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Notice

This document has been reviewed in accordance with U.S. Environmental Protection Agency policy and approved
for publication.

The policies and procedures established in this document are intended solely for the guidance of government
personnd for use in the Superfund Program. They are not intended, and cannot be relied upon, to create any rights,
substantive or procedural, enforceable by any party in litigation with the United States. The Agency reserves the right
to act at variance with these policies and procedures and to change them at any time without public notice.

For more information on Ground-Water Sampling procedures, refer to the U.S. EPA Compendium of ERT Ground-
Water Sampling Procedures, OSWER Directive 9360.4-06. Topics covered in this compendium include: sampling
equipment decontamination; ground-water monitoring well installation, development, and sampling; soil gas
sampling; water level measurement; controlled pump testing; slug testing.

Please note that the procedures in this document should be used only by individuals properly trained and certified
under a40-hour hazardous waste site training course that meets the requirements set forth in 29 CFR 1910.120(e)(3).
This document should not be used to replace or supersede any information obtained in a 40-hour hazardous waste site
training course.

Questions, comments, and recommendations are welcomed regarding the Superfund Program Representative
Sampling Guidance, Volume 5 -- Water and Sediment, Part Il -- Ground Water. Send remarks to:

Mr. William A. Coakley
Chairman, Representative Sampling Committee
U.S. EPA - ERT
Raritan Depot - Building 18, MS-101
2890 Woodbridge Avenue
Edison, NJ 08837-3679
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1.0 INTRODUCTION

1.1 OBJECTIVE AND SCOPE

This is Part Il of the fifth volume in a series of
guidance documents that assist Superfund Program
Site Managers, On-Scene Coordinators (OSCs),
Remedial Project Managers (RPMs), and other field
staff in obtaining representative samples at Superfund
sites. The objective of representative sampling is to
ensure that a sample or a group of samples accurately
characterizes site conditions.

Most hazardous waste site investigations utilize some
form of a ground-water sampling or monitoring
program to fully characterize the nature and extent of
contamination. Because site conditions may differ,
experienced hydrogeol ogists and geochemists should
be consulted to establish the most suitable types of
sampling and monitoring for each site.

The purpose of this document is to address
representative ground-water sampling. Ground-water
modeling and monitoring well installation are briefly
introduced but are not addressed in detail in this
document. References on these topics are provided in
Section 1.6

The representative ground-water sampling principles
discussed in this document are applicable throughout
the Superfund Program. The following chapters will
help field personnel to assess available information,
select an appropriate sampling approach and design,
select and utilize field analytical/geophysical
screening methods and sampling equipment,
incorporate suitable types and numbers of quality
assurance/quality control (QA/QC) samples, and
interpret and present the site analytical data.

As the Superfund Program has developed, the
emphasis of the response action has expanded beyond
addressing emergency response and short-term
cleanups. Each planned response action must
consider a variety of sampling objectives, including
identifying  threat, delineating sources of
contamination, and confirming the achievement of
clean-up standards. Because many important and
potentially costly decisions are based on the sampling
data, Site Managers and other field personnel must
characterize site conditions accurately. To that end,
this document emphasizes the use of cost-effective
field analytical and geophysical screening techniques
to characterize the site and aid in the selection of
sampling locations.

1.2 UNIQUE CHARACTERISTICS
OF GROUND WATER

The following are media-specific variables of ground
water that should be considered when performing
representative ground-water sampling:

» Homogeneity - Ground water, as a medium, is
usually homogeneous, especially when compared
to other media such as soil, air, or waste.

* Seasonal and Localized Variation in Flow -
Seasona and localized variations in ground-water
flow should be considered when developing a
ground-water assessment program. Seasonal
variations are generally controlled by weather.
Surface streams gain or lose water to the
subsurface when flood or drought conditions are
present. Localized variationsin flow are caused
by nearby, outside influences, as when a
production well creates a cone of depression in
the water table.

» Inaccessibility for Investigation - Ground water
is often inaccessible to standard grab sampling
techniques. Because ground water is subsurface,
wells must often be drilled and completed for
sampling if no existing wells are available.
Sampling ground water is generally more
complicated, labor-intensive, time-consuming,
and expensive than sampling other media.

»  Natural Background Composition - Knowledge of
the natural background composition is necessary
in order to determine the effects of a site on the
ground water. Background or control monitoring
wells are necessary to determine ambient
composition.

 Water Treatment - Ground-water samples are
often extracted from existing residential or
commercial wells that have been treated with
softeners or have been filtered or altered in other
ways. Sampling (times, parameters, methods,
preservatives, etc.) may have to be altered in
order to compensate for or avoid treatment
variables.

*  Reproducibility of Sampling Results - Ground
water is a flowing water body below the earth's
surface. Physical and chemical characteristics
may vary over time and space because of the




factors listed above (e.g., seasonal variation).
Contaminants tend to flow through ground water
in a plume or plug of varying concentration;
contamination sources may discharge in pulses or
as a continuous flow; and contaminants may react
with ground water to chemically transform over
time. Because of this flowing nature,
contaminant or natural constituent concentrations
canvary. Thisvariation could affect duplicating
sample results over an extended time period.
Contaminants will most often continue to be
detected in ground water, but sample
concentration ranges may be altered, either by an
increase or a decrease, or contaminant by-
products may be detected.

1.3 REPRESENTATIVE SAMPLING

Representative ground-water sampling ensures that a
sample or group of samples accurately reflects the
concentration of the contaminant(s) of concern at a
given time and location. Analytical results from
representative samples reflect the variation in
pollutant presence and concentration throughout a site.

In addition to the variables introduced due to the
characteristics of the sample media (as discussed in
Section 1.2), this document concentrates on those that
are introduced in the field. These latter variables
relate to site-specific conditions, the sampling design
approach, and the techniques for collection and
preparation of samples. The following variables
affect the representativeness of samples and
subsequent measurements:

* Media variability - The physical and chemical
characteristics of ground water.

e Contaminant concentration  variability -
Variations in the contaminant concentrations
throughout the site and/or variables affecting the
release of site contaminants into ground water on
or away from the site.

» Collection and preparation _variability -
Deviationsin anaytical results attributable to bias
introduced during sample collection, preparation,
and transportation (for analysis).

