long as the strata are not dipping <00 strongly. The owner/
operator should have ensured and demonstrated that the upgradient and
downgradient well screens intercepted the same uppermost aquifer. The
determination of the depth to a potential contaminant migration pathwav
may be made from soil/rock cores, supplemented by gecophysical and

available regional/local hydrogeological data.

Another factor to be considered in selecting the depth at which
wells should be placed (and the selection of well screen lengths) 1is the
physical/chemical charactaristics of the hazardous waste or hazardous
waste constituents controlling the movement and distribution of contamina-
tion in the aguifer. The technical reviewer should consider the mobility
of the hazardous waste, its potential reaczion products, and the potantial
£or chemical degradation of clays. Different transport processes control
contaminant movement depending on whether the contaminant dissolves :in
water or is immiscible. Immiscible contaminants hay vary from extremely
light volatiles to dense organic liquids whose migration is governed
largely by density and viscosity. Lighter than water phases spread
rapidly in the capillary zone just above the potentiometric surface.
Alternatively, “the migration of dense organic liquids is largely
uncoupled from the hydraulic gradient that drives advective transport and
movement may have a dominant vertical component even in horizontally

flowing aquifers” (MacKay., et al., 1983).

In addition to the normal flow of ground water (advection), the
chemical processes of dispersion and sorption (retardation) greatly
influence the potential migration pathways of contaminants within an
aquifer. Dispersion is the spread of contaminants resulting from
molecular diffusion and mechanical mixing and "may resuit in the arrival
of detectable contaminant concentrations at a given location significantly
before the arrival time that is expected solely on the basis of the

average ground-water flow rata" (MacKay, =t al., 1985). The mobiiizy of
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different leachate constituents will vary depending upon the extant 20
which each constituent is adsorbed. to solid surfaces (sorption processas).
Some nonreactive ionic species (é.g., chloride ion) and low molescular
weight organics of relatively high water solubility (e.g.. trichloro~
ethylene) can be quite mobile. Heavy metals ¢e.g.., lead) and organics
with high molecular weights and relatively low solubilities in water
(e.g.., chlorinated benzenes) tend to be the least mobile in natural

condit:ons of near neutral pH and Eh.

All of these processes are important in choos:i:ng the depth of the
screened interval and locating monitoring wells, because contaminants may
be confined to and move within narrow zones. For instance, to monitor
for heavy metals the screened interval should be just above the confining
layer--for light organics, at the potentiometric surface/capillary zone
interface. The local lithological wvariation can influence the rate,
gquantity, and degree of sorption of particular contaminants and is

important in the proper location of monitoring wells.

Studies have shown.that certain organic liquids can cause desiccation
cracks in clay which can lead to significant increases in permeability.
When organic chemicals and strongly acidic wastes are present, the com-
patibility of these wastes and chemicals with any potentially confining

clay layer(s) should be confirmed.

Determination of the appropriate thickness of the vertical sampiing
interval(s) is a natural extension of the depth selection. The owner/
operator should have made the decision on the basis of site characteriza-
tion data. Sources of information that can be used in determining the
thickness of potential contaminant pathways can include isopach maps of

highly permeable strata, coring data, sieve analysis, and fracture traces.

The lengths of well screens used in ground-water monitoring wells
can be a significant factor in the detection of releases of contaminants.

The complexity of the hydrogeology at a site is an important cons:derat:ion



when selecting the lengths of well screens. Most hydrogeologic settings
are complex (heterogenecus. anisotropic) and the permeability is wvarianle
with depth due to interbedded sediments. Highly variable formations
require shorter well screens. which allow sampling of discrete portions
of the formation. Longer well screens that span more than a single flow
zone can result in excessive dilution of a contaminant present in one
zone by uncontaminated ground watar in another zone. This dilution can
make contaminanc detection difficult or impossible. since contaminant
concentrations may be reduced to levels below the detection limits for

the prescribed analytical methods.

Even in hydrologically simple (homogeneous) formations or within a
potential pathway for contaminant migration, the use of shorter well
screens may be éequired to detact contaminants concentrated at a
particular depth. A contaminant may be concentrated at a particuliar
depth because of its physical/chemical properties and/or hydrolegic
factors. In this situation, a longer well screen (length of well scresen
> thickness of the contamination zone) can permit excessive amounts of
uncontaminated formation water to dilute the contaminated ground water
entering the well. This resultant dilution may prevent the detection of
statistically significant changes in indicator parameters (pH changes)
and. in extreme cases, the diluted concentration of contaminants may Se

below detection limits of the laboratory method being used.

The use of shorter well screens helps to maintain chemical resolution
by reducing excessive dilution and, when placed at depths of predicted
preferential f£low, such screens can monitor the aquifer or portion of the
aéuifer of concern. The importance of determining these preferential
flow paths in the ground-water monitoring process confirms the need for
a complete hydrogeologic site investigation prior to the design and
placement of detection wells.



Monitoring wells can be used to confirm or detect changes :n ground-
water flow directions (determined during the site characterization) 2y
comparisons of potentiometric levels in neighboring wells. In hetero-
geneous geologic settings, however, longer well screens can intarcept
stratigraphic horizons with different (contrasting) ground-water f£low
directions. In this situation, the potentiometric surface will not
provide the depth discrete head measurements regquired £or accurate

ground-water flow direction deta2rmination.

Cerzain hydrogeclogic settings necessitate the use of longer well
screens for detection monitoring. Hydrogeologic settings with widely
fluctuating potentiometric surfaces are better monitored with longer
screens that continuously intercept the water surface and provide moni-
toring for the presence of contaminants less dense than water. Formations
with low hydraulic conductivities can also necessitate the uss of longer
well screens to allow sufficient amounts of formation water to enter the

well for sampling.

Note: The vertical sampling interval is not necessarily synonymous
with aquifer thickness. In other words, the owner/operator may select an
interval which represents a portion of the thickness of the uppermost
aquifer. When a single well cannot adeguately interceét and monitor the
vertical extent of a potential pathway of contaminant migration at each
sampling location. the owner/operator should have installed a well
cluster. A well cluster is a number of wells grouped closely together
but not in the same borehole and often screened at different stratigraphic
horizons. The greater the need for stratified sampling., the more wells
the owner/operator should place in a cluster. The use of well clusters

ig illustrated in the examples in Section 2.1.4.

There are situations where the owner/operator should have multiple
wells at a sampling location and others where typically one well is

sufficient. They are summarized in Table 2-2. The potential for



TABLE 2-2

FACTORS AFFECTING NUMBER OF WELLS PER LOCATION (CLUSTZERS)

Cne Well Per Samemling Locat:ion More Than One Well Per Sampling
No “sinkers'" or "floaters"” ¢ Presence of sinkers or
(immiscible liquid phases: floaters

see glossary for more detail)
e Heterogeneous uppermost aguifar;

Thin flow zone (relative to complicated geology
screen length) - multiple, interconnected
aquifers
- variable lithology
Homogeneous uppermost aquifer: - perched water zone
simple geology - discontinuous structures

e Discrete fracture zones
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immiscibles in a thick, complex saturated zone of the uppermost aguifer
should prompt the owner/operator to use well clusters. Conversaiy, in
situations where ground water is/contaminated by a single contaminant,
and geologically there is a thin saturated zone within the uppermost
aquifer or homogeneous hydrologic properties are prevalent in the
uppermost aquifer, the need for multiple wells at each sampling location
is reduced. The number of wells screened at specific depths that should
be installed at sach sampling location increases with site compliexity.
Each potential contaminant pathway must be screened to ensure prompt
detection of a hazardous waste or hazardous waste constituent release.

2.1.4 Examples of Detection Well Placement in Three Common Geologic
Environments

The following examples are based on actual geologic environments
encountered during hydrogeologic investigations. The three geologic
settings presented--a Karst, an alluvial, and a glacial till--are not
intended to be inclusive of all hydrogeologic factors: however, they are
illustrative of the technique used in the design of a minimum detection
monitoring system. Tﬁe basic steps in the development of a detection
monitoring network include: (1) a review of existing information to
determine the regional geologic regime and regional ground-water flow
rates and direction: (2) a hydrogeologic investigation of the site to
determine the depth to and the extent of the uppermost aquifer; the
presence and extent of any confining layers/units: the abundance,
location(s)., and extent of any potential pathways for contaminant
migration:; and the direction and flow rates of the ground water: (3) a
review of the waste analysis plan to determine the chemical/physical
properties that may affect the distribution of a contaminant in the
aquifer: (4) the installation of detection wells in order to intercept
and completely monitor the potential pathways of contaminant migration:
(S) the selection of well screen lengths to provide resolute ground-water
samples: and (6) the placement/screening of upgradient monitoring wells

to provide represantative background samples.



Figures 2-2, 2-3, and 2-4 depict a block diagram, a cross section,
and plan views of two lined waste impoundments located in a glacial tz2ll
environment. This heterogeneous,glacial terrain is encountered in many
parts of the country, especially northern states. A review of the
published regional geologic data aided the subsequent and thorough site-
specific hydrogeologic investigation that made it possible to identify
three lithologic units in the upper 100 feet of sediments overlying a
granite with low hydraulic conductivity. These units were identified by
geologic and geophysical analysis. Color. grain size, and texture were
also used to characterize each unit. Two sand units are separated by an
undulating glacial till varying between 10 and 50 feet thick. Pumping/
slug tests were conducted to determine the hydraulic conductivities of
each unit. These tests in conjunction with piezometer (not shoﬁn in
Figure 2-3) readings identified hydraulic intercommunication between the
two sand units. This vertical £low from the upper sand unit to the lower
sand unit is predominantly a function of the thickness and continuity of
the till unit. In locations where the till is thinnest. vertical flow is
most prevalént. Borings show that the granite confining unit extends
laterally across the entire site. Therefore. the uppermost aguifer

includes the two sand units and the till.

Flow in the upper sand unit is southerly, towards a nearby river,
and has a moderate hydraulic gradient of 0.0l1. Flow in the lower sand is
representative of regicnal ground-water flow generally to the south-
east. This lower outwash sand has a low hydraulic gradient of .004.
Figure 2-4 contains two plan views showing the equipotential lines in the
upper and lower sand units. These equipotential lines were drawn using
information from the well/piezometric data tabulated on Figure 2-4. The
block diagram in Figure 2-2 illustrates the multiple ground-water flow
paths present in this glacial terrain. The southern and eastern
perimeters of the wasté lagoons are downgradient and therefore require

monitoring. The cross section in Figure 2-3 depicts the well placement
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DIRECTION OF
GROUND-WATER FLOW
IN LOWER SAND AQUIFER

DIRECTION OF
GROUND-WATER FLOW
IN UPPER SAND AQUIFER

LEGEND
{  UPGRADIENT MONITORING WELL SAND
@ DOWNGRADIENT MONITORING WELL Po——=1 GLACIAL TILL
@ MONITORING WELL CLUSTER TWZHE  GRANITE

FIGURE 2-2 ILLUSTRATION OF MULTIPLE GROUND-WATER FLOW PATHS IN THE
UPPERMOST AQUIFER DUE TO HYDROGEOLOGIC HETEROGENEITY
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and screen lengths for the detect:on monitoring network along tihe
southern perimeter of the impoundment. Along the southern perimetar, the
upper sand unit requires more stringent monitor:i:ng than the lower sand
unit because of the higher ground-water velocity and steeper gradient in
the upper zone. Any release must seep through the upper sand before it
reaches the till. The hydraulic head resulting from the depth of liguid
in the lagoons. and an inventory of wastes and byproducts. indicate the
potent:al for “sinkers and floaters."” The decision regarding horizontal
well placement was also based upon the likely size of a leak., the
distance from a leak source to the downgradient perimeter., dispersion,
and seepage velocity. Well placement in the lower sand unit along the
southern perimeter reflects the easterly component of ground-water £low
in the lower sand, that is, wells screened in the lower sand are located
toward the eastern end of the lagoons. It is important to note the care
that must be taken to properly grout the boreholes (wells) penetrating
the less permeable till to avoid increasing the (or cause a) hydraulic

communication between the sand units.

Figure 2-5 illustrates a cross section and plan view of a landfill
that may occur in an alluvial setting. A review of the regional and
local geology indicated that the area was possibly underlain by
interktedded sand and clay units. Split spoon samples collected during
the site-specific characterization revealed a massive clay unit extending
across the entire area at a depth of approximately 100 feet. Borehole
samples and interpretation of geophysical logs suggested that two sand
units overlie the massive clay, separated by a clay layer of variable
thickness. The upper sand contains several clay lens, each averaging
approximately 20 feet thick, beneath the disposal area. Pumping tests
within the sand units provided hydraulic éonductivity values for the sand
units. Laboratory tesis were used to determine hydraulic conductivity
values for the clay. Further analysis of clay samples identified an
illitic clav. Pumping tests across the intervening clay establishead

hydraulic communication between the sand units with downward Zlow.
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It is determined through research and substantiated by piezometer
that the direction of ground-water f£low is predominantly east northeast
(out of the page). This directien fluctuates seasonally, however, due to
the influence of the river. In the summer, flow is toward the east: in
the winter, it shifts to the northeast. The potentiometric surface :n
the upper sand varies by approximately six feet during the year. Dense

phase immiscible wastes are known to be disposed of at the site.

