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DISCLAIMER

The information in this document has been funded wholly or in part
by the United States Environmental Protection Agency under assistance
agreement number CR-810715 to National Water Well Association. It has
been subjected to the Agency's peer and administrative review, and it has
been approved for publication as an EPA document. Mention of trade names

or commercial products does not constitute endorsement or recommendation
tor use. :
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ABSTRACT

A methodology is described that will allow the pollution potential of any
hydrogeologic setting to be systematically evaluated anywhere in the United
States. The system has two major portions: the designation of mappable units,

termed hydrogeologic settings, and the superposition of a relative rating
system called DRASTIC.

Hydrogeologic settings form the basis of the system and incorporate the
major hydregeologic factors which affect and control ground-water movement
including depth to water, net recharge, aquifer media, soil media, topography,
impact of the vadose zone media and hydraulic conductivity of the aquifer.
These factors, which form the acronym DRASTIC, are incorporated into a relative
ranking schewe that uses a combination of weights and ratings to produce a
numerical value called the DRASTIC Index.

Hydrogeologic settings are combined with DRASTIC Indexes to create units
which can be graphically displayed on a map. The application of the system to
10 hydrogeologically variable counties resulted in maps with symbols and colors
which illustrate areas of ground-water contamination vulnerability. The system
optimizes the use of existing data to rank areas with respect to pellution
p~tential to help direct investipgations and rescurce expenditures and to
pt loritize protection, monitoring and clean-up efforts.

This report was submitted in partial fulfillment of Contract No.
Ck=-810715-01 by the National Water Well Assoclation under the spomsorship of
the Robert S. Kerr Envirommental Research Laboratory, Ada, Oklahoma. This

report covers a period from October, 1983 to March, 1987, and work was
completed as of April, 1987.
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SECTION 1

INTRODUCTION

OBJECTIVES AND SCOPE

The purpose of this project 1s to create a methodology that will permit
the ground-water pollution potential of amny hydrogeologic setting to be
systematically evaluated with existing information anywhere in the United
States. Pollution potential is a combination of hydrogeologic factors,
anthropogenic influences and sources of contamination In any given area. This
methodology has been designed to include only the hydrogeologic factors vhich
influence pallu:ion potential.

This document has been prepared to assist planners, managers and
administrators in the task of evaluating the relative vulnerability of areas to
groumd-water contamination from various sources of pollution. Once this
evaluation is complete, it can be used to help direct resources and land-use
activities to the appropriate areas. The methodolegy may also assist ln
helping to prioritize protection, monitoring or cleamn-up efforts. This
document will also be useful to industry personnel who desire to understand the
relationship between various practices and the ground-water pollution potential
assoclated with them and to university personnel who teach the fundamentals of
hydrogeology and ground-water contamination. It has been assumed that the
reader has only a basic knowledge of hydrogeclogy and the processes which
govern ground-water contamination. However, the greater the hydrogeologic
experience of the user, the more useful the system will become because the
system can expand to be beneficial at any level of expertise. This report is
peither designed nor intended tc replace on-site inspections, or specifically
to site any type of facllity or practice. Rather, it is intended to provide a
basis for comparative evaluation of areas with respect to patential for
pollution of ground water.

The scope of this project includes not only the development of a
standardized system for evaluating pollution potential, but also the creation
of a system which can be readily displayed on maps. For purposes of relative
evaluation, a system has been designed which produces a numerical rating. For
purposes of mapping, the United States has been divided into hydrogeologic
settings. These settings incorporate the many hydrogeologic factors which will
infiuence the vulnerability of that setting to ground-water pollution. The
settings have been chosen to represent areas larger than 100 acres in size,
thereby limiting the system to use as a screenlng tool and not as a site
assessment methodology. The two portions of the system may be used separately
or combined for more in-depth evaluation. Individuals without specific



geologic or hydrogeologic expertise can effectively use the numerical rating
portion of the document, but may desire asslstance when producing a pollution
potential map. Professional hydrogeologic expertise greatly enhances and
facilitates the application of the methodology particulariy in locating,
evaluating and estimating parameter values.

The scope of this project did not include producing pellution potential
maps of the entire United States. Rather, a set of demonstration maps were
prepared to 1) demonstrate the use of the rating system and 2) show how the
system could display the information on a map for ease of use and reference.
Ten widely hydrogeologically varled countles across the United States were
selected as part of the testing and demnstration portion of the project
including:

1) Cumberland County, Maine,

2) Finney County, Kansas,

1) Gillesple County, Texas,

4} Greenville County, South Carolina,
5) Llake County, Florida,

6) Minidoka County, Idaho,

7) New Castle County, Delaware,

8) Plerce County, Washington,

9) Portage County, Wisconsin, and

10) Yolo County, California.

These counties were chosen to represent both rural and urban areas and to
exempliify both an abudance and scarcity of available hydrogeologic data.

In the formulation of this document an attempt was made to try to
agsimilate the thought processes of knowledgable professiornal hydrogeologists
when evaluating the ground-water pollution potential of any area. From this
t hought process a simple-to-use and easy-to-understand methodology has been
developed. It is important to remember that this document 1s intended to be
used as a screening tool and is not intended to replace the need for
professional expertise and field work In assessing the pollution potential in
specific areas.

The system has been designed to vse Information which is available through
a variety of sources. Information on the parameters including the depth to
water in ar area, net recharge, aquifer media, soll media, general topography
or siope, vadose zone media and hydraulic conductivity of the aquifer is
necessary to evaluate the ground-water pollution potential of any area using
hydrogeologic settings. Although much of this informaticn is available in
existing reports, some might require estimation. In addition to existing
reports and data, estimates for parameters can usually be obtained from experts
employed by the United States Geoleglcal Survey, state geological surveys, BSoil
Conservation Service, colleges and universities, professional hydrogeologic
consultants and other qualified individuals. 1In choosing parameters for which
information is already available in some form, thils system does not include
many parameters and types of information which would be avallable from a more



detailed site investigation. Therefore, it s Important to realize that this
document provides only a general, broad assessment to be used to evaluate areas
for potential pellution.

To help illustrate two potential uses of this document, examples have been
included: 1) When a professional hydrogeologist is asked to recommend the most
hydrogeologically acceptable setting for municipal waste dispesal in a county
area, he begins by reviewing many types of different Information. From the
information, he immediately rejects settings which are obviously unsuitable and
continues to narrow his focus until a number of the most promlsing areas are
identified. He will usually then recommend that more detalled ipformation be
obtained andfor site investigations be made on the most promising areas before
any type of further action is taken. This is analogous to the purpose of this
document. Tt provides the user with an idea of where to direct resources for
further evaluation. 2) When state or local administrators have limited
resources available to devote to ground-water protection, they are forced to
focus these resources ia certain areas. The system presented In this document
helps Identify areas which are more or less vulnerable than others to
contarination. This delineation allows administrators to direct their
resources to those more vulnerable areas most critical to the management
problems thereby making the most of the limited resources which are avaiiable.

PROJECT BACKGROUND

With the scope of the project in mind it is necessary to understand the
importance of this document. Ground sater is clearly regari « to be one of our
nation's most valuable resources. Americans have long depended on ground water
for many uses, but the primary use has been as a sowce of drinking water.

Over 90 percent of the nation's public water supplies obtain thelr source water
from ground water (Lappenbusch, 1984}. Additionally, 97 percent of the water
needs for domestic use in rural areas is served by ground-water resources
(Solley et al., 1983).

Naticnal reliance on ground water has increased dramatically over the past
20 years. 1In the last 10 years alone, ground-water use has increased almost 30
percent while surface water withdrawals have increased only 15 percent (Solley
et al., 1983). It is anticipated that the nation's reliance on ground water
will continue to increase as demand for water Increases in the future.

Concomitant with our reliance on ground water has come the need to protect
our ground-water resources from contamination. Although contamination due to
man has occurred for centurles, only in the past few years has the nation
become aware of the dangers of ground—-water contawination and of the many ways
1n which ground water can hecome contaminated. Moreover, in recent decades,
the diversity of potentizl pollutants produced and used by man has increased
dramatically. Since 1974, the Congress of the United States has been making an
attempt to protect the nation's ground-water resources through legislation.