» Analytical variability - Deviations in analytical
results attributable to the manner in which the
sample was stored, prepared, and analyzed by the
on-site or off-site laboratory. Although analytical
variability cannot be corrected through

representative sampling, it can lead to the false
conclusion that error is due to sample collection
and handling procedures.

1.4 REPRESENTATIVE SAMPLING
OBJECTIVES

Representative sampling objectives for ground water
include the following:

* ldentify the presence of contamination, including
source, composition, and characteristics.
Determineif it is hazardous.

 Establish the existence of an imminent or
substantial threat to public health or welfare or to
the environment.

» Establish the existence of potential threat
reguiring long-term actions.

»  Develop containment and control strategies.
»  Evaluate treatment options.

Note: Clean-up goals are generally established for
ground water and are not considered a sampling
objective.

1.4.1 Identify Contamination and
Determine Hazard

One of the first objectives during a response action at
a site is to determine the presence, identity, and
potential threat of any hazardous materials. Field
screening techniques can be used for rapid detection
of contaminants. Upon confirming the presence of
hazardous materias, sample and/or continue screening
to identify their compositions and determine their
concentrations.

1.4.2 Establish Imminent or
Substantial Threat

Establishing threat to the public or environment is a
primary objective during any response action. The
data obtained from characterizing the contaminants
will help the Site Manager to determine whether an
imminent or substantial threat exists and whether a
response action is necessary. The type and degree of
threat determines the rate at which a response action
is taken.



1.4.3 Determine Long-Term Threat

Site conditions may support along-term threat that is
not imminent or substantial. Characterization of the
contaminants can assist the Site Manager to determine
the need for long-term remediation and response.
Samples should be collected in a manner that enables
their use for evaluating the site under the Hazard
Ranking System.

1.4.4 Develop Containment and
Control Strategies

Once the chemical constituents and threat have been
determined, many strategies for ground-water
containment and control are available. Analytical data
indicating the presence of chemical hazards are not in
themselves sufficient to select a containment or
control strategy. Site reconnaissance and historical
site research provide information on site conditions
and the physical state of the contaminant sources,
containment and control strategies are largely
determined by this information. For example,
trenching and pump and treat systems can prevent
spread of contamination in an aquifer.

1.4.5 Evaluate Treatment Options

The contaminants should be identified, quantified, and
compared to action levels (eg., maximum
contaminant levels (MCLs) for drinking water).
Where regulatory action levels do not exist, site-
specific clean-up levels are determined by the Region
(often in consultation with the Agency for Toxic
Substances and Disease Registry (ATSDR)) or by
State identification of Applicable or Relevant and
Appropriate Requirements (ARARs). If action levels
are exceeded, a series of chemical and physical tests
may be required to evaluate possible treatment
options.

1.5 CONCEPTUAL SITE MODEL

A conceptual site model is a useful tool for selecting
sampling locations. It helps ensure that sources,
migration pathways, and receptors throughout the site
have been considered before sampling locations are
chosen. The conceptual model assists the Site
Manager in evaluating the interaction of different site
features. Risk assessors use conceptual models to
help plan for risk assessment activities. Frequently, a
conceptual model is created as a site map (see Figure
1) or it may be developed as a flow diagram which

describes potential migration of contaminants to site
receptors (See Appendix A).

A conceptual site model follows contaminants from
their sources, through migration pathways (e.g., air,
ground water), and eventually to the assessment
endpoints. Consider the following when creating a
conceptual site model:

*  The state(s) of each contaminant and its potential
mobility

»  Sitetopographic features

 Meteorological  conditions (e.g., wind
direction/speed, average precipitation,
temperature, humidity)

Human/wildlife activities on or near the site

The conceptual site model in Figure 1 is an example
created for this document. The model assists in
identifying the following site characteristics:

Potential Sources: Site (waste pile, lagoon);
drum dump; agricultural activities.

Potential Migration Pathway (Ground Water):
Leachate from the waste pile, lagoon, drum
dump, or agricultural activities.

Potential Migration Routes: Ingestion or direct
contact with water from the aquifer (e.g.,
ingestion of drinking water, direct contact when
showering).

Potential Receptors of Concern:

Human Population (Residents/Workers):
Ingestion or direct contact with contaminated
water from the aquifer.

Preliminary site information may provide the
identification of the contaminant(s) of concern and the
level(s) of the contamination. Develop a sampling
plan based upon the receptors of concern and the
suspected sources and pathways. The model may
assist in the selection of on-site and off-site sampling
locations.



d34INOV

11v41N0O
INV1d 3OVMIS

©
.
e
I
o ©
09%
o ®
o S
al o
e so
¢ o
oy 2
AN
o 2@,
®

\\\\

-Nx\’

% 2

- @
ST113aM
AVILNIAIS3Y

m_x<._.Z_ ,
INVId d31VM &

SIAOIgHIH
S3AlolLS3d

O _._.<mu pSPe]l

'l’..ll

=

NOLLV1IdIO=dd

SANV]
JNVYO JIVIS

dANNA NNYd

S

SHOdVA
SvO

S

S31VINJlLdvd

S

f\/\

CH

«\,\%@

v
3S0d dNIm

13AdON 3A1IS
1VNLd3ONOD
‘1L 3™NOIS




1.6 OVERVIEW OF GROUND-
WATER MONITORING WELL
INSTALLATION AND
GROUND-WATER MODELING

Ground-water monitoring well installation and
ground-water modeling are complex issues which fall
outside the scope of this document. Many standard
operating procedures (SOPs) covering ground-water
monitoring well installation techniques have been
published. Monitoring well installation and ground-
water modeling are briefly introduced here with
several specific items for consideration. Refer to
existing SOPs and other reference documents for more
in-depth study.