The resultant horizontal and vertical placement of wells (and screen
lengths) reflects all of the waste management practices and hydrogeoclogic
factors at the site. The potential pathways for contaminant migration
are the two sand units. A greater number of wells are established in the
overlapping east-northeast f£low zone, because ground-water £low there is
continuous and not ssasonal. Wells are also placed in the area of
intermittent flow. Generally, the lengths of well screens ;ns:ailed at
the site reflect the vertical extent of the potential contaminant pathway
at the desired sampling location. However, shorter well screens (not
fully penetrating the depth of the sand unit) are emploved in the thick
sand units where dilution effects may impair potential contaminant
detection. Several wells are screened at the sand/clay interfaces where
high specific gravity (dense) immiscibles may be expected to accumulate.
Also. those screens that intercept the potentiometric surface in the
upper sand are at least long enough to accommodate seasonal fluctuations

in ground-water elevations.

Figure 2-6 illustrates a cross-sectional and plan view of a waste
landfill situated in a mature Karst environment. This setting is charac-
teristic of carbonate environments encountered in various parts of the
country, but especially in the southeastern states. An assessment of the
geologic conditions at the site, through the use of borings, geophysical
surveys, aerial photography, tracer studies. and other geological
investigatory techniques, made it possible to identify a mature Karst

geolog:c formation charac=erized bv well-defined sinkholes. solution
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channels, and extensive vert:cal and horizontal fracturing in an
interbedded limestone/dclomits. Using potentiome:zric data, ground-waszer
flow direction was found to be %o the east. Solut:on channels are formed
by the flow of water through the fractures. The chemical reaction
between the carbonate rock and the ground water in the fractures produces
voids. These voids are referred to as solution channels. Through time,
these solution channels are enlarged to the point where the weight of the
overlaying rock (overburden) may be too great to provide support. thereby
causing a "roof" collapse and the formaticn of a sinkhole. The location
of these solution channels dictates the placement of detection monitoring
wells. Note in the plan view the placement of well No. 2 is offset

50 feet from the perimeter of the landfill. The horizontal placement of
well No. 2, although not immediately adjacent to the landfill, is
necessary in order to monitor all potential contaminant pathways. The
discrece nature of these solution channels dictates that each potential

pathway be monitored.

The distance between the "floor" and "ceiling" (vertical extent)
(height) of the solution channels ranges from three to six feet directl
beneath the sinkhole to one foot under the landfill except for the
40-foot deep cavern. This limited vertical distance of the cavities
allows for a full screened interval in the solution channels. (Note the
change in orientation of solution channels due to the presence of th
shell hash layer.)

2.2 Placement of Upgradient (Background) Monitoring Wells

The downgradient wells must be designed and installed to immediately
detect releases of hazardous waste or hazardous waste constituents to the
uppermost aquifer. The upgradient wells must be located and constructed
to provide representative samples of ground water in the same portion of
the aquifer monitored by the downgradient wells to permit a comparison of
ground-water quality (40 CFR 265. Subpart F, 265.92(a)(1)).
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There are at lLeast three main guestions that tle tachnical rsviewer
should ask when reviewing the decisions the owner/operator has made
regarding the placement of the Background monitoring wells:

e Are the background wells far enough away from waste management

areas to prevent contamination from the hazardous waste
management units?

e Are enough wells installed and screened at appropriate depiis to
adequately account for spatial variability in background water
quality?

e Are well clusters used at sampling locations to permit
comparisons of background ground-water data with downgradient
ground-water data obtained from the same hydrologic unit?

By regulation, the owner/operator must install as a minimum one
background well. However, a facility that uses only one well for
sampling background water quality may not be able to account for spat:al
variability. It is, in fact, a very unusual circumstance in which only
one background well will fully characterize background ground-watsr |
quality. The owner/operator who makes comparisons of background and
downgradient monitoring well results with data from only one background
well increases the risk of a false indication of contaminant release. In
most cases, the owner/ogerator should install multiple background
monitoring wells in the uppermost aquifer to account for spatial

variability in background water quality data.

The owner/operator should also install enough background monitoring
wells to allow for depth-discrete comparisons of water quality. This
means simply that for downgradient wells completed in a particular
geologic formation. the owner/operator should install upgradient well(s)
in the same portion of the aquifer, so that the data can be compared on a

depth-discrete basis (Figure 2-7).

Owner/operators should avoid installing background monitoring wells

that are screened over %“he entire thickness of the uppermost agquifer.

+
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Screening the antire thickness of the uppermost aquifer will not allow
the owner/operator to obtain depth-discrete water gquality data. Instead,
the owner/operator should use shorter well screens in order <O obtain

depth-discrete water quality data.

In order to establish background ground-water guality, it is
necessary to properly identify the ground-water f1ow direction and place
wells hydraulically upgradient <0 the waste management area. Usually,
+his :s accomplished bv locating the background wells far enough from
waste management units to avoid contamination by the hazardous waste
management units. There are geologic and hydrologic situations for which
determination of the nydraulically upgradient ‘ocation is often
difficult. These cases require further site-specific examination to
properly position Or slace background wells. Zxamples of such cases

inciude the following:
e 'Waste management areas acove ground-water mounds ;

e Waste management areas located above aquifers in which
ground-water £1ow directions change seasonally:

e 'Waste management areas located close 0 a property boundary that
is in the upgradient direction;

e Waste facilitles containing significant amounts of immiscible
contaminants wWith densities greater than or less than water:

e Waste management facilizies located in areas where nearby surface
water can inifluence ground-water levels (e2.g.., river floodplains);

e Waste management facilities located near intermittently OT
continuously used production wells; and

e Waste management facilities located in Karst areas or fauited
areas where fault zones may modify flow.
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ER
MONITORING WELL DESIGN AND CONSTRUCTION

The purpose of this chapter is to examine important aspects of RCRA
monitoring well design and construction. Included in this chapter are

discussions on the following topics:
e Drilling methods for ingtalling wells (Section 3.1):
e Monitoring weil construction materiais (Section 3.2);
e Design of well intakes (Section 3.3):
e Development of wells (Section 3.%});
e dJdocumentation of well construction activity (Section 3.3):
e Specialized well design (Section 3.6); and
e Replacement of existing wells (Section 2.7).

In order to better understand proper ground-water monitoring
procedure, a differentiation between monitoring wells and piezometer
wells should be made. Monitoring wells provide for the measurement of
total well depth, the collection of representative ground-water samples.,
the detection of light- and dense-phase organics, and, under certain
circumstances, the collection of samples of lignt- and dense-phase
organics. Piezometer wells are used to determine static water leveli, 1in
addition to establishing horizontal and vertical ground-water flow

directions.

3.1 Drilling Methods

A variety of well-drilling methods can be used in the installation
of ground-water monitoring wells. It :is important that the drilling
method or methods used minimize disturbance of subsurface materials and
not contaminate the subsurface and ground water (40 CFR 265.91(c)).
Table 3-1 lists the drilling methods that are most commonly used to

install weils. The selection of the actual drilling method is, of course,



TABLE 3-1

DRILLING METHODS FOR

VARIQUS TYPES OF GEOLOGIC SETTINGS

Geglogic Environment

Oril1ling Methods

Air** Water/Mud
Rotary Rotary

Cable
Tool

Glactated or unconsolidated
materials less than 150 feet
deep

Glactated or unconsolidated
materials more than 150 feet
deep

Consolidated rock formations
less than 500 feet deep (minimal
or no fractured formations)

Consotidated rock formations
less than 500 feet deep (highly
fractured formations)

Consolidated rocx formations
more than 500 feet deep (minimal
formations)

Consolidated rock formations
more than 500 feet deep (highty
fractured formations)

* Above potentiometric surface.

** Includes conventional and wireline core drilling.

NOTE :

Although several methods are suggested as appropriate for similar conditions

may be more suitable than the others.
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Hollow-Stem Solid-Stem
Continuous Continuous
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a function of site-specific geologic conditions. Table 3-1 providess an
interpretation of how geclogic conditions may influence the choice of
drilling method. The following 'sections discuss each drilling method and
its applicability to the installation of RCRA monitoring wells. It is
important to note that regardless of the drilling method selected, the
owner/operator is responsible for the drilling equipment and for having it
decontaminated. This procedurs should be followed before use and between
borehole locations to prevent cross contamination of wells where contamin-
ation has been detected or is suspected from the site characterization
work that precedes the well installation work. In addition to selecting
the proper drilling techniques, other precautions to prevent distribut:ion

of any existing contaminants throughout a borehole should be taken.

3.1.1 Hollow-Stem Continucus-Flight Aucer

The hollow-stzem continuous-flight auger is among the most frequently
employed tools used in drilling monitoring wells in unconsolidated
materials. The drill rigs used for this drilling method are usually
mobile, fast, and relatively inexpensive to operate. Drilling fluids
normally are not used, and disturbance to the aquifers of concern is
minimal. Auger drilling is usually limited to unconsolidated materials
and to depths of approximately 150 feet. In formations where the borehole
will not stand open, the well is constructed inside the hollow-stem auger
prior to the auger's removal from the ground. Hollow-stem augers with
inside diameters of six inches or six and one-quarter inches are readily
available for this purpose. Generally, the diameter of the wéll that can
be constructed with this type of drill rig is limited to four inches or
less, although firms now manufacture eight and one-—quarter inch inside
diameter hollow-stem augers and are experimenting with ten and one-gquarter
inch inside diameter hollow-stem augers. The differential between the
inner diameter of the auger and the outer diameter of the well casing
should ideally be at least three to five inches to permit effective

placement of filter pack and annular sealant.



The use of hollow=-stem auger drilling in heaving sand anvi-onmencs
also presents some difficulties. However, with care and the use of proper
drilling procedures, this difficulty can be overcome. For example, a
positive pressure head within the auger stem can be developed by filling
the auger with clean water. The heaving sands are thus displaced when a
knock-out plug (which is part of the auger) is removed. If casing :is
driven, the added outer diameter of the drive shoe must be considered in

the calculation of sealant and filter pack volume.

3.1.2 Solid-Stem Continuocus-Flight Auger

The use of solid-stém continuous-£light auger drilling technigues
for monitoring well construction is limited to fine-grained unconsoli-
dated materials that will maintain an open borehole or in consolidated
sediments. The method is similar to the hollow-stem continuous-£light
augers except that the augers must be removed from the ground to allow
insertion of the well casing and screen. This method is also limited to
a depth of approximately 150 feet. In areas characterized by less
competent sediments or soils (i.e., unstable, unable to retain the
sphericity of the borehole during drilling operations), solid-stem auger
drilling can be utilized to limited depths. Caving of the borehole,
however, is an imposing problem. Another limitation of the solid-stem
auger is its use below the potentiometric surface. Maintaining the
integrity of the borehole in the saturated zone is also difficult at
times, especially in poorly comsolidated sediments. Solid-stem auger
drilling is not used for in-place well construction, whereas hollow-stem
auger drilling is. Collection of soil or formation samples is }
impractical, and therefore, accurate depiction of site stratigraphy is
difficult. Solid-stem augers have very limited utility in the boring

program for site characterization.
3.1.3 Cable Tool

Cable tool drilling is relatively slow but offers many advantages
for monitoring weil construction in relatively shallow consolidatad

formationz and unconsolidated formations. The method allows for the
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collection of excellent formation samples and detaction of aven relatively
fine-grained permeable zones. The installation of a steel casing as
drilling progresses also provides an excellent temporary host for the

construction of a monitoring well once the desired depth is reached.

Small amounts of water must be added to the hole as drilling
progresses until the potentiometric surface is encountered. The
owner/operator should only use water that cannot itself contaminatsa
formation water. A minimum six-inch diameter drive pipe should be used <o
facilitate the placement of the well casing, screen., and gravel pack. and
a minimum five-foot long seal should be made prior to beginning the
removal of the drive pipe. The drive pipe should be pulled while the
sealant is still fluid and capable of flowing outward to f£ill the annular .
space vacated by the drive pipe and shoe. The drive pipe also should be
pulled in sections and additional sealant added to ensure that a
satisfactory seal is obtained. Cable tool rigs have generally been
replaced by rotary rigs for water well construction in most areas of the
United States. Therefore, cable tool rigs may not be readily available in

many regions.

3.1.4 Air Rotarv

Rotary drilling involves the use of circulating fluids, i.e.. mud.
water, or air. to remove the drill cuttings and maintain an open hole as
drilling progresses. The different types of rotary drilling methods are
named according to the type of fluid and the direction of fluid flow.
Air rotary drilling forces air down the drill pipe and back up the bore
hole to remove the drill cuttings. The use of air rotary drilling
techniques is best suited for use in hard-rock formations. In soft
unconsolidated formations, casing is driven to keep the formations from

caving.

Air rotary drilling can be used without affecting the quality of

ground water £rom monitoring wells in hard rock formations with minimum

- -eaie

unconsolidated overburden. 7Th2 successful construction of monitering
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wells using this drilling technique hinges on the bore hole remaizning
open aftef the air circulation ceases. It is an inappropriate metied in
areas where the upper soil horizons are contaminated and sloughing of
sidewalls would likely result in contamination of the well. The air from
the compressor on the rig should be filtered to ensure that oil Irom the
compressor is not introduced into the ground-water system to be monitored.
Foam or joint compounds for the drill rods should not be used with air
rotary drilling because of the potential for introduction of contaminants
into the hydrogeologic enviromment. Caution should be taken in using air
rotary drilling techniques in highly polluted or hazardous environments.
Contaminated solids and water that are blown out of the hole are difficult
to contain and may adversely affect the drill crew and observers. #hen
air rotary is used, shrouds, canopies, bluoocey lines. or directicnal

pipes should be used to contain and direct the drill cuttings away from
the drill crew. Any contaminated materials (soil and/or water) should be
collected and disposed of in an approved waste disposal £facility. Cn the
other hand, air rotary drilling techniques have actually improved safety

conditions.

