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EXEcqTlVE SUMMARY

i PART I

Introduction

The Environmental Protection Agency (EPA) issued its
Ground-Water Protection strategy in August, 1994. This
guidance document for ground-water classification is a
follow-up to the Strategy, and is a major step in EPA's
efforts to provide policy direction for EPA programs with
ground water responsibility. The purpose of this document 1s
two-fold: (1) to further define the classes, concepts, and
key terms related to the classification system oU~lined in
the Ground-Water Protection strategy, and (2) to describe the
procedures and information needs for classifying ground
water. Through the release of the Draft Guidelines, public
comment. is being solicit.ed on the appropriat.e direction to
meeting these purposes.

Through. the process of classification, ground-water
resources are separated into hierarchical categories on the
basis of their value to society, use, and vulnerability to
contamination. Ground-water classes will be a factor in'
deciding the level of protection or remediation the resource .
will be provided.

Background

The core of the Ground-Water Protection strategy is a
d~fferential protection policy ~hat. recognizes t.hat different
grol:nd waters require different levels of protection. A
three-tiered classification, system was established as the
vehicle for implementing this policy.

The classification system will, as appropriate, be
implemented by EPA program offices and state agencies
responsible for EPA delegated programs as changes in program
guidance and regulation are 'made. The differential protec
tion policy, as expressed through the classification system,
will assist the Iprograms in tailoring protection policies for
ground water. In permit-based actions concerning point
sources of pollution, classification will most likely become
an additiorial step in site-specific analysis. similarly, EPA
is considering various approaches for using differential
protect.ion and other strategy-relat.ed policies for broader
based, nonpoint sources. TW~ recent EPA rule-making act.ions-
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- one for Superfund and one for radioactive waste disposal-
incorporated aspects of the classification system. other EPA
program offices are in different stages of developing
approaches to implementinq the system. It is important to
note that the Guidelines are not enforceable in particular
EPA programs until legally incorporated by program guidance
regulations, or other appropriate means.,

state agencies responsible for managing ground Water
will not be required by EPA to adopt the classification
system for general program use. In fact, many states have
already developed ground-water protection approaches tailored
to their particular land use and hydrogeologic conditiona.
However, state agencies carrying out delegated or authorized
EPA programs may need to use these guidelines as they are
implemented by those programs. .

It should be noted tha~ a site located in a designated
Safe Drinking Water Act Sole Source Aquifer (SSA) tsnot
automatically placed in Class I. The'criteria for SSAs are
less rigorous than those of C~ass I. Greater rigor is needed
for classification since, unlike SSAs, Class I will be. a,
decision-making. factor in program regulations. SSAs are only
considered at the Federal level under financially assisted
projects such as farm loans and rural water districts., .

At least half of the states are using, or are seriously
considering using, some form of a site-by-site or anticipa
tory classification system. Under its existing programs, EPA .
will perform site-by-site rather than aquifer or well field
classification. However, the classification system presented·
in this guidelines document attempts to be generally con
sistent with broader classification systems that may be used
by the states. EPA is considering the substitution of state
ground-water classification systems for the EPA system
wherever possible. In the implementation of its ground-water
protection programs, EPA will oonsider and incorporate, to
the extent possible, state Wellhead Protection Areas approved
under the Safe Drinking Water Aot Amendments of 1986.

~e EPA Ground-water Classification System

The EPA Ground-Water Classification system consists of
three general classes of ground water representinq a hier
archy ot ground-water resource values to society. These
classes are:

Class I - Special ground water
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Class II - Ground water currently and potentially a
source for drinking water
Class 111 - Ground water not a source of drinking
water.

The classifioation system is, in general, based on
drinking water as the highest beneficial use' of the resource.
The, system is desiqned to be used in conjunction with the
site-by-site assessments typically conducted by ,the EPA
program offices in issuing permits and deciding on· appro
priate remedial action.

Classification Review Area:

A site-by-site approach to classifying ground water
necessitates delineating a' segment of ground water to 'which
the classification criteria apply. Since EPA is not clas
sifying groundwater on a reqional or aquifer-speoific basis,
a Classification Review Area concept is incorporated as m key
element in the classification decision. '1'hia is, however,
strictly an area for review of ground-water characteristics
and D2t an area where requlation will be imposed beyond that '
of the specific activity under consideration. '

The Classification Review 'Area is delineated based
initially on a two-mile radius from the boundaries of the
"facility" or the "activity." An expanded Classification
Review Area is allowed under certain hydrogeolqoic condi
tions. Within the Classification Review Area, a preliminary
inventory of public water-supply wells, popu~ated areas not
served by public supply, wetlands, and Burface waters, 'is
performed. The classification criteria are then applied to
the Classification Review Area and a classification deter-
mination made. '

Subdivision of Classification Review Area and Interconnection
Concepts:

Where hydrogeologic data are available, the Classi
fication Review Area can be subdivided to refleot the
presenoe of naturally occurinq ground-water bodies that may
have significantly different use and value. 'rhese ground
water bodies, referred to as "ground-water units"" must be
characterized by a degree of interconnection (between
adjacent ground-water units) such that an adverse change in
water quality to one ground-water unit will have little
likelihood of causing an adverse change in water quality in
the adjacent ground-water unit. Each ground-water unit can
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be treated as .a separate subdivision of the Classification
Review Area. A 'classification decision is made only for the
ground-water unit or units potentially impacted by the
activity.

The identification of ground-water units and assessment
of . interconnection between ground-water units may, in
critical cases, require a rigorous hydrogeoloCjic analysis.
The acceptance of subdivisions will be on a case-by-case
basis after review of the supporting analysis.

The recognition of ground-water unit subdivisions to the
Classification Review Area establishes a spatial limit for
classification and the application of protective management
practices. The degree of interconnection to adjacent ground
water units and' surface wat.ers is also a criterion for
differentiating between subclasses of Class III ground
waters.

I

\'

Ground-water unit.s are mappable, three-dimensional
ground-water bodies delineated on the basis of the three
types boundaries described below:

Type 1: Permanent ground-water flow divides
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Extensive, low-permeability (non-aquifer)
geologic units (e.g., thick, laterally exten
sive confining beds) especially where charac
terized by favorable hydraulic head relation
ships across them (L e. , the direction and
magnitude of flow through the low-permeability
unit)

Type 2:

Type 3: Permanent fresh-water/saline-water contacts.
(Saline waters being defined as those waters
with greater than 10,000 mg/l of Total Dis
solved Solids).

~he t.ype of boundary separat.ing ground-water units
reflects the degree of interconnection between those units.
Type 2 boundaries constitute a low degree of interconnection.
A low degree is expected to be permanent unless improper
management causes the low-permeabil"!tyflow boundary to be
breached. Type land Type 3 boundaries imply an intermediate
degree of interconnection. They are prone to alteration/
modification due to changes in ground-water withdrawals and
recharge.
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A high degree of interconnection is inferred when the
conditions for a lower degree of interconnection are not
demonstrated. High interconnection', of waters is assumed to
occur within a given ground-water unit. and where ground water'
discharges into adjacent surface waters. A high degree of
interconnection implies a significant potential for cross~

contamination of waters if a component part of these settings
'becomes polluted.

Class I - Special Ground waters:

Class I ground waters are resources of unusually high
value. They are highly vulnerable to contamination and are
(1) 'irreplaoeable sources of drinking water and/or (2)
ecologically vital. Ground water, which is highly vulnerable
to 'contamination, is characterized by a relatively high
potential for contaminants to enter and/or to be transported
within. the ground-water. flow ,system.

In these Draft Guidelines, the Agency is seeking comment
on the appropriate approach to defining "highly vulnerable."
Public comment, will influence 'the Agency~s choice of an
approach for the" Guidelines when' they a~e is'sued,in final
form. To assist iri' framing the disCussion, these, Draft
Guidelines focUS on two options for det.ermining,) vulner-,
ability. Both of these require consideration of a number of
hydrogeologie paramet.ers. option A would require use of the
DRASTIC, system (Aller et al, 1985), a' numerical" ranking
system developed by the National Water Well Association under
contract to EPA. The DRASTIC system provides a me,thod of
scoring an area's "VUlnerability" based upon consideration of
various parameters such as depth to water, recharge, ,aquifer
media, etc. Using this approach, an area would be considered
"highly vulnerable" if its DRASTIC score exceeds levels
specified in these Guidelines. Option B does not rely ona
set methodology with numerical criteria. Instead, vulner
ability would 'be assessed 1n a more qualitative manner,
relying on best professional judgement. . The user might
consider specific technical parameters within the DRASTIC
system (1.e., depth to water, net recharge, aquifer media,
etc.), but would not attribute scores to these parameters or
provide numerical cutoffs for defining "highly vulnerable"
areas. Other techniques would also be allOWable under Option
B. Thus, this alternative is considered qualitative in
nature since specifics as to methods or criteria are not
provided in these Classification Guidelines. Instead, the
overall advantages and disadvantages of the general cate
gories of techniques, is provided. Comments on these two
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options, as well as other options for assessing vulner
ability, will be considered by ~he Agency in determining how
best to incorporate this factor in classification decisions.

Ground water may. be considered "irreplaceable" if it
serves a substantial population and if delivery of comparable
quality and quantity of water from alternative sources in the
area would be economically infeasible or precluded by
institutional constraints.

In these Draft Guidelines, the Agency is also soliciting
cpmment on appr~aches to judging two aspects of the "irre
placeable" criterion. Option A incorporates a quantitative
determination of the population served by the source and the
economic feasibility of replacing the source. Under this
approach, a drinking water source would be considered
'~'irrep;Laceable"'1f it serves at least 2500 eo Ie and t e
annua ca user e source exceeds
0.7 to 1.0 percent of the mean hous Q14 income 1u-~e a~~:
" p on . s on a assessment of the replace-
ability of the ground water. Under this approach, the
relative size of the popUlation served by the source .andthe
cost of replacing the source. would be. factors to consider· in
assessing the source's "replaceability." The Guidelines:
would. not, .under option a, provide a set methodology,.nor one
or more numerical cutoffs. Again, the determination would
focus on best professional judgement. A user following
optic·n B may choose, however, to consider some :of the
quantitative methods or approaches in option A, if. deemed.'
relevant ina particUlar Classification decision. Comments
on these two options, as well as other options for assessing
"substantia1 popUlation" and "irreplaceable" (from an
economic" :!point), will be considered by the Agency in
dete~wh.::.·. .iI best to incorporate these factors in classi-
fication d& __dions.

Ground water may be considered ecologically vital if it
supplies a sensitive ecological system located in a ground
water discharge area that supports a unique habitat.. A
unique habitat is defined to include habitats for endangered
or threatened species listed or proposed for listing .pursuant
to the Endangered Species Act (as amended in 1982), as well
as certain types of Federally managed and protected lands.
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Class II - Current and Potential Sources of Drinking Water
and Water Having other Beneficial Uses:

All non-Class I ground water currently used, or poten
tially available, for drinking water and other beneficial use
is included in this category, whether or. not .it is par-

I
ticularly vulnerable to conta_ination. This class is divided
into two subclasses,' current souroes of drinking water

. (Subclass IIA) I and potential sources' of drinking water
(Subclass lIB). .

current source of drinking
The first condition is the

The concept of a current source of drinking water is
rather broad by intent. only a portion of the ground water.
in the Classification Review Area needs to be supplying water
to drinking-water wells. . ..

A potential source of drinking water is one which is ,
capable of yieldJng a quantity of drinking water to a well or .
spring sufficient for the needs of an average family.
Drinking water is taken specifically as water with a total~
dissolved-solids (TDS) concentration of leaa ~an 10,000
_g/l, which can be used without treatment, or which can be
treated usin~ methods reasonably employed in a public water-
supply syr-.· The sufficient yield criterion has been
estaLlish\ 150 gallons/day.

Class III - Ground Water Not a Pot~ntial Source of Drinking
Water and of Limited Beneficial Use:

~round waters that are saline, or otherwise contaminated
beyond levels which would allow use for drinking or other
benefioia1 purposes, are in this class. They include ground
waters (1) with a total-dissolved-solids (~OS) ooncentration
over 10,000 _gIl, or (2) that are so contaminated by natur
ally occurring conditions, or by the effects of broad-scale
human activity (i.e., unrelated to a specific aotivity), that
they cannot be cleaned up usinq treatment methods .reasonably
employed in public water-supply systems. Two alternative
tests are proposed for makinq this determination. A refer-
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ence-technology test is proposed in the draft and an optional
economically-based test is included in.Appendix G.

Class III is subcategorized primarily on the basis cd
the degree of interconnection with surface waters or adjacent
ground-water units containing ground water of a higher clasL
Subclass IlIA ground waters have a high-to-intermediata
.degree of interconnection to adjacent ground-water units of •
higher class or surface waters. In addition, Subclass lID'
encompasses ground waters in those settings where yields aDa
insufficient from any depth within the Classification Revlsr

.Area to meet the needs of an average size family. suell
ground waters, therefore, are not potential sources of
drinking water.

Subclass IIIB is restricted to ground waters charac
terized by a low degree o~ interconnection to adjacent
surface waters or ground waters of a higher class within the
Classification Review Area. These ground waters are natural
ly isolated from sources q~ drinking water· in such away that
there· is little potential for producing additional adverse
effects on human health and 'the environment. They have low
resource values outside of mining, oil and gas recovery, or
waste disposal.

PART II

Classification Procedures

These Guidelines provide a more in-depth discussion of
the' actual process of site-by-site classification.· The
process is facilitated through a classification decision
chart and associated worksheet. These were developed to
pJ:OYi.de a systematic apJ2roach to classifying ground water
based on certain criteria. e.g., presence of wells, ecologic
ally vital areas, water qUality, irreplaceabIlIty, 'e~c;" -They
are provIded as, suggesteC!appr04ehel only, since a givSD
setting may be more. effect.ively handled through' another
sequence of steps. . .

Classification requires certain intormation on the
character of the Classification Review Area. The e~phasis of
data collection is on re~dily available sources. Hore in
depth analyses are not eXpected routinely, but, may become
necessary for Class lor, especially, Class III areas and tor
subdivision ot the Classification Review Area.
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Preliminary data needs include:

Base map of the 'Classification Review Area,

Inventory of public water-supply systems in the
review.area,

Delineation of areas served by private wells,

Demographic information for thEl public water-supply
systems and areas of private wells,

Survey of ecologically vital areas, and

Hydrogeologic data sufficient to jUdge vulnerability
of or support interconnection analysis.

The remaining sections of this chapter contain technical
quidance for the following:

Expansion of the Classification Review Area,

• . Subdivision of th~ classification Review Area and
Determination of Interconnection,

•

Determining Irreplaceability, .

Determining Ground-Water VUlnerability,

Determination of Reasonable' Treatment, and
Ground-Water and Surface-Water Interactions.

PART XIX

The final chapters of this document are appendices which
contain the .following information:

Appendix A - Glossary

Appendix B - Alternative options Considered

Appendix C - S&mpleA~plioations ot Ground-Water Class-
ification

Appendix 0 - DRASTXC Factors and Ratings

Appendix E - BackqroundData Regarding Class I and III
Appendix F - Census Bureau Information

Appendix G -Economic Tests for Determining Class I
Irreplaceable Waters and Class III
Untreated Ground Waters

x
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PART I

BACKGROUND AND DEFINITION
OF GROUND WATER CLASSES
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·PART :t

1.,0 INTRODUCTION

1.1. EPA'S Ground-Water Responsibilities

.. ' EPA currently administers more than eight statutes which
direct the Agency toward reducing or eliminating threats to
ground water from a large :number and variety of sources.
ThIs ,is a far from simple task and is one which commands. a
major part of the ,Agency's budget and personnel resources.
Changes in statutes and resulting regulations have occurred
in the past I and will. continue to occur in the future, to
further manaqe these pollution sources. Through EPA's long
range planning effort.s and, more recent.ly,. an agency-wide
direction toward overall' risk management, ground-water'
protection. on a cross-media basis, the second "problem" is
receiv~ng increased att~ntion. .. .

An important tool in this cross-program phase was made
available in August 1984, when EPA released its Ground-Water
Prot.ect.ionst.rat.eqy. This St.rategy represent.s the official
policy of EPA in this field, and followed extensive debate
and analysis within EPA, among other Federal and state
agencies,· and wlth. the public.· The goal of the strategy is
to maximize and coordinate protect.ion functions, both within
Headquarters and the Regions. It was not meant to resolve
all of today's ground-water pl·ot.ect.ion issues, ·but rather t.o
set. up a framew~rk for better overall protection.

Ground-water classificat~on was introduced in the
strategy as a key element in setting priorities for regula
tory action prioritizing attention and resource management.
As will be discussed more fUlly in Chapter 2.0, classifica
tion was deemed essential, given the potentially enormous
numbers of pollution sources matched by the expense of clean
up programs, should cont.amination occur.

1.2 The Purpose of this pocument

This document provides the technical guidelines for
implemen~lng the classification system,. originally estab
lished 1n the Ground-Wat6r,Protection strategy. By following
the procedures and methods outlined, ground water, which may

"'be affected by a facility or activity under EPA review, can
be placed within a relevant class or classes, representing an
implied hierarchy of protection. While the use of the system
by EPA .programs is discussed briefly in Section 2 ~3, this
document should be viewed essentially as a set of technical
guidelines for ground-water evaluation via classification.
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,specific management strategies, "standards", and other
proqram related policies, are outside the subject of this
document.

It is also critical to note that EPA will not, as a
result of these quidelines" the strateqy, or its current
statutory authorities, be classifying larqe seqments of land,
aquifers, etc." in-advance of any specific decision. The
Agency, or the delegated/authorized states, will only classi
fy the ground water around specific sites or areas where a
decision related to a permit, degree of clean-up or regula
tion, etc., is to be made. These differences are hiqhlighted
further in Chapter 2.0.

1.3 Organization of this Document

Chapter 2.0 provides additional background information
on the Ground-Water Protection strategy, includinq 'the
rationale and use of. classification. EPA'IS site-by-site
approach is also contrasted with broader areawide mappinq and
classification efforts. 'l'he remainder of 'the quidelines
document is organized into three major parts. Chapter 3.0
contains an overview of the classification system, and
definitions and explanations of key terms and concepts," The
procedures for classification are documented in Part II"
Chapter 4.0. This chapter is desiqned for potential users of
the systemJ whereas, the previous chapters provide less
detailed information suited for general interest. c:hapter
4 .0 provides a step-by-step user's manual, covering the
recommended sequence of decisions, correspondinq data needs,

.and technical methods for each. A series of Appendices
follows in Part III and inclUdes a glossary (Appendix A) and
adJscuksion of the alternative options considered for
defining classification key terms and concepts (Appendix B).
Appendix cis particularly relevant since it illustrates the
classification procedures through, a ser~es of sample case
studies. The remaining appendices provide background in
formation and important references for performing the olassi-
fication procedures. .

2
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2.0 BACKGROUND

2.1 Need for Ground-Water Classification

The EPA Ground-Water Protection strategy (August, 1984)
consists of four major elements:

• strengthen state ~nstitutions -- through technical
assistance and state grants

• Cope with Unaddressed Sources through source-
specific protection programs in cooperation with other
EPA programs ' '

• Establish EPA Policy for Ground-Water Protection-
through the establishment and implementation of
protection policies

strengthen EPA Institutions --'through 'the establish
ment of Offices of Ground-Water Protection at Head
quarters and in the Regions.

These guidelines stem from the third element, and the,
need to achieve greater consistency in the various prqgrams
at EPA with ground-water protection responsibilities. 'The,
Agency was concerned that the focus solely on individual.
polluting'activities, rather than on the resource Which might
be affected, was leading to problems with oonsistency. Some
EPA programs tended to faotor-in ground-water considerations
to a greater extent than other programs. Some EPA programs
implemented specific statutes which themselves held a bias,
toward one medium, such as, surface water, in a way that
impac~s cn ground water were not fully assessed. Complicating
the situation was the fact that.many of these progra~s had
become well established in their methods of operation.

In light of these factors, EPA adopted a pOlicy for the
Ground-Water ~rotection strateqythat "protection shOUld
consider the highest beneficial use to which ground water
having significant water resources value can presently or
potentially be put." This "differential protection" policy
acknowledge. that some ground water deserves unusually' high
proteo~ion due to their current use, relative value .to
society, and VUlnerability to contamination. For these
ground waters (Class I), management will include extra
ordinary protective measures. 'or most ground waters (Class
II), the very high "baseline" of protection inh~r8nt in EPA's
programs will be applied. Ground waters which have lower.
value to society for water supply or other disposal purposes
.(Class III), would logically, under this policy , require a
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different management approach. Furthermore, the policy
asserts that the extremes of the system (i.e., Class I and
III) should be restricted to rather infrequent situations,
reflecting the importance of effectively managing ground
water for its best use.

The Agency recognized that in-advance aquifer class1fi
cation offers a community or State certain advantages from an
overall management perspective. EPA believes, however, that
such decisions should be made at the state or local levels of
government. The major purpose of these guidelines is,
however, to support the site-by-site assessments typically
employed in EPA .permits, impact statements, and other de~
oisions. Differences among such systems are reviewed in
Chapter 2.3.

The Ground-Water Protection S~rateqy established a more
protective category (Class' I) than had been in existence
prior to 1984. This more protective category will be recog~

nized in a consistent way ....from program to program. Class III
provides for the formalization of where EPA programs can
recognize lower' resource values -- i.e., not sources of
drinking water -- either now or in the foreseeable futur~.

2.2 Guidelines Development

The ,development of these guidelines began in August,
1984, and consisted of three phases -- definition, testing,
and rev-iew. Throughout the process, the Office of Ground-.
water Protection (OGWP) worked closely with a guidelines work
group, consisting of representatives from several states, EPA
regions, other EPA prpgrams, and the u.s. Geological Survey.

In the definition phase, key terms and concepts related
to the classification scheme described in the Strategy were
analyzed in detail. These included key terms and concepts
SUch as "irreplaceable source of drinking water," Neco~

logically vital," "hiqhly VUlnerable," and "current source of
drinking water." Several alternative options for defining
each term Were drawn up, along with data requirement.s and
methodologies for employinq each. Many of the alternative
options were derived from approaches used by other EPA,
state, and local programs to address similar or related
concepts. Each approach was examined with respect to its:

• consistency with statutes, other programs, and with
the overall intent of the strategyJ

• Flexibility for accommodating state and region-spe
cific characteristics or concerns;
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FIGURE 2-1
CONCEPTUAL FRAMEWORK BETWEEN GROUND-WATER CLASSIFICATION AND

PROGRAM POLICIES POR FACILITY SITING, ENGINEERING, AND OPERATION
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Arbitrariness: and

• potential difficulties or complexities in implementa
tion.

The next phase involved the preparation of detailed case
studies with which to test the initial classification frame
work. Candidate case studies were canvassed from a variety
of sources and a small workshop held to determine the work
ability of the classification definitions and to select the
most relevant and representative samples for the quidance
document. The feedback from this phase led to a refinement
of the classification system and procedures.

. .
Finally, the project focused on review and revision of

several drafts. The public will review and comment on this
draft in late 1986. Comments from the public review will be
factored into the development of final guidelines in 1987.

2.3 Implementation in'EPA Programs

The Ground-Water Protection strategy provides two· key
insights on implementation. First, the strateqy establishes
the differential protection approach as an official .Agency
policy. Classification is' set as the primary Ileans, to
implement. that policy. Next, the strategy provides examples.
of how classification may be used by specific EPA proqrams to
assist in framing various program policies • A conceptual
schematic of this approach is shown in Fiqure 2-1.

In order to implement these classification guidelines
(Which are not themselves enforceable requirements), EPA
programs will need to modify their specific guidance docu
ments and requlations. Decisions as to how they are to be
implemented can only be made through EPA program office
actions, taking into consideration each program's statutory
requirements. Actual implementation may ·be different than
the examples portrayed in the Ground-Water Protection stra
tegy due to changes in statutes and the need to be consistent
·with more recent program policies. The approach cited for
the Resource Conservation and.Recovery Act (RCRA) program in
the Strateqy, for example, was presented in the framework
that exist,ed before the sweeping Hazardous and Solid Waste
Act Amendments of 1984 (HSNA). As it responds to HSWA, EPA.
will develop a coherent approach to ground-water protection
that incorporates such congressionally-mandated requirements
under HSWA as the waste-specific "waste bans," location
guidance/standards, liner/technoloqy standards, and cor
rective act.ion requirement.s. Differential protection and
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classification will also be incorporated into this broader
context.

Tw,o specific rule-making actions have been completed-
one for superfund, and one under the Comprehensive Environ
mental Response, compensation and Liability Act (CERCLA, or
tISuperfundt1), and one, for radioactive wastes. The CERCLA
National contingency Plan (NCP) revised on Nov8mber 20, 1985
(50 FR, 47974) establishes the process' for removal and/or
remedial actions at supe~fund, sites (40 CFR' Part 300).
Revised section 300.68(e)(2) addressing scoping of response
actions during remedial investigations inclUdes an assessment
of .. (v) CUrrent and potential ground-water use (e.g., the
appropriate ground-water classes under the system established
in the EPA Ground-Water Protection strategy" to assist in the
determination of what type of action should be taken.. ' ,

EPA also cites the strategy in its list_~f other Federal
criteria, advisories-, guidance, 'and state standards to , be
considered. The list is found in the October 2, 1985, policy
on CERCLA compliance with other Environmental statutes
(published as an appendix to the preamble of the NCP). , The
policy provides that~ (~mong other ,things) the classification
factors, must be considered in remedial action if it is
pertinent. 1:f the Agency finds that they are pertinent in
response actions, but does not use them, or uses and alters
them, the, decision documents must state the rationale.
Guidance manuals for implementing the new NCP are under
development by the Agency.

The second' completed implementation action is the
release of the "Environmental Standards for the Management of
Disposal of Spent Nuclear Fuel, High-Level and Transuranic
Radioactive Wastes." EPAts role under the overriding Atomic
Energy'Act is very limited'and is primarily standard-setting.
The final rule (40 CFR Part 1911 released in the Federal
Register on September 19, 1985) includes two standards
relative to differential protection:

, i

• A dri~ing-water-related standard is to be applied to
all locations if a "special source" of ground-water is
present. "Special sources" are further defined as a
major subset within the Class I ,definition included in
these guidelines. '

• A "total doseR-related standard is to be applied at
the boundary of a "controlled area" for "significant
sources of ground water." "Significant" sources are
essentially a major subset within the Class 1:1
definition included in these guidelines.

7
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At this time, 99nceptual approaches to implementaticm
are in different stages of development and consideration ~

programs administering all major ground-water related sta
tutes in EPA. In permit-based, "point-source"-type actions,
it· is expected that classification will be essentially an
additional step in site-specific analysis. Broader-basel,
non permit/non-point sources are more problematic. In fara
by-farm application of pesticides, for example, there is DO

regulatory mechanism to evaluate each site-by-site actioD.
EPA is beginning to consider the approaches to implementimq
differential protection and other strategy-related policies
for these broader sources. Again, the classification guid~
lines will be implemented as appropriate, given the overall
authorities of the Agency under specific statutes.

Since neither the guidelines definitions nor the program
implementation options have been finalized, it is impossible
to predict the numbers of EPA classification decisions which
will result or be inclUded in each partiCUlar class. SODe
initial analyses have' been performed utilizing aggregated
(i.e., not site specific) data on gross hydrogeological aDd
socioeconomic characteristics around a subset of over 1400
R~RA, CERCLA, and tiIC facilities. Assuming that the "quanti
tative" options (all denoted as option A in section 3.0 aDd
4.0) are selected, the range in classification outcomes
covers:

Class I
Class II
Class III

5.to 11 percent
83 to 94 percent
1 to 6 percent

Given the different interpretation of the "qualitative
options" ~_.- Class I terms (each denoted as Option B), no
such ana 1-, could be performed. It is important to note,
however; . these estimates reflect the percentage of
classifica't.;\.,;:'(~ decisions and not percentage of All United
states ground water or aquifers. .Additionally, these esti
mates were made on the basis of several assumptions regarding
.individual site characteristics. Sensitivity analyses show
that the above ranges in percentage values account for most
of the uncertainties associated with these assumptions.

It i. appropriate to note, however, that well-tield
protection is typically the "high end" of any classification
system as it is most often oriented to current, important
public water supplies. Potential drinking water sources,
ecologically vital ground waters, and low-quality, non
drinking water sources are not identified or managed in such
systems.
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FIGURE 2-2
EXAMPLE OF STATE PROTECTION SYSTEMS
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A final note: these quidelines may not be used as a
defense or quide t.o future settlemen·t.s of Federal enforcement
or other administrat.ive or jUdicial cases unless, or unt.il,
specific programs issue implement.ing direct.ives, regulations,
or poltcies on how t.hese concepts are to be applied to
specific programs in a consistent manner with their statutory
authorities and mandates.

2.4 Interaction with state Ground-Water Protection
Efforts

The EPA Ground-Water Classification system will be used
as an important tool for decision-making in EPA programs,
including those programs delegated t.o the states. State
agencies responsible for ground-water management will not be
required to adopt the EPA classification syst.em or another
system for general state program use. state agencies imple
menting delegated or authorized EPA programs will, however,
need to use these classification guidelines as appropriat.e to
those, programs. Many states have, however, developed ground
water protection approaches that are tailored to their
particular land use and hydrogeologic conditions (e.g.
generic examples in Figure 2-2). At this time, at least half
~f the States have in operation, or under serious considera
tion, some form of' site~by-site or in-advance classification
system.

It is important to distinguish between these two generic
types of classification systems. An in-advance or anticipa
tory approach to hydrogeologic mappinq or aquifer classi
fication is believed by many to be essential for effective
local ground-water management (e.g., Conservation Foundation
1985). Through this process, geologic and hydrologic char
acteristics of currently used or potentiallY available
ground-water sources are assessed through mapping, computer
simulation, etc. Plans for water use are drawn-up, and land
use controls either suggestedand/or aotually put into place.
These controls may be fairly sweeping in nature and cover
industrial siting, housing development, road construction,
etc. .

Several West.ern European countries implement the concept
of well-field protec'cion zones (Figure 2-3), often thought of
as the most pragmatic approach to anticipatory classification
of pUblic water-supply settings (e.g., Hilde, et al, 1983).
In west Germany, for example, nearly 80 percent of the 14,000
well fields in that country have protection areas in-place or
in the process of being established. The key protection area
is located within 2 kilometers (about 1.2 miles) trom the
well. As in most suoh systems, only a portion ot the entire

10
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FIGURE 2-3
IDEALIZED WELL FIELD PROTECTION ZONES IN WEST GERMANY

(AFTER HILDE ET. AL.) 1983)
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•

aquifer is given the "special" designation. In Switzerland
the dis~ances are shorter (minimum of 200 meters or about 650
feet), those in the Netherlands are time-of-travel based
(typically 10 and 25 years travel time). Well-field protec
tion zones are incorporated in some state and local protec
tion systems; most notably, in Florida and the New England
states.

There has been considerable activity at the Federal
level in the area of enhancing State protection efforts. On
June 19, 1986, the President signed into law the Safe Drink
ing Water Act Amendments of 1986. This law includes two new
ground-water provisions, the first of which, (section 1427),
is a demonstration program establishing critical aquifer
protection areas (CAPA) within Sole Source Aquifers. This is
considered a program which is limited in extant, and geared
to demonstrating techniques for protection of certain impor
tant ground waters.

The second element of the Amendments requires t~e states
to develop programs to protect the wellhead areas of all
public water systems within their jurisdiction "from contam
inants that may have any adverse effects on the health of
peraons. It These wellhead protection areas are defined as
"any surface or subsurface areas surroundinq wellfields
through which contaminants are reasonably likely to move and
reach a well or wellfield. 1t EPA is required to issue techni
cal guidance within a year after enactment which the states
mu use (Le., may DQtchoose to use) for determining the
extent of the wellhead protection areas.

The Act specifies that the following elements be incor
por~ta~. .f.nto state programs:

Duties of State and local agencies and public water
supply systems in implementing the program

•

Determination of wellhead protection areas for each
public well

Inventory of all potential anthropoqenic sources
within the protection area

A program that contains as appropriate, technical
assistance, financial assistance, implementation of
control measures, eduoation training and demonstra
tion projects to protect the wellhead areas from
contaminants

12



• Contingency plans for alternative water supplies in
case of contamination

siting considerations for all new wells

procedures for public participation.

This program must be submitted to the Administrator of
EPA within the three years after enactment and the states' are
expected to implement this program within two years after it
has been approved by the Administrator. The only effect on a
state of fai1.ing. to submit a Wellhead Protection Proqram,
however, is the loss of related. funds.

The provision is structured to give all states maximum
flexibility in formulating their programs and the Administra
tor will disapprove a program only if it is not adequate to
protect ~ublic water wells from contamination. Any dis
approval must be made' within nine months of submittal; and,
should a program be disapproved, a State must modify the
pr~gram and resubmit their plans within six months. .

Once a program is approved, the Administrator shall make
50 to 90 percent match grants to the state for costs for the
development and implementation of the stateproqram. . The
Congress has authorized $20 million for· each of FY· 1987 and
1988 and $35 million for each p~ 1989 through 1991. As of
this date, however, no funds for PY 1987 have been appro-
priated. .

It is appropriate to note, however, that wellfield
pro~~~tion is typically the "high end" of any Classification
system, as it is most often oriented to current, important
public water supplies. Potential drinkinq water ·sources,
ecologically vital ground waters, and low-quality, non
drinking water sources are not identified or managed in such
systems.

The important point i8 that anticipatory classification
is best performed and implemented by state and local govern
ments 'tha:t hold land-use authority. Under its proqram,
existing atatutes and bUdqet resources, EPA can only perform
site-by-aite classification as part of its routine proqram
by-program effort. 'I'he classification syst.em outlined in
this 'guidelines document attempts to be generally consistent
with broader anticipatory classification systems·. Unlike
anticipatory classification, which takes many years (and
considerable technical and financial resources) to implement,
site-by-site classification can be rapidly factored into EPA

13



procedures in a way that is legally consistent with 'Agency
authorities. By taking this approach, however, EPA does not
wish to discourage anticipatory classification -- an approach
which the Agency feels is a very useful one for effective re
source ma~agement at the state and local levels.

Since a cornerstone of the Ground-Water Protection
strategy is fostering state-specific efforts, EPA is consid
ering the substitution of state ground-water classification
systems for the EPA system wherever possible. Given past.
program precedents, the state system will most likely need to
be "equivalent to" or "at least as stringent" as EPA's.
Since the implementation of the EPA ground-water classifica
tion system is still in the early stages, specific criteria
or factors for such evaluations have not been determined.
options for Agency consideration, even though preliminary -in
nature, will be examined over the course of the next year.
Institutional mechanisms at the Headquarters and Regional
levels ~or reviewing such systems will" also be' considered'.

In addition, EPA will be evaluating the legal basis for
incorporating state Wellhead Protection areas approved by the
Agency under the SDWA Amendments into its operating programs,
as well as into this ground-water classification framework.
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PART II

4.0 CLASSIFICATION PROCEDURES

The previous sections provide both background and
overview of the EPA ground-water classification system. The
system is based on an analysis of data which is generally
available from published sources, telephone or in-person
contacts, or other program-related sources, such as permit
packages and environmental impact statements. The need for
detailed information on the hydrogeologic or socioeconomic
properties of an area will increase, for example, where a
Class I or Class III designation ia possible, or a sub
division Of ground waters in the Classification Review Area
is being considered. In the majority of decisions, data
gathering and interpretation will be simple and inexpensive.

This chapter provides a more in-depth discussion of the
actual process of sit~-by-site classification. The process
is facilitated through a classification procedural chart
shown ··in Figure, 4-1. A correspondinq classification "work
sheet" (Table 4-1) follows the sequence of procedural chart
steps. Classification will typically begin with step one and
continue until a final class determination is made. Both the
procedural chart and worksheet were developed to provide a
systematic approach to olassifying ground water based on
certain criteria, e.g., presence of wolla, ecologically vital
areas, water quality, irreplaceability, etc. They are
provided as suggested approaches only, since a given setting
may be more effectively handled through another sequence of
steps. ' .

It is important to realize that, as a result of the
classification procedure, the Aqency is not classifying a
specific ground-water reqion, per see The classification
process will assist the EPA proqrams in such activities as
permitting and oorrective-aotion assessments. No mapped unit
will be generated, although a Classification Review Area will
be employed as an aid in the decision process.

Lastly, the system assumes a broad definition for
current U8eas a source of drinking water (IIA). , In the
absence of current \:S"3, ~he system will lead to a deter
mination at potential source of drinking water (lIB), unless
a lower resource value is demonstrated. Other beneficial
uses of ground water will be oonsidered in making Class II
determinations.
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TABLE 4-1
CLASSIFICATION WORKSHEET

step Question/Direction Response/comment*

1

2

3

4

Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate Bubdi
vision(s) of the CRA

Locate any ecologicalIv
vital areas in the CRA.*·
Does the eRA or appropri
ate subdivision overlap
an ecoloqically "·"vital
area?

• Yes, go to next step
• No, qo to step 4

perform vulnerability
analysis. Is the CRA or
appropriate subdivision a
highly vulnerable
hydrogeoloqic setting?

• Yes, then ·the qround
water is CLASS 1
ECOLOGICALLY VITAL
No. go to next step

Determine location of
welles) within the CRA or
appropriate subdivision.
Does the CRA or appro
priate subdivision
contain well es) used for
drinking water?

• Yes, to to next Step
• No, go to step 8

*'1'0 be completed when performing classification.
**steps 2 and 3 may be performed in reverse order.
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step Question/Direction

5· Inventory population'
served by welles).
Does the welles) serve a
sUbstant,ial population?

• Yes, go to ·next step
• No, then the ground

water, is CLASS IIA
CURRENT SOURCE OF,
DRINKING WATER

6· Unless proven otherwise,
the dri~king water source
is assumed to be irre
placeable. optional
perform irreplaceability
analysis. 'Is the source
of drinking water
irreplaceable?

Yes, go to next step
No, then the ground
water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

7 Perform vulnerability
anal-·- . : 0:;. Is the eRA or
apr ,Jte subdivision a
h~ vulnerable
hydroy~ologic setting?

• Yes, then the ground
water is CLASS I
IRREPLACEABLE SOURCE OF
DRI,NRING WA'1'ER

• No, then the ground
water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

Response/comment·

*Under irreplaceability analysis Option B, steps 5 and 6 are
considered qualitatively.
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step Question/Direction

SA Determine location of
reservoirs within the eRA
or appropriate sub
division.
Does the eRA or appropri
ate subdivision contain
reservoirs used for
drinking water?

• Yes, go to next step
• No, go to step 9

SB Determine status of
watershed(s) containing
reservoir,s) present in
the CRA or appropriate
subdivision.
Does that portion of the
water-shed designated tor
water-quality protection
overlap t.he eRA or
appropriate subdivision.

• Yes, then the ground
water is CLASS. IIA
CURREN'r SOURCE OF
DRINKING WA'rER

• No, go to next step

9 Determine yield from
ground-water medium
(total depth across
CRA or appropriate
sUbdivision). Can it
yield 150 qallons-per
day to a well?

• Yes, go to next step
• No, then the ground

water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER (INSUF
FICIENT YIELD)
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step Qu••tion/Direction

10 Determine' water-quality
characteristics within
the CRA. or appropriate
subdivision.
Is the water quality
qreater than 10,000 mq/l
total dissolved sol ids
(TDS)?

. (Note: If water quality
is 'unknown, then this
question must be answered
no.)

• Yes, go to step 12
. • No, go to next step

11 Are the ground waters so
contaminated as to he
untreatable?
'(Note: If water quality
is unknown, then this
question must he answered
no. )

• Yes, qo to next step
• No, then the qround

water is CLASS IIB
POTENTIAL SOURCE OF
DRINKING WATER

12 Perform interconnected
ness analysis. Is there
a low degree of inter
connection between the
ground water being
ala8.itied and adjacent
ground units or surface
waters within i:.he ir:itial
~?

• Yes, then the ground
water is CLASS 1118
NOT A SOt1RCE OF
DRINKING WATER (LOW
INTERCONNECTION)

• No, then the ground
water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER (INTER
N 'ED I ATE - T 0 -H I 6 H
INTERCONNECTION)
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4.1 preliminary Information

An overview of basic information needs for classifica
tion is presented in this section. More detailed discussions
are provided in the balance of this chapter as well as in the
Appendices. The collection of preliminary information is
meant to reflect an approach to olassification Which begins
simply and directly. The data should'be oollected from the
mJst current:and best available sources. It shOUld include a
well/reservoir survey, demographic information, and identi
fication of ecologically vital areas. Regional hydrogeologic
data will be, required if an interconnection analysis needs to
be made. o~erwise, a general description of the regional
geology, geomorphology, and hydroqeoloqy would be useful.
Again, the emphasis is on available information rather than
on detailed in-field analyses.

4.1.1 Base Map of Classification Review Area

The Classific~tion Review Area is defined by drawing.a
two-mile radius from the boundaries of the facility or
activity area. An expanded review area is allowed under
certain hydrogeologic conditions of intermediate-to-hiqh
ground-water velocities. These conditions and the procedures
to expand the Classification Review Area are presented in
section 4.2. This Classification Review Area may· be sub- .
di"ided based on a hydroqeoloqical analysis of interconnec-.
tiun between adjacent surface waters and ground-water units
as descri:bed in section 4.3.. A base map illustrating the
facility location, and the Classification Review Area· bound
ary is, of course, a vital piece of basic data.

4.1.2 well Survey

A well survey should include the location, use, and
pumpage capacity of existing public water-supply wells or
well fields within the. Classification Review Area. Public
water-supply systems are defined under the Safe Drinkinq
water Aetas those serving more than 25 persons or with more
than lS service connections. Information on the well depth
and soreened interval depth may be needed if a subdivision of
the Cla.aitication Review Area is to be made.

A detailed inventory of private residential wells is not
necessary. As pointed out ifi Section 4.4, cenSU8 data (e.q.,
densly settled~reas) can be a qood estimation approach. As
a .preliminary step, the delineation of areas not· served by
public water supplies, and the approximate number or density
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of homes in the area should be obtained. The simplest well
data to be included are the estimated number of wells pres
ent, and other general characteristics of private wells in
the Classification Review Area.

Well information may be obtained from water authorities,
publio health agencies, regulatory agenoies permitting well
drilling, well drillers, or other state or local entities.
Sources of the data should be documented and, where the
information is not available, it should be so stated.

Water-supply reservoirs desiqnated for water-qual~ty
protection in the Classification Review Area need to be
identified and described. -Again, state and local agencies
may be utilized in this capacity. Water-supply reservoir
watersheds designated for water-quality protection are
specifically recognized in the ground-water classification
system.

4.1.3 pemography

Information on populations served by public and private 
wells will be needed if it is apparent that substantial_
populations may be involved, which could lead to a' Class I,'
decision. A first-cut approximation for public supply wells
in the area can be made by dividing the total pumpaqe capa
city by the typical per capita consumption rates for the",
region.-, Estimiltes of the number' of private wolls in densely::-.
settled areas within the Classification Review Area will also,
be necessary. Densely settled areas can be located on U.S.
Census Bureau maps. Procedures for determination of substan
tial popUlation are provided in section 4.4.

4.1.4 Ecologically Vital Areas

Identification of areas which may be candidate discharge
points for ground water is a first step in locating ecologi
cally-vital areas. Such areas may inclUde springs, streams,
caves, lakes, wetlands, .stuaries, coastl ines, embayments,
and playas. Once these candidate discharge areas have been
identified (since proving discharge may require field stu-"
dies), the presence of a hahitat for a listed or proposed
endangered or threatened species (pursuant to the Endangered
Species Act as amended-in 1982) needs to be examined. The
location of any such areas, or any Federal lands managed for
ecological values within the Classification Review Area ~ust

be identified. The Regional Office of the U.S •. Fish and
Wildlife Service and the state Endangered Species ooordinator
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or Heritage Program administrator are two sources for infor
mation regarding unique habitats andlor endangered or threat
ened species. Information about Federal lands may also be
obtained from Federal land management agencies such as the
National park Service, U.S. Forest Service, and Bureau of
Land Management. The presence of Federal lands is indicated
on most state and county road maps and U.S. Geological Survey
qua~rengle'sheets.

4.1.5 Hydrogeologic Data

Regional hydrogeologic information will be needed, to
some extent, in order to perform a DRASTIC analysis for the
vulnerability criterion, estimates are needed on:

depth to water
• net recharge
• uppermost aquifer media
· soil media

topography (slope) h

• vadose zone media ..
• hydraulic conductivity'of the uppermost aquifer.

This information is typicallY reconnaissance in nature
and. may likely: be obtained, from county/regional reports and
also state qeologicsurveys. Pertinent information will be
obtained from U.S. Geologic survey cross-sections, topo
graphic maps,stratigraphlc sections, county geologic maps,
and U.S. Department of AgriCUlture soil mapa.

If interconnectedness of ground water with adjacent
ground units and surface waters is to be analyzed, additional
detailed h- ~geologic information is necessary. This might
include c' :.ptive hydrogeoloqic data, aquifer test data
from lJr",,,'. ltudies, Bemi-quantitative flow nets, computer
simu1atioT... ..Jr other relevant information. This information
is critica.L for all Class III demonstrations. Specific
considerations for interconnection to adjacent water is
described in Section 4.3.

The best available sources of published bydrologic/
geologic information are the U.S. Geological Survey publica-'
tions, state geological surveys, scientific books and jour
nals, and U.S. Department of AgriCUlture county soil surveys.
Data supporting facility permit applications, Clear water Act
Section 208 studies, as well as Environmental Impact state
ments, may also be usefUl.
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4.2 ~onditions and Procedures for Expanding the Classi
fication Reyiew Area

Expansion of the Classifioation Review Area is allowed
under certain hydrogeoloqic conditions. The two-mile radius
maybe insufficient for determining the use and value of
ground· water and identifying potentially affeoted users in
hydrogeologic conditions. of intermediate to very high ground
water flow velocities where these velocities occur over
distances much, greater than two miles. In suc.h settings,
there. is a potential for activity-related contaminants to
move beyond a two-mile radius in a relatively short time
frame, especially under the influence of large-scale ground
water withdrawals.. This sec~ion represents qualitative
descriptions of those hydrogeologic settings where an
expanded review area is appropriate, and the procedures to
quantitatively establish the dimensions of the expanded
review area based on hydrogeologic characteristics.

An expansion of the Classification Review Area will be
triqgered upon the determination that the activity. under
review occurs within two hydrogeoloqic settings. Because
these settings are described qualitatively, some level of.
hydrogeologic information will be needed to matoh ·the real.
settings·to qualitative description.

4.2.1 Hydrogeologic Settings

Two hydrogeologic settings have been identified Where
expansion of the Classification Review Area is appropriate.
They are:

A. settinqs (referred to as Karst settings) where the
principle aquifer is relatively sballow «100m) and
composed of carbonate rocks, with a well developed
system of solution-enlarged openings (secondary
porosity). The solution-enlarqed openings serve as
the main conduits for ground-water flow and are
interconnected into distinct but dynamic ground
water basins feedinq a complex ot cave streams.
These settings are often referred to a8 karst areas
or karst aquifers. Flow through the conduit system
i. extremely rapid, as much as 1800 ft-per-hour
(Quilan and Ewers, 1985) over long distances, in
some cases up to 15 miles. settings may be found in
the following ground-water regions (after Heath,
1984):
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6. Non-Glaciated Central Region
7. Glaciated Central Region

10. Atlantic and Gulf Coastal Plain Region
11. Southeast Coastal Plain Region, and
15. Puerto Rico and the Virgin Islands.

B. certain settings (referred to as alluvial basin set
tings) where the general length of ground-water flow
paths are significantly greater than the two-mile
Classificat.ion Review Area radius (Le., Where the
distance between perennial streams is greater than
four miles). These settings are predominantly
alluvial basins and other basins filled with uncon
solidated to semi-consolidated materials and are, in
addition, characterized by:

An unconfined aquifer as the dominant aquifer

Losing streams as the predominant source of re-
charge .

Transmissivities and flow velocities that are
moderate to high (>250 m2/d and >60 m/yr, respec
tively)

Relatively low annual rain fall (less than 20
inches)

The ground-water regions (after Heath, 1984) where
these settings can be found include:

2. Alluvial Basin Region
3. Columbia Lava Plateau Region
4. Colorado Plateau and Wyoming Basin Region
5. High Plains Regions, and
6. Non-Glaciat.ed Cent.ral Region.

4.2.2 Expanded Classification Reyiew Area pimensions

The dimensions of the expanded review area are governed
by the hyetrOCjJeologic charaot.eristics of the region. IFlow
system boundaries, flC'W d.trection, and flow velocities are
the key characteristics.

For setting A, karst areas, the expansion area dimen
sions will be based on boundaries of the ground-water
basin(s) encompassing the activity. A basin inclUdes all
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recharge areas supplying' 'the cave stream extending to the
perennial s'tream where thecaye-stream discharges. These
basins can be mapped using dye-tracing studies and a water
level map. However, due to the expense of such stUdies, few
basins have been mapped. As a surrogate, it is recommended
that the distance to the nearest spring-fed, perennial stream
be employed to establ~sh the expanded review-area dimensions
as shown in Figure 4-2.. . The reviewer is cautioned that, in

. some cases, the nearest perennial stream may not be the
discharge for the subject ground-water basin. Such an error
can be minimized by locating the topographic high (the water
shed divide) between the nearest perennial stream and
adjacent streams •. If the activi'ty is on the same side of the
topographic high as the nearest perennial stream, then it is
reasonable to assume that the nearest perennial stream is the
discharge. If not, 'then the discharge is likely to be the
perennial steam on 'the same side of 'the 'topographic high as
the activitY/facili'ty. In rare cases, 'the aotivity or
facility is located on the topographic·high. In such a case,
the expanded review ·ar.a should extend to the nearest
perennial stream on all sides of 'the 'topographic high.

For Setting B, alluvial basins, the dimensions of·' the·.
expanded review area are based on the average ground-water
flow velocity within the basin. The radius is to be.extended
to a distance tha't ground wa'ter will flow in a period of :50
years. For example, if flow velocities averaged 400 feet
per-year, then the expanded radius would be 20,000 feet,
approximately .four miles. In the event 'that ground-water
flow veloci'ties are unknown, an expanded radius of five miles
is recommended.

Ground-water flow velocities range over several orders~

of-magnitude. The highest velocities are those of the karst
cave streams. In alluvial basins, i't will be unlikely that
flow velocities as high as one mile a year will occur except
over very short distances not representative of flow through-
ou't 'the basin. .

The dimensions of the expanded review area can be
modified ~o account for the direction otflow. Where flow
direction' can be reliably determined, only the downqrad1ent
portion of the expanded review area need be examined. The
expanded review area can also be subdivided according. to
rules outlined in Section 4.3. Examples of expanded Classi
fioation Review Area for both a Rarst setting and an alluvial
basin setting are provided in Appendix C cas. studies 10 and
11, respectively.
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FIGURE 4-2
1lXAHPLE OF GEOI!ETRy AND DlIlENsIONS OF T!lE PROPOSED

llXPANDED RilVIEli .\llE.\ FOR ICARsT SETTINGs

§<PLANATIQIj

• PROPOSED FACILITY'
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4.3 SUbdivision of the Classification Review Area: Identifi
cation of Ground-Water units and Analysis of Inter
connection Betwgen GrQund-Water units

The ground-water regime defined in Chapter 3.0 can be
s~divided into three-dimensional, mappable ground-water
uni~s. The Classirication- Review Area, regardless of size,
may be subdivided to allow more precise definition of the
specific ground-water units where classifioation should be
focused. This chapter presents the methods and examples by
which subdivisions are identified and how the degree of
interconnection between the subdivisions is analyzed.