1.6.1 Ground-Water Monitoring Well
Installation

For most Superfund response actions where ground-
water sampling is performed, existing ground-water
production wells (commercial or residential) are used,
if available, to obtain samples. Chemical data
obtained from this type of well depict the general
quality of water that is being delivered to the user
community. Ground water is usually a composite of
multiple aquifer strata which may mask the presence
of narrow or small contaminant plumes from a single
stratum. For this reason, production wells are not
suitable for detailed source, case-preparation, or
research types of monitoring.  Such detailed
monitoring efforts require wells designed to determine
the geologic and hydrologic quality at specific
locations and depths. The following items must be
considered for ground-water sampling from
monitoring wells:

»  Drilling method

»  Monitoring well components
* Monitoring well location

*  Well diameter

*  Waell depth

*  Well screen location

Refer to the U.S. EPA A Compendium of Superfund
Field Operations Methods, OSWER
Directive 9355.0-14; Compendium of ERT
Ground-water Sampling Procedures, OSWER
Directive  9360.4-06; RCRA  Ground-Water
Monitoring Technical Enforcement Guidance
Document, OSWER Directive 9950.1; and RCRA
Ground-Water Monitoring: Draft Technical
Guidance, EPA/530-R-93-001, for specific details on
monitoring well installation.  The latter two

documents should be referenced for information on
locating, installing, and devel oping monitoring wells.

Locating Monitoring Wells

Often, one well is sited near the center of the
contaminant plume just downgradient from the
contamination source. Another well is installed
downgradient of the contaminant source, outside the
limits of the plume. For background data, one well
may be placed outside of the contaminant plume,
upgradient of the contaminant source. Additional
wells may be installed to track the amount of
contaminant dispersion taking place.

Determining the depth to sample is critical for
successful ground-water monitoring. Sampling depth
depends on the contaminant density, the aquifer
characteristics, and the slope of the water table or
potentiometric surface. The number of wells
necessary to monitor ground water varies depending
on many factors. For example, if an impoundment
contamination source is higher than the surrounding
landscape, leachate may flow locally in all four
downgradient directions. In this case, at least four
wells are needed to monitor plume movement, plus a
background well may be desired in an unaffected area.
In addition, some wells may be installed at more than
one depth in a contaminant plume to verify vertical
flow or spread of contamination at different depths.

See Driscoll, 1986, pp. 715-16 for more information
on locating monitoring wells.

Well Casing and Well Screen

Select a well casing material based on water quality,
well depth, cost, borehole diameter, drilling
procedure, and Federal, state, and local regulations.
Types of casing materials include: steel, polyvinyl
chloride (PVC), fiberglass, and Teflon®. Common
well casing diameters range from 2 inches to 12
inches or greater, and depend on well type, well size,
well depth, and subsurface geology. Often a series of
progressively smaller-diameter well casings are used
from the ground surface to the well depth.

A well screen is a filtering device which permits
water to enter the well from the saturated aquifer
while preventing sediment from entering the well. A
well screen has slots or perforations and attaches to
the well casing. It can be constructed of metal,
plastic, or other material. Important criteria for
selecting awell screen include: alarge percentage of



open area, nonclogging slots, resistance to corrosion,
and a sufficient column and collapse strength.

See Driscoll, 1986, pp. 413-431, and Fetter, 1993, pp.
339-344 for more information regarding well casing.
See Driscoll, 1986, pp. 395-405, and Fetter, 1993, pp.
345-346 for more information regarding well screens.
See U.S. EPA, November 1992, pp. 6-16 - 6-38 for
advantages and disadvantages of selecting well casing
and screen materials.

1.6.2 Ground-Water Modeling

Ground-water models, like conceptual site models,
can be useful when selecting sampling approaches,
objectives, and locations. Ground-water models
developed for Superfund sites attempt to provide an
estimation of how the actual ground-water system
functions.

There are many types of ground-water models
available (e.g., physical, analog, mathematical). The
International  Ground-Water Modeling Center
(IGWMC) has developed a ground-water model
definition which emphasizes the importance of
describing a ground-water system mathematically.
The IGWMC defines a ground-water model as "a non-
unique, simplified, mathematical description of an
existing ground-water system, coded in a
programming language, together with a quantification
of the ground-water system the code simulates in the
form of boundary conditions, system parameters, and
system stresses."

A ground-water model may be useful throughout site
investigation activities because it can be adjusted as
conditions in the actual ground-water system become
better defined. The data which are generated by the
model can be used to refine sampling approaches and
locations as necessary. Typically, a ground-water
modeling report will include data (results), along with
a discussion of activities such as model calibration
and conceptual model development. A suggested
format for a ground-water modeling report can be
found in U.S. EPA Ground-Water Issue:
Fundamentals of Ground-Water  Modeling
(EPA/540/S-92/005).

1.7 EXAMPLE SITE

An example site, presented at the end of each chapter,
illustrates the devel opment of a representative ground-
water sampling plan that meets Superfund Program
objectives for early actions or emergency responses.



2.0 GROUND-WATER SAMPLING DESIGN

2.1 INTRODUCTION

The purpose of ground-water sampling is to provide
technical information relative to the nature and
condition of subsurface water resources at a specific
time and place. Designs to monitor the status of
ground water range from the studies of naturally
occurring geochemical constituents to the detection or
assessment of contamination within a ground-water
system.

Ground-water sampling objectives include identifying
threats, delineating sources and extent of
contamination, determining treatment and disposal
options, and confirming the attainment of targeted
clean-up levels. Representative sampling designs are
developed to most accurately characterize the
hydrogeologic system and its interaction with the
environment. Sampling protocols must integrate
detailed sampling methodology, techniques and
practices to ensure valid assessment. Sampling
methodology and practice may be the most common
source of assessment error. Conseguently, sampling
methodology and practice collectively demand careful
preparation, execution, and evaluation to accurately
characterize the hydrogeologic system or its
subsystems. (For additional information see: U.S.
EPA Ground Water, Volume IlI: Methodology,
EPA/625/6-90/016b; and Palmer, Christopher M.,
Principles of Contaminant Hydrogeology.)

There are many methods and types of equipment
useful for site characterization and sample collection.
Selection of these factorsis acritical component of a
site-specific sampling design.