3.1.5 Water Rotary

Water rotary drilling involves the introduction of water into the
borehole through the drill pipe and subsequent circulation of water 2ack
up the hole to remove drill cuttings. Great care must be taken to ensure
that water used in the drilling process does not contain contaminants.

If the driller uses water rotary drilling to install wells, drilling
water should be analyzed to ensure that it is contaminant-free.
Generally, except when core drilling in hard rock units, the water

becomes muddy after a few circulations.

There are problems associated with the use of water rotary drill-
ing. The recognition of water-bearing zones is hampered by the addition

of water into the system. Also. in poorly consolidated sediments. the



drillers may have a problem with caving of the borehole prior to instai-
lation of the screen and casing. In highly fractured terrains, i1t mav

also be hard to maintain water cgirculation.
3.1.6 Mud Rotarv

Mud rotary drilling techniques involve the use of various types of
drilling muds as the fluid that :is introduced into the borehole. The mud
circulates back up the hole during drilling, carrying away drill cuttings
in the same manner as the air and water rotary drilling methods. Mucs

provide the additional benefit of stabilizing the hole.

There are several types of muds available at present, primarily
bentonite, barium sulfate, organic polymers, cellulose polymers, and
polyacrylamides. The owner/operator should provide any chemical data
regarding potential impacts on water quality. While there are
hydrogeologic conditions under which mud rotary drilling is the best
option, the technical reviewer should make certain that the mud(s)
utilized do not affect the chemistry of ground-water samples., samples
from the borehole, or the operation of the well. The latter may
adversely affect the assessment of aquifer characteristics. for example:

e Bentonite muds reduce the effective perosity of the formation

around the well, thereby compromising estimates of well recovery.
Bentonite may also affect local ground-water pH. Additives to
modulate viscosity and density may also introduce contaminants to

the system or force large, irrecoverable quantities of mud into
the formation.-

e Some organic polymers and compounds provide an environment for
bacterial growth which, in turn, reduces the reliability of
sampling results.

3.2 Monitoring Well Construction Materials

The technical reviewer must ensure that the owner/operator used well
construction materials that are durable enough to resist chemical and
physical degradation and do not interfere with the quality of ground-water

samples. Specific well components that are of concern include welil



casings, well screens, £ilter packs, and annular seals or backfil:is.
Figure 3-1 is a drawing of a typical ground-water monitoring well. The
following sections describe various acceptable materials the owner/

operator should have used in constructing the well as depicted in

Figure 3-1.

3.2.1 Well Casings and Well Screen

A variety of comstruction materials have been used for the casings
and well screens., including virgin £luorocarbon resins (i.e.. £luorinated
ethylene propylene (FEP), polytetrafluoroethylene (PTFE), Teflon?),
stainless steel (304, 316, or 2205), cast iron, galvanized steel,
polyvinyl chloride (PVC), polyethylene, epoxy biphenol., and polyprooylene.
Many of these materials, however, may affect the quality of ground-water
samples and may not have the long-term structural characteristics required
of RCRA monitoring wells. For example, steel casing deteriorates in
corrosive environments: PVC deteriorates when in contact with ketones.
esters, and aromatic hydrocartons: polyethylene deteriorates in contact
with aromatic and halogenated hydrocarbons: and polypropylene deteriorates
in contact with oxidizing acids, aliphatic hydrocarbons., and aromatic
hydrocarbons. In addition. steel, PVC, polyethylene, and polypropylene
may adsorb and‘leach constituents that may affect the quality of

ground-water samples.

The selection of well casing and screen materials should have been
made with due consideration to geochemistry. anticipated lifetime of the
monitoring program, well depth, chemical parameters to be monitored and
other site-specific factors. Fluorocarbon resins or stainless steel
should be specified for use in the saturated zone when volatile organics
are to be determined, or may be tested. during a 30-year period. In such
cases, and where high corrosion potential exists or is anticipated.
fluorocarbon resins are preferable to stainless steel. An example of a
stainless steel monitoring well is provided in Figure 3-2. National
Sanitation Toundation (NSF) or ASTM-approved polyv:invichior:ide (PVC) well

casing and screens may be appropriate 1I onlv trace metals or nonvo.atilsa

|
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organics are the contaminants anticipated. As research demonstratss ti

[i1]

appropriateness of ‘other materials for screens or casing in the saturatad
or vadose zones, they may be utilized on a site-specific basis.
Stainless steel, fluorocarbon resins, or PVC are appropriate casing

materials in the unsaturated zone.

FPigure 3-3 illustrates the concept of a composite well. Many
combinations of materials may be smployed in a manner consistent wiii
this guidance. One combination that should be avoided is the use ol
dissimilar metals, such as stainless steel and galvanized steel, without
an electrically isolating (dielectric) bushing. If such dissimilar
metals are in direct contact in the soil, a potential difference is
created and leads to accelerated corrosion of the galvanized steel (in
this example). More generically, in the Galvanic series the less noble
metal becomes the anode to the more noble metal and is corroded at an
accelerated rate. In well construction, this acceleration in corrosion
at the point of connection will lead to failure of the construction
materials and loss of a RCRA monitoring well. Theoretically, a potential
difference is created in one type of metal penetrating heterogeneocus
strata., but the difference in potentials would not be as great. In
conclusion, a dielectric coupling should be used for connecting

dissimilar metals in either the saturated or vadose zone.

There are two reasons why owners/operators should have selected

appropriate well screen and casing materials:

e Long term structural integrity, i.e., 30 or more years, is
essential to the collection of unbiased ground-water samples over
the active life of the facility and post-closure period.

e OQOwner/operators of facilities whose Part B or post-closure per-
mit application has been called are required under 270.14(c)(4&)
to analyze any plume(s) for Appendix VIII constituents (see the
RCRA Ground-Water Monitoring Compliance Order Guide, August
1985). The remainder of facilities must monitor for Appendix VII
constituents. Well construction materials should not bias the
collection and analysis of low concentrations of hazardous
constituents by reacting with the ground-water samples.
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Plastic pipe sections must be flush threaded or have the abilizy to
be connected by another mechanical method that does not introduce
contaminants such as glue or solvents into the well. Also, monitoring
wells must be structurally sound in order to withstand vigorous well
development procedures. Well casings and screens should be steam cleaned
prior to emplacement to ensure that all oils, greases, and waxes have been
removed. Because of the softness of casings and screens made of
fluorocarbon resins, these materials should be detergent-washed. not

steam-cleaned, prior to installation.

The owner/operator should normally use well casing with either a
two-inch or four-inch inside diameter. Larger casing diameters, however,
may be necessary where dedicated purging or sampling equipment is used or

where the well is screened in a deep formation.

The installation of a sump (sampling cup device) at the bottom of
a monitoring well (Figure 3-l) is recommended. The sump will aid in
collecting fine—grain sediments and result in prolonging the operating
life of the screen. An extré benefit of using a sump is its ability to
capture intermittent dense-phase contaminants for analysis. In zones
composed of fine-grained material (clays and silts) where turbidity may be
problematic, the decision flow chart (Figure 3-4) for turbid ground-water

samples should be consulted to evaluate well construction and development.

3.2.2 Monitoring Well Filter Pack and Annular Sealant

The materials used to construct the £ilter pack should be chemically
inert (e.g., clean quartz sand, silica, or glass beads), well rounded. and
dimensionally stable (see Section 3.3 for more detail on well intake
design). Fabric filters should not be used as filter pack materials.
Natural gravel packs are acceptable, provided that the owner/operator
conducts a sieve analysis to establish the appropriate well screen slot
size and determine chemical inertness of the filter pack materials in

anticipated environments.
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The materials used to seal the annular space must prevent che
migration of contaminants to the sampling zone from the surface or
intermediate zones and prevent cross contamination between strata. The
materials should be chemically compatible with the anticipated wasts to
ensure seal integrity during the life of the monitoring well and
chemically inert so they do not affect the guality of the ground-water
samples. The permeability of the sealants should be one to two orders of
magnitude less than the surrounding formation. Figqure 3-1 illustrates an
appropriate distribution of annular sealants. An example of an
appropriate use of annular sealant material is using a minimum of two
feet of certified sodium bentonite pellets immediately over the filter
pack when in a saturated zone. The pellets are most appropriate in a
saturated zone because they will penetrate the column of water to create
an effesctive seal. Coarse grit sodium bentonite is likely to hydrate and
bridge before reaching the filter pack. A cement and bentonite mixture,
bentonite chips, or antishrink cement mixtures should be used as the
annular sealant in the unsaturated zone above the certified-bentonite
pellet seal and below the frost line. Again, the appropriate clay must
be selected on the basis of the environment in which it is to be used.

In most cases, sodium bentonite is appropriate. The addition of
bentonite to the cement admixture should generally be in the amount of 2
to 5 percent by weight of cement content. This will aid in reducing
shrinkage and control time of setting. Calcium bentonite may be more
appropriate in calcic sediments/soils due to reduced cation exchange
potential. Clays should be pure, i.e., free of additives that may affect
ground-water quality. From below the frost line, the cap should be
composed of concrete blending into a four-inch thick apron extending

three feet or more from the outer edge of the borehole.

The untreated sodium bentonite seal should be placed around the
casing either by dropping it directly down the borehole or. if a hollow-
stem auger is used, putting the bentonite between the casing and the

inside of the auger stem. 32oth of these methods gresent a potential for
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bridging. In shallow monitoring wells, a tamping device should be used
to reduce this potential. In deeper wells. it may be necessary to pour
a small amount of formation watgr down the casing to wash the bentonite
down the hole. In either case, a spacing differential of 3 to 5 inches
should exist between the outer diameter of the casing and the inner
diameter of the auger or the surface of the borehole to facilitate
emplacement of filter pack and annular sealants. Moreover, the precise
volume of filter pack and sealant required should be calculated to
establish their correct subsurface distribution. The actual volume of
materials used should be determined during well construction.
Discrepancies between calculated volumes and volumes used require

explanation.

The cement-bentonite mixture should be prepared using clean water
and placed in the borehole using a tremie pipe. The tremie method

ensures good sealing of the borenole from the bottom.

The remaining annular space should be sealed with expanding cement
to provide for security and an adequate surface seals. Locating the
interface between the cement and bentonite-cement mixture below the frost
line serves to protect the well from damage due to frost heaving. The

cement should be placed in the borehole using the tremie method.

Upon completion of the well, installation of a suitable threaded or
flanged cap or compression seal should be placed or locked in properly to
prevent either tampering with the well or the entrance of foreign
material into it (Figure 3-2). A one-quarter inch vent hole pipe
provides an avenue for the escape of gas. Placement of concrete or steel
bumper guards around the well will prevent external damage by a vehicular

collision with the exposed casing.

3.3 Well Intake Design

The owner/operator should have designed and constructed the intake
of the monitoring wells to (1) allow sufficient ground-water £low to the

well Zor sampling: (2) minimize the passage of formation mater:ials
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—EXEGUTIVE REPORT—

Special News Supplement For Our Regular Subscribers

DOWN-THE-HOLE

~ Continuous Slot Screens

The continuous-slot screen is the dominant type
used in the water well industry. It's made by winding
cold-rolled wire, approximately triangular in cross-
section, around a circular array of longitudinal rods.
The wire is welded to the rods, producing a rigid one-
piece unit with high strength at minimal weight.

Welded screens are commonly fabricated from Type
304 and Tvpe 316 stainless steel, monel, galvanized or
ungalvanized low-carbon steel and thermoplastic
materials, usually PVC and ABS or their allovs.

Slot openings are manufactured by spacing succes-
sive coils of the outer wire to produce the desired slot
size. The screens are typically fabricated in slot sizes
from .006 to .250 inches. Most high-qualitv screen
manufacturers are concerned with slot variation be-
cause sand pumping problems may occur if too many
slots are significantiv oversized. Slot quality is usual-
lv checked bv comparing the designated size versus
the average finished size.

Slot openings are designated by numbers corre-
sponding to the width of the openings in thousandths
of an inch. A number 10 slot, for example, is an open-
ing of 10 thousandths of an inch. Slot sizes can also be
expressed in metric terms. For small-diameter screens
covered with wire mesh, the number of openings per
inch in the mesh is designated bv gauze numbers.
Individual slot sizes on continuous-slot screens can

be varied during fabrication. A single section of
screen can be made with many different slot sizes if
geologic conditions require it. This enables the maxi-
mum use of hvdraulic conductivity of each stratum.

No-Clog Screens

Slot openings are V-shaped. The openings are de-
signed to be non-clogging and are narrowest at the
outer face. Because they widen inwardly, they allow
only two-point contact between grains larger than the
slot size and the slot surface. Sand grains that pass
through the narrow outer part of the V-shaped open-
ing enter the screen without wedging.

Continuous-slot screens provide more intake area -

per unit area of screen surface than any other type.
For any given slot size, this type of screen has maxi-
mum open area. For best well efficiency, the percent-
age of open area in the screen should be the same as,

or greater than, the average porosity of the aquifer
material. Continuous-siot screens often exceed the
open area of the natural aquifer material except
where unusually small openings must be used to
control fine sand.

Water flows more freely through a screen with a
large intake area compared to one with a limited
open area. The entrance velocity through the large in-
take area is low, so head loss for the screen as a whole
is at a minimum. This minimizes drawdown.