Subdivision of a Classifioation Review Area may be
carried out to separate ,'ground-water units having different
use and value and, there~ore, are subject to different
degrees of protection. For example, the Subdivision of the
Classification Review Area will b~ necessary to justify the
-following types of conclu&ions;

•

•

. .

Deep qround-water units with Class II18 water are
overlain at shallow depth-by ground-water units with
Class I or II water,

The ground-water unit Associated with an activity
does not discharge to an ecologioa11y vital area
present in the Classifioation Review Area,

A shallow, qrounci-water unit that is a potential
source of drinking water (Class lIB) 1s underlain by
a deeper ground-water unit that is currently used as
a source of drinkinq water (Class I1A)

HavJ.:. :ientified the ground-water units within the
Classificat~on Review Area, the user of this document is
ready to olassify the waters within the units i~ accordance
with the methode set rorth in other 8eotions and schema
tically summarized in Figure· 4-1. The interrelationship
between qround-water unit subdivisions and the classifioation
of ground water are as follows:

• All ground watar within a ground-water uni1: has a
single class desiqna~ion.

Boundaries saparatinq waters ot ditferen~ olasses
must coincide with boundaries of ground-waeer unit.s,
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One or more adjacent ground-water units may have the
same class designation.

Ground-water units are delineated on the basis of three
types of boundaries described below:

Type 1:

Type 2:

Permanent ground-water flow divides. These
flow divides should be stable under all
reasonably foreseeable conditions, including
planned manipulation of the ground-water
regime.

Extensive, low - permeability (non-aquifer)
geologic units (e.g., thick, laterally exten
sive confining beds), especially where charac
terized by favorable hydraulic head relation
ships across them (i. e. , direction· and mag
nitude of flow across the low-permeability
geologic unit). The most favorable hydraulic
head relationship is where flow is toward the
ground-water unit being classified and the
magnitude of the head difference (hydraulic
gradient) is sufficient to. maintain this
direction .of flow under all foreseeable
conditions • The integrity of the low perme
ability unit should not be interrupted by
improperly constructed or abandoned wells,
extensive, interconnected fractures, mine
tunnels or other apertures.

Type 3: Permanent fresh water-ealine water contacts
(saline water defined as those waters with
greater than 10,000mg/l of Total Dissolved
Solids). These contacts should be stable under
all reasonably foreseeable conditions, includ
ing planned manipulation of the ground-water
regime. .

The degree of interconnection between ground-water units
is related to the type of boundary. A high degree of
interconnection is assumed for all waters within a Bingle
ground-water unit. Adjacent units that are separated by a
Type 1 (ground-water flow divide) or Type 3 (fresh water
saline water contact) boundary have an intermediate degree of
interconnection. Adjacent units separated by a Type 2 (low
permeability geologic un!t) boundary have a low degree of
interconnection. .
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The degree of interconnection across the three boundary
types defin$d here depends on selected key physical and
chemical processes, governing movement of water and dissolved
solute in the subsurface. Under steady/state ground-water

,flow conditions the principal mechanisms effecting potential
contaminant movement across Typel (ground-water flo~ divide)
or Type 3 (salinity difference) boundaries would be mechani
cal dispersion and chemical diffusion.' These conditions ,are
considered by EPA to represent an intermediate' degree of
,interconnection. Under transient ,flow conditions caused by
pumpage or accelerated recharge of fluids within the Class
ification Review Area, there exists the potential to spat-
'ial~y displace a ground-water flow divide or saline/fresh
'water interface boundary.' For this reason EPA believes that
foreseeable changes in aquifer stresses and increased ground
water use in the Classification' Review Area should be con
sidered in determining the permanence (i. e;, location over
time) of such boundaries. '

The primary mechanism for contaminant transport across: a
Type 2 boundary is the' physical movement of ground water into
or from- the low-permeability 98010gic unit. The Agency,
recognizes that the' physical- and chemical processes that
control fluid and solute transport through low-,permea~ility

~on-aquifers is not a8 well understood as it is for aquifers.
However, -for the purposes of assessing the degree ot inter
connection, one must be able to infer that the flow rate of
water through the non-aquifer is very small relllltive to the
flow rates through adjacent aquifers.

The following subsections present further guidance and
examples on how boundaries between ground-water. units are
identified. '

4.3~1 General HYdrogeologic InfOrmation Needed for
Identifying Ground Water units and Analyzing
Interconnection

The information required to subdivide the ground-water
regime into ground-water units generally includes topics
within the fields of geology, hydrology, and management of
ground-water resources (controls' on withdrawals/recharge,
properly abandoning deep wells, etc. ) • The description of
the ground-water reqime and any potential subdivisions must
be as quantitative as possible. The Agency recognizes that
the degree of precision wi~ which the Classification Review
Area cllln be subdivided is limited by the abundance and
quality of readily available data. Supplementation of· the
existing data base with field and laboratory investigations
both 'on-site and off-site may be needed to accurately confirm
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the existence -of subdivisions. The following discussion will
serve to guide the types of data collection efforts needed to
justify the subdivision of the Classification Review Area.

Background information on geologic formations and
occurrence/movement of ground water can be obtained at a
regional scale of accuracy from state and Federal agencies.
Topographic maps published by the U. S. Geological Survey
(USGS) are - now available at useful scales for most of the
nation. These can help identify ground-water flow directions
and flow divides for the uppermost aquifer. Data on the
distribution and characteristics of soils are available from
the 'USDA Soil Conservation Service. General information on
precipitation, run-off and reoharge rates can be obtained
from the USGS and can be supplemented by Climatic data from
weather stations around the country. Ground-water pumpag8
and lo~ationsAdepths of wells can generally be obtained .. from
State aqenciesthat issue well permits, or from local Public
Health Agencies and water distriots.

The first step is to identify all aquifers occurring
'within the qround-water regime of the Classification Review
Area. In areas that have been well stUdied these will be
recognized and documented in qovernment agency reports. In .
pOQrly studied areas, proper recoqnition of aquifers can be
inferred from litholoqic descriptions of geologic formations,
structural features of the area (if flow is mainly through,
fractured rook), and the 11epth and design of wells. The
areal and vertical extent of hydroqeologic units within the
ground-water regime can be shown in a series of cross-sec
tions and maps. For most hydrogeologic settings it will be,
most useful to interpolate between locations where conditions '
are known (Le., wells, outcrops, excavations, etc.) and
present variations in thiokness and elevations of important
units with contour maps prepared at a common scale.

After the identification and qraphical representation of
the qeoloqic framework. it .is possible to identify ground
water units within the ground-water reqi.e using the guidance
provided in subsequent sections. . '

4.3.~· Type 1 Boundaries; Ground-water Plow Diyides

The 'ooncepts of ground-water flow systems may not be
familiar to some readers and needs to be reviewed in order to
understand flow divide boundaries between ground-water units.
Figure 4-3 (a) shows in vertical cross-section a series of
adj acent shallow ground-water flow systems for· a single
layer, wa~er-table aquifer. ~he systems are bounded at the
base by a physical impermeable boundary. As is typical in
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humid regions, the water-table profile conforms to the
topographic profile.

The flow net in Figure 4-3(a) clearly shows that ground
water flow occurs from the recharge area in the highlands to
the discharge areas in the lowlands (i.e., valleys). Verti
cal line segments AD and CD beneath the valleys and ridges
constitute ground-water flow divides, i.e., imaginary im
permeable boundaries across Which there is no flow. In the
fiqure, tbese ground-water flow divides separate adjacent
flow systems ABeD and ABEF which, for purposes of· subdivi
sion, correspond to ground-water units separated by Type 1
boundaries~

In simplified, symmetrical systems such as those il
lustrated'in Figure 4-3 (a),' ground-water flow divides ooin
cide exactly with surface water divides and extend vertically
to the base of the aquifer. In more complex topographic and
hydrogeologic settings these properties may diverge substan
tially from tbesituation illustrated.

A comparison of Pigures 4~3(a) and 3(b) reveals how flow
patterns and divides are altered When the undulations in the
water table are super~~posed on the regional ,hydraulic
gradient towards a more regional stream and discharge area.
Ground-water flow divides in.Pigure .4-3 (b) extend through the
full thickness of the aquifer only at either endot the
entire flow regime. The full dimensic'n of the flow regime
mayor may not be encompassed by 'the two-mile radius. .The
total length, ~ in the figures, can range from hundred~ to
thousands. of feet.

Figure 4-3(c) is an example of more complex conditions
in vhi~h the flow patterns and flow systems are effeoted by
both topography and regional variations in hydraulic conduc
tivity of layered earth materials. Given adequate data, oom
puterized models of real sites can provide approximations of
ground-water flow patterns. In general, the level-of-sophis
tication employed to demonstrate the presence of a Type 1
boundary should 1',)e comensurate with the complexity of' the
hydrogeologic setting.

The .patial location of the water-table and ground-water
flow divides may be stable under natural flow conditions but
can be modified by man-made -hydraulic stresses, such as
large-scale qround-water withdrawals or recharge. In some
cases it will be necessary to estimate the permanence (i.e.,
location with t:i1lle) and position ot ground-water tlow divides
under stressed conditions from available hYdrologic and
geologic data and foreseeable changes in water use.
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FIGURE 4-3
HYDROGEOLOGIC SECTIONS SHOWING FLOW SYSTEMS OF

INCREASING COMPLEXITY WITH TYPE 1 BOUNDARIES

F
TYPE I BOUNDARIES

a) Simple flow systems associated with a water~table aquifer
(after Hubbert, 1940).
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b) Ground-'J:"'- flow pattern in a water-table aquifer with local and
reg~o~. ~harge areas (after Freeze and Whitherspoon, 1967).
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c) Ground-water flow pattern in dipping sedimentary rocks with local
and regional discharge areas (after Freeze and ·Whitherspoon. 1967).
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A good example of ground-water units separated by a Type
1 flow divide boundary is shown in Figure 4-4, The settir;';J
illustrated consists of two alluvial valleys with high-yield
wells completed in sand and gravel deposits, separated by
sandstone bedrock that can only provide limited supplies to
domestic wells. Ground water in the alluvium is derived from
precipitation and trom the bedrock, and discharges to the
river under natural conditions • Under pumping conditions ,
the water pumped by the high-yield wells is derived largely
from the 'river, from local precipitation, and from the
bedrock. Near the wells in the eastern valley, flow system
boundaries are affected by ground-water withdrawals and are
stable as long as the well discharges are steady. The
ground-water tlow divide separating the two valley aquifers
is not effected by pumpage, and provides the essential
characteristic that allows the delineation of ground-water
units A and B.

In order to provide EPA with a defensible ground-water
flow-divide delineation, ...a limited flow analysis will gen
erally be required as a mini~um. An acceptable approach is
to prepare a water budget for the ground-water unit in order
to show a reasonable order-of-magnitude balance on flow into
and out of the system. This could involve the preparation of
a ground-water flow net (see Glossary for definition) for the
uppermost aquifer with acoompanying estimates of volumetric
flow into and out of tha unit. The flow net oan :,»e gen
eralized and need not be rigorously correct in a quan~itatlve

sense. The analysis should be carried out even though part
of the ground-water system continues outside the., Classi
fication Review Area, that is, if part or all of the dis
charqe or recharqe area of the unit extends beyond the
Classification Review Area.

The semi-quantitativa flow net of the uppermost aquifer
should be supplemented by a vertical hydroqeoloqic oross
section and supporting data showing that the uppermoat
aquifar is, in fact, underlain by an extensive aquitard or .
crystalline rock non-aquifar within the Classification Review
Area. The flow net can be based on available water-table
elevation data as interpreted from water levels in relatively
shallow wellsl locations/elevations of sprinqs, wetlands, and
perennial streams, and supplemented with topographic eleva
tions. The rates and directions ot flow can b8 estimated in
plan view given a water-table contour map and estimates of
aquiter thickness and hydraulio conduotivity. The conduc
tivity can be obtained from the area-specifio repqrts, field
or laboratory tests, or by estimating a range from the
scientific literature based on earth material type. Flow
patterns inferred from these data must also consider signifi-
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FIGURE 4-4
EXAMPLE OF TYPE 1 FLOW DIVIDE BOUNDARY
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cant spatial and directional variat.ions in conductivity in
areas having a more complex stratigraphic and structural
geologic conditions.

At the beginning of the flow analysis, it is important
to determine whether the ground-water flow system is in a
state of steady' or transient flow. Areas that are charac
terized by a lack of ground-water development and usage can
generally be assumed to be in steady state. This will
simplify the analysis because the estimate ot system dis
charge can be equated t.o recharge. If the natural recharge
rate compares favorably with a reasonable percentage of mean
annual precipitation, the ground-water flow divides can be
considered..rel"iable. The applicant can go to the .ground
water literatu~8 t.o obtain "reasonable" estimates to recharge
in any geqgraphic/ground-water region of' the United states
(e.q., .see USGS Water-Supply Paper 2242 by R.C. He~th, 1984).

In areas characterized by large-scale withdrawals of
ground water from shallow or deep aquifers, the flow regime
is more prone to be' in . a t.ransient state. Evidence of
transient conditions inclUdes:

Declining ground~water levels
Depletion of ground-water storage
Movement of flow divides

When such evidence of movement exists, it may be necessary to
estimate the ult.imate steady-state position of the flow
divides assuming conservatively large withdrawal rates and
small water tlowand storage properties.

4.3.3 Type 2 Boundaries;
Units

The Agency would assign a low degree of interconnection
across the low-permeability geologic unit (Type 2 boundary)
if the following conditions can be shown:

The low-permeability. geologic unit is laterally
continuous beneath the entire area and/or limits the
lateral continuity of the more permeable qe010gic
unit

There are no known wells, mine shafts, etc. that are
improperly abandoned or unsealed through tbegeoloqic
unit
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• The qeologic unit has a small permeability relative
to both adjacent geologic units and to geologic media
in general

The tlow of water through the geologic unit per unit
area is insignificant relative to the flow of water
per unit area through adj~cent strata

Low-permeability geologic units include fine-grained
sediments and sedimentary rocks, such as clays and shales, as
well as crystalline igneous and metamorphic rocks that have
few interconnecting fractures. Because these materials have
small permeab!l!ties,. small quantities of water will be
transmitted through them in response to hydraulic gradients.
In areas where hydraulic heads beneath or within a low
permeability unit are greater than heads in an aquifer above
the unit, the hydraUlic gradient has an upward component
across the Type 2 boundary. The Agency con.siders this to be
the most favorable head relationship because it further
ensures that the direction of ground-water movement at the
boundary serves to inhibit the migration of contaminants into
and across this type of boundary. '

In selected environments, such as deep geologic basins,
the applicant is free to make arguments that the flow of
fluids is negligibly small through the low-permeability un,it.
The actual cut-off values of key variables such as perme- ,
ability, thickness and hydraUlic gradient are not specified
in these quidelines and are left to professional jUdgments.

Figure 4-5 illustrates a setting where the presence of a
thick, regionally extensive aquitard establishes a low degree
of interconnection between a shallow ground-water unit and a
deeper underlying ground-water unit (aquifer). This config
uration is cOlllDlon in the Atlantic and Gulf coastal plain
settings where the lower aquifer is the principal regional
aquifer and is a source of water supplY. It is overlain by
an extensive confining olay that may be tens of feet thick.
The shallow qround-water aquifer system supplies only limited
amounts of water to wells. The reasons for the low intercon
nection between aquifers in this setting are as follows:

the flow of water through the aquitard is exceedingly
8J1all,

the time ot travel of water through the aquitard is
very large

sedimentary basins commonly exhibit multiple freshwater
aquifers each separated by a reqionally extensive low-perme-
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FIGURE 4-5
EXAMPLE OF TYPE 2 BOUNDARY
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ability confining unit.. Figure 4-6 is an example of such a
basin where ultimate discharge of the deep fresh water
through overlying low-permeability confininq units (flow
barriers) is to the ocean. Oeeper ground waters in these
basins will be characterized by a Total Dissolved Solids
(~DS) concentrations that may be much greater than the 10,000
mg/1 limit for Class III ground waters, and interconnection
is considered to be low, even though hydraulic gradients are
in the direction of less saline water.

~he reasons for the low deqree of interconnection are as
follows:

• salts are retained in deep aquiters, confined by late
rally extensive aquitards,

• the flow of water thro~qh the confining units is
exceedingly small,

the time of travel through the confining unit is very.
large

• the depth to these· waters is generally below. the
bottom of any major water-supply wells in the area.

Deep, confined, saline ground-water units with a low
degree of interconnection to overlying fresh ground-water
units are currently the primary hydrogeologic setting into.
which wells can be permitted to inject hazardous wastes under
present EPA and state Underground Inj action Control. (Orc)
regulations. These waters are herein defined as Class III, .

. Subclass B ground water. EPA's position is that the inter
connection test for such candidate Class 1118 waters will
follow those tests for the OIC program, Class I wells.

In general, the demonstration of the existence of a Type
2 boundary requires that one identify and characterize the
laterally continuous low-permeability non-aquifer that
constitutes the boundary. The following is a list of factors
to be considered in making this demonstration:

• Stratigraphic setting and lithologic characteristics

• structural setting and joint/fracture/fault charac
teristics

• Hydrogeologic setting and hydraUlic head/fluid flow
characteristics.
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FIGURE 4-6
ExAMPLE OF TYPE 2 BOUNDARIES BETWEEN AQUIFERS IN A SEDIMENTARY BASIN
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The first distinction should be between whether the non
aquifer is of sedimentary or iqneous/metamorphic origin. If
it is sedimentary in oriqin, an identification of the envir
onment of deposition will permit inferences about the ex
pected geometry, thickness, and continuity of individual
strata. These inferences should be defended. with geologic
sections incl~ding data from well logs and/or measured
sections. Th~ aqe of the unit, the degree of cementation,
and degree ot compaction are all qualitatively related to
water-bearing characteristics (hydraulic conductivity and ./','
porosity).

If the unit is an iqneous or metamorphic rock, -the
continuity and thickness can usually be inferred from geo
logic maps and reports for the region in which the Classifi
cation Review Area exists. Identification ot igneous rocks
that have tabular geometries such as vOlcanic flows, ash-rall.
deposits, or intrusive sills and dikes will allow inferences
about thickness and continuity. These may serve as aquifers
or aquitards within a sequence of sedimentary rocks. I.

Crystalline "basement" rocks of iqneous and metamorphic
origin underlie the entire North American continent. _ In
areas where these rocks are fractured and exposed at or near
the land surfaoe, they generally serve as poor-yielding
aquifers. However, significant ciroulatl~n can be assumed to
be restricted to the upper tew hundred feet because the.
fractures tend to close with depth. In other areas, - Where
these rocks are buried by younqer rocks, they can generally
be assumed to represent the base of active circulation unless
there is ~vidence to the contrary. In these situations the
Type 2 boundary is equivalent to the bottom of the qround
water regime (see Glossary).

A general knowledqe of the tectonic setting and struc
tural geoloqic history of the region will provide inaiqht
into the types and frequency of geologic structures to be
found in the Classification Review Area. Numerous field
stUdies have shown that significant ground-water flow in
consolidated sedimentary and crystalline rocks is controlled
by geologic structures. These features include folds, faults
and associated joints and fractures in ~e rock.

Major s~ruc~ures such as fault zones that intersect
consolida~edrock forma~ionB may 'hydraulically _ connec~

mUltiple aquifers into a system ot aquiters. Fault zones in
consolidated rocks are known to COllect. wat.er from large
areas and control the locations ot ground-water discharqe at
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maj or springs. In softer sediments and in Bome structural
settings, fault zones can have the. opposite effect by
producing barriers to flow • Individual joints and small
fracturea in consolidated rocks and sediment· can be mapped
syst.ematically with field studies, however, proof of t.heir
absence is the more important element in demonstratlng the
presence of a Type 2 boundary.

The best evidence' of 'low-permeability non-aquifer
conditions constit.uting a Type 2 boundary are those related

.to the hydrogeologic setting' and measured hydra~lic para
meters. Tab1e 4-2 shows that the hydraulic conductivity of

. both sedimentary. deposits·' and igneous/metamorphic rocks can
be esti~ated within several orders-of-magnitude on the basis
of litholoqy alone. In parts of the United states associated
with large: ground-water usaqe, there has been a need t.o
understand .t.he, ground-wat..er regime and these areas will often
have been stUdied by' 'various government. agencies. Con
sequent.ly, t.he hydraUlic properties of aquifers and aquitards
will be known in quantitative terms. In these areas the
thickness,' lateral extent, and hydraulic conductivity will be
documented. A favorable condition would then be associated
with a recognized aqultard or aquiclude that is known t~ be
relat.ively thick, homogeneous, widespread, and poorly perme
able. ~heoptimum head condition would be SUch that vertical
hydraulic qradients are directed upward through the .unit,
i.e., across the Type 2 boundary. .

4.3.4 tYPe 3 Boundaries; Fresh/Saline Water Contacts

Type 3 boundaries between bodies ot: ground water with
contrasting ooncentrations of Total Dissolved Solids (TDS)
most commonly occur within the following types of hydro
geo".oq~.c settings:

• Sea-water intrusion into fresh-water aquifers in
coastal regions,

• Saline. waters associated with ancient evaporite de
posits in sediment.ary basins,

• Saline waters associated with closed topographic
basins in arid regions.

• Saline brines in deep geolO9ic basins,

• Geothermal fluids in tectonically active regions,
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"~ TABLE 4-2
RANGE OF VALUES OF HYDRAULIC CONDUCTIVITY AND PERMEABILITY

(AFTER FREEZE AND CHERRY. 1979)
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In 'the above settings, 'the TDS of naturally occurring
saline water may be 3 to 10 times greater than the 10,000
mg/l criterion. owing to natural concentration gradients, a
zone of diffusion is normally observable between the saline
and fresh ground waters. The 10,000 mg/l TDS isometric
'surface will generally be situated within the diffusion zone
separating the waters of contrasting salinities.

Figure 4-7 illustrates how a wedge of sea water which
has intruded into an unconfined aquifer is identified as a
separate qround-water unit of higher salinity and density

. relative to an adjacent qround-water unit, in the same
aquifer, containing fresh water. In this settinq, there
exists a zone of diffusion between two flow systems that
contain fresh water and sea water.· The salinity boundary
would occur along the 10,000 mg/l TOS isometric surface.

Figure 4-8 illustrates a .econd hydrogeologic setting
characterized by the presence of near-surface evaporite
deposits overlying deeper.bedrock units. Salts are dissolved
from the evaporite units by the cirCUlating ground waters and
a shallow zone of saline waters coexists with fresh qround
waters within the same flow system. However, based on the
delineation of a Type 3 boundary, two distinct ground-water
units can be identified.· .

Although the saline water is primarily confined to the
low-permeabil"ity. evaporite formation, this water leaks. into
the underlying aquifer creating a zone of diffusion within
the underlying aquifer. The boundary between the two ad
jacent ground-water units would be drawn alonq the 10,000
mg/l TOS isometric surface within the diffusion zone. The
diffusion zone, would be a stable feature assuming the flow
system is in both hydraulic and geochemical steady state.
The degree of interconnection between these adjacent qround
water units. is defined to be in~ermediate. The type of
setting illustrated in Fiqure 4-8 is not as common as the
coastal intrusion setting illustrated in Figure 4-7, but it
is known to exist in selected parts of the United states.

In the above two settings , the intermediate degree of
interconneotion between ground-water units is due to the
limited potential for the exchange of waters aero•• a Type 3
boundary within a diffusion zone. In the first setting, the
salt water and fresh water are in separate, but adjacent flow
systems. J:n the second case, the diffusion zone is more
extensive and mayor may not be within a single flow system.
A third case involves a single reqional ~low system with the
diffusion zone in the deeper and more downqradient end of the
system.
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FIGURE 4-7
EXAMPLE OF TYPE 3 BOUNDARY THROUGH AN

UNCONFINED AQUIFER 'IN A COASTAL SETTING
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FIGURE 4-8
.EXAMPLE OF TYPE 3 BOUNDARY IN AN EVAPORITE/SALINE WATER SETTING
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The thIrd setting includes naturally saline ground water
contained within topographically-closed structural basins
\dthin arid parts of the western United. states (e.g., the
Great Salt Lake Desert). Figure 4-9 shows an example of such
a setting where the water is recharged froll runoff from
mountain ranges adjoining the basin, circulates to the center
of the basin" moves vertically through confining beds, and
uischarges to playa lakes and the atmosphere. These settings
are k.nown to have brine waters greatly in excess of the
lO,OOQ mg/l Class III criteria within the discharge area to
depths as great as 2000 feet below land surface.

Distinct ground-water units can be delineated based. on
the identification of Type 3 boundaries as shown in Figure
4-9. Under natural conditions the diffusion zones encom
passing these !I boundaries are stable and ground-water units. A
and B can be identified as shown. Large-scale withdrawals
from upgradient fresh (Class II) ground water or injection
into the saline (Class ·111) ground-water can laterally
displace the diffusion zon~. The pumped wells may eventually
yield saline water and, will cease to be sources ot drinking
water. ThUS, the potential to cause adverse water-quality
effects may result from improper resource management.:·

Type 3 boundaries are the least interpretive of the
boundary >types because they are simply equivalent ,to the
10,000 mg/l TDS isometric surface through the ground-water
regime. These boundaries are then easily recognized and
mapped when TOS data are available for ground waters from
various depths and locations in the. Classification Review
Area. 'l'he elevations at which ground-water 'l'DS is equal to
or greater th~n 10,000 mq/l has been mapped and published for
selected basins and regions. '!'he principal sources for such
data a~e the USGS and state geological surveys, especially in
states having abundant oil and gas resources. In areas of
known sea~water intrusion, or upconing of salt water due to
pumpage, publ~shed data are occasionally available Which will
show in vertical section or plan view the extent ot the salt
water wedge. This may be conservatively taken as the 10,000
mg/l 'lOS .··boundary where more speoific TDS data are not
available. :In areas of known high temperature geothermal
resource., published data are available to estimate the Type
3 boundary location. Because these areas, are few in number
and are limi~ed in areal extent, ~ew will be co-located with
po~ential Classification Review Areas. Equally limited are
data bases tor saline water settings associated with soluble
evaporite deposits. At specific sites in these Clreas, the
relationship ,between water quality, soluble. strata, and
ground-water flow directions can be established and the Type
3 boundary mapped. This relationship can be assumed in
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FIGURE 4-9
EXAMPLE OF TYPE 3 BOUNDARY THROUGH BASIN FILL IN A CLOSED BASINIARID CLIMATIC SmING
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adjacent areas, where the stratigraphy and flow patterns are
known, in order to extrapolate the Type 3 boundary to other
partB of the Classification Review Area.

4.3.5 High Interconnection Scenarios

Higb interconnection of waters is assumed to occur
within a given ground-water unit and where ground water
discharges into adjacent surf.ace-wat.er bodies. Tbe latter
situation is specially relevant in identifying Subclass IlIA
ground waters, for occasions where these are not potential
sources of drinking water.

Subclass IlIA can be associated with shallow, uncon
fined, aquifers that underlie broad, urbanized, industrial
areas where numerous diffuse sources of contamination have
degraded water quality. Figure 4-10 shows hydrogeologic set
tings that may qualify for Class IlIA (Untreatab1e). The
two examples shown include· urban/industrial areas located
near major surface waters and overlying alluvial sediments
that are saturated at relatively shallow deptbs. As shown,
the degraded water must be contained within a shallow ground
water unit that discharges to the local surface-water body.

4.3 •6 Example of SUbdividing a Classification Review
AI:B

Figures 4-11 through 4-13 illustrate how a hypothetical
Classification Review Area is subdivided into ground-water
units and the potential classification decision for each
unit. It should be emphasized that for purposes of an actual
classification decision, not all the subdivisions illustrated
here would be necessary, as only the ground-water unit
relevant to the facility would be classified.

The facility for which a classification decision is
needed is located on the floodplain of a perennial stream
that flows in a direction towards the viewer in Figure 4-11.
The water table is relatively shallow beneath the floodplain
and is essentially at the land surface in wetland areas
adjoining the stream. The habitat for an endangered species
is located in a wetland on the opposite side of the stream
from the facility.

The geolo91 of the Classification Review Area consists
of essentially flatlying sedimentary formations overlying a
crystalline basement composed of undifferentiated granitic
and metamorphic rocks. Three local aquifers and "two aqui
tards are recognized in the area. The uppermost aquifer is a
water-table aquifer defined as the saturated part of a sand
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FIGURE 4-10
··:EXAMPLES OF HIGH INTERCONNECTION BETWEEN GROUND-WATER UNIT AND SURFACE WATER
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a) Alluvial aquifer separated into two ground-water units with high interconnection to a river.



FIGURE 4-10 (CONTINUED)
EXAMPLES OF HIGH INTERCONNECTION BETwEEN GROUND-WATER UNIT AND SURFACE WATER

..,.-------CRA.--------tII.,

---
EXPLANATION

UNTREATABLE WATER

GROUND- WATER Fl.OW DIRECTION

WATER TABLE

CLASSIFICATION REVIEW AREA

b) Shallow ground-water unit is highly interconnected to bay. The lower ground-water unit is separated from
the bay by Type 2 boundary; and, therefore, has a low degree of interconnection even though it discharges
to the bay through the aquitard.



and qravel deposit overlying a low-permeabl1i~y shale forma
~ion. " This aquifer is recharged by the intil'tration of
precipi~a~ion and dischargss primarily ~o the stream .and
we~land areas. I~ is locally used for water supply by
domestic wells in.. a nearby residential development.

Figure 4-11 shows a deeper middle aquifer that.·· is
sandwiched between two regionally extensive shales that serve
as aquitard confining beds. Ground water is pumped from the
middle: .aquifer at a municipal well which supplies wat.er to a
nearby city. The city also receives water pumped from deeper
wells in the lower aquifer, howev~~, these wells are located
on the other side of the city off·.the left edge of Figure 4
11•.: PwDpage from these wells has caused sea water to intrude'
the' lowest aquifer from the oc~an located oft the right edge
of Figure 4-11. The lower aquifer is underlain by crystal
line rocks Which have loW permeabilities and are not used as
an aquifer in the area. . . .

Figure 4-12 illustr~S:es the cylinder-shaped volume. of
earth material that underlies theClassitication Review Area.
The ground-water regime is iiefined to include all ground
water and earth materials between the water table·' in .the.
uppermost aquifer and the" contact between the lower aquifer

'·and" the basement rocks. Figure 4-1~"_hows .how the regime can
be subdivided into five ground-water units. For purposes 'of
an actual classification decision, .only the ground-water unit
that could potentially be affected.by the facility would be
pertinent. . ..

Ground-water units 1 and 2 are subdivided along a Type .. 1
ground-water flow divide boundary beneath the sinuous peren
nial river. This boundary is 'interred from a mapping of the
flo\( poit.o:ern within the uppermost aquiter. The aquitard
beneath the aquifer exhibits no evidence of discontinuities
within t~e Classification Review Area. It is present in all
deep wells in the area and consistently shows large vertica~
gradients across i't. Even 80, the es'tima'te of 'the rate of
ground-water flow per unit area through the unit (based on
these' gradients and hydraulic conductivities) is no greater
than 10-" em/sec which is negligibly small rela'tive to
ground-water flow rates in adjacent aquifers. Ba'sed on these
characteristics, ~he aquitard constitutes a Type 2 .low
hydraulio conductivity, non-aquifer boundary. '!'he vertical
extent ot ground-water units land 2 is thUS, dellnea'ted by
the existence of this physical boundary.

Ground water within the middle aquifer is identified as
a third ground-water unit with the overlying and underlying
aqui~ards constituting Type 2 boundaries. In addition to the
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P'IGURE 4-11
HYPOTHETICAL S~rrNG FOR DEMONSTRATING THE SUBDIVISION OF A CLASSIFICATION REVIEW AREA
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FIGURE 4-13
SUBDIVISION OF A HYPOTHETICAL CLASSIFICATION REVIEW AREA

INTO THE GROUND-WATER UNITS
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characteristics described above for the uppermost aquitard,
1ong-term aquifer tests have been performed on the municipal
wells completed in the middle and lower aquifer. These tests
indicate that less than ten percent of water pumped from the
aquifers is derived from the leaking aquitards, thus their
desiqnation as Type 2 bou~daries is justified.

Ground' water withfn the iower aquifer is generally
moving towards a major pumping oenter located outside of the
Classification Review Area. A significant part of the water

. in .this aquifer has been replaced by sea water ha,ving 'liDS
concentrations in excess of 30,000 mg/l. The problem has
been studied by the U. S•. Oeological Survey in cooperation
with the city. The' movement of the interface between fresh
and saline water is being monitored with a few deep walls.
The approximat.~ locat.ion of the int.erface at the t.ime of
subdivision wasapproximat.ely.known and, ,lacking specific TOS
data, is taken. as t.he 10,000' mg/l TOS Type 3 boundary s.ep
arating ground~wat.er unit.s 4 and 5 on· Figure 4-13. Because
the act.ual 10,000 mg/l ~·'fOS boundary is .probablY several
hundred feet further towards. the well field, use of the
interface as this boundary makes ground-water unit'4 larger
and unit. 5 sma~ler than it actually may be. These errors are
conservative in the sense of providing levels of protection
to· these wat~rs as determined.by class designation.

Based' on the above general discussion of classification
related criteria the ground-water units may be classified.,,' as
shown on Figure ·4-13, as follows:

•

•

•

•

unit 1 maybe Class I Ecologically Vital Ground· Water
due to the endangered species habitat within the
discharge area, wetland environment and pote~tially

vulnerable condition,

unit 2 may be Class IIA, current source of drinking
water due to the resident.ial wells screened in this

.uni1:,

Uni1: 3 may be Class IIA current source of -drinking
water owing to its use for water supply but is poorly
interconnected to the Class IIA water in the upper
most aquiter,

unit 4 may be Class lIB potential source ot drinking
water even though it maybe used for water supply
outside the Classification Review Area, .

unit 5 may be Class lIlA, not a ,potential source of
drinkinq water because it has a TOS above 10,000 mg/l
and has a intermediate degree of interconnection with
adjacent. unit 4, apotent.ial source of drinking
water.
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4.4 Determinina Irreplaceability

Figure 4-14 displays the general concept of irreplace
ability for Class I qround water. The qoal is to identify
those waters of such rela~ively high value that unusually
high protection is warranted. For the purposes of classifi
cation, this is not meant to be an extremely rigorous, costly
exercise. In many instances, estimates will suffice. For
example, a census of residents should not be' performed to
determine whether a substantial popUlation is affected -- if
available information suggests that current water users
approximate the required thresholds, the criterion should be
considered satisfied. Similarly, irreplaceability will be
assumed unless an analysis is deemed desireabler· typically
when "a permit applicant feels that a Class II situation is
truly the case. If an analysis is performed, it should not
be necessary to evaluate every possible replacement source;
rather, rough estimates developed for no more than a small
nUmber of representative replacement water sources should be
adequate to indicate ~he presence or absence of a irreplace~

able source. These "shortcuts" are necessary since detailed
water-supply alternative studies are inordinately expensive
and are reserved for such major projects as large multiple
purpose dams and reservoirs.

A ground water serving a substantial popUlation is
considered irreplaceable, if alternatives are not suitable
due to anyone or more of the following five criteria:

Use of the alternative source would require piping
water over an unreasonable or uncommon distance

•

The alternative source is incapable of providing
,.,ater of quality that is comparable to typical
quality of ground water used for drinking in the
Region

The alternative source is incapable at yielding water
in sufficient quantity to serve the substantial
population

Access to the alternative source is precluded due to
institutional constraints

Use of the alternative source is economically infea
sible.

Again, the general procedure is to first determine if
the ground water within the Classification Review Area or the
appropriate subdivision serves a substantial popUlation. If
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FIGURE 4-14
CRITERIA FOR CLASS I - IRREPLACEABLE
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4.4.1 Substantial Population (Option A)

Under Optional A, ground water is deemed to serve a
substantial population if at least twenty-five hundred
persons are served by (Figure 4-15):

• centralized public water supply well Cs) within the
Classification Review Area or appropriate subdivision
whether the population lies inside or outside Classi
fication Review Area or

• private wells within the Classification Review Area or
appropriate subdivision for persons living in a
densely settled area Ci.e., census definition based on
1,000 persons-per-square mile) or

• a combination of the above.

This definition of substantial popUlation is based on
numerical thresholds and concepts already used by the Census
Bureau. The popUlation data necessary to make these deter
minations is widely accessible and SUfficiently up-tO-date.

In most instances, making these determinations ·will be
straightforward. If the wellCs) in the Classification Review
Area or appropriate subdivision serviae a public water
system, an estimate of the number of user households mUltip
lied by the average number of persons-per-household (2.7 on a
national· basis, each state or locality may be somewhat
different) should approximate. the total popUlation served I if
the population is served by other water sources, these should
be accounted for proportionately. (Water supplied for
industrial and agriCUltural purposes should not be inclUded.)
For private well users, it will be necessary both to estimate
the population in the Classification Review Area not served
by public water systems and, also, to calCUlate the pop
ulation density. The EPA maintains a data system called GEMS
Cfor Graphical Exposure Modeling system) which can be used to
estimate both popUlation and population densities .tor a
variety of areas around a point (see Appendix Etor details).

4.4.2 Substantial population (Option S)

option B differs from Option A in that no specific
n~erical cut-offs are dictated for determining "substantial
popUlation" or the "economic feasibility" of replacement.
Rather, the relative size of the population served by the
source would simply be factors to consider in assessinq the
source's "replaceability." A determination that a source is
"irreplaceableltwould require a qualitative assessment of the
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(C) PRIVATE WELLS AND
PUBLIC SUPPV WElUS)
SERVE ~2500 PERSONS

eA) WELLeS) ON PUBLIC SYSTEM SERVES
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OUTSIDE CLASSIFICATION REVIEW AREA

FIGURE 4-15
EXAMPLE CLASS I - SUBSTANTIAL POPULATION
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technical ·and economic feasibility of replacing it taking
into account all of the factors that may be relevant in any
specific case. Some of the same steps in data gathering and
analysis included in option A might be utilized, or alterna
tively, other procedures could be substituted. The overall
approach to determining replaceability would, however, be

. more. qualitative in Character, and be more dependant on
professional judgment.

4.4.3 Uncommon Pipeline Distance

Designating an uncommon pipeline distance for the Reqion
is an important early step in determining irreplaceability.
This uncommon distance will set a hypothetical radial
boundary around the site within which an alternative source
of water can be located. It, therefore, restriots the number
of a~ternative sources that should be considered in the
classification decision. If no alternative institutionally
available water source of comparable quantity and quality can
be located within a reasonable distance, the ground water~in

the Classification Review Area should. be considered to be
Class I irreplaceable. In theory, this is the maximum
distance water is currently piped from the raw water source
to the distribution system for each popUlation category.·

The determination of uncommon pipeline distance depends
on many factors, inclUding topography, qeology, hydrology,
availability of developed water resourcls (e.g., lakes,
reservoirs, etc.), institutional constraints on water
development, water demand, and economic resources. As a
result, distances can vary siqnificantly. In the semi-arid
regions of the West, water may be conveyed 50 miles or more
from the source to the distribution system. In the more

·hum1d Ea~t, however, water is typically piped five miles or
less. pipinq distances can also range considerably. even
among neighborinq states.

Although it is reasonable to define an uncommon pipeline
distance for different population categories, it i8 in
practice, extremely diffiCUlt to set rigid criteria. In the
absence of an exhaustive survey, quidance on these distances
is available in Table 4-3, based on information provided by
EPA'. re••arch laboratories and the Federal Reporting Data
System (PROS) 'maintained by EPA's Office of Drinking Water.
The distances proposed in Table 4-3 are based on the applica
tion of a one percent income threshold that is applied as an
economic criterion for other Class I tests. These distances
can ,be calculated for other threshold levels.. . working from
data provided by EPA's Cinoinnati water-quality laboratories,
which estimate' the costs ofplplng various quantities of
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TABLE 4-3
UNCOMMON PIPELINE DISTANCES FOR DIFFERENT POPULATIONS

(Based on an 1% Economic Threshold}

Population Size Uncorrunon Pipeline Distan·::e

.'

<5,000 25 miles
5,000-10,000 35 miles

10,000-25,000 70 miles
25,000-100,000 100 miles

>100,000 150 miles or more ..

These distances could be computed for different levels of income
thresholds ~e.g., 0.2\, 0.5\).
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should be used,
of sampl1nq and'
be relative and

wat.er (the size of pipes varied wit.h the amount of wat.er
being delivered to a cert.a1n size of population), EPA
proposes indexing these costs to the amount of dollars

,expressed by ,the income t.hreshold for a certain size of
popula~ion. For example,a population of 2500 persons would
exceed, their l' income, threshold when the costs of piping
water exceed $2.4 million. This dollar. amount roughly
translates into an average piping distance of 13 miles when
estimating the costs of installing and pumping along the
pipes of the diameter needed to' deliver a sufficient amount
of water to 2500 persons. The result of this approximation
should be used as general guidance for the lower bound of
uncommon pipeline distance.

4.4.4 comparableOuality Analysis

,Once a potential alternative water source has been
located, it is importa~t to determine whet.her th~quality is
comparable to that of other drinking water in the EPA Reqion.
1'he term tlcomparable qualit.y" is defined as a level at water
quality that is not substantially poorer than other raw
drinking water resources in the EPA Region.

4.4.4.1 water Quality Parameters

To be considered of comparable quality, the quality of
the alternative water resource should be -- within an order~

of-magnitUde -- as good as or bet.ter than, existing drinking
water resources, taking into account the precision of the
measurement of each parameter. For example, an existing
water source may have an average of 93 mg/1 TDS, with a range
of 75 mg/l to 100 mq/l. An alternative water source may be
considered not of comparable qualit.y, if it has an average
TDS of 1,300 mg/l with a range of 1,000 mg/l t.o 1,600 mg/l.
For some paramet.ers of int.erest (e.g., tast.e, color, odor),
the evaluation· may be highly subjective. It is again meant.
to bea relative'test which considers a, few qeneral cate":
gories of parameters (e. q., TDS, organic compounds, heavy
me1:als, radionuclides and other secondary physical/chemical
properties).

Ext.tinq information on water quality
g1ventha veryhiqh cost of new 8er,1ea
analysill. The comparison is intended to
8ubjec~ to professional judgment.

4.4.4.2 Sources ot intormatioD

At the Fede~al level, three important sources for
water quality information may be consultedZ EPA, the Army
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Corps of Engineers, and the United states Geological Survey
(USGS). Each of these agencle~ has conducted, or continues
to conduct, comprehensive surveys that describe water
resources in the u.s. Although not always designed specif
ically to provide detailed water quality data, these studies
provide information sufficient to faoilitate the comparable
quality considerations ot the ground-water classification
sys~em. '

EPA has funded comprehensive studies of Regional water
quality to determine the principal point and non-point
sources of pollution. These stUdies, conducted under section
208 of the Clean Water Act, tor example, give a broad
overview of water quality (U.S. EPA, 1980b)." They are
generally obtainable through the State and local a'1encies
which received the funding. The Army Corps of Engineers
conducts similar re'1ional water-resource studies in order to
examine water supply and demand within specified rivere:and
lake basins in the United States; The most useful resource
of data from USGS will .often be the published basin-wide
investigations of ground- and surface-water resources. USGS
also maintains the National water Data Exchan'1e (NAWDEX) ~

which is desiqned to assist users in identification, loca
tion, ~nd acquisition ot information on water resources. The
National Water Well Association (NWWA) , Worthington, Ohio,
maintains a library of all USGS and State Geological Survey.
information on water supply and quality. using automated
searchin'1 capabilities, the NWWA can identify and list all
publications concerning a specific geo'1raphicarea.

On a more local level, regional planning boards and
councils of '1overnment, may also have information on poten
tial" drinkin'1 water supplies and river, lake, and stream,
quality in their regions. State agencies that administer
environmental protection, land use planning, agricultural,
geolo'1ical survey,· publio health, and water pro'1rams, are
excellent information sources. State universities (particu
larly land-grant universities) may Bometimes serve:.o:: as
repositories of information concerning qround- and surtace
water supplies.

4.4.5 Comparable Quantity Analysis

Within a reasonable distance range, as determined by the
"uncommon pipeline" distance analysis, a number of alterna
tive sources ot water may be identified. These sources may
include both surface or ground water. Common .~a1Dples of
surface water that can be considered as a replacement source
re rivers, streams, natural lakes, and impoundments.
Alternative ground-water sources may be located in the same
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aquifer, or in another nearby aquifer, horizontally or
, vertically separated from the source aquifer.

Determining whether the alternative source" or sources,
can yield adequate quantity requires three analytical steps:

determine current users' present water-supply needs

• ,', characterize potential sustainable water yield of
. alternative source '

• compare potential supplY,and current demand.

Each of these steps is discussed briefly below.

step'l:, Determine current supply.needs'of water users
. . .

If the ground water tO,be class1fie4 supplies a public
water system, current supply, needs will be known by the water
utility. If the ground water to be classified serves a
substantial population using private, wells, current water,...:
needs must be estimated using popUlation figures and assump-
tions concerning typical water use~ . "

step· 2; Characterize potential sustainable water yield of
alternative water' SUpply

This information, is best obtained from the previously
mentioned,' published studies. In addition, routine water
shortages in communities currently served by an alternative
source, for example, would indicate that the alternative
source may not (conceptually) be able to provide water for an
additional population increment. Rapidly taIling ground
water levels over time' also indicate that an alternative
source may not be capable of consistently providing SUffic
ient yield year-round. However, levels which are not falling
may also indicate a source wJ1ich is unavailable for ad
ditional usage, but one which is being properly managed. In
cases' where the ability of an alternative source to meet the
needs of the substantial popUlation is' unclear, a more
quantitative analysis may be necessary.

step 3: Compare alternative water supply and existing water
demand

In cases Where the alternative source is located in a
water-rich area, the, comparison of user needs and source
yield maybe done on an annual b~sis. The comparison should
be conducted on a monthly basis where the alternative source
is ground water under existing or potential stress or where
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the alternative source is a surface water with considerable
month-to-month variability in flow. Important sources for
water-quantity information include local water utilities,
state water agencies, and the u.s. Geological Survey.

4.4.6 Institutional Constraints

Institutional constraints involve legal, administrative,
and other similar forms of control over access to water. For
purposes of this Guidance, the Agency has adopted the
following definition of institutional constraint:

An institutional constraint is a situation in
Which, as a result of a legal or administrative
restriction, delivery of replacement water may not
be assured through simple administrative procedures
or market transactions.

While, a detailed examination ot legal and institutional
issues is rarely called .. .£or, a preliminary review shOUld

-indicate whether an institutional constraint is present •. The
following discussion presents' a breakdown of potential
institutional constraints and a general procedure for
determining whether a binding institutional constraint is
present in a particular situation. Appendix E provides a
more detailed description of constraints as well as informa
tion sources.

The Agency has analyzed the potential constraint. and
determined which are probably binding, which may be binding
in some cases or possibly binding, and which are unlikely to
be binding. For a straight-forward assessment, comparison of
the cO'lstraints affecting a partioular source of water, the
list of constraints presented in Table 4-4, should suffice.
In those cases where a detailed assessment is warranted, the
procedure outlined in Figure 4-16 is suggested.

4.4.6.1 Example of Considerations for a More
petailed Assessment

A potential source of replacement water (e.g.,
the Rio Grande River) may be subject to an international
treaty Ce.9., the 1944 Treaty between the United States and
Mexico on utilization of the waters' of the Colorado and
Tijuana Rivers and of th~ Rio Grande) limiting the amount of
water that may be withdrawn by users in the United states,
and to an Interstate Compact limiting the amount of water
that· maybe used within a partiCUlar state•. In addition,
that portion of the river flow assigned to a particular state
may already be fully taken up by other users. Finally, the
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TABLE 4-4

POTENTIAL INSTITUTIONAL CONSTRAINTS

probably Binding Constraints

Water is sUbject to international treaty
Water is subject to interstate water apportionment compact
Water is allocated by the u.s. Supreme Court as a result
of litigation among states
Water is SUbject to Federal or Indian reserved right

Possibly Binding Constraints

Water is allocated by litigation among persons
Water is allocated by permit
Water is allocated by local water district or another
local authority

Amount of water that may be used is limited:
by public trust doctrine
by instream flow protection requirements
'by state law
by permit
by local management authority
by prior appropriation(s) that are all for highest
beneficial use
by Federal navigational servitude

Place of use of water is limited:
by st"" law
by. r .
by 1. ~uthority

Constraints Unlikely to be Binding·

Water is subject to prior .appropriation (unless for
highest beneficial use)
Water is subject to riparian right
Physic.l access to property is restricted:

by property rights of other persons limiting rights-of
way for pipes, ditches, conduits, etc.

- 'by Federal or state stat.utes requiring environmental
impact assessment or establishing other procedural
requirements.

·Upon application of simple administrative procedures or
market transactions.
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FIGURE 4-16
OUTLINE OF PROCEDURE FOR ANALYZING POTENTIAL INSTITUTIONAL

CONSTRAINTS TO THE USE OF AN ALTERNATIVE SOURCE OF WATER
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use for which the water is being considered as a potential
alternative source may be situated some distance from the
river and require a right-ot-way in order to get aocess to
the water.

In this situation, ~e treaty, the inter..tate oompact,
the water allocation system, and the property rights of other
persons, are all potential institutional constraints. Each
should be considered separately. The treaty and the inter
state oompact may be impossible to avoid or change through
simple administrative procedures. A phone call to the state
oftice in charge of water allocation would probably indicate
that the water allocation oould potentially be revised by a
simple administrative procedure, or, that market transactions
can be used to change the current allocation ot water.,
Similarly, informal contact with a State Attorney Generalts
office, should indicate that the -problem of access poten
tially could be resolved through purchase ~f an easement or
right-of-way; or, that the administrative process of eminent
domain potentially could be used to provide access to the
water.- In such situations, a binding institutional con
straint would probably not be present, despite the potential.
constraints ~at were identified.

4.4.7 Economic Infeasibility (Option Al

The:· Agency has defined eoonomio infeasibility of an
alternative water source principally in terms of CODlJDunity
ability to pay. This does not in any way imply that the
Agency expects that oommunities will be required to replace
water supplies or pay for suoh ,replacements. Again, this is:
a relative test to_ determine the extent to which ground'
waters potentially affected by a facility/activity are ~ruly_

"speoial". The definition states that access and use of an
alternative water source is economically infeasible, if the
annual cost to a typical user (i.e., a household) for that
alternative exceeds 0.7 to 1.0 percent of .the mean household
income in the community. Determining whether an alternative
water source is economically infeasible requires that a rough
estimate of ~e costs of the alternative water system be
generated. These costs are then compared to household income
to determine the relative "burden" of the alternative supply.