A properly developed ground-water sampling design
defines the sampling purpose, protects site worker
health and safety, effectively utilizes resources, and
minimizes errors. The sampling design will vary
according to the characteristics of the site. When
developing a sampling design, consider:

» Prior actions at the site (e.g., sampling events,
compliance inspections)

* Regiona ground-water
characteristics

» Potential on-site waste sources (eg.,
impoundments, waste piles, drums)

» Topographic, geologic, hydrologic, and
meteorol ogic conditions of the site

*  Flora, fauna, and human populations in the area

properties  and

2.1.1 Pre-Sampling Plan
Investigation

The pre-sampling plan investigation provides the
planner with information critical to the development
of asound ground-water sampling design. Integration
of all pertinent facts regarding the site history, the
population(s) affected, and concentrations of
substances on a site must be reviewed. After all of the
pertinent information has been processed and
incorporated into a thorough site pre-evaluation, the
sampling plan can be developed. Considerations for
sampling plan modification should be reviewed as
necessary in light of the complex nature of ground-
water resource dynamics.

Site History

Review of the site's history helps assess the natural
and man-made impacts on a site. Geographic,
geologic, tax, and fire insurance maps can indicate the
status of the site. These maps can usually be found at
local and collegiate libraries or municipal and county
tax offices. Aeria photographs are helpful in
reviewing operational use of the site. Archival aerial
photographs may show changes in operation and site
condition over time. This information can be
correlated with information from potentially
responsible parties.

Hydrogeologic information is critical to developing a
sampling plan. A ground-water system is site
specific, depending upon local geology, land and
subsurface use, precipitation and water use, proximity
to water bodies, and hydrogeologic parameters
affecting contaminant transport. Hydrologic and
hydrogeologic information can be found in libraries or
reguested from the U.S. Geological Survey (USGS),
Water Resources Division, or state geological
agencies and their water branches. Inspection
histories can be used to determine prior health status
of the sitein view of possibletrends. Local, state, and
federal agencies dealing with health or environmental
inspection can provide such historical information
about a site.

Affected Populations

Human population statistics for the selected area can
establish the number of people threatened by the
contaminant exposure. Include populations affected



by projected migration of contaminants within the
ground-water system. Knowing the interaction of the
contaminant within a ground-water system and the
potential regional populations exposed to the
contaminant will focus the sampling plan to the source
and possible pathways of the contaminant. Wildlife
populations in the area must be studied as well.
Wildlife in ponds, lakes, streams, rivers, and baysis
often affected by contaminants transported by ground
water discharging into surface water. Information
regarding regional wildlife populations and
susceptibility to hazardous substances can be obtained
from federal and state wildlife and conservation
agencies.

Detection Levels versus Maximum
Contaminant Levels

Sampling plan development must also address the
concentration level of the contaminant within the
ground-water system in relation to the maximum
contaminant levels (MCLs) allowed within a public
water system. Refer to the Federal Register for the
levels requiring enforceable action. Knowledge of the
chemical contaminant interaction within the ground-
water system can add insight into the fate of the
contaminant (soluble or insoluble in water; less or
more dense than water; the nature of reactivity with
sediment or geology of the subsurface). Correlate the
concentration level versus the location of these
concentrations. A sequence of order can then be
applied to the locations. Ideally, a pattern may
devel op that can be related to the ground-water system
and its dynamics. In the case of a single location,
investigate potential sources in the surrounding area
either by working backwards from an identified
contaminant spot to a potential source, or from a
potential source to an identified contaminant spot.
Also consider source-to-current-location pathways and
projected pathways when devel oping a sampling plan.

2.1.2 Types of Information
Provided by Ground-Water
Sampling Assessment

There are several types of information that a ground-
water sampling assessment provides. These include
but are not limited to: measure of ground-water
quality, contaminant concentrations compared to
action levels, selection of the appropriate response
action, and determination of ground-water flow and
contaminant plume movement.

Measure of Ground-Water Quality

Ground-water sampling assessments provide
information concerning measure of ground-water
quadlity of asite or region. Water quality is classified
according to many categories and its intended use.
Drinking water is especially subject to guidelines. A
sampling assessment of ground water can determine
whether the quality of the water has been maintained,
upgraded, or allowed to degrade. The natural and
artificially induced characteristics of ground water
from a specific site or region can be established by
ground-water sampling assessments -- specifically, the
chemical, biological, and physical characteristics of
the ground water.

Contaminant Concentrations Compare d
to Action Levels

Ground-water sampling assessments provide a single
contamination level for aparticular sampling location,
or a set of contamination levels for several sampling
locationswithin asite. Comparison to action levelsin
ARARs determines the basis for further action. Thus,
sampling can evaluate potential hazards and represent
a condition of ground-water character requiring
enforceable action procedures.

Selection of Appropriate Response
Action

Thelevel of contaminant concentration as determined
through sampling assessments is a critical factor in
selecting a site response action. Depending upon the
degree or level of contaminant concentration,
contaminant frequency, or number of locations
established as contaminated, and the site's potential
threat to human health or the environment, a rapid or
extensive clean-up program can be formulated, as well
astemporary or short-term responses (e.g., provision
of bottled water).

A sampling assessment may not always indicate
contamination of the site. Careful examination of
sampling protocol must consider the range of
explanations. A miscalculation of suspected source
sites; gross procedure error in sampling, laboratory
analysis, or documentation; or error at many other
points in sampling protocol could be the source of
assessment error. These errors are addressed more
extensively in Chapter 5.

If quality assurance/quality control (QA/QC)
procedures have been followed for ground-water
sampling assessment, then it is possible that sources



of contamination may originate from above ground
systems (e.g., lead entering tap water in the proximity
of the facility). In any case, a sampling assessment at
the least can characterize the natural ground-water
conditions, which can be used as a control or
comparison.

Determination of Ground- Water Flow and
Contaminant Plume Movement

Knowing the direction of ground-water flow is
important when evaluating a contaminated aquifer.
When contamination enters the ground at a higher
head (gradient) than exists at nearby shallow wells,
these wells may become contaminated. Ground water
flows from higher head to lower head. The direction
of water movement may be determined using water-
elevation data from a minimum of three wells. See
Driscoll, 1986, pp. 79-85 and Freeze and Cherry,
1979, pp. 168-236 for more information regarding
ground-water flow.

Ground-water tracers, such as dye or salt may be used
to track ground-water flow velocities and contaminant
plume movement. A tracer is placed in one well and
the time of its arrival in a second well downgradient
from thefirst well is noted. The dilution of the tracer
detected in the second well can indicate the
contaminant dilution rate and help determine the
contaminant source concentration as well as the width,
depth, and spreading velocity of the plume. Tracers
also may be used to help determine aquifer porosity,
hydraulic conductivity, and dispersivity.