The Safe Drinking Water Act (SDWA) (Public Law 93-523) as first passed in
Decemder, 1974 and amended in 1976, 1977, 1979, 1980, 1984 and 1986 mandated
the establishment of drinking water standards to protect the public health,
established the underground injection control (UIC) program to protect
underground sources of drinking water from subsurface injection of wastes
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through wells, and established the Sole-Source Aquifer program. The Resource
Conservation and Recovery Act (RCRA) (Public Law 94-580), as first passed in
October, 1976 and amended in 1978, 1980, 1982, 1984 and 1986, is the
legislation which controls the management and disposal of solid and hazardous
waste in such a manner that ground water will not be contaminated. RCRA also -
mandated the establishment of an underground storage tank program which will
address leak detection, preventlon, monitoring and corrective action. The
amended Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) (Public Law
92-516) as first passed in October, 1972 and amended ia 1975, 1978, 1980 and
1983 allows EPA to prohibit or mitigate ground-water contamination by
pesticides by denying registrations, by modifying application methods and
through cancellations and suspensions of pesticide registrations. FIFRA also
explicitly requires EPA to monitor environmental pollution. The Toxic
Substances Control Act (TSCA) (Public Law %4-469), signed into law in October,
1976, and amended in 1981 has no direct impact on ground-water protection, hut
has the potential to be used as a mechanism in ground-water protection because
the act provides EPA with the power to regulate the use and manufacture of
specific chemicals, some of which may pose ground water contamination
potential. The Surface Mining Control and Reclamation Act (SMCRA)} (Public Law
95-87) as first passed in August, 1977 and amended in 1978, 1980, 1982 and
1984, is the legislation which controls envirommental impacts resulting from
all mining activities. By establishing standards for these facilities, ground
water may once again be protected. Finally the Comprehensive Emergency
Response Compensation and Liability Act (CERCLA) (Public Law 96=510), also
known as "Superfund” was passed in December, 1980 and amended in October, 1986.
This law provides a mechanism for the clean-up of ground water which has been
contaminated at abandoned hazardous waste sites. A more complete discussion of
these acts aund their provisions which relate to ground water is given by Lehr,
et al. (1984). This host of legislative measures has sought to he.p prevent
the pollution of ground water in the future and to help mitigate some of the
problems which have been created in the past.

Because prevention is the key to helping ensure that future practices do
not result in ground-water contamination, it is now more important than ever to
use planning and management tools to help recognize the places where certain
activities pose a higher risk. This document addresses this need by providing
an approach which can be used to help direct resources to protect ground water
for future generations.

CLASSTFICATION SYSTEMS

One of the fundamental needs of any natural science is the development of
an effective system to group similar entities into categories. Well-
established systems exist in the fleids of botany, geology and many other
sclences (Joel, 1926). These systems permit an appropriately trained persoa to
gain certain insight about an entity simply by knowing the appropriate category
in which it is grouped.

This systematic and logical way of imposing an artificial system on
natural entities has long been used in the field of geology also. For example,
rocks have been classified according to origin and minerals grouped according




to crystal systems. However, as a sclence expands and changes, so must the
types of systems used to describe those characteristics which need to be
studied. The field of hydrogeology is one area of geology which has only been
overtly recognized since the term was colned by Lucas in 1879 (Davis and
Dewiest, 1966). Since that time hydrogeology has expanded, from a discipline
devoted to water occurrence and avallability, to include the broad aspect of
water quality and solute chemistry. Definition of water quality is fundamental
to the protection of the ground-water resource from pollution.

The idea of an organized way te describe ground-water systems 1s not new.
Meinzer (1923) prepared a small-scale map of the United States showing general
ground-water provinces. Thomas (1952) and Heath (1984) prepared similar but
more detailed maps and descriptions which grouped aquifers mainly on their
water bearing characteristics within certain geographic areas. Blank and
Schroeder (1973) attempted to classify aquifers based on the properties of
rocks which affect ground water. Of all these systems, geographic ones have
been more widely accepted as ways to describe the quantity of water which is
available in various regions.

SOME EXISTING SYSTEMS WHICH EVALUATE GROUND-WATER POLLUTION POTENTIAL

Within the last twenty years the need to expand these systems or to create
a new system to address ground-water quality has become evident. Many
dif ferent systems have been developed to address site selection for waste
disposal facilities such as sanitary landfills or liquid waste ponds. Among
these, the LeGrand System (LeGrand, 1983) and the modified version used by the
U.S. EPA in the Surface Impoundment Assessment (SIA) are probably the most well
known. The LeGrand system uses numerical weighting to evaluate ground-water
pollution potential from a given waste disposal site. By evaluating the site
through a series of four stages, a description of the hydrogeology of the site,
the relative aquifer sensitivity combined with the contaminant severity, the
natural pollution potential presented at that site, and the engineering
modifications which might change that potential are all evaluated.

The lLeGrand system presupposes only a limited technical knowledge but
encourages the user ro become familiar with the concepts presented in the
manual so that skilled judgements can be made in the subjective portion of the
system. The similarities between sites are emphasized and the uniqueness of
each site is downplayed.

The U.S. EPA methodology (U.S. EPA, 1983) uses the basic LeGrand System to
define the hydrogeclogic framework, but modifies the system to place emphasis
on establishing a monitoring priority for the facility. Once the hydrogeologic
characteristics have been rated, a table is used to define the monitoring
priority. This priority may be adjusted by the rater using prescribed
techniques. Once again only a limited technical knowledge 1s presupposed.

Other systems have been designed to tailor the results to more specific
purposes. Thornthwaite and Mather (1957) and Fenn et al. (1975) developed
water—-balance methods to predlct the leachate generation at sclid waste
disposal sites. This approach Is based on the premise that by knowing the



amount of infiltration into the landfill and the design of the cell, the
leachate quantity for the landfill can be determined. The system is intended
as a tool to be used by engineers in the early design phase of a facility.

Gibb et al., (1983) devised a rating scheme to establish priorities for
exlsting waste disposal sites with respect to their threat to human health via
ground water. By ranking the site through four factors, 1) health risk of the
waste and handling mode, 2) population at risk, 3) proximity to wells or
aguifers, and 4) susceptibility of aquifers, a number that ranges from 0-100
was used to display the relative risk. The system was used in a specific
2-county assessment by technically qualified individuals.

Another rating scheme, developed by the Michigan Department of Natural
Resources {1983), is designed to rank large numbers of sites in terms of risk
of envirommental contamination. By evaluating the five categories: 1) release
potential, 2} environumental exposure, 3) targets, 4) chemlcal hazard and 5)
existing exposure, the user obtains a number ranging from 0 to 2000 points
which evaluates the relative hazard of that site wlth respect to other sites in
Michigan.

Hutchinson and Hoffman (1983) developed a rating system used by the New
Jersey Geological Survey to prioritize ground-water pollutfon sites. By first
evaluating the site geology using eleven separate factors and then evaluating
the waste characteristics using eight criteria, the user generates sBeparate
scores which can then be combined to obtain a total site score. The scores
range from 0 to 100 with high scores depicting a high degree of hazard.

Seller and Canter (1980) evaluated seven empirical methods to determine
their usefulness in predicting the ground-water pollution effects of a waste
disposal facility at a particular site. The methods they reviewed Iincluded
rating schemes, a decision tree approach, a matrix and a criteria-listing
method. They determined that each method took inte account the natural
conditions and facility design and construction, but that each method was best
applied to the specific situation for which it was designed.

Since the first draft of this document was published in May, 1985 other
rating systems have been developed which attempt to assess ground water
vulnerability. The U.S. EPA (1986a) developed statutory interpretive guidance
for hazardous waste land treatment, storage and dispoesal facilities which
includes a section for determining ground-water vulmerabliity at hazardous
waste facilities regulated under the Resource Conservation and Recovery Act
(RCRA). By evaluating three parameters: 1) hydraulic conductivity, 2)
hydraulic gradient and 3) effective porosity, the user calculates a time of
travel (TOT) of a contaminant along a l00~foot flow line originating at the
base of the hazardous waste management unit. Sites with a TOT of 100 years or
less are considered vulnerable and typically trigper more detalled site
assessments.

The United States Air Force has developed a rating model to establish
priorities for further environmental action at air force bases
{Engineering-Science, 1985). The model uses information which is typlcally



gathered during the record search phase of the Installation Restoration Program
and includes ar evaluation in three maln areas: 1) possible receptors of
contamination, 2} the waste characteristics and 3) potential pathways for waste
contaminant migration. The result is single number which car be adjusted to
account for any efforts to contain the contaminants.

This brief review of selected existing systems reveals that there are a
number of methods that can be appiled to site specific situations or to
evaluation of the pollution potential of existing sites. However, a planning
tocol is needed for application te broader gecgraphic areas before the
gite-specifiec methods are employed. The system must: 1) function as a
management tool, 2) be simple and easy-to—use, 3) utilize available information
and 4) be able to be used by individuals with diverse backgrounds and levels of
expertise. Thie document contains a system which attempts to meet these needs
and to provide the planning tool necessary before site specific evaluations.