Following is a list ot the major replacement cost items,
categorized according to the type of cost incurred I oapital
costs, operation and maintenance (O&M) costo, and others.
Approximations of these costs will suffice for th,purposes
of classification:
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capital costs:
Well field development
Raw water intake structure (wells)
Water treatment facility
Pumping stations
storage
Transmission system
Rights-of-way .
Land
Relocation of utilities

O&M costs:
~bor, equipment
utilities
parts/inventory
Administration

other costs:
Architectural and engineering fees
Legal and. administrative fees

There are .ample sources of information that may be used
for estimating costs. These include Federal and State
agencies, architectural and engineering consulting firms (AlE
firms), trade associations, and local water utilities (ACT
systems, Inc., 1977,1979' Temple, Barker and Sloane, Inc.,
19821 AWWA, 1981). Costs can vary somewhat from one region
of the country to another. For purposes o:~ classification,
only a general estimate is needed and, initially, there is no
need to undertake a detailed cost estimation study.

Various EPA reports on water supply and waste-water
treatment are also a good source of information on costs
(e.q., eulp, et al, 1978). The results of such studies are
presented in the form of tables and cost curves, subdivided
into construction costs and O&M costs. This data can be
updated simply to allow for inflation and. geographical
variations by energy and labor costs.

Another useful data source is the NWWA Nationwide Water
Well Drilling Cost Survey (NWWA, 1979). The results ot this
survey a~. aummarized in the form of tables giving drilling,
as well aa casing costs, as a function of the well diameter,
hydroqeologic conditions, and other faotors. Although this
survey dates back to 1979, it is the most recent available
from NWWA. The data in the survey should be escalated to
account for inflation. Cost indices published quarterly by
Engineering News Record give a very recent indication of
construction, operation, labor, and other costs.
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The remaining portion of Section 4.4 provides useful
supplementary information for ~ost classification decisions.
More advanced procedures tor use in special cases, are
provided in Appendices E and G.

4.4.7.1 Annualizing Cagital Costs

Capital costs are the initial costa of' investments
needed' to develop a new', drinking water source. Thfly may
include architectural and engineering fees, aa well as legal,
real estate or other fees incurred as part of planning',
constructing, and implementating a new water system for this
analysis.

For purposes of determining economic feasibility, capital
costs must be annualized before they can be added to O&M
costs to obtain the total annual costs ot the alternative.
capital costs' are annualized by·multiplying by an annualiza-
tion factor: . '. .

Capital costs x Annualization Factor CAF) •
Annualized Capital costs

I

The annualization factor divides the total capital costs into .'
equal annual payments that would be required it the capital
expenditures were financed using a standard fixed-rate
mortgage. As a first cut, a factor of 0.1 can be used. , A
more refined factor should not be necessary but can be
computed according to Appendix E.

4.4.7.2 using Water supply utility Rates and
Fles to Estimate Costs of Alternatiye
Watersupplx

In some circumstances, the cheapest alterna
tive water supply available to a community will be a nearby
water-supply utility. The alternative water-supply system
may be modeled after 'an existing system that, serves a
community in the same region that is similar in bothpopula
tion size and oharacteristios. In such oases, the cost of
the alternative 8upplymay be estimated using the ra~e8 and
fees charged by the existing utility to its servioe popula
tion.

4.4.7.3 HOUSlhold InCome of SUbstantial
POJ2Ulat;loD

The final step in determining economic
infeasibility involves comparing the annual costs of the
alternative water system toaveraqe household incomes in the
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community. Income data is generally available in two forms:
per household income and per capita income. The two may be
used interchangeably, by tactoring in the average number of
persons per household. In addition, income is sometimes
reporeed as "personal income" or "money income. N Household
money income should be the income tiqure used for this
exercise and is available trom a number of sources.

4.4.8 Economic Infeasibility COptign B)

option B differs from option A in that no specific
numerical cut-ofts are dictated for determining "substantial
population" or the neconomic feasibility" of replacement.
Rather, the relative size of the population served by the
source would simply be tactors to consider in assessing the
source's "replaceability." A determination that a source is
"irreplaceable" would require a qualitative assessment of the
technical and economic feasibility ot replacing it taking
into account all of the tactors that may be relevant in any
specific case. Some of the same steps in data gathering and
analysis included in option A.might be utilized, or alterna
tively, other procedures could be substituted. The overall
approach to determining replaceability would, however, be
more qualitative in character, and be more dependant on
professional jUdgment.

4.4.9 SummarY

The criteria tor Class I irreplaceability may be best
summarized through a hypothetical example. Consider the city
of Waterfed, an urban area with a population ot 25,000, that
receives its water trom a public well system. The water
meets prim~-? drinking water standards and is of good
chemical :y. The average daily usage is 7 million
galluns';'p';',

There is an alternative to Waterfed's central well
field. For the sake of simplicity, assUDe that .this source
is either representative ot other sources, or is the only
alternative drinking water source within a reasonable
distance of the city. If the alternative is to serve as a
replacement, it must satisfy the sat of oriteria which is
depicted in Figure 4-17. The first criteria is that the
alternative water source must be of comparable quality to
water in the surrounding area. If the alternative source
were .Ubs~antially inferior to Waterfed's water and conven
tional treatment could not improve the quality to. a compar
able level, the city's ground water would be considered Class
I irreplaceable. In this case, the alternative is interior
in terms of organic materials, but is substantially equiva-
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FIGURE 4-17
TEST FOR CLASS! - IRREPLACEABLE GROUND WATER
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tit
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lent in terms ot heavy metals and other inorganics, radio
nuclides, and o1:her physical and chemical properties. The
level of organic contamination is not unusual in the Region.
Conventional water treatment can remove the organic contam
inants: and, Waterfed's water, therefore, is not Class r
Irreplaceable by this cri1:erion.

The
quantity
Waterfed
day, the

next criteria area to address is the comparable
of water. If the alternative cannot provide

with the 7 million gallons of water it needs every
ground water would be classified as Class I.

The next criteria area addresses established laws,
administrative systems, or other forms of social control over
access to water. which may preclude the use of the potential
replacement water source. If there are any institutional
restrictions that do not allow the replacement water to be
obtained through administrative procedures or market trans
actions, Waterfed's well water would be considered Class I.
No such barriers exist, and Waterted' s well water is not
Class" I irreplaceable by this criterion.

If Waterfed' s water is not to be considered Class I·
irreplaceable, replacing the city's well water must be an
economically viable option. Under option A, the annualized
replacement cost to a typical user must be within or greater
than 0.7 to 1.0 percent of the mean household income ,in the
community to be Class I. Waterfed's mean household income is
$20, 000 per year and there are 9, 100 households. It the
annualized cost ot replacing the city's ground wa~er 1s
within or greater than the range of $1.27 - $1.82 million
($20,000 times 9,000 times 0.7 - 1.0 percent), the water may
be designated Class I irreplaceable under this option. Based
on rough estimates, the capital cost for constructing the
pipeline to pump water from the alternative source is
approximately $2 million. Using the simplified annualization
factor of 0.1 yields an annualized capital cost of $200,000.
The annual operating and maintenance costs are likely to be
between $150,000 and $200,000, yielding a total annualized
replacement cost of between $350,000 and $400,000. Since
this is "at most, 0.31 percent of the mean household income,
Waterfed' • current water source is replaceable and, .there
fore, is, in the f~nal ar.alysis, not Class I irreplaceable.
There is no need to perform a more detailed economic analy
sis.

Under option· B, these or other cost/abil i ty-to-pay
factors would be addressed in a more qualitative fashion.
SUch analyses may indicate, for example, that the area is not
"water-short'· and that the communityqeneral1y seems able to
afford suc.h services as water supply improvement. Thus, the
supply is considered Itreplaceable" under Option B as well.
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4.5 petermining Ground-Water VUlnerabilit~

Class I ground,waters are characterized in part by the
condition of being highly vulnerable to contamination. ~hey
represent hydrogeologic settings in the Classification Review
Area with a high potential for contaminant entry and tran
sport in the ground-water flow system. In these Guidelines,
the Aqency is seeking comment on approaches to defining
"highly vulnerable" grounc1 water. To assist in framing the
discussion, two options are presented. The first relies on a
numerical ranking schema known as DRASTIC whereas the second
utilizes a qualitative, non-specific approach.

4.5.1 option At DRASTIC

The DRASTIC methodology which forms the core of option A
was developed by the National Water Well Association under
contract to EPA's researoh program (Aller et al., 1985). A
DRASTIC assessment al~ows the ground-water. pollution poten
tial of any hydrogeolo,ic setting to be systematically
evaluated with existing information anywhere in the Nation.
The system focuses on gt:0und-water impacts, not impacts on
specific uses for drinking and other purposes.. . ... ,.'

Detailed instru~tio.ns for using the DRASTIC methodology
are provided in a Robert S:. Kerr, Environmental· Research
Laboratory Report (EPA/600/2-85/018) entitled "DRASTIC: A
Standardi.~ed system for Evaluating Ground Water Pollution
Potential Using Hydrogeologic' Setting," (Aller et al, 1985).
The reader is referred to this manual for general guidance on
using the method.

A two-tier DRASTIC criteria is proposed within option A.
The tiers are distinguished according to hydrologic regions.
In regions where estimated annual potential evapotranspira
tion exceeds mean annual precipita~ion, the DRASTIC criterion
for highly vulnerable is 120. In regions where estimated
annual potential evapotranspiration does not exceed mean
annual precipitation, the DRASTIC criterion for highly
vulnerable is 150. Flqure 4-18 shows the relationship
between annual potential evapotranspiration and mean annual
precipitation.

DRASTIC was not developed especially for this classifi
cation system, though the concept of using existing data on a
reconnaissance basis is similar. It was intended to serve as
a screening tool to compare areas larger than ·100 acres
within a region. The following sections provide a general
description of DRASTIC and caveats limiting its application
to identify highly vulnerable ground water.
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FIGURE 4-18
POTENTIAL EVAPORATION VERSUS MEAN ANNUAL PRECIPITATION IN INCHES

(FLACH. 1973)

+ Potential Evapotranspiration more than
mean annual precipitation

Potential Evapotranspiration. less than
mean annual precipitation



4.5.1.1 DRASTIC Methodology

DRASTIC is an acronym' representing seven key
hydrogeologic factors correlated to the potential for ground
water contamination listed below:

D - ~epth to the water table
R - Net Recharge to ground water
A - Aquifer media
S - ~oil media
T - ~opography (slope of the land)
I - Xmpact of the vadose zone
C - Hydraulic ~onductivity of the subject

ground-water flow system

The DRASTIC methodology consists of several steps
leading toward a single D~'1'IC index number. In the first
step, each factor is given a rating between 1 and 10 (except
for net recharge, which is rated between 1 and 9) depending
upon the range. of paramet.er values within a hydrogeologic
setting. Consider the range. of values for depth to water,
and corresponding ratings, shown in Table 4-5. A setting
with· a depth to· water of 28 feet. would be rated as a 7.
(Tables listing the range of values and corresponding ratings
for each factor are provided in Appendix D.)

In the second step, each faotor rating is multiplied by.
a factor weight to give a facto!: index. For instance, the
weight for depth to water is 5 and, thus, if the rating is 7,
the faotor index is 35 (7 times 5). For the final step, the
individual factor indices are added together to arrive at the
DRASTIC index.

The ~ ~ of oonfidenoe in a DRASTIC index number is a
funct.iofi " ..J reliability of the hydrogeologic information
used to ra·.... each factor. In settings where the hydrogeo
logic information is well established, due to localized
ground water and' geologic studies, for example, the index
will have a narrow confidence band. As in any procedure
involving .professional jUdgment, a more experienced or better
trained evaluator will provide a more accurate portrayal of
ground-water vulnerability to contamination.

4.5.1 •.2 APplication of DRASTIC to the Classification
Review Area

DRASTIC can be applied to the Classification ~eview Area
using one of two approaches. In the most general approach,
the ranges of each DRASTIC factor can be estimated from
available informatlonand a single DRASTIC index generated

109

. I



TABLE 4-5
DRASTIC RANGE RATING FOR DEPTH TO WATER

(FROM ALLER ET AL, 1985)

Depth to Water
(Feet)

Range Rating

0-5 10
5-15 9

15-30 7
30-50 5
50-75 3
75-100 2

100+ 1

Weight: 5
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for the entire Classification Review Area. The average
rating for each factor would be chosen where the range in the
values of actual factor parameters spans two or more ratings.
For example, if the depth to water across the Classification
Review Area ranged from 5 to 30 feet, then two ratings would
be bracketed (see Table 4-5), ratings of 9 through 7. An
average rating of 8 would be chosen. This approach does not
allow for the differentiat~on between hydrogeologic settings
within the Classifioation Review Area where the range in
values of factor parameters may not be so variable.

The second approach is to map out the major hyclro
geologic settings that have significantly different DRASTIC
indices within the Classification Review Area. Differences
in DRASTIC indices in the range of 10 to 20 or more index
points are considered signifioant. Where DRASTIC units are
mapped out, an area weighted, average index can be oomputed.
However, if the activity occupies any portion of a DRASTIC
map unit with an index· greater than the "highly vulnerable"
criterion, or, if more than 50 peroent of the Classifioation
Review Area exoeeds the criterion, the setting should be
designated as highly vulnerable.

As an illustration of the mapping approach, consider the
proposed activity shown in Figure 4-19. Within the Classifi
cation Review Area, three hydrogeologic set.tings have been
mapped and labeled: A, B, and C. The DRASTIC index for each
hydrogeologic setting is 180, 140, and 100, respect.iv!lYI
while, the area for each setting is 20 percent., 45 percent,
and 35 percent, respect.ively. The weighted average DRASTIC
index is calCUlated as follows:

Area
Map DRASTIC Proportion Weighted
~ Index of Area Index

A 180 .20 36
B 140 .• 45 63
C 100 .35 35

Weight.ed Index 134

For this illustration, t.he map-unit., area-weighted
DRASTIC index of J.24 is' less than the highly' vulnerable
criterion of 150. If map-unit. A had been great.er than 50
percent of the Classification Review Area, or, if the activ
ity had occurred in map unit A, the designation of highly
vulnerable would have been automat.ic. ' .
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FIGURE 4-19
ILLUSTRATION OF DRASTIC HAPPING
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4. 5. 1. 3 Limi1:otions to the Apol icotion of PRASTIC

DRASTIC has been designed to account for a number
of different conditions, among which are multiple aquifers
and confined aquifers. There is also a separate index
desiqned strictly for agricultural analyses.

: The DRASTIC methodology allows for the depth-to-water
rating to be adjusted for confined aquifers. With this tech
nique, different aquifers. within the Classification Raview
Area could receive a different DRASTIC index. Generally, the
deeper aquifers will be less vulnerable. However, contam
inants entering in a vulnerable recharge area may rea~h even
the deepest aquifer given sufficient time. The system typic
ally favors the uppermost aquifer in det.ermining vulner
ability and a single DRASTIC index attributable to the
Classification Review Area, or subdivision of t.he Classifi
cat.ion Review Area. This. is qenerally consistent with
Agency's philosophy that the primary aquifers threatened by
the bulk of EPA requ'lat!!d programs are those under table
conditions. Where t.he uppermost aquifer is found. to ~e
vulnerable, all ground water with a high degree of. inter-.
connection to the uppermost aquifer is to be considered.
highly vulnerable. confined aquifers with a low-to~inter

mediate interconnection to the uppermost aquifer are con
sidered less vulnerable.

The DRASTIC method also establishes a separate and
different set of factor weights for agricultural activities.
Because the Agency has decided to consider vulnerability as
independent of activity, only the regular factor weights will
b.eapplied.

1.3.2 option Bj Qualitative Assessment

In this option, the user of Guidelines would select the
most appropriate operational tools for assessing vulner
ability. The selection might be based on factors such as site
setting, professional experience of the user, 'the avail
ability of data, or .previous program experience. In some
cases, general comparisons of the hydrogeoloqic settinq to
others wbere vulnerability is a concern might SUffice. The
analysis might end at that point, or a detailed mapping or
flow net analyses might commence. option B is called "quali
tative," since these Guidelines would not inclUde referred
tests of methods to, follow, or other numerical criteria/
decision steps.

There are five general oategories of 'VUlnerability
methods which have been analyzed in the context of these
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Guidelines. within each of the five broad categories is a
series ot sub-approaches that could be' used. Although
discussed in Appendix B, the five are summarized in Table 4
6. As one moves from the "qualitative description" approach
through to the "integrative criterion", sophistication
generally increases along with cost and complexity• The
qualitative approach could include some of the DRASTIC
factors as well. Rather than utilize the ranking and weigh
ing scheme discussed in the previous section, or allot the
seven DRASTIC factors could be reviewed for a given area, and
professional jUdgment used accordingly.

113



",'

TABLE 4-6
SUlQ4ARY OF OPERATIONAL ME'1'HODS FOR DEFINING THE KE'l TERM

"HIGHLY VULNERABLE" GROUND WATER

1. Qualitative desCription of
highly vulnerable hydr~logic

settings

2. Single independent factor and
criteria.

3. Hultiple independent

4. HUJDerical rating (weighted
and non-weighted) • For
example. DRASTIC, a rating

. scheme developed by the
National Water Well Asso
ciation (Aller et aI,
1985). other examples:

• The hazard-ranking system
for CERCLA (40 CFR 300.
Appendix A), and

• Legrand's~standard1zed

system for evaluating
waste-disposal site
(Legrand, 1980).

5. Integrative criterion.
Time-of-travel for a
selected aistance or
ti.ale to reach an expOsure
point.

EXAMPLES OF
"HIGHLY VULNERABLE"

Highly vulnerable settings:
a. unconfined aquifers

overlain by. sandy, highly
peRleable soils, or

b. karst terrain, or
c. ground-water recharge areas

vadose zone thickness less than
150 feet 2£ h~aulic conduc
tivity >1 x 10-

Vadose zone <150 feet, hYdraulic
conductivity >1.0 x 10-4-cm/sec,
!!!!! recharge >5 inches per year

';

DRASTIC index greater than 150
over CRA •

,
Average time-of-travel greater
than 1/2 foot .per day over CRA

Simple to use; requires judgement to
match real settings to qualitative
descriptions and a need for lengthy
process to inventory descriptions of
hydrogeologic settings judged to be
highly VUlnerable.

Simple to use~ difficult to establish
single criterion which is realistically
appUcable across the country.

Xmprovement over single factor; in use
by States; assumes each factor equal
weight ~ asSUllles failure to lOeet any
factor criterion will result in a
determination of highly vulnerable;
interrelationships between factors is
ignored.

" A more sophisticated method allowing
for factor weighting and a single score
or index. Weighted factors are added.
States often- IllOVed in this direction
after considering multiple factor
approach; provides for professional
judgment in selecting specific ratings;
sometimes critlzed for being too
"simplistic" for site-specific geo
technical assessment

Allows for factor weighting and a single
score. COnsiders the A~terrelationships

between factors. VerY..cfata intensive.
Yields a single seore. Not ~uited to
Mapping large areas.



4.6 Determination ot Reasonable Treatment

The ground-water classification system indicates that
Class III ground waters are those which (1) contain greater
than 10,000 mg/l total dissolved solids (TDS), . (2) are
yielded in inSUfficient quantities to satisfy the needs of an
average household; or (3) are so contaminated that they
cannot be cleaned up using treatment methods reasonably
employed in public we.ter systems. An approach to dElfine the
latter based on a comparison to "reference technologies" is.
provided in this section. An alternative approach, new to
this draft, is available for consideration and review.
Although the test is somewhat more complete and, :perhaps,
expensive to perform, it is believed to be more rigorous and
definitive in its application. The alternative which can·
eventually replace, or·be used in conjunction with "ieference
technologies" is fUlly discussed in Appendix G.

4.6.1 standards and c~iteria for Treatment

The above definition implies that an analysis of
treatment methods should consider relevant "standards and
criteria" for long-term drinking water use. No one set of
such "numbers" are available and thUS, some professional

. jUdgment may be required. .

Under the Safe Drinking water Act, for example, EPA has
issued National Inter1m Primary Drinking Water Regulations
(NIPDWR) • These regulations set maximum contaminant levels
(HCLs) for a number of inorganic, organic, and microbioloqi~ .
cal contaminants in drinking water. These values are based
on. both health factors and technical/economical feasibility.
MCLs for selected parameters can be found in Table 4-7.

In addition to MCLs which are enforceable standards,
RMCLs or reco1lllllended maximum contaminant levels :are set
reflecting EPA I S goal of no known or. anticipated adverse
health effects. Both RMCL and MCL values are updated
periodically. For example, proposed RMCL values for eight
volatile organio chemicals are published in the. Federal
Register (1985). It is the objeotive of the agency~o set
MCLa as close to RMCLs as possible.

EPA provides dxinking water suppliers with additional
guidance under the authority of the Safe Orinkinq Water Act.
EPA is now in the process, for example, of developing RMCLs
for additional contaminants to serve as guidance for estab
lishing new drinkinq water MCLB. The Agency is accelerating
the pace of bothRMCL and MCL issuance. Other chemicals
addressed under the Clean Water Act (CWA) may be inter-
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TABLE 4-7
RMCL & MeL VALUES FOR SELECTED CONTAMINANTSl

Contaminants

Inorganic Species:

Arsenic
Barium
Caclmlum
Chromium
Fluoride
Lead
Mercury
Nitrate (as N)
selenium
Silver

organic species:
Benzene
Vinyl Chloride
l,l-Dichloroethylene
1, 1, I-Trichloroethane
p-Dichlorobenzene
Trihalomethane
Lindane

lUlCL
(mg/l)

0.05
, 1.5

.005
.12

0.020
.003

10

.O~~",

o
o

0.007
0.20

0.750

MCL
(JIlq/l)

0.05
1

0.010
0.05

1.4-2.4
0.05

0.002
10

0.01
0.05

.1
0'.004

Isourcesz Federal Register, Vol. 50, No. 219, Nov. 13, 1985.
P 46889, P 46958, P 46957.
Guidance on Feasibility Studies Under CERCLA, June
1985, U.S. EPA, Cincinnati, Ohio
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mittently encountered in a water system, and are believed to
pose a risk for the near term, yet are currently unregulated
in drinking water. The guidelines for these are developed by
the Office of Drinking water in the form of Health Ad
visories. The health advisories are not mandatory for public
water systems, but provide information for emergency situ
ations. (Health Advisories are available on some contaminants
where no MCLs or RMCLs are published, Table 4-8.) They are
calculated at three exposure levels: one day,seven' or ten
days, and longer term (1 to 2 years). A margin of safety is
factored in to .protect the most sensitive members of the
general popUlation (U.s. EPA, 1985; Federal Register, 1985).

Finally, the· RCRA program in developinq its Alternate
Concentration Limits (ACLs), and in responding to the land
disposal bans portion of the RCRA amendments ot 1984, will be
examining the applicability of other sets of criteria and
standards for both carcinogenic and non-carcinoqenic.. contam
inants. These will li~ely be usefUl for addressing the large
number of contaminants wi~hout current MCLs, RMCLs, or health
advisories.

4.6.2 Treatment Technologies

Many different treatment technologies are currently used
for treating surface and ground waters which serve as public
drinking water supplies. These technologies can be classed
into five general categories: volatile org~nic chemicals
removal; non-volatile organic chemicals removal; metals
removal; non-metallic inorganic chemicals removal; and
disinfection. Some technologies are effective in reducing
only a few types of con.taminants, while others may effi
ciently treat several contaminant classes simUltaneously.
Althe~;h most processes are designed to treat a single
"class" of contaminants, many will provide some beneficial,
non-design removal of other contaminant classes. (Appendix E
briefly describes each of several generic treatment tech
nologies with reference to their appropriate usage and
limitations.)

Referenceof4.6.2.1 Regional Availability
Technologies

Table 4-9 presents the use of various treatment
teChnologies by EPA Reqion. Most of the reference tech
nologies are currently in use at public water supply systems
in all regions of the country, however, not necessarily in
hazardous-waste applications (e.~., carbon adsorption is
sometimes used in taste and odor applications and not for
removal of volatile organics). The exceptions to this are
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TABLE 4-8
HEALTH ADVISORIES FOR SELECTED CONTAMINANTS IN WATER

Health Advisories
mgll

Longer
CHEMICAL I-day 10-day Term

Benzene 0.23 0.07

Carbon Tetrachloride 0.2 0.02

Chlordane 0.0625 0.0625 0.0075

l,l-Dichloroethylene 1.0 0.07

l,2-Dichloroethylene 4.0 0.4

1,2-t-Dichloroethylene 2.7 0.27

Dichloromethane 13 1.3 0.15

Ethylene glycol 19.0 5.5

Formaldehyde 0.030 0.030 .
n-Hexane 13 4.0

p-Diozane 5.68 0.598

Methyl ~t~: 'tone 7.5 0.75

Polych1or1n... ",..i
biphenyls (PCB) 0.125 0.0125

Tetrachloroethylene 2.3 0.175 0.02

Toluene 21.5 2.2 0.34

l,l,l-Trichloroethane 1.0

Trichloroethylene 2.0 0.2 0.075

Xylenes 12 1.2 0.62

aTota1 trihalomethanes refers to the sum concentration of
chloroform, bromodichloromethane, dibromochloromethane,
and bromoform.
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TABLE 4-9
APPLICATION OF TREATMENT TECHNOLOGIES IN PUBLIC WATER

SUPPLY SYSTEMS, BY EPAREGIONa

Number of Systems Identified

I II III IV V VI VII VIII IX X

Technologies Applied
in All Regions

Aerationb 6 28 21 58 96 9 40 8 17 2
Carbon Adsorption 7 12 8 4 13 3 1 4 4 2
Chemical Precipitation 28 55 ,67 109 227 25 96 35 37 12
Chlorination 43 99 96 161 292 70 86 64 119 55
Flotatione 30 64 94 186 217 58 90 70 80 31
Fluoridation 30 38"'~ 42 97 211 15 57 23 9 12
Granular Media Filtration 20 48 61 107 185 32 65 44 62 24

Technologies Applied
in Some Regions

Air StrippingC 3 3 4 2 0 0 0 0 2 0
Desalination 0 0 0 5 0 6 0 1 8 20
Ion Exchange 0 5 3 2 28 1 2 2 " 0 1
Ozonation 0 0 1 2 0 0 0 0 0 0

Technologies Generally
Not Appliedd

Distillation 0 0 0 0 0 0 0 0 0 0
Wet Air Oxidation 0 0 0 0 0 0 0 0 0 0
Biological Treatment 0 0 0 0 0 0 0 0 0 0

a This table is based primarily on data available in the 1981 AWWA Survey of Public'
Water Supply Systems. and supplemented with case studies drawn from ,the available
literature. The data reflect only the use of the technologies in water utilities.
and to not represent usage patterns of those technologies for ' wastewater or indus
trial process water treatment. Data describing 1500-1600 public water systems were
consulted.

b The AWWA Survey includes air stripping in this category.

C Plants were identified independent of the AWWA survey.

d No evidence of application of these technologies was found in the set of 1500-1600
public water systems examined.

e Includes technologies using skimming, diffused air, diffused oxygen. and pressurized
gases. 119



desalination, ion exchange, and ozonation; these treatment
technologies may be considered reasonably employed in certain
Regions. Air stripping, which is most often used for removal
of volatile organic solvents ·from ground waters, should be
considered "available" for Class III analyses, despite its
limi.ted. use in 'public water supply systems•.' ..

other treatment technologies may be' applicable in the
future, but are not now oonsidered readily available Or
reasonably employable. Dis~illation techniques have. long
been '. employed. for treating industrial process water, for
example, but is generally reserved for such water, for
example, but is generally reserved for such areas as water
short islands. BiolO9ica1 treatment techniques have been
used tor in situ clean up of ground waters and although
efforts'· to develop biological treatment technology is not
applicable or reasonably employable. Wet air oxidation
techniques are used in industry for removal of organios from
process waste~ater. Efforts to develop this technology for
appliqation in water treatment are also underway, but the
techniques should not be considered reasonably ~mployable.

The ref,erence list ot' these technologies' are used, to
~efine the set of available water treatment techn~logies.A

partial bibliography of resources and references is given in
Appendix E.

4.6.2.2 Treatment Efficiencies

Evaluation of treatment effioienoies for a single
contaminant or'group of contaminants requires the evaluation,
of interferences and interaction of contaminants. General
background data on treatment performance indicate ranges of
values for efficiency. For example, EPA's Treatability
Manual for priority Pollutants (u.s. EPA, 1980), presents
examples of typically achievable contaminant removal ef
ficiencies for a range of contaminants and technologies.

More precise determination requires pilot testing or
comparison by experts with other similar waste streams.
Appendix Z indicates the general level-ot-success the various
treatment technologies have with frequently encountered waste
streams. Removal afficlenoies are not reported in the
literature for all contaminants, as experience using certain
technologies is not available.

Contaminant concentration, physical conditions (e.g.,
pH, temperature), solution chemistry, and the presenCe of
competing or interfering oontaminants can all contribute to
the large variations in removal efficiencies that are
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using
water
·steps

reflected in the literature. For situations in which II more
accurate assessment of treatment efficiencies is desired, the
user of these quidelines may. wish to refer to a partial
bibliography of sources listed at the end of Appendix E.

Table 4-10 lists some· of the major advantages, dis
advantages, and limitations associated with each treatment
process. For developingproces8 configurations, it is
usually desirable to remove the contaminants first that they
may interfere with subsequent processes. Por example, if a
system uses both granular media filtration for solids removal
and ion exchange for softening, the filtration stage should
precede the ion exchange stage in order to assure that
potential resin-fouling solids are eliminated trom suspen
sion. As another .example, plants with solvent contamination.
will air strip or carbon adsorb the organics prior to
chlorination, to prevent the formation of halogenated
organics which are less efficiently removed.

4.6.3 Methodology for Determining Treatability

To determine if a ground water can be cleaned up
treatment methods reasonably employed by public
systems, the permit reviewer may wish to follow the
desoribed below.

1. Describe the contamination problem.

The description of the oontamination problem should
include information on the natural or background water
quality, the extent of contamination, and the physical
factors influencing both ground water and treatment. The·
natural quality of a ground water may be inferred from
historioal data or by comparison to background ground waters
in the site vicinity.

Contaminants in the ground water of concern should be
specified and the range in concentrations noted. In particu
lar, if the type and concentration ot contaminant vary
spatially, this shoUld be indicated a8 it has desiqn implica
tions for treatment confiqurations. The analyses used and
the rang. of sampling and measurement error should also be
provided ~o assist the reviewer in understandinq the deqree
of certainty of contamination. It is important to address
the areal extent of contamination to be sure it meets the
basic notion that contamination is not related to an in
dividual facility or actiVity.

The physical parameters· of concern inclUde flow pat
terns, climatoloqy, and other site-specitic issues. Many of
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Advantages

Low capital and O&H

High removal efficiencies
for some contaminants

Pretreatment is generally
not required for ground
water

Equipment can be purchased
off the shelf

Advantages

Low energy requirements

High removal efficien~ies for
a wide range of contaminants
over a broad concentration
range

TABLE 4-10
DESCRIPTION O~ TREATMENT PROCESS

Air Stripping/Aeration

Di.,;advantages

Temperature sensitive (cold)
contaminants

Hay result in air pollution
or a need for Emission
Control

Carbon Adsorption

Disadvantages

Management of spent can be
expensive and problematic
- Regeneration
- DisposaL'
- Replacement

High capital and operating costs

Limitations

Removes only volatile

Su~pended solids in influent
may lead to removal effici
ency loss due biological
growth (air stripping only)

Limitations

For organics removal where
concentrations are high.
frequent carbon regeneration
necessary

Suspended solids should not
exceed 50 mg/l

Oil and grease should not exceed
10 mg/l

Requires steady hydraulic loading

-~------.-----~=~~



Advantages

Equipment is n:Jdily available
and easy to operate

Low energy requirements

Low capital and O&H costs

Advantages

Excellent removal of charged
anions and cations

Good removal of high molecular
weight organics

Effective treatment for removal
of dissolved solids

lReverse osmosis. ultra
filtration

· TABLE 4-10 (Cont.)

Disadvantages

Gr-nerates 1arge quantities -.' t'
. sludge which must be tredlcd
'~nd disposed

lent qua11ty may vary
.• Isiderably due to uncon

trollable circumstances

Desalination1

Disadvantages

High energy requirements

Requires extension pilot
analyses for each system

Highly sophisticated instru
mentation and control

Generates a concentrated brine
which may require further
tre"tment

Pretreatment almost always
reqUired

High capital and O&H costs

Limitations

Frequent laboratory testing
is required to maintain high
efficiencies .

pH dependent

No concentration limit

Limitations

Suspended solids must be low to
prevent fouling

Operating temperatures must be
between 65°F and 850 F



Advantages

Highly reliable

Relatively simple; easy to
operate and control

Multiple media can be used
to improve efficiencies

Advantages

Synthetic resins can tolerate
a wide range of temperature
and pH

Can remove a-variety of cationic
and anionic inorganic and
organic cont~inants

Low energy requirements

TABLE ~-lO (Cont.)

Granular Media Filtration
(e.g., sand filters).

Disadvantages

Process generates a backwash'
which must

Ion Exchange

Disadvantages

General concentrated regenerant
brine which must be disposed

Generates concentrated regen
erant brine which must be
disposed

Generally, but not always high
capital and O&M

Limitations

Influent susperided solids
should not

Requires fairly steady hydraulic
loading

Limitations

Influent concentrations should
not exceed 4,000

S.S. should not exceed 50 mg/l

Influent should not contain
chemical oxidants (e.g., ozone)



Advantages

Reduces chemical residuals
generated (particularly. no
chlorinated hydrocarbons

No dissolved solids generation

Easily Unplemented

Usually highly effective for
hydrocarbons with densities
near or less than water

Low capital & O&H

Low energy requirements

TABLE 4-10 (Cont.)

Ozonation

Disadvantages

;. ' " capital and high energy

Requires high level of training
and safety precautions for
operation

May require substantial

Generates large quantities of
sludge to be treated and
disposed

Limitations

Treats only contaminants which
can be oxidized

Does not remove iron-cyanide
complexes·

Narrow range of removal - e.g ••
not effective for contaminants
with density greater than water

----- --- - -- _. ---~~~~~ ~~---~--._-- - -_.



the treatment processe~ are highly sensitive to temperature
fluctuations: therefore, ambient temperature ranges become
important in selecting appropriate technologies or housing
requirements. The climate in the area of concern, including
data on the freeze/thaw cycles, and any storm or wind events
that may affect the treatment processes must also be con
sidered. other ,site-specific considerations may become
important on a case-by-case basis.

2. Determine the.desired effluent quality'

'1'0 determine the desired quality of the treated water
following completion of all treatment processes, acceptable
concentrations for .. each. contaminant must be addressed.
Relevant Federal criteria include the MCL, the RMCL, and the
longest-term Health Advisory for each contaminant. These
values are sometimes unavailable for certain contaminants due
to insufficient data.

3. Define the applicable treatment technologies
..:

For' each contaminant present, .certain treatment tech-
riologi~s may be particularly· applicable. Refer to Table 4-8
and Table 4-9 and supplementary information in Appendix E to
identify regionally available rsmoval .technologies for each
contaminant. This list of technologies should be considered
the' ·.universe of available processes· for treating the qround
water. .

4. Compile regionally a~ailable process oonfigurations

Before assessing ground water treatability, the permit
reviewer must define a set of treatment process configura
tions that may be used to remove oontaminants from the ground
water. These process configurations should be developed
considering efficient contaminant removal to the minimum
level required. Any oombination of the treatment processes
should be considered readily available nationwide.

5. Evaluate treated water quality

To evaluate typically achieved water quality using any
given treatment process configuration, the concentration of
specific contaminants in the ground water/influent, levels of
backqround water quality ·parameters (pH, TDS, etc.) and the
removal efficiencies of each contaminant using each treatment
process ideally should be known.

Backqround data/manuals on treatability developed by EPA
can be consulted for initial quidance on treatment perform-
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ance. For example, typical removal efficiencies are indicated
in EPA' 8 Treatability Manual for priority Pollutants (U. S.
EPA, 1980). A qualified water treatment engineer could also
determine the relative effectiveness and a probablyranqe of
effluent quality levels achievable for many frequently
encountered contaminant mixes. Interference effects pos
sibly, from adverse levels of various contaminant com})ina
tions, background water-quality parameters (e.g., pH,. or
heavy metals, varying concentrations), can affect the
efficiency of treatment processes. Because of this,. in
complex mixtures or where little experience exists,. the lack
of bench or the pilot scale treatability studies may limit
the ability of the engineer in developing an estimate.

6. Determine if desi~ed water quality is met.

Once the approximate effluent concentration of each
contaminant has been evaluated for a given treatment process,
these can be compared to the appropriate water quality.
standard. If all effluent concentrations are less than the
desired water quality~ the ground water can be cleaned up
using treatment methods reasonably employed in public water
supply systems. If some effluent contaminant concentration~

exceed desired water quality, the treatment process config
uration does not adequately olean the ground water,and. an
alternative confiquration should·be evaluated for contaminant
treatability. If all available treatment process confiqurn
tions do not remove contaminants to the levels which mef.lt
desired water quality, the ground water cannot be cleaned up
using treatment methods reasonably employed in public water
supply systems. These will then be candidates for Class III..

4.6.4 Sample Problem

The following example is illustrative in nature and is
not meant to represent conditions at any specific facility.

A permit applicant has asked to site a. facility, in
Region IV, and has made the claim that the 8i~e location will
only ·affect Class III groundwater. . The chemical con
~aminants in the ground water, listed in Table 4-11, are
apparen~ly from multiple sources and occur throughout the
Classification Review Araa~

The desired water quality levels are listed in Tables 4
7 and 4-8. For cadmium and selenium the applicant detines
the desired maximum effluent contaminant concentrations to be
equal to the MeLsas presented in Table 4-7. For carbon
tetrachloride, desired effluent quality is derived from the
ten-day Health Advisory (the only available), while for
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TABLE 4~1l

EFFWENT QUALITY woli&ING TABLE I'mt SAMPLE PROBLBK

. - ,. . .
'.

TreabDent Process Bemoval Efflciencieac Desired Water
Cont_inant WQia ~b Process A Process B 'Process C' .:. Process D Process E Process r WfJod Quallty Achieved?

..

Process. ConfigUration A Air Sttipping Chemical Precip. Filtration -- -- --
Trichloroethylene 8.2 0.075 98 60 7 0.066 Y.s

Tetrachloroetnylene 20.0 0.2 98 95 0 0.02 Yes

carbon Tetrachloride 65.0 0.02 98 95 90 0.007 Yes

Toluene 110.0 0.34 95 75 65 0.48 No
"

CadmiUIII 0.5 0.01 0 90 70 O.OlS No

selenium .
2.0 0.01 0 70 60 0.24 No

,
. -

PrOCess .COnfiguration B· Air Stripping CheDical Precip. Filtration Desalination -- .-
Trichloroethylene 8.2 0.075 98 60 .' 7 7 0.066 Yes

"

Tetrachloroethylene 20.0 0.02 98 95 a 80 0.004 Yes

Carbon Tetrachloride 65.0 0.02 98 95 90 7 0.007 Yes

Toluene 110.0 0.34 95 75 65 50 0.24 Yes

Cadmilmi 0.5 0.01 0 90 70 60 0.006 Yes

Selenium 2.0 0.01 0 70 6.0 97 0.007 Yes
'"

SWQi .. the influent co'ntamimmt conCeDtraUon.in mg/l

bwQd .. the desired maX~ effluent contaminant concentration. in mall

CRemoval efficiencies report in percent

dwQo .. the calculated effluent contaainant concentration. in mg/l

\



toluene, trichloroethylene, and tetrachloroethylene a long
term Health Advisory was used.

The treatment prbcesses that most readily removes such
volatile organics such as carbon tetrachloride, tetrachloroe
thylene, and toluene include carbon adsorption and air
strippinq. Metals, such as cadlllium and selenium, can be
removed using chemical precipitation, desalination, and ion
exchange. Granular media filtration would probably be
considered for removal of residual particulate matter,
following a chemical precipitation step, particularly if
desalination, carbon adsorption, or ion exchange processes
followed. All of these processes are currently in use in
public water supply systems in Region IV.

Achievable effluent quality must be evaluated for each
treatment process configuration to determine if the ground
water can be treated to meet desirable levels. Process and
contaminant specific J;'emoval efficiencies are provided for
all six contalDinants. (Please not.e: these values are to
illustrate the process and are not intended to be actual
efficiencies. ) As indicated by calCUlated WQo values and
comparing them with WQd values (Table 4-10), treatment
process configuration A can result in removal of trichloroe
thylene, tetraChloroethylene, and carbon tetrachloride to
acceptable levels. However, levels of cadmium, selenium, and
toluene following treatment using process configuration A can
not meet the desired water quality. Therefore, the applicant
must consider an additional treatment process configuration.

Removal efficiencies for the process configuration B
inclUding air stripping, chemical precipitation, filtration,
and desalination can achieve acceptable water quality levels
for ~ll contaminants. ThUS, according to this methodology,
this ground water is not Class III because it can be cleaned
up using treatment methods reasonably employed in· pUblic
wat.er supply syst.elDs.

An alternate economically-based test for determininq the
treatability of potential Class II ground water is proposed
in Appendix G.

129

I
i

•



•

•

4.7 Ground-Water and Surface-Water Interaction

'Interconnected ground water and surface water may be
managed or regulated for different, and sometimes conflict
inq, uses. The Agency recognizes that the' interconnection
and interaction between ground, water and surface water
necessitates coordination' between efforts to classify and
manage both" kinds of water 'resources. " ,

Two conditions involving the interaction between ground
water and surface water deserve consideration in ground-water
classification. One condition is the recharqe of ground
water from a surface-water body. The other is the discharge
of qround' water, to surfac8water. '

'"4.7.1 GIgund-Water 'Pischarge to Surface Water

. Ground-water discharqe ~o surface-water' bodies occurs in'
many hydrogeologic settings and is the dominant condition in
high rainfall areas. ",'Where poor quality qround-water
discharges to surface water~, a potential to impact· the'
quality of those surface waters exists. The. classification.
system accounts for three conditions where groundwater is,'
interconnected to surface waters and where surface-water
quality may be degraded: .

Class I Ecoloqically Vital Ground Water - Ground
.waters providing base flow to, or supporting water;
levels for, unique terrestrial or aquatic habitats
associated with water bodies'

Class II CUrrent Source of Drinking Water - Ground
wate~9 currently used as a source of drinking water,
ir .ng those qround waters which dlscharqe to a
'J..: .q water supply reservoir with a protected
wat ',.: _ ....1.ed

Class III Ground Waters Not a Potential Source of
Drinking Water - Saline or regionally contaminated
ground waters that are interconnected to adjacent
ground waters or surface waters.

4.7.2 Surface Water Recharge to Ground Water

The recharge of ground water from a surface-water body
is the natural and prevalent means of ground-water recharge
in the drier western states, but can also occur in high
rainfall-rich areas due to the pumping or ground water in
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close proximity to the water body. An example of surface
water recharqe to ground water concerns the use of stream
impoundments to accelerate recharge. Figure 4-20 shows such
an impoundment, referred to as a recharge basin on a stream
crossing ~e recharge zone of the Edwards Aquifer in Texas.
Another example is the recharge of Mohawk River waters into a
sand and gravel aquifer which supplies well fields serving
the cities of Rotterdam and' Schenectady, New York, as
demonstrate:i in Figure 4-21. The. following Figure 4-22
indicates that the warmer river water enters the aquifer,
mixes with the cooler ground water, and is subsequently
withdrawn by the wells.

The potential for poor qualitr surface water to degrade
ground-water quality is implied n these examples. They
further demonstrate the need to consider surface-water use
and quality in managing ground-water quality Where surface
water bodies provide significant recharge. The classifica
tion system by itself, however, is not intended to be the
focus for managing such settings.
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FIGURE 4-20
ILLUSTRATION OF SURFACE WATER RECHARGE TO

GROUND WATER FOR THE EDWARDS AQUIFER. TEXAS
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FIGURE 4-21
CROSS-SECTION OF AN ALLUVIAL AQUIFER SHOWING
SURFACE WATER RECHARGE FROM THE MOHAWK RIVER
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FIGURE 4-22
GROuND-WATER ISOTiIERHS OF MOHAWK RIVER BASIN
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APPENDIX A
GLOSSARY*

AQUIFER - A geologic formation, group of geologic formations, .
or part of a geologic formation that yields significant
quantities of water to wells and spri~gs.

AQUIFER SYSTEM - A heterogeneous body of intercalated perme~

able and less permeable material that acts as a water
yielding hydraulic unit of regional extent.

AQUITARD - A c~nfining bed that retards, but does not p~event

the flow of.. water to or from an adjacent aquifer: it·
does not.readily yield water to wells or springs.

CONE 'OF" .DEPRE~SION - A depression in the POTENTIOMETRIC
SURFACE of a body of ground water that has the shape of
an inverted cone and develops around a pumped well.

CONFINED CONDITIONS -' Exists when an aquifer is Confined
between two lay~rs of .much less pervious material. The
pressure condition. of such a system is such that the
water level in a· well penetrating the confined' aquifer
usually rises above the top of the aquifer.

CONTAMINANT PLuME - Irreqular volum~ occupied by a body of
. dissolved or suspended pollutants in ground water.

CRA - Abbreviation of Classification Review Area.

DISCHARGE AREA - A discharge area is an area of land beneath
which +:~ere is a"net annual transfer of water from the
satu.r' zone to a surface-water body, the land surface'
or' ~:. 'oot zone. The net discharge is physically
manifa~~~d by an increase of hydraulic heads with depth
(i.e., upward ground-water flow to the water table).
These zonlBS' may be assooiated with natural areas of
discharge such as seeps, springs, caves, wetlands,
streams, bays, or playas.

ECOLOGICAL SYSTEM (ECOSYSTEM) An ecological community
together with its physioal environment.

ECOLOGY - The science of the relationships between organisms
and their environment.

*Forgeneral information only --not to 'be viewed 8S aug
'gested or manda.tory language for regulatorypurposea.
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ECOSYSTEM - See ECOLOGICAL SYSTEM.

FLOW NET - A graphical presentation of qround-water flow
lines and lines of equal pressure head.

GEOLOGIC FORMATION - A body of rock that can be distinquished
on the basis of characteristic lithologic features such
as che~ical co~position, structuree, textures, or fossil

.. content. '

GROUND-WATER - Subsurface water within the zone of satura
tion.

GROUND-WATER BASIN - (a) A subsurface structure having the
character of a basin with respeC?t to the collection,
retention, and outflow of water, (b) An aquifer,~· or
system of aquifers, whether or not basin-shaped, that
has reasonably well defined hydrologic boundaries and,
more or less, definite areas of recharge and discharge.

GROUND-WATER FLOW DIVIDE - An imaginary· plane (or curved
surface) distinguished by the limitinq flow lines of
adjacent flow systems. Conceptually there is no flow
across this plane between the flow systems.

GROUND-WATER FLOW REGIME - The sum total of all ground water
(water within the saturated zone) and surrounding
geologic media (e.g., sediment and rocks). The top of
the ground-water regime is the water table while the
bottom would· be the base of significant ground-water.
circulation. Temporarily perched waters within the
vadose zone would generally not qualify as part of the
qround-water regime.

GROUND-WATER FLOW SYSTEM (GROUND-WATER SYSTEM) - A body of
cirCUlating ground water having a water-table upper
boundary and ground-water flow divide boundaries along
all other sides. These boundaries encoJllpass distinct
recharge and discharge areas unique to the flow system.

GROUND-WATER SYSTEM - See GROUND-WATER FLOW SYSTEM.

HYDRAULIC CONDUCTIVITY - The capacity of earth materials to
transmit water. .

HYDRAULIC GRADIENT - The change in STATIC HEAD per-unit-of
distance in a given direction.

HYDRAULIC HEAD GRADIENT -See HYDRAULIC GRADIENT.
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PIEZOMETRIC SURFACE - See POTENTIOMETRIC SURFACE.

POTABLE WATER - Water that is safe and palatable for human
use, concentrations of pathOClenic organisms and dis
solved t.oxio constituents have been reduced to safe
levels, and it has been' treated so as to ba tolerably
low in objectionab~~ taste, o~or, color, or turbidity.

POTEN'l'IOMETRIC SURFACE' (PIEZOMETRIC SURFACE) - An imaginary
surface representing the STATIC HEAD of ground water and
defined by the level to which water will rise ina well.
The WATER TABLE is a particular potentiometric surface.

RECHARGE AREA - A recharge area is an area of land beneath
which there is a net. annual transfer of water t.hrough
the vadose zone into the ground-wat.er regime. The net
recharge is manifested by an decrease in hydraulic heads
with depth (i.e., downward ground-water flow from the
water table).

SATURATED ZONE - A subsurface zone in which all the voids are
filled with water under pressure greater than that. of
the atmosphere. This zone is separated from the over
lying zone of aeration (unsaturated zone) by the WATER
TABLE.

STATIC HEAD (HYDRAULIC HEAD) - The height above a datum plane
of the surface of a column of water (or liquid) that can
be supported by the static pressure at a given point.

STRESS (PUMPING STRESS) - Drawdown of water ievel and change
in HYDRAULIC GRADIENT induced by pumping ground water.

SURFACE-WATER DIVIDE - The line of separation, or ridge,
summit, or narrow tract of high ground, marking the
boundary between two adjacent drainage basins, or
dividing the surface waters t.hat flow naturally in one
direction from those that flow in the opposite direc
tion.

TOTAL DISSOLVED SOLIDS ('lOS) - The' quantity of dis80lved
material in a sample of water determined either from the
residue on eVdporat1.:m 'by drying at lsOoe, or, for
waters containing more than 1, Oeeparts per million,
from the sum of determined oonstituents.

UNCONFINED CONDITIONS - Exists when the upper limit ot the
aquifer is defined by the water table itselt. At the
water table, water' in the aquifer pores is at. atomos
pheric pressure.
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UNSATURATED ZONE - See VADOSE ZONE.

VADOSE ZONE (ZONE OF AERATION) - A subsurface zone containing
. water under pressure less ~han tha~ of ~he a~moBphere,

includinq water held by capillarity, and containing air
or gases generally under atmospheric pressure.

WATER TABLE - The surface of a body of unconfined ground
water at which the pressure is equal to that of ~he
atmosphere.

WATER-TABLE GRADIENT - The change in elevation of ~he water
table per unit of horizontal distance.
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1.0 INTRODqCTION

One phase of· the process for preparinq the Guidelines
for Ground-Wat~t Classification involved defining key terms
and concepts related to the classification sche~e. . The
Office of Ground-Water protection and guidelines work group
developed these definitions through an intens~ve .analysis of
alternative options. As described previously, each.approach
was examined with respect to its: .

stringency

consistency with other programs, and the overall
intent of the'strategy

•. flexibility for' accommodating state and region
specific characteristics or concerns

arbitrariness.