The tracer selected must be detectable in extremely
low concentrations and must not react chemically or
physically with the ground-water or aquifer
composition. See Driscoll, 1986, pp. 84-85 for more
information regarding ground-water tracers.

2.1.3 Site Reconnaissance

A site reconnaissance can be conducted at an earlier
date or immediately prior to sampling activities. It
allows field personnel to assess actual, current site
conditions, evaluate areas of potential contamination,
evaluate potential hazards associated with sampling,
and finalize a sampling plan. Site reconnaissance
activities for a ground-water assessment include:
observing and photographing the site; noting site
access and potential evacuation routes; noting
potential safety hazards; inventorying and recording
label information from drums, tanks, or other
containers; mapping process and waste disposal areas
such as landfills, impoundments, and effluent pipes;
mapping potential contaminant migration routes such

asdrainage, streams, and irrigation ditches; noting the
condition of animals and/or vegetation; noting
topographic and/or structural features; noting and
mapping existing ground-water monitoring or other
types of wells for potential sampling; and siting
potential locations for new monitoring wells if
necessary. Field personnel should use appropriate
personal protective equipment when engaged in any
on-site activities. Consider the following site-specific
factors while performing a site reconnai ssance:

» Sampling Objectives - Sampling is conducted
typically to comply with regulations for the
detection or assessment of suspected
contamination within the subsurface. The
information gathered aids in the identification of
known and unknown substances present within
the site and the level and extent of contamination
of the environment. The information is used to
document the condition of the ground-water
system as an initial assessment, a record of
development, or as evidence of remediation
efficiency and compliance.

+ Sample Callection and Toxicity - The samples
collected are intended to document the absence or
measure the presence of contaminants. The
measure of acute or chronic toxicity is evaluated
by assessing the site's extent of contamination,
the time period in relation to the extent, and
health hazards associated with the contaminant
exposure time frame.

o Stetistical Concerns - A site visit will familiarize
the sampling planner with the environment to be
sampled. Conspicuous indicators of potential
contamination sources or contamination effects
may suggest use of ajudgmental or bias sampling
design. A geostatistical sampling method can be
cost-effective and time-efficient when compared
to strictly random or random-stratified
procedures. When using less random methods,
the choice of sampling locations should be
documented and justified. Employ random
sampling in addition to bias sampling and include
background or control samples for a thorough
representation of the ground-water character.
(See Section 2.3 for a discussion of sampling
approaches.) (For additional information see
Keith, Lawrence H., Principles of Environmental
Sampling.)

e Timing of the Response - Consider seasonal
variation when evaluating a site. Predictions of
bad weather can influence technique and design.
The urgency of the action weighed against




seasonal constraints may dictate the options
available within the targeted budget.

Site-Specific Factors Affecting Ground-Water
Elow Many factors of a site control the path or
direction of ground-water flow. A combination of
geologic survey information with the site
reconnai ssance can better familiarize the planner
with the dynamics of the hydrogeologic system.
The local geology of a site can determine the
direction and rate of ground-water movement by
means of its orientation and composition (e.g.,
horizontal, tilted or vertical structures, and
confining clay versus unconfining sand and
gravel). The degree of development of a site and
its local topography can affect the ground-water
flow (e.g., parking lot runoff disproportionally
delivers water quantities to the subsurface and
greater slopes afford less infiltration of water to
the subsurface). The extent and type of
vegetation can affect the amount of rainfall that
actually recharges an aquifer system. Dense
vegetation and high evapo-transpiration from
vegetation allows very little water to descend to
the subsurface. Seasona variations can cause
reversal of ground-water flow direction. Thisis
usually associated with water bodies such as
streams, rivers, ponds, and lakes. Water may
flow to or from streams depending upon its
surface elevation in relation to adjacent water
table surfaces. During flood conditions, water
usually flows from rivers toward the surrounding
subsurface. During drought, water moves toward
the lower level of the stream surface from higher
ground-water surfaces. (Consult U.S. EPA
Handbook, Ground Water, EPA/625/6-87/016,
Chapter 4: Basic Hydrogeology.)

Analytical Parameters - The site reconnaissance
can help develop the list of analytical parameters.
For example, a reconnaissance may indicate the
presence of battery casings. Lead would then be
a substance of concern. The site may contain
constraints that may or may not allow a variety of
tests to be performed. The cost-effectiveness of
testing within the site's constraints can lead to
limited options available to properly analyze the
ground-water system. Testing methods may vary
within one site (e.g., monitoring well sampling,
hydroprobe extraction, etc.) in order to evaluate
multiple criteria vital to the site assessment.

Degradation (or Transformation) Products - Sites
may contain degradation (or transformation)
products, or by-products, of the contaminant that
are detectable and potentially as hazardous as the
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contaminant itself. Sampling for the product can
lead to clues of the source substance location and
its reactive status within the subsurface.

e Sampling Order - The sampling plan should
address a specific order of sampling locations
(and depths at a single location) to be developed.
In order to use equipment efficiently, the plan
should attempt to sample from "clean” to "dirty"
locations, reducing the potential for contaminants
to affect relatively less contaminated locations.
Typically, the background or "clean" location of
a site is hydrologically upgradient from the
suspected contaminant "hot spot." Depending
upon the nature of the contaminant (e.g., a
"sinker" or "floater"), the sampling at different
depths within a column of water in a monitoring
well should also follow a sequence.

2.2 PARAMETERS OF CONCERN,

DATA QUALITY OBJECTIVES,
AND QUALITY ASSURANCE
MEASURES

2.2.1 Parameters of Concern

Drinking water populations, contaminants, and
migration pathways are additional parameters that
should be considered when developing a sampling
plan.  Often, ground-water contamination goes
undetected because it is not directly visible. Drinking
water odor or taste complaints by residents close to
the site are usually the initial indication of ground-
water contamination and potential health hazards.
The sampling data should accurately delineate the
extent of ground-water contamination, determine the
impact on drinking water populations, and indicate
potential migration pathways to such populations. It
isimportant to design the sampling plan to determine
where contaminants are most highly concentrated, and
to locate areas of decreasing detectable concentrations
and those not yet contaminated.