Screens with large open areas and low entrance ve-
locities are less subject to encrustation because the
pressure drop that occurs in the water as it moves
into the screen is minimal. Large open arca also re-
duces the ability of corrosive water to attack screen
openings.

Development

The characteristics of continuous V-shaped slot
openings are vital to the successful development and
completion of a screened well. Any development
method depends on having smaller-sized sand and
silt particles pass through the screen openings, which
must be non-clogging and closely spaced. Develop-
ment is most etfective when the screen openings are
evenly spaced around the circumference of the
screen, the open area is as large as possible and the
configuration of the slot openings allows develop-
ment energy to reach the formation.

The total cost of well operation also depends in part
on the total open area of a screen. In most geologic
formations, drawdown is a function of open area —
the lower the open area, the greater the drawdown for
a certain vield. Lifting water to the surface is usually
the largest cost factor in well operation. In general,
continuous-slot screens have the largest open areas
and thus the lowest drawdown during pumping.
Usually the higher cost of continuous-slot, high open-
area screens can be recouped in one to three years.
Over the life of a well, the savings may amount to
$50,000 or more in reduced power consumption. a

Adapted unth permission from Groundwater and Wells, sec-
ond edition, published by Johnson Division, St. Paul, MN.
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(turbidity) into the well: and (3) ensure sufficient structural iatsgrity

to prevent the collapse of the intake structure.

For wells completed in uncénsolidated materials., the intake of a
monitoring well should consist of a screen or slotted casing with
openings siied to ensure that formational material is prohibited from
passing through the well during development. Extraneous fine-grained
material (clays and silts) that has been dislodged during drilling may be
left on the screen and the water in the well. These fines should be
removed from the screen and filter pack during development of the well.
The owner/operator should use commercially manufactured screens or

slotted casings. Field slotting of screens should not be allowed.

The annular space between the face of the formation and the screen
or slottad casing should be £filled to minimize passage of formation
materials into the well. The driller should therefore install a filter
pack in each monitoring well that }s constructed on site. Furthermore., in
order to ensure discrete sample horizons, the filter pack should extend

no more than two feet above the well screen as illustrated in Figure 3-l.

3.4 Well Development

After the owner/operator completed constructing monitoring wells,
natural hydraulic conductivity of the formation should have been restored
and all foreign sediment removed to ensure turbid-free ground-water

samples.

A variety of techniques are available fér developing a well. To be
effective, they require reversals or surges in flow to avoid bridging by
particles, which is common when £low is continuous in one direction.
These reversals or surges can be created by using surge blocks, bailers,
or pumps. Formation water should be used for sutgihg the well. In low-
yielding water-bearing formations., an outside source of water may

sometimes be introduced into the well to facilitate development. In



these cases, this water should be chemically analyzed to evaluate its
potential impact on in-situ water quality. The driller should not have
used air to develop the wells. ‘Ail developing equipment should have been

decontaminated prior to use as should have the materials of construction.

The owner/operator should have developed wells to be clay- and
silt-free. If. after development of the well is complete, it continues
to yield turbid ground-water samples, the owner/operator should follow
the procedure described in Figure 3-4. The recommended acceptance/
rejection value of five nephelometric turbidity units (N.T.U.) is based
on the need to minimize biochemical activity and possible interference
with ground-water sample quality. The same criteria applies to turbidity
measurements expressed in other units such as the formazin turbidity unic

(F.T.U.) or Jackson turbidity unit (J.T.U.).

One should determine the relative hydraulic conductivity of
different layers within the aquifer in which the screen is placed (the
transmissivity/pumping test method is recommended). Using this
information along with pH, temperature measurements and mean seasonal
flow rates. one should evaluate the initial performance of the well and

use these values for periodic redevelopment and maintenance assessments.

3.5 Documentation of Well Design and Construction

In the context of a compliance order, the technical reviewer should
require the owner/operator to compile information on the design and

construction of wells. Such information may include:

e Date/time of construction

e Drilling method and drilling fluid used

e Well location (+ 0.5 £t.)

e Bore hole diameter and well casing diameter
® Well depth (+ 0.1 ft.)

e Drilling and lithologic logs

e Casing materials
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e Screen materials and design

e Casing and screen joint type

e Screen slot size/length,

e Filter pack material/size, grain analysis (D10)

e Filter pack volume calculations

e Filter pack placement method

e Sealant materials (percent bentonite)

e Sealant volume (lbs/gallon of cement)

e Sealant placement method

e Surface seal design/construction

e Well development procedure

e Type of protective well cap

e Ground surface elevation (+ 0.01 ft.)

e Surveyor's pin elevation (+ 0.0l ft.) on concrete apron
e Top of monitoring well casing elevation (+ 0.01 ft.)
e Top of protective steel casing elevation (% 0.01 £t.)

e Detailed drawing of ‘well (include dimensions)

3.6 Specialized Well Designs
There are two cases where owners/operators should use special
monitoring well designs:

e Where the owner/operator has chosen to use dedicated pumps <o
draw ground-water samples: and

e Where light and/or dense-phase immiscibles may be present.

If the owner/operator elected to use a dedicated system, it should
be a fluorocarbon resin or stainless steel bailer, or a dedicated positive
gas displacement bladder pump composed of the same two materials. As
other sampling devices that can perform at least equivalently become
available, they may be emploved as well.

The introduction of this pump., however, necessitates certain changes

in the well cross section depicted in Figure 3-1. Figure 3-S5 represents
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an appropriate Cross section of a well that uses a dedicated positive gas
displacement bladder pump as the sampling device/well evacuat:ion device.
The principal change is the addition of a two-inch diameter pump witl
£luorocarbon resin outlet tubing to the well. A four-inch interior
diameter outer well casing should easily accommodate this additional
equipment. However, should a larger pump (e.g.., three inches in
diameter) be required because of greater well depth or vield., a larger
outer casing may prove necessary (six-inch inside diameter). The pump

should be positioned midway along the screened interval, and the top of

its outlet pipe should extend into the well cap as depicted in Figure 3-Z.

If light and dense-phase immiscible layers are presumed to be
present, the owner/ operator must obtain discrete samples of them. The
well system should have been designed to allow sampling of both light and
dense phases by using a well screen that extends from above the
potentiometric surface to the lower confining layer. Where well clusters
are employed. one weli in the cluster may be screened at horizons wnere
floaters are expected (e.g., potentiometric surface. Figure 3-5), another
at horizons where dense phases are expected (e.g.. aquifer/aquiclude
interface, Figure 3-6), and others within other portions of the uppermost

aquifer.

A pericdic check of the dedicated sampling system should be
exercised to prevent damage and maximize efficiency. This inspection
should include removal of samples for verification of proper functlon.
The design of the dedicated sampling system should also allow access for
reqular testing of aquifer characteristics. It is also recommended that

the well be periodically resurveyed using the protective casing and apron

" (constructed to specific dimensions., Figure 3-1) as points of reference.

An option that can be exercised in comstructing a monitoring well (e.g..
dedicated sampler) is the use of fine sand at the top of the filter pack

to reduce or minimize invasion.

-31-



ﬁ*—
GAS VENT TUBE —— 3

PRESSURE INLET \ / SAMPLE QUTLET (SEE ENLARGEMENT)

LOCKING
WELL CAP

SURVEYOR’S PIN (FLUSH MOUNT)

/

CONTINUOUS POUR CONCRETE CAP
ANC WELL APRON (EXPANDING CEMENT)

CONCRETE WELL APRON
(MINIMUM RADIUS OF 3 FEET
AND FOUR INCHES THICK)

QUTLET PIPE (FLUOROCARBON
RESIN TUBING)

«— CEMENT AND SODIUM
BENTONITE MIXTURE

WELL DIAMETER = 4” - 6" (OR AS
REQUIRED BY PUMPING DEVICE!
BOREHOLE DIAMETER = 10” TO 12”
(NOMINAL DIMENSION)

e POTENTIOMETRIC SURFACE

- ANNULAR SEALANT

3 - INCH PURGE PUMP

W
2
Q
N
ew Qs '
LADOER P CORMECTIONS 8
<
IAMPLE 4 THOR WAL Nae LA 8 e THOR WAL -3
ragIsUNg ALY An ouTLe?
e e
WL )
nest anw 3
L YL NGE AP OUTLEY
GAS vERTAMATES LAVEL Z
Cwecs sont
. N
2
Q N,
N i,
a N
W
-
<
-4
=
-
<
("]
N N
_'ul X2, RS KA /ﬁ\?;"t
2 EMS NG F LN //a\wal

", /
”/\\

LESSER PERMEABILITY A

\\\ ,"/II///

=/,

-
-

N

FILTER PACK (2 FEET OR LESS

ABQOVE SCREEN)
- SCREENED INTERVAL
DEDICATED POSITIVE GAS

i DISPLACEMENT BLADOER PUMP
2- INCH SAMPLE WITHORAWAL PUMP

BOTTOM CAP
AR ‘\/'1,,<\§\_>.;?,.\ 42z, SN {$\>\'
N2 S Sap1UM BENTONITE 35

155,V = el PLUGGED BOREHOLE

N/

41\ K

7L'\\ \\\\ "/;ll/ll PNt SR "/,u///

FIGURE 3-6 MONITORING WELL CROSS-SECTION -~ DEDICATED PURGE PUMP AND SAMPLE
WITHDRAWAL PUMP. WELL SCREENED IN A HIGH YIELDING AQUIFER.

-92 -



CSWER-9950Q.1

3.7 Evaluation of EZxisting Wells

The technical reviewer must decide whether wells--as designed and
constructed-—allow for the colléétion of representative ground-water
samples. There are two situations the technical reviewer may encounter:
(1) where existing wells produce consistently turbid samples. i.e.,
greater than S N.T.U. (F.T.U. or J.T.U. depending on =he method used).
and (2) where the owner/operator can produce little or no documentation

on how the wells were designed and installed.

Wells with turbidity or lack of information on well design and con-
struction may prompt the technical reviewer to order the owner/operator
to replace monitoring wells. In other, less obvious, cases the technical
reviewer must use best judgment in deciding when to order an owner/cperator
to replace wells. The technical reviewer must decide whether the owner/
operator's wells--as built--allow the sampler to collact representative
ground-water samples (40 CFR 265.31(a)). This may not be an easy :udgment
to make. In cases where it is not clear whether the wells can produce
representative ground-water samples, the technical reviewer may consider
requiring the owner/operator to conduct a field demonstration. This
demonstration would involve the installation of new well(s) near existing
wells. The owner/operator would sample and analyze for the same set of
parameters in both wells. If parameter values are comparable. the
technical reviewer should assume the owner/operator's existing wells are
producing representative samples. The field demonstration for existing
and new wells will be extremely difficult to evaluate in practice.
Differences in construction may or may not manifest themselves during the
field test. The results may lead to false conclusions in view of the
normal variabilities inherent in water quality parameters or sampling
which may be attributed to differences between old and new wells.
Similarly, differences in well construction, development, etc., that can

never be duplicated may also result in negative or positive biases due to
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causes other than well construction. ®hen such situations arise, the
wells should be decommissioned, sealed, and replaced. Where the onlv
question is whether or not the weil casing material is negatively
affecting the chemical quality of the ground-water samples., a side-by-side
comparison at selected wells should be undertaken using stainless steel or
one of the fluorocarbon resins. If analysis results are comparable, then
it is likely that chemical bias is not a major issue at the time of the

test.

Once wells have been properly designed and constructed, an appro-
priate sampling and analysis plan must be developed and implemented.

These précedures are discussed in Chapter Four.
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CHAPTER FOUR

SAMPLING AND ANALYSIS

Federal requlation 40 CFR Part 265, Subpart F, Section 265.92,
requires the owner/operator to prepare and implement a written
ground-water sampling and analysis (S&A) plan. This plan must incluce
procedures and technigues for sample collection, sample preservation and
shipment, analytical procedures, and chain-of-custody control. The clan
is an important document. It allows the technical reviewer to thoroughly
review how the owner/operator has structured the S&A program. Also,
comparison of the written plan to field activities will allow the
technical reviewer to ensure the owner/operator is, in fact, following
his plan while collecting and analyzing ground-water samples. The
purpose of this chapter is to describe important elements of written S&A
plans and to discuss the level of detail that owner/operators should

include in their plans.

EPA has observed a number of problems in the way in which owner/
operators prepare their S&A plans or implement their S&A programs. Some
of the more common problems are listed below.

e Owner/operators have not prepared S&A plans or do not keep plans
on site.

e Plans contain very little information or do not adequately
describe the S&A program that the owner/operator is employing at
his facility.

e Field sampling personnel are not following the written plan or
are not even aware that it exists.

e Improper well evacuation techniques are used.

e Sampling equipment is used that may alter chemical constituents
in ground water.

e Sampling techniques are used that may alter chemical composition

of samples., particularly in regard to stripping of wolatile
organic compounds in samples.
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e Facility personnel are not using field blanks, chemical
standards, and chemically spiked samples to identify changes in
sample quality after collecticn.

e Field personnel do not groperly clean nondedicated sampling
equipment after use.

e Field personnel are placing sampling equipment (rope, bailer.
tubing) on the ground where it can become contaminated prior to
use.

e Field personnel do not document their field activities adequately
(e.g.., keep sampling logs).

e Field personnel are not following proper chain-of -custody
procedures.

e Little attention is paid to data reporting errors or anomalies.
e OA/QC protocol is inadequate (field and/or laboratory).