• potential implementational difficulties or complexi
ties

This Appendix documents those options' which were
considered during the development process, but not specifi
cally highlighted for public consideration in th.ese Draft
Guidelines. The alternatives discussed are not necessarily
poor approaches to the key issues and concepts. In fact,
many are currently used very effectively by other Federal,
state, and local programs. These options, however, were
deemed less suitable for a classifioation system with
nationwide, broad-spectrum application. comments on these
alternatives, especially in the case of the "VUlnerability,"
"substantial population, " and Iteconomically irreplaceable"
terms will, of course, be oonsidered by the Aqency in
preparing the Final Classifioation Guidelines.·
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2.0 CLASSIFICA~ION REVIEW AREA

Prior to the development of the Classification Review
Area concept, the Agency reviewed the methods used by states
in designating classified segments for ground-water systems.
These include the classification of aquifers, or portions of
aquifers as defined by geology, water quality, .and surface
water relationships.. In addition, cones of influence-- of
individual wells are mapped and classified by some states.

It was decided that these techniques are not appropriate
for the EPA process,' as they would involve in-advance
classification' of large areas, in some cases,. hundreds of
square miles in extent. The strategy clearly establishes
that classification at this scale is within the role of the
states. A more limited scope of review which centers on the
proposed activity or facility was found to be most consistent
with EPA policy.

One option which was also considered included a range in
variable radii for the Classification Review Area, using
combinations of hydrogeologic characteristics such as ground
water velocity; or types of geoloqy (e.g., karst or-glacial
till) specific to different regions of the country. The·
disadvantage of using a geology-based variable radiuB is the
inconsistency of its use. Given that this is a method of
approximation only, designation of too small a Classification
Review .Area co~ld provide inadequate protection to intercon
nected ground-water resources.-

. Also considered was the use of activity-specific radii-
for example, a different radius for landfills than for
pesticide application or underqround tank installation. This
alternative was critiqued for several reasons. Most impor
tantly, the - Agency believed that use of activity-related
criteria to define the Classification Review Area could
result ina different classification beinq applied to the
same ground water for different types of activities. The
classification process is designed to avoid such variability
whenever possible.

B-4
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3.0 CLASS I KEY TERMS AND CONCEPTS

3.1 Irreplaceable Source of Drinking Water

3.1.1 Substantial Population"COption A)

Option A for "substantial population" takes into account
a quantitative or semi~quantitat~veassessment of both public
water systems and concentrations of private wells. This
approach also takes into account the added burden of pro-_
viding alternative drinking water to users not served by a
centralized water' supply.

This' definition for substantial population provides two
important advantages:

• It considers both central city and suburban/ rural
settings (public water systems as well as private
well users) and, therefore, makes ground water in
both settings potential Class I waters •

.....
It is based on terms.. and thresholds defined by the
Census Bureau, is compati~le with'publicly available
census data, and incorporates terms that have been
used to describe p~pulation settings by other Federal
prograJns.· :

Another option 'for a "quantifiable" option A Which
involved defining "substantial popUlation" in relative terms,
considering all populations served by public water systems
within a state. This option would define a substantial
popUlation as one that is served by a public water system
that is' larger than, for example, at least 95 percent of the
systems that are served by ground water in the state. such a
definition would ensure that, at a minimum, the largest
system or systems in each state would qualify as serving a
substantial population. One concern was that this might
produce inconsistencies between states. Some possible
conflict with the policy. of giving "special" protection to
areas' with greatest communal risk (inherent in the strategy)
was also noted. It should be remembered that Option B for
defininq "substantial popUlation" is more qualitative in
nature.

3.1.2 Comparable Quality

The Agency considered a definition of "comparable
quality" consistent with the Class III definition 'of "treat
able," or having Total Dissolved Solids equal to or less than
10,000 mg/l, but was concerned over the possibility that
alternatives might be considered acceptable replacements

B-S



water bills to a typical user ea user who consumes
about 100,000 gallons-per-year) will increase by more
than $100 per year .

•

although they deviate considerably from the quality of the
current .ource or from the quality of water typically used
for drinking in this Region.

3.1.3 Economic Infeasibility

Several alternative options considered for defining
economic infeasibility under the "quantitative test" of
option A were assessed. One involved using the criteria
developed by EPA'S Office of Drinking Water for evaluating
excessive economic burden. This set of approaches would
designate an alternative source as economically infeasible
if:

water bills to a typical user will increase to more
than $300 per year .

the system investment. (measured as undepreciated
replacement costs) will increase by more than 100
percent. .

Such options do not account for the community's ability to
pay, a consideration of significant importance. Moreover,
the dollar values set by the criteria are dated and have not
been adjusted to account for inflation.

Another option considered for defining economic infea
sibility would designate a source as infeasible if the cost
to a typical user exceeds the amount paid by the upper five
percent of all public water-system users in the state. This
optian accounts for ability and willingness to pay to some
extent. JUdgments are based, however, on data' describing
water costs (rather than household income) statewide. The
measure of ability or willingness to pay is, therefore,
indirect. This measure is a180 less accurate than the
selected approach because statewide water rates do not always
reflect the true cost of the water. Subsidies from state or
local governments and economies of scal~ may cause rates paid
by users to be lower than actual costs.

A third approach considered was an evaluation of
economic feasibility on the basis of a comprehensive cost and
benefit analysis. This option would require a much more
data-intensive and . complex analysis than any of. the other
options considered. More important, the Agency noted that a
costl benefit analysis would .necessarily give explicit
consideration to the type of activity motivating the classi-
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fication decision, contrary to the intent of the Ground-Water
Protection strategy. It should be remembered that Option B
for determining lIeconomic irreplaceability" is more qualita
tive in nature, but could utilize some of these specific
measures.as appropriate. .

3.2.Ecoloqically Vital Ground Water
Several alternative options were considered, but not

highlighted for publio comment, within the definition of an
ecologically vital area. These included: .

• Designating all discharge areas as ecologically vital
("all discharge areas" option)

Designating· ground-water discharge areas as eco
.logically vital if they contain an endangered or
threatened species, or·a management area designated
for ecological protection by a Federal, state or
local agency (llany protected ecosystem in a discharge
areall option)

• using critical habitats instead of all habitats of·
"endangeredspecies (licriti~al habitats" option) •

. ~. ; .

The ~ail discha~ge areas" option was attractive, in that
it would be relatively uncomplicated to implement and would,
serve.to define both key terms, sensitive ecological system,
and unique habitat·. The Agency, however, perceived that· it
would.result in a very large nWlberof ~lass I designations,
which is not in keeping with the intent of the Ground-Water
Protection. strategy. More important, not all discharge areas
are associated with truly unique habitats.

The ,It protected ecosystem in a discharge area" option
was judge. ) be an exceedingly comprehensive approach,
accommodatJ.l~g currently existing ecological protection
programs at all levels of government. However, extensive
research would be required to identify the 'universe of such'
protected areas, and many inconsistenoies exist from program
to program and from state to state.

To clarify the "Critical Habitatsll option, the reader
should ba aware that Critical Habitat areas are designated
for soma endangered or threatened species, and range from
less than one square mile to thousands of square miles.
Specific locational information is available in the ·Federal
Register and Code of Federal ,Regulations for eacb of these
areas. Use of Critical Habitats alone was considered
unworkable for several reasons. Pursuant to the Endangered
Species Aot of 1973, equivalent protection must be afforded
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t.o all habitats, not just Critical Habitats. Many truly
endangered species lack Cri~ical Habitat designat~ons.
Although, at the present time, Critical Habitats are assigned
on a routine basis when species become endangered, ~his was
not the case a~ ~e inception of the program. Under extreme
circums~ances, critical Habitats are intentionally not
delineated to ,avoid publicizing an especially sensitive
species. Limiting unique habitats ~o only the designated
Cri~ical Habita~s would leave the habitats of many endangered
and threatened species wi~out Class I protection.

3.3 Highly Vulnerable Ground Water

with respect to ground-water vulnerabili~y to con
~amination, options tor both basic utilization and 9pera

,tional s~andpoints were examined. The Agency is requesting
comment most specifically on ~e la~ter, although the choice

'of operational definiti,on will have an impact on the overall
concept use.

3.3.1 Alt.ernative Approaebes t.o Utilize the Ground
Wat.er VUlnerability Concept

Two alternative approaches were copsidered for utilizing
the ground-wa~er vulnerability concept. Both were based on,
the concept that vulnerability is dependent upon the nature
of ,the activity. This concept has validity in two respects.
Firs~:, different kinds of ac~ivi~ies will involve was~es of
cont.rasting hazard. For example, hazardous wastes disposed '
of wi~in aRCRA landfill present a significantlY greater"
health risk upon direct contact than some mininC1 wastes.
Second, different kinds of activities have contrasting design
and operating features. Consider t.he comparison of. land
treatmen~ versus underground injection (via a deep well) of
secondarily treated municipal waste waters. Some ac~ivi~ies
~ake place wi~in the ground water medium ,and o~hers take'
place well above ~e ground-water table. ThUS, an approach,
employing this concept would provide a greater activity
specific pic~ure of ~he potential for contamination to occur.

The first alterna~ive considered would have incorporated
an ac~ivi~y-dependent vulnerability concept, requiring the
development of specialized operat.ional methodoloqies for
defining vulnerabili~y ~or different ac~ivitieB. The Agency
found ~wo majordisadvantaqcas for ~his approach. First,
under an activity-dependent vulnerability concept., ~he same
ground wa~er would likely 'be ,placed in~o d1tferen~ classes
where different ac~ivi~ieB ~ake place or are proposed in the
same vioinity. Ground water could be vulnerable to one
ac~ivity and not the other. It might lead to confusion in
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the requlated community, and ~he public a~ large, to find
that the class of ground wa~er" changes with each activity.
Secondly, the effort and time to develop specialized opera
tional methodologies for each activity would be 8ubstan~ial.

The second alternative considered involved removing
vulnerability as a" class-determining factor. Each EPA
program would, at its option, establish activity-specific
opera~ional definitions for vulnerability as might be" needed
for implementing management "strategies. "" The principal
advantage. is that the class of qround water would consis
tently reflect the current and potential use of the resource.
specific operational definitions would ~hen not need to be
developed and tested as part of the OGWP classification
program. One major disadvantage was raised, in addition.
Ground-water vulnerability to contamination was es~ablished

in the Ground-Water· Protection strategy· as an essential
component to the Class" I concept. If EPA had decided to
consider removinq vulnerability. as a class-determining
factor, then this very" important concept would be lost. .

3.3.2 Selection of a Methodology to Operationally
Define Ground-Water Vulnerability

Five operational methodologies were considered to
determine qround-water vulnerability (see Table B-lh

3•3 .:2.1 Qual i tatiye Methodology

A descriptive/qualitative method establishes the
vulnerability of hydrogeologic settings, based on concepts of
terrain lithology or hydrogeologic functions, as expressed in
a few well chosen, technical words. Examples of highly
vulnerable settings might include areas of karst terrain or
ground-water recharge areas. Examples of low vulnerability
may be discharge areas or confined aquifers. The general
procedures to implement such a method would be to either
match a candidate, real setting to a "standard metting," or
to provide a map showing their location. While no quantita
tive criteria would necessarily be set, this type of method,
when implemented, will result in the establishment of
"precedent criteria" whenever a specific site ia accepted or
rejected.

3.3.2.2 Single Factor Methodology

The single factor method would employ a single
quantitative criterion to all hydrogeologic settings. For
example, areas with a depth to water of less than 150 feet
could be considered highly vulnerable to contamination. The
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ME'l'BODS

TABLE 8-1
SuMMARy OF OPERATIONAL ME'l'HODS FOR DEFINING THE KEY TERM

"HIGHLY VULNERABLE" GROUND WATER

EXAMPLES OP
"HIGHLY VUIMERABLB"

, 1. Qualitative description of
highly vulnerable hydrogeologic
settings

2. Single independent factor and
criteria.

3. Multiple independent

4. Numerical rating (weighted
and non-weighted). For
example, DRASTIC, a rating
scheme developed by the
National Water Well Asso
ciation (Aller et al,
1985); other examples:

• The hazard-ranking system
for CERCLA (40 CPR 300,
Appendix A); and

• Leqrand l s standardized
system for evaluating
waste-disposal site
(Legrand, 1980).

5. Integrative criterion.
Time-of-travel for a
selected distance or
time to reach an exposure
point.

Blghly vUlnerable settings:
a.· unconfined aCJU1f~s

overlain by sandy, highly
permeable soils, or

b. karst terrain, or
c. ground-water recharge areas

Vadose zone thickness less than
ISO feet ~ hydiaulic conduc-·
tivity >1 x 10-

Vadose zone <150 feet, ~ydraUlic

conductivity >1.0 x 10- em/sec.
and recharge >S inches per year

DRASTIC index grea~er than 150
over CRA

Average time-of-travel greater
than 1/2 foot per day over CRA

Simple to use; requires judgement to
match real settings to qualitative
descriptions and a need for lengthy
process to inventory deseriptloD8 of
hydrogeologic settings judged to be
highly vulnerable.

Simple to use; difficult to establish
single criterion which is realistically
applicable across the country.

Improvement over single factorr in use
by States; assumes each factor equal
weight; assumes failure to meet any
factor criterion will result in a
determination of highly vulnerable;
interrelationships between factors is
ignored.

~ more sophisticated method allowing
for factor weighting and a single score
or index. Weighted factors are added.
States often moved in this direction
after considering multiple factor
approach; provides for professional
judgment in selecting specific ratings;
sometimes crltlzed for being too
"simplistic" for site-specific geo
technical asseSSMent

Allows for factor weighting and a single
score. Considers the interrelationships
between factors. Very data intensive.
Yields a single score. Not suited to
mapping large areas •.



fatal flaw to this· method is the selection of a single
quantitative tactorto represent highly vulnerable conditions

. that can be applied across the country and its various
hydrogeologic settings.

3.3.2.3 Multiple Factor Meth0logy

The method of. listing multiple independent
criteria is commonly applied in state programs for .the
location of hazardous-waste facilities and other facilities
used for the disposal of noxious wastes. The principal
drawback is the lack of consistency in these criteria among
states. This method also has the disadvantage of not being
able to weigh each factor according to their relative
importance for contaminating ground-water. In addition, it
sets a criterion that must be met for each factor. :The
approach is inflexible, in that a poor rating for one factor
cannot be balanced against a superior rating of another
factor to achieve an average acceptable rating. '1'hiabalanc
ing is important because '~round-water transport and leaching
potential are not additive processes, but are multiplicative.

3.3.2.4 Numerical Rating Methodology

The numerical rating methodology iean extension
of the multiple independent factor criteria listing·method.
In addition to establishing multiple fa.:::stors, the range for
each factor is subdivided and assigned relative numerical
ratings. An example conoerns the depth-to-water factor, in
DRASTIC (Aller, et al, 1985) shown in Table B-2.· .The
numerical factor ratings can be multiplied by weight.in order
to reflect the relative importance of factors. Finally, the

. facto~ ratings, or weighted factor ratings, are added. to give
.a final score. The seleotion of factors follows the same
reasoning as discussed for the multiple factor method. Under
this type of method, only a oriterion for the final score is
established. As long as the final score criterion is met~
there are no limits assigned to any factors.

Hybrids of a numerioal rating method and multiple factor
method, or more SOPhisticated types of standards, are also
possible. For example, minimum criterion oan be established
for critical factors. In addition, faotor ratings may be
multiplied or. divided by other faotor ratings to better
approximate interrelationships between those factors.

The principal advantages of a numerical rating method
inolude those presented for the mUltiple faoto~ method, plus
factor weighting. These systems are relatively aasy to
implement, depending upon the difticulty ot measuring the
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TABLE B-2
RANGES AND RATINGS FOR DEPTH TO WATER

AS USED IN THE NUMERICAL RATING SYSTEM DRASTIC
(ALLER, ET AL, 1985)

Depth to Water
(fe,t)

Range Rating

o - 5 10

5 - 15 9

15 - 30 7

30 - 50 5

50 - "5 3

75 - 100 2

100+ 1

weight: 5
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factors selected. Faetor weiqhting allows for the more
important fact~rs to be cUstlnquished. This method also
allows for compensation between factors, a low score in one
factor may be offset by a hiqh score in another faotor •.

The disadvantages are essentially the same as those of a
multiple factor method. The factor weights, When used, will
be somewhat subjective. The typical approach' to assiqn,inq
weights is to poll the "experts" and establish. a·. consensus
value. Weights assigned in one region may not work very well
in other" regions. . . The selection ofa cut-off value for
highly vulnerable will also have a limited technical basis.

3.3.2.5 Integratiye Methodology
. .

. : Inteqrativ.e methodoloqies are" often. considered
the most sophisticated, since they can-represent the interac
tion and relative importance of the various hydroqeoloqic
factors. The Office. of Solid Waste is inveBtiqatinq a time
of-travel criterion as, part: of hazardous-waste land disposal
siting requirements. The hiqh-level radioa~tive waste (HLW)
program' within the Department ot· Enerqy has establishe4 a
time-to-exposure criterion. The disadvantaqe of the lnteqra
tive ·methods (for localized wlnerability as'sessments) is.the
need for. accurate,.. site-specific ·.data,usually requiring a
detailed hydrogeological·.·· investigation. ' " This presents
conflicts with lower-risk activities where high cost investi
qations are typically: not performed. . In addition, "the
integrative methods, are less suited to mapping purpo"ses
should states be interested in buil~inq upon $PA's system.

As a final note, Option B for determining vulnerability
opens up the use of any or all of these appro.aches, depending
on site and decision speoificity. It is considered a
"qualitative" option sinoe the Agency would not provide
specific recommendations on preferred methods, cutoffs, etc.
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4 • 0 CLASS II KEY TERMS AND CONCEPTS

4.1 ~rr,nt SOuroe of Drinking water

Several alternativa options were cons idered within the
definition of current source of drinking water. These were
based upon:

• Occurrence of mUltiple wells in the Classification
Review Area ("multiple well" option)

• Exceedance of a specified ground-water production
level in the Classification Review Area ("exceeding ~
production level" option)

• Application of intensive management practices, or
evidence of regional stress in the Classification

. Review Area (lfin~ensiv:e management or. stress" option).

'rhe mUltiple well option is an expansion of the "one":
well"· option that is highlighted for pUblic comment. The
determination of a current source of drinking water would be
based upon the presence of two or more wells and would result
in a more restrictive current-source subclass and increase
the size of the potential-source subclass. This option would
have created a·bias against the more sparsely popUlated rural
areas. The philosophy of the Agency is that, if a source i&
being used as drinking water by even one family, it should be
classified· and protected as a current source of drinking
water.

The "exceeding-a-production level II option looks at the
volume of drinking water being pumped, rather than a set
number of wells. The intent of the option was to screen out
little-used aquifers from the current source of drinking
water designation. This option was not highlighted fo:J;'
public comment for the Balle reasons as the multiple-w.ll
option.

The "intensive management or stress" option would focus
on areas Which are controlled through ground-water management
agencies, or are exhibiting pumping stress (eog., persis,:",
tently falling water lev.ls). This approach }:)y itself could
overlook a larqe n\ll4ber of o'thersources of drinkinq water
that are not managed for ground-water withdrawal, or are not
under stress.
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4.2 Poten;ial SOUrce of prinking water

Several other options were considered for the definition
of ."potential source of drinking water." These included:

•
•
•
•

Stricter water-quality criteria
Non-quantitative yield criterion
Specific water-quality data needs
Socioeconomic considerations.

The "stricter water-Quality Criteria" option would have
adopted the Federal primary drinking-water-quality standards, .
in addition to the' selected TDS cutoff. This was viewed as
an attractive approach because it addresses levels of
specific toxic contaminants. However, it was deemed to be
overly restrictive since many ground waters that do not meet
primary drinking water standards are treatable. AlSO, it is
hard to "prove" they meet the MCLs.

The "Non-Quantitative Yield Requirements" option would
have set no minimum yield to qualify as a potential source.
The Agency decided, however, that areas do exist where yields
are insignificant, however rare,' and, therefore, must be
considered in order that the classification.. system be
complete. . .,

.Since ground-water quality.,. data are not consistently.
available for all areas or regions, the issue of data needs
for classification was carefully examined. One option
studied was to require a ground-water quality test. for
classification. This approach would result in the most
accurate quality assessment of the potential for the ~ound

water to serve as drinking water, but was considered to be
unnecessarily burdensome for most activities. .

The "Socioeconomic Considerations" option would base the
determination of potential drinking water on socioeconomic
criteria. Some water. i.potentially drinkable, but may never
be used becau8e it is too costly to retrieve, not available
because of institutional oonstraints, or is in an area in
which development is unlikely. .This approach was raj ected
because it wa~i judged difficult to implement and not highly
workable, .ince economic and institutional trends are often
difficul~ ~o prediot. AlSO, the test is too complex for the
baseline ot protection in Class II.
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A. MUNICIPAL

B. AGRICULTURE

C. INDUSTRY

TABLE B-3
BENEFICIAL USES OF GROUND WATER

OTHER THAN FOR DRINKING WATER

• fire protection
• district heating
• landscaping
• blendinq

• irrigation
• livestock

frost protection
• blendinq

heating/coolinq
• pr-ocess water
.' blendinq

D. MINING· AND ENERGY
DEVELOPMENT

E. ENERGY PRODUCTION

F. ECOLOGICAL (NON-CLASS I)·

G. STORAGE/WASTE DISPOSAL

H. RECREATION

I. PASSIVE USES

B-16

mineral
• geothermal
• hydrocarbon

power plants
• heat pumps

• baseflow
• heat pumps

• disposal of waste
and treated waste
water effluent

• surplus fresh water
manaqement

• swimming pools (indirect)
• golf courses
• ice skatinq (indirect)

• physical support for
earth structures

• impedance of subsidence
and salt-water intrusion



4.3 Ground water with Beneficial Uses Other Than
Drinking.

Within the context of "other beneficial use" (OBU),
several options were considered but not adopted. These
included:

• Providing a separate subclass within Class II for OBU

• consideration of specific OBUs v. all OBUs as a group

• Giving more protection to ground water with dual
uses.

The idea of creating a third subclass under Class II for
ground waters with other beneficial uses (Table B-3) was not
adopted for several reasons •. First, the existing current and
potential source of drinking-water subclasses appears to
provide sufficient proteotion for the majority of OBUs.
Second, most aBO ground waters would have a dual role as a
current or potential souroe of drinking water, and would be
afforded the protection given to drinking water as the
highest and best use. Third, it would be difficult to assess
the protection that should be afforded for aBO ground waters
as a general subclass; because quality, yield, and other
requirements are so varied among the many different uses and
between regions.

Because EPA does not intend to use different management
practices according to the various other beneficial useB of
ground water, the Agency judged the consideration of specific
OBUs to be unnecessary. In addition, the selection, defini
tion, and dt.!-+ermination of resource value of OBUs would be
difficult national scale, sinoe resource values and uses
vary cori~: ~ly within a region. Some states are reviewing
specific OB.... aubclaSBes for agricultural or other purposes.
This is an id8,&1 approach for tailoring ground-water protec
tion at the state level, though it was deemed impraotical to
adopt some number of subolasses for OBUe on a nationwide
basis. .

The Agency considered providing a higher level of
protection to drinking water, which is also being u.ed for
seleotecSl OBUs. 'l'his approach was considered to be less
feasible on a national scale sinoe resource values and uses
vary widely.
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APPENDIX C

SAMPLE APPLICATIONS OF THE
CLASSIFICATION PROCEDURES
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SAMPLE APPLICATIONS OF THE
C~SSIFICATION PROCEDURES

The following case studies are presented to illustrate
the central classification concepts and use of the various
classification procedures. Individual case studies are
presented in a systematic fashion in accordance with the
Classification Procedural Chart (Figure 4-1) and asso-::iated
worksheet (Table 4-1) - instructions or questions are posed
followed by the corresponding information witb subsequent
directives, or a final class determination. The general
format for the· case studies begins with a presentation of the
preliminary information and.concludes with the completion of
the Classification Worksheet.

Each case study has been modeled after real activities
and physical settings. Data sources have been generalized to
avoid identification o~ the specific site under examination.
The particular activity under consideration has also been
omitted since classification is essentially independent of
the activity type. Place· names and localities have been

- disguised, but my be recognizable to a' familiar "reader~'

costs and other figures used in these case stUdies are
hypothetical.. .. It should .also be noted. that the·. final
classification decision presented in eacb case stUdy does not
represent the :Agency's determination for the real act=~vity
from which the case" eptudy has been developed since some ..
factors were changed for the purposes of t.his review. A
summary of case studies and related issues addressed in each
case is presented in Table C-l.
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CASE STUDY 1

Introduction

The tollowing case study is an· example of a Class IIA
CUrrent Source of Drinking water. The standard Classifica
tion Review Area, defined bya two-mile radius from the
proposed facil i ty, is used in this example. Although a
substantial population is involved, the Classification Review
Area is not highly VUlnerable to ground-water contamination.

Preliminary Information with Respect to the
" Classification Review Area

General

A permit application ~s being submitted for a site
located in the Eastern United States, east of the City, of
Hilton Heights. Land use in the area is primarily rural
farmland interspersed wi~ chemical industries. The Classi
fication Review Area is shown.in Figure C1-1.

Maps provided in this ease stUdy were developed from
U. s. Geological Survey quadrangle sheets. Text information
was collected from ground-water availability studies' con
ducted. by the county, u. S. Geological survey reports, and
from u.S. Census Bureau statistics.

Geology/Hydrogeology

The stratigraphic sequence of geologic units regionally .
present is, in descending order (Figure C1-2):

Umber Form~tion - silty sand
• H~nter Formation - clay
• Toth Formation -sandstone
• Crystalline igneous and metamorphic bedrock.

The . maj or aquifers in the area are the Umber and Toth
Formations. The Hunter Formation is known to be an unfrac~

tured, laterally oontinuous aquita~d.

Well/Rel.ryoir Survey

TWo large capacity water-supply wells, screened in the
Umber aquifer and registered with the state, are located in
the Classification Review Area. These wells provide public
water supplies for the city of Hilton Heights, Which,
according to u.s. Census Bureau statistics, had a popUlation
of 3,700 persons in 1980.
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FIGURE Cl-l
BASE HAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE Cl-2
GENERALIZED CROSS-SECTION Oll THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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Additionally, if the proposed activity is permitted, a
new well will be constructed at the site. This well will be
screened in the deeper Toth aquifer.

No water-supply reservoirs are present in the Classi
fication Review Area.

Demography

The city of Hilton Heights is located west of the
proposed facility and has a population of 3,700. All
residents are served by ground-water supplies, therefore the
well field is considered to serve a substantial popUlation
under option A. As no irreplaceability analysis walll per
formed, the qround waters ara assumed to be irreplaceable.
Under Option S, the popUlation is considered substantial by
recoqnized experts qiven the demoqraphics of the reqion.

Ecologically Vital Areas

·U. S. Fish and Wildlife service records indicate the
Classification Review Area does not encompass any Federal
lands designated for ecoloqioa1 protection or' ecoloqically
vital areas.

VUlnerability

Given that the irreplaceability of the qround waters is
assumed, it is necessary to perform a vulnerability analysis
for the area.. Under Option A for determining VUlnerability,
DRASTIC is utilized with the following results averaged over
the review area:

UMBER' FORMATION. Bating Weight NUmber

Depth t.o water - 15-30 ft 7 5 35

· Netrecharg8 - approximately
20 in/yr 9 4 36

· Aquifer media -silty sand 6 3 18
• Soil media - loam 5 2 10

· Topography - 2-6' 9 1 9

· Impact ot vadose zone media -
sand with silt an~ cley. 5 5 25

• Hydraulic conductivity -
100-300 gpd/ft2 2 3 ---i

DRASTIC Index (TOTAL) 139

This area is not considered highlY VUlnerable to ground
water contamination under option A since. the DRASTIC Index is
less than 150.
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Under option B for determining vulnerability, two expert
hydrogeologists : in the area were consulted. The hydro
geologic .etting of loamy soils overlying silty sand aquifers
are considered "vulnerable"· but not "highly vulnerable" by,
these experts.
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Referring to the Procedural Chart shown in Figure 4-1
and associated worksheet in Table 4-1, the ground water is
classified using the following steps:

step Question/Direction

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate subdivi
sionCs) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro-
priate subdivision .
overlap an ecologically
vital area?

Response/Comment

The CRA is defined by a
two-mile radius from the
proposed facility. No
CRA subdivision has been
performed.

No ecologically vital
areas are present in the
C~.

4

5

• Yes, go to next step
• No, go to step 4

Determine location of
welles) within the eRA
or appropriate sub
division. Does the CRA
or appropriate sub- .
division contain welles)
used for drinking water?

· Yes, go to next step
• No, go to steps

Inventory population
served by welles).
Does the welles) serve a
substantial population?

• Ye., go to next step
• No, then the ground

water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

C-9

Yes, two large-capacity
water-supply wells are
located within the CRA.

Yes, under Option A, the
population served exceeds
the 2500-person threshold.
Under Option B, the popu
lation is considered
substantial by recognized
experts given the demo
graphics of the region.



step Qu8s~ion/Direction

6 unless proven otherwise,
. the drinking water source

:'. is assumed to be irre
placeable. optional
perform irreplaceability
analysis. Is the source
of drinking water
irreplaceable?

• Yes, go ~o next step
No, then the 9round
water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

......

7 Perform vulnerability
analysis. Is the CRA or
appropriate subdivision a
highly vulnerable hydro
geologic setting?

• Yes, then the ground
water is CLASS I
IRREPLACEABLE SOURCE
OF DRINKING WATER
No, then the ground
water 1s CLASS IIA-
CUr'" . SOURCE OF .
f)':". .~ WATER

Response/Comment

Yes, irreplaceability is
assumed.

NO, under option A, a.
DRASTIC index of less than
150 does not constitute a
highly vulnerable hydro
geologic se1;ting. . .
Under option a, the area .'
is not deemed highly vul-

. nerable by hydrogeologic.
experts.

I·

I

\

l'

1:
..

. I
I

i
.,

FINAL CLASS DETERMINATION: CLASS IIA - CURRENT SOURCE OF
DRINKING WATER
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CASE STUDY 2

Introduction

This case study is a permutation of Case Study 1 leading
to a Class lIB - Potential Source of Drinking Water classifi- .
cation. Although the preliminary information remains the
same, the Classification Review Area has been subdivided to
identify those ground-water units not highly interconnected
with the qround-~ater unit ~irectly beneath the facility. In
this manner, we have attempted to illustrate how subdividing
the Classification Revie~ Area can alter the final ground
water classification. Subdivision of the Classification
Review Area into ground-water units results in a class
determination of potential source of drinking water rather
than a current source. '

Preliminary Information with Respect to the
Classification Review Area

General

, Material presented in case study 1 is not repeated.,·
Figure: C2-l, is a map of the water-table surface developed
from u.s. Geological Survey and state Geological survey well
data "and water-level measurements made specifically for this
stUdy.

Classifigation Reyiew Area Subdivision (Intergonnection)

Three ground-water units can be identified within the
Classification Review Area (Figures C2-2 and C2-3). The
topographic divide serves as a ground-water flow divide
creating ground-water units 1 and 2 (Figure C2-2). Two large
capacity water-supply wells, located in ground-water unit 1,
provide public water supplies for the City of Hilton Heights.
Under pumping conditions, the water pumped by the high-yield
~ells is derived from qround-water unit 1, resulting in
displacement of the ground-water flow divide (Fiqure C2-2).
The river, recharged by ground-water unit 2, does not serve
as a ground-water flow divide. Regional investigations
conducted by county hydrogeologists have shown that ground
water flow beneath the river occurs in the lowermost Umber
Formation. The Hunter Formation, an unfractured, laterally
continuous aquitard, restricts vertical flow between the
Umber and Toth aquifers. Thus, a third ground-wate~ unit can
be identified and is confined to ground-water movement in the
Tothaquifer.

C-l'
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FIGURE C2-1
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FIGURE C2-2
GENERALIZED CROSS-SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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FIGURE C2-3
THREE-DIMENSIONAL ILLUSTRATION OF THE HYDROLOGY AND GROUND-WATER

UNITS WITHIN THE CLASSIFICATION REVIEW AREA
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An intermediate degree of interconnection is demon
strated where a Type 1 boundary separates adjacent ground
water units and a Type 2 boundary with a low degree of
interconnection is demonstrated due to the presence of an
aquitard. Thus, it is possible to subdivide the Classifica
tion Review Area in order to restrict ground-water classifi
cation to the ground-water unit which is potentially
affected by the presence of the proposed facility.

Potential contaminants entering the ground water from
the facility would be transported in ground-water unit NO.2
and, ultimately, discharge to the river. '1'heground water
classification decision is thus restricted to ground-water
unit No.2. ..

"The following classification demonstration is limited to
ground-water unit No. 2 loc~ted beneath the proposed tacil:
ity•. Classification of other ground-water units. is not
necessary.

.......
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Referring to the Procedural Chart shown in Figure 4-1
and associated worksheet in Table 4-1, the ground-water is
classified using the following steps:

step Question/Direction

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate sUbdivi
sion(s) of the eRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro
priate subdivision
overlap an ecologioally
vital area?

• Yes, go to next step
• No, qo to step 4

4 Determine location of
-welles) within the CRA
or appropriate sub
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

• Yes, go to next step
• No, go to step 8

C-16

Response/Comment

The CRAis defined by a
two-mile radius from the
proposed facility. The
CRA has been subdivided
into three ground-water
units. The ground-water'
classification decision
is restricted to·ground
water unit No. 2 located
beneath the proposed
facility.

No ecologically vital
areas are present in the
CRA.

No drinking-water wells
are within ground-water
unit No.2.



step Question/Direction

8ADetermine location of
reservoirs within the
CRA or appropriate sub-
division. .
Does the CRA or appro
priate subdivision
contain reservoirs
used for drinking water?

Response/Comment

No reservoirs are present
within the subdivided eRA.

9

10

• Yes, qo to next step
• No, qo to step 9

Determine yield from
ground-water medium
(total depth across
CRA or appropriate
subdivi~ion). Can it
yield 150 qallons-per
day to a well?

Yes, go to next step
• No, then the ground

water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER
(INSUFFICIENT YIELD)

Determine water-quality
characteristics within
the CRA or appropriate
subdivision.
Is the water quality
greater than 10,000 mg/l
total dissolved solids
(TOB)?
(Hotel If water quality
is unknown then this
queation must be an8~ered

no.)

• Yes, qo to step 12
• No, qo to next step

C-17

Yes, the ground-water
medium is presumed to meet
the sufficient yield
criterion.

No, the water-quality is
unknown.



step Question/Direction

11 .,Are. the ground waters so
. contaminated as to be.
untreatable? .
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to next step
• No, then the ground

water is CLASS IIB
POTENTIAL SOURCE OF
DRINKING WATER

Response/Comment

No, the water-quality is
unknown.

FINAL CLASS DETERMINATION: CLASS lIB - POTENTIAL SOURCE OF
DRINKING WATER
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CASE STUOY 3

Introduction

This case study is an example of a Class lIB Potential
Source of Drinking Water. The standard Classification Review
Area, defined by a two-mile radius from the proposed facil
ity, is used in this example. No drinking water wells are
present within the Classification Review Area. Also abuent
are any ecologically vital areas.

preliminary Information with Respect
to the Classification Review Area

General

A permit application is being SUbmitted for a site in
the Armadillo Desert in the Basin and Range physiographic
province. The standard Classification Review Area is shown
in Fiqure C3-l. The U.S. "Geological Survey characterizes the
regional landscape as broad, open, relatively flat-floored
valleys, separated by rugged mountain ranges. valleY-fill
deposits are sands, gavels, and cobbles of local!, origin,
transported to the site by alluvial and colluvial processes.
Figure C3-2 is a generalized cross-section of the hydro
geology in the Classification Review Area determin~d from a
limited number of borings.

The olimate of the Armadillo Desert is characterized as
arid. Average annual evapotranspiration exceeds '. average
annual precipitation by an order of magnitude; hence, the
area is norma~ly water deficient. --

Well/Reservoir Survey

No ground water wells or drinking water'reservoirs are
present in the Classification Review Area (Figure C3-l). If
the permit is approved for the facility to begin operation,
bottl.ed drinking water will be delivered to the site for
employee use.

Demography

The nearest town is ten miles north of the proposed site
and has an approximate popUlation of 5,000. There are no
known rural dwellings within a two-mile radius. of the
proposed site.

Ecologically Vital Areas

No ground-water discharge areas, or Federal lands
designated for ecological protection, are present in the two
mile Classification Review Area.

C-19
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FIGURE C3-1
BASE MAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE C3-2
GENERALIZED CROSS SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA

r
~_"-=2""':-M:'::I=LE::"'=;CRA:'=':';:RA;;:D~IU~S=--_-..~ ~ \......E-_-=2'-'-M=I;::L~E..:::C.:.:;RA;;;....:.RA=D;.;::IU.:.S __1

PROPOSED
FACILITY .

2800

2700

...Ien
2600~

n ~
I W

IV W
l&.

~ eoo
z-

• 0

fi:> 2400w
...I
W

2300

2200

EXPLANATION

fi7'iJ
~

SAND" AND GRAVEL

SHALE/CLAY

IGNEOUS I METAMORPHIC



Referring to the procedural chart shown in Figure 4-1
and the associated worksheet in Table 4-1, the ground water
is classified using the following steps:

4

step Question/Direction

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate subdivi
sion(s) of the eRA.

2 Locate any ecologically
vital areas in the CRA.
Does the eRA or appro
priate SUbdivision
overlap an ecologically
'vital area?

~ Yes, go to next step
• No, go to step 4

Determine location of
welles) within the CRA
or appropriate sub
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

• Yes, go to next step
• No, go to step 8

SA Determine location of
reservoirs within the
CRAor appropriate sub
division.
Does the CRA or appro
priate subdivision
contain reser,"ci::-s ,
used ford~inking water?

• Yes, go to next step
• No, go to Step 9

C-22

Response/comment

The CRA is defined by a
two-mile radius from the
proposed facility. No
CRA subdivision has been
performed.

No ecologically vital
areas are p~esent in the
CRA.

,',

No drinkinq water wells
are,present in the CRA.

No, there are no reser
voirs present within the
CRA.



10

step Question/Direction

9 Determine yield from
ground water medium
'(total depth across
CRA or appropriate sub";'
division). Can it
yield 150 ga110ns-per
day to a well?

• Yes, go to next step
• No, then the ground

water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER
(INSUFFICIENT YIELD)

Determine water-quality
characteristics within
the CRA or appropriate
subdivision.
Is the water quality
greater than 10,000 mg/1
total dissolved solids
(TDS)?
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to Step 12
• No, go to next step

Response/comment

Yes, in the absence of
data, SUfficient yield
is assumed.

No, water-quality char
acteristics within the
CRA are unknown.

11 Are the ground waters so
contamina~ed as to be
untreatable?
(Note: If water quality
is unknown then this
que.tion must be answered
no.)

• Yes, go to next step
• No, then the ground

water is CLASS 1IB
POTENTIAL SOURCE OF
DRINKING WATER

No, water-quality char
acteristics within the
,CRA are unknown.

FINAL CLASS DETERMINATION: CLASS lIB - POTENTIAL SOURCE OF
DRI·NKING WATER
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CASE STUDY 4

Introduction

This case study was developed from Case Study 3 in order .
to demonstrate an expanded Classification Review Area for an
alluvial setting. The classification decision with a two
mile Classification Review Area was Class lIB Potential
Source of Drinking Water. No sources of drinking water were
found in the two-mile Classification Review Area. (Figure C4
1) • An expanded review area as. demonstrated in this case
study may lead to a different classification decision.

preliminary Information with Respect
tQ the Classification Review Area

Expanded Classification Reyiew Area

This setting is found in the alluvial basin ground-water
region (after Heath, 1984) and based on the abQve information
matches the conditions for an expanded Classification Review
Area. These conditions are:

An unconfined aquifer as the dominant aquifer

Losing streams as the predominant source .of ground
water discharge

Transmissivities and flow velocities that are
moderate to high. (>250 m2/d and >60 m/yr, respec
tively)

Relatively low annual rainfall (less than 20 inches
per-year)

The expanded review area is based Qn a five-mile radius
from t~e activity boundary. A five-mile radius was selected
because calculation of ground-water velocities near the
proposed facility was not possible due to a lack of informa
tion on ground-water gradients. Where velocity is known, the
expanded review area radius is the distance water will flow
in 50 years. Figure C4-2 shows the expanded review area.

General

A permit application is being submitted for a site in
the Armadillo Desert in the Basin and Range physiographic
province. The U.S. Geological Survey characterizes the
regional landscape as broad, open, relatively' flat-floQred
valleys, separated by rugged mountain ranges. Valley-fill

~
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FIGURE C4-1
BASE HAPENCOHPASSING THE TWO-MILE CLASSIFICATION REVIEW AREA

2 M'L£So

\(/--
(

" )
/~ '\ X

;/ ) '\
· \·· \

\/...-...1 (
.

\
l. \1\ ". ,

I, , ,
\ . I
\ '\ \ I

'\ ,.~
/ i

. I
, /

/ /" .~ /

" ........... \ . ,//.
--./---" -

EXPL~N;'\~'

• PRI.,... ..t::D FACILITY

--- CLASSIFICATION REVIEW
AREA BOUNDARY

---
INTERMITTENT STREAM

GROUND-WATER FLOW DIRECT10N

--- ROADWAY

C-25



FIGURE C4-2
BASE MAP ENCOMPASSING THE EXPANDED CLASSIFICATION REVIEW AREA
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deposits are sands, gravels, and cobbles of local origin,
transported to the site by alluvial and colluvial processes.
A generalized cross-section of the hydrogeoloqy within the
five-mile Classsification Review Area was assembled based on
a review of literature and well logs available for the region
(s~e Figure C4-3). The uppermost aquifer is unconfined and

"::,:""" has a transmissivity greater than 300 m2/d.

The climate of the Armadillo Desert is characterized as
arid. Average annual evapotranspiration exceeds average
annual precipitation by an order of magnitude, hence, the
area is normally water deficient. Ground-water recharge
occurs primarily at the hiqher. elevations as snow melt
charged streams lose water into the ground.

well/Reservoir Survey

No ground-water wells or drinking water reservoirs are
present in the two-mile Classification Review Area.
However, within the expanded Classification Review Area,
there· are two wells used for irrigration and one well used
for water supply to a residence. If the permit is approved
for the facility to begin operation, bottled drinking water
will be delivered to the site for employee use.

Demography

The nearest town is ten miles north of the proposed sit.e
and has an approximate population of 5,000. There are no
known rural dwellings within a two-mile radius of the
proposed site. There is one dwelling within the expanded
review area.

Ecologically vital Areas

No ground-water discharge areas, or Federal lands
designated for ecological protection, are present in either
the two-mile or expanded Classification Review Area.
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FIGURE C4-3
GENERALIZED CROSS-SECTION OF THE HYDROGEOLOGY WImIN THE EXPANDED CLASSIFICATION REVIEW AREA
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Expanded Classification Review Area Decision

Referring to the Procedural Chart shown in Fiqure 4-1
and associated worksheet in Table 4-1, the ground water is
classified using the following steps:

4

step Question/Direction.

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate subdivi
sion(s) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro
priate subdivision
overlap an ecologically
vital area?

• Yes, go to next step
• No, go to step 4

Determine location of
welles) within the CRA
or appropriate sub-
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

• Yes, go to next step
• No, go to step 8

5 Inventory population
served by welles).
Does the welles) serve a
substantial population?

• Yes, go to next step
• No, then the ground

water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

Response/Comment

The CRA has been expanded
to a five-mile radius
from the activity boundary
because of an alluvial·
hydrogeological setting
and a lack of information
on ground-water velo
cities. No CRA sub
division has been
performed.

No ecologically vital
areas are present in the
CRA.

Yes, one drinking-water
well is present in the
expanded CRA.

No, the well does not
serve a substantial
popUlation as determined
by option A.

FINAL CLASS DETERMINATION: CLASS IIA-CURRENT SOURCE OF
DRINKING WATER
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underground
Formation.

in the area
The C1assi- .

CASE STUDY 5

Introduction

Case study 5 is an e~ample of a Class 1118 ~ Low Inter
connection qroundwat.er. This case is based on a permit
application for underground injection of liquid wastes. The
standard Classification Review Area, defined by a two-mile
radius from the proposed facility, is used in this example.
Subdivision of the Classification Review Area is exemplified
below.' .

Preliminary Information with Respect to the
Classification Review A;ea

General

A permit application is be~nq submitted for
injection of liquid. wastes. into t.he Emery
Planning, zoning, and tax' maps indicate land use
is primarilY for farming and cattle production.
fication Review Area is shown in Figure CS-l.

Geology/Hydrogeology
u.s. Geological survey reports indicate the target

formation for subsurface disposal is the lower 9round~water'
unit (Emery sandstone) located at a depth of approximately
4,000 feet (Figure CS-2). Below this formation are basement
rocks of quartzite, SChist, and granite. The upper ground
water units are composed of flat-lying, alternating layers of
dolomite, limestone, and sandstone.

The st'l'":".tigraphic sequence shown in Figure CS-2 was
develope? . '. previous well logs taken during oil and gas
exploratJ.c. ~he stratigraphy encountered correlates with
the stratigr~~aY in other parts of the basin and reflects the
regional qeology.

- -
Water-quality samples were also taken during drilling.

It was determined that qround water in the Emery Sandstone
has a total dissolved solids content ranging from .12,000
15,000 mg/l.

Potable water for area residents, as well as for
livestock, is produced from the uppermost sandstone aquifer,
the Wagner Formation.
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FIGURE C5-1
BASE MAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE C5-2
GENERALIZED CROSS-SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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Classification Review Area Subdivision (Interconnection)

Three ground-water units can be identified within the
Classification Review Area and are numbered as shown in
Figure C5-3. Ground waters in each ground-water unit are
separat~d. from each other by unfractured, laterally extensive
shale units. A low degree of interconnection is demonstrated
due to the presence of these Type 2 boundaries. The inte
grity of these boundaries has not been compromised by
improperly constructed or abanondoned wells, or other
apertures. 1njection and pressure tests performed indicate
that pressures· required to meet the design flow rate fall
well below the Emery Formation's pressure-induced fracturing.
limits.

Normally ground-water classification would be restricted
to the ground-water unit which is potentially affected by the
presence of the proposed facility. The proposed facility, in
this case, is a liquid waste injection well. Under a worst-

.case scenario, potential contaminants entering the· ground
water from the facility would be tranported in all ground
water units underlying the facility rather than just the.
Emery Formation. Therefore, cl~ssification of e,ach,CJround
water unit is necessary.,

Well/Reservoir SUrygv

Figure C5-l shows t.he looation of four domestic wells
identified in the Classification Review Area. These wells
are screened within 200, feet of the ground surface in the
uppe~ost sandstone aquifer.

No water-supply reservoirs are present. in t.he Classi
fication Review Area.

Ecologically Vital Areas

'1'he only discharge point in the Classification Review
Area is from the upper sandstone aquifer to a local stream.
However, the u.s. Fish and WildlifeServioe oonfirmed that
this stream does not provide habitat for an endangered
speoies. Additionally, no Federally-protected lands exist in
the area. ThUs, the ground water is not considered to be
ecologically vital.
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. FIGURE CS-3
THREE-DIMENSIONAL ILLUSTRATION OF THE HYDROLOGY AND GROUND-WATER

UNITS WITHIN THE CLASSIFICATION REVIEW AREA
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Referring to the Procedural Guide ahown in Figure 4-1·
and assoicated worksheet in Table·4-1, ground-water Unit No.
3 is classified using the following steps:

Step Question/Direction'

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. optional
Demonstrate subdivi
sion(s) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro
priate subdivision
overlap an ecologically
vital area?

Response/Comment

The CRA is dflfined by a
two-mile radius from the
proposed facility and has
been subdivided because
of the presence of low
permeability flow barriers
beneath the ground-water
units.

No ecologically vital
areas are present in the
CRA.

4

• Yes, go to next step
• No, go to step 4

Determine location of
welles) within the CRA
or appropriate sub
division. Does the'eRA
or appropriate sub
division contain welles)
used for drinking water?

No drinking water wells,
are within ground-water
unit No.3.

..
L

I

• Yes, go to next Step
• No, go to Step S

SA Determine location of
reservoirs within the
CRA or appropriate sub
division.
Does the CRA or appro~

priate subdivision
contain reservoirs
used for drinking water?

• Yes, go to next step
• No, go to step 9

C-35

No reservoirs are present
within the CRA.



step Question/Direction Response/Comment

Yes, verticle movement to
adjacent upper or lower
units is· restricted by
geologic units of low
permeability.

Yes, the uppermost
sandstone aquifer exceeds
.the sufficient yield
criteria.

Yes, ground-water unit
No. 3 contains water with
TDS averaging 12,000 t~
15,000 mg/l and exceeds
the Class III TOS

.. threshold.Is the water quality
greater than 10,000 mg/1
total dissolved solids
(TDS)?
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to step 12
• No, go to next step

Perform interconnected
ness analysis. Is there
a low degree of inter
connection between the
ground water being
classified and adjacent
ground units or surface
waters within the initial
CRA?

9 Determine yield from
ground water medium
(total depth across
CRA or appropriate
subdivision). Can it
yield 150 ga11ons-per
day to a well?

• Yes, go to next step
• No, then the ground

water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER
(INSUFFICIENT VIELD)

Determine water-quality
characteristics within
the CRA or appropriate
f,4ubdivision.

10

12

• Yes, then the ground
water is CLASS IIIB
NOT A SOURCE OF
DRINKING WATER (LOW
INTERCONNECTION)
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step Question/Direction

• No, then the ground
water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER (INTER
MEDIATE-TO-HIGH
INTERCONNECTION)

Response/Comment

FINAL CLASS DETERMINATION: CLASS 1IIB - NOT A SOURCE OF
DRINKING WATER
(LOW INTERCONNECTION)
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Classification of Ground-Water unit No. 2 is accomplished
using the Procedural Guide shown in Figure 4-1 and associated
worksheet in Table 4-1.

4

step Question/Direction

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate subdivi
sionCs) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro-
priate subdivision .
overlap an ecologically
vital area?

• Yes, go to next step
• No, go to step 4

Determine location of
welles) within the CRA
or appropriate sub-
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

• Yes, go to next step
• No, go to step 8

SA Determine location of
reservoirs within the
CRA or appropriate sub
division.
Does the CRA or appro
priate subdivision
contain reservoirs
used for drinking water?

• Yes, go to next step
• No, go to step 9
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Response/comment

The CRA is 'defined by a
two-mile radius from the
proposed facility and has
been subdivided because of
the presence of low perme
ability flow barriers
between the ground-water
units.

No ecologically vital
areas are present in the
CRA.

No drinking water wells
are wihtin ground-water
Unit No.2.

No water-supply reser
voirs are within the
CRA.



step Question/Direction

9 Determine yield from
ground water medium
(total depth across
CRA or appropriate
subdivision). Can it
yield 150 gallons-per
day to a well?

Response/comment

The uppermost sandstone
aquifer exceeds the
sufficient yield criteria.

10

11

• ·Yes, go to next step
• No, then the qround

water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER
(INSUFFICIENT YIELD)

Determine water-quality
characteristics within
the CRA or appropriate
subdivision.
Is the water quality
greater than 10,000 mq/l
total dissolved solids
(TOS)?
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to step 12
• No, go to next step

Are the ground waters so
contaminated as to be
untreatable?
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to next step
• NO, then the ground

water is CLASS IIB
POTENTIAL SOURCE OF
DRINKING WATER

Water quality is unknown
for ground~water unit
No.2.