OGRGANIZATION OF THE DOCUMENT

This document contains seven sections and thirteen supporting appendices.
Each section and Appendices A through C contain a reference section. A
complete list of references can be found Ilmmediately following Section 7.
Section 2, Development of the System and Overview, provides a description of
the process used to develop the methodology, including the potential uses of
the system, the fundamental parts of the methodology, the designation of
mappable units and the numerical ranking scheme. Section 3, DRASTIC: 4
Description of the Factors, explains those factors which most significantly
influence ground-water pollution potentlal and the assumptions fundamental to
the methodology. This section also discusses the relationship between
hydrogeology and the effects of ground-water contaamination, and details the use
of the numerical ranking scheme to adequately portray the ground-water
pollution potential. Section 4, How to Use Hydrogeologic Settings and DRASTIC,
illustrates in greater detail how hydrogeologic settings are combined with the
relative rating scheme to determine the ground-water pollution potential of an
area. This section also explains how to evaluate the special condition of
confined aquifers, use media ranges and acknowledge the presence of single
factor overrides. Section 5, Application of DRASTIC to Maps, describes the
stepwise process used to produce a completed DRASTIC map from the initial data
collection to the printing of a final map using the National Color Code. This
gection also includes an explanation of how the system was applied in 10
hydrogeologically variable counties. Section 6, Impagct - Risk Factors,
discusses the influence of other parameters that way need to be considered in
addition to the DRASTIC Index when evaluating the ground-water poilution
potential In an area. Section 7, Hydrogeologic Settings of the United States
by Ground-Water Regions, contains an annotated description, a geographic
location map and an illustration of the major hydrogeclogic features of each
ground-water region. Descriptidns, 1llustrations and example charts are also
included for each hydrogeclogic 'setting.

Also included within DR&STiC are Appendices A through M. Appendix A
discusses the various processes and propertles which affect contaminant fate
and transport. Appendix B reviews the physical and chemical characteristics of



contaminants and asscclated reactions in the environment. Appendix C discusses
the sources of ground-water contamination and related ilmpacts on ground-water
quality. Appendices D through M contain detailed pollution potential maps
produced using the methodology. The 10 demonstration maps of coumties contain
hydrogeologic setting designations and individual DRASIIC Index computations.
Charts immediately follow each map and include the ranges of the seven DRASTIC
parameters chosen for each area and the system for computing the DRASTIC Index.
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DRASTIC

Inherent in each hydrogeologic setting are the physical characteristics
which affect the ground-water pollution potential. A wide range of technical
positions was considered regarding the relative importance of the many physical
characteristics that affect pollution potential. Factors including aquifer
chemistry, temperature, transmissivity, tortuosity, gaseous phase transport and
others were evaluated. The availability of mappable data has also been
congidered. As a result of this evaluation, the most important mappable

factors that control the ground-water pollution potential were determined to
be:

Depth to Water

(Net) Recharge

Agquifer Media

Soil Media

Topography (Slope)

Impact of the Vadose Zone Media
Conductivity (Hydraulic) of the Aquifer

i

A HHWM 2> D
3

These factors have been arranged to form the acronym, DRASTIC for ease of
reference. A complete description of the important mechanlsms considered
within each factor and a description of the significance of the factor are
included in Section 3, DRASTIC: A Description of the Factors. Wwhile this list
is not all inclusive, these factors, in combination, were determined to include
the basic requirements needed to assess the general pollution potential of each
hydrogeologic setting. The DRASTIC factors represent measurable parameters for
which data are generally available from a variety of sources witlout detailed
reconnaissance. Sources of this information are listed in Table 1.

A numerical ranking system to assess ground-water pollution potential in
hydrogeologic settings has been devised using the DRASTIC factors. The system
contalns three significant parts: welghts, ranges and ratings. A description
of the technigue used for weights and ratings can be found in Dee et al.,
(1973).

1) Weights

Each DRASTIC factaor has been evaluated with respect to the other to
determine the relative importance of each factor. Each DRASTIC factor has been
assigned a relative weight ranging from 1 to 5 (Table 2}. The most significant
factors have weights of 5; the least significant, a weight of 1. This exercise
was accomplished by the committee using a Delphl {consensus) approach. These
weights are a constant and may not be changed. A second weight has been
assigned to reflect the agricultural usage of pesticides (Table 3). These
welghts are also constants and cannot be changed. A description of the usage
of this second system can be found in Section 2 under the heading, "Pesticide
DRASTIC".
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TABLE 2. ASSIGNED WEIGHTS FOR

DRASTIC FEATURES

Feature Weight
Depth 1o Water g
Met Recharge 4
Aqguifer Media 3
Soii Media 2
Topography 1
Jmpact of the Vadose Zone Media 5
Hydrauhc Conductmity of the Aguifer 3

TABLE 3. ASSIGNED WEIGHTS FOR PESTICIDE

DRASTIC FEATURES

Pesticide
Feature Weight
Depth to Water 5
Nel Racharge 4
Aguiler Medra 3
Sait Media 5
Tapography 3
Impact of the Vadose Zone Madia 4
Hydrautic Conductinty of the Aquifer 2
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2) Ranges

Each DRASTIC factor has been divided into either ranges or
significant media types which have an impact on pollution potential (Tables
4~10). A discussion of the media types is included in Section 3, Aquifer
Media, Soil Media and Impact of the Vadose Zone Media. The ranges and media
types are graphed to show the linearity and non-linearity of the factor
(Figures 3-9).

3) Ratings

Each range for each DRASTIC factor has been evaluated with respect to
the others to determine the relative significance of each range with respect to
pollution potential. Based on the graphs, the range for each DRASTIC factor
has been assigned a rating which varies between 1 and 10 (Tables 4-10). The
factors of D, R, S, T, and C have been assigned one value per range. A and I
have been assigned a “"typical” rating and a variable rating. The variable
rating allows the user to choose either a typical value or to adjust the value
based on more specific knowledge. The ratings are the same for both the
DRASTIC Index and the modified Pesticide DRASTIC Index.

This system allows the user to determine a numerical value for any
hydrogeoclogic setting by using an additive model. The equation for determining
the DRASTIC Index is:

DpDy + RgRy + Agay + SpSy + TgTy + Iply + CrCy = Pollution Potential

Where:
R = rating
W = weight

Once a DRASTIC Index has been computed, it is possible to 1dentify areas which
are more likely to be susceptible to ground water centamination relative to one
another. The higher the DRASTIC Index, the greater the ground-water pollution
potential. The DRASTIC Index provides only a relative evaluation toel and is
not designed to provide absolute answers. Therefore, the numbers generated in
the DRASTIC index and in the Pesticide DRASTIC index canmnot be equated.

PESTICIDE DRASTIC

Pesticide DRASTIC is designed to be used where the activity of comcern is
the application of pesticides to am area., It represents a special case of the
DRASTIC Index. The only way in which Pesticide DRASTIC differs from DRASTIC is
in the assignment of relative weights for the seven DRASTIC factors. All other
parts of the two indexes are identical; the ranges, ratings and instructions
for use are the same. If the user is concerned with the ground-water poliution
potential of an area by pesticides, then the weights for Pesticide DRASTIC
should be used.
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TABLE 4. RANGES AND RATINGS FOR DEPTH
TO WATER

DEPTH TQ WATER

(FEET)
Range Rating
0-5 10
515 3
15-30 7
30-50 5
50-75 3
75-100 2
100+ 1
Weight. 5 Pesticide Weight. 5

TABLE 5. RANGES AND RATINGS FORNET RECHARGE

NET RECHARGE

(INCHES)
Range Rating
0-2 1
2-4 3
4-7 1
7-10 8
T+ g
Weight 4 Pesticide Weight 4
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TABLE 6. RANGES AND RATINGS FOR AQUIFER MEDIA

ACQUIFER MEDIA
Range Rating Typical Rating

Massive Shale 1-3 2
Metamorphic/lgnecus 2-5 3
Weathered Metamorphic/igneous 3-5 4
Glacial T 4-5 5
Bedded Sandstone, Limestone and

Shale Sequences 59 B
Massive Sandstone 4-9 &
Massive Limestone 4-9 6
Sand and Gravel 4-9 a
Basalt 2-10 9
Karst Limestone 810 10

Weight 3

Pesticide Weight 3

TABLE 7. RANGES AND RATINGS FOR SOiIL MEDIA

SOIL MEDIA
Aange Rating
Thin or Absent 10
Gravel 10
Sand 9
Peat 8
Shrinking and/or Aggregaled Clay 7
Sandy Loarm g
Loam . 5
Silty Loam : a
Ctay Loam 3
Muck 2
Nonshrinking and Nonaggregated Clay 1
Weight 2 Peshoige Weight S
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TABLE 8. RANGES AND RATINGS FOR TOPOGRAPHY

TIPOGRAPHY
{PERCENT 3LOPE:

Rinne HAating
-2 10
L 9
h-12 )
12-18 3
18- 1
a1 Pesticide Weight. 3
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TABLE 9. RANGES AND RATINGS FOR IMPACT OF

THE VADQSE ZONE MEDIA

IMPACT OF THE VADQSE ZONE MEDIA

Range Aating Typical Rating

Contimng Layer 1 1
Siit/Clay 2-6 3
Shale 2-5 3
Limestone -7 &
Sandsione 4-B 6
Bedded tLimestane. Sandstone, Shale 4-8 3]
Sand and Gravel with

sigrificant Sit and Clay 4-8 6
‘Wetamorphic/ 1gnecus z2-8 4
Sand and Graveil 6-8 8
Basalt 2-10 9
¥Karst Limestonea 8-10 10

Weight 5

Pesticide Weight 4
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TABLE 10.RANGES AND RATINGS FOR HYDRAULIC
CONDUCTIVITY

HYDRAULIC CONDUCTIVITY

(GPDFFT?J
Range Rating
1-1G0 1
100-300 2
300-700 4
700-1000 5]
1000-2000 -]
2000+ 10
Weight 3 Pesticide Weight: 2
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Pesticide DRASTIC was created to address the important processes which
specifically offset the fate and tramsport of pesticides in the soil. These
processes, however, may not be as significant when assigning weights to the
other DRASTIC factors for non—agricultural activities. Thus, by comparing
Tables 2 and 3, it can be seen that for non-agricultural activities, Seil Hedia
is assigned a welight of 2, while for the modified Pesticide DRASTIC, the Soil
Media is assigned a weight of 5. Topography, Impact of the Vadose Zone Media
and Hydraulic Conductivity of the Aquifer are also slightly differemt. By
making these adjustments, the committee addressed the special conditions which
influence the potential for ground-water contamination by pesticides. It 1s
important to note that the relative relationship between the DRASTIC factors
was not deemed significantly dif ferent emough to warrant the development of any
other modified DRASTIC indexes. The user should be reminded that weights may
not be changed for any of the DRASTIC factors. These relative weights form the
basis for the system and any changes will make the system invalid.