This chapter describes important elements in S&A plans (Section 3.1},
and then discusses the level of detail the owner/operator should include
(Sections 4.2 through 4.6). Furthermore, this chapter describes important
aspects of evaluating the field implementation of S8A plans (Sections 4.2
through 4.6). Section 4.7 describes how technical reviewers may examine
ground-water data to identify problems in the way owner/operators

acquire, process. and evaluate data.

4.1 Elements of Samoling and Analysis Plans

The owner/operator’'s S&A plan should, at a minimum. address a number

of elements. Specifically, the S&A plan should include information on:

e Sample collection (Section 4.2):

e Sample preservation and handling (Section 4.3):
e Chain-of-custody control (Section 4.4):

e Analytical procedures (Section 4.5): and

e TField and laboratory quality assurance/quality control
(Section 4.6).
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4.2 Sample Collection

4.2.1 Measurement of Static Water Level Elesvation

The sampling and analysis plan should include provisions for
measurement of static water elevations in each well prior to each
sampling event. Collection of water elevation on a continuing basis is
important to determine if horizontal and vertical flow gradients have
changed since initial site characterization. A change in hydrologic
conditions may necessitate modification to the design of the owner/
operator's ground-water monitoring system. The S&A plan should specify
the device to be used for water level measurements, as well as the

procedure for measuring water levels.

The owner/operator's field measurements should include depth to
standing water and total depth of the well to the bottom of the intake
screen structure. This information is required to calculate the volume
of stagnant water in the well and provide a check on the integrity of the
well (e.g.., identify siltation problems). The measurements should be
taken to 0.0l foot. Each well should have a permanent, easily identified
reference point from which its water level measurement is taken. The
reference points should be established by a licensed surveyor and
typically located and marked at the top of the well casing with locking
cap removed or on the apron, and. where applicable, the protective
casing. The references points should be established in relation to an
established National Geodetic Vertical Datum (NGVD). In remote areas, a
temporary benchmark should be established to facilitate resurveying. The
reference point should be established in relation to an established NGVD.
and the survey should also note the well location coordinates and the
coordinates of any temporary benchmarks. The device used to detect the
water level surface must he sufficiently sensitive so that a measurement
to +0.01 foot can be obtained reliably. A steel tape will usually

suffice; however, it is recommended that an electronic device (e.g..
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M-Scope) be used to measure depth to the surface of the ground water or
light phase immiscibles. Whenever nondedicated equipment 1is used.
procedures need to be instituted’ to ensure that the sample is not
contaminated. Equipment should be constructed of inert materials and

decontaminated prior to use at. another well.

4.2.2 Detectioh of Immiscible Lavers

The S&A plan should include provisions for detecting immiscible
contaminants (i.e.., "floaters"” and "sinkers") where they would not be
detected in an agueous phase if the owner/operator manages wastes of this
type at his facility. "Floaters” are those relatively insoluble organic
liquids that are less dense than water and which spread across the
potentiometric surface. "Sinkers" are those relatively insoluble organic
liquids .that are more dense than water and tend to migrate vertically
throhgh the sand and gravel aquifers to the underlying confining layer.
The detection of these immiscible layers requires specialized equipment
that must be used before the well is evacuated for conventional
sampling. The S&A plan should specify the device to be used to detect
light phases and dense phases, as well as the procedures to be used for

detecting and sampling these contaminants.

Owner/operators should follow the procedures below for detecting the
presence of light and/or dense phase immisecible organic layers. These
procedures should be undertaken before the well is evacuated for
conventional sampling:

1. Remove the locking and protective caps.

2. Sample the air in the well head for organic vapors using eiﬁher

a photoionization analyzer or an organic vapor analyzer. and

record measurements.

3. Determine the static liquid level using a manometer and record
the depth.

4. Lower an interface probe into the well to determine the
zzi1stence of any immiscible laver(s)., light and/or dense.
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The air above the well head should be monitored in order <o detarmine
the potential for fire, explosion. and/or toxic effects on workers. This
test also serves as a first ind;cétion of the presence of light phase
immiscible organics. A manometer or acoustical sounder (for very shallow
wells) will provide an accurate reading of the depth to the surface of
the liquid in the well, but neither are capable of differentiating
between the potentiometric surface and the surface of an immiscible
layer. Nonetheless, it is very useful to determine that surface depth
first to guide the lowering of the interface probe. The interface probe
serves two related purposes. First, as it is lowered into the well, the
probe,registers when it is exposed to an organic liquid and thus
identifies the presence of immiscible layers. Careful recording of the
depths of the air/floater and floater/water interfaces establishes a
measurement of the thickness of the light phase immiscible layer.
Secondly, after passing through the light phase immiscible layer, the
probe indicates the depth to the water level. The presence of floaters
precludes the exclusive use of sounders to make a determination of static
water level. Dense phase immiscible layers are detected by lowering the
device to the bottom of the well where, again. the interface probe

registers the presence of organic liquids.

The approach to collecting light phase immiscibles is dependent on
the depth to the surface of the floating laver and the thickness of that
layer. The immiscible phase must be collected prior to any purging
activities. If the thickhess of this phase is 2 feet or gre;tér. a
bottom valve bailer is the equipment of choice. The bailer should be
lowered slowly until contact is made with the surface of the immiscible
phase, and lowered to a depth less than that of the immiscible/water
interface depth as determined by preliminary measure with the interface

probe.

When the thickness of the floating layer is less than 2 feet., but
the depth to the surface of the floating laver is less than 23 feet, a

peristaltic pump can be used to "vacuum" a sample.



When the thickness of the floating laver is less than 2 feet and the
depth to the surface of the floating layer is beyond the effactive
"reach” of a peristaltic pump (greater than 25 feet), a bailer must Le
modified to allow filling only from the top. Sampling personnel should
disassemble the bottom check valve of the bailer and insert a piece of
2-inch diameter fluorocarbon resin sheet between the ball and ball seat.
This will seal off the bottom valve. The ball from the top check valve
should be removed to allow the sample to enter from the top. The
buoyancy that occurs when the bailer is lowered into the floater can be
overcome by placing a length of l-inch stainless steel pipe (304, 316,
2205) on the retrieval line above the bailer (this pipe may have to be
notched to allow sample entry if the pipe remains within the top of the
bailer). The device should be lowered carefully, measuring the depth to
the surface of the floating layer, until the top of the bailer is level
with the top of the floating layer. The bailer should be lowered an
additional cne-half thickness of the floating layer and the sample
collected. This technique is the most effective method of collection if

the floating phase is only a few inches thick.

The best method for collecting dense phase immiscibles is to use a
double check valve bailer. The key to sample collection is controlled,
slow lowering (and raising) of the bailer to the bottom of the well. The

dense phase must be collected prior to any purging activities.
4.2.3 Well Evacuation

The water standing in a well prior to sampling may not be
representative of in-situ ground-water quality. Therefore, the
owner/operator should remove the standing water in the well and filter
pack so that formation water can replace the stagnant water. The
owner/operator's S&A plan should include detailed, step-by-step
procedures for evacuating wells. The equipment the owner/operator plans

to use to evacuate wells should also be described.
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The owner/operator's evacuation procecure should ensure that all
stagnant water is replaced by f-esh formation water upon completion of
the process. The owner/operator;'s approach should allow drawing the
water down from above the screen in the uppermost part of the water
column in high yield formations to ensure that fresh water from the
formation will move upward in the screen. In low-yield formations, water
should be purged so that it is removed from the bottom of the screened

interval.

The procedure the owner/cperator should use for well evacuation
depends on the hydraulic yield characteristics of the well. When -
evacuating low-yield wells (wells that are incapable of yielding three
casing volumes), the owner/operator should evacuate wells to dryness
once. As soon as the well recovers sufficiently, the first sample should
be tested for pH., temperature, and specific conductance. Samples should
then be collected and containerized in the order of the parameters'
volatilization sensitivity. The well should be retested for pH.
temperature, and specific conductance after sampling as a measure of
purging efficiency and as a check on the stability of the water samples
over time. Whenever full recovery exceeds tw&bhours, the owner/operator
should extract the sample as soon as sufficient volume is available for a
sample for each parameter. At no time should an owner/operator pump a
well to dryness if the recharge rate causes the formation water to
vigorously cascade down the sides of the screen and cause an accelerated
loss of volatiles. The owner/operator should anticipate this problem and
purge three casing volumes from the well at a rate that does not cause
recharge water to be excessively agitated. For higher vielding wells,

the owner/operator should evacuate three casing volumes prior to sampling.

In order to minimize the introduction of contamination into the
well positive-gas-displacement, fluorocarbon resin bladder pumps are
recommended for purging wells. Fluorocarbon resin or stainless steel

mailers are also recommended purging equicment. Where these devices
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cannot be used, peristaltic pumps, gas-lift pumps, centrifugal pumps, and
venturi pumps may be used. Some of these pumps cause volatilization and
produce high pressure differentials, which result in variability in the
analysis of pH, specific conductance, metals, and volatile organic
samples. They are, however, acceptable for purging the wells if

sufficient time is allowed to let the water stabilize prior to sampiing.

When purging equipment must be reused, it should be decontaminatead,
following the same procedures required for the sampling equipment. Clean
gloves should be worn by the sampling personnel. Measures should be
taken to prevent surface soils f£rom coming in contact with the purging
equipment and lines, which in turn could introduce contaminants to the
well. Purged water should be collected and screened with photoionization
or organic vapor analyzers, pH, temperature, and conductivity meters. If
these parameters and facility background data suggest that the water is
hazardous, it should be drummed and disposed of properly.

4.2.4 Sample Withdrawal

The technique used to withdraw a ground-water sample from a well
should be selected based on a consideration of the parameters to be
analyzed in the sample. To ensure the ground-water sample is represen-
tative of the formation, it is important to minimize physically altering
or chemically contaminating the sample during the withdrawal process. In
order to minimize the possibility of sample contamination, the
owner/operator should:

e Use only fluorocarbon resin or stainless steel sampling devices,
and

e Use dedicated samplers for each well. (If a dedicated sampler :s
not available for each well, the owner/operator should thorougnly
clean the sampler between sampling events, and should take blanks
and analyze them to ensure cross-contamination has not occurred.)

The S&A plan should specify the order in which samples are to be

collected. Samples should be collectad and containerized in the order of
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the volatilization sensitivity of the parameters. A preferred collection

order for some common ground-water parametars follows:

‘e  Volatile organics (VOA)
. Purgeable organic carbon (POC)

e Purgeable organic halogens (POX)

e Total organic halogens (TCX) e T e -
e Total organic carbon (7TCC) l ' ‘

. Extractable organics

e Total metals

e Dissolved metals

e Phenols

¢ (Cyanide

e Sulfate and chloride

¢ Turbidity

e Nitrate ana ammonia

. Radionuclides

Temperature, pH, and specific conductance measurements should be
made in the field before and after sample collection as a check on the
stability of the water sampled over time. The S&A plan should also
specify in detail the devices the owner/operator will use for sample
withdrawal. The plan should state that dewvices are either dedicated to
a specific well or are capable of being fully disassembled and cleaned
between sampling events.  Procedures for cleaning the sampling equipment
should be included in the plan. Any special sampling procedures that the
owner/operator must use to obtain samples for a particular constituent

(e.g.., TOX or TOC) should also be described in the plan.

Equipment and procedures that minimize sample agitation and
reduce/eliminate contact with the atmosphere during sample transfer must
be used. When used properly, the following are acceptable sampling

devices for all parameters:
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Gas-operated, fluorocarbon resin or stainless steel squeeze pump
(also referred to as a bladder pump with adjustable flow control);

Bailer (fluorocarbon resin or stainless steel), provided it :s
equipped with double check valves and bottom emptying device:

Syringe bailer (stainless steel or fluorocarbon resin): and

Single check valve fluorocarbon resin or stainless steel bailer.

Sampling equipment should be constructed of inert material. Eguipment

with neoprene fittings, PVC bailers, tygon tubing, silicon rubber

bladders, neoprene impelilers, polyethylene, and viton is not acceptable.

If the owner/operator is using bailers, an inert cable/chain (e.g..,

fluorocarbon resin-coated wire, single strand stainless steel wire)

should be used to raise and lower the bailer.

While in the field, the technical reviewer should observe the

owner/operator's sampling technique to ensure that the owner/operator

satisfies the following:

Positive gas displacement bladder pumps should be operated in a
continuous manner so that they do not produce pulsating samples
that are aerated in the return tube or upon discharge.

Check valves should be designed and inspected to assure that
fouling problems do not reduce delivery capabilities or result in
aeration of the sample.

Sampling equipment (e.g., especially bailers) should never e
dropped into the well, because this will cause degassing of the
water upon impact.

The contents should be transferred to a sample container in a way
that will minimize agitation and aeration.

Clean sampling equipment should not be placed directly on the
ground or other contaminated surfaces prior to insertion into the
well.

When dedicated equipment is not used for sampling (or well

evacuation), the owner/operator's sampling plan should include procedures
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for disassembly and cleaning of equipment sefore each use. I the
constituents of interest are inorganic, the equipment should be cleaned
with a nonphosphate detergent/soap mixture. The first rinse should be a
dilute (0.1 N) hydrochloric acid or nitric acid, followed by a rinse of
tap water and finally Type II reagent grade water. Dilute hydrochloric
acid is generally preferred to nitric acid when cleaning stainless steel
because nitric acid may oxidize stainless steel. When organics are the
constituents of concern, the owner/operator should wash egquipment with a
nonphosphate detergent and rinse with tap water, distilled water,
acetone, and pesticide-quality hexane, in that order. The sampling
equipment should be thoroughly dried before use to ensure that the
residual cleaning agents (e.g., HCl) are not carried over to the sample.
The owner/operator should sample background wells first and then proceed

to downgradient wells.