Water quality is unknown
for ground-water unit
No.2.

FINAL CLASS DETERMINATION: CLASS lIB - POTENTIAL SOURCE OF
DRINKING WATER

C-39



Finally, classification of Ground-Water Unit No. 1 is
accomplished using the following steps from the Procedural
Guide shown in Figure 4-1 and associated worksheet 1n Table
4-1: .

step .Question/Direction ,

-
1 Establish Classification

Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate subdivi-

. 'sion(s) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro
priate subdivision
overlap an ecologically
vital area?

Response/comment

The CRA is defined by a
two-mile radius from the
proposed facility and has
been subdivided because
of low permeability flow
barriers between the
ground-water units.

No ecologically vital _
areas are present in the
CRA.

4

5

• Yes, go to next step
• No, go to step 4

Determine, location of
welles) within the CRA
or appropriate sub
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

'. Yes, go to .next step
• No, go to step 8

Inventory population
served by welles).
Does the welles) serve a
substantial population?

Yes, go to next step
• No, then the ground

water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

Four domestic wells are
present within ground
water unit No'. 1.

The wells do not serve a
substantial population as
determined under Option A.

. I,
,

FINAL CLASS DETERMINATION: CLASS IIA - CURRENT SOURCE OF
DRINKING WATER
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CASE STUDY 6

Introduction

The following case study deals with the issues of
treatability and interconnection. It is an example of a
Class IlIA - High Interconnection between surface and ground
waters. In addition, based on the ground-water discharge
scheme. of this flow system, and the intermediate degree of
connection between ground waters on opposite sides of a
river, the Classification Review Area has been subdivided •

.Preliminary Information with Respect to the
Classification Review Area

General

A permit application is being submitted for a site
approximately 1000 feet west of the Pearl River (Figure C6
1) •.This site is located.within city limits.

Geology/Hydrogeology

Based on U.S. Geological Survey reports, the site
geology consists of IS to 30 feet of flood plain silts and
very fine sands immediately beneath the proposed. facility
(Figure C6-2). The watar table is located in this unit.
Underlying the silty unit are 4 to 11 feet of more permeable
fluvial sand. Thick lacustrine clays below the fluvial
sediments form the lower flow boundary of the site. Ground
water discharges to the Pearl River.

Classification Review Area subdivision (Interconnection)

It is known that the Pearl River serves as a ground
water flow divide, therefore, division of the Classification
Review Area into' two separate ground-water units (each of
which discharges to the river) is possible (Figure C6-3). An
intermediate degree of interconneotion is demonstrated where
the adjacent ground waters are in separate ground-water units
due to the presence of a flow boundary. The position of the
river as a flow boundary is not expected to change to any
significant degree from current or planned ground-water
withdrawals.

Well/Reservoir Survey

No water-supply reservoirs or drinking-water wells are
present in the Classification Review Area. Local residents'
drinking-water supply is piped-in from a source outside the
Classification Review Area.

The above information was verified by the County Public
Health Agency.
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FIGURE C6-1
BASE MAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE C6-2
GENERALIZED CROSS SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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FIGURE C6-3 .
THREE-DIMENSIONAL ILLUSTRATION OF THE HYDROGEOLOGY AND GROUND-WATER UNITS

WITHIN THE CLASSIFICATION REVIEW AREA
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Demography

The population is centered on the west side of the Pearl
River.· Based on U.S. Census Bureau statistics, approximately
100,000 persons reside there. The remainder of the Classifi
cation Review Area is sparsely populated.

Ecoloaically vital Areas

The classification Review Area does not encompass any
Federal lands designated for ecological protection or
ecologically vital areas. Ground-water discharge areas have

. been identified as the Pearl River and associated tribu
:taries. The U.S. Fish and wildlife service confirmed that
~hese areas do not provide unique habitats for any endangered
species.

Treatability

Over the years, the city has maintained numerous
industrial activities which have resulted in gross, wide
spread .contamination of the ground water. Based on an
extensive network of monitoring wells, it has been determined.
that the ground water has been polluted by various organic
and inorganic constituents. Table C-3 lists various contam
inants present in the ground water and treatment efficiencies
typically reported in EPA treatability and effluent guideline
manuals. The amount of contaminant cited represents an
average of water-quality samples obtained from monitoring
wells located on the west side of the Pearl River. Should.
these waters be used as a source of drinking water they would
require treatment using technologies such as air stripping,
lime precipitation, sand filtration, and reverse osmosis.
Table C-3 also presents contaminant concentrations after
application of these technologies. Drinking water standards
for some constituents were not met, therefore, the qround
water is deemed untreatable, by reasonably available tech-
nologies. .

The following classification demonstration is applicable
only to the gro,und-water unit located beneath the proposed
facility - the western portion of the Classification Review
Area relative to the Pearl River. Classification of the
ground-water unit east of the river is not necessary.
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Referring to the Procedural Chart shown in Figure 4-1
and associated worksheet in Table 4-1, the ground water is
classified using the following steps:

4

step Question/Direction

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. optional
Demonstrate'subdivi
siones) of the CRA.

2 Locate any ecologically
vital areas in the eRA.
Does the CRA or appro
priate subdivision
overlap an ecologically
vital area?

• Yes, go to next step
• No, go to step 4

Determine location of
welles) within the CRA
or appropriate sub-
division. Does the eRA
or appropriate sub
division contain welles)
used for drinking water?

• Yes, go to next step
• No, go to Step 8

SA Determine location of
reservoirs within the
CRA or appropriate sub
division.
Does the CRA or appro
priate subdivision
contain ·reservoirs
used for.drinking water?

• Yes, go to next step
· No, go to Step 9
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Response/Comment

The CRA is defined by a
two-mile radius from the
proposed facility and has
been subdivided into two
ground-water units. The
ground-water classifica
tion decision is restrict
ed to the western ground
water unit.

No ecologically vital
areas are present in the
CRA.

No, the ground-water
\. unit being classified

does not contain any
drinking-water wells.

No water-supply reser
voirsare present in the
CRA.



step . Question/Direction

9 Determine yield from
ground-water medium
(total depth across
CRA or appropriate
subdivision). Can it
yield 150 gallons-per-

. ,~ay to a well?

Yes, go to next step
• No, then the ground

water is CLASS IIIA
NOT A SOURCE OF

. DRINKING WATER
(INSUFFICIENT YIELD) .

10 Determine water-quality
characteristics within
the CRA or appropriate
subdivision. .
Is the water quality
greater than 10,000 mq/l
total dissolved solids
(TOS) ?
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to Step 12
• NO, go to next step

Response/Comment

Yes, the ground-water
medium .is presumed to meet
the sufficient yield
criterion.

No, the ground-water unit
being classified has less
than 10,000 mg/l TOS. I •

11 Are the ground waters so
contaminated as to be
untreatable?
(Note: If water quality
is unknown then this
question'must be answered
no. )

• Yes, go to next step
• No, then the ground

water is CLASS IIB
POTENTIAL SOURCE OF
DRINKING WATER
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being classified is deemed
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available technologies.



step Question/Direction

12 Perform interconnected
ness analysis." Is there
a low dflgree of inter
connection between the
ground water being
classified and adjacent
ground units or surface
waters within the initial
CRA?

• Yes, then the ground
,water is CLASS 1II5

NOT A SOURCE OF
DRINKING WATER (LOW
INTERCONNECTION)
No, then the ground
water is CLASS IIIA
NOT A SOURCE OF
DRINKING WATER
(INTERMEDIATE-TO-HIGH
INTERCCNNECTION)

Response/Comment

No, a high degree of
interconnection exists
between the qround water
and surface waters. An
intermediate degree of
interconnection exists
between ground waters on
opposite sides of the
river.

FINAL CLASS DETERMINATION: CLASS IlIA - NOT A SOURCE OF
DRINKING WATER (INTERMEDIATE
TO HIGH INTERCONNECTION)

C-49



CASE STUDY 7

Introduction

A Class I irreplaceable drinking-water source is repre
sented in this Case study. The standard Classification
Review Area, defined by a ,two-mile radius from the proposed
facility, is used in this example. Relevant issues for irre
placeability include substantial p~pulation and vulner
ability.

Preliminary InfOrmation with Respect to the
Classification Review Area

General

A permit application is being SUbmitted for a site along
the White River in the midwest (Figure C7-1). Land use in
the vicinity is light to heavy industrial with a residential
area to the north.

Geology/Hydrogeology

The u. S. Geological Survey and county hydrogeologists
characterize the principal aquifer of the well field (Figure
C7-2) 'as a fractured sandstone formation which is overlain by
a sandy glacial till and alluvium. Ground-water, movement
through the water-table aquifer occurs primarily through
fractures and is toward the ,White River where the ground
water discharges (Figure C7-J).

Well/Reservoir Survey,

A municipal well field exists north of the proposed
facil'ity. It contains 19 large-capacity wells pumping a
total of 8 million gallons-p'er-day (mgd). These wells are
screened in the fractured sandstone formation to an approxi
mate depth of 300 feet.

Residential wells are also present in the Classification
Review Area although their exact locations have not been
determined. It is known, however, that they are also,
screened in the sandstone, as well as the alluvium.

No water-supply reservoirs are present in the Classifi
cation Review Area.,

Demography

The popUlation within the Classification Review Area is
estimated at 125;000, 60 percent of which are provided
drinking' water from the well field. This site population
constitutes a substantial popUlation under irreplaceability
option A. c
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, FIGURE C7-1
BASE 'MAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE C7-2
GENERALIZED CROSS SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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FIGURE C7-3
MAP OF THE WATER TABLE SURFACE

EXPLANATION

• PROPOSED FACIl.ITY

--- CLASSIFICATION REVIEW
AREA BOUNDARY

• MUNICIPAL WElL

-70- PIEZOMETRIC HEAD

DIRECTION OF GROUNDWATER FLOW

C:-53

o

I

Ii



Ecologically Vital Areas

Ground water discharges to the White River. It has been
confirmed by the U.S •.Fish and Wildlife Service that this

,area does not provide habitat for any endangered species.
Thus, the ground water is not considered to be ecologically
vital. '

vulnerability

Under Option A for determining vulnerability, one
approach, presented here, is 'to map out each hydrogeologic
setting in the Classification Review Area that may have
differing DRASTIC indices. An area weighted average index
can· then be computed. Figure C7-4 shows the mapped DRASTIC
'map .units •

Map uriit A - Glacial Till·~

Rating Weight Number'

'"

• Depth to water - 5-10 feet:
• '»et recharge - 6-9 inches/year

Aquifer media - fractured
sandstone

• Soil media - clay loam
· Topography - 6-12 percent

Impact of vadose zone media 
sand and gravel with significant
silt and clay

• Hydraulic conductivity 
estimated 500 gpd/ft2

9
8

8
3
5

4

4

5
4

3
2
1

5

J

45
32

24
6
5

20

DRASTIC Index (TOTAL) 144

Rating weight Number

Map unit B - Alluvium

· Depth to water - 5-10 feet 9 5 45

· Net recharge - 6-9 inches/year 8 4 32
, Aqui'fer media - fractured
sandstone 8 3 24

· Soil media - sandy loam 6 2 12
· Topography - 2-6 percent 9 1 9
· Impact of vadose zone media -

sand and gravel with significant
silt and clay 7 5 3S

· Hydraulic conductivity -
estimated 500 gpd/ft2 4 3 ~

DRASTIC Index (TOTAL) 169
L~-
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Map
unit

Area Weighted DRASTIC

DRASTIC . Proportion of.
Index Classification Review Area

Area Weighted
Index

A
B

144
169

40%
60%

57.6
101.4

Classification Review Area weighted Index 159

The facility is sited over Map Unit B and is designated as a
highly vulnerable hydrogeologi~ setting. If the facility had
overlain Map Unit A then the decision would still be for
highly VUlnerable because the area weighted DRASTIC .index
exceeds the criterion and more than 50 percent of the CRA is
highly vulnerable. Thus, the entire Classification Review
Area is designated as highly vulnerable to ground-water
contamination under option A for assessing VUlnerability.

Under option B for determining vulnerability, an expert.
hydrogeologist in the area was consulted. The hydrogeologic
setting of fractured sandstone overlain by sandy glacial till
and alluvium is considered highly vulnerable by this expert.·

Irreplaceability

An analysis of available alternative sources of water
was not conducted. Thus, by default, the drinking-water
supply is assumed irreplaceable under both options A.and B.
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FIGURE C7-4
MAPPED DRASTIC UNITS OF THE CLASSIFICATION REVIEW AREA

"' ;._.~.; _.;;~~ ..•. , ..; ,..•.......•.....,.~ : ..- , ....... . ".' 1i·~;.. ....~ ; '.. ,"; .',=" .. tI •• ,: '~'., • " ..
•••• ••••• ,0 to f"~" • to, 10, to 0' •••••••• '0 •• ••• iI!' I'" '" •••••••••

:··:{\·:~J:~·~·~~~;:~~M~~·.~;~~~:~~f ·~1~~.}W:;~}).~~~~~k;i:,;t!·~:·~:~\\/:\~.
...•.•. ..•... , .. ~ ·.~·A·:···.· ..· •.....;..~.....•: : •.. ····FAC}LITY .

EXPLANATION

• PROPOSED FACILITY
CLASSIFICATION REVIEW
AREA BOUNDARY

o 2 MILES

~
~

ALLUVIUM

TILL

C-56



Referring to the procedural chart shown in Figure 4-1
ana the associated worksheet in Table 4-1, the ground water
is classified using the following steps:

. step Question/Direction

1 Establish Classification
Review Area (CRA) and
collect preliminary
information. optional
Demonstrate subdivi
sionCs) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro
priate sUbdivision
overlap an ecologically
vital area?

• Yes, go to next step
• No, go to step 4

Response/comment

The CRA is defined by a
two-mile radius from the
proposed facility. No
eRA subdivision has been
performed.

No ecologically vital
areas are present in the
CRA.

4

5

Determine location of
welles) within the CRA.
or appropriate sub
division. Does the CRA
or appropriate sub
division contain welles) ,
used for drinking water?

• Yes, go to next step
• No, go to step 8

Inventory population
served by welles).
Does the welles) serve a
sUbstantial population?

• Yes, go to next step
• No, then the ground

water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER
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Yes, a municipal well
field exists north of the
proposed facility,
residential wells are also
present in the CRA.

Yes, the municipal well
field serves 75,000
persons.



Step

6

."."

7

Question/Direction

Unless proven otherwise,
the drinking water source
is assumed to be irre
placeable. optional R

perform irreplaceability
analysis. Is the source
of drinkinq water
irreplaceable?

• Yes, go to next step
• No, then the ground

water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

Perform VUlnerability
analysis. Is the CRA"or
appropri~te subdivision
a highly VUlnerable
hydrogeologic setting?

• Yes, then the ground
water is CLASS I 
IRREPLACEABLE SOURCE
OF DRINKING WATER

• No, then the ground
water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

Response/Comment

Yes, the drinking water
is assumed irreplaceable
under options A and B.
(Irreplaceability analysis
not performed).

Yes, the CRA is a highly
vulnerable hydrogeologic
setting under both
Options A andB.

FINAL CLASS DETERMINATION: CLASS I - IRRE~LACEABLE SOURCE OF
DRINKING WATER
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CASE STUDY S

Introduction

Case Study S relates to an ecologically vital habitat.
However, the Classification Review Area is subdivided such
that the ult!mate ground-water class determination beneath
the facility is Class lIB - Potential Source of Drinking
Water.

~reliminary Information with Respect to the
Classification Review Area

yeneral

A permit application is being submitted for a site
located along the Logan River (Figure Ca-l). The area is
generally undeveloped, with the exception of the city located
in the northwestern portion of the Classification Review
Area.

Geology/Hydrogeology

u.s. Geological survey reports indicate the Valley S~nd

aquifer is protected by the Green Formation, a predominantly.
clayey sediment unit which is known to be an unfractured,
laterally continuous aquitard. The upper Caldor :~ormation

aquifer (Figure CS-2) discharges to rivers in the region, ;~anei

leaks downward into the aquitard. Beneath the proposed site,
ground water from the Caldor aquifer moves away from the site
and discharges into the Logan River.

classification Review Area Subdivision (Interconnection)

It is known from existing studies that the river and its
tributaries serve as ground-water divides in the area, thUS,
creating three ground-water units which discharge to the
river bodies. E.ach system has been numbered as shown in
Figure CS-3. That portion of the Classification Review Area
containing the proposed facility (ground-water unit No.1)
does not discharge to the seqment of the river designated as
an endangered species critical habitat. As such, this ground
water unit is not highly interconnected to the waters of the
critical habitat.

well/Reservoir Survey

Based on state and local planning board records, no
municipal/residential wells or 'Water-supply reservoirs are
present in the Classification Review Area.
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FIGURE C8-1
BASE MAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE C8-2
GENERALIZED CROSS-SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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Demography

Based on u.s. Census Bureau information, approximately
20,000 persons live in the northwestern section of the
Classification Review Area. The remaining area is undevel
oped to date.

Ecologically vital Area

National Fish and Wildlife Federation records indicate
that the southernmost portion of the .Log~n River, within the
Classification' Review Area, is' designated as a critical
habitat for an endangered fish species. The location of this
habitat also serves as a ground-water discharge area for
ground-water units 2 and 3 (Figure C8-3). It should be
noted, however, that the proposed facility is· located such
that any potential pollutants leaching into the ground water
would enter ground-water unit No. 1 and eveptually discharge
to the Loqan River.
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FIGURE C8-3
MAP OF THE WATER TABLE AND GROUND-WATER UNITS

WITHIN THE CLASSIFICATION REVIEW AREA
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Referring to the Procedural Chart shown in Figure 4-1
and associated worksheet in Table 4-1, the qround water is
classified using the fo~owing steps:

step Question/Direction

1 . . Establish Classifica1:.i.on
Review Area (CRA)'and
collect preliminary
information. optional
Demonstrate subdivi
sion(s) of the CRA~

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro-'
priate sUbdivision .
overlap an ecologically
vital area?

Response/Comment

The CRA is defined by a
two-mile'radius from the
proposed facility and has
been subdivided into
three qround-water units
due to the presence of a
CJround~water divide.

While there is an 800
vital habitat within the
CRA, tne qround-water unit
being classified does not
discharge into it.

4

• Yes, go to next step
• No, go to step 4

Determine location of
welles) within the CRA
or appropriate sub
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

No water-supply wells are
present within the eRA.

• Yes, go to next step
• No, go to step 8

SA Determine location o~

reservoirs within the
eRA or appropriate sub
division.
Does the CRA Dr appro
priate sUbdivision
contain reservoirs
used for drinking water?

• Yes, go to next step
• No, go to step 9
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No water-supply reser~

voirs present in the
CRA.



10

step Question/Oirection

9 Determine yield from
ground water medium
(total depth across
CRA or app;:-opriate
sUbdivision). Can it
yield 150 gallons-per
day to a well?

• Yes, go to next step
• No, then the ground

water 1s CLASS IIIA
NOT A SOURCE OF
DRINKING WATER
(INSUFFICIENT YIELD)

Determine water-quality _
characteristics within
the CRA or appropriate
subdivision.
Is the water quality
greater than 10,000 mg/l
tootal dissolved solids
(TDS)?
(Note: If water quality
is unknown then this
question must be answered
no;)

Response/Comment

Yes, the ground water
.edium is presumed to
meet the sufficient yield
criterion.

No, water quality is
unknown.

11

· Yes, go to step 12
• No, go to next step

Are the ground waters so
contaminated as to be
untreatable?
(Note: If water quality
is unknown then this
question must be answered
no. )

• Yes, go to next step
• No, then the ground

water is CLASS IIB
POTENTIAL SOURCE OF
DRINKING WATER

No, water quality is
unknown.

FINAL CLASS DETERMINATION: CLASS lIB - POTENTIAL SOURCE OF
DRINKING WATER
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CASE STUDY 9

Introduction

The following case study is a permutation of Case Study
8 leading to a Class I - Ecologically Vital Classification.
Although the preliminary information remains the same, the
location of the endangered species habitat has changed (see
Figure C9-l). Relevant issues addressed in this case include
ecologically vital areas and vulnerabili~y.

Ecologically Vital Areas

The state Endangered Species Coordinator reports that
the banks of the Logan River provide wetland habitat for an
endangeredspec~es.. This area serves as a ground-water
discharge area for the Caldor Formation. (Figure C9-2).

vulnerability

A vulnerability analysis is the next step in the ground
water classification process upon determining that· an
endangered species habitat is present within the Classifica- .
tion Review Area and the habitat can be shown to be a
discharge area for the proposed activity. This is necessary
-in order to establish whether th~ area is. highly vulnerable
to ground-water contamination. (See Section 4.4 and Appendix
D for procedural information.)

Under Option A for determininq vulnerability, DRASTIC is
utilized with the following results'; .

CALDOR FORMATION Rating Weight Number

· Depth to water - 5 to 10 feet 9 5 45

· Net recharge - approximately
10-15 in/year 9 4 36

• Aquifer media - sand with
silt, clay, and lignite 7 3 21
Soil media - sandy loam 6 2 12

· Topography - less than 2% 10 1 10

· Impact of vadose zone media -
interbedded sand with silt,
clay and lignite 6 5 30

· Hydraulic conductivity -
highly permeable (approximately
.16 ft/sec) 10 3 .-22

DRASTIC Index (TOTAL) 164

A DRASTIC score of 150 or more constitutes a highly vulner
able hydrogeologic setting under option A.

,,.,



FIGURE C9-1
BASE MAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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FIGURE C9-2
GENERALIZED CROSS-SECTION OF THE HYDROGEOLOGY WITHIN THE CLASSIFICATION REVIEW AREA
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Under option B for determining vulnerability, two expert
hydrogeologists were consulted. These experts disaqree on
whether the hydrogeologic conditions present constitute a
"hiqhly vulnerable" setting as they have differinq pro
fessional opions regarding the hydrologic properties of the
aquifer media. This situation under option B was resolved by
makinq the conservative assumption that the setting is highly
vulnerable.
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Referring to the Procedural Chart shown in Figure. 4-1
and associated worksheet in Table 4-1, the ground water is
classified using the following steps:

'.

step Question/Direction

1 Establish Classification
Review Area (CRA)' and
collect preliminary
information. Optional
Demonstrate subdivi
sion(s) of the CRA.

2 Locate any ecologically
vital areas in the CRA.
Does the CRA or appro

. priate sUbdivision
overlap an ecologically
vital area?

• Yes, go to next step
• No, go to step 4·

3 perfo~ vulnerability
analysis. Is the CRA or
appropriate subdivision a
highly vUlnerable hydro~ .
geologic setting?

• Yes, then the ground
water is CLASS I'
ECOLOGICALLY VITAL

• No~ go to next step

Response/Comment

The CRA is defined by a
two-mile radius from the
proposed facility and has
been subdivided into
various shallow flow
systems due to the
presence of a ground-water
divide.

Yes, an ecologically vital
area is present in the
CRA.

Yes, under Option A,
a DRASTIC score of 150 or
more constitutes a
highly vulnerable setting~

Under option B,
differing expert pro
fessional opinions .
exist, therefore, it is
conservatively assumed
that the hydrogeologic
setting is highly
vulnerable.

FINAL CLASS DETERMINATION: CLASS I - ECOLOGICALLY VITAL
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CASE STUDY 10

Introduction

Case study 10 is another example of a CLASS IIA replace
able drinking-water source~ An analysis determined that the
ground-water supply was replaceable.

Preliminary Information with Respect to the
., Classification Review Area

General

A permit application is being submitted for a site which
. would overlie a highly transmissive aquifer, serving as the
major water-supply aquifer for the area. A two-mile Classi
fication Review Area (shown in Figure 10-1) was employed.

Geologv/Hydrogeology

Based on u.S. Geological Survey field work, the aquifer
is divided into two, approximately 50-foot thick, highly
interconnected zones (Figure CI0-2). The upper zone consists
of dense, sandy limestones and soft, fine-grained, quartz
sandstones. The lower zone· is made of hard, medium-grained,
quartz sandstones and sandy limestones which exhibit exten
sive dissolution features. Underlying the aquifer is a
limestone formation of low permeability.

Well/Reservoir survey

The Classification Review Area contains a well field
comprised of large-capacity wells that produce B million.
gallons-per-day for 75,000 area 'residents (Figure CIO-l).
The wells are screened in the lower sandy limestone formation'
where dissolution features have greatly enhanced aquifer
permeability.

No water.-supply reservoirs are present.

The above information was verified by the county public
health agency.

Demography

The Classification Review Area is well popUlated. Based
on U.S. Census Bureau information, an estimaced 75,000
persons live within the two-mile-wide radius. All persons,
as well as industries, utilize ground-water resources for
their drinking water supply. This site popUlation con
stitutes a substantial popUlation under irreplaceability
option A.
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· FIGURE CIO-l .
BASE "HAP ENCOMPASSING THE CLASSIFICATION REVIEW AREA
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Ecologically Vital Areas

No ecologically vital areas are present' within the
Classification Review Area'. . 'rhe state Endangered Species
Coordinator confirmed that the Classification Review Area
does .. not contain any ecoloqically vital areas or provide a
~abitat to any endangered.~pecies.

rrre~~~ceabilityAnalysis .

. ...:.. , .The" well/reservoir surVey in the Classification Review
Area.indicates a municipal well field producing 8 mqd and
serving 75,000 area residents and it i~ determined that the
substantial popUlation criterion· is met under both Opti6ns'A
and B~ Subsequently, a Class I, irreplaceability analysis is
perfo:r;med. .In .determining irreplaceability, the following
factor.s·. are addressed: .

:.~. 'Uncommon pipeline distance
'.': '::: comparable quality

,'" • Comparable quantity
. ' ...• Institutional constraints
.......:; .. ; .·Economic infeasibilit.y

The notion of uncommon pipeline distance creates a
manageable boundary within Which alternative water supplies
can be identified. According to Table 4-3, a distance of 100
miles would be appropriate in t~is case. Use of: surface- .
water resources' in the area is precluded' due 'to. tidal
influences requiring. desalination.' However, a review of
local geological report~, indicates the continuity.' of . lower
sandy limestones tapped by the existing municipal well field.
To the south, urbanization and 'aqriculture is limited indi
cating that production of the required volume of water may be
possible. An alternative well field could be located four
miles. south of the facility and five miles from the existing
water plant.

Local geoloqical reports inclUde extensive data on
ground-water quality, particularly for the lower sandy
limestone unit. Throuqhout the reqion, this unit is used as
a water-supply aquifer, and backqround water quality para
meters have limited variation. Elevated total dissolved
solids levels have been observed 15 miles to the southeast.
However, as far as five miles south, the '1'05 levels average
less 'than 100 mg/l, only 25 mq/l hiqher than the existinq
municipal wells to the north. As a reSUlt, water quality is
anticipated to be of comparable quality to the existing
source, and treatment in addition to that received by the
existinq source will not be required.
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Although water-quality data is well characterized, the
quantity of water that can be produced or the aquifer I s
sustainable yield is notspecically known in the proposed
area. However" data from a local USGS observation well
indicates fairly constant water levels in the proposed area.
The data als() indicates the sandy limestone formation to be
slightly thicker near the USGS observation well than in the
vicinity of the municipal well' field. Additionally, the
composition of the sandy limestone formation in each arsa is
similar. In this region, aquifer transmissivities correlate
closely with thickness, indicating fairly homogeneous
permeability of materials. Although a pump test was not
conducted, productivity would appear to be between 7 and 12
mgd, and should be adequate to replace the existing source.

Planning and zoninq maps and tax maps indicate that
lands in the proposed area are privately owned and are Zoned
for agriCUlture. Also, no other supply wells are recorded
within' a 3-mile radius of the proposed alternative supply.
As a reSUlt, it 1s likely that an ade~ate property could be
acquired to establish the new well field. The easement
required for the 5-mile pipeline should also not represent a
constraint as a power utility easement already exists between
the two points.

The final step in evaluating the alternative supply. ,is
to determine if the additional cost of water-supply develop
ment and delivery would be economically infeasible. to the
community. The additional cost to be borne would include(

• Land aquisition
• Well-field development
• Pipeline construction

According to the local economic development agency, the
average cost of agricultural land in the area is $2500/acre,
resulting in a cost of $50,000 for a 20-acre property
suitable for a well field. In order to develop 8 mgd, four
lOa-foot deep, 16-inch wells are required, inclUding high
capacity pumps and testinq. This system would, cost about
$500;000 according to cost information provided by the
municipality from construction of the existing system. The
lo-year old cost data was escalated using appropriate
construction cost indices. Operation and maintenance costs
for the well field were also .provided and average $200,000/
year, mainly for power and well maintenance. Construction
costs for a five-mile, 30-inch diameter pipeline. was esti-

. mated from previous sewerage transmission lines constructed
in the area. A local engineering firm constructed the line
and indicated the cost at approximately $30/foot or about
$750,000. As the power utility is providing the easement for
no charqe, this is the total capital cost. operation and
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maintenance _of the line is estimated at an annual cost of
$100,000. Other cost components such as the water plant,
distribution lines and treatment facility will not require
replacement.

In order to compute the total annual cost of the new
water-supply components, capital costs are annualized as
indicated in Section 4.3 or in Appendix E.

To~al' Capital Cost ($1,300,000) x
-- _: Anuualization Factor (.1) - .

Annualized Capital Cost ($130,000)
/~": ".

The annualized capital cost of $130,000 is added to the
$300,000 in operation and maintenance costs resulting in an
averaqe annual ~ost of $430,000 as the incremental increase
in water-supply· cost. This fiqure expressed on a per
household basis results in $15 per household (e.g., 75,000
people/2 •7 people/household - 28, 000) • Using option A for
assessing irreplaceability, the fiqure of $15 is compared to
the average annual household income for the state. Average
household income for the state is $20,000 according to the
1980 census figures. As $15 is less than 1 percent -of that _
figure ($200), the ground water is considered replaceable and
not Class I under option A.

Vnder option a, expert socioeconomists in the area were
consulted-. These experts agree that the cost of replacing
the grou:1d water does not exceed the c02Dll1unity , s abil!ty to
pay. Thus, under option B, as under Option A, the ground_
water would be considered replaceable and not Class I.
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Referring to the Procedural Guide shown in Figure 4-1
and associated worksheet in Table 4-1, the ground water is
classified using the following steps:

,

I, ,,

step Question/Direction

1 Establish Cl~;sification

Review Area (CRA) and
collect preliminary .
information. Optional
Demonstrate subdivi
sion{s) of the CRA.

2 Locate any ecologically
vital areas'in the CRA.
Does the CRAor appro-.
priate subdivision
overlap a~ ecologically
vital area?

Response/Comment

The CRA is defined by a
two-mile radius from the
proposed facility. No
CRA'subdivision has been

.performed.

No ecologically vital
areas are present in the .
CRA.

4

5

• Yes, go to next step
• No, go to Step 4

Determine location of
welles)' within the CRA
or appropriate sub
division~ Does the CRA
or appropriate sub
division contain welles)
used for drinking water?

• Yes, go to next Step
• No, go to Step .~

Inventory population
served by welles).
Does the welles) serve a
substantial population?

• Yes, go to next step
• No, then the ground

water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER
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Yes, a well field com
prised of large-capacity
wells that provide 8 mgd,
for 75,000 area residents
is present in the CRA.

Yes, drinking-water wells
within the CRA serve a
papUlation of 75,000.
Under option A, the·
population served exceeds
the 2500-person threshold.

Under option B, the
population served is
considered substantial
given the demographics of
the region.
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step Question/Direction Response/Comment

6

to' '.

Unless proven otherwise,
.. the drinking water source

. is assumed to be irre-
.: placeable. Optional

perform irreplaceability
analysis. Is the source
of drinking water
irreplaceable?

Yes, go to next step
No, then the ground
water is CLASS IIA
CURRENT SOURCE OF
DRINKING WATER

No, under Option A, the
ground water is con
sidered replaceable.
Under Option B, the
ground water is con
sidered replaceable.

FINAL CLASS DETERMINATION: CLASS IIA-CURRENT SOURCE OF
DRINKING WATER
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CASE STUDY 11

Introduction

This case study details the problems associated with
karst hydrogeology and the need for an expanded Classifica
tion-Review Area. The hypothetical facility setting is first
examined using the standard two-mile Classification Review
Area and second using an expanded review a):"ea to demonstrate
the disparity of results and limitations of a two-mile radius
to this particular setting.

Preliminary InfOrmation with Respect
to the Classification Reyiew Area

General

A permit application is being submitted for a site
located· in Central Kentucky near the Little Blue River.
Planning and zoning maps indicate land _use in the area is
primarily rural farmland. Several population centers exist
at distances greater than two miles which are served solely
by ground water. -

Regional Physiography/Geology

The area under consideration is within the Central
Kentucky Karst terrain which is _characterized - by sinkholes,
infrequent streams and an integrated system of subsurface
drainage cond·uits within a carbonate bedrock complex.
Directly west of the facility, streams drain an upland area,
flowing eastward to the sinkhole plain. At the plain, the
streams intersect sinkholes and surface water is diverted to
the underground networ~ of ·solution conduits within the karst
bedrock. This zone where surface water is re-routed to the
sUbsurface represents the termination of the eastwardly
extent of the more resistant sandstone formation overlying
limestone and .dolomites. without the resistant sandstone,
surface water has reworked the carbonate bedrock into a
network of vertical and -horizontal solution cavities and
conduits that drain the sinkhole plain eastward to the Little
Blue River (Figure Cll-l).

Hydrogeology

Thehydraullc characteristics of a karst aquifer are .far
different from the Oarcian principles of flow· through a
granular media. Instead, ground-water circulation occurs
through a system of conduits having a variety of shapes and
capacities. The spatial position and relationship of these
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conduits and the temporal hydraulic heads within the voids
'determine the geometry of ground-water flow paths. Regional
investigations including dye tracer tests, field mappinq,
exploratory drillinq, spelunkinq, and geochemical recon
naissance samplinq have been performed by county hydro
geologists. The flow system is characterized as dynamic and
undergoes maj or changes depending upon the magnitude of a
precipitation recharge event. Extending our view eastward
past the two-mile Classification Review Area radius t.o the
Little' Blue River during two distinct precipitation/recharge
events will help in understanding the intricacies of karst
groundwater circulation (Figure Cll-l).

.' .'
. :. During periods of low flow (little or no precipitation),

surface-water recharges the oarbonate aquifer at the sinkhole
plain' and travels through a series of solution cavities to
the ground-water Basin B trunk 'conduit (Figure Cll-2 and
Figure Cll-3). . Under these conditions, each ground-water
basin hydraul ically operates as a separate entity. The
.general directlonof flow in Basi-n B (although tortuous) is
directly toward the Little Blue River.

During peak rainfall events, recharge to the aquifer via ..
sinkholes and swallets causes ground-water levels within the
Basin B trunk conduit to increase to the point where upper
cavity transverse conduits are intersected and ground-wate.r
migrates into the trunk conduits of Basins A and C.. This
process is termed "ground-water piracy". The consequenc:e. of
this process can be' severe. In the example setting, a
substantial population within Basin C is served by, qround
water from·the trunk conduit. During high intensity recharge
events, ground water from Basin B which could potentially
contain contaminants from the proposed facility will travel
to all three ground-water basins. In effect, disposal
activities in one distinct basin could potentially affect
both the substantial population and the- ecologically vital
area.

Well Survey

Within the two-mile Classification Review Area radius,
several domestic wells exist on the sinkhole plain as well as
domestic spring houses along the sandstone upland region.
Within the expanded review area there is a small city that
relies on ground water taken from a cave stream.
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FIGURE Cll-l
FEATURES OF THE EXAMPLE KARST. SETTING
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FIGURE Cll-3
'EXAMPLE OF OVERFLOW ACROSS GROUND-WATER BASINS
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Demography

Several small cities exist nearby but do not fall within
the' two-mile Classification Review Area. Two popUlation
centers. each having popUlations around 3500 to 4000 individ
uals .. are. found within the expanded review area.. Rural
residents in the two-mile Classification Review Area number
approximately ~oo. The popUlation is small enough, however,
not to involve the issue of substantial popUlation.

Ecologically Vital Areas

The two-mile Classification Review Area does not
encompass any Federal lands designated for ecological
.protection or ecologically vital areas. To the northeast,
within the expanded review area and along the Little Blue
River, several cave streams have been designated as critical
habitats for a rare and endangered aquatic species.· Given
that the cave stream is a discharge area for ground water,

. this habitat qualifies as~an ecologically vital area. .

VUlnerability to contamination

Under ~ption A for assessing VUlnerability, the DRASTIC
methodology yields the following results (averaged over the
review area):

Range Rating

Depth to Water 30-50 5
Net Recharge 10+ 9
Aquifer Media Karst 10

limestone
Soil Media Thin to absent 10
Topography 6-12 5
Vadose Zone Media . Karst 10

limestone
Hydraulic

2000+. Conductivity 10

Weight NUmber

5 25
4 36
3 30

2 20
1 5
5 50

DRASTIC Index (TOTAL) 196

A DRASTIC Index of 196, exceeds the 150 criterion and,
therefore, the area is determined to be highly vulnerable to
contamination under option A.

-Under option B for assessing vulnerability, exPert
hydroqeologists in the area were consulted. Given the
substantial lack of soil media and the high permeability of
the aquifer, these experts aqreethat the area is "highly
vulnerable." .
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Classification Based on Two-Mile
Classification Review Area

Referring to the procedural chart shown in Figure 4-1
and the associated worksheet in Table 4-1, the following
classification was performed using a two-mile Classification
Review Area as shown in Figure Cll-4.

Step Question/Direction Response/Comment

1

2

4

5

Establish Classification
Review Area (CRA) and
collect preliminary
information. Optional
Demonstrate subdivi
sion(s) of the CRA.

Locate any ecologically
vital areas in the eRA.
Does th~ CRA or appro
p~iate subdivision
overlap an ecologically
vital area?

• Y·~s, go to next step
.N~, go to Step 4

Determine location of
well(s) within the CRA
or appropriate sub- .
division. Does the CRA
or appropriate sub
division contain welles)
used for drinking wateri

• Yes, go to next Step
• No, go to Step 8

Inventory popUlation
served by welles).
Does the welles) serve a
SUbstantial popUlation?

• Yes, go to next step
• No. then the ground

water is CLASS IIA
CURRENT SOURCE OF

. DRINKING WATER

The CRA is defined by a
two-mile radius from the
proposed facility: No
CRA subdivision has been
.performed.

No ecologically vital
areas are present in the
two-mile CRA.

Yes, several domestic
wells exist on the sink
hole plain as well-as .
domestic spring houses
along the sandstone
upland region.

No substantial popUlations
are present in the CRA as
determined by Option A.

,.

I

FINAL CLASS DETERMINATION: CLASS IIA-CURRENT SOURCE OF
DRINKING WATER
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FIGURE Cll-4
BASE MAP ENCOMPASSING THE TWO-MILE CLASSIFICATION REVIEW AREA
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Classification Based on Expanded
Classification Review Area

The expanded Classifieation Review Area is shown in
Fiqure Cll~S. The following work sheet explains the classi
fication deeisions. Note that Figure Cll-S does not show the
loeation of the· cave stream network nor the location of
ground-water basin divides as at-.own in Figure ell-l. In the
·majority of Karst areas, this information will not be known.

·Secause this karst setting is composed of carbonate
rocks having a well developed system of enlarged solution
openings an expanded Classification Review Area is allowed.
It will be .assumed t.hat the t.rue locat.ion of ground-water·
basins and karst streams is not. known. The dimensions of t.he
expanded review area are t.hen determined by the dist.ance to
t.he neatest spring-fed perennial stream: in t.his case the
Lit.tle Blue River. The topographic high bet.ween the Little
Blue River and t.he next at.ream to the east is further east of

-the facility. Therefore, it. can be assumed under t.he rules
of Classification Review Area expansion that ground water
beneath the facility will move toward the Little Blue River.
The expanded review area is shown_in Figure ell-So
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FIGURE Cl1-5
BASE MAP ENCOMPASSING THE EXPANDED CLASSIFICATION REVIEW AREA
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step Question/Direction Response/Comment

1

2

3

Establish Classification
Review Area (CRA) and
collect 'preliminary
information. Optional
Demonstrate sUbdivi
sion(s) of the CRA.

Locate any ecologically
vital areas in the CRA.
Does the CRA or appro
priatesubdivision
overlap an ecologically
vital area?

• Yes, go to next step
• No, go to step 4

Perform vulnerability
analysis. Is the CRA or
appropriate subdivision
a highly VUlnerable
hydrogeologic setting?

• Yes, then the ground
water is CLASS 1
ECOLOGICALLY VITAL

• No, go to next step

The CRA has been expanded
because of the karst
setting. No eRA sub
division has been
performed.

Yes, ecologically vital
areas are present in the
CRA. .

Yes, under Options A and ..
B, the expanded CRA is.. a· .
vulnerable hydrogeologic
setting.

l
1

FINAL CLASS DETERMINATION: CLASS I-ECOLOGICALLY VITAL

No~e: It is possible that the 'ground water may also be an
irreplaceable source of drinking water, however, there was no
need to perform an irreplaceability analysis because th~

ground water qualified as Class I under the ecological vital
criteria.
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APPENDIX E

BACKG..ROUND DATA:
CLASS I AND CLASS III ISSUES
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E.l Requirements and Sources of Water-Use Data

The first step in determining whether a substantial
population is affected is to identify ground waters in the
Classification Review. Area (CRA) serving as drinking water
sources. It will be necessary to determine whether these are
the sources of local town or city drinking water, and' to
distinguish between centralized public water systems and
decentralized private wells.

If the ground water feeds public supplies, the following
determinations should be made:

Locations of wells for public water supply;

Well d~pths and pumping rates, if available;

Areas serviced by pUblic water mains from the source
being classified; . .

Whether the ground water is the only source for the
population it supplies;

Percentage of wateroriglnating in the Classification
Review Area used for household purposes (factoring
out industrial and irrigation uses):

Number of households supplied by pUblic system (data
are likely to be reported in ,this form); and

Number of persons per household for the area, as
reported by the Census Bureau, to determine the
population supplied by the public.system.

The first step in obtaining this information is to
contact local and state organizations with responsibility for
maintaining records of drinking water supplies and usage for
the area. These agencies inclUde:

Federal/state/local geological surveys;
State/local health departments;
State/local water departments;
Local water treatment facility;
Local water utility~

state department of natural resources; and
state department of energy.

One or more of these organizations should maintain
accurate records of pUblic water usage, most likely in terms
of the number of households or hookUps supplied by the pUblic
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system., This number may be translated into an estimate of
the population served by using the number of .persons per
household reported by county in 1980 Census of Population
state summaries (see detailed references). Water used for
industry or irriqation need to be disaggregated so that only
drinking water usage is included. "

Where, public water sources do not supply the' residents
within the a~fected area, detailed information on priyate'
wells will be needed'. The same agencies mentioned above may
also have information on private' wells. Private sector
organizations that may have useful information inclUde water

. companies and well-dril.ling firms. .' '

E.2 Use of GEMS System for Estimating Well pensity

One meaJ1.s· of estimating private well usage in areas
where no local information on private wells is available, is
to use population data for the area of interest availabte
through the. Graphical ,.Exposure Modeling System (GEMS)

- maintained by EPA's Office of Toxic Substances, or, a private.
census data service (see list of organizations registered
.with the Natlonal Clearinghouse for Census Data Services in,
Appendix E).

Information on the GEMS system is available from EPA's,
OTS modeling team. Using th,8 GEMS Census Data (CD) pro~

cedure, it is possible t'o retrieve population and housing
count data from the 1980 Census for circular areas around a ,
point, which ican be desiqnated usinq latitude and lonqitude
coordinates or the ZIP code of the location. The system"
provides info~ation'withindefined concentric rings ranqing
from 0.1 to 10,OOOkm in radii. It is necessary to supply the
number of sectors into which the rings are divided; the·
procedure allows from I' to 16., Sectors are numbered ,clock
wise with the first sector 'centered at zero degrees (the,
north compass point direction). The program tabulates total
popUlation and housing counts by ring distance and sector. A
simple mathematic conversion can be used to transform the
popUlation counts into density.

The manner in which pqpulation data are recorded by the
Bureau of th,e Census and reported by GEMS can result in,
reports of no popUlation for some areas Where people are
living. This information J can be verified or corrected by
conSUlting local Officials. It is unlikely that SUch areas
would satisfy the densely settled test, however.
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E.3 Densely Settled criterion

If private wells in the CRA are found to serve at least
2,500 people, the densely settled criterion will be met if
the CRA is part of a census-desiqnated densely settled area.
If it is con~ained in an Urbanized Area as described by the
Census Bureau, the population is by definition densely
settled unless it can be shown to meet any of the exceptions
described under the definition of a densely settled area.
Census Designated Places (COP's) also by definition. are
densely settled. These are unincorporateci places with a
population density of at least 1,000 persons per square mile.
They are. outlined. on Census. tract maps for metropolitan
areas, on block numbering area maps in nonmetropolitan areas
of less than 10,000 people (see Appendix F).

Key terms used by the Census Bureau as follows:

Metropolitan statistical area (MSA): (a) a city of
at least 50,000 popUlation, or (b) a Census Bureau
defined urbanized area of at least 50,000 with a
total metropolitan population of at least 100,000
(75,000 in New England) • There are 277 MSAs (as of:
June 30, 1984). Every state has at least one MSA.

Urbanized area (VA): a popUlation concentration of
50,000 or more, generally 'consisting of a central
city together with its surrounding densely settled
contiguous territory or "suburbs" (the urban fringe).
There are about 420 UA's.

Urban place: any population living within urbanized
areas; or places of 2,500 or more people outside
urbanized areas.

Densely settled area: not an official statistical
division, but used by the Census Bureau to. indicate
an area with a popUlation density of at least 1,000
persons per square mile within an urbanized area or
Census Designated Place (CDP).

Urbanized Areas may include areas which do not qualify
as densely settled, (e.g., less than 1,000 persons per square
mile) but are included within such geographic boundaries
because they either:

Eliminate enclaves of less than five sq\1are miles
which are surrounded by built-up areas.
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Close indentations in the boundaries of densely
settled areas that are no more than one mile across
the open end and encompasses no more than five square
miles.

Link outlying areas of qualifying density'" provided
that the outlying, areas are:

(a) Connected by road to, ~nd are not more 'than 1-1/2
miles from, the main,b~dy of the urbanized area.

(b) Separated'. from ,the main body of the urbanized
area by. water or other undevelopable area, are
connected by road 'to the main body of the
urbanized area, and are not more than five miles
from,t~e main body of the urbanized area.

• Are nonresidential urban areas (e.g.,
parks, office areas, or major airports),
at least one~quarter of their boundaries
to an urbanized area. '

industrial
which have
contiquous

,MSA's and their components are listed in the 1980 Census
of' popUlation - Su.ppleinentary Report; Metropol i tan .Statis~
tical Areas and are mapped on state MSA outlin~maps"

Urbanized area (UA) outline maps are generally contained
within MSA publications. '

E.4 General Background Information on Institutional Con
straints

Institutional constraints on the availability of water
can arise from at Ieast six general sources. Each of these'
is discussed below.

E.4.1 State Law

state law creates basic rights to the ,withdrawal
and use of surface and ground water. For example, state law
may regulate' the rights to or ownership of water, the
withdrawal, uses and allocation of water, conjunctive use of
surface and ground water, protection of instream users, and
measures required to protect ground water. The law inmost
states, however, does not create a right to unlimited amounts
of water, and may restrict where the water may be used (U.S.
EPA, 1985; Council of State Governments, 1983). The states
have created different methods for establishing rights to
water and resolving conflicts over rights to withdraw and use
water. There are three major systems of regulation of water
withdrawal' and use;
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The Eastern (common law) doctrine, used in about 37
states, provides that ownership of land carries with
it a right to water in adjacent lakes or watercourses
(a riparian right) and to water beneath the land.
The use of t.he water, however, may be restricted.
Under the absolute use doctrine it is possible for a
landowner to withdraw unlimited amounts of water,
without. liability for damage to other landowners, and
to t.ransport the water .)ff the land. Under the
reasonable use doctrine it is possible to withdraw an
amount of water necessary for t.he use or enjoyment of
the overlying land, but the water may not be tran-

. sported away from that land. Under the correlative
rights doctrine, the right to withdraw ground water
is based on the relationship bet.ween the size of the
aquifer ·and the area of the overlying land. .

The Western (appropriation) doctrine, used in about
13 states, provides that water is a public resource,
and rights to water may be acquired by actual use.
Conflicts- in priority of use are ordinarily settled
by the principle of "first in time, first in right."
Hierarchies of use, however, may also be established•.. . . . .

Permit systems, used in about 31 states, may be used
in conjunction with the common law or appropriation
doctrines, and may be appli.ed to surface and/or to
ground water. Rights to w~ter under a permit system
are acquired by application to a requlatory author
ity. If the authority deter1nines that no superior
claim exists to the water, it records the claim,
issues a permit for use, and polices the actual use.
Permit systems may co-exist with other forms of water
requlation, such as designated ground-water protec
tion zones or management areas. Many permit systems
specify priorities for different types of uses of
water (beneficial uses), generally making domestic
use, such as drinking water, the highest beneficial
use and making other uses, such as c01lUllercial or
industrial use. and .;rrigation, lower beneficial uses.

Conflicts among users, or prospective users, of water
are resolved by most states in three ways: the conflict may
be decided by the administrative organization that ad
ministers the water rights system in the state, particularly
if water use permits are required; special organizations may
be created to resolve water disputes: and the state or local
courts may resolve disputes. state law in certain circum
stances may allow the use of eminent domain powers to shift



water from one use to another, or to allow physical access to
water, and state law may qrant the use of eminent domain to
the Federal government for certain purposes. Frequently,
when insufficient water exists for all claimed uses, lower
beneficial uses may give way to higher beneficial uses.

Some states have attempted by law to restrict or
preclude the export of water to users in other states, either
by requiring legislative approval of water exPorts, by
requiring reciprocity agreements with the states receiving
the water, or by absolute prohibitions. All of these forms
of restri~tion have recently been subject to legal challenge •

. A nUlllber of states, partiCUlarly in the West, desiqnate
ground-water protection zones or management areas, and seek
·to- coordinate surface and ground-water use (conjunctive
management) •. Measures of conjunctive management may inclUde
restrictions on pumping ground· water, requirements for
aquifer recharge, and well spacing requirements. Some states
(e.g. " Texas, Nebraska-) delegate aquifer protection authority
to local administrative bodies.

'. ·E •4 • 2 Federal Law

As a user of water, the Fed.eral "government generally
defers to state regulation of water. Federal laws often
pertain to Federal and Indian reserved rights to water and
Federal activities affecting water. In common law states,
Federal rights to water are linked ~o ownership or control of
land. In prior appropriation and permit states, Federal
agencies (e.g., the Bureau of "Reclamation) reqister claims to
water. The Federal government may,howeve~, have special
access to water in certain circumstances.· statutes (e.g.,
the Oia. and Gas Well Conversion Act) or executive orders
(e.g., the "Executive Order of April 17, 1926) may reserve
water rights on Federal pUblic lands for particular purposes.