INTEGRATION OF HYDROGEOLOGIC SETTINGS AND DRASTIC

The mappable hydrogeologic units and the DRASTIC Index have been combined
to provide the user with a relative pollution potential for all typical
hydrogeologic settinge in the United States. A “typical” range for each
IRASTIC factor is assigned to each hydrogeclogic setting and a IRASTIC INDEX is
deternined for each typlcal hydrogeclogic setting. These settings are
developed as guides and are not designed to be representative of each and every
area. The ranges for each factor may he adjusted by the user and the rating
ad justed accordingly when avallable data indicate different conditions. These
hydrogeologic settinga provide units which are mappable and permit the drafting
of pollution potential maps. Thus, the user can us: hydrogeclogic settings as
a mappable unit, define the area of Interest by modifying the ranges within a
setting to reflect specific conditions within an area, choose corresponding
ratings and calculate a pollution potential DRASTIC Index or a specialized
index for pesticides.
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aquifer. A contaminant with an assumed mobility of water will migrate through
the sandstone aquifer Iin response to the ground-water flow system. Upon
reaching a restrictive layer depicted in Figure 16 by the shale, the
contaminant will typicalily travel along that boundary particularly when head
differential is upward. When a breach in the restrictive layer occurs the
contamipnant may migrate into other ad jacent formations. Removal of the
contaminant as 1t migrates through the aquifer will be Influenced by the
natural attenuation wocess present within this setting and the contaminant
characteristics. HNatural attenuation processes which affect contaminant fate
and transport may differ significantly between hydrogecloglc settings.

Diverse hydrogeologle conditlions such as karst limestone shown in Figure
17 pose special problems with regard to contaminant transport and attemmation.
Contaminants introduced at the surface and flughed into the aquifer by
precipitation are transported through the solution channels and cavities within
the limestone. The interconnected solution channels allow for rapid dispersal
of the contaminant throughout the limestone gquifer. Although attenuation
within the aquifer is limited, dilution of the contaminant may be significant.

A similarly diverse hydrogeologic condition 1s depicted in Figure 18.
This hydrogeclgic setting represents extensively fractured igneous/metamorphic
bedrock. Contaminants introduced into this aquifer system are transported
rapidly through the network of iIinterconnected fractures. Processes affecting
the attenuation of the contaminant within the aquifer are limited due to the
non-reactive nature of the bedrock and limited contact between the contaminant
and the agulfer materials.

The above examples demonstrate that it is possible to infer the pollution
potential of the setting by understanding the hydrogeology. Inherent
assumptions and generalizations about ground-water flow and contaminant
mobility are incorporated into the numerical score generated by using DRASTIC.
When both the hydrogeologic setting and the DRASTIC Index are used
simultanecusly, the user generates a clearer picture of the true potential for
ground-water pollution.

ASSUMPLIONS OF IRASTIC

TRASTIC and the modified Pesticide DRASTIC have been developed using four
ma jor assumptions:

1) the contaminant is introduced at the ground surface;

2) the contamlnant is flushed inte the ground water by
precipitation;

3) the contaminant has the mobility of water; and

4) the area evaluated using DRASTIC is 100 acres or larger.

When deviations from these assumptions occur, there may be special
conditions which would need to be more fully evaluated. For example, the
methodology assumes that a contaminant will start at the surface, enter the
soil, travel through the vadose zone and enter the aquifer much like water,
However, a contaminant may have unique chemical and physical properties which
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The next step is to evaluate whether the typical rating adequately
characterizes the polluticn potential of a contaminant in the media. For
example, the selection of sandstorne as a vadose zone media allows the user
to choose a rating from 4 to 8. If the sandstone has very little primary
porosity and very few bedding planes which would provide secondary
porosity, the pollution potential would be low and the user would assign a
rating of 4 to the media. If, however, the sandstone has a relatively high
amount of primary porosity and 1s extensively fractured, a contaminant
could migrate more rapidly through the media. The pollution potential
would be higher, thus, the user would select a rating of 8 for this media.

A& second example jllustrates the adjustment of the rating to reflect
depositional or formational conditions which affect the movement of a
contaminant in the media. The rating for basalt may range from 2 to 10 in
both the aquifer and vadose media. The enviromment im which the basalt was
formed can significantly affect the Intercomnection of openings within the
basalt and may also affect the degree of fracturing. This may be
illustrated by examining the basalts in the Columbia River Plateau. In
parts of thls region, the basalts are dense, impermeable and have few
fractures. CGround-water movement is restricted to the interflow zones
formed between lava flows. For thlis type of basalt, the user would assign
a rating of 2 to the media because the pollution potential is low.
However, in other areas of the plateau, the basalts are comprised of thin
lava flows with extensive fracturing and jeinting, permeable interflow
zones, and highly interconnected lava tubes. Contaminants introduced iato
this media would be dispersed rapidly; thus, pollution potential would be
high. In these basalts, the user would assign a rating of 10.

Ad justments to unconsolidated media ratings can also be made. For
example, a typical sand and gravel would receive a rating of B, 1f the
sand and gravel was coarse-grained, very well sorted, and contained only a
small percentage of silt and c¢lay, the user would assipgn a rating of 9 to
this media. If the sand and gravel was poorly sorted, and contained some
significant amounts of fine-grained materials, the user would assign a
rating of 6 to the media, A complete discussion of the use of media ranges
for aquifers and vadose medlia way be found i{n Section 3, DRASTIC: A
Description of the Factors under Aquifer Media and Vadose Zone Media.

ROW TO EVALUATE CONWNFINED AQUIFERS

The evaluation of a confined aquifer requires the use of special
definitions for several of the DRASTIC factors. The presence of a confining
layer restricts contaminant movement Iinto the agquifer. The assoclated
reduction in pollutlon potential can be incorporated into the system by
modifying several DRASTIC parameters to reflect the conditions which affect
poellution movement.

The confined aquifer may have either an upward or dowmward leakage
component. Hydraulle gradients which result in upward flow are not taken -
into conslderation because a) the aguifer already has a degree of /Xf
protection and b) upward gradients are easily reversed by local pumpage. )~
Therefore, for purposes of the DRASTIC Index, the worst case scenario of a
gradient into the aquifer is always assumed.

s

s 76

™



A judgement must be made in several of the DRASTIC factors as to the
proper way to evaluate that factor in the specific setting. A detailed
discussion of the lmpacts of coanfiped aquifers on the DRASTIC parameters of
depth to water, net recharge, aquifer media and the impact of the vadose
zone media may be found in Section 3, DRASTIC: A Description of the
Factors. Factors that must be varied, and the guldance for making the
judgement of variation are as follows:

1. Depth to Water — For a confined aquifer, depth to water is defined
as the depth from the ground surface to the top of the aguifer. This depth
also corresponds to the base of the confining layer. The presence of a
restrictive layer will limit the migration of contaminants into the
aquifer. The confining layer will also restrict the rate of water mevement
thus providing additional time for contaminant attenuation.

2. Net Recharge — Values of net recharge may be adjusted to reflect
restrictions in recharge to the agquifer due to the presence of the
confining layer. 1f the user 1s uncertaln as to whether the aquifer is
truly confined, the aquifer should be evaluated as-unconfined. Recharge
areas are often located miles away from the confiring aquifer. Values of

-net recharge can be chosen to reflect the amount of water which may

actually recharge the agquifer. 1In portions of some confined aquffers, the
ground-water gradlients are upward from the coafined agquifer into the
confining layer. In this situation, recharge to the confined aquifer is
negligibie and a low recharge value may be chosen.