When collecting samples where volatile constituents or gases are of
interest using a positive gas displacement bladder pump, pumping rates
should not exceed 100 milliliters/minute. Higher rates can increase the
loss of volatile constituents and can cause fluctuation in pH and pH-
sensitive analytes. Once the portions of the sample reserved for the
analysis of volatile components have been collected, the owner/operator
may use higher pumping rate, particularly if a large sample volume must
be collected. The sampling flow rate should not exceed the flow rate

used while purging.

4.2.5 In-Situ or Field Analyses

Several constituents of the parameters being evaluated are
physically or chemically unstable and must be tested either in the
borehole using a probe (in-situ) or immediately after collection using a
field test kit. Examples of unstable elements or properties include pH.
redox potential, chlorine, dissolved oxygen, and temperature. Although

specific conductivity (analogous to electrical resistance) of a substance
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is relatively stable, it is recommended that this characteristic be
determined in the field. Most conductivity instruments require
temperature compensation; therefore, the temperature of the samples
should be measured at the :time conductivity is determined. If the
owner/operator uses probes (pH electrode., specific ion electrode,
thermistor) to measure any of the above properties, it is important that
this is done on water samples taken after well evacuation and after any
samples for chemical analysis have been collected., so that the potential
for probe(s) to contaminate a sample designated for laboratory analysis
is minimized. Monitoring probes should not be placed in shipping

containers containing ground-water samples for laboratory analysis.

The owner/operator should complete the calibration of any in-situ
monitoring equipment or field-test probes and kits at the beginning of
each use, according to the manufacturers' specifications and consistent
with Test Methods for Evaluating Solid Waste ~ Phvsical/Chemical Methods
(SW-846), 2nd Edition, 1982.

4.3 Sample Preservation and Handling

Many of the chemical constituents and physiochemical parameters that
are to be measured or evaluated in ground-water monitoring programs are
not chemically stable. and therefore sample preservation is required.

Test Methods for Evaluating Solid Waste - Physical/Chemical Methods

(SW-846) includes a discussion by analyte of the appropriate sample
preservation procedures. In addition, SW-846 specifies the sample
containers that the owner/operator should uée'for each constitﬁent or
common set of parameters. The owner/operatof should identify in the S&A
plan wnat preservation methods and sample containers will be emploved.
Each sampling and analysis plan should also detail all procedures and
techniques for transferring the samples to either a field or off-site
laboratory.
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Improper sample handling may alter the analytical resu.:is of the
sample. Sampiéé should be transferred in the field from the samplin
equipment directly into the container that has been specifically prepared
for that analysis or set of compatible parameters. It is not an
acceptable practice for samples to be composited in a common container in
the field and then split in the laboratory, or poured first into a wide
mouth container and then transferred into smaller containers. The S&A
plan should specify how the samples for volatiles will be transferred
from the sample collection device to the sample container in order o

minimize loss through agitation/volatilization.

4.3.1 Sample Containers

The owner/operator's S&A plan should identify the type of sample
containers to be used to collect samples, as well as the procedures the
owner/operator will use to ensure that sample containers are free of

contaminants prior to use.

When metals are the analytes of interest, fluorocarbon resin or
polyethylene containers with polypropylene caps should be used. When
organics are the analytes of interest, glass bottles with fluorocarbon
resin-lined caps should be used. The plan should refer to the specific

analytical method (in SW-846) that designates an acceptable container.

Containers should be cleaned based on the analyte of interest. When
samples are to be analyzed for metals, the sample containers as well as
the laboratory glassware should be thoroughly washed with nonphosphate
detergent and tap water, and rinsed with (l:1) nitric acid, tap water,
(1:1) hydrochloric acid, tap water, and finally Type II water., in that

order.

Similarly, an EPA-approved procedure is available for cleaning
containers used to store samples for organics analysis. The sampling
container should be emptied of any residual materials, followed by

washing with a nonphosphate detergent in hot water. It should then Te
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rinsed with tap water, distilled water, acetone, and finally with
pesticide—quality hexane. Dirty or contaminated glassware does not form
a very thin sheet of water on it§ surface and may require treatment with
chromic acid and/or baking in a muffle furnace at 400°C for 15 to

30 minutes to ensure that the glass is clean. Chromic acid may be useful
to remove organic deposits from glassware; however, the analyst should be
cautioned that the glassware must be thoroughly rinsed with water to
remove the last traces of chromium. The use of chromic acid can cause a
contamination problem and must be avoided if chromium 1s an analyte of

interest.

Glassware should be sealed and stored in a clean environment
immediately after drying or cooling to prevent any accumulation of dust
or other contaminants. It should be stored capped with aluminum foil and

inverted.

The cleanliness of a batch of precleaned bottles should be verified
in the laboratory. The residue analysis should be available prior to

sampling in the field.

4.3.2 Sample Preservation

The owner/operator's S&A plan should identify sample preservation
methods that the owner/operator plans to use. Methods of sample
preservation are relatively limited and are generally intended to
(1) retard biological action. (2) retard hydrolysis, and (3) reduce
sorption effects. Preservation methods are generally limited to pH.
control, chemical addition., refrigeration, and protection from light.
The owner/operator should refer to the specific preservation method in
SW-846 that will be used for the constituent in the sample. A summary
list of appropriate sample container types and sample preservation

measures is presented in Table 4-1.

4.3.3 Special Handling Considerations

Samples requiring analysis for organics should not be filtered.

Samples should not be transferred from one container to another. zecause
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TABLE 4-!

SAMPLING ANO PRESERVATION PROCEDURES FOR OETECTION MONITORINGS

Minimum Volume

Reconmended Max imum
Sarameter 5 Preservative Requireg for
Container Holding Time Analysis
nd1 rs_af Groynd-watsr Cenmtamingtign®

pH T, P. G Field getermined None 28 mi
Specific conductance T. P, G Field determined None 100 ml
Toc ) G. amger, T-lined Cool 4oc,d 28 days 3 x 15 mi

cap® HC1 to pH <2
TOX G. amper, T-lined (ool 4°9C, adg 1 ml of 7 days 4 x 15 ml

septa or caps 1.1M sodium sulfite

nd-w 11 terigt

Chloride T. P, G 4°¢ 28 days S0 ml
Iron T. P Field acidified 6 months 200 ml
Manganese to pH <2 with HNO,
Sedium
Phengls G 4°C/HZSO4 to pH <2 28 days S0 ml
Sulfate T. P, G Cool, a°C 28 days 50 ml

EPA [nterm Qrinking wWatar Charagtaer-stics
Arsenic T, P Total Metals 6 months 1,000 ml
8arium Field acidified to
Cadmium PH <2 with HNO4
Chromium 8 months 1.000 m}
Leaa Qissgliveg Metals
Mercury 1. Field filtraticn
Selentum ) (0.45 micron)
Silver Qark 8ottle 2. Ag1gify to pH <2

with HNO4

Fluorige T. P Cool, 4°¢ 28 days 300 m
Ni1trate/Nitrete T.P. G 4°C/H4504 to oH <2 'd days 1.2300 m!

(Continued)



TABLE 4-1 (Continued)

SAMPLING AND PRESERVATION PROCEDURES FOR DETECTION MONMITORING

Minimum Voiume
Recommended Max mum

Parameter Preservative Required for

container® _ Holding Time Analysts

gEndrin T. G ' Cool. 4°C 7 days 2,000 mi

Lindane

Methoxychlor

Toxaphene

2.4 0

2.4,8 TP Silvex

Radium - P, G Field acidified to 6 months ' gallon

Gross Alpha pH <2 with HNO,

Gross 8eta

Coliform bactera PP, G (sterilized) Cool, 4°C & hours 200 mi

Qther Ground-wWater characteristics of Interest

Cyanide P, G ' Cool, 4°C, NaOH to 14 days3 500 ml
pH >12. 0.6 ¢
ascorpic acidf

01l ang Grease G only Cool, 4°9C H,504 to 28 days 100 ml
pH <2

semivolatile, T. 6 Cool, 4°C 14 days 60 mi
nonvolatile arganics
valatiles G, T-Tined Cool, 4°C 14 days 60 ml
dgeferences: v =P ] ' M , SW-846

(2ng editicn, 1982).

Methads for Chemical Analysis of Water and Wastes. EPA-600/4-79-020.

s1anna:n_n::n99s_19:_sns_Exam1naL;9n_nr_aaxnn_ans_!ass:zasgn. 16th egi1tion (198S).

Bcantainer Types: .

P = Plastic (polyethyiene)

G = Glass

T = Fluorocarbon resins (PTFE, Teflon®, FEP, PFA, etc.)
PP = Polypropylene

{Continued)
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TABLE 4-1 (Continued)

;
SAMPLING AND PRESERVATION PROCEDURES FOR DETECTION MONITORING

Cgased on the requirements for detection monitoring (4§265.93), the owner/operator must
collect a sufficient volume of ground water to allaw for the analysis of four separate
replicates.

dSh1opvng contatners (cooling chest with ice or 1ce pack) should be certified as to the 4°C
temperature at time of sample placement 1nto these containers. Preservation of samples
requires that the temperature of collected samples de adjusted to the 49C immediately after
collection. Shipping coolers must be at 4°C and maintained at 4°C upon piacement of sample
and during shigment. Max imum-minimum thermometers are to be placed into the shipping chest
to record temperature histary. Chain-of-custody forms will have Shipping/Receiving and
In-transit (max/min) temperature boxes for recording data and verification.

@10 not allow any head space in the container.
fuse ascortic acid only in the presence of oxidizing agents.

dMaximum holding time is 24 hours when sulfide 1s present. Optionally, all samples may be
tested with lead acetate paper before the pH adjustment in orger to determine if sulfide 1s
present. If sulfide 1s present, it can be removed Dy addition of cadmium nitrate powder
until a negative spot test 1s cbtained. The sample is filtered and then NaQH i1s added to
pH 12.



losses of organic material onto the walls of the container or aeration
may occur. Total organic halogens (TOX) and total organic carzen (70C)
samples should be handled and analyzed as materials containing volatile
organics. No headspace should exist in the sample containers to minimize
the possibility of volatilization of organics. Field logs and laboratory
analysis reports should note the headspace in the sample container(s) at
the time of receipt by the laboratory, as well as at the time the sample

was first transferred to the sample container at the wellhead.

Metallic ions that migrate through the unsaturated (vadose) and
saturated zones and arrive at a ground-water monitoring well may be
present in the well. Particles (e.g.. silt, clay). which may be present
in the well even after well evacuation procedures, may absorb or adsorb
various ionic species to effectively lower the dissolved metal content in
the well water. Ground-water samples on which metals analysis will be
conducted should be split into two portions. One portion should be
filtered through a 0.45-micron membrane filter, transferred to a bottle,
preserved with nitric acid to a pH less than 2 (Table 4-1), and analyzed
for dissolved metals. The remaining portion should be transferred to a
bottle, preserved with nitric acid, and analyzed for total metals. Any
difference in concentration between the total and dissolved fractions may
be attributed to the original metallic ion content of the particles and

any sorption of ions to the particles.

4.4 Chain-of-Custody

The owner/operator must describe a chain-of-custody program in the
SSA plan. An adequate chain-of-custody program will allow for the
tracing of possession and handling of individual samples from the time of
field collection through laboratory analysis. An owner/operator's chain-

of -custody program should include:

e Sample labels, which prevent misidentification of samples:

e Sample seals to preserve the integrity of the sample from tle
time it is collected until it is opened in the laboratory:
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e TField logbook to record informat:on about sach sample collec:tion
during the ground-watar mOnitoring program;

e Chain-of-custodv record to establish the documentation necessary
to trace sample possession from the time of collection to
analysis:;

e Sample analysis request sheets, which serve as official
communication to the laboratory of the particular analysis(es)
required for each sample and provide further evidence that the
chain of custody is complete: and

e Laboratorv logbook and analysis notebooks, which are maintained
at the laboratory and record all pertinent information about the
sample.

4.4.1 Sample Labels

To prevent misidentification of samples, the owner/operator should
affix legible labels to each sample container. The labels should be
sufficiently durable to remain legible even when wet and should contain

the following types of information:

e Sample identification number

e Name of collector

e Date and time of collection

e Place of collection

e Parameter(s) requested (if space permits)

e Internal temperature of shipping container at time sample was
placed

e Internal temperature of shipping container upon opening at
laboratory

e Maximum and minimum temperature range that occurred during
shipment

4.4.2 Sample Seal

In cases where samples may leave the owner/operator's immediate
control, such as shipment to a laboratory by a common carrier (e.g.. air
freight), a seal should be provided on the shipping container or
individual sample bottles to ensure that the samples have not been

disturbed during transportation.