For certain categories of Federal lands withdrawn from
the pUb1ic domain" and reserved for such uses as national
forests, wildlife refuges, and parks, Federal reserved rights
doctrine can provide access to water irrespective of state
law. The courts" have created this doctrine, which" holds
generally that" reservation of public domain lands for a
partiCUlar purpose carries with it an implied reservation of
SUfficient water to satisfy the purposes for which the land
was" reserved. The right is not ereated by use or lost
through non-use. Therefore, in certain circumstances, even
if the water is being used by another person, the Federal
government can obtain water for its own use. The purpose of
the water is determined as of the time the land reservation
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was created, and the reserved right is limited to that
purpose. (For example, if the reservation was created to
provide agricultural land, reserved rights to irrigation
water may exist, but there are no reserved rights to water
for industrial purposes.)

An Indian reserved right, similar to the Federal
re'served right, has also been created by the courts. . This
doctrine is apparently based on the presumption that in
creating an Indian reservation the President and/or Congress
intended to reserve SUfficient water for the use of the land.
Indians may ;hold superior rights to water connected with
reservation lands. Apparently, such rights may be 'sold,
although it is unclear whether only the am.ount of water
actually being used or the entire potential right may be
transferred. .'In addition to reserved rights, in a 'few
instances Indians also hold special water rights based .. on
treaties (e.g., Treaty of Guadalupe Hidalgo).

Federal water resource agencies, such as the Corps of
Engineers, the Bureau of Reclamation, and the Soil Conser
vation service, as well as such Federally-chartered agencies
as the Tennessee Valley Authority and the Bonneville PQwer
Authority, can affect water availability, either throuqhthe
water rights that they hold or through their decisions
concerning water management (Congressional BUdget .'. Office,
1983). Numerous other Federal agencies and laws can affect
water resource decisions indirectly. Examples of . sUI:h
agencies or laws include the Forest Service and Bureau of
Land Management (right-of-way decisions), the Fish and
Wildlife Service (requirements under the Fish and Wildlife
Coordination Act), the National Environmental Policy Act
(Environmental Impact Assessment requirements), Clean Water·
Act (dredge and fill p.ermit requirements) and the Wild and
Scenic Rivers Act and National Wilderness Preservation
requirements. .

£.4.3 Interstate Compacts

Conflicts among two "'or more states or the Federal
government concerning rights to water in streams generally
are resolved either through interstate compacts or through
litigation (Clyde, 1982, 1984; Schwartz, 19851 Sporhase vs.
Nebraska, 1984). The result in either case is usually a
decision allocating the in-stream flow among the states
claiming the water. In a few cases, ground water has also
been allocat~d among states by interstate compact;. or court
decision.
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E.4.5 Treaties and International Laws

Treaties 'between the United states and its neighbors,
Mexico and Canada, allocate the waters of rivers flowing
between the countries. The 1944 Treaty of Utilization of the
Waters of the Colorado and Tijuana Rivers and the Rio
Grande, for example, apportions the waters of those, rivers
between the 'two countries and creates an International
Boundary and Water commissio~,(IBWC) to apply the' treaty and
settle disputes. Although ground water use is not fUlly
coyered by th~ treaty, the Inwc has attempted to address the
manaqement of international' ground-water resources. .

" In 'addition to treaties siqned by ~he United states,
certain international law, proposals beinq developed by the
United Nation's and the International Law Association may
sometime in t~e'futur~ establish qeneral p~inciples for the
allocation of ground and surface waters between two coun
tries.

E.4.6 Property Law

State law governs the ,ownership and use of land. . In
partiCUlar, "property ~aw" affects physical 'access to water
supplies throuqh %;'estrictions on rights'of way and easeJDents,
or defininq powers of eminent domain. State and lcoal law
generally regulates land use and access to land by persons
who are not landowners. Access to water, inclUding the
location of pipes, storaqe, pumping, treatment,' and other
facilities can be delayed or restricted by .the property
rights of persons whose land must be crossed or used for such
facilities. Special procedures, such as easements, eminent
domain, and c9ndemnation may be required to obtain necessary
rights-of-way. Special pr9cedures vary from state to state.

E.5 Irreplaceability: The Annualization Factor

An annualization factor may be used in comparing
economic feasibility in the irreplaceability test. The
annualization factor (AF) ,'- also known as areal capital
carrying charge, is qiven by: '

AF a r
l-l/(l+r)n

where r a real interest rate
n = life expectancy of capital equipment·

The annualization factor is derived to obtain equal annual
payments of capital costs in constant dollars (1.e., adjusted
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for inflation). This annualization factor is equivalent to
the formula used to obtain a total of n equal annual payment
for a fixed mortgage in real dollars, where r is the real
interest rate for the mortgage.

o The choice of real interest rates depends on the costs
of available financing tor water supply alternatives. The
U.S. Office of Management and Budget (OMB) recommends that a
ten percent (10%) real interest rate be used to discount
capital costs in the analysis of regulatory options.
Therefore, an interest rate of ten percent can be used to
derive annualization factors. Alternatively, real interest
rates on tax exempt bonds used to fund water projects can be
used in the analysis.

Municipal i ties and local governments can rely on tax
exempt bonds to finance their water supply projects.
According to Standard & Poorls, the average nominal interest
rate on tax exempt bonds was 9.0% in May 1995. The yield on
individual bonds W9uld 0 depend on the bond rating. Real
interest rates on tax-exempt bonds can be derived from
nominal rates (i) by the following formula:

r = 1 - 1 + i
1 + e

where: r = teal interest rate
i =.nominal interest rate
°e = expected rate of inflation

Assuming an expected rate of inflation of 4 percent

r = 1+.0908 - 1
1+.04

::I 1. 049 - 1
::I .049 - .05 or 5 percent

Annualization factors are calculated here for both 5 and 10
percent real interest rates.

Dereivation of the annualization factor (AF) is affected
by the expected llfe of the capital equipment (n). The
appropriate life-expectancy value to be used depends upon
many factors, including the type and complexity of equipment
and annual operating and maintenance schedules. Typically, a
value of 30 years is a reasonable life expectancy for a water
treatment . plant involving conventional techniques such as
sand filtration, flocculation and precipitation, and chlor-
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(1)
(2)
(3 )

ination. Other, simpler systems may remain operational for
longer periods and certain components (such as valves,
montioring equipment, or motors) may not last 30 years.
capital,costs can be annualized by three single steps:

Estimte capital costs
Estimate annualization factor
MUltiply capital costs time annualization factor to
obtain annualized costs.

Table E-l provides three annualization factors 'that
incorporate alternative assumptions for life expectancy of
the capital equipment, assuming a real interest rate of five
and ten percent, ,respectively. The values from the table
above can be used directly to annualize capital costs.' 'After
capital costs are annualized, they should be added to annual
O&M costs to obtain the total annual costs.

, The procedure for annualizinq capital costs can best be
illustrated by a numerical example:

-
Assume capital Costs

Real interest,rate
Life expectancy of

capital equipment

Then
AF = r

1-1/(1+r)n

a:a .10 =
1-1/(1+.1)30

= .L1.Q... = .106
.943

lIS $1,200,000
lID 10% or .10

... 30'years

.10
1-1/17.449

Annaulized, Capital Costs • Capital Costs x AF
= $1,200,000 x .106
• $127,200

E.6 Water Costs vs. Water ~ates

Ground-water classification for Class I - Irreplaceable
would normally require an assessment of the economic costs of
an alternative water supply under both the qualitative and
quantitative approaches for jUdging irreplaceability. The
discussion in this section indicates that'rates changed by a
water supply utility may not reflect economic ,costs for
various reasons. This implies that when the feasibility
determination is not clear-cut and when SUfficiently detailed



TABLE E-1
ANNUALIZATION FACTORS

AF
n (Annualization Factor)

(Life Expectancy of
Capital Equipment) r = .10 r = .05

.' -

15 .131 .096
30 .106 .065
40 .102 .058



cost accounts are available from the utility, these should be
used in preference to the rate schedules to estimate costs.

The economic cost of the water supply may differ from
thecha~ges made to the community'by the utility for a nUmber
of' reasons. The utility may not set rates on the basis of
economic costs 'of supply, or the utility may not face the
true economic costs., Rates and fees may be set with' refer
ence to the average costs' of", the utility, whereas the
',epon9~i:c costs of' add:i.tio~al water supply capacity are the
marginal (or incremental) costs 'of this capacity. "Secondly,
the utility may charge different rates to different types of
,us~rS'::in, such a way that:' one type, of user (e.q.', industrial.
use;:t?t; '.'imp,licitly subsides other t~es. of users" (e~g'~ ,
households)'. Th~ concepts'~re, illustrat~d in examples below.

'" Consider a hypothetical system that serves' 10,000
households.' It has annual O&M costs of $500,000 and,'annual
ized ~apital expenses of $500,000 (including an allowance'for~
~l) ,a,!=ceptable return on capital). " Therefore the total annyal,
~~penses of'the system are $1,000,000. The utility charges
'all ho~seholds served by the system, the same flat,: rate of
$~OO,:'.Iper annum to recover costs" and' capital charges, of
'$1',0,00; QOO,. Suppose that, the, system is eXpanded to,. serve 100
.a'9di-;~onal users;", -O&M, costs --,increase 't'o $6~,000',., capital
:cl,1~~'g~s" incre~se, to' $600,0,00 •., 'The 'on~tinie costs' of' co~nect
ing" 1;h.~ new users' of $100,,000 are ,recov:ered immediately, by
charqing each' add,!tiona:. user. a, connection fee of $100. 'The"
utility re-computes rates of 11,000 users' based on' total
cost!jS and capital charges of $1,2000,000, and so charges each
user $109.Q9 ($1,200,000 divided by 11,000). The charges to
the, new users are the total connection fee' of $100 i 000 plus
$109,000 annually (1,000 mUltiplied by $109.09) for a total:
of' $119,090. However the true costs to the system of' the
additional users is $109,000 connection c6sts plus $200,000
annually ($1,309,000 minus $1,000,000) for a total of
,$309,000. Therefore the x-atesand fee charged tot he new
users understate the true economic costs. The converse is
also possible; marginal cost~ may be lower than average costs
so the charges to new users may exceed the true economic,
costs.

consider a system serving 10 industrial users and 1000
households. Total system costs are $1,000,000 per annum.
The system supplies supplies 200,000,000 gallons annually.
Each household uses an average of 100,000 gallons per annum
and each industrial user takes 1,000,000 gallons per annum.
The utility charges industrial users of 0.75 cents per
gallon, raising annual revenue of $75,000, and charges
households a flat rateo~$25 per 'annum, raising a further
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$25,000. ~otal revenues are $100,000 which covers the cost
of the system. Household users are charged, an average of
0.25 cents per gallon, and so are' implicitly subsized by
industrial users. Economic costs of the system are 0 •50
cents per gallon, which exceeds the implicit per-gallon
charge to household, and is less than the per-gallon charge
to industrial users. " '

A further general, reason thl1t utility rates may not
reflect economic costs is that the utility does not face the
full economic costs of the ~ystem. ' This can arise if the
utility's capital expenditure 1s subsidized by grants and
loans from state or Federal agencies, or by preferential tax
treatment'. '!'his introduces a further potential' source of
difference between rates and econom~c costs. '

In cases ,where cost 'accounts are not available, the
financial' accounts of the utility should provide some
information that may be used to adjust rate schedUles to more
closely reflect economic oosts. For example, capital grants
for construction received by the utility from state and
Federal funds will be shown on the balance sheet. This can
be compared with total plant costs (the book value o~ ~~ese
fixed assets)' ,to find', the proportion of capital costs" borne
by,the utility. "Suppose 50 percent of the capital costs are
paid for by qrants ~nd 50 percent by'the utility. Annualized
capital expe~ses are 60 percent" of total operating expens,es.
In this case, the utility is effec"tively subsidized for 30
percent of" total operating expenses. In ,this case,thEj,!
utility is effectively sUbsized for 3,0 percent of ,total
operating expenses (50 percent ~f 60 'percent of .. total
expenses). As theutility'faces only 70 percent of economic
costs, rates should be increased by a factor of 1. 43 (100
percent div.ide~ by 70 percent) to crudely reflect this
difference between rate~ and economic costs. other potential
distortions may be more diffiCUlt to correct (even crudely)
without acces~ to costs accounts. For example, While
different types of users may be charged different rates, it
may be impossible to determine whether this reflects dif
ferent costs of providing a service to different types ·of
users or cross-subsidization between user types.

E,.7 Sources of Income Data Information

Income data is available from various sources; depending
on the specificity, and the population density of the, area.
Data sources include the following: '

1) county or City Level - The county and cityoata
Books, U.S. Bureau of the Census, 1983.
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2) Census Tract Reports for each Standard Metropolitan
statistical Area.

3) Block Reports (Haps in print) and Block Group data
for areas of the county which were blocked by, the
1980 Census, but are not within tracts.

4) Enumeration District Reports for areas of the country
(rural) which were not blocked by the 1980 Census.

5) Regional Office of the Census.
, .

6) state Coordinating Organizations which may have
compiled income data for a specific area.

7) Companies within the
.' ,Census'Data Services

. stUdies.

National Clearinghouse for
.that provide demographic

county and city. income figures are listed in The county
and "City Data Book, u.s. Bureau of the Census, 1983. ~_

County and City pata Book shows for each county and city
(defined' by more than 25,000 people) the median household
income for 1979.'

'. Each standard metropolitan statistical. area is broken
down···'progressively into tracts, block groups, and blocks~
The smallest unit for Which income data is available from any
depository library or from GPO. The reports contain both
means and medians of household income from 1979.

Certain areas of the county were not tracted but were
blocked. 'Phese areas may be found in unincorporated. places
of more than 10,000 people.and in states (Georgia, Mississip
pi, New York, Rhode Island, and Virginia), which contracted
with the Census Bureau. The unit in which income information
may be found for these areas is the block group. Tw9 sets of
material should be obtained from the Census Bureau: (1) block
maps, available in print and categorized by state, and (2)
block group reports avail~~le as STE-1A microfiche or on
computer tape. Areas not blocked in the 1980 census (Le.,
rural areas) are broken down into enumeration districts that
average approximately 550 people and are listed by counties
within states.

Regional and state offices ~ay also provide specialized
income information. A list of the information service
specialists in the Census Bureau Regional offices' and state
Coordinating organizations may be found in.Appendix F.
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Private demographic companies, which the Census Bureau
refers to as "National Clearinghouses for Census Data
Services" Day also be helpful. For example, if median
household income inside a 3 mile radius around a CRA were
desired, a national clearinghouse would be able to provide
appropriate information. . A list of these organizations is
available in Appendix F.

E.8 overview of Treatment Technologies

The following discussions of treatment technologies
indicate the. typical area of application and limitations of
particular siqnificance and the potential problems encoun
tered when treating water with multiple contaminants. A
series of references is included that can be used for general
background data. Many treatment processes, particularly
those used in water polishing, develOp reductions in treat
ment efficiencies in the presence of interfering contam
inants, so that "pretreatment" is required. In existing
water tr~atment facilities, the pretreatment requirements are
met using the processes in an order which progressively
removes various interferences. For example, a facility whi.ch
receives a water with high levels of adsorbable organics. and
high suspended solids may use granUlar media filtration prior
to carbon adsorption in an effort to minimize the levels. of"
solids in the influent to the carbon adsorption: the load of'
solids to the adsorption column will, disrupt this process.

If several processes in a treatment configuration have
disruptive interference problems, the particular combination
of processes cannot be reasonably employed to treat the
water. This situation might occur if an influent contained
high levels ,of dissolved organics and of. inorganic chemical
oxidants, and. the treatment configuration under consideration
was a combination of 'desalination and ion exchange. The'
dissolved organics, which would be removed by desalination,
could severely disrupt the ion exchange efficiencies, while
the chemical oxidants (removable by ion exchange) could
disrupt the desalination process. This partiCUlar treatm~nt

configuration would, in this instance, be eliminated from
further consideration because additional pre-treatment would
be requi~ed to manage the chemical interences.

E.8.1 Air Stripping/Aeration

Air stripping and aeration can be used for removal of
volatile contaminants from ground water, as well as for
introduction of oxygen to the water. Air is passed through
the water or the water is finely sprayed into the air,
enhancing transfer of dissolved gases from the water to the. .
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air, which may be treated further or discharged. Cost
effective and efficient treatment requires continuous or
semi-continuous flow. The process has been used for ammonia
removal, hydrogen sulfide removal, and volatile orqanic
carbon· removal in both water and wastewater treatment
operations. The treatment efficiences and design are' a
function of the contaminant loading to the air; water ratio,
the .lenqth of contact time, contaminant volatility, and
temperature. . Removal efficiencies of' volatile organics
ranging.. from . 10· to greater than 99.0' percent have' been
report.ed in the literature. .

•. 'J • • :. Although air stripping is a relatively inexpensive
technology' for removal..o~ volatile contaminants, its use in
public' water supply . systems. to date has been somewhat
limited. This is primarily due to an absence of need for the
technology, which is in wide-spread use in Superfund remedial
action and.. wastewater treatment· operations. . Traditional
aeration, which is in 'common use among pUblic water utili
ties, has· typically been installed to provide oxygenation· of
waters, and the removal of volatile contaminants is merely a
beneficial side-effect~

. Temperature limitations' in regions experiencing severe
winters may be such that air stripping and aeration processes
must be housed indoors or in thermally protected facilities.
If the.treated water contains high levele of suspended solids'
(unlikely to occur with ground waters), some pre-treatment,
such as filtration or pH adjustment, may be required prior to
air stripping. 0 •

. "

Aeration and air stripping pose potential air pollution
problems if large amounts of volatile contaminants. in the
treated waters are transferred to the air. :It this is a
problem, emission control devices are required. Most ground
waters, however, are not likely to contain concentrations of
volatile contaminants SUfficiently large to warrant such con-
trols. \

E.8.2· Carbon Adsorption

Carbon adsorption treatment of ground' waters entails
contacting. the water with activated carbon, which adsorbs
contaminants and· removes them from solution. Granular

. activated carbon, used in beds or columns, is the most
commonly used form, although pOWdered activated carbon has
been used in some wastewater treatment applications.
Treatment processes can use both batch and continuous feed
operations. Activated carbon adsorption effectively removes
many. organic and inorganic contaminants from solution.
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Treatment efficiencies are· a function of the type of carbon
used, the concentration and type of contaminants present, the
length of contact time for each unit of water, and the
interval between carbon regneration or replacement. Removal
efficiencies ranging from 0 to greater than 99.9 percent have
been reported in the literature.' ,

. '. Al though activated carbon adsorption theoretically can
provide limitless removal of contaminants, in reality there
are. economic Iblitations· to the applicability of activated
carbon treatment. Removal of high concentrations of contam
inants may require overly frequent carbon replacement, while
hard to remove contaminants may require enormous treatment
facilities with saveral. carbon contact systems: both
situations may incur excessive expense, and though tech
nically feasible would be· effectively unavailable.

Influent to the carbon adsorption process must "be
relatively free of suspended solids and oil/grease to prevent
clogging of the adsorption beds. Suspended solids of less
than 50 mg/l and oil/grease of less than . . .
10 mg/l are recommeded concentrations to avoid interferences.
Biological activity in the carbon beds may become a problem
in . some instances, causing clogging and taste or' od~r

generation. -

Removal efficiencies in carbon adsorption systems are
affected by changes in' influent flow and influent c.hemical
composition. The presence of mUltiple contaminants' in the
influent may reduce adsorption efficiency for some' of the
constituents, although in some instances increased .removal.
efficiencies have been noted with multiple contaminants.. F:or
any given water to be treated, the selection of the appro
priate . carbon and system design requires. laboratory testing
to determine the specific adsorption efficiencies and
interferences for that influent.

E.8.3 Chemical Precipitation

Chemical precipitation, coaqulation, flocCUlation, and
sedimentation are all interrelated processes which are most
often used to remove metals and certain organics from
solution. For waters. containing dissolved solids, a pre
cipitant is added which reacts with the contaminant to ~orm a
solid, or to shift solution chemistry in such a way that the
contaminant solubility is reduced. The precipitated con
taminant . can then be removed by graVity sedimentation or
mechanical sol ids removal processes. Commonly' used pre
cipitants include lime, caustic, soda ash, iron salts, and
phosphate salts. Some waters contain colloidal' suspended

E-20

. ,

I

I
t

I
I·



solids which cannot be readily removed using conventional
.sedimentation. Treatment of these contaminants, which are
usually organic in nature, entails addition of a coagulant
(usually alum, cuprous sulfate, or ferrous sulfate) that
forces the suspended solids to agglomerate into' larger
particles, which can t:hen be removed using qravity s~di

mentation. Some facilities' add polymeric' coagulant:· or
precipitation aids;· which have been shown to enhance removal
efficiencies in som~ cases. Chem~cal precipitation processes
canO"be run as batch or continuous' flow operations. Treatment
efficiencies depend upon the contaminant type and concen
tration present, the solution pH and temperature, the
precipitants added, time and degree of m~xing, and the time
allowed for seaimentation. . .

;"-i..); ..... Precipitation'· of metals. from solution can be inhibited
by" the presence of, chelating agents in the waters,' such' as·
humic materials (naturally occurinq organic acids) or other

. organic compounds. This problem can 'be eliminated by using··
precipitants with stronger affinities for the metal than the
complexion agent or by using pH adjustment to disrupt the
metal complex..· . .
.:~ . .

'~"" 0, Use of chemical precipitation processes generates a
sludge which must be disposed of appropriately. SlUdges
containing heavy metals or certain organics may be considered
to De hazardous wast:es and as such should be disposed in
RCRA-requlated facilities. .

E.8.4 Desalination

Desalination processes remove contaminants from the
influent using membranes to separate an enriched stream (high
contaminant concentration) from a depleted stream. Reverse
osmosis and Ultrafiltration use a pressure differential to
driv.e the separation, while electrodialysis depends on an
electric field. The concentrated or enriched stream fre-·
quently requires further treatment, while the depleted stream
is usually potable. Desalination processes have been used to
purify waters to drinking water quality in certain regions of'
the country where fresh water is in short supply. The
processes' are in. more widespread use for treatment of
industrial process waters which must be of extremely high
quality. Treatment efficiencies are a function of the
molecular size and concentration of contaminants, strength of
the separation driving force, membrane type, and system
configuration. Removal efficiencies of qreater. than 90
percent have been reported in the literature.
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Desalination processes are higply sensitive to vari
ability in the influent, and drastic changes in pH, tempera
ture, or suspended solids. Any of these factors can effec
tively reduce treatment efficiencies and the membrane life.
The suspended solids in a desalination influent should be
minimized to particle sizes 10 microns or less· in order to
prevent membrane fouling. Biological activity can severely
impair the process efficiency, and disinfection may be
required prior to desalination. The presence of chlorine,may
also disrupt efficient desalination, dechlorination or non~

chlorine disinfection processes may be desired.

. Desa'lination processes are very expensive and. energy-
intensive. Because of this, desalination is not frequently
used for removal of contaminants which are readily removed
.via other treatment processes. However, for high TDS waters
and waters with large dissolved molecules, these processes
may provide cost effective contaminant removal.

I',
I

I
E.8.~ Flotation ..•.

Flotation is used to remove oil and grease or suspended
particles from the agueous phase. The process involves
intrOduction of a ·gas (usually air) into solution, and
subsequent attachment of the gas bubbles to particulate
matter which then floats to the surface. The, floating
particulates can be skimmed and removed for disposal or
f~rther treatment~ Surfactants and pH-modifications are
often used to improve process performance. ,Flotation is used
in many public water utilities across the nation for removal
of organic matter' from surface waters, but the most common
use ~f the process is removal of oils and grease from indus
trial petroleum wastewaters. Removal efficiencies are a
function of concentrat~on, size, mass of contaminant partic
les, air loading rate, types of chemical additives used,
hydraulic loading rate, and skimmer design. Removal effici
encies over 95 percent have been reported in the literature.

Flotation is effective for contaminants with densities
less than or near to. that of water, but is relatively
ineffective for contaminants Which are denser than water. It
is not particularly effective at removing dissolved contam
inants, although chemical additives can be used to decrease
contaminant solubility. If volatile contaminants are present
in ~he influent, flotation may result in simultaneous strip
ping of these contaminants from solution.
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E.8.6 Granular Media Filtration

Granular media filtration is widely used to separate
solids from aqueous streams. Water is fed (via gravity or
applied pressure) through a bed of granular media·', Which may
consist of sand, gravel, coke" or combinations of the three.
Periodically the filter is "backwashed," which removes the
filtered particles into a relatively small volume of waste
water' which must be disposed or treated further. Granular
media filtration is commonly used in water utilities follow
ing chemical precipitation to ensure turbidity standards are
met. : Filtration performance depends upon the solUbility of
the. contaminants, the strength and size of cont~minant
particles, the type of qranular media used," the hydraulic
loading rate, and the interval between backwashings. Removal
to suspended: solid levels less than 10 mg/l has been report-
ed., . ' ,

.
,:. E. 8.7 Ion Exchange

~Ion exchange processes, like carbon adsorption, operate
by removing contaminants from solution onto a receptor~ The.
ion exchange process uses a chemically reactive resin ·which·
exchanges. innocuous ions for the contaminant ions. in s,olu~

tion. The reaction is reversible, which allows a facility to
regenerate the ion exc~ange resin and reuse it. '. Ion
exchange'. proc:esses are most commonly used, to generate. high
quality' industrial processes waters, but recent applications
have· also included wastewater treatment' and ion· exchange
water softening to remove hardness in drinking water· sup
plies. Ion exchange can be used for removal of almost any
ion from solution, but is not very effective for removing
uncharged contaminant species. Removal efficiencies, which
have been reported in excess of 99.9 percent, are dependent
upon the ionic charge' of the contaminants, contaminant
concentration, : type' of resin used, hydrauli~ loading, and
interval between resin regeneration.

Although almost any ionic contaminant can. be removed·
using ion exchange process1!s, the specific, ion exchange
resins used are usually specific to certain types of contam
inants. Resin selectivity is based on the type (positive, or
negative) and degree of charge on the contaminant ions. If
several types of contaminants with varyinq charge are
present, efficient ion exchange treatment may require a
series of diffrent resins.

Changes in pH or the presence of orqanic and' inorqanic
complexing agents may cause certain ionlc species to form
uncharged or differently charqed chemical complexes, which in

E-23



turn qan reduce the efficiency of ion exchange treatmellt.
These problems are often overcome by adjusting pH so that ~
desired ionic species are present, or by pretreating tae
influent to .remove complexinq agents. Pretreatment may also·
be required it the influent to the ion exchange proc.s
contains excessive suspended solids which will clog the Md·
or foul the resin~

E.8.8 ozonation

Ozonation is a cheJDical oxidation process in which tae
influent stream is contacted with ozone which breaks refrl!llC
tory (non-biodegradable) organic compounds into smaller,
treatable -or non-toxic compounds. Used - alone or in CQll

junction with ultraviolet radiation, it is a highly effective
means of treating d'ilute concentrations of organics. Becawse
it is an expensive process to construct and operate,
ozonation is not in common use in pUblic water utilities
across the nation.' However, several individual water
treatment systems use ozone rather than chlorine to disinfect
their water supply. The process -can achieve both effective
.disinfection and up to 99 percent removal of certain organic
compounds. Ozonation effectively removes pesticides,.
chlorinated hydrocarbons, alcohols, chlorinated - aromatics,
and cyanides.

The efficiency of contaminant removal using ozonation is
dependent upon the retent~on time-of the process reactor, the
ozone dose rate, the -ultraviolet light dose rate, and the
contaminant type 'and loading. Treatability studies are
required prior to installation of ozonation processes to
treat specific influent stre~ms.

Ozonation is currently used by only a few public water
supply systems, primarily as a disinfection process. It 1s
an expensive processwhicn is readily replaceable with
chlorination for disinfection, but which has been gaining
acceptance for use in pUblic water 'supply systems because it
does not cause any by-product tr1halomethane formation. Lack
of use of ozonation in pUblic water supply treatment systems
may be due to economic constraints and limited need for the
technology.

E.8.9 Disinfection and Flu?ridation

Two water treatment processes which are universally
available are chlorine disinfection and fluoridation.
Chlorine disinfection is the most commonly used means of
destroying' bacteria in pUblic water supplies. Fluoridation
of water supplies is used to prevent dental health problems.
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The processes do not remove chemical contamination from the
wastestream; they serve instead aspreventive measures in
control of disease and maintenance of public health.

Groundof Infprmation on Ecologically Vital
I

E.9 Source
waters

. Tables E-2, E-3, and E-4 provide a list of u.s. Fish and
Wildlife and State Heritage Program representatives who may
be contacted to obtain" information on the location, of
potential unique habita~s when classifyin9.~colo91cally-vital
9roun~. waters. '

.. ;" '. . ~ .' .
E.10 Radi~s ofClassif!cation Rey~ew ArQA

... ~. ;

.::.' ".:·'1'he· EPA· classificat'lon system utilizes a Classification
Review Area with a radius of two miles from the boundary of
the facility or activity. The radius is int~ndBd to be large
enough' to identify wells and surface waters which are high'
interconnected " with ground - water under the facility. The
following sources of information were examinaed·in the
selection of this radius:

A survey of existing contaminant plumes documented
through investigations of spills, leaks and dis
charqes

A survey' of the distances t:o downgradient surface
waters .from hazardous-waste facilities; and

Calculations of the distances from which pumping
wells draw ground water under different hydrogeologic ,
settings.

Thes.e sources are described below.

Plume Survey

A survey of contaminant plume geometries, (i.e., length,
width and depth) .was prepared in connection with the develop
ment of a stochastic model of corrective action costs at
hazardous-waste management facilities (Geraqhty « Miller,
Inc., 1984).The plume survey provides generalized informa
tion on the distances contaminants have been known to miqrate
regardless of time, source type or hydrogeologic setting.
This was viewed as an indication of the area which may be
affected if contaminants were accidentally released from the
site.

,.,
j
i
I
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0.5. F1sh and Wildlife Serv1ce
\';aahl:sg ton. D. C. 20240,

~Al1i~g A~dress ~ Otflce of Program
Develo~aent and Adainiscracioa

TABLE E-2

LiST OF OFFiCES OF ENDANGERED SPECIES
U.S. FISH AND WILDLIFE SERVICES

The nah aad Vllcl11te Service, a unit of the U.S. Department of the
IIU:edol'p haa beeD delesated the Mia respoaalbUit7 lor cool'cl1ut1as
a.atiooal aDd 1D~Il~'D&tloD.l eHofti OQ bch.al! of !Dc!&llIered Spedu.

1.D the ea.le of lII&r1Cle lpeclea, hove"er,·· ac~lou are takeD in cooperatioD
with the Secretary of Commerce. through the Direc-tor of the Hation.l
Marta. rtaher1ea Sernc:e . .' Sill.U.al'ly, h the
area of illport/export eaforeeMot. for EodaDlered p1.anu, IDtertor coop
eraua wIth acd is ...hted by the l)ep.rtlllleoc' of J.ar1culture through the
~1lUl aad PlaDt .Realth Inspec:tloa Service (LiaisoQ lJ.sted Oil page 7.).

PROGRAM HANAGZR--EYDANCZRlD SP!CIES--~r. Roaald E. Laabertaoa
As.ociate Oirector-Pedera1 AssIstance
O.S. Fish aDd Wildlife Service .
O.S. Oepart~eDt of the Iacerior
~a.hingtoQ, D.C. 20240

Telephone: 202/343-4646

CATEGORY -COORDlNATOR-E:NDA.'fCZi!o SP~CI!S--!'!r. ROllUll1 lCoea1ngs
Deputy Aaao~1ace D1re~cor--Pederal AseLstance
o.S. Fish aad YlldlHe Service
U.S.DepllIrt:Deot of the Iccer10r
Waah1ngtoa, D.C. 20240

. Telephone: 202/343-4646'

Hr. John H. Murphy, Chief
Office of ~osra= Developaent

aad Admia1scrat1oa
U.S. Fish and ~1ldli!e Serv1ce
1000 Noreh Glebe Road, Rooa 629
Arlington. Virginia

Telephone: 703/235-1726. 7. 8

Hr. John L. Spiaka. Jr. Chief
Offlce of !adADgered Spec1es
U.S. Flsh and Wildlife Service
1000 NorthClebe Road. Suite ~OO

Arliogtoa. Vlrginia
Telephone: 703/235-2771, 2

Kailing Address for Office.of
~ndan!ered Soeeies

U.S. Y1sh aad Vildli!e Service
Vaah1agtoCl, D.C. 20240

Dr. Reaneth R. Ruasell, Chief. Braach of B1ological Support
'Telephone: 703/:!3~-1975. 6, 7

Hr. BriaD Cole. Chief, Branch of ~na8e=enc OperatiODs
Telephone: 703/235-2760, 1, 2
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Chief
Federal·~lldllfe Pentit Office·
O.S. FIsh and WildlIfe Service
1000 North Clebe Road, 5uIte.600
Arlington, Virginia

Telephone: 703/235-1937, 8, 9

Mr. Clark Bav!a, Chief
Division of Law Enforcement
U.S. Fish and WIldlife Service
1135 K Street, NY., 3td Floor
Washington, D.C.

Telephone: 202/343-9242

Hail!n! Addre~6 ~ Federal
Wildlife Pe~lt Office

U.S. Fish and ~11dlife ServIce
~ashlngton, D.C. 20240

~~111n8 Address for DivIsion
!!~ Enforc:eoeat .

~.o. Box 28006
Washington, D.C. 20005

Mr. Thomas Striesler, Special-Agenc-iaooCharge, Branch of Investigations.
Telephone: 202/343-9242

D-r. R.1chard L. Jachowski •. Chief
Office of the Scientific Authority
U.S. F1sh and Wildlife Service
1717 K Street. ~~ •• Rooe S36
lo:ashington. D.C.

Telej)hone: 202/653-5948. 49, SO

ReSional Endangered Soecies Coordl~ators:

Mailing Address !2! Oftice of
~ Sc:ieatific: Authority

U.S. Fish and Wildlife Service
Washington, D.C. 2024~

The U.S. fIsh and Wildli~e Service is coaprised of ·seven Regional,Offices •
.(See u? on inside back. covee ~oc geog:a?h~c boundaries.) Ead\ ofHce has
a seQ1or.ofEicial ~ho has bee~ deslgnaced as a Resionsl EndaDsered Soecles
-Coordl:14cor. Additionally, each of the regions has several Field OfHces.
Proble~s of a local natare should be referred to these offices.

(ITS:

ResloQ t RegIo~.l Direc:or (Attention:
Endangered Species Specialist)
U.S. Flsh and ~11dlife·Se~~ice

Su~:e 1692, Lloyd 500 Building
500 Nt. ~ult~oQah Street
Portland, Orego~ 97232

tele?none: 503/231-6131

,,,... Sanford R. Wilbur

r

8/429-6131)

~ Offices

Cal1~or!lia

1230 -N- Street, 14th Floor
Sacracento, Callfor~ia 95814

!ele?hoQe: 916/440-2791 (lrS: 8/448-2791)

Idaho
m60verland
BOi;se, Idaho

Telephone:

R:lc1d, ROOQ 566
83705
208/331.-1806 (ITS: 8/55~-l806)
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Nevada
Grea~ Basin Complex
4600 K1et:dc.e ~ne. Building C
Reno. Nevada 89502

Telephone: 702/784-5227 (FrS: 8/470-5227 or 5228)

Wa~h1n!~oa/Ore!on

6uild1ng-3. 2625 Parkmont Lane
Olympia, Waahiagtom 98502

Telephoae: 206/753-9444 (FrS: 8/434-9444)

Pacifie Islands Ad~nLstrator

300 Ala ~OaQA Boulavard. Room 5302
P~O. Box 50167
Honolulu. Rawa1i 96850
TelephoQ~: 808/S46-S608 . (FTS: 8/546-5608)

Regional Director (Atteotion: M~. James Johnsou
Endangered Species Specialist)
U.S. Flsn and ~11dllfe Service
500 Cold Aveaue. S"....
P.O. Box 1306
Albuquerque, ~ev ~e~1co a7103

TeLe?hone: 505/766-3972 (FrS: 8/474-)972)

Field Offices

Ar'!:ona
2934 West Fa1~ont Avenue
Phoe~ix, Ar~zona 85017
. Tele~hoQe: 602/241-2493 (FTS: 8/261-2493) T

New He:d.co •
P.O. 60x 448;
Albu~uerque. New Mexico 87196

Telephone: 505/766-3960 (F7S: 8/474-3966)

Ok lahor=.3 17e~a!l

22~ Sout~ nous:oQ, Suite A
tulsa, O~1ahcQa 74127

!elephoQe: 9L8/S8l-i4S8 (:7S: 8/736-7458)

Teus
~CSU. Sox JJB
6300 Oces~ Drive
COr?U8 Chr1scl, Texas 784lL

Te le j)hone: 5121838-)346 (fTS: 8/734-3346)

Fr1t% tanh3Q Bu1Id!~~, Room 9AJJ
e19 Tal' 1,,:, S t :' e H

Forc ~or:~. T~~a8 76102
Tele?hone: 8l713J4-l96L r (~S: 8/3J4-2961)
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Resioa 4

lteg10oalDlrector (Atteation: Mr. Jail" H. !Dgel
!D.daagered Species Spec:.ial1se)
U.S.Ush And~lldl1fe Servtc:.
Pederal 8uilding. Fort Snelling
Twin Cities. Minnesota ~51l1

TeLephone: 612/725-32].6 eFTs: 8/725-3216)

ltegiooal Director (Attentioa: Hr". Alex B. Kaa.tlO1l4ry
Endangered Speciel Spec:ialist)
U.S. Fi.h. and ~lldl1l. S.rv1ce
The R.1chard 8. lu..dl ?aderal BuUd1aa
75 Spring Street. Si.
Atlanta. Georgia 30303

Telephone: 404/221-3583 (F"I'S: 8/242-3'83)""

!!.!!.! Offlees

Alaba~a/ArkaQ8a8/Lou1s1ana/M1881881oo1

Jackson Mall Office Center
300 .~oodrov ~11,on Avenue. Suite 3185
Jaek.on. K1,si,sippi 39213

TelephoDe: 601/960-4900 eFTS: 8/490-4900)

florida/Georgia
2747 Art Hu.eu:n ~1ve

Jacksonville. Florida 32201
Telephone: 904/791-2580 (FTS: 81946-2580)

Kentucky/North Carolina/South Caro11na/~enDe88ee

p.Lateau Bulldl:18. RoOlll A-5
50 South french Broad Avenue
Asheville. Horth Carolina 28801

Telephone: 704/258-2850 txt. 382 eFTs: 8/672-0321)

Puerto Rico/Vlrg1n Islands
P.O. Box 3005
Hariaa Scatioo
Mayaguez. Puerto Rico Q0709

Telephone: 809/833-5760 (FTS: 8/967-1221)

Resion 5 Regional D1reetor (Atteot·ioa: Mr. Paul Nickerson
• !:ndange red Species Spec:1alist)

U.S. Fish and U11d11!e SerVice
Suite 700. Cue Gateway Canter
Ne~on Corner, ~aaac:hu.ects 02158

telephone: 617/965-5100 ext. 316 (71S: 81829-9316. 7. 8)
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Field Offices
----" .

Cannee tlcut /Hai ne /Vel"'ClontlMassac:hua et t8
Hew Kaooshire/Rhode Island

P.O. 80x: 1518
Concord. New HalllpBhlre ·03301

Telephone: 603/224-9558. 9 (FTS: 8/834-4726)

District of ColUlllbla/DelavarelMaryland
Virginia/West VirginiA

1825 Virginia Street
AnnapoUs, Karylaact 21401

Telephone: 301/269-6324 eFTs: 8/922-4197)

~evJersey/Penn9Ylvanla

112 West ~o.ter Avenue
State College. PenasylvaD1a
Tele~hoQe: 814/2J4-4090

He.., York
100 Grange Place
Cortland, Nev Yor~ lJ045

Telephone: 607/753-9334

16801
(FTS:

(FTS:

8/721-4621)

8/882-4246)

-
Region 6 ite810nal Director (Attention: :ir. Con Rodgers

Endangered Species Specialise)
U.S. Fish and wiidllfe Service·
P.O. Box 25486, Denver Federal Center
Qenver, Colorado 80225

Telephone: 303/2J~-Z~96 (rrs: 8/234-2496)

Freid Off Ices,

Colorado/Utah
Roo= l406, federal 3uilding
125 S. State St:'eec
Salt Lake Ci:y, Utah .8 4l38

Tele;lhone: 801/524-4430. (FTS: 8IS88-aJO)

Kansas I~ebraeka/~orth DaK.ota/South Dakota
223 Federal BUilding
P.O. Sox 250
Pierre, Sout~ Dalc.ota 57501

Telephone: 605/224-8692 (FTS: 81782-5226)

I ..

Honcana/~voC1in5

fe~eral Bu11e~~g, Roc~ 3035
316 Sorth 26:~ Street
Billings, Hoaeaaa 59101

Tele;lnoQe: 406/657-5059 0: 6062
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.Re!10a 7 Reg1oa.al D1nctor (Atteftt1ou: Hr. Dean!.t Koney
Eudangered Species Spec1a11~t)

1011 E. Tudor lo.d
Anchorage, Alaska 99S03

Tele?hone: 907/786-3435 (FTS: 8/907/786-)435)
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LIST OF STATE NATURAL HERITAGE PROGRAM OFFICES
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TABLE E-4

LIST OF AODITI9NAL REFERENCES

50 CFR 17~11 and 17.12. Endangered and Threatened Wildlife and Plants. January
"I, 1986.

U.S ... Fish and Wildlife Service. Contaminant Issues of Concern· National
'Wfidlife'Refuges, January 1986.

GUid~de on 'Ground Wseer Classification: Approach to Completing Follow-up
,', Research. J anus'ry 1985. prepared by GCA Corporat.ion for the U. S.
, Environmental Protection Agency - L,aed Disposal Branch. Washington. D.C .•

:, C~ntract No. 68-01-6871. :

40 eFR 270.3(c). EPA Administered ,Permit Programs: 'The Hazardous "'asu Permit
:' ,Program.

GUidance on Remedial Inves~iga~ions Under CERCLA. Chapter 9. £PA/540/G-85/002.
June 1985.

Guidance on feasibility Studies Under CERCLA, Chapter 6, EPA/540/G-85/003.
June 1985.

E-35

I
,i

I
I



The data base for the su~ey included ground-water
quality investigations, consultant reports, and other
publically-avai1ab1e literature (e.g., scientific journals).
The availability of data was limited by the confidential
nature of many privately-funded contamination investigations·
and the relatively small number of off-site investigations
conducted by the government· prior to the implementation of
the Superfund program.

The survey found SO contaminant plumes containing
inorganic and organic contaminants. Hydrocarbon plumes
consisted. of dissolved and. liquid phase (undissolved)
materials. The sources of the plumes were spills, leaks and
discharges from diverse sources including municipal and
industrial site~, transportation accidents and unknown
sources. Plume boundaries were defined as a detectable
increase above background quality.

The survey showed that the median plume length was 1600
feet. Ninety-five per cent of the plumes were less than two
miles in length. A hlstoqram of plume lengths is provided in
Figure E-l.

The data were too limited to determine whether the
plumes in this survey had reached their maximum lengths.
Theoretically, if a contamination source is continuous: and "
the contaminant is not degraded, transformed, or immobilized ."
in route, the plume length will eventually be 'equal to. the "
distance to a downqradientdischarge point. other fac;tors
which could prevent plumes from reaching their naural
discharge points include insufficient time since the contam
inant release and the implementation of an effective remedial
program. In some cases a steady-state condition may be
reached between contaminant input by the source and dilution
due to recharge. While. it is now known Whether the plumes in
this survey had reached equilibrium, it is not likely due to
their random selection that anyone of the above factors had
any unusual degree of influence on the results.

Distance to Downgradient SU~face Waters

ICF, Inc. , conducted a survey of 117 hazardous-waste
management facilities for development of the EPA Liner/
Location Model (U.S. EPA, 1985). For each site, the down
gradient distance to surface waters (e. g., lakes, streams,
ocean, bay or marsh). This information provides insight into
the distance at which a flow boundary for the shallow ground
water system is likely to be encountered. Thus, limited the
area potentially impacted by a facility.
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P'IGURE E-1
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Some of the facilities int he survey were included in
EPA's ,"site visit lt facility survey. Other sites were
selected from among available Part B Permits. A site was
included in the survey only if it provided information
sufficient to operate the liner/location J model (e.g.,
comprehensive facility design parameters and hydrogeologic
i~formation). Facility sites were located on U.S.G.S.
topographic maps using latitude and lonql1:ude data. G&M
assisted IeF by identifying the general' direction of ground
water flow from the site on the topo map. Figure E-2'shows
the frequency distribution histogram for distance to down
gradient surface waters. Ninety-five percent of ,these
distances are less than two miles. '

All ground water within a flow system between a well and
the. upqradient ground-water divide may be assumed .to be
potentially flowing into the well. In addition'" wells
reverse ground-water flow and capture ground wat'er, from
downgradient locations as well as "lateral" locations
(perpendicular to the regional flow direction, see Figure E-'
3). ThUS, the well capture zone extends in all direc~ions

from the well. To determine whether a facility to be
classified may fall within a well capture zone it is,
therefore, necessary to perform an inventory of wells in all
directions from the site, not just in a downgradient direc-
tion. .

Site-specific data would be required to establish with
confidence whether a well is drawing ground water from a
site. Optimally, pumping test reSUlts and accurate water
table data should be obta'1:ned. In many cases calculations
would need to be supplemented by modelling to estimate the
area with accuracy. Such data might be used in subdividing:a
classification review area; however, the initial area must be
large enough to identify all wells to be evaluated.

To determine Whether the two-mile radius would satis
factorily identify water-supply wells ,capturing water from
under a site (a formula developed by Todd, 1976) was used to
determine the generalized dimensions of well capture zones
under different hydrogeoloqic conditions. The formula,
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FIGURE E-2
DOWNGRADIENT DISTANCE TO SURFACE WATER

(SOURCE: EPA, 1985)
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illustrated in ExhibitE-5, provides a calculation of the
maximum downgradient extent of well capture (XL) and the
lateral distance (YL) (perpendicular to non-pumping ground
water' flow gradients). Lateral and downgradient capture
distances were calculated for a range of transmissivities and
water-table gradients under pumping,conditions of .5 to 3.0
mgd~, ,.Incompaeable well: yields and ·transmissivities were not

··used~· 'Table E~5 shows the results of the calculations.

:? ::: .'. ; :.' ....~h~ well yields were. selected' to represent .t.h'~' comm~~
range of pwnping rates for water supply wells (0. S. Geo
.logic~l . survey, 1984). With the exceptions not.ed below,
·wat.er~supply wells are generally smaller than 2 IIlgd. The
largest lateral capture distance for a 2.0 mgd supply well

-for.the transmissivit.~es and·gradient.s examined is two miles •
.:·'1'hus,· the two-mlle radius would identify the majority of
individual water-supply wells which could be drawing water
from under a proposed facility or site in directions other

'. than the downgradient direction. .
.J. .

. NOTE: Exceptions include the basalt aqUifers of the
ColumbiaPlat.eau and Hawaii, where common well sizes are
up •t.o 4 mgd and some may exceed 18 mgd; the Floric:1an.
Aquifer in Florida an4 Georgia where common yields are
up t.o 7 mgd and may· exceep 28 mqd I and the Chicot
aquifer of the Lake Charles formation in Louisiana Where
common yields up to 3.5 mqd are "found. Other regionally
extensive ~igh-yielding aquifers where wells may exqeed

. 2mgd include the Texas Edwards aquifer, thick member,s
of the Atlantic' and Gulf Coastal plains,alluviUlll cU'ld
older sedimentary basins in California .and the Spart;a.
Sands in Arkansas.

In summary, the pl~e survey and survey of distances to
discharge boundaries support the two-mile radius in the
downqradient direction. The plume data indicates that
distance that contaminants are known to migrate in problem
concentrations and the distance to discharge points dat.a
indicate the likelihood that a flow boundary will be inder
cepted. Pumping well capture distances provide the basis for
inclUding lateral and upgradient areas in "the review area.
ThUS, the two-mile radius provides an initial identification
of potentially highly interconnected qround water related to
a site under classification.
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TABLE E-S
LATERAL AND DOWNGRADIENT WELL CAPTURE DISTANCE (in feet)

, (after Todd, '1976)

Transmissivity/Gradient (ft/mi)
10,000/30-50 50,000/10-30 100,000/5-10

.5 MGD Lateral
Downqradient

1.0 MGD Lateral
Downqradient

2.0 MGD Lateral '
Downqradient

3.0 MGD Lateral
Downgradient

GoVekDing Equations

Lateral' Distance
Downqradient Distance

'lL = ft
XL = ft
Q Cl gpd
T == gpd/ft

N.A. = Not applicable

4400-2640 2640-880 2640-1320
1400-840 840-280 840-420

N.A. 5280-1760 5280,-2640
N.A. 1680-560 1680-84'0,

N.A. '10,560-3520 10,560-5280
N.A. 3360-1120 3360':'1680

N.A. 15,840-5280 15,840~7920

N.A. 5040-1680 5040-2520

YL CD Q/2T1
XL == 0/2 Ti
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GENERAL CENSUS BUREAU INFORMATION

Regional Census Bureau co~tractsl: .

• Atlanta, Georgia 30309: 1365 Peachtree Street,
N, E., Room 625

Telephone: (404) 881-2274

• Boston. Massachusetts 02116: 441 Stuart Street,
lOth Floor

Telephone: (617) 233-0226

• Charlotte. North Carolina 28202: Suite 800, 230
South Tryon street

Telephone: (704) 371-6144

• chicago. Illinois 60604: 55 East Jackson Boule
vard, suite 1304

Telephone: (312) 353-0631

• Dallas. Texas 75242: 1100 Commerce street, Room
3C54

Telephone: (214) 767-0625

· Denver. Colorado 80225: 575 Union Boulevard,
P.O. Box 25207

Telephone: (303) 234-5825

• Detroit, Michigan 48226: Federal Building and
U.S. Courthouse, Room 565, 231 West Lafayette
Street

Telephone: (313) 226-4675

• Kansas citv. Kansas 66101: One Gateway Center,
4th and state Streets

- Telephone: (816) 374-4601

1 Information in each of the 12 regional offices of the
Census Bureau answer questions about census pUblica
tions and products and help users locate and use
census data. They also conduct workshops and make
presentations on census programs and services.
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• Los Angeles. California 90040; 11777 San Vin
cente Boulevard, 8th Floor

T~lephone: (213) 209-6612

• New York, New York 10007: Federal Office
Building, Room 37-130, 26 Federal Plaza

T~lephone: (212) 264-4730

Philadelphia. Pennsylvania 19106: William J.
,Green, Jr., Federal Building, 600 Arch Street,
Room 9244

Telephone: (215) 597-8313

• Seattle. Washington 98174: New Federal Building,
Room 312, 915 North Second Avenue

Telephone: (206) 442-7080

Libraries with qover~ment depositories

,1980 Census of Population
Report, Metropolitan Statistical
No. PC 80-S1-19)

• Urbanized Areas; 1980

• 1980 Census reports for, each state

· Census tract maps2 for local area

• Income statistics2

• Enumeration Districts3

Supplementary
Areas, Order

"

"

2Customer Service Bureau, Data User service Division,
Bureau of the Census, Washington, D.C, 20233
(202) 763-4100

3Geography Division; Bureau of the Census,
Jeffersonville, Indiana (812) 288-3213
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National Clearinghouse for
Census Data· Services
Address List
U.S. Department of Commerce • Bureau of the Census •

January 1983

Washington, D.C. 20233

The National Clearinghouse for Census Data Se",icls
is a refe,ral service for users needing speciJlized
assistance in· obtaining and utilizing statistical data
and related products prepared by fhe Census Bureau.
This assistance ranges from informational services
such as seminars or workshops to technical se"'lces
such as providll'lg tape copies or performing geocod·
ing. The organizations Iiued in this brochure have
notified the Census Bureau that they can supply users
with the services noted below.