2.2.2 Data Quality Objectives

Data quality objectives (DQOSs) state the level of
uncertainty that is acceptable for data collection
activities and define the certainty of the data necessary
to make decisions. The overall goal of DQOs for a
representative ground-water sampling plan are to
acquire thorough and accurate information about
subsurface water conditions at a site. DQOs are
unique and site specific and should address the



contaminant's interaction with the immediate site
environment. When establishing DQOs for a
particular project, consider:

» Decision(s) to be made or question(s) to be
answered

* Why analytical data are needed and how the
results will be used

» Time and resource constraints on data collection

»  Descriptions of the analytical data to be collected

» Applicable model or data interpretation method
used to arrive at a conclusion

» Detection limits for analytes of concern

e Sampling and analytical error

2.2.3 Quality Assurance Measures

To ensure that analytical samples are representative of
site conditions, quality assurance measures must be
associated with each sampling and analysis event.
The sampling plan must specify QA measures, which
include, but are not limited to, sample collection,
laboratory SOPs, sample container preparation,
equipment decontamination, field blanks, replicate
samples, performance evaluation samples, sample
preservation and handling, and chain-of-custody
requirements. Quality assurance components are
defined as follows:

»  Precision - Measurement of variability in the data
collection process

» Accuracy (bias) - Measurement of bias in the
analytical process; theterm "bias" throughout this

document refers to (QA/QC) accuracy
measurement
 Completeness - Percentage of sampling

measurements which are judged to be valid

* Representativeness - Degree to which sample
data accurately and precisely represent the
characteristics and concentrations of the
source/site contaminants

*  Comparability - Evaluation of the similarity of

conditions (e.g., sample depth, sample
homogeneity) under which separate sets of data
are produced

Refer to Chapter 5, Quality Assurance/Quality Control
(QA/QC), for more detailed ground-water QA/QC
information.
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2.3 REPRESENTATIVE GROUND-

WATER SAMPLING
APPROACHES AND SAMPLE
TYPES

Judgmental sampling is the primary representative
sampling approach used for ground water. Other
representative sampling approaches for ground water
such as random, systematic grid, and systematic
random sampling are described below. For
information on the other types of sampling
approaches, refer to U.S. EPA, Superfund Program
Representative Sampling Guidance, Volume 1 -- Soil,
OSWER Directive 9360.4-10.

2.3.1 Judgmental Sampling

Judgmental sampling is the biased selection of
sampling locations at a site, based on historical
information, visual inspection, sampling objectives,
and professional judgment. A judgmental approach is
best used when knowledge of the suspected
contaminant(s) or its originsis available. Judgmental
sampling includes no randomization in the sampling
strategy, precluding statistical interpretation of the
sampling results. Criteria for selecting sampling
locations are dependent on the particular site and level
of contamination expected.

Once a contaminant has been detected in the ground
water, the source and extent must be identified. To do
this, an understanding of the contaminant
characteristics and the loca geologic and
hydrogeologic conditions is needed. Characteristics
of the contaminant and any daughter (degradation)
products must be known in order to understand how
the material may be transported (both vertically and
laterally) from the contamination source. Knowledge
of the local hydrogeology is needed in order to
identify areas or zones that would facilitate
contaminant migration, such as water bodies and
gravelly or sandy soils. The permeability of the
underlying rock type should be analyzed, as well asits
depth, which will help to narrow the potential
sampling area. For example, if the underlying
bedrock strikes northeast to southwest, then sampling
of an aguifer should also be in this direction, unless
cross-contamination between aquifers has already
been identified.

When appropriate (based on sampling objectives,
availability, sampling parameters, and budget), sample
available local residential or commercial wells
following arelatively systematic pattern based on the



geology of the area. In the example given in the
paragraph above, wellswould be sampled along aline
northeast to southwest. If the number of wells
available is not sufficient to adequately identify the
extent of contamination, then additional monitoring
wells could be installed.

During a ground-water assessment, the selection of
locations for monitoring well installation is done with
a judgmental approach. This is generally because
monitoring wells are complex, expensive, and time-
consuming to install. In order to best determine the
nature of a suspected contaminant plume, monitoring
wells need to be placed in areas most likely to
intercept the plume. Using arandom, systematic grid
or a systematic random approach would likely result
in too many wells that miss the contaminant plume.
Even placement of background or control monitoring
wells favors a judgmental approach. Locations are
selected based on the site reconnaissance and the
planner's knowledge of the suspected contaminants,
site geology, and hydrology.

2.3.2 Random, Systematic Grid, and
Systematic Random Sampling

Random, systematic grid, and systematic random
sampling are generally not used for ground-water
sampling because sampling points are pre-determined
from either existing wells or monitoring wells which
are placed by judgment. However, these approaches
may be useful for soil gastesting to assist in the siting
of new monitoring wells. They can also be useful for
conducting Geoprobe® sampling, if necessary. For
additional information on these sampling approaches,
refer to U.S. EPA, Superfund Program
Representative Sampling Guidance, Volume 1 -- Soil,
OSWER Directive 9360.4-10.

2.3.3 Grab versus
Sample Types

Composite

Grab samples are essentially the only type of samples
collected for ground water. Unlike surface water,
ground water is not composited. Each ground-water
sample is representative of a discrete location and
horizon in the subsurface.

2.4 SAMPLING PLAN

To develop a successful and practical representative
ground-water sampling plan, the following site-
specific information is required:
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Site Location - The location of the site will often
influence the size of the sampling area and
whether sampling should be conducted on or off
site or a combination of both.

Local Geology and Hydrology - Local geology
and hydrology can determine whether off-site
sampling is necessary and defines ground-water
sampling boundaries and locations. For example,
if an aquifer is very deep or there is a confining
layer between the ground surface and the aguifer,
then sampling within a small area may be all that
is necessary in order to determine the extent of
contamination within that aquifer.

Topography - Topography will control the
direction of surface runoff and may give cluesto

subsurface conditions. For example, wells in
valleys may not be of the same aquifer as wells
on ahill.