4.4.3 Field Logbook

An owner/operator or the individual designated to perform ground-

water monitoring operations should keep an up-to-date field logbook that

documents the following:

® © & 06 0 6 0 &6 ¢ & 0 0 o

Identification of well

Well depth

Static water level depth and measurement technique
Presence of immiscible layers and detection method

Well yield - high or low

Purge volume and pumping rate

Time well purged

Collection method for immiscible layers and sample identification
numbers

Well evacuation procedure/equipment

Sample withdrawal procedure/equipment

Date and time of collection

Well sampling sequence

Types of sample containers used and sample identification numbers
Preservative(s) used

Parameters requested for analysis

Field analysis data and method(s)

Sample distribution and transporter -
Field observations on sampling event

Name of collector

Climatic conditions including air temperature

Internal temperature of field and shipping (refrigerated)
containers

4.4.4 Chain-of-Custody Record

To establish-the documentation necessary to trace sample possession

from time of collection. a chain-of-custody record should be filled out

and should accompany every sample. The record should contain the

following types of information:

Sample number

Signature of collector

Date and time of collection

Sample type (e.g., ground water, immiscible layer)
Identification of well

Number of containers

Parameters requested for analysis

Signature of person(s) involved in the chain of possession
Inclusive dates of possession

-1le-
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e Internal temperature of shipping (refrigeratad) container (chest)
when samples were sealed inzo the shipping container

e Maximum temperature recorded during shipment
Minimum temperature recorded during shipment

e Internal temperature of 'shipping (refrigerated) container upon
opening in the laboratory

4.4.5 Sample Analysis Request Sheet

This document should accompany the sample(s) on delivery to the
laboratory and clearly identify which sample containers have been
designated (e.g., use of preservatives) for each resquested parameter.

The record should include the following types of information:

Name of person receiving the sample

Laboratory sample number (if different from field number)

Date of sample receipt

Analyses to be performed

Internal temperature of shipping (refrigerated) container upon
opening in the laboratory

4,.4.6 Laboratorv Logbook

Once the sample has been received in the laboratory, the sample
custodian and/or laboratory personnel should clearly document the
processing steps that are applied to the sample. All sample preparation
techniques (e.g.., extraction) and :instrumental methods must be identified
in the logbook. ’ﬁxperimental conditions, such as the use of specific
reagents (e.g., solvents, acids), temperatures., reaction times, and

/instrument settings., should be noted. The results of the analysis of all
quality control samples should be identified specific to each batch of
ground-water samples analyzed. The laboratory logbook should include the

time, date, and name of the person who performed each processing steap.

4.5 Analvtical Procedures

The S&A plan should describe in detail the analytical procedures
that will be used to determine the concentrations of constituents or
parameters of interest. These procedures should include suitable

analytical methods as well as proper quality assurance and quality
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control protocols. The required precision, accuracy, detection limizs.
and percent recovery (if applicable) specifications should be clearly

identified in the plan.

The S&A plan should identify one method that will be used for each
specific parameter or constituent. The plan should specify a method in
SW-846 or an EPA-approved method, and clearly indicate if there are going
to be any deviations from the stated method and the reasons for these

deviations.

Records of ground-water analyses should include the methods used,
extraction date, and date of actual analysis. Data from samples that are
not analyzed within recommended holding times should be considered
suspect. Any deviation from an EPA-approved method (SW-846) should be
adequately tested to ensure that the quality of the results meets the
performance specifications (e.g.. detection limit, sensitivity,

precision, accuracy) of the reference method.

4.6 Field and Laboratory Quality Assurahce/anlity Control

One of the fundamental responsibilities of the owner/operator is
the establishment of continuing programs to ensure the reliability and
validity of field and analytical laboratory data gathered as part of the

overall ground-water monitoring program.

The owner/operator's SSA plan must explicitly describe the QA/QC
program that will be used in the field and laboratory. Many owner/
operators use commercial laboratories to conduct analyses of ground-water
samples. In these cases, it is the owner/operator's responsibility to
ensure that the laboratory of choice is exercising a proper QA/QC
program. The QA/QC program described in the owner/operator's S&A plan

must be used by the laboratory analyzing samples for the owner/operator.

4.6.1 Field QA/QOC Program

The owner/operator's S&A plan should provide for the routine

collection and analysis of two types of QC blanks: trip blanks and
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equipment blanks. Each time a group of bottles is prepared for use :n
the field, one bottle of each type (e.g., glass., fluorocarbon resin,
polyethylene) should be selected from the batch and £illed with deionized
water. The bottles filled with the blank should be transported to the
sampling location and returned to the laboratory in a manner identical to
the handling procedure used for the samples. These trip blanks should be
subjected to the same analysis as the ground water. Any contaminants
found in the trip blanks could be attributed to (1) interaction between
the sample and the container, (2) contaminated rinse water, or (3) a
handling procedure that alters the sample analysis results. The
concentration levels of any contaminants found in the trip blank should
not be used to correct the ground-water data. The contaminant levels
should be noted, and if the levels are within an order of magnitude when
compared to the field sample results, the owner/operator should resample

the ground water.

Various types of field blanks should be used to verify that the
sample collection and handling process has not affected the quality of
the samples. The owner/operator should prepare each of the following
field blanks and analyze them for all of the required monitoring

parameters:
Trip Blank - Fill one of each type of sample bottle with Type IZ
reagent grade water, transport to the site. handle like a sample,
and return to the laboratory for analysis. Cne trip blank per
sampling event is recommended.

Equipment Blank -~ To ensure that the nondedicated sampling device
has been effectively cleaned (in the laboratory or field), £ill the
device with Type II reagent grade water or pump Type II reagent
grade water through the device, transfer to sample bottle(s)., and
return to the laboratory for analysis. A minimum of one equipment
blank for each day that ground-water monitoring wells are sampled is
recommended. '

The results of the analysis of the blanks should not be used to

correct the ground-water data. If contaminants are found :in the blanks,



the source of the contamination should be identified and corrective

action, including resampling, should be init:iated.

All field equipment that the owner/operator will use should be
calibrated prior to field use and recalibrated in the field before
measuring each sample. The owner/operator's S&A plan should describe a
program for ensuring proper calibration of field equipment. Other QA/QC
practices such as sampling equipment decontamination procedures and
chain-of-custody procedures should also be described in the

owner/operator's S&A plan.

4.6.2 Laboratory QA/QC Program

The owner/operator’'s S&A plan should provide for the use of
standards, laboratory blanks, duplicates, and spiked samples for
calibration and identification of potential matrix interferences. The
owner/operator should use adequate statistical procedures (e.g.. C
charts) to monitor and document performance and implement an effective
program to resolve testing problems (e.g., instrument maintenance,
operator training). Data from QC samples (e.g., blanks, spiked samples)
should be used as a measure of performance or as an indicator of
potential sources of cross-contamination. but should not be used to alter
or correct analytical data. These data should be submitted to the Agency

with the ground-water monitoring sample results.

4.7 Evaluation of the Quality of Ground-Water Data

A ground-water sampling and analysis program produces a variety of
hydrogeological., geophysical, and ground-water chemical constituent
(GWCC) data. This section pertains primarily to the evaluation of GWCC
data because these d;ta are specifically required by the regulations, are
evaluated in the statistical tests, provide the fundamental evidence used
to determine whether the facility is contaminating the ground water, and
are used to determine the extent of plume migration during assessment

monitoring. Also., details regarding how to obtain and identify quality
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hydrogeological and geophysical data have been discussed eariier. The
GWCC data may be initially presented by the laboratory (by electronic
transmittal or) on reporting sheets: these data then must be compiled and
analyzed by the owner/operator prior to submission to the stats or EFA in

order to evaluate the degree of ground-water contamination.

It is essential for owner/operators to make sure that, during
chemical analysis, laboratory reporting, computer automation, and report
preparation, data are generated and processed to aveid mistakes., and that
data are complete and fully documented. Data must be reported correctly

to have accurate analyses and valid results. If data errors do occur,

Y

statistical analyses cannot discover, correct, or ameliorate these errors.

The following discussion considers aspects of data quality that may
indicate to the technical reviewer that the data acguisition., processing,

and evaluation were executed poorly or incorrectly.
The specific areas that are addressed ‘include:

Reporting of low and zero concentration values;
Missing data values:

Qutliers; and

Units of measure.

4.7.1 Reporting of Low and Zero Concentration Values

A critical concerm is the interpretation, reporting, and analysis of
GWCCs that are measured at less than (LT) a limit of detection. LT limit
of detection values presently result from a variety of laboratory
conventions and protocols. Technical reviewers, during the review of
data submissions, may confront a variety of codes indicating that GWCC
concentrations are below a value which the laboratory designates as the

detection limit.
Values that are LT a limit of detection can result when:

e GWCCs are present at low concentrations:

e An insensitive analytical technique has been usad: and

e The chemical matrix of the ground water interferes witnh the
analytical technique.



The following guidelines should help the technical reviewer identify
problems associated with the reporting of LT detection limit values,

analyze the data sets that contain LT detection limit values, and

prescribe remedies for future owner/operator submissions.

GA#CC should be given close attention if the LT detection limit
values appear to increase over time. Increasing detection limits may be
used to conceal an increasing concentration trend. Similarly, if back-
ground data are reported without a LT designation at low concentrations
and comparison downgradient data are presented at higher concentrations
with a LT designation, then it is possible that LT detection limit wvalues
are being used to conceal larger downgradient concentrations. It is
unacceptable to report only qualitative information for values that were
measured below a limit of detection. The technical reviewer must ensure
that numerical values accompany the LT designation., so that data are
available for analysis. LT detection limit values that are high or that
vary should be reduced in future work by laboratory procedures that

remove or control interfering constituents.

The owner/operator must explain and follow a specific laboratory
protocol for determining and reporting low concentration values.
Technical reviewers should not allow the use of highly variable reporting
formats. An appropriate protocol for detarmining and reporting GWCC data
at low concentrations is described in Appendix 3 of 40 CFR §136, titled
wpefinition and Procedure for the Determination of the Method Deteczion
Limit - Revision 1.11." Other methods are offered by the American
Chemical Society and the International Union of Pure and Applied

Chemistry.

LT values should not be deleted from the analysis. Instead, when
data sets consist of a mixture of values that are LT a limit of detection

and actual concentration measurements, LT values mav be analvzed at half

sheir reported walue. This technique is simple to use and has been

presentad for use in the following references:
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Gilbert, R.O. and Kinnison. R.R. 198l. Statistical Mathods Zor
Estimating the Mean and Variance from Radionuclide Data Sets
Containing Negative, Unreported, or Less than Values. Health
Physics 40:377-390. ‘

Nehls, G.J. and Akland G.G. 1973. Procedures for Handling
Aerometric Data. Journal of the Air Pollution Control Association
23:180-184.

LT values may also be analvzed using Cohen's Method. This method is also

simple to use and has been described by:

Cohen C. 1961. Tables for Maximum Likelihood Estimates from Singly

Truncated and Singly Censored Samples. Technometrics 3:3535-541.

Pinally, a variety of other techniques, which are slightly more
complicated, are described in the following references:

Gilliom. R.J. and Helsel., D.R. 1986. Estimation of Distributional

Parameters for Censored Trace Level Water Quality Data. 1. Esti-
mation Techniques. Water Resources Research 22:135-146.

Helsel., D.R. and Gilliom, R.J. 1986. Estimation of Distributional
Parameters for Censored Trace Level Water Quality Data. 2. Verifi-
cation and Applications. Water Resources Research 22:147-15S.

In some cases, the technical reviewer will be confronted with a
situation where all the values for a chemical constituent in the back-
ground well system are LT a limit of detection. In this case., no data
are available to estimate the background variance, and the background
mean will be biased higher than its actual value, which is some value LT
the limit of detection. In this case. the technical reviewer should
ensures that laboratory protocols and data which are used to establish the
detection limit values are provided. In addition. it is recommended
that., especially in this case, the laboratory should ensure that any
values, which are reported above a limit of detection, are quantifiable.
The American Chemical Society's LOQ or the upper confidence limit of
EPA's MDL may be used to establish a threshold criteria.

4.7.2 Missing Data Values

Qwner/operators incur a substantial risk of missing an extreme

environmental event and measurement of particularly large or small values

o m————



if they fail to collect all of the data regquired for a monitoring program.
This may result in an incomplete measure of environmental variability and
an increased likelihood of falsely detecting contamination. Also. if
assessment monitoring data are ﬁissinq, there is a danger that the full
extent of contamination may not be characterized. Owner/operators must
take extreme care to ensure that concentration measurements result {rom
all samples taken. Nevertheless. the technical reviewer is likely to
confront situations where complete detection monitoring data have not
been collected. The technical reviewer should have the owner/operator
perform the t-test despite incomplete data collection, provided that the
following criteria have been met:
e If there are data from one upgradient well and one downgradient
well, statistical comparisons should still be made. If data
exist for three quarters at a well, statistical comparisons

should be made after applying the rule described in the next
bullet.

e If only one guarter of data is missing, values should be assigned
for the missing gquarter by averaging the values obtained during
the other three guarters.

e If there are missing replicate measurements from a sampling
event., then average the replicate(s) that are available for that
sampling event.

These guidelines have.been described previously ia the November 1983 ZPA
memorandum on statistical analyses of indicator parameter data. The
intent of this methodology is to encourage use of the t-test. despite
prior noncompliance with the data collection requirements in the
requlations, so that a determination can bé hade as to whether assessment
monitoring should begin. Regardless of whether there are sufficient data
for performing the t-test, the technical reviewer should consider taking
enforcement action to compel additional sampling on an accelerated
schedule. The technical reviewer must minimize delays in the evaluation

of a facility's ground water because of prior incomplete data collection.
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$.7.3 Qutliers

A CWCC value that is much different from most other values in a data
get for the same GWCC can be referred to as an "outlier." The reasons

for outliers can be:
e A catastrophic unnatural occurrence such as a spill:
e Inconsistent sampling or analytical chemistry methodolegy:
e Errors in the transcription of data values or decimal coints: and
e True but extreme GWCC concentration mezsurements.