Organizati.9n. registered with the National Clearing
house for Census Data Services complete a checklist
describing services they provide. These may Include
one or all of the following:

• Preparation of computer tape copi". printouts. or
sp.clal files lIfId "UKts.

• Preparation 0' mlcro'ic;hecopiel. printoutl from micro
'. fiche. or oth.r micrOgraphic services.

• Prtparatlon of analytic reporu. ar.. comparisons, or
. area profil.l.

• O.nlin. acC.I. to data.

• Training programl or other ,nformatlonal servic.. in
accessing and/or using census data.

• Special lervicel luch al geocoding. site seltetion. marke'
are. Inalysis, redistrictIng, or other acti"itill ulingclnsul
products.

Organizations registered with the Clearinghouse are
not franchised. eitablished. or suPPOrted bV the
Bureau of the Census. Each organization establishes
its own methods of operation. cost structure and the
clientel. eligible for ""'ices. The Census8ur'eBU does
not monitor or control the pric81l or the quality of
se",ie" offered by those orginizltlons.

This brochure provid" a listing of orginizations by
State. The litters A through Mire used to indicate
the santiClt provided by the individual organizltions.
Mare detailed Information can be obtained directly
from the individual organization or from the State
and Regional Program. Staff. Dati User Services
Division, Bureau of the Census. Washington,' D.C.
20233. telephone 1301) 163-1580. .

Relat~ data services are provided directly to u~rs
through the Census Bureau'•. Data User Services
Division and the Bureau's regional offices (listed on
the. last .pagtt of this brochure). In many States,
services SImilar to those offered by. Clearinghouse
regi.trants may also be provided to Stilte and local
governments and others through State data centers
(consortiums of Stlte agencies, universities. 'and
libraries). For information on the State Data Center
Program. contact a Census Bureau regional office or
the State and Regional Program. Staff Data User
Services Division, Bureau of the Census, Washington,
D.C. 20233, telephone (301) 763·1580.
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. John O. BlodOen..ComPUler Cen••
800.' NIMBI S""ge Road. SL •
Lou,l, 83121.3.41.553·5131
IA.B.C.H.J.K.\..M) .

N.~,.u.

Me"omll' CorporahOll. Ann:'W,lIllm
DouG"erty. 901 W.1l Bond 51/8el•.
L,ncoln. 68501."'02/475·'591
(A.C.H.J.M)

He.. Hlmp.hl,. c·, .

Geog'lUlnoc: Da••)e~"noIOgy. i"c::
Ann: Oonala F Cook•. 13
Oa"mou.h COllege H'9nw.y. Lyme.
03768.6031.795·2183IJ.K.M)

Ne.J.~., '.' .

A$SoClabon 01 PUbh~ Ca•• Userl. Ann:
R'c""ra D. Benoer. P"nClIon
U",,,.'s,'" Comp..", Cerlet. 87
P,ospec, A"e""". P,.nceion. 085'0
60914!12·6023IA.a.C.D.F.H.L.....)

P""Cllon.RuI1l8rs Census Oal&
P'Clecl. Ann' JlOa,'Il 5 Ro.....
P"tlCelon UrlIY8Illlry CompUI.,
Cenlllf. 81 Prospecl A"e"u'.
P,.nCllon. 08~0 6091.452·6052
IA.9.C D.E.F.G......L......)

Na.. Yort!
Ame"CI" Oemo;'aDIl'" uagu,,,•.

Ann' Pe'" K F'ancese. 127 WeSI
Sial. SIr.... PO. Bo. 68 n"aca
.4aSO 6071273·6343 lL.M) .

CUNY Da.. S.MCO. CAS E . Ann:
Rob." J:OSl. OItKrOt. G'aduale
5c,,001 and Urwo'lll,., C,,,"r. Coty
Unl"e",,., 01 N_ Vorl!. 33 Wesl
42~11 Stre... Ne'" VOrk. 10036.2'21
]54·08&0 at. 790·44!;9
iA 3.C D.E.H.J.O<.U"1

DemoQtall1l1c 5ySlilml. '''COIllO,aled.
Alln M.rv,n Fi"kellll,n. C.;!nsus
S....oce C."let D,'eelo'. 325
HuDBOn 51'"1. N "for__. 100\3
212'.255·8107 lA.C .



F"~. Mlltlellng GlOUjl. Inc.• All":
Het"Y Lee. 1290 Avenue all".
~nc... New 't'0t1l. 1010A. 2121
581·87251".B.C.O.H.I.J.K.LM)

Uat1l:1t1 5Iall.llel. "nn: eClwanl J.
Soa,. 633 Th"d Avenue. New YOIII.
'<>017 2121986·01800 IA.B.C.D.H.M)

Nanona. Planning Dala CorOOlallon.
""n: Palsy aa,lfy Allard. PO. 901
eUO. III'aca."1485O. '.i07Ia73-8208
1".iJ.C.O.E.H.K.U ,Organlzallon also
'ocaled ,n ol"e, "IllS. pleu.
;;onlac:1 IndIVIdual' bSltO a!lOVe 10'
'un"e, ,nlOl'mallon·1

Use, ~nroee .. Unlver1lty Compullng
;en'e,. Ann: Frank Rens. SUNY al
9ullaro. 01250 R~. Lea Road.

o, 4mne;;I. 14228.' 718,'831.1761 0'
1771 IA.B.C.e.F.Q.J.K.M)

T"·Slal. Rf910nal Planning .
CommISSIOn. Alln: Juhene e!I,s. 1
NOIId Trad. Cenler. 82nd FPoor.

'.; . '. New Votll. 10048.212/938·3402
. IA.B.C.O.H.I.J.I<.L.MI
Ohio
Pl.b',C Oe"'09'llIntCS. Inc.. Ann:

•. ' M'Cna.. Slark•. P.O. BOl 19005.
C,nc"'"all. 45219. 513/681·3735
IA.a.C.D.E.H.J.MI

Okl.hom.· ,
OklalIOm. 51118 unNBfsllY. Ann:

Eldean B4/lm. UnNerslty Computer
Cenler. MalllemlllCal SClencel
Building 113. SllIlwlIlII. 74078. 4051

.:.\ 624·6301 (A.B.C.I.Lt.t1OR90n '.,
'rol"'1 Northwest. Alln: H W.

Cumm,nl. 68 W 241h Avenue.
'. Eugene. 97405. 503/484.1318

IC.H.I.J.K.L....1
Pennlylv.nla .
Deiaware vall• ., "18910,..1 Plann,ng

Co",m'lSlon. A!ln Ronald .'
F,alkawskl. 18HI JOM II: i(IH"'edY
9lvd.. Phllaoelon.a. 19103. 2~5. 587.
3000 IA.a.C E...UJ.K.l \41

""aM,n9 COIla SySlems. "'nn: 9arry rt.
eChen. 1'30' 'Nalnul Sireel. 5u.le
1524. P""aoelorlll. 191!l2.2!5,e65·
'551 1....B.C.O.H ...K.MI

PCOtnson Assocl,lel. onc. Artn 1II0ms
COollky. Bryn "'."r v, II. 15 t,4crnl
Avenue. 9,.,,, \l.wr. 19010 2151
527·31001:>.H.I....I

Solllnwesl"n P."""",,_ AIIQIOIIII
Pia,,","; Com""sllOll, "'nn: Wade
G. Fow. "'ann BUIlding. Bin FlOor.
p·nsllurgll. 15219.412/391·55901
5599111

The UNI·COLL CorporallOn. Al1n:
~la""a J. i(e~on. 3401 "'arkel
SI,eel. Phlladelp",•• 19104 2151
387·3890 IA.a.C.O.e.H.J.I<.MI

'.nn.....
Econ09r'PlllCI oll<nolMlle. Inc:.• Al".n:

Rote" J. McCullocll. PO 901
9638. l(nOIlrIlIe. 37920.0638.8151
982·t225IH.I.J.MI

'-4''''PftlS SIal. 1)",ver,,1'/. An,,: Lew
"I·,a'ado. Bu'''au ot BuI,neu and
Econo"'lc Researcn. ....mpn's.
38152.90"454'2261 IA.B.C.F.H.L)

Ae9,onal and Urtlln SIIId,es
In'0''''"10n Center. Ann: "ndrew S.
Loeb!. Oall Rtdge Nallonal
laDoralOry. PO BOl X. O.k A,c19e.
37830.815157.·5966
(A.B.C.C.G.H.L.M),....

~ou"an.Ga ....l1on Are. CounCil. Ann:
Dons Oav,s. 3701 Weal Alabam..
SUIII 200. PO. BOl 22777.
Houslon.707227 713/827.3200

·1"-B.e.G.H.I.J.K.L.M)
Tne Un..,e,rslty of Te... al A,lmglon.

Ann: Frenk W. Anderson. InS1JlUlI or
Urban StUdIes. P.O. aow 19588.
A,llnglon. 76019. 817/273.3071
(A.B.C.F.Q.H.I.L)

Virginia
CACI. Inc.• Ann; Geor91 C. Moore.

1815 NOI1" Ft. Mey., Dnve.
~"ongtCf'\. 2220!1. 800/338.8800
IA.9.': O.H.!.J.i< LMI

Clar'llS C,Jrpcr"lon. Ann: Jonalhan E.
rlCotlon. Cl'la"man. 1911 N FI. My.,
0""•. ~eSSlyn. 22209 703/841.
9200 IA.9 C.D e.H.I.J.I<.MI

COIla use and Access Laboratone..
:nc:. Ann: JaclI ge,.slord. ISIS
Wollon aoulevard. Sulle 607.
"r""9'0n.22209 703/525·1480
IA.S.C O.E.I'f.I.L.MI

Inlernahonal Dall 4nd De~elopmenl.

I"C . Ann: J C. Ba,ren. PO. Bow
2157. Arl,nglon. 22202.7031525
7806 (A.9.C.C.H.J.K.MI

F-6

V"JIf'iI CenIua UHr Subacrlber
s.v.e.. AlIn: Rober1 D. A,,",
AJelllld8r D. Bullle, CloThe
Cenl., lor P\lbhc ,,".... 921 W.sl
Frankbn Street. ROOm 204,
AocllmOnd. 23284. 804/257 ·6105 01
11~4 IA.B.C.e.... L.MI

Warren G/,mose 'I'd Compeli'(. Attn:
Wa"en Ghmpse. 901 1943.
Aleundna. 22313. 703/836-6800
IA.B.C.O.e.F.G.H.I.J.K.L.MI

Wlshlngtan
Pugel Sound COG. Ann: Cam

MclnlOsh. 216 1st Av.nlle Soulll.
Stant•• 98104. 206/484.7532
IA.9.C.H.I.J.K.L.MI

Wyomlnt
Urwerslty ot Wyoml"9. AM: G. F,ed .

Doll. InstltUt. 101 Policy R...arc~.
P.O. Bow 3925. Latam... 82071.
3071766-5141 IA.e.

SlRVICI CODn
Compu'w T.". ServIeec

A Tape CClpNts
B PrinlOU\ll

• C ~I••."aetl
D TatlulatlQnl from rnictodatalile.
E 0"1"", ICCIt.. 10 data

llIIcrollche getY1cec •
F.Micfolicne cop;eS
G Miclotlcr1e p"nloutl

OUter 0 ... arid InfonMttan
5eN1c:ee:

H Prepai'tion 01 analytic report..
ve. comparatiOn.. ar••
P'O~let .

I P,eperallOn 0' cenlus map
caPlet

J "'dd'... malchang/QeocOding
s.nroed

K As.."anc. In t.e or GBF/OIUE
F.I.. . '.

L TraIning proo'''''•• ""liners•.
anll/Ol conlerencel In
acceu'"9 and/Ol USing cenSUI
data

U 5pec:lallnlormallOnal 01
lecnnocal lenrlCH f•.g.•
co,..""ler grapl1oCl. Ill.
locallon. '80'SlllClln9. elc.1



....

NA:rICH\L.,~ .Et&.CDtiUS_~ SERVIC!:S.

AIPlE:SS, LIS!" ~~.. "."

".....' ..

census an:1 taU Systen
Attn: EOiard Rat.lea;e
L'niversity of C81aware
\iillard Hall, ib:Jn 312
Main Street '
~ewark, celaware 19711
302/738-8405.
(A,B,C,D,&,J)

Florida

Paul e. Gagncn
Econcmic: Research Consultant
1021 N.E.'8th Avenue
Fort· Lauc::S8rdale, Florida 33304
305/463-9732
(D,H,M)

Illinois
~. .

Northeastem Illinois Planni~ Q:nmissial
At:t~1 QDJck Mlttalitz '
ReSearch services ~nt
4'00 ~t Mad1son street-2nd Floor
Chicago, Illinois 60606
312/454-0400

Maryland

CD'lgressional .Information service
Attn a Laima Rivers
4520 East.west Hi.ghway, ~te 800
Bethesda, Maryland 20814
30l/654-1550 or 800/638-8380
(F)

~Ni~ls Associates
Attn: Ek! Nichols
P.O. Box 158
176 LaytalSV'i11e R::lad
wa.shil'1gton GrcNe, Maryland 20880
30l/258-5003
(A,B,e,II,J,M)

(tIlOl'e )

F-7

~ialAl Planni:-q Cour.c:il
Attn: Jose f ~ tnansO"l
2225 ~. Charlas Street.
Balt.ilDare, MarYland 21218
3011383-5855

" (A,B,C,D,H,J,K)

New ~'ersey

Princetoo-!l1tgers census i:BtaI ?roj ec
Aetn: Gertrude lBwis
C8rlter for CctlpJter and Infom.atioil

Servics .
Rutgers tJnive~ity-Rill center,
Busch Carrp.&s
P.O. Box 879 •
Piscataway, Nev Jersey 08854
201/932-2483
(A,B,C,D,E,F,G~H,L)

New York

Q:)l\lllbia' U'1iversity center fer th~ .
. SOCi.al SCiences
Attn. [a\mttU o'cell . ..
814 International Affairs ElJilding
420 west 118th Street
New York City, ,New York 10027
212/280-3038 :
(B,C,D,E,F,G,H,L)

(Jlddress Change)
Firlanc:ial Muketing Gttlup, In: •
3n ParK Avenue SOUth
8th Floor
New Yode, N&w York 10010
212/68S-5930

!'Orth carolina

Per"Sa'\n81 Research, Inc::orporated
Attna O\ris ttlrthup
1901 Chapel Rill Road.
DJ.rham, t-brth carolina 2n07
919/493-7534
(A,B,C,R,M)



PeMsylwnia

K. H. ~cr..as .~soclates
Attn; K.:!~.neth H. eanas
Uni'l9rsity C:':y SCience Cent.er,

.: ~ite 200
. 3508 ~arket Street
Philadelphia, Pennsylvania 19104
215/3a2-2700
(A,B,C,F,G,n,I,L,~)

Rhode Island

SOCial SCience rata Center
.~ttn:James ~. sakoda
Brown University
Box 1916
ProVidence, Rhode Island 02912
401/863-2550

'. (A,B,C,O,E,)

william G. Barker and Associates
Attn: Bradley M. Feinbetg
1009 W. Randol Mill ~d
9..11te 212
Arlington, Texas 76012
817/255-0794
(B,C,E,H,J',K,~)

(same and services C\ange)
tx.:AL-Q:rml. Inc. and I:J..iALabs
(A,B,C,D,a,M)

Virginia

orrington Econcmics, Inc.
"tat: Jack GOcXlrnan
P.O. ~ 3756
Arlington, Virginia 22203
703/527-5990
(M)

Washirgton

sammaish rata SystBIIS
Attn; Ric:harl:1 SChweitzer
1413 177th Avenue, N.E.
eellevue, Washin;ton 98808
206/644-2442
(B,C,H,:,,)

F-8 .
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State Data Center Program
State· ,
Coordinating Organizations
Address List January 1984

u.s.Department ofCommerce • Bureauof the Census • Wasr.ingron, D.C. 20233
I·
I

Alabama State DaQ CeDter
Ceo tel" :or 3us1ae. and

Eccccm1c ReSlB&rCb
UDiversi.t)' of ,uabMa
P.O. fbz ,\It
Un1verS1 t1 • .u. 35488
Dr.· Carl t'ergusol1. D1rect:or

e\!l". !dvard P.u~ledp

(205) 348-0191

Office of State Planning
a.ad Fecenl Pro~

State U&tA Center
P.O. 90z 2939
346:5 ~nraa 3rtdge M.
Mon~«cmeZ'1. AI. 361~939

~. GiHord Gilder
(205) 284-8775

,ulbama ?-.:bHc :..1~ Servtce
6030 ~Dticello Qrt7e
~nqaceri..-\1. 36130
~. "\Dt.!1oay ~ele

(205) 277-73~0

:\USKA

Ala.sIcL Oepar".::neDt ot t&bor
P.O.Boz lU9
JUCeILu•.-\it 99802
Dav1d SwaJ3SCQ

-)tI •. BlLrbara taker
(901) ~~13

Office ot tbe C'Overcor
Office of Bu:1get LCd
~emeDt

D1.viS1oD ot Strat~c Pl1:Ul1ng
Pouch ;.0
JUCellu..uc 99811
"tr' • 1b0lZlL9 Q1ester
(907) 0\65-2203

F-9

Dtpartlll8Dl: ot E'.ducatlol1·
D1visiOQ at t.ibraries aDd

~\IS8uas

AlUX&. SUte l.1bnry
Po\l:b 0
JUDeIlU.,\It 99811
Mr. Lou Cot.=-,.
(901) 46&-294.2

~Q~ at Q:an\D1 ty am.
Reg10C&l Affairs

D1V1s10D ot Ia:a.l Gover:2Nl1~
Ass1st&nce .

POuch Ell
Juaau. AI[ 99811
!dr. Dour Griffla
(901) 465-1,734

Iest1cute ~cr Social. r.c:oaOlDic.
Uld QoVerclll8Dt !\esearc:h

CDiverst 'r1 at ,\laslt& .
7m "A" 5t:""1:. 5111 te 206
And1~.AKi 99501 .
Mr. ';adt !<r'.at

. (907) 278-40,1

ARIZC&

'I:he .o\r1z01:1A Dep&r'tmBn~ of
F.eonc:m.1c securitY

1300 'lFest ....&Sb~OQ. ls't Y:cor
p.c. Box 6l23~'JZ

~oea.ix. AZ a500S
eMs. Ul:d& Stroclt

(602) 255-3984

P.esea.rd1 ·Spec1&l.1Sl:
College of Sl.:fI1:e5S AC:n.
.\r1zODA Seat8 \!D1 vel'S i t7
Tempe. AZ 85287
ltr. Tom aez
(602) 965-3961

I
I
I
I

I
I



Collep ot Bu.s1ness AdmlD.
Northern Ar'1zlc)D& 001versi. tY
Ibz 15066 .
Fl&3stA!f,.\Z &roll
Dr. Roll'" Gunderson
(602) 323-2358

federal Q:)cunenu SeCtion
De~Dt ot L1brar7, Archives,

alId Ptml1c Records
, CaPitol', Third noor

, ;,':1700' WeS1: WashingtOD
, PbeeD..1x.· AZ 8500!

At1:ta. RaWaA
(602) ..~~21

Dea.D ot "the Graduate College
Adm1n1st:r&t1oa Building, !b. 501
tJa.1vers1 t1 ot Ar1z.oaA
'l'ucsoa. AZ:· 85721
Dr. Lee B.: Jones
<602)' 626-4031

'. :'~ ; ...'.::.". ~', '. " .
.' AHUNSAS.' .:' ", ..

.' .' "" . ':

IP.EX:-Q:)llep ot Bus1ness ~.
Un!vers1 ty ot Ark3.DS8S
33rd and. Uu1versi~ '\vea.us
Little aock, oUt 72204
Or. Barton iYes'terltmd, D1rec'tOr
S&ra.h 8r'eshea.rs

-Dr. ForreSt ~llard
( 5(1) 371-1971

.\rica"gS State Library
1 Capitol !M.ll
Little Rock,..\R ~1

lois... Frances Nix
(501) 371-2159

CALIF<EnA

Sta.t8 Census [A1:& Ganter
Depa.rtlD!Dt ot Finance
1028 P Street
SAcramento, CA 95814
!U. LJ.nda Gap

eY:r. BUl Scbcolinl' Director
(916) 322 4651

F-l0

Sacrameato Area. CCG
800 Ii Stree~
Su:t.te 300
sacramento. CA 95814
~. Eklb Fa.seler
(916) 44l-5930.

Assa.. ot Bl.1·~ GoverameC:~
Ibtel C'1a.reaIoD1:
SlImeley, Co\' 94705
Ms. Pam.c1a. Perry
(41.5) 841-9730

Regional Resear.cl:1 ID.S't1tUl:8
of Soutbem, caJ.Uom1a.

600 s. Cal:lzcnwe&1th St.
Los .\aples. C\ 90005
~o T1mOo~

(213) 385-1000

Source ~1nt

Securtt7 P1a.z& Pad.:1c
1200 31"d Avenue
Sail D1eIo; C\ ,92101
!Is.K'antIl~re
(714) 236-83e3

StAte O&t& center ProIram "
UD1versit1 ot CI.U!. -Beritele,
2538 0..""1 "I Wa,
Berkele,. C.\ 94720

. Iloaa E111owslc1
(415) 642-65n

cn.o~

Div1sioa ot local Goveramea-c
Colorado Dept. ot~ ,ufaJ,J
131L3 SbenaD S1:%"eet, RID. 520
Cecver, 0) 80203

-!ltr. Reid Reynolds
Ms. !tebe<:ea. P1ca.so
(303) 860-23S1

,

I

I·



tNI1nlSl ReM&reb 01.v1s101l
GradUAte Scheel of Bus. "daIlD.
Ua.1vers1tY ot Colondo-Ibulder.
Boulder. 0) 80309
~. Gerald All811
(303) 492-8229

Couaty IDfonat10n Semce
oeplLl'12DltD~ at F.c~DCm1CS

, Colorado State Oilivers1ty
Fo~ CollinS. CD 8052'3
~. Sue And81"!1OD
(303) 491-5106

~\ID8Dt3 Cep&l"tZZl8D~

:. 'n1e L1brar1es
.. Colondo St&toe CTD!ftrs1 tY
.:. Po~ Coll1.as. ex> 023
..~. JCueQ E'acb&D

(303) 491-s911

<XNfECTIarr

~rebeDS1ve Pl&DD1J11 O1v1s1oa
.. Office ot POUC1 i.ad Ml.Dapmeot

State ot CoaDecuc~
80 Wa sb1 ngUJll Sa-ee~
Hamord. cr 08108
.~. TheroD A. Sclmure
(203) ~90S

DEU'lARE" ..
Delaware OeveloPDU't Oftic:.e
99 It1Dp Rigt:way
P.O. !bz 1401
eo...r, DE l9903
)fr. *t:wI Rayward, ActlDc 011".

-Yr. 00l.V CleDd&Dlel
; .. ' '.:. '. (302) 738-4271
.. \. .

Q:la!put1llC CeD't8r
Un!vers1tY of Delaware
192 S Qlapel Street
SIdtil 9&11
lfen.rk. IE 197U
~. Bob Sba.fter
(302) 7~

F-ll

DISTlUcr OF ca...mmIA

O&ta Ser'l1ces O1vts1oQ
layor'S Off1ce of PllUUl1.Dg

&D.d OevelollDltDt
Roc= ,,58, ~bUZ"lb Bld«.
o\2Q 7th Stntet. N. If.
'1LStUJ1ItOD. IX: 20004

eYZ'. Alben )t1DdlJA
(202) 127~

~t:ropol1tan WLSb1Dgt.OQ
CoUDOll at CioYer=-ots

1875 I Street, ~.W., SU1te 200
,~. IX: 20008
~. JobD ~&1D

!t(s. Susu !C&liSb
(3)2) 223-6800

.FLORIOA .

DivU:1C11 of I.«.al Resouree
~D~

FlOr1d& Ce~eD~ ..of
O::anwntY Atta1r.l

2S71 Exec&lt1ve Cauter c1rcJ.e. :'.i
Talhb ....... PL 32301 "

-!Ar. ~ttbe_ ilr'adJ
(904) 488-23&6

GEXBiIA

Georg1a Off1ce of PlADn1ag
&ad Budin ."

270 iYLSb1DI'toa 5t •.• S. iY•
AtlaAu, GA 30334
Yr. Clark Steveas, D1....""eCtol'

-Yz'. Tom W&gJ2er
(404) 6M-2191

[bc\Jll8QU Ubr&r1aa
Gearw1& State On1versity
0111vanlty Plaza
Atl&:lta. CiA 30303
\fr. Jar YeNaara
(404) 658-2l85

Robert ,. Woodruff t.1l:Jn.1;T
t~r .l\dvaaced StU11es

anorr Onivers1tY
AtllD't&. QA 30322
~. E:l1Zabetb ~Br1de

( 4(4) 329-6872



wain UbrarY
Cn1V8rsity ot Geo1"g1&
At.heas, GA 3OS02
...,. Susan C. Fields
(404) 542~9....... ,"

Cieol'li&""DeP~. of CarmUl11ty Affairs
Office of Reseuch & IatOrm&t1Ol1

· '40 Sfar1etu' Stree~, N.W•• 8th Floor
A'twta,': GA 30303
~. Da.ve 'Utsee
(~)"~~8':3

rb:~~~s 'Iibrari&!1
. State OILta Cea'tU' Procram

:.;'; AlbaD1 StA;;e Collep
504;;Collese onv.

. AlW1;. CiA 3170S
· Ms. Golda Jackson

(912) 439 4088 ."

Q:)ctments L1brariU
State Data Canter Program
GeQrg1& Soutbern Colles8

· st~test:lQl'O. CiA 30438
Ys. Lynn W&1sb&k
.(912) . 356-2183

State Data Cen'ter Program
!t4ereer. lJ'n1vers1tY Law W,br&r1
!dereer 0a1verstty
_COC, GA 31207
!a. Reyaold !Cosek
.(912) 745-6811

On1vers1tr Computer C8nur
ODivers1~ of Georgia.

, A'tbeu, ~ 30602
!liS. Horteese L. Ba~8
(404) 542-3106

Price Gilbert ~rial Ubl'lU"7'
0earg1& lDst1tilts of Ted1JX)locr
1tl.a:Ra, GA 30332
!C". Ricbard Le&c1
( 4(4) 894--4e19

F-12

HAWAII

State Depart:DeD't of. Planning
a.nd Econom1c l:)evelopzlen't

P.O. Em 2389
Koaolulu, ElI 96804
.~. Robert SetDit~

Hs. llfaureeD St. Michel
(808) "548-3082 .

Electronic rata Precessing DiVis
State De~Dtof ,Budget

and F1D&Dce .
fC&1l1.a1.1naku 8u11c:U.ag ,
1151 PuDcbbowl. Street
Hcaolulu, RI . 98813 ,
Mr. TCllII YlllZesbt 1'0
(808) 54&-418)

KAni1 Cooperative fJe&lth s,stea
001versitr ot HaW&.U .
360anI Hall, 114Z1
1890 FM~-W4nR Roacl ,:
ffoaolulu, HI 96822
Hr. B&1D Headerson
(808) 948-6~ ,

IDAHO-
D1vision ot E:coaoad.c and
QmDw1.t~Aft&1rs".,

700 WState Street.
State ca.pitol Slele., Hm. 108
!';)1se. m 83720
~. ran aztloE'IC, Adm1Distt&tor
(208) 334-2309

-Mr. Al&l1 Porter
(208) 334-3418

lJ'nivers1ty Etesea.rd1 Ceater
Boise State Ua1vers1ty
1910 University Cr1ve
Ebi.se, m 83125
Or. R1cb&rd Y&r1:, 01.rector
(208) 385-3578
~.Bas1l DahlstraD
(208) 385-1373



'lb. IdahO StaUt UbrazT
325 ,~ StaUt SC"ee1:
801.98. ID 83702
!lIB. BeleDY111er. SUte Ubrar1AD
Yr. GIZ'1 Bet"C1S
(208) 334-2130

IWNJIS

01vtnOD of, PlILJ1D1llC aDd
P1naDc:1&l AD&lys1s

Ill1J:r:)i.s 8uN&u of ttle B\xiget:
William S1:raftOD Blele•• fb. a)S

Spr1Dct1eld. II. 62706
'.!ICS. Katb1 Robert8

(211) 182-3S00

Cc:amUlU~~ S8r91ees
De~t of Soc:1010l1. AJlt!1rO
. polOl1. IDll Soc1lJ. 'loft
I1.lJ.Do1S St&t:e Ua1ven1ty
Normal. It. 81781
Dr. VerDOD C. Pcb"n"
(309) 43&-238'7

C8nt8l" tor Oovermmtnul S1:Ud1_
NortberD 11l1ao1.s OaJ.vers1n'
DeI&lb. It. (1)115

. Yos. Ruth AIm. Tobiaa
(815) 753-0322

CeDur fur Urbtul Lad EDvirotllDeD't&1
Rese&rct1 aac1 Services

Soutberu IlllDols On1v8l"S1n' at
F.<tnrdSVill.

801:32
F.dwards'f1Ue. II. 63)28
~. Cb&rlell Jrotrca
(618) 692-3032

Chicaco Area~c
ID!emsUQIl St\ZlJ

RoaD 2102. BuUd1D1 BlJB
P.O. Box 4348
ODJ.vers11:Y ot Il11!loU U

C1.1eqo C1rc1.
Chicqo. IL eoeso
~. Eric ReclaaI.D
(31.2) 996-a274

• Cenotes ke7 contact persoD

F-13

Indiag State L1bra.zoy
IDd1a.Da State Data Ceoter
1-10~ Seaa.te Aveaue
Iad1l&polis. nf 46204
liIr. RAy £wick. D1reetor-*. carol O. Rosen
(317) 232-3733

Schcol ot 'Sus1Dess
Dl'1'1.siOD of Rese&r'dl
ImUAM. Ull1vers1t7
633 :f JordAll ,
BlOOlll1.qtoD. IN 4740e
~. Yart.oD *rCus·
(812)~

D1nsioD of F«wm1 c .-\D&lys:
IIldlaaa De~D1: of CcmDeJ
460 North v.ar1d1aA
IDd1aDapo1.1.s. IN 46204
~. David A. Reed. ~or
(317) 232-8959.

.Jf!A
Office ot tbe State~
Iowa Office tor p'ena1a. &Dl

~.
523 East 1.2Q Strat
Des )biDes. IA. ~319
Dr. Edward Sta:lek. D1.reetor

-HI. liI&r7 ~ftl1&

(515) 281-3138

State UbtILzT Cc:am1ss10D
ll1Stor1cal 8u11d1CS
Des YoiJ1es. IA 50319
Ys. LUJda Y&urer
(515) 281-4103

c.ater tor Social and Beb&v
!>.eseuc11

eJD1verst tY ot ~en Iowa
CedAr Falls. IOIr& 50614
Or. Robert iruI!r
(319) 2'73-21~



CeI1SUS SerV'1ces
. 10.. State Ua1vern-l:7
318 Eas1: Hall _

. .\mes t IA 500U
Or. 1f1l11S GoldY
(515) 29+-83'70

lab)n.tory tor Pol1tic:a.l Re~
UD1versit'1 ot Iowa
321 Scb&8tter eau

--Iowa C11:)' t ·IA 52242
~. J1m GrUhOr"ft
(319) 3S3-3103

CeuUII .o&u. <:eater
Oepa.raD!Ja~ of P\ml1c ImRru:t:Loa
Gr1mIts State OfUce Bu11d1Dg
Des MoilleS. IA 150319
Yr. Suve b1
(515) 281-4730

-, ..
CeDsus C&'t&CeaUlr

.' Ion. D!tpa.nmeat of !flJrlLG Serv1ces
Boover State Office Bu11c:t1Dg
Des Mo1DeS. IA 50319
~. &'eD~ '1es1:ZZlU
(515) 281-4694

Ballou Ubnry
baa V15'ta. Q:lUese
Strem Lake. toA 50588
Or. BarbUa Palling
(712) 749-2127

KANSAS

StAte LibnuT
State capltol anlc11ac. 8m. 343
Topeka, B3 66812

.5tr. ~ C-aJ.bra.1t.b
(913) 296-3296

F-14

Div1s1011 of tbe 8l.dget
State Ca.pitol Bulldinc. RID•
Topeka., s:s 66812
~. caia Farrell
(913) 296-2436

tl1St1tute for F.coIlcm1c aDd
Bus1Dess Rese&r'C11

32S N1c:bols Hall
The Ua:hers1ty ot Kit bsa S

L&wreace, IS 660W
~. Robert GlAss
(913) 864-3123

Celltar' tor Urbiul Stud1es
Baz 81
Wlch1ta St&1:e OD:hersl~

11cb11:&. IS EiT208
~. *rk GlUU'
(318) 689-3737

Popula.tiOli Resea.rdl Laboratoe
Dep&r1:lQlG~ Of Soc101OV .
!C&Dsas S1:&te UD1versity
*.ab&tta.a. sa 68308
Hr. Ooa&1ci MeD'J'O.ba.ll:
(913) ~2-S9M

mmTOtY

tJrbU Stuci1es Cel1tar
Dep&l'1maDtstX:
t1n1ftn1t'1 of loUisville
GardeDCQurt Campus
Alta Vista bel
Lou:isv1.l1e. ItY 40292

*Mr. Vel'DCla Slim
(502) S88 6628



, i
Office tor PollC7 , ~emea1: '
St&te of lCea~ucJcy
C&p1tol Atmex
P"rI..I*fon, j{y 40601
!lIr. 11ll.1&al Hintze
(S02) 584-1300

State Dep~. ot tJ.t!rIU'T • Arcl11ves
StAte l.1bra1'1 Din.1eo
300 COffeetree Rc&cl. P.O. Boz ~
FzUktort. It! 40602
~. JamIlI rfelsoD. D1nte:tor
(.502) 8~7000

tm!SIANA

Lou1s1ana SUte Pl&DD1D1 attice
P.O. Boa: 44428 "
8&toa Ro'Ce. 1A 70804*". W&ll&ce L. W&!Jter. D1rec:tor".Yr. 'l'bOl'nt.o'D CoUeld
(S04) 342-7410

01vis1ca of 1lIS1J2es.s lLZJd
F.coacm1c Rese&rCb

lil11'98rs1~ ot :-few Orleans
lAke Proat
New OrleAl1S, U 10122
Ys. JadUe E7U81
(SOl) .286-6248

01vis10a of 8us1aesa Research
LoU1s1aD& Teen Un!ven1~'
P.o. Boa: 5796
RustOl1. LA 11210
Dr. Ed-.rd 0 I Boyle
(31.8) 2S7-3701

Retereace Oep&r12lBat
Lou1a11U1a State I.1.1::z'ary
P.O. Ibz 131 '
satoo Rctlfe, I.l 7<:821
~. 811.DCbe Cretin!
(504) 342-4918

F-15

E:tper1.lDelltal Sut1St1cs OepanmeQt
173 Acr1c:ul tunJ AdtIU.a. BuUd1.ag
Lou1S1aD& State UDbers1tY
BI.toll RcUl't. U 10803
Dr. NUICY lettil
(~) 388-3303

~

DivisioD ot EcoDClal1c .w.lysis
aDd Reseucb .

!I&1.u DeP8ftIIItDt ot Labar
20 [7n1oo Street:
A~. ME 04330

.'b'. RaJDOld FOIIItII1e
(207) 289-2271

WARYLAND

Yu7laDd Dept. of State PlanntDK
301 WeIR PnstCQ Street
Balt1Jlm'e. II) 21201
Ms,. o:xwuace Ueder, secretarY

of 121e Md. Dep~. ot St&te Ping.
-Mr. Arthur BeIljUd.D
(301) 383-8664

~uter Set.ace Ceater
UDlvers1ty ot ~llld .
Collep PIut. YO 3)742'*. Ell Sc:.btlMll
Yr. JobD~'
(301) 454 4323

SUte L1bra.rT Reflourc:e Center
~ocb Pratt Free L1bn.ZT
400 C&tb8dral Street
BLlt1mant. Y) 21201
lCs. Azule Shari 9urp.Q
(301) 39&-S328



Center. fol" yeS&.lcbtlSet'tS Oata
Ezec:ut1ve OfUc; ot Coamun1t1es

and .DuftloplleDt
100 Cambridge Street. 8m. 904
8081:00. lilA 02202

-Mr.· Cb&Z'les ~SIJeer:let'. Coor'd1D&tOr
of QtIlt8l" tar "'S'P'cbuseus O&ta

(817) 727-3253
. .

UD1vel'81tJ' Office of center tor
Kaalctlusects Oafa

Ua1verstty of \Ie SlSPcbuset'tS
"'~1~7 ~per Hall·

AlllbC'S'C, Ml 01003
. Dr. GeOrse R. )fcDowU. Director

··ct Center toZ' ~ssaeb\l!!l8t't.s Data
···(413) 545-0176

~ICKIGAN.,

W.Ch1p.a' tDtoraa'tioll Center
Departmlot. at ManapmeDt

and Bu::f1"1:
Office ot -the 8lJ1ptfLLPD
P.O. Jbx 30026
tan"" nrr. MI" 48909

*Or. Laurence RoseD
(317) 373-7910

!lWaC/aJS
layne State Univers1~
3229 Cass Avenua
C8tro1t. ~ 48202
Mr. WUliam S1:mIccs
(313) 571..2180

'the Ub1"'U'1 ot M1ch1gu
Go~81'!1ID8nt O:>cUllellts 01V1s101l
P.O. 80s ~007

I..Ans1J2I, ~ .489<»
... P. Alme D!SJD:)Dd
(517) 373-0640
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.YL~A

State OeuDgrapb.1c Uc1t
~DD8S0ta State PlanniJ:Jg ARel:l
101 capitol Square au11di.D.3
550 Cedar Street
St. PlIUl. SIN· 55101
ME>. 'lbomas Gillaspy
-~. Weeo BP.zT

(612) 2~M

Y1 "ne80ta AD&lysts and
PlamwzC SySQIB
Uuverstty of 1U!meSotA-St.Pa
475 C4tte, Hall
14a> Eckles AftDue
St. P&Ul~. 35108
Ys. Pat.r1c1& bel-Ja.rtICe
(612) 376-7003 .

otUce ot Public L1br'lLries aD
IDterl1brvy Ceopent1cG
Umle.ot& Dep&nmeDt of Educa
301 HaDtwer Buud1nl
480 Cedar street
St•. Pl.u1. YK 55101
~. Bl.U Asp
(612) 2S6-2821

YISSISSIPPt

center tar Populat1CG Stu:l1e!
'!he UniWI'S!T:'f of lU.s31.ssippi
BoadumD't Builc11nl, RoaD 3W
Un1vtaS1ty, M3 38877
Or. !ltu W111iallls. 01rector

·Ms. ~cbelle RatlU:t
(&>1) 232-1288

GoWrDOZ" s Ott1c:e of Pedenl·
State Progn,ms
~ot of Planning aD1 ~

'1&1tar Sillen Su:Ud1a&
Ja.cltson, S§ 39202
!tfr. Ceorp Pa.rsca.s. O1~tor
~. JelJ11e S. S:n1th
(601r 354-1018

.: f .



I
I, .,
I

j
•

MI5S:X.'RI

IUssouM. State Llbr&lT
308 B11Cb Stne~ .
p.O. Boz 387 . L
Jetfenoll C1t7. II) ElSl02
~. Cb.&rles O'F.&llOnD

*Yr. JOD B&rr1soa
. (314) 7S1-4SS2

Office of AdmiD1stnt1oa
124 Olpitol aAl~
Je!fenlOll C1ty. Y) 6&101
Yr. RJI,D~
(314) 151-2343

B IJ1d PA Reseu= Ceatw
Oa1venlty at !Il19BOuM.
10 ProtessioD&1 ~1d.1D1

Col\&bia. ~ 615211
Dr. r4 Robb
(314) 882~

~ANA

.. O!asus &ad&:OGCllIIic Ia!omllu;1oD
Center

Yo01:aZl& Dept. ot CcmDuce
1429 9th SCree~

capitol Statioo
ileleDA. ~ 59620-0401

*Ms. ~tr1cia Rcber'ts
(406) 444-02896

Voouu StAte lJ.brar1
capitol Stat101l
BeleD&. Ml' :5B6a)
~. Harold "'ambers
(406) 449-3115

·1lm!au of Busicess UM1
~c Researeb

OD1versity ot YoDuiJa
MiS80u1&. ~ 59812
Ys. *-z1De John8()D
(4as) 243-5113

Center tor Data System
&JJd ADlJ.7s1S

Office ot tbe Vlee Pl'es1dut . .
tor Retse&rdl

YoDta.D& State Co1vers1tY
BazBr4lD. ~ 59717
~. LeePaulkner
(406)994 4481
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B\ftAU of Bus1nessReseUCb
200 CBA
'lbe 11n1verst tY of Nebra.sk&-L1.ncoLD
L.1.Dcoll1. ~ 68S88
Dr. Ooa&ld Pursell. Director
.~. Jel'lT De1chert

(402). 472-2334

Polley ReS8U'Cb Ott1ee
P.O. Bar 94S01 .
StA'CO capitol. lb. 1321
UDcolD. NE 68S09
Mr•. AAcireIr ClmaJ.Dpsm
(402) 4n-2414 .

Nebro.sfu. t.1bl'U'7 Cc:am1S111oll
143) P Street
I..J..I1ColA. Nt 68:508
~. JabIl 1.. ·fop1acbke. D1.rectol'
Ma•.Pat:r1.C1& SloU. Pede Doc.
(402) 471-2045

'lbe ClGtral Dat& ProcessiDI D1vt.s1
Nebraska I:eJlU'men ot Adm1D.i.s-
. trl.t1Y8 Ser91ce8
1308 State capitol
1J.AcolA. NE 6Be09
!Ut. Rebert 9. 'Il1.sbt. AdaW11strau
!dr. Skip Miller
(402) 471-2065

~ADA

~ State L1bn.ry
cap1tol Cccq)la
401 Nortb Canoa
c:arsoD C1tY. SV 89'nO
Ms. Jo&ll K.ersc:tuzer

e!l4s. Valerie ADdBnea
(702) 88:5-6160

Depa.nmeat of .Da.'t& Procesa1lla
Cap1tol CoqJles
B1AsrJel1 Bu1lc11Ds. RID. 304
Carson C1t7. NV 89710
!dzo. Bob R1asbJ
(702) 88~1



NEW HAAfPSHIRE

Office ot State P1&DZ11ng
State of ".., Hampsb1re
2 1/2 Bea.coc StrMf
CoQCX)rcl, NIl 03301

-Mr. Jim YcI&u;bJJ.n
(603) 271-2155 '

~ Hanlpl!!/ib1re State UbrarY
Park Street
Q)ncord·. NJI 03301
~. Sb1rley GrayAduDvlch
(603) 271-~~

Institute· ·of.N&tur&l &ad
Env1rom.nW Reeources

traiverst.~ of New Ha'$M1. zoe
James Hall. 2nd noor
DurtwD. NIl 03824
Yl"•. o.en DurslD
(603) 862-103J

, .
NEW ~E! .:.... ,".':.

. ,';:"... :!."",. ....• .'

New Jersfl1 Dept. ot lAbor
. Di'l1s1oD ot .Pl·"n1 91 • RBsean:!I

Of 388 - JobA P11:Cb Plaza
Trenton. NJ' '086~88

·Vs. CoI1A1. 0: Rugbes
(scm) 984-~93

:few 'Jersey State L1bl"U"1
18S We~ State Street
't'reD:ton. tu ·08625
348. Beger1y Rallsback
(609) 292-4282.

Pr1Acetoo-Rutl8l"S C8DSU11 0&.1:& Project
PrincetoG Dn1versitY ~uter CeD'ter

f!f1 Prospec~ AveDtat
.Pr1AcetoD•. NJ C8544
Ms. J\Xl1th S. Rowe
(609) 462-E082

Pr1.Dcetoa-Rutp,rs Qtl1SUI!l !Ait& Project
ceater fer CaDputer • Woo Serv1ees
RutPrs UI11vennT:'f
CCIs.B111 c.uter. Busch campus
P.O. b 819
PiscataftY. NJ 088S4
\Is. GertrUde Lew1s
(201) 932-2483

EooDald.c De~lc~n~ &lid
Tour1.slD OeJ)ILrtIDeDt

Bata.a.n Yemorial Building
SAn1:&. Pe, NY 87503
eYr. Jcbn VellSCO
(505) 821-82Q)

N8'Ir Ka1co S1:a.te Ubrary
P.O. b 1629
&ulta1•• NM 88003*. Saadra hull
(305.) 821-2033

Bureau ot Bu:s1aess &Z1d
EcoDCmic Researcb

trn1vel"S1tY ot New Mexico
Alb~uerqw. NY 87131
Dr. Lee 8r'aWD. Director
(50S) 2'r7-~

ceatertor biAess R8se&l'cb
ADd Serv1ces

Boz 3Ql
New M1tzico Stat8UD1Versity
1&s CnI:M. NIl 88003, ..
Dr. rea NcwotlO' ..
(50S) 648-2035

NEW YORlC

01visioD ot Eccncm1c.,Bese&l"Ch
and Stat1stics

New Yorit DeP&r'tIDt!Dt of Calmerce
T'I1n Towers. Rocm tOO5
99 "asbinateD Aveaue
,\lbluly. NY' l2245
~. Peter Ansell, Assistant

DeputY caanss10Der '
-Yz'. ~iI Batut1s

(518) 474-61.1~

Law aDd SOC1U Sciences Ua1t
New York Sta.te Ubrary
CU1turaJ, Edueat1c:a Center
Empi:e St&te PlazA
AltaDy. NY 12230
ta. Elaine Clark
(518) 414-5128

F-tB



.lQmI~

:4ortb CLrol1Aa Offtce of St&te
alScet &Del .Mpmeot

116 .~ Joaes Stl"ee~

R&le11b. NC 27811"*. Fr&Dc1De E1r1a1, Oirec=r
. of St&~e c..t& C8ater

(919) 733-7081

St&~e L1bnZ7
No1"th ~U_ Dept. of

CUltural RMoU1"C88
109, Ea..n JOD88 St:ree~

Ra1eilb. NC 27811*_ fArleu Stz1,ckJ,aDd
.. (919) 733-03343

IDSd.tute for Re-.zocb 1D
Social Seleace

OD1'1VS1~ of Nortb CUol1D&
W&Da1CS BaU 02SA
O:Japel Bill. NC 21S14
Ms. Ju:i7 Mo8eII
(919) 968-334B

M:!1'H DAEarA.

Dept. of Agrtcultural. Eca10mcs
North Dakota State OD1vers1tY
Agricul turaJ. '!n:perimeat St&t1011
Yorr1U RaU.RoaD 2f17
P.O. IbE~
P~. NO 58105
Dr. Jero- JobzIsca

-Dr. R1c:bud RaUlp
(701) 237-8821

Nortb Dakota State Pllnn10' Div.
State C&plt41, 11th Ploar .
BlSlUck. ~ ~
Mr. RoDald bUck, D1rector
(101) 224-2818
YII_ ratb7 1JJx5qu:t.n
(701) 224-2O!N

Dep..z tmeat of~y
OD:1ftrs1ty of ~rth Dakota
GraDd Poms, m 583)2

!Ir. noYd K1ckc*
(101) n7-4593

F-19

Nortb OUota State L1bruT
Rendel J 8u:1la1Da
Hilll"" 8:If
B1sIarc:k, NO 58505
~. Rutb Yab.aD
(701) 224-2490

f!12
QUo c..ta Users CeD~
auo 08panmeat ot FcoDCIIUc &Cd

CanDI.D1tY OevelopaeDt
P.O. !!bz 1001
0:)1\IIlbus, CB 43216

·Wr. Jack BrowD
(614) 466-1T72

cm..uDcA

Or] abona State c..t& CeAter
Depnr1ZDeD~ of Ec:oDClll1c &Dl1

CaaDUD.1ty Uf&1n .
LlDcolA Plaza Bu1ldia«, Sui.te ~
40545 Nartb LUcolJl Boulevaru
Cklabcna C1ty, (£73108
MIl. C1adY Razabo. Dt.rector

--'.' Hal"leF t.1AIertelt
(40S) S28-8200

."

CIc.1&bc:aa Oe~i ot Ubnriee
2OON.B. 18tb Street
CJrl.bara City, 0It13105*. V1.rg1n1& Collier
(406) 521-~2

cmxnf

IatergovenzmeataJ. Relat10lUl Div.
Ezeeun\"8 Bulldimr
1~ Ccttap Street, ~,E.

00_, CR 97310*'. Jack Cuter.*. JOD Roberu
(~) 373-1996

Bureau of CoVe1"'Dl:llUlW ResearcA
aDd Service

Se!1oo1 ot CcmD\D1ty Serv10lt ~
Publ1c .Atfain

Un!versit1 of~
3eadr1c:ks Hall, Roc:m 340
P,O. Bon 3177
~eae. ca 97403
Ys. I&reD Sei.del
(503) ~232



C8Ilter for Popul&t:1oa Resarch
&.ad c.mlll

Portlaad. StlLte Un1vers1:t1
P.O. Boz ~l

. Portland, CB 'J1~

Mr. Ed Sbafer
(503) 229-3922

.~ .

Orea'oa St&t8 Library
State, LttJr'&r1 BuUd1DI
Sal_, Cll:. 97310
Yr. Czoairc. 5m1th
(503). 318 4.5OZ

:;. I.,

PENNSYLVANIA .

Iast1tute ot Sta.te and
Res10aal AtfAUs .

Peans11van1& State Un1vers1ty
OLpitol CImP\8

'Middleton, PA l7Ofj7
-wr. Bob'Sumdce

(717)' 94s 6338
~. ', ... ," .,"', " .
Oep&rt:lltat of Pduca.t1oa
State L1brU7 ot PeE1l1SJ'lva.a1&
Forun. Bu1ld1ac
B&iTisbiq ~ PA 17120
Mr. J'obn GersriDdt'
(717) 7ffT-'J:JZt

Goveraor t s Office of Budget
a.nd~t1OD

Bureau of MaDqealeat Services
903 He&ltb and Wel!&nt Bu11cl1nC
B&rr1sburw. PA 11120
lIr. aa1 Kuper
(117) 787-1764

PUER'I'O axex>

Puerto ft1coPla nn1 01 Bo&rd
M1.a111&s CioVermlltOt Center
Nort.aMds. I AveD1d& De D1eso
P.O. Ibz 41119
san J~. At 00940

·Mr. Suriel SaI1cbc
(809) 126-5020

Geaeral L1bzvy
Un!versity of Puerto R1.co

·Road .n
Ma.~. PR OCfTOS
Ora. Lu:LsIt. V1p.-cepeda, D1.rector
(8(8) 832-4040

F-20

~~ at EducaUca
CI.rDeB18 L1bral'7
P.O. Boz 1~
Ha.to Rer I PR 00619
~~ Carmeo ~ez
(8(») 724-1046 .