3. Agquifer Media -~ The user must make a judgement, based on available
informat jon, whether an aquifer i1s confined or unconfined. The hydraulic
conditions of an agquifer may exhibit spatial variation. Varying degrees of
confinement are not uncommon particularly when the aguifer is of large
areal extent.

4, Impact of the Vadose Zone Medla - When evaluating a confined
aqul fer, the user must choose "confining layer" as the impact of the vadose
zone medla. The impact of the vadose zone media reflects the abllity of
the geclogic materials to affect a contaminant moving from the base of the
soil to the top of the agquifer. Because the coafining layer 1Is the media
which most significantly impacts pollution potential, the user is choosing
the true Impact of the vadose zone. Confining layer is used regardless of
the other media composition within the vadose zone.

From this discussion, it can be seen that the vulnerahility of an
aquifer can be significantly impacted by the presence of a confining layer.
The modifications to the DRASTIC parameters under confined conditions
produce a lower DRASTIC Index, thus suggesting a reduced vulnerability to
ground-water contamination. Under confined conditions, the methodology
assumes that the confining layer significantly limits the migration of
fluids, either contamlnants or water across the restrictive layer. In many
areas confining layers are not truly lmpermeable, but are leaky or
semi~confining. Because the methodology does not allow the evaluwation of a
semi-confined aquifer, the user must choose to evaluate the aquifer as
either confined or unconfined. The user must evaluate the degree of
confinement of the aguifer.
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TABLE 16. CHART FOR EXAMPLE SETTING 7Ac — GLACIAL TILL QVER SOLUTION
LIMESTONE SHOWING UNCONFINED CONDITIONS

Setting 7Ac Glacial Till Qver Solution Limestone General
Feature Range Weight Rating Number
Depth to water 30-50 5 25
Net recharge 4-7 4 24
Agquiter media Karst limestone 3 10 30
Sail media Clay loam 2 =
Tapography 2-B% 1 g
Impact vadose zone Silt/clay 3 15
Hydraulic conductivity 2600+ 3 10 30
Drastic index 139

TABLE 17. CHARY FOR EXAMPLE SETTING 7Ac — GLACIAL TILL OVER SOLUTION
LIMESTONE SHOWING CONFINED CONDITIONS

Setting 7A¢ Glacial Till Over Solution Limestone General
Feature Range Weight Rating Number
Depth 10 water 50-75 5 3 15
Net recharge 2-4 4 3 12
Aquifer media Karst [imestone 3 10 30
Soil mecha Clay loam 2 6
Topography 2-6% 1 9
lmpact vadose zona Confining layer 5 1 5
Hydrauhc conductivity 2000+ 3 10 30
Drastic Index 107
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The effects of evaluating an agquifer as confined versus unconfined can
be 1ilustrated using the following exampie. Setting 7Ac, Glacial Till Over
Solution Limestone is typified by conditions in northeastern Indiana. The
aquifer 1s a solution limestone overlain by varying thicknesses of glacial
£1l11l., The till is comprised of unsorted deposits of sand, silt and clay
which may be interbedded with localized lenses of sand and gravel.
Surficial deposits have weathered to a clay loam. Although the limestone
i3 the principal aquifer, the overlying till may alsc be saturated.

Despite the restrictive permeability of the till, recharge to the limestone
aquifer is relatively high. The glacial till is in direct hydraulic

connection with the aquifer and serves as a source of recharge to the
limestone.

The low permeability glaclal till partially confines the limestone
aquifer. Because DRASTIC cannot be used to evaluate seml-confined aquifers,
the agulfer mest be evaluated as either confined or wnconfined. If the
limestone is treated as an unconfined aquifer, the depth to water will be
the depth from the ground surface to the water table. In this setting, the
depth to water would be the depth to the level of saturation of the till.

A typlical depth to water might be 30 feet which would have a rating of (5).
The aguifer would still be evaluated as karst limestone and be assigned a
rating of (10). The hydraulic conductivity would also be high. A typlcal
value for high hydraulic conductivity might be 2000+ gallons per day per
square foot with an assoclated rating of 10. Soil media would typically be
a clay loam with an associated rating of {3). Topography would be 2 to 6
percent with an associated rating of (9). The vadose zone would be
represented by the till and the vadose zone media would be called silt/clay
with a typical rating of (3). The DRASTIC Index can be calculated to be
139 (Table 15).

It 1s algo possible to evaluate a similar aquifer for confined
conditions. Based on the modifications necessary for confined aquifers,
several parameter ratings must be changed. Depth to water i{s now
considered to be the depth from the ground surface to the top of the
aquifer. In this setting, the depth to the aquifer is 60 feet. The rating
for depth to water would change from a (5) to a (3). Because net recharge
may be limited by the confining layer, recharge values might be adjusted
from 4 to 7 inches per year (6) to 2 to 4 inches per year (3). The impact
of the vadose zone media muest now become "confining layer” with a rating of
(1). The other parameter ratings remain wnchanged. The DRASTIC index can
now be calculated to be 107 (Table 17).

By comparing the two indexes for this setting, 139 {unconfined) versus
107 {(confined), the impact of evaluating an aquifer as confined is
demonstrated. The confined aquifer is less vulnerable to contamination
than the wconfined aquifer. Although the geology of the site is
unchanged, there is a major difference in the hydrogeclogy of the two
examples and thus the relative degree of confinement affects the pollution
potential of the area.
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7. GLACIATED CENTRAL REGION

(Glacial deposits over fractured sedimentary rocks)

The Glaciated Central region occupies an area of 1,297,000 km? extending
from the Triassic Basin in Connecticut and Massachusetts and the Catskill
Mountains In New York on the east to the northern part of the Great Plains in
Montana on the west. The part of the region in New York and Penansylvania is
characterized by rolling hills and low, rouanded mountalns that reach altitudes
of 1,500 m. Westward across Ohio to the western boundary of the region along
the Missouri River, the region is flat to gently rollimg. Among the more
prominent topographic features in this part of the region are low, relatively
continuous ridges (moraimes) which were formed at the wmargins of Ice sheets
that moved soutlward across the area one or ore times durlng the Plelstocene.

The Glaciated Central region is underlain by relatively flat-lying
consolidated sedimentary rocks that range in age from Paleozoic to Tertiary.
They consist primarily of sandstone, shale, limestone, and dolomite., The
bedrock 1s overlain by glacial deposits which, in most of the area, consist
chiefly of till, an unsorted mixture of rock particles deposited directly by
the ice sheets. The till is interbedded with and overlain by sand and gravel
deposited by meltwater streams, by silt and clay deposited in glacial lakes,
and, in large parts of the North-Central States, by locess, a well-sorted silt
believed to have beean deposited primarily by the wind.

On the Catskill Mountains and other uplands iIn the eastern part of the
reglon, the glacial deposits are typically only a few to several meters thick,
but localized deposits as much as 30 m thick are common on southerly slopes.
In much of the central and western parts of the region, the glacial deposits
exceed 100 m In thickness. The principal exception Is the "driftless”™ area In
Wisconsin, Minnesota, Towa, and Illipnois, where the ice, if 1t invaded the
area, was too thin to erode preexisting soils or to deposit a significant
thickness of t1ll. Thus, the bedrock in this area is overlain by thin soils
derived primarily from weathering of the rock. This area, both geologically
and hydrclogically, resembles the Nonglaclated Central region and is,
therefore, included as part of that region.

The glacial deposits are thickest in valleys in the bedrock surface;
thicknesses of 100 to 300 n occur in the valleys of the Finger Lakes in New
York. 1In most of the region westward from the Ohio to the Dakotas, the
thickness of the glacial deposits exceeds the relief on the preglacial surface,
with the result that the locations of valleys and stream channels in the
preglacial surface are no longer discernible from the land surface. The
glacial deposits in valleys include, in additlon to till and lacustrine silts
and clays, substantial thicknesses of highly permeable sand and gravel.
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Ground water occurs both in the glacial deposits and in the bedrock.
Water occurs In the glacial deposits in pores between the rock particles and in
the bedrock primarily along fractures. The dominant water-bearing fractures in
the bedrock are along bedding planes. Water also occcurs in the bedrock in
steeply dipping fractures that cut across the beds and, in some sandstones and
conglomerates, in primary pores that were not destroyed in the process of
cementation and consolidation.

Large parts of the regionm are underlain by limestones and dolomites in
which the fractures have been enlarged by solution. Caves &re relatively
common in the limestones where the ice sheets were relatively thin, as near the
southern boundary of the region and in the “driftless™ area. A few caves occur
in other parts of the region, notably in the Mohawk River valley in central New
York, where they were apparently protected from glacial erosion by the
configuration of the bedrock surface over which the ice moved. However, om the
whole, caves and other large solution openings, from which large springs emerge
and which yleld large gquantities of water to wells in parts of the Nonglaciated
Central region, are much less numercus and hydrologically much less important
in the Glaciated Central region.