The technical reviewer should attempt to have owner/operators’
correct outlying values if the cause of the problem can be documented and
corrected by the owner/operator without delay. The data should be
corrected if outliers are caused by incorrect transcription and the
correct values can be obtained and documented from valid owner/operator
records. Also, if a catastrophic event or a problem in methodology
occurred that can be documented, then data values should be from
calculations with clear reference to this deletion at all relevant
stages. Documentation and validation of the cause of outliers must
accompany any attempt to correct oE delete data values, because true but

ext-eme values must not be altered. The technical reviewer should not

accept the mere presence of an extreme value in data or the effect of an
extreme value on the statistical analysis as a valid reason for the

continuation of detection monitoring.

Ground-water contaminant concentrations when influenced by a
hazardous waste management facility do not necessarily vary gradually.
“Instead, it is not uncommon for contamination (e.q.. halogenated organic)
to be reflected in a series of data collected over time with the following
trend. Measurements remain below a limit of detection and then, in a
single or several sampling event(s), concentrations rise to measurable

levels and soon return to concentrations which are LT a limit of detection




in subsequent sampling periods. In general, technical reviewers should
not accept the contention that contaminant concentrations measured in
wells immediately downgradient or in the vicinity of hazardous waste
management areas increase only gradually. Rapidly increasing and
decreasing concentrations can occur in ground waters subjected to con-
tamination: the high concentrations in these cases would be true extreme

values but not outliers.

4.7.4 Units of Measure

Associated with each GWCC value is a3 unit of measure that must be
reported accurately. Mistakes in the reporting of the units of measure
can result in gross errors in the apparent concentrations of GWCCs. For
example, a lead value of 30.2 might have a unit of measure of parts per
billion (ppb). Alternatively, the same lead value of 30.2 might have
been incorrectly reported with a unit of measure in parts per million
(ppm). The reported value would transform to a concentration with the
units of measure in ppb as 30,200 ppb of lead or three orders of

magnitude larger than it was measured.

The following guidelines should help the technical reviewers
ensure that units of measure associated with data values are reported

consistently and unambiguously:

e The units of measure should accompany each chemical parameter
name. Laboratory data sheets that include a statement "values
are reported in ppm unless otherwise noted" should generally be
discouraged but at least reviewed in detail by the technical
reviewer. It is common to find errors in reporting the units of
measure on this type of data reporting sheet especially when
these reporting sheets have been prepared manually.

¢ The units of measure for a given chemical parameter must. be
consistent throughout the report.

e Finally, reporting forms for detection monitoring, as specified
in the EPA November 1983 memorandum, and the data presentation
methods described in Chapter Five should-help to reduce problems
associated with the reporting of units of measure.
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CHAPTER rIVE

STATISTICAL ANALYSIS OF DETECTION MONITORING DATA
Owner/operators of hazardous waste facilities must implement a
ground-water monitoring program capable of determining if a facility has
had an effect on the guality of the ground water. This determination is
based on the results of a statistical test. This chapter discusses the

data that should be collected to perform the statistical test while

facilities are operating under interim status detection monitoring, and

what actions should be taken based on the results of the statistical
test. A general description of a recommended statistical procedure is
described below. A more specific description, which includes the

computational details and an example, appears in Appendix B.

5.1 Methods for Presenting Detection Monitoring Data

Data reporting sheets such as those presented in the November 30.
1983, EPA memorandum titled "Guidance on Implementation of Subpart F
Requirements for Statistically Significant Increases in Indicator
Parameter Values" should be used when owner/operators present data as
required by §265.94(a). The technical reviewer should make sure that

owner/operators are aware of and use standardized data reporting forms.

The technical reviewer should have in the file all of the ground-
water data that have been collected to date from the facility. An
explicit presentation of the statistical test methodology should also
be in the file for the facility.

5.2 Introductorv Tormics: Available t-Tests, Definition of Terms,

Components of Variability., Validity of the t-Test Assumptions,

False Positives Versus False Negatives, and the Transition to
Permitting -

Several introductory topics pertaining to the statistical analysis
of detection monitéring data are discussed in this section. First. the

statistical tests that the owner/operatsr can use to analyze deteczion
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monitoring data are examined. Then, definitions of the terms bacxground.
upgradient, and downgradient are presented. The measurement of env:ron-
mental variability and its relationship to the number of upgradient wells,
analytical replicates. and tRre ;tatistical test that should be used :is
reviewed. In the next section, the t-test assumptions, including the
importance of independent and normally distributed data, are discussed
and methods for correcting nonconformance with the assumptions are
offered. Also, included is a discussion emphasizing the importance of
controlling and evaluating the false positive and false negative rates
associated with the statistical procedures. The final section describes
broad categories of alternative statistical procedures that may be

explored for future application during the permit.

5.2.1 Available t-Taests

" The interim status regqulations specify that a Student's t-test be
used to determine whether there has been a statistically significant
increase in any ground-water contamination indicator parameter (IP) in
any well. The §265 regulations do not, however, require a specific
Student's t-test. The owner/operator has the latitude within the
requlations to choose a t-test that will accommodate the data collected.
Cne reason that interim status facilities frequently adopt the Cochran's
Approximation to the Behrens-Fisher (CABF) t-test is that the Part 264
permit regulations require the use of the CABF t-test, unless an
equivalent statistical test is accepted by the Regional Administrator.
Other more appropriate t-tests are available for owner/operétors to use

in the analysis of their interim status detection monitoring data.

One alternative t-test, which has been recommended for use, is
referred to as the averaged replicate (AR) t-test. The AR t-test is a
preferred test for owner/operators to apply to their interim status
detection monitoring data because it helps to reduce statistically-caused

false pésitives. Although special situations demanding alternative
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t-test procedures may arise, this document generally recommends tie use
of the AR t-test for maintaining compliance with the statistical ana.ysis

requirements of 40 CFR §265, Subpart F.

Other t-tests are available for use while facilities are operating
under interim status detection monitoring. T-tests designed to control
the false positive rate despite the installation of additional wells,
measurement of additional chemical parameters, and an increased sampling
frequency may be appropriate (Miller, 1981). An owner/operator choesing
to employ a t-test methodology that controls the false positive rate or
overall significance level must evaluate the procedurs’s impact on the
false negative rata, that is, the failure to identify contamination when
it has occurred. The false negative problem should be the primary concern
of the technical reviewer. An alternative t-test may be appropriate
during the administration of enforcement cases when. as described below,
accelerated data collection requirements are imposed. In these cases,
background data from the upgradient wells and dowvmngradient data may be
collected simultaneously, and a t-test that accommodates the data

o structure resulting from this sort of sampling program may apply. The
owner/operator may perform the t-test of choice, but the results must be
presented and action taken based on the results of only one type of
t-test. The technical review team should acquire the professional

expertise needed to evaluate thoroughly the statistical methodology.

Regardless of the specific procedure, the t-test methodology should

be explicit and include:
e A clear. understandable explanation of the methodology:
e Presentation of explicit example calculations:

e The inclusion and documentation of all the original data used in
the statistical analysis procedure:

e Literature reference citations documenting alternative t-test
procedures: and




e A detailed explanation of how data were man:pulated and evaiuatad
prior to the statistical analysis. including goodness-of-f:c
testing, transformations. less than detect:ion limit value
manipulations, and power evaluations.

Also, it should be noted that although owner/cgerators have latitude
with respect to the statistical test used. there is much less choice with
regard to the data collection requirements. Finally, no matter which
t-test is used, the comparisons that must be made cannot change. Thus
for example, regardless of the t-test used. the owner/operator must
collect a background data set and compare these data to the data from

each well individually each time they are sampled.

5.2.2 Definition of Terms

Three terms used frequently in discussions regarding the interim
status detection monitoring statistical analysis are: background,
upgradient, and downgradient. The terms upgradient and downgradient
describe well locations (e.g., with respect to the ground-water
hydraulics) and performance (e.g., downgradient wells must be able to
immediately detect contamination). The terms upgradient and downgradient
also describe the data collected from those wells. References to
background data, unlike those to upgradient or downgradient data, which
are well specific, concern all data collected from all upgradient wells
during the period when background levels ars being established.
Modification of the background data may be required during the life of
the facility:; guidance related to the modification of background data 1is

presented in Section $5.4.1.

$.2.3 Components of Variability

The inclusion and exclusion of various components of variability in
background ground-water data have a substantial impact on the performance
of the statistical test. When a background sampling program includes

data from only one upgradient well, there is no component of spatial
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variability in the background data. Moreover, when the four measuremencs
from each sample are included in the analysis. the background data set :is
influenced heavily by analytical variability. The result of no spat:ial
contribution to variability and a large contribution by analytical
variability is a background data distribution that typically has liccle
variability. This results in a statistical evaluation procedure that
readily identifies small differences, because the background distribution
of concentration values, which has little variability, tends to be
distinct and not “"overlap" with the downgradient distribution of

concentration values.

To alleviata this situation. the background data set should inciude
a component of spatial variabpility and not be heavily influenced by the
typically small component of analytical variability. Two recommendations
are provided to help with this problem.

e First, the owner/operator should install additional upgradient

wells to ensure measurement of spatial variation in the ground
water in the upgradient area.

e Second, the AR t-test, when applied to the data from well systems
with multiple upgradient wells, can be used by owner/operators
to remove the excessive influence of the analytical replicate
variability.

5.2.4 Validity of the t-Test Assumotions

Frequently., technical reviewers are confronted with the argument
from owner/operators that the t-test is not an appropriate methodology
for use. because the collected data are not independent and normally
distributed. Technical reviewers may f£ind that the following discussion
is useful for supporting the need to evaluate the distributional

properties of the background data.

First, the contention that the background data are not normally
distributed should be supported by a goodness-of-fit analysis. A

contention of non-normality without the supporting analysis is not wvalid.
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Second. goodness-of-fit tests generally require a data set with a
substantial number of values in order to have enough statistical power <o
discriminate among distributional types. The background data sets from
interim status facilities are rarely large enough for reasonable
performance of a goodness-of-fit test. A graphical approach evaluating
the cumulative probabilities of the data in comparison with a standard

normal may be useful.

Third, the presence of LT detection limits does not in itself imply
that the data values do not follow a normal distribution. The censoring
of the data values (which is essentially what happens when chemical
concentrations are reported LT a limit of detection) below a level and
the shape of the distribution above the level are not necessarily
related. In short. a data set with LT detection limit values may or may

not have normal distribution properties above the detection limit.

Fourth, in the case where firm evidence indicating that values do
not follow a normal distribution., owner/operators can use mean and
variance estimates from other distributions such as the lognormal. The
validity of any procedure must be documented and validated as a

technically sound approach (see Appendix B for details).

Finally, other non-t-test statistical procedures (e.g., nonparametric),
which are less dependent on distributional assumptions. do not satisfy the
requirements for interim status detection monitoring. The "Transition to
Permitting” section of this chapter describes when alternative non-t-test

procedures may be useful.

§.2.5 False Positives Versus False Negatives

Technical reviewers are frequently called upon to respond to
contentions from owner/operators that the statistically significant
increase, suggested by the statistical tests, has not actually occurred.
This has been referred to as a false positive. There are several points

that should be considered when a technical reviewer confronts a false
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positive claim. First, false positives are not necessarily the resul: of
the statistical procedure. Many other factors influence the false positive
rate. These include, for example, poor well construction, improperly
located wells, too few background wells, improper sampling techniques, and
imprecise or inaccurate laboratory analysis. Owner/operators should not
contend that the statistical test resulted in a false positive unless it
can be shown that all the other aspects of the ground-water monitoring
program have been implemented properly. Second, the resampling program is
intended to reduce the false positive rate caused by laboratory error

only. The owner/operator should not make false positive claims until the
immediate resampling is performed. Third, owner/operators have the
latitude within the interim status regulations to use a t-test methodology
designed to control the false positive rate for the entire facility.
Fourth, false positives are only statistical issues. If engineering
information, including construction methods, age of the unit, waste
composition, or geohydraulic properties, indicates that contamination is
occurring, then a false positive claim is probably unwarranted. Fifth,

a false positive claim must be supported by data substantiating the false
positive claim (see Chapter 6 for more details). Finally, and most
important, the technical reviewer must not consider a false positive claim
or the results of the statistical procedure unless the owner/operator has
evaluated the false negative rate associated with the statistical procedure
in the context of facility-specific data. False negatives, that is, a
failure to indicate statistically significant contamination when a release
has occurred, are of more concern than false positive rates. The false
negative rate is rarely evaluated by owner/operators. and is frequently
higher than the false positive rate for even larger, substantial amounts of

contamination.

5.2.6 The Transition to.Permitting

The 40 CFR §265 Subpart F interim status regqulations only allow the
use of a t-test for evaluating data. However, the 40 CFR §264 Subpart T
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permit regulations provide greater latitude in designing a statiscical
evaluation methodology by allowing the use of an alternative statistical
procedure. Although facilities must continue to perform t-test methods to
maintain compliance with interim status, it is also wise for owner/operators
to begin to explore, test, and compare methods that may be useful under the

permit requirements.

A large array of methods and associated data manipulation procedures
are available. These approaches may include: linear model. tolerance

interval, nonparametric, control chart. or stochastic process methods.
5.3 Statistical Analvsis of the Background Data

As described above, owner/operators should have measured the back-
ground concentrations of ground-water parameters in upgradient wells
within one year of the effective date of the interim status Subpart F
regqulations. The initial background concentrations of the Appendix III
parameters in §265.92(b)(l), the ground-water quality parameters in
§265.92(b)(2), and the grou