RHCD! ISLAND

Rbode Isla.ad Statetr1de
'P1&DD1.12C ProCz lIB

2615 !de1rose' Street, RID. ~3
Pmvid8DQt. HI .029(11
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INTRODUCTION

I. Economic Tests'for Class I-Irreplaceable and Class III-
Untreatable Ground Waters -

Ground-water classes are designed' to provide a basis for
differential protection of ground "waters:' Class I ground
waters are those warranting. higher deqrees of oontrol to
pr.ovide extraordin~ry levels ~f protection, a~d. Class III
ground'" waters are-' those warranting the . lesser levels of
protection due to their use and value. Protection of ground
water· has both social benefits and so'cial; costs. The
principal" social· benefits' of ground-water _ protection. are
protection of' human health and the environment and pr~serva

tion"·· of socially' and economically-valuable ground-water
resources. The 'social costs of protection result f,rom the
loss' of the economic'· and' other benefits of using the re-
source. -

The Agency' s Ground~Water Protection strategy is based
on the principle that the highest value of ~ ground water is
as 'a current or potential source of drinking water. c.rtain
ground waters warrant a high level of protection because the
value of protecting;their use as"a source of drinking water
far I 8~ceeds the potential social -costs of protection. -Con-:
versely, the" value of protecting certain other ground. waters
is very limited because it would be infeasible or inordinate
ly - expensive _or . impractical to use them as a source of

·drinking water due to contamination or other factors, and·so
these ground waters warrant a lower level of protection. , The
economic tests for Class I-irreplaceable' and Class III
untreatable qround 'Waters are designed to identify ground
waters that warrant hiqhe.r or lower levels of protection
based on their economic value as a source of drinking water.
These tests are, however, only several of many class-deter-
mining factors ~ . .

The economic test for Class I complement the technical,
institutional and hydrogeological assessments of' irreplace
ability anduntreatability. The - need to include economic
considerations can be illustrated by considering the result
of performing classifications without applyinq the proposed
economic tests. Failure to include the economic tests in
determining class designations' could result in some undesir
able Class II designations. For example, ground waters that
are replaceable based on technical and ins~itutional crite
ria, but are highly valuable economic sources of water for a
substantial population because they would be excessively
expensive to replace, would be designated as Class II (in
lieu of Class III) without the economic test. Similarly, a
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ground water that can be· treated to drinking water standards,
but only at such excessive expense, by national standards,
that its use as drinking water is an extremely remote
possibj,lity,would be desiqnated as Class II' (in lieu of
class III) without the economic test. 'Incorporating the
eoonomic test would pro~ot~. more appropriate class desiqna
tions and corresponding levels of protection in such circum-
stances. '

!' :

.... , The economic tests for determining Class I-irreplaceable
and Class III-untreatable ground water have similar struc
tures and components. They are 'both simple, implementable
p~oxies for an .eXhaust.ive socioeco~omic evaluation, of the
benefi~s of protection. These tests are intended for use as
"screening" tools only. Classifiers may employ more detailed
apalyses in makinq a Class III untreatable classification,
depending on the availability of data and site-specific
factors. In whichever level of analyses is performed, site
specific factors should be' considered in determining' the
socioeconomic va~ue of protection.

'. Each test involves comparing site-specific water supply
costs' .with a cost threshold based on local or regional income
leyels~~ 'The cost'of a replacement or alternate water supply

-system is estimated to.. approximate the value of qround, water
that is currently used as a drinking water source (a Class I
candidate ground water). When the ·costs of replacement are
hiqh, the economic value of protection is high and the ,ground
water, therefore, warrants a high level of protection. Using
'a similar approach, the cost of using the ground wa,ter as a
source of drinking water is estimated as a measure of the
value of protecting contaminated ground water that is not
currently used as a drinking water source (a Class III
candidate ground water). In this case, the cost of treatinq
the ground water is ·inversely related to the value of
protection. If this coat 1s extraordinarily high and other
sources are available, the economic value of protecting the
'ground water is low because the ground water is unlikely to
be utilized or provide other beneficial uses and the ground
water, therefore, warrants .limited protection.

The tests utilize a percentage of local or regional
household income as a cost threshold for comparison with the
estimated water supply costs to make the class determina
tions. The use of a local household income measure to
establish a cost threshold, rather than a national standar~,
allows the tests to reflect variations in local- economic
cond!tiona, and thus, provides a measure of local economic
"burden" associated with a partiCUlar cost. Variations in
cost estimates among ground waters will, in general, be much
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more significant than variations in income levels for class
determinations using these tests.

The percentages of household income proposed as cost
thresholds are based on typical water supply costs relative
to household income of the service communities. ' CUrrent data
show that annual water supply costs typically range between
0.1 percent and 1.0 percent of household income. H.ean or.
average costs are about 0.3 percent. Therefore'l!L ,cost
threshold exceeding 0.3 percent of household income will
identify inordinately high costs, and so thresholds exceeding
0'.3', percent are proposed for both the Class I and Class 111
economic tests. .

:,' ',' The percent threshold proposed for the Class I-irre
placeable ground' water test approximates the very. 1:lighest
costs that people pay for a ~ater supply. Water supply cost
data' show this level to be between 0.7 and 1.0 percent of
household income.' For Class ·111, the overall' percent
threshold is based on mOJr:G average percentage 9f household
income that people typically.pay, i.e., 0.3 to 0.4. percent •.
For. Class III an additional "treatment cost threshold" is
also proposed, however, to focus the 'classification.'decisicm·

- on',· Whether or not the ground water is ~ntreatable. . If both
cost:· assessments are above this level, the ground wZlteris
unlikely to be developed of a source ,~f drinking water; or for
other beneficial uses. This portion of the test is essential
in that, according. to the Ground Water Protection S~rateqy,
Class III is reserved for areas of untreatable ground.water~

Thus, the economic test must focus on this, to avoid, desig
nating as Class III, clean qround waters which are.' merely
expensive to develop because of their depth or distance-to-
popUlation factors only. ' .

The Agency has conducted sensitivity analyses of the
effects of varying the thresholds. Varying the percent
threshold has the effect of varying the number of ground
waters designated as either Class I and Class III under the
tests. Increasing the' perc;;entaqe thresholds decreases the'
number of Class I and Class III'desiqnations and visa Versa.
These analyses show that the percentage thresholds identify,
inordinately high costs, and set a balance so that the number
of Class I or Class III designations that will be made will
correctly identify ground waters deservinqeither higher or
lower levels .ofprotection.By set.ting thresholds at these
levels, classifiers would not be overprotective by creating
an unnecessarily large Class I group, or underprotective by
making too many Class III designations. The analyses
indicate that this balance is best achieved by using a
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different percentage of income threshold for the Class X test
than the threshold proposed for the Class III test. .

The use of a Class III threshold of between 0.7 and 1.0
percent thus accords wit~ the objective of restricting the
Class I designations to "special" ground waters, yet one
which results in a sizeable Class I.

In su~~ary, the economic test criteria for Class I are
met when;

Water supply System Replacement ~ 0.7 - 1.0 percent of mean
Costs (on an annualized basis) annual household income

'. A threshold of 0.3 percent to 0.4 percent is proposed
for analyzing t-otal system costs in the Class III economic
test. Additional "treatment cost" thresholds are being
proposed to focus. the Class III test on the economic "treata
bility of the ground waters being classified." Recent
studies by EPA's Office of Drinking Water show that ground
water drinking-water supplies in'water-scarce western states
can cost as much as $300 per household per year. An informal
survey of water utility rate increases that have been
approved in recent years, indicates that rate increases over
100 percent of current rates have been proposed and rarily,
granted. These' data provide indicators of when the ad
ditional 'costs of treating a particular ground water. may be
inordinately high. Therefore, the economic test criteria ,for
Class III are met when:

Annualized System Costs of an Alternative Water Supply
exceed 0.3-0.4 percent of mean annual household income
and

The Treatment' Costs of an Alternate water Supply
increase household water rates by more than 100 percent
or a total of $300/household/year.

The treatment cost threshold may be adjusted to reflect
regional or statewide treatment costs in comparable systems.
Classifiers may wish to incorporate more detailed economic
analyses Which express the tradeoffs and/or benefits of
protecting a candidate Class III groundwater for future
uses.

Ranges of values are being proposed so that classifiers
will have the flexibility to apply a threshold value that is
most appropriate for the situation. EPA is interested in
receiving comments on the use of these economic tests, and/or
other threshold values.
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II. Rationale for the Economic Test of Irreplaceability
(Class I)

The, classifier' may apply an economic test to determine
whether ground waters that currently serve a substantial
population (among other factors) 'warrant the special protec-
tion of a Class I desi~nation. ,.',

The .economic te~t 'of . ground-water. irreplaceability
complements the assessment of the availability and, suit
ability of an alternative water supply source by considering
the economic feasibility of' utilizing .the alternative.
Economic feasibility is determined by comparing typical costs
of drinking water supplies to the income of service communi
ties. .~he tes:t designates a ground water as <;lass I-irre
placeable if (~onqother factors) the cost of utilizil\g an
alternative water source is excessive relative to the income
of the service community. specifically, a potential replace
ment source is defined to be economically infeasible if the
annual cost toa typical household user would exceed a
percentage of the mean' household income in the community.

The economic test, thUS, identifies ground-water sources
that are replaceable by technical. and institutional criteria,
'but have a particularly high economic value because po~ential

replacements are very costly, and therefore warrant a high 'or
special level of protection. .,

Percentage of ,Income Threshold for the Class I Economic Test

The proposed threshold for the economic test is a range
of 0.7 to l.Opercent of annual household income. This range
has been chosen by comparinq typical water supply costs to
the average annual, household income of the 'service popula
tions. Exhibit A presents data on typical water supply costs
relative to national average household income. The data show
that costs are typically between 0.1 percent and 0.3 percent
of average annual household income. Water supply costs
rarely exceed one percent of average household income. These
data suggest that the threshold percentage of household
income for the economic test should be chosen to exoeed 0.3
percent to accord with the objective of identifying ground

'waters that are particularly costly to replace as sources of
drinking water. Furthermore, sensitivity analysis of the
effects of employing alternative thresholds on the number of
Class I designations indicates that: '

, - ~

I

Class I
economic
percent

representation is fairly insensitive to
thresholds between' 1.0 percent and 0.5,
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EXHIBIT A

TYPICAL WATER SUPPLY COSTS
RELATIVE TO NATIONAL AVERAGE HOUSEHOLD INCOME

Typical water supply costs per
million gallonsa

Typical water suppsy costs per
household per year

Average annual.household
incomec

Typical water supply costs as
percentage of average
household income

$450 - 1,500

$ 27 - 90

$26,500

0.1 percent 
0.3 percent

asource: Temple, Barker, and Sloane,. Inc. 1982, Inflated to
1984 dollars.

bAssumes annual household usage of 60,000 gallons.
-

cSource:' Average household income, 1983, Statistical Ab-
stract of the U.S., 1986. Inflated to 1984
dollars.
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At a threshold of 1.0 percent, Class I representation
is dominated by non-economic Class I criteria; and

Class I representation is very sensitive to reduc
tions in the threshold value below 0.5 percent.

The use of 0.'5 percent or above thus accords with': the
object.ive of" restricting Class I desiqnations to ground
waters for which the socioeconomic value of protection is
pa;-ticularly high, but·· 'the designation' is not so overly
restrictive that it would result in a negligible Class I.

" ",

Implementation of· the Economic Test
. ,'. .' .

Implementation of the economic test has two principal
~~eps:

(1) Estimating the cost of developing an alternative
source to provide drinking water to the popUlation
currently served by the ground water under review;
and -

(2) Comparing the costs of the alternative. for a
typical user household to the test· pfi'rcen:tage of
average household income for the popUlation.

. ~ 0' . "

E~timation of Costs for AlternAtive Water Source

. . The classifier must calculate the cost of the most
economical alternate systems. He or she may base the system
cost estimates on' a system the same size as the one being
classified, or he/she may' estimate the size of the system
that would be needed.

Water supply system costs c.an be broken down in'to four
major component'-:··.

,. ,
(1) Acquisition;
(2)' Treatment; "
(3) Distribution and Transmission; and
(4) Support services.

Each of these costs elements maybe incurred in developing an
al'ternative source to supply a community with arinking water.
Acquisition costs are the costs of producing or acquiring
water, and can be thought of as the costs of qettinq the
water to the treatment plant. These costs i~clude the
capital, operating, and maintenance costs of wells, reser
voirs and aqueducts, and payments to suppliers for purchased
water. -Treatment costs include the costs of treatment plant
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and equipment, and the costs 'of chemicals that are added to
the water. Distribution and transmission costs are the costs
of pumping the water from the treatment plant to the service
population, and the capital and maintenance costs of, the
piping network. Support services costs are the costs of
administrative and customer services that are not directly
related to the physical process of delivering water.

Exhibit B shows the average cost structure of the small
and large systems surveyed by ACT Inc • (ACT Systems Inc.,
1977, 1979). Costs are separated' into the four major
components, with the exception of interest expenses which
were not allocated to partiCUlar cost components, and have
been shown separately.

-,

water system costs vary depending on the scale of the
system. Exhibit C shows average costs for ground-water and
surface-water systems servinq popUlations in various size
categories, based on survey 'data collected by 'Temple, Barker
and Sloane Inc. (Temple, Barker and Sloane Inc., 1982). The
data were collected in 1981 and have been inflated to 1984
dollars.

These data show that there are siqnificant economies of
scale in systems operation. 'Systems servinq popUlations of
approximately 300,000 have average costs of about $600 per
million gallons whereas 'systems serving' popUlations between
2,000 and 20,OOO'have average costs ~n the, range of $1,000'·
$1,500. 'Also, for systems serving over 5,000 people, there
appears to be little difference between the average. costs of
systems that use predominantly ground water and systems that
use predominantly surface water. co~t estimates for an
alternative source shOUld, therefore, reflect the considera
tion of the size of the system (determined by the population
curr~ntly served by the'ground water under review).

cost estimates should also reflect the scope of measures
that would be needed to supply the popUlation from an
alternative source. Three basic possibilities arise· when
developing an alternative water source: the first possibil
ity is that only the acquisition component of the system
would be needed; the second is that both acquisition and
treatment components would be needed; the third is that, in
addition to acquisition and treatment components., a trans
mission and distribution network would need to be construct
ed. These situations would lead to different costs.

Acquisition costs only would be incurred when existing
treatment and distribution capacity could be used with the
alternative ,source. Source development may include sUch

G-9

i '



EXHIBIT B

TYPICAL COST STRUCTURES FOR WATER SUPPLY SYSTEMS

a
Small Systems b

Large Systems

Percentage
of

operating
Expenses

Percentage
of '

operating
Expenses

Acquisition 19

Treatment 15

Distribution
and Transmission 36

Support Services 14

Interest Charges 16

'Total ,100

Percentage
of

Operating
Expenses
Excluding
Interest
Charges

22

18

43

17

o

Percentage
of

operating
Expenses
Excluding
Interest

__________ Charges

15 19

10 13

31 38 I

I25 30
I

19 I

II
100

aServing between 300 and 75,000 people.

bServing over 75,000 peo~le.

SOURCE: ACT Systems Inc., 1977, 1979
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EXHIBIT C

TYPICAL WATER SYSTEM COSTSa
(1984 $/million of gallons produced)

Source

Population Served by System Surface Water Ground Water

1,000. - 3,300 1,085 1,493

3,300 . - 10,000 1,063 924
I

10,000 25,000 795 718 I
25,000 75,000 727 710 J
75,000 500,000 596 606

over 500,000 457 574

aoperatinq expenses (including depreciation and capital
charges), inflated to 1984 dollars.

SOURCE: survey of operating and Financial Characteristics of
communitv Water Systems, Temple, Barker and Sloane,
Inc., 1982
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measures as locating and drilling a new well field in an
alternative aquifer, or switching from a'ground-water source
to a surface-water source.

o· • 0" •

. B9~ acquisition and treatment costs may be incurred
whe~ a. difference in water quality between existinq and the
alternative water source requires that additional treatment
proc~·.sses.. be added in order to' meet water quality .standards.
For.. ,example, the ground-water .supply. fora community may
require no treatment other' than chlorination; however,

. switching to a nearby surface-water supply may require
a~d;ti~n of unit processes such a coagulation, flocculation,
s~4.imentation, ,and filtration to the existing treatment plant
tOl~emove. contaminants entering the reservoir with surface
water, r\Ul-off. . .

~:::.:~:;. Di~t~'ibution and transmission costs may b~ incurred in
situations where the installation of a new distribution
system" is nec~ssary in order to supply the community with
drinking water from an alternative source. SUch extensive
measu':.8.s· would generally be required in situations where a
PC?Pula~ion is currently served'by a number of private wells
an~ the· alternative would require a centrally located water
s1:1pply system. This situation is particularJ.y applicable to
rural.· settings •

.".·.·Estimation of·· costs for an alternative water source
shOUld be-conducted using site-specific information to the
fullest extent possible, because the costs of developing the
source .can vary widely dependinq on site-specific factors,
and because the purpose of the test is to measure the effect
of these fac*ors on costs. However, the data. on average
system costs and cost structures presented 'in Exhibits Band
C. may be used to estimate costs for the system components
that are likely to have similar costs to the national
average. In these cases, national average system component
costs for certain components would be combined with sit'e
specific or source-specific estimates for other system
components.

For exampi.e, development of an alternative source for a
community of 4,000 people currently served by private wells
may .. require development of all of the components of water
supply system in order to utilize a nearby lake, Which is the
only suitable alternative 'source. In this case., the distri
bution and transmission and support services components of
the system that would be required to develop this source

. might 'be typical of systems of similar size nationwide. The
national average cost estimates could be used to estimate the
costs of these components. From EXhibit B we note. that these
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components t.ypically comprise 60 percent of the costs of a
small system (43 percent. for dist.ribution and transmission
plus 17 percent for support services). From Exhibit. c, we
note that. average costs per million gallons for surface wat.er
systems that serve between ·3,300 and 10,000 people are
$1,063. Thus $638 (60 percent of $1,063) could be used as
the' ..estimat.e of dist.ribution and transmission and support
service costs. (These costs would need to be inflated to the
base ,year for which cost estimates are required. Further
discussion of inflation adjustments can be found in Section
III of this Appendix and.· Appendix E, which discuss the
economic test for Class III ground-waters.) This estimate
would then be added t.o source-specific estimates of acquisi
tion and treatment cost.s. Acquisition costs might. differ
from national· .averages, for example, because use of the
'alternative source may involve purchase of expensive wat.er
rights and rights-of-way. Treatment costs might be high, for.
example, because the alternative source contains fertilizer
and pesticide run-off from nearby agricultural land.

A number of information sources are available to
estimate s1te-specific component costs. These .. sources
include Federal and state agencies, architectural '~nd
engineering consulting firms, tradeassociiltions,. and local
water utilities. Various EPA reports on water supply and
water treatment are also good sources of cost informatfon
(13.g., culp, et. al.·, 1978). (Speclf.ic discussion of the use
0:':. data from CUlp, et. al., is provided in sect.ion III of
this Appendix in the context of cost estimation for the
economic tsst for Class III). Ot.her sources include the
National Water Well Drilling Cost Survey (NWWA, 1979) for
cost estimates of ground-water source development (acquisi
tion costs). When utilizing cost estimates from disparate
sources that refer to different time periods, care should .be
taken to allow for inflation (as well as local variations ·in .
'labor and energy cost.s). EPA is expected to release updated
cost information over the coming years in preparation for the
implementation of ~he public water supply requirements of the
Safe Drinkinq Water Act Amendments of 1986. Until these data
are available, cost indices published quarterly by Engineer
ing News Record can be used for this purpose.'

Enqineering costs are usually estimated in three
components: capital. costs (e.g., construction, capital
equipment), operation and maintenance costs (e.g., labor,
equipment replacement , maintenance, utilities, administra
tion), and other costs (e.g., legal fees). Costs estimated
in this way should be converted to equivalent annual costs.
Annualization of capital costs is based on the expected
lifetime of the capital and the cost of finance. As a first
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approximation, capital costs may ~e annualized ~y multiplying
by a factor of 0.1. Thus:

Annualized Capital Costs - Capital Costs x Annualization
(Factor (0.1)

and

~uali~ed Costs • Annualized Capital Costs + O&M costs •
.,

Appendix E provides further discussion of annualization
~etho,doloqy. :,

.." .
'.. For cost estimation, the required system size, is

determined by ..the substantial population currently served by
the' 'ground water under review. The ,following standard
assumptions may be' used to estimate the water capacity
required to serve the population:

Average Household'size
. '

Average Annual Household
Water Usagel

.. 2.75 persons

m 150,000 gallons

For 'example, a population of 4,000 people would require
a system wit!:1 an annual capacity of 218 million gallons
(4,000/2.75 x 150,000 gallons, per annum). This is equivalent
to a' capacity of approximately' 0.6 million gallons per ~ay
(MGD).

Estimated costs of system components should be expressed
on a common basis before they are combined. Typically costs
are, expressed on a per thousand gallon or per million gallon
basis. (Exhibit C presents costs on a per million gallon
basis) • Annualized costs· can be easily expressed on this
basis by diViding annual costs by the capacity of the system.

Comparison of Costs with Ayerage Household Incgm§

Once the costs to utilize an alternative source have
been estimated, the economic test can be performed by
comparing the annual cost to a typical user household with
the average househOld income of the population currently
served by the ground water under review.

1150,000 gallons is used here to provide capacity for uses
other than residential uses. This figure is based on an
assumption of,150 gallons per person per day.
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The estimated costs to a typical user should be based on
the assumption that annual household water usage is 60,000
gallons. (Note that a higher assumption of water use
(150,000 gallons) is used when- determining system size.)
Thus, if total estimated system costs are $1,000 per million
gallons, the annual -costs for a typical household would be
$60 per household ($1,000/1,000,000 x 60,000). This fiqure
is then compared with the average annual household income of
the- popu1ati~n served by the ground water under review. If
data on the average household income of this population is
not readily available, data for the county average household
income may be used instead. These data are readily available
froID the, Bureau of the Census publication antitIed "County
and City Data Book", which can usually be found in local
libraries. Exhibit D presents state average household
incomes, for reference. These aggregated data should be used
instead only if more specific county data are unavailable.
Again, income data should be.inflated to the base year of· the
test.

When cost and income data have been compiled, the
following division can be performed:

Per Household Costs of ytilizing Alternative Sourc!
Average Housebold Income

The division will generally yield a ratio between 0.05
and 1 percent. If less tban o. 7 percent, the ground. water
should be designated as Class II. If the result falls within
or above the range of 0.7 to 1.0 percent, tbe ground water
should be designated as Class I.

Example

. _ A popUlation of 6,000 (2,182 households) is currently
served by individual wells in the Classification Review Area.
The only viable alternative water source is a reservoir which
is currently used largely _..for agricultural purposes, and is
slightly contaminated by fertilizers and pesticides.
Utilization of this alternative would require development of
an acquisition system to pipe water to the popUlation, a
treatment plant capable of treating the water to drinking
water standards, and distribution system to deliver the water
to the service popUlation. ThUS, all of the system com
ponents would be required. The distribution and t~ansmission

component of the system and support services are likely to be
similar to systems of similar size nationwide so national
cost estimates may be used for these components. However,
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EXHIBIT D

MEAN HOUSEHOLD INCOME BY STATE
(1980)

State state ..

Alabama $21,200 Montana $22,600
Alaska $37,700 North Carolina $21,800
Arizona $25,100 North Dakota $22,800
Arkansas $19,700 Nebraska $24,100
California· $28,100 Nevada $27,600.
Colorado $27,200 New Hampshire $24,800
connecticut $29,500 New Jersey $29,400
District of Columbia $26,300 New Mexico $22,200
DelaWare $26,400 New York $26,OQO
Florida $23,500 Ohio $25,.600
Georgia $23,200 Oklahoma $23,000' .
Hawaii $30,900 .oregon $24,900
Idaho $22,600 Pennsylvania $24,800
Iowa $24,600 Rhode Island $23,900
Illinois $28,400 South Carolina $22,200
Indiana $25,400' . South Dakota $20,000
Kansas $25,000 Tennessee $21,700
Kentucky $21,500 Texas $25,800
Louisiana $23,900 utah $28,700
Maryland $30,100 Vermont $22,100
Massachusettes . $26,100 Virginia .$26,400
Michigan $27,900 Washinqton- $26,700
Minnesota $26,100 West Virqinia $21,80Q
Mississippi $19,800 Wyoming $27,700 -
Missouri $23,500

SOURCE: Bureau of the Census (1980), inflated to 1984 dollar~.•
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acquisition and treatment must be estimated based on the
specific circumstances.

Evaluation of this situation should proceed as follows:

i) Determine the system size.
The system would be required to supply a community with

approximately 2,182 households. The system capacity required
would be 327 million gallons annually, or 0.9 mi!lion qallons
per day (2,200 x 150,000 / 365 days). 150,000 gallons per
household represents a system 'size with capacity to supply
residential, commercial, and other uses.

11) Determine system components required.
In the case, all of the basic system components would'be

needed. '

iii) Estimate costs of the system.
Distribution and transmission and support services

components ~re typical of national costs, BO they may _be
estimated using average values from ,Exhibits Band C. These
costs are estimated as 60 percent (43 percent plus 17'
percent) of $1,063 per million gallons, i.e., $638 per
million gallons. Based on cQnsultation with a local water
utility, this 1981 dollar fiqure is inflated by 45 percent to
reflect cost changes between 1981 and the year of the
analysis. A cost estimate of $925 "per million qallons Is,
ther~fore,used for these components.

A local enqineerinq firm provides estimates of capital
costs of $850,000 to construct a pipeline from the source and
a treatment plant capable of treating the water to drinking
water standards, and operation and maintenance expenses of
$100,000 for the plant and pipeline in current dollars.
Thus, approximate annual acquisition and treatment costs are:

+

Annualized Capital Costs
(Calcula~ed by multiplying
capital costs: $850,000, by
annualization factor: 0.1)

Annual Q&M Costs

Total Annual costs

$ 85,000

S100,000

$185,000

In addition, fees of $200 permillionqallons would be
charged for use of water from the reservoir. Thus, total
acquisition and treatment costs would be $795 per million
gallons ($185,000 divided by 327 million gallons, plus $200).
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Totalling the costs for the system gives:

$765 + $925= $1,690 per million gallons.

:;

iv) Comparing costs for a typical user household to the
average household income.·

Costs to the typical household are based 'on annual usage
of 60 i 000 gallons per household·. The cost estimate implies
an annual coat of $101 for the typical user ($1,690 divided
by 1, 000,000 x 60,000).,
...: ",

Recent census data shows that'average household income
for the county is about $12,000. Thus, the test ration is:

, $101
CI 0.8 percent

$12,000

In this case, the costs of utilizing the alternative
source are so high that the ground water is irreplaceable
according to the economic test criteria, and so it warrants a
Class I designation.
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III. Economic Test to Indicate that Contaminated'Ground Water
is Untreatable (Class III)

The economic test can be applied to determine whether a
contaminated ground water should be provided the level' of
protection of a Class II or Class III ground water. This
test is provided for comment as a more rigorous test than the
"reference technoloqy approach" discussed in' the main
sections of these guidelines. Economic feasibility is
determined in this test with reference to typical costs, of
drinking water supplies, relative to the, income of service
communities. Data show that annual water supply costs
typ~cally represent between 0.1 percent and 0.3 perc'ent of
the annual averaqe income of the service community. The
economic test designates the qround water as Class 111
'untreatable if: the cost of treating the water to c;\rinking
water standards and developing it as a source of drinking
water is excessive. Specifically, the use C;Sf a contaminated
ground' water as a source of drinking water is defined to be
economically infeasible if the annual total cost (including
treatment) to a hypothetical user household would exceed a
percentaqe of the mean annual household income in ~he

hypothetical user popUlation. A hypothetical user popUlation
must be used because, by definition, the potential Class III
ground water is not currently used and, therefore, the test,

, must be based on a hypothetical user. popUlation. , "

, The economic test, thUS, -identifies ground-water sources
which have particularly low economic value (under present or
foreseeable future conditions), because treatment and .use,of
such. ground waters for drinking purposes would be very
costly, and highly unlikely, -even though there ~ be
technical procedures available to render' these of drinking
water quality. Such ,ground waters, therefore, warrant a
lower level of protection than other ground waters. Since
this, a two-step process, the actual cost of treating the
ground water will be of utmost importance; again to avoid the
bias of designating "clean" ground waters as Class III due to
non-quality factors. '

The first threshold test examines total costs over· a
range of 0.3 to 0.4 percent of household income. This level
has been chosen with reference to typical water supply costs
relative to the mean household incomes of the service
popUlations. ' Typical water supply costs relative to national

'average household income show that' costs are typically
between 0.1 percent and 0.3 :percent of the mean' household
income. These data suggest that the threshold percentage of
household income for the economic test shOUld be chosen to

. exceed 0.3 percent to accord with the objective of identify-
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ing contaminated ground waters that are particularly costly
to treat and use as sources of drinking' water. '

The 'second step focuses on treatment costs when they
increase total system costs to a level which exceeds,a total
household cost of $300 per year or when they increase current
rates more than 100 percent. These criteria are being
proposed for assessing "treatability." EPA is seeking
comment on these criteria.

Implementation of the Class III Economic Test

STEP 1: petermine Size of Hypothetical User PopUlation

The first step in the economic burden test is to
determine the size' of the '''hypothetical user population",
that . is~' 'the popUlation that could use (on a conceptual
basis) the ground wa~er as a source of drinkinq water. The,
size of the hypothetical user popUlation is determined
through two approaches, with the second being the controll-
ing: ' - ,

1) the mean popUlation served by ground-water systems in
the state, and . .

2) a population that could be served by the maximum
sustained yield of the aquifer in question.

Exhibit E presents' the mean size population served by
ground-water supply systems in each state. For example, the
mean popUlation served by ground-water systems in the State
of Maryland is 3,916. These data may be used for tbe first
estimate.

The second estimate is determined based on the estimated
sustained yield of the aquifer. The U.S. Geological Survey
office (e.g., District Office) in the state or the state
geological or water surveys will often have hydroqeological
information (e.g., maps, reports, and surveys) on most
aquifers within a state. Consultation with these and other
individuals with local expertise and experience can likely
provide a reasonable estimate of an aquiter's sustained
yield. For more detailed assessments, a ,review of boring·
logs, geotechnical evaluation~ or other data sources will be
needed. Field assessments and qround-wa,ter monitoring may
also be needed to assess not only aquifer yield, but quality
parameters as well. Once the sustained yield.is estimated, a
population equivalent can be determined based on ·anannual
water use of 150 ,000 gallons per household per year. For
example, geotechnical and hydroqeological data may indicate
that an area in Maryland, which is being classified, has an
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State

EXHIBIT E

MEAN POPULATION SIZE SERVED BY GROUND-WATER SYSTEMS
BY STATE OR TERRITORY

state

'American Samoa
Alabama
Alaska
Arizona
Arkansas
California
colorado
Connecticut
Delaware
Florida
Georgia
Guam
Hawaii
Idaho
Iowa
Illinois
Indiana
Kansas
Kentucky
Louisiana
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana

1,360
2,136

492
2,202
1,848
1,799

732
582

1,083
2,435
1,050
3,370
8,438

769
1,492
2,707
2,141
1,614

903
1,473
3,916
3,072
1,297
2,513
1.557
1,270

278

North Carolina
North Dakota
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
Ohio .
Oklahoma
Oregon
Pennsylvania
Puerto Rica
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Trust-Territory
utah
Vermont
virgin Islands
Virginia
Washington
West Virginia
Wisconsin
Wyoming

422
665
839
466
61,0'.

5,639
1,702,'
1,779
2,085'
'1,109

540
,742

, 3,037
1,690

841
930

5,269
1;384
" 306
,1,287 '
" , 433

6'5
J88
848
842

1,331
508

I,,,

(::

I

SOURCE: ICF, Inc. Analysis, based on the Federal Reporting
Data System Interactive (FROS/Interactive), which
identified public water supply systems (ground water
and surface water).
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estimated sustainable yield of 50 'qallons per minute or
72,000 gallons per day (CJPd). The population equivalent that
could be served by'this yield is 480 (72,000 qpd divided by
150 qpd/person). Because the latter, hydrogeological factor
is controlling, the hypothetical user population for' the
aquifer under review is assumed to be 480 persons. Using the
national averaqe of 2.75 people/household, the user popula- r
tion of 480 is equivalent to 175 households (i.e., 480 people
dlvided by 2.75 people/household). '

STEP 2: petermine the Mean Annual Income Per Household

: ,The second step' in ~e economic burden test is to
determine the mean annual household income of the hypotheti
cal user population. 'l'his determination may be made. by'
assuminq it to, be equal to the mean household income in the'
cotinty where the' qround wat:~r, is located. These data: ar's,
readily available from the Bureau of the Census publication
entitled "County and city Data Book", which can usually be
found in local libraries.~ When county-level data are 'not
available,- state-level data lUay be used as defaUlt values.
Exhibit F indicates the mean annual income per household in
each state as provided by' the 1980 ,Census inflated to 1984'
dollars. In the state ot Marylan4, for example, the mean
annual income per household' is $30,00.0 (.1984 dollars).

STEP 3: Estimate The Cost of the Water Supply System

The next' step is to estimate the cost of the ground
water supply system which could serve the ,hypothetical user
population size determined in step 1. In order to d~ this,
it is important to consider the four major cost components of
a newly developed water supply system: acquisition, tre~t.;.

me~t, delivery, and suppor.t: service.

Acquisition costs are primarily the costs of acquiring
and physically developing a water supply at the site. They
include the cost of the land, rights of way, and well field
development costs. The latter can vary depending on hydro
geologic conditions, particularly the depth of the aquifer
and the geologic formation overlaying the aquifer.

Treat~ent costs include the costs ~fthe treatment plant
and equipment, and the costs of the chemicals that are added
to the water. For a water of given quality, the costs of
~reatment depend on the quantity of water treated and the
treatment technoloqies used. The capacity of' a .treatment
plant is determined by the size of the population. (Much of
the cost analysis for step 3 will pertain to treatment
costs. )
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EXHIBIT F

MEAN HOUSEHOLD INCOME B~ STATE
(1980)

I .•

state state

Alabama $21,200 Montana .$22,600
Alaska $37,700 North Carolina $21,800
Arizona $25,100 North Dakota $22,800
Arkansas $19,700 Nebraska $24,.100
California $28,100 Nevada $27,600
Colorado $27,200 New Hampshire $24,800
connecticut $29,500 New Jersey · $29,400
District of Columbia $26,300 New Mexico $22,200
Delaware $26,400 New York $26,000
Florida $23,500 Ohio ·$25,600
Georgia $23,200 Oklahoma .$23,000
Hawaii $30,900 Oregon .$24,900
Idaho $22,600 Pennsylvania .$24,800
Iowa $24,600 Rhode Island · $23,900
Illinois $28,400 South Carolina $22,200
Indiana $25,400 South Dakota $20,000

l:
Kansas $25,000 Tennessee .. ,$21,700
Kentucky $21,500 Texas

..
· $25,800

Louisiana $23,900 Utah $28 i700
Maryland $30,100 Vermont $22,100

. Massachusetts $26,100 Virginia $26,400:
Michigan $27,900 Washington $26,700
Minnesota $26,100 West Virginia ·$21,800
Mississippi $19,800 Wyoming .$27,700
Missouri $23 1 500

SOURCE: Bureau of the Census (1980), inflated to 1984 dollars.
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Delivery costs include, transmission and . distribution
costs. Transmission costs are the costs of pumping the water
from the treatment plant to the main distribution network.
Distribution costs include the cost for the piping network
which provides the water to the water users.·

support services are primarily administrative and
customer service costs that are associated with the manage
ment of a water supply system.

Because a Class III candidate qround. water is not
currently used, it would typically be necessary to include
all four of the system components in estimating the costs ~f
developing this resource as a water supply source. Each cost
component needs to be evaluated on a site-specific basis.
However, default 'values can be uaed to estimate acquisition,
and support services costs if it can be shown that the site
has no extraordinary characteristics that would result in
costs which are SUbstantially different from the national
average costs for a system of that size. Because the Class
III candidateqround water is contaminated, defaUlt values
should n2.t be used to' evaluate treatment costs. Treatment
costs are strictly site-specific and are determined by the
nature and level of contamination of the ground water.

Default values for acquisition, delivery, and support.
service costs can be derived from Exhibits G and H..,Exhibit
G presents annualized' coe.ts (1.e., annualized capital and
O&M) for ground-water systems of various sizes, based on
nationwide data. The costs are expressed as 1984 dollars per
million gallons ($/MG). .Thus, i~ the total annual water
demand is known, Exhibit H can be used to estimate the annual
system' cost (exclUding treatment costs). Exhibit H presents
the relative contribution of cost components to the total
water supply system cost. These percentages are bassd on
water supply systems across the nation and grouped into two
size categories: 300 to 75,000 population and greater than
75,000 population. For example, acquisition costs for a
system serving a popUlation of 5,000 typically represent 22
percent of. total costs.

As an example of how to use Exhibits G and H, assume a
user popUlation of 5,000 (1,800 households). Exhibit G
indica~es that for a user population of this ~ize, the annual
cost of ground-water supply systems equals $924 (1984
dollars) for each million qallons produced. Because acquisi
tion, delivery, and support services costs make up 82 percent
of this total cost (Exhibit H), total costs, eX~ludi'ng

treatment costs, to the hypothetical user popUlation of using
. the ground water as a source of drinking water ~mount to $758
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_ EXHIBIT G

COSTS OF GROUND-WATER SUPPLY SYSTEMSa
BY POPULATION SIZE CATEGORY

(1984 $/million gallons produced)

population Served by System Annual. Cost

25 1,000 4,616

1,000 ·3,300 1,493

3,300 10,000 924

10,000 25,000 718

25,000 75,000 710

75,000 500,000 606

over 5QO,000 574

aOperating expenses (including depreciation and capital
charges, inflated. to 1984 dollars.

SOURCE: survey of operating and Financial Characteristics of
community Water Systems,' Temple, Barker and Sloane, ,
Inc., 1982

G-25



· EXHIBIT H

COST COMPONENTS AS PERCENTAGES
OF WATER SUPPLY SYSTEM COSTS .

,''';. ,' .... '

co~t Component

Acquisition

De~ivery

service

system serving
300-75,000
PopUlation

(-t. of total cC?sts) a

22

43

11.

82

system Serving
Greater than 75,000

Population
(t of total costs)a

19

38

87

8Totai-costs are the ·sum of annualized capital costs and .O&M
costs.

SOURCE: ACT Systems, Inc., 1979.
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(1984 dollars) per million gallons p;-oduced (i.e., $924 x 82
percent) • The total annual water usage is 270 million
gallons (1. e. , 1, 800 hous~holds x 150,000 gallons per
household per year), so the annual costs to the hypothetical
user population for acquisition, 'delivery, and support
services are $204,660 (i.e., $758/mg x 270 mg).

Determining the most economic treatment system involves.
a series of assessments. First, the specific ground-water
contamination problem in the Classification Review Area must
for a Class-III determination be fully characterized. Again,
the contamination problem should be areal in extent, and
cannot be attributed to a specific disposal site or other
activity. Much of the data may be provided in program
specific permit. applications, although supplemental.informa
tion may be ava·ilable from USGS, local authorities, and local
research organizations.

Once the contamination has been characterized, the
desired water quality levels should be determined for each
chemical constituent of concern. If all chemical constitu
ents of concern are present at less than drinking water
standards (HeLs) or Health Advisories, the water requires no
treatment.

The next step is to identify a~l of the treatment trains,
which are capable of reducing contaminant concentrations to

. the desired range. Exhibit I tabulates contaminant remov·al.
efficiencies for common treatment technologies. Any treat-.
ment technology which does provide removal of any of the
contaminants of concern may be eliminated from further

- consideration. The process of identifying the treatment ..
trains which are capable of achieving the· desired concentra
tion levels can be done systematically by evaluating all
possible combinations of tre.atment technologies f,rom among
the non-eliminated choices, or may be done heuristically
using expert jUdgement.

The treatment trains ~~entified in this'process can then
be costed out, and the least costly selected. Any of these
treatment trains that includes another of the treatment

.trains as a subset, can be disregarded because it will
clearly be inefficient. (In some cases, pUblic water systems.
add apparently redundant technologies to remove chemical
constituents for 'aesthetic' reasons, or to provide backup
treatment to accommodate fluctuations in influent quality.)
If no treatment trains can be" identified, the ground water
will automatically be Class III.

G-27

J
r
I'
I
r



F_'OIIBIT 1.....
Rt:roRTF.P TYPlrALLY ACHI EYP'.AJlI.E: CONT~INAHT RfJlOVAI. F.P'P'ICIF.HCIESa,d

. -: ". . ..,. ..

Air Strippinll r... r ....n Chrllical Cranular Hedia Ion
and APr'" ion Ad..urpt h'n frr.e I p It lit Ilin nasal inat Ian Flotation filtutlon behanlle O&on"th'n

Ob .'
ArlOp-nic \0 85 9S 65 60 99 ~5
I\.nil... Oh )0 RO 95 70 9') 0
"'·n&..nft 9a 1S 70 7S 40 97
(~,c!laI"11 Oh 8\ 90 60 60 70 99
C...hnn Tptrachloride 98 HnderateC 9S 7S 90
Chlordane Coodr Gnolle: 40
Chr".. iu," VI Oh C/\ '18 '10 SO 50 96
1.I·Plchloror.lhyl.ne 98 1)1 '1a SS
1.2e·Plehloroethylrne 97 10 90
1.2t·PirhluroP-thylrne 75 95 . 10
IlIrhlnrn_tho,n... 110 70 60 IS 1.0 60
2,4-0 Pet"'," r...ode r,u(ul~ '.

Db
,

I·-·Oioxane
".nil, In

,
Db 99 Hoderillee

t:thylrn.. alyenl Coode r."ndc
Fh..... ldp 0 75 , )0

F." .... ld.hy.." Cood"
n·HlIll~nC 99
......d Ob 9\ 115 60 98 SO 97 )0.
1.lndan.. Db l)'j ("",ode 65 U 50
l1ereu..,. Oh 'II) 110 90 7S 55
""thyl F.thyl I"'ona 99 ,
NlrrAla IS 96 70 10 90 SO
PCB Db IS 97 20 .
~elrnlUII Oh io 70 97 60 98 99
Silvar Db 2\ 70 60 45 20 99
T.. traehlorethylene 98 '19 'IS 80 3D 0 40
Tnluene 95 7'i 75 SO 60 65
Tnxaphene Goode 99
I.I.I-Traehloroethane 80 99 50 98 97
Triehlo..nethylene 98 pO<'..e 60
2.4.S-TP Poore Caode Goode Goode
Trlhal""",thlnes 75 99 95 80 80 60 50
Xyl.nes 99 90 ao 97 7S

n Data ..ap..PI..nt tbe pe..eent or conta..lnan~ vhlch cao be expected to be reooved r~OD solution uslnR treat..~t &yateMS sl.ll... to thDse
rurrent Iy lnstd led In rull scale 0 .. pi lot IIca Ie vate.. l ....at....nt opentions. Percent r.-val are· a"ne ..ated rrOlll available 11 ta ..aturp. a
li"ted ar thn ..nd or this "KIIon , and arlO ..ounded· I.ll the nearest 5 pe~ent (below 95 percent) •. Theae nWllbera orr. repreaentati"a u(
arhl"vAhle ef(lelencles. and are nol ahsnlulc Indiralora nr specl(ic system trealml!nt e(flclencles. .

h Allhmllth repnrted dAta vpr" unavailAble, Ihe phYl'le.l'· i.alur .. Ilr thn"p' ennt".. lnantll prp.ellldes .. Ur.ct Ive r ......val via nlr lll.rippina.

,. llllly 'I"" Ii 1..1 Ivl' .IAI .. ver. av"lI"hlp.·ln II... II I"p,...1IIr...

----.---.-..--"-_ •.'--~-



To cost out the treatment trains, the individual system
components should be listed. Exhibit J lists· the system
components typically required with each treatment technology.
When using published cost curves, it is important to read the
accompanying test which describes the system components
included in the cost curve, and. identifies which components
must- be costed separately. The following reference (along
with CUlp et al.) provide cost curves for a range of treat
ment technologies and system sizes:

Estimating Water Treatment Costs, Gummerman, eulp and
Hansen, EPA 600/2-79-162a.

Treatability Manual. Technologies For the Control
Remoyal of Pollutants, EPA 600/2~82-001C; and

Estimation of Small System Water Treatment Costs, EPA
600/2-84-184a. -

!

Again, updated cost as~essments will likely be available from
EPA or the water utility_ industry, under the public water
supply provisions of the Safe Drinking Water Act Amendments
of 1986. The. costs references generally provide separate
estimates of capital costs and annual O&M costs. These can
be annualized based on the expected lifetime of the. capital
and the cost of finance. As a first approximation, capital
costs may be annualized by multiplying by a factor of O.l.
Thus:

Annualized capital Costs = Capital Costs x Annualization
Factor (0.1)

and

Annualized Costs ~ Annualized capital Costs + O&M Costs

Appendix E provides further discussion of annualization
methodology.

-
Costs calcUlated in ~~is way for eight standard treat

ment technologies are presented in Exhibit K.

As an example, the annualized costs to treat a ground
water contaminated with air stripping, precipitation, and
rapid sand filtration for a system supplying a population of 
5,000 (or 1,800 households) would- be approximately $159,800
(the sum of $28,000 for air stripping, $62,700 for.precipita
tion, and $69,100 for rapid sand filtration) in 1982 dollars.
This figure should be inflated to a dollar figUre for the
base-year of the analysis. It should then be divided by the

0-29



EXHIBIT J

DEFAULT COMPONENTS OF EACH TREATMENT TECHNOIDGY

Aerat!on/Air stripping·

Aeration tower
In-plant pumping

Activated Carbon·

Carbon columns·.
Backwash pumping
Washwater surge basin

Chemical Precipitation

Lime feed system
Contact clarifier

- SlUdge pumping
Sludge drying beds
Slugde hauling

Desalination

Reverse osmosis
In-plant pumping

Flotation

Dis~olved air flotation
SlUdge pU1l1ping
Sludge drying beds
SlUdge haUling

Filtration

Granular media filtration
beds· ..

Granular media
.BackWash pumping
Washwater sewage basin

Ion Exchange

Pressure Ion Exchange System

Ozonation

Ozonation system

Ancillary operations

Administrative
Raw water pumping
Polished water pumping
Clearwell storage
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EXHIBIT lC

ANNUALIZED COSTS OF TypICAL TREATMENT COMPONENTS
FOR TOUR TYPICAL PLANT SIZES

All figures are in 1982 dollars.
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number of households. in the hypothetical population ·to
calculate an annual cost per household. This value in turn
is divided by the annual average (mean) household income and
a percentage is then derived. This value is then employed in
STEP 5 to classify the ground water.

STEP 5: 'Classify the Ground Water
..:.:.- ...

Two threshold values must be considered in.. completing
the· Class III t.est.: first.,. the. t.otal systeJll cost. threshold
and then secondly, the trsatment cost threshold. If the
value estimatsd in STEP 4 exceeds ths proposed,. r~nge' of
Ittotal system. cost threshold" percentages (a•3- 0 • 4 percent)
~ the treatment cost component of total sys~em costs
increase water rat.es moria than 100 percent or establish a
ra~e greater than $300 per household per year,· than the
gJ::ound water is' Class III'. If the value is less than the
proposed range of economic criteria percentages and the
treatm~nt ~ost thresho~d, then the ground water. is Class II.

. .
Because the Class III t.est must focus on whether or not

a particular ground. water source is untreatable, the classi
fier. mus't ... ·focus on'· the treatment. costs associated' with
siml1'arly-sized .or., comparable systems. cUrrent data." show
that .treatmenccosts nationwide.typically comprisa·1B percent
of . the. ·t.otal .cost of systems serving 300-75,000 populat.ion
and.~ 13' percent of the total costs of systems serving'· more
than .75,000 popUlation (ACT Systems, Inc., 1979). In making
a . Class III designation the classifier must. compare. the
effect t.hat treatment costs 'of' the system being classified
will· have on household wat.er bills. If treatment' costs
produce a household rate greater than $300 per year or a rate
increase greater than 100 percent over current rates (or any
other' baseline percentage as established for similarly-sized
or:' comparable systems within a state or region) then the
ground water is Class III·untreatable.

In some cases the classifier may wish to undertake
additional analyses .of the treatment costs. If, for in·
stance, a ground water resource is being classified in the
arid southwestern United States Where acquisition and
delivery costs comprise a major part. ottotal system. costs
and, yet, very costly treatment technologies' would need to be
employed, the classifier may wish to compare the treatment
costs associated with the system being classified with.
typical treatment costs of similarly-sized or comparable
systems elsewhere in' the state or· EPA region,· instead of
comparing them against a national standard. Again, the
objective of this test. is to determine Which systems would
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require treatment processes which are so costly that they are
"economically" untreatable.

Bxample

A Class IIIA determination is beinq considered for a
hypothetical site in Maryland.· Past industrial activity' and
urban recharge have resulted in generally poor water quality
of the aquifer. As a reSUlt, an application for continued
land disposal activity includes a Class IlIA determination.·
The five steps of the Class III economic test are examined in
this hypothetical problem. '

STBP 1: petermine PopUlation size/Number of Households .

Due,to widespread industrial contamination, local ground
water in the area has been not used' for drinking in more than
30 years. Public water is, supplied. from a, surface water
source. Since the qround waters are shallow, a Class lIIB
assessment is unlikely.

The US Geoloqical Survey District Office has been
consulted to obtain old water 'supply reports for the area 'as
to estimate the yield of the aquifer under review. 'Based on
these reports, the Classification Review Area would support a
sustained yield of approximately 625 qallons-per-minute (gpm)
Which is equivalent to 0.9 nqd. This yield could reasonably
serve a population of6,OCO, 'assuming' water usage of '150
gpd/person. '

Exhibit Eindicates that the mean popu1ationsize served
by qround-water systems in Maryland is 3,900~ Becausethe
3,900 average is less than the 6,000 popUlation (based on
yield), the classifier may choose which hypothetical popUla
tion figure is most appropriate. If, for instance, the
ground-water. resource being' classified is in the path of
encroaching development (even though such development will
not utilize local ground water) the higher figure may be
selected for analysis. In this example, the 6,000 figure is
used as the hypothetical user popUlation. This population
figure represents about 2,182 households (Le., 6,000 people
divided by 2.75 people/household). .

STEP 2: Determine the Mean Annual Income Per Household

In Maryland, the mean annual income per household is
$30,100 (see Exhibit F). This income estimate is used in the
absence of more specific survey data.
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