The glacial deposits are recharged by precipitation on the interstream
areas and serve both as a source of water to shallow wells and as a reservelir
for recharge to the underlying bedrock. Precipltation ranges from about 400 mm
per year 1in the western part of the region to about 1,000 mm ian the eastern
part. Recharge also depends on the permeability of the glaclal deposits
exposed at the land surface and on the slope of the surface. On sloping
hillsides underlain by clay-~rich till, the annual rate of recharge, even in the
humid eastern part of the region, probably does not exceed 50 mm. In contrast,
relatively flat areas underlain by sand and gravel may receilve as much as 300
mm of recharge annually in the eastern part of the region. Recharge of the
ground-water system in the Glaclated Central region occurs primarily in the
fall, after plant growth has stopped and cool temperatures have reduced
evaporation, and again during the spring thaw before plant growth begins. Of
these recharge periods, the spring thaw is usvally dominant except when fall
railns are unusually heavy. Minor amounts of recharge also may occur during
midwinter thaws and during unusually wet summers.

Ground water in small to moderate amounts can be obtained anyplace in the
region, -beoth from the glacial deposits and from the bedrock. Large to very
large amounts are obtained from the sand and gravel deposits and from some of
the limestones, dolomites, and sandstones in the North-Central States. The
gshales are the least productive bedrock formations in the region.

As i3 the case in the Nouglaclated Central region, mineralized water
occurs at relatively shallow depth in the bedrock in large parts of this
reglon. Because the principal constituent in the mineralized water is sodium
chloride {comwon salt), the water is commonly referred to as saline or salty.
The thickness of the freshwater zone In the bedrock depends on the vertical
hydraulic conductivity of both the bedrock and the glaclal deposits and on the
effectiveness of the hydraulic connection between them. Both the freshwater
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and the underlying saline water move toward the valleys of perennial streams to
diacharge. As a result, the depth to saline water i1s less under valleys than
under uplands, both because of lower altitudes and because of the upward
movemeat of the saline water to discharge. In those parts of the region
underlain by saline water, the concentration of dissolved solids Lncreases with
depth. At depths of 500 to 1,000 m in much of the region, the mineral centent
of the water approaches that of seawater (about 35,000 mg/L). At greater
depths, the mineral content may reach concentrations several times that of
seawater.

Because the Glaciated Central region resembles in certain aspects both the
Nonglaciated Central region (region 6) to the south apd the Northwest and
Superior Uplands region (region 9) to the north, it may be useful to comment on
the principal differences among these three regions. First, and as is already
apparent, the bedrock in the Glaclated Central and the Nonglaciated Central
reglons is similar in composition and structure. The difference in these two
regions Is In the composition and other characteristics of the overlylug
unconsclidated material. In the Nonglaclated Central region this material
consists of a relatively thin layer that 1s derived from weathering of the
underlying bedrock and that in any particular area 18 of relatively wiform
composition. 1In the Glaclated Central regiom, on the other hand, the
wmconsolidated material consists of a layer, ranging in thickness from a few
meters to several hundred wmeters, of diverse composition deposited either
directly from glacial ice (till) or by meltwater streams {(glaciofluvial
deposits). From a hydrologic standpoint, the unconsolidated material in the
Nonglaclated Central region is of minor importance both as 2 source of water
and as a reservoir for storage of water for the bedrock. JIa coantrast, the
glacial deposits in the Glaciated Central region serve both as a source of
ground water and as an important storage reservolr for the bedrock.

The Glaciated Central region and the Northeast and Superior Uplands regfomn
are similar in that the unconsolidated material in both consists of glacial
deposits. However, the bedrock in the two regions is different. The bedrock in
the Glaciated Central region, as we have already geen, consists of comsolidated
sedimentary rocks that contaln both steeply dipping fractures and fractures
along bedding planes. In the Northeast and Superior Uplands, on the other
hand, the bedrock is composed of intrusive ilgneous and metamorphic rocks
{nonbedded) in which most water-bearing openings are steeply-dipping fractures.
As a result of the differences in fractures, the bedrock 1n the Glaciated
Central region is, in general, a more productive and more lmportant source of
ground water than the bedrock in the Northeast and Superior Uplands region.

The largest fresh-water supply In North America, the Great Lakes, is
located in this reglon. Hordering the Great Lakes, there are abandoned beach

ridges, present-day beaches and sand dunes, all of which are very sensitive
environmental areas.
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GLACIATED CENTRAL
¢7am) Gimelal T1ll Over Bedded Sedimentary focks

This hydrogeciogic setting 18 characterized by low
topography and relatively flat-lying, fracturad sedimentery
rocks consigting of sandstone, shale and limestone which are
covered by varying thicknesses of glacial t11l. The till is
principally uneqrted deposits which may be lacerbedded with
loess or localized daposits of sand and gravel. Although
gTound water occurs in both the glacial depoaits sod in tha
intersecting bedrock fractures, the bedrock 1a typically the
prineipal aquifer. The glacfal till serves ns & scurce of
racharge to the underlying bedrock. Although precipitation
ta sbundant 1o moar of the region, recharge 1s woderate
becanse of the glacial cill and soile whieh are typically
clay losma. TDepth to water if extranely varioble depending
tn patt ob the thickness of the glucial eill, but averages
around 30 feet.

GLACIATED CENTRAL
{7ab]) Glaciasl Till Over Outwamh

This hydrogeologte secting Is characterized hy low
topography and outwseh materials which are covetsd by
varying thickonesases pf glaclal till. The till {s
priveipally uneorted deposita which may be Interbedded witch
losss or localized deposits of aand and graval. Surficial
daponits have usually weathered to a clay loam. Although
ground watar occurs in both the zlacisl deposite and 1o the
wnderlying outwash, the ocutwash typically serves az the
priscipal squifer bhecause the fine-graiced deposits havae
baen removed by gzlacial meltwvater. The outwash i in direc:
hydreulic conmection with the glacial till and glacial ili
warves s a soorce of recharge for the underlying outwmah.
This settiog iv similat to (TAa) Clacial Till Over Bedded
Sedimentary Rock and {TAc) Glscial Till Over Solution
Limaptons in ther although pracipicion is abundunt in most
of the region, recharge 18 moderate because of the
relatively low permeability of tie overlying glacial cill.
Dapth to water 1o extremely vaviable depending in part on
:‘Iu thickness of the glacial till, but averages around 30
ant.

Tne | M Glacinl ntm CERERAL
PEATUAE MANGE WMEIGHT [RATING {NUMBER
beptn to Nater 10-5¢ 5 Y 3y
et Recharge [ Lo 4 L 4
pquifer Media ‘s;"%'.i’wiia.';" k] 3 2]
Eoll hadla Cisy Loam H 3 4
Topogr aphy 2-6% 1 ¥ Y
Napact Yadose ione SulesClay % 3 1%
kydraulic Condustivity] L1181 1 H 5

Drastac Indme | 303

kETTING EIEY GE“".; ht.‘ Bver Bedoad PESTICIOE
PENTURE RANGE WELGHT |AATING
bepth to Water Ag=5C 5 L 25
Jrt Mecharge -7 4 '] H
Badded SE, LS,
hguater Redas SH Seguerces 3 & ®
koLl Mwdia Clay Losr 3 3 1%
ropogr spky 2-E% 3 ’ 27
impact Ysdone LGRe BalesClay [ 3 17
ydraulic Canduscivity] 100-300 2 2 1
Pesticide
Drartas Index | j3s

EETTING T MAb Glacial Till Over Qutwash

GENERKL _1

FEATURE RARGE U!_IGB‘I RATING [KUMBLR

pth to Matay 15430 5 ) 3¢
et Recharge L L] 4 [ H)
pquilar Hadia sand and Gravel 3 B kL
po.\l [ TLEYY Tlay Loar 2 3 %
ropography Fal L] 1 5 ¥
irpact Vadose lone Eiit/Cley L PR ST
Hydraulic Conductivaty 1000-2000 3 E FL]

Drastic Inden | 137

EETTING 7 AL Glazaal Tall Ouer Cutuwssh PEETICILE

TLATURE AANGE WETGHT JRAT ING | WURBE
Capth ED WATET 153k . T as
Hat Aechsros &=7 4 1] 24
pguiter Media sand and Gravel 1 ] i
poil Media Clay Loar L k] 1%
ropogr aphy 2-6% 1 % 2
Eupact Vadois Lone Salt/CLlay 4 1 '
ydraulic Conductivity 1004-2000 2 L} h1Y

Fasrticide

Draatiz Incex| 7153
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GLACIATED CENTRAL
(7Aed Glacial T111 Ower Sclution Limestone

Thin hydTogeciogic setting 1 characterized by low
topography and solution limestone which are covered by
warying thickneanes of glacial £i1l. The £ill is
primcipally unmorted deposits which may be interbedded with
loess or localized deposits of esad sod gravel. Surficfal
deponite have ugually vesthered to a clay loam: Alchowgh
ground vacer occurs inm both the placial deposits and Jo tha
underlying limestooe, the limestone, which typically
gontains aointlen cavities, typitally serves am the
priccipal sguifer. The limestone is in direct hydraclic
conpection with the glacial till and the glacial till servam
as & source of recharge for the underlying lloestene. This
sutting to similar to {7Aa) Glacial TiIl Over Bedded
Sedimentary Rock snd (7Ab) Glacial Till Over Cutwash {o thet
although precipication is sbundant in soet of the reglon,
rechatge ix modergte because of the relatively low
permeability of the overlying glacial eill. Depth to weter
i extremely varfable depesding in part on the thickoess of
the glacial t11l, but is eypically moderstely deep.