Analytical Parameters - If contaminants are
initially unknown, then a broad spectrum of
analytical parameters is usually collected. As
more information about the site becomes
available (through screening or laboratory
analysis), the number of parameters can be
streamlined or atered in order to more effectively
characterize the site. If the contaminant is
known, then concentrate on sampling for it and
its degradation products.

Sampling Budget - Budget constraints inevitably
affect operations. A combination of screening
and analytical techniques minimizes expenses
while still providing an acceptable level of
quality for the sampling data.

Physiochemical Nature  of Suspected
Contamination When designing the sampling
plan, take into account the physical and chemical
nature of the suspected contaminants, then design
the sampling plan to facilitate efficient detection
of the contaminants through sampling
methodology, equipment, and analyses. For
example, the water density or solubility of a
contaminant may provide an indication of the
contaminant's physical location within the water
column.

Water has a specific gravity of one. Some
chemical compounds, such as many complex
petrochemicals, have a specific gravity of greater
than one, and are therefore more dense than
water. These substances tend to sink and include
chlorinated solvents, wood preservatives, other



coal tar wastes, and pesticides. These compounds
are referred to as dense nonaqueous phase
liquids (DNAPLS), or "sinkers'. On the other
hand, a specific gravity of less than one will
alow a contaminant to float on or near the water
table, and includes many fuel oil products and
byproducts (e.g., gasoline, benzene, toluene, ethyl
benzene, xylene (BTEX), and other straight chain
hydrocarbons). These compounds are referred to
as light nonaqueous phase liquids (LNAPLS), or
"floaters’. Nonagueous phase liquids (NAPLS)
tend to exist as separate layers in the water
column. A substance with a specific gravity
value near to or equa to one will generally
dissolve in the water column (e.g., acetone,
phenols, and creosote). Because of the potential
stratification in the water column due to NAPL
substances, sampling location with respect to the
suspected contaminant location within the well
should always be considered.

LNAPLs commonly occupy the capillary fringe
zone above the water table. In a confined aquifer,
these compounds are found aong the upper
surface of the permeable unit and also within the
overlying confining layer.

DNAPLs cause additional representative
sampling concerns. These compounds move
downward under the influence of gravity until
reaching a less permeable formation where they
may either accumulate, move downslope along
the bedrock, or penetrate fractures. Special
precautions should be taken during drilling at
sites suspected of DNAPL contamination; ensure
that the drilling does not induce the spread of
free-phase DNAPL contaminants. Monitoring
well installation should be suspended when a
DNAPL or low permeability lithogic unit is
encountered. Fine-grained aquitards (e.g., silt or
clay) should be assumed to permit downward
DNAPL migration. For guidance on sites with
potential DNAPL contamination, see U.S. EPA
Estimating the Potential for Occurrence of
DNAPL at Superfund Sites, OSWER Directive
9355.4-07.

Additional elements which should be addressed in a
representative ground-water sampling plan include:

 Sample Number - The number of samples
collected depends on the number of sample
locations. Normally one sample is taken at each
location, except for QA/QC requirements (e.g.,
replicates, and matrix spike/matrix spike
duplicates). If there are multiple, discreet
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aquifers at the site, then samples of each may be
necessary. Splitting samples also requires an
increase in the number of samples.

« Sample Volume - The sample volume is
dependent on the analytical parameters. It isalso
dependent on whether the contaminant is known
or unknown. A greater volume is generaly
needed when the contaminant is unknown
because a larger suite of parameters is usually
selected.

» Sample Location - Sample location is generally
dictated by the availability of existing
monitoring, residential, or commercial wells.
New monitoring wells are located by judgmental
methods.

»  Sample Depth - Sampling depth is typically the
bottom or screened zone of a well. However,
there may be times when certain stratigraphic
horizons within the water column may need to be
discreetly sampled (e.g., capturing "floaters" or
"sinkers"'). (Procedures for addressing stratified
samples are discussed in Section 4.4.)

»  Sample Order - Sampling order is from the least
contaminated to the most contaminated wells or
areas (if known).

2.5 EXAMPLE SITE

2.5.1 Background

The ABC Plating Site is located in northeastern
Pennsylvania approximately 1.5 miles north of the
town of Jonesville. Figure 2 provides alayout sketch
of the site and surrounding area. The site covers
approximately four acres and operated as a multi-
purpose specialty electroplating facility from 1947 to
1982. During its years of operation, the company
plated automobile and airplane parts with chromium,
nickel, and copper. Cyanide solutions were used in
the plating process. ABC Plating deposited
electroplating wastes into two unlined shallow surface
settling lagoons in the northwest portion of the site.
Pennsylvania Department of Environmental Resources
(PADER) personnel cited the owner/operator for the
operation of an unpermitted treatment system and
ordered the owner to submit a remediation plan for
state approval. Before PADER could follow up on the
order, the lagoons were partially backfilled with the
wastes in place. The process building was later
destroyed by a fire of suspicious origin. The owner
abandoned the facility and could not be located by



Figure 2: Site Sketch
ABC Plating Site
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enforcement and legal authorities. Several vats,
drums, and containers were left unsecured and
exposed to the elements. The state contacted EPA for
an assessment of the site for a possible federally
funded response action; an EPA On-Scene
Coordinator (OSC) was assigned to the task.

2.5.2 Site History and
Reconnaissance

The EPA OSC reviewed the PADER sitefile. In 1974
the owner was cited for violating the Clean Streams
Act and for storing and treating industrial waste
without a permit. The owner was ordered to file a site
closure plan and to remediate the settling lagoons.
The owner, however, continued operations and was
then ordered to begin remediation in 90 days or be
issued a cease and desist order. Soon after, a follow-
The OSC obtained copies of aerial photographs of the
site area from the local district office up inspection
revealed that the lagoons had been backfilled without
removing the waste.

The OSC and a sampling contractor (Team) arrived on
site to interview local and county officials, fire
department officers, neighboring residents (including
a former facility employee), and PADER
representatives regarding site operating practices and
other site details. The former employee sketched
facility process features on a map copied from state
files. The featuresincluded two settling lagoons and
afeeder trench which transported plating wastes from
the process building to the lagoons. The OSC
obtained copies of aerial photographs of the site area
from the local district office of the U.S. Soil
Conservation Service. The state provided the OSC
with copies of all historical site and violation reports.
These sources indicated the possible presence and
locations of chromium, copper, and zinc plating
process areas.