PETTING 1’.1:2,52:?"1 Till Over S&ldtien GERERAL
FERTURE RAKGE MLIGHT |RATING {NUMBER
Fth to Water Jg=ag 5 5 25
nt Eecharge 41 4 [ -
uifar Hedla Marst Limestche ;| 1 ac
@il Medis Ciay Loar H 3 5
Foragrapry -5 1 ¥ »
KEPACT VadDRe Zone S3lt/Cluy 4 3 15
pydraulic Ccr:ducllvurl apog- 1 10 an !

- ? ko Glacisl Tall Over Selutiar =
EET ine lamertoac PEFTICILY
FEMTURE RAMGE |REIGHT [RATING |HLBE
Pepil T Watar F-4C 5 H 2%
et Recharge 4= L} £ %
pquifer Med.a Farst Limestone X 10 k14
Ecal Media Tlay Loar 5 3 15
Fopography 2-61 3 ¥ n
impact Vadose Zone Sult/llay L] i 12
Hydrpulse Sonductivily] 2000+ 2 10 H.
Festaicide
Drastic Indes 1By
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GLACTATED CEWTRAL
(Tad) Glacial T111 Gver Sandetone

This hydvegeclogic secting 1x characterized by low
topography and relatively flat-lying, fractured sandstones
which are covered by wvaryving thicknesces of glacial till.
The efil tw principally vasorted deposits which may be
interbeddad with leess ot localized deposlts of sand and
gravel, Although groupd veter sccurs in both the glacial
daposite and in the latersecting bedroek fractures, the
bedrock {& typically tha principal squifer. The glacial
ELIl serves a8 & svurce of Techdrgs to the underlyicg
badrpek. Although precipitetion ie abundane in aost of the
tegion, rechargm is wmoderpte bacauss of the glacial tille
which typlcally weatbar to clay loam- Depth to water in
extremely wariabls, depesding in part on the thickaess of
the glacial £111, Wt averages arcund &40 fest.

EETTING 7 Ad Glacinl Tiil Over Sandgtone GTHIRAL
PEATURE I RANCE MEIGHT |SATING |HUMBER

bapth 1o Warer ! A0=54 5 5 25
pet Recharge 47 L] & H
pruifer Wadin Mikrlve Sandstone | 3 3 1e
1) Madip Cley Loar 2 3 L]
Fopouraphy ol 11 1 L] L]
Eapac: Vedoss Zon Salvscley H 3 15
Hydraulic Condoctivityl 100-3048 ] ) 12
Deadtic Inds | 10¢

EETTING 7 Ad Glacaal Till Over Sandstone FESTICIDE
FEATURE RANGE INCIGHT |RNTIHG [HUMBL

Peptn to Water 30-50 ] * I
pat Aecharge 4-7 4 11 il
fgu i fwr Media Massive Sanditone 3 & 1]
Foil med:ip Clay LoaT 5 3 "
Fapography =5r 1 E] FR
fmpact Vadoar tong 5ilt/Clay I 1 1
Hydravlic Conductivity JoC-r00 ? + &

Festicids

Grastic Preies 125




CLACIATED CENTRAL
(74e) Glaciel Ti1l Over Shale

This hydrogeologic setting i similar zo (7Ad) Glacial Ti11
Over Sandstone except that varying thicknegs of £ill overlie
fractured, flat=1ying shales. The till is principally
unsorted deposits with lnterbedded lenses of loess and sand
and graval. Ground vater is derived from efther localiszad
sources jn the overiving till or from deeper, wore permsabla
farmations. The ahale is relatively imperssable apd doas
Bat gerve as & mource of ground water. Although
precipitation is sbundent, racharge In afni{mal from the till
to daeper Formations mnd occurs enly by 1eakage of water

thtough the fractursd.

EETTING 7 he Glacial Till Gver Shale GENERAL
FEATURE RMHGE WEICHT {RATING |HUMBEF
Pepih to Watwr p-50 5 5 %
et Recherqe =7 L] ] [
phguifer Medty Hamaiye Shels 3 3 5
Boil Media Tlay Loam 2 2 L]
Ropagraphy T 1 . 9
KAnpacc Vedose Zone Biltsclay 5 3 1%
pydraulic Condoctivicyl »=140 H B 3
Drastis Ircen | 88 |
RETTING T he Glacinl Till Over EBhale PESTICIDE
FEATURE RANGE WETIGHT [RATING [NUKBE
Depth to Water p-ae H] 5 2L
et Racharge 47 4 L] 24
hguifer Media Mersive Ehale 3 2 &
poil madia Clay Loar H 3 15
Fapography -84 3 L] 27
pzpact Vadoss fone S1ic/Clay 1 ¥ 12
Hydraulic Comductlivit =104 H 1 2
;-':stt}:ifr%u 111

GLACIATED CENTRAL
{7Tha} Outvash

This hydrogeolagic setting 1 characterized by moderate tao
low topography sod verying thicikneases of outwaah which
overlie sequences of fracturad sedimentary rockes. ‘The
outwveeh coneists of watar-washed deposite of sand and gravel
vhich serve as the principal aquifer iz the ares. The
cutwash Elso seTves as a source of recharge to the
underlying bedrock. Precipictation fe abundant throughout
woet of the area and recharge is moderate to high. BRecharge
i sopewhit restricted by the sundy Joam woil which
typlcally devalopa in thia setting. Water levelp are
sxtreaely variable, but relatively shallow. Outwash
generally refers to water=-wagshed or ice-coptect deposits,
and cen include # variery of morphogecic forms. Outwash
plaing are thick sequences of gande and grevels that azs
luid down in sheet-like deposits from gedimgni-laden watets
drainiog off, aod from within a glacier. These deposita are
well-sorted and have relatively high perwesbilities. Kames
and egkere are ilca-contact deposics. A kaze ie an leolated
nill ot wound of atratified sediments deponmited 1n an
openlng within or betwean ice blocks, or petween Ice blocke
aod valley walle. dn askar im & einuous or meandering cidge
of well-sorced sandé and gravels that are Teanants of
streaps that existed baneath and within the glaclers.
daposits may be in direct hydrauvlic comnection with
underlyling fractered medrock.

These

FETTING 7 Ba Outwaeh GEWERAL
 FEATURE RARGE MEIGRT TMT!NG HUMBER
Capth ta Water 18-30 L] 3 EE]
At RACharge T=10 4 a a2
hagifer wedis Sand and Gravel 3 a FL
EOll Madia Sandy Loanm 7 3 12
Fopograpny -6 r 3 L]
Eopact Vadows Zone bamd and Grovel % L} 4
Hydraulic Conductivity] 1008- 2600 k) 3 24
Tractic lndeu | 176
ETTING 7 Ba Gutwash PLETIZIOT
FEATURE RAGE WE1GHT JRAT1RG [wunDen
Fepth o Water VE-30 5 7 EL]
per Aechargs =10 L] 8 32
pquifer Hedia Sand and Grove!l 1 3 % i
FCil Madipn Sandy Losr. 5 & %
Fopogr spny Y1} a 9 Fi
lmpact Yadose Lone Band ant Gravel 4 ] 32
Wydraylis Conductivie HopD-2000 2 '] 15
Pagticide

Drastlc I [ 198
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GLACIATED CENTRAL
{78b) Sutwash Qver Bedded Sedimentary Rock

This hydrogeclogic setting 1z characterired by moderate to
low eopography and relariwely flac—lying, Evactured
endimentary rocke conefsting of saendatooms, shales and
limewtone which are covered by varyiag thicknesaes of
glecial outvach. The outwash conzimts of u wariety of
wacer—washed deposite of sand wnd gravel which serve as che
principal mquifer 4o the area. The outwash sleo serves & &
source of recharge to the underlylng bedrock. Frecipitation
te abundant throughmst mast of the ares and recharge is
moderste to high. Vater levels ave axtremely wariable, but
typically shallow.

GLACIATED CERIRAL
{The} Dutwash Over Sclution Limeatone

Thie hydrogeologic aecting 1e charsctarirad by low
topography and solutlon limestone which Is covered by
varying thicknessesn of glmeial ouwtwash. The outvash
consinrs of varying rypes of water-washad depositm thar
typically wasther tc sandy losm sclls. Both the putwesh and
the aolution limestont serve as principal squifers in the
area.  The sclubion limestone ia in direct hydraulic
connection with the glecial outwash snd the cutwash serves
48 & source of recharge for rhe underlyiang limestone. Water

levels are extremaly wariable snd in pert dependent on the
thickness of the owerlying outwesh.

FETTING "flﬁz‘?nr;:llh Ovar Solytion GENTRAL ]

FEATURE RAHCE werGuT [RaTInG [numees |
Pepth to Witer 1%+30 5 ¥ 15
Mt Mecharge 10+ d 2 Y
pguifar Medaia ; HaTEr Limescanc 3 L1 o
Ecal Media | Bandy Loar 2 E 183
Fopogtaphy 1) 1 ¥ L]
Impsct Vadose Fone Sand and Gravel 5 B L1
Hydraulic Conductivity! Wog-200% 3 B 24
Crast): Incex | 186

T Guiwsah Uver Bwddad
BETIING ¢ yaymerrary Fock GEMERNL
FEATURE RANGE MELGHT [RATIEG |NUMBL R
Eepth O PATEr 15-3C [} 7 15
Mot Rwcharge 10+ [l 4 3%
medded 55, LS
pquiier Wedls SH BequEnces | 1 6 1€
Boll Madia Sandy Loam 2 5 12
Fopagr aphy =54 1 5 [ ]
Impact Yadoks Zonw Sahd and Cravel H 8 4C
ydraulic Conductivity, 145-34¢ 3 i €
Drastir Indaer | 186
I - TEwasF UVEr Beddes PESTICIDE
PETTING  oyqimertary Pase
FEATURE RANGE WEIGHT JRATING |WIMNE
Pepth 10 Watey 18- ¥ 7 L
jet Racharge 10+ 4+ L] 38
[Bedded B85, L&, § e
pguifer Media L& Sequences L
Boll Madis sandy Loar 5 L] o0
Fopoqraphy 158 a L] 27
Smpact Vadnee June Sand and Gravel 4 3 a2
yeraulic Conductivity| 100-300 2 H 4
Fusticldg 1Bz
Dragtic Iroho

EETTING ;{ Bo ggf:ash dvar Bolutign FEETICIDL
FEATURD RANGE |WELGHT [RATTING (HUMBE

pegth t5 Weeer 15+30 L] Kl I5
er Recharge 1o+ 4 3 16
pquifer Madia Hursr LiFmesicne kg 10w p1
Ecil Madia Easdy Loam 5 & i
EFopogr aphy 2-58 3 ] 27
Empact Vadose Lone Sand and Gravel ' ] az
prydraulic Condustivity] 1000-2000 l 2 a 18

Pagticrde

Drastic Indwx| Z20C
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GLACIATED CENTRAL
{7C) Morsine

This hydrogeologic setrimg is characterized by moderste te
moderately steep topography and varyiog thicknesses of mixed
glacial depoaits which overlis ssquences of relatively
flat-lylug fractured asdimentary rocks. This setcing im
similar ro {?Ba} Outwash ip thaf the sand snd gravel withis
the marainal deposltes mey be well-scrted and serve a5 the
principal mguifer in the avas. Theas depoalze also sarve as
& source of recharge Eor the underlyinog hedfock. Moralamee
alsc contain sediwente that are typically unsorted and
unstratified; these depoxite contain wore fines than sucwash
deposite, are less permeable and characteristle of glacial
till. Moraines kre typically mounde or ridgea of cill which
were deposited along the wmargin of a staguant of retrasting
glacier. Surficifal deposits oftep weather to sandy loma.
Precipltation is gbundant throoghout the ragion and
ground-water recharge 14 modarate. Water levels are
axtrgmely varisble, baged in part on the thickness of the
gleciol ti11, bot are typleally fairly shalleow.

BETTING 7 € Mopaine GEWERAL
FEATYRE RARCE WEIGHT [RATING {NUMBER
BLh O Waler 13-30 3 ki a5
et Agchacge =10 L] L] 12
pgulfer Medis 5anbd and Gravel 3 L] 14
Boil Madia Sandy Loaw 7 [ 17
Tropoge aphy -1l T 5 ]
Impact Vadose Zone Frlt/Clay 5 3 15
Bydraulic Condustiviry Jo4-T08 ] ] 12
trastas ke | 125
bertinG 7 ¢ roraare ! PESTICIRE
FERTURE RANGE [WEIGHT TING [NUMRE
F
Lepth to Hater 1L=30 s % ) EDS
Nt Recharge : 714 [l J_ 3 12
pquiter Media Sanc ang Gravel 1 f [} )
Foil Madia Sandy Loar 5 + I
Fopoqraphy £-12% 3 L 1%
Ampact Vadose Zone 5llt/Clay 4 3 12
Mydraulic Conductivityl 0= 2 ] []
Fascacidy

Drastic o) 136

SLACIATED CENTRAL
{70} Buried Valley

This hydrogeologic metring fs charscrarized by thick
duposits of sand ané gravel that have been deposited in &
forwer topographic low (usunlly s pre-glacial river walley)
by glacial weltwaters. These deposite ara capabla of
yielding large quantities of ground water. Tha deposits may
‘o M4y not underlie o present—day river end may or may oot
e In dizect hydraulic connection with a4 mtream. Glaclel
LE11l or recent alluvium often overlies the buried valley.
Ususlly the deposits are saveral cimes more permesble than
b surroveding bedrock, with finer-gralped allavium
covaring the underlyiap sand and gravel. Scils are
typlcally a sandy loas. Recharge to the sand and gravel Is
wadarate snd water levels mre commonly relatively ahallow,
altheugh they may he quice variwble.

FETTING 7 D Nuried valley CLHERAL
FEATURE RANGE MEIGHT |RATING (HUMBER

PRpth L0 Mater as-50 5 H] 5
pat hachatgw =10 4 [ ] 32
quiFer Redin Sand and Gravel 3 B 4
poll media Sandy Loam I L 12
Fopography FETY 3 ] y
Iwpacs vadoar ione ing gi:;'."“ silt 5 & 30
pydravlic Candoctivity] To00- 200 3 L] 4
Drmwtic Index | '5E

ETTING 7 G Butied Velley PESTICIDE

PEATURE RANGE IME[GHT (RATING
Eapth b0 watar 39-50 1 5 2%
et Recharge =10 4 L] LH
pquifar Media Sand gnd Cravel k] ] %
Bil]l Medin Sandy Loam 5 ] ac
T aphy 2-E0 3 Y i
hnpact vadose Tone and Capgtee Bas . 4
Hydraulic Conductivity] 1000-3000 2 L] 15

Pestlcide
Dwaatic Index] 774

247



GLACIATED CENTRAL
{7Es} River Allevium With Qverbank Deposits

This hydrogeclogie setting 1s characterized by low
topography and thin to moderately thick deposits of
flood~deposited alluviom aloag portions of the river walley.
The alluvium ia ynderlain by fractured bedrock of
sedimentary, metsmorphic or {goeous origin. Water i{»
obtained frow gand and gravel layers which are ioterbeddad
with finsr-grained slivvisl deposits. Tha [loodplain is
covered by varying thicknesses of fine-gralned ailt and elay
called averbank deposits. The overbank thickness is uswnlly
greatsr sloog wajor streaoe {as ouch ap 40 feet) wsnd thiemer
along afnor streams. Precipitatiso in the veglon waries,
but recharge is somewhat reduoced becsuse of the silty and
cinvey overbank sofle which typically cover the surfaca.
Water levels are moderately shallew. Oround water may by in
direct hydraulic contsct with the gpurtace stream- The
alluvium may serve ap a significant source of water and may
almo be in direct hydrsulic wicth the underlying sedimentary
tocks.

krrTing ;-IE.-:I‘E::M‘ Allovium With Cvarbark GEHERAN 1

FEATURE RANIE MEIGHT {RAT ING INURBER
bepth to water 15-3¢ 5 7 3
pat Rechazge a-7 L] B 22
hquifer Medis Sard and Gravel 3 ] FL
Foil Padia Silry Loam F 4 L}
Fopogr aphy o=21 3 1 (1}
Prpact Vedose Zona Hilt/Clay 5 3 15
pydraulic Conducklvity] 1at-1000 1 [ 18
Brartar Ldex | 734

Eerrong | E3 River Alluvium #ith Overbark PESTICIDE
fepuslle
FEMTURE RARGE WEIGHT [FPATIRG |RUNBE
Pepth ty Water 15=2at 5 1 1
1
et mMecharos -7 [} [3 k1]
pquifer Madia Sand and Gravel 3 B n
11 medla 5ilty Loam H] L] Fi
Fopogr aphy 0=24 b] 10 30
Hepacr Yadase Zone Silrsciay . 3 12
Pyarsulic Canductivity Fon-1p08 z & tz
PRETAT 0%
Draatic Indax|157

GLACEATED CERTRAL
(XAs) River Alluvium Without Overbank Deposits

this settiog s {degtical ta (6Fa} River Alluvium with
Overbank Deposits except thar ne significant fine-grained
flocdplaic deposits occupy the streanm valley. This results
in significmatly higher recharge where precipitation is
sdequate and sandy seils sccur at the surface. Water levels
are mderate to shellow ie