The Team mobilized to the site with all the equipment
needed to perform multi-media sampling. The OSC
and Team made a site entry, utilizing appropriate
personal protective equipment and instrumentation, to
survey the general site conditions. They observed 12
vats, likely containing plating solutions, on a concrete
pad where the original facility process building once
stood. Measurements of pH ranged from 1 to 11.
Fifty drums and numerous smaller containers (some
on the concrete pad, others sitting directly on the
ground) were leaking and bulging because of the fire.
Some rooms of the process building could not be
entered due to unsafe structural conditions caused by
the fire. The Team noted many areas of stained soil,
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which indicated container leakage, poor waste
handling practices, and possible illegal dumping of
wastes.

2.5.3 lIdentification of Parameters of

Concern

During the site entry, the OSC and Team noted that
several areas were devoid of vegetation, threatening
wind erosion which could transport heavy metal- and
cyanide-contaminated soil particulates off site. These
particulates could be deposited on residential property
downwind or be inhaled by nearby residents.

Erosion gullies located on site indicated surface soil
erosion and stormwater transport. Surface drainage
gradient was toward the west and northwest. The
Team observed stressed, discolored, and necrotic
vegetation immediately off site along the surface
drainageroute. Surface drainage of heavy metals and
cyanidewas adirect contact hazard to local residents.
Surface water systems were also potentially affected.
Further downgradient, site runoff entered an
intermittent tributary of Little Creek, which in turn
feedsBarker Reservoir. Thisreservoir isthe primary
water supply for the City of Jonesville and
neighboring communities, which are located 2.5 miles
downgradient of the site.

The site entry team observed that the site was not
secure and there were signs of trespass (confirming a
neighbor's claim that children play at the facility).
These activities could lead to direct contact with
cyanide and heavy metal contaminants, in addition to
the potential for chemical burns from direct contact
with strong acids and bases as might be found in
leaking or unsecured drums or containers.

After interviewing residents, it was established that
the homes located to the south and nearest to the site
rely upon private wells for their primary drinking
water supply. Ground water isalso utilized by several
small community production systems which have
wells located within 2 miles of the site. The on-site
settling lagoons were unlined and therefore posed a
threat to ground water, as did precipitation percolating
through contaminated soils. Contamination might
have entered shallow or deeper aquifers and
potentially migrated to off-site drinking water wells.

During Phase 1 sampling activities, full priority
pollutant metals and total cyanide analyses were
conducted on all soil and ground-water samples sent
to the laboratory. These parameters were initially
selected based on a study of plating chemistry:



plating facilities generally use either an acid or basic
cyanide bath to achieve the desired coating on their
meta products. Since Phase 1 samples were collected
from the areas of highest suspected contaminant
concentration (i.e., sources and drainage pathways),
Phase 2 samples (all media types) were analyzed for
total chromium, hexavalent chromium (in water only),
and cyanide, the only analytes detected consistently
during the Phase 1 analyses. During Phase 3, the
samples sent to the laboratory for definitive analysis
were analyzed for total chromium and cyanide.

2.5.4 Sampling Objectives

The OSC initiated an assessment with a specific
sampling objective, as follows:

* Phase 1 -- Determine whether a threat to public
health, welfare, and the environment exists.
I dentify sources of contamination to support an
immediate CERCLA-funded activation for
containment of contaminants and security fencing
(site stabilization strategies) to reduce direct
contact concerns on site. Sample the nearby
drinking water wells for immediate human health
concerns.

Once CERCLA funding was obtained and the site was
stabilized:

* Phase 2 -- Define the extent of contamination at
the site and adjacent residential properties.
Estimate the costs for early action options and
review any potential long-term remediation
objectives. For example, install and sample soil
borings and monitoring wells on site to evaluate
potential impact on subsurface soils and ground
water.

» Phase 3 -- After early actions are completed,
document the attainment of goals. Assess that the
response action was completed to the selected
level and is suitable for long-term goals.

2.5.5 Selection of Sampling
Approaches

The OSC, Team, and PADER reviewed all available
information to formulate a sampling plan. The OSC
selected ajudgmental sampling approach for Phase 1.
Judgmental sampling supports the immediate action
process by best defining on-site contaminants in the
worst-case scenario in order to evaluate the threat to
human health, welfare, and the environment. Threat
is typically established using a relatively small
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number of samples (fewer than 20) collected from
source areas or suspected contaminated areas based on
the historical datareview and site reconnaissance. For
this site, containerized wastes were screened to
categorize the contents and to establish a worst-case
waste volume, while soil samples were collected to
demonstrate whether a release had already occurred,
and nearby residential drinking water wells were
sampled for immediate human health concerns.

For Phase 2, a stratified systematic grid design was
selected to define the extent of contamination in soils.
The grid could accommodate analytical screening and
geophysical surveys. Based on search sampling
conducted at sites similar to ABC Plating, a block grid
with a 50-foot grid spacing was selected. This grid
size ensured a 10 percent or less probability of
missing a "hot spot" of 45 feet by 20 feet. The grid
was extended to adjacent residential properties when
contaminated soil was identified at grid points near
the boundary of the site.

Based on the results of soil sampling and geophysical
surveys, a judgmental approach was used to select
locations for installation of 15 monitoring wells: at
"hot spots'; along the perimeter of the suspected
plume established from analytical results and
geophysical survey plots; and at background ("clean")
locations. Subsurface soil and ground- water samples
were collected from each of the 15 monitoring well
locations for laboratory analysis to establish the
presence and, if applicable, the degree of
contamination at depth.

2.5.6 Sampling Plan

During Phase 1, containerized wastes were evaluated
using field analytical screening techniques. Phase 1
wastes-screening indicated the presence of strong
acids and bases and the absence of volatile organic
compounds. The Team collected a total of 12 surface
soil samples (0-3 inches) and 3 ground-water samples
during this phase and sent them to a laboratory for
analysis. The soil sampling locations included stained
soil areas, erosion channels, and soil adjacent to
leaking containers. Background samples were not
collected during Phase 1 because they were
unnecessary for activating immediate action response
funding. Ground-water samples were collected from
three nearby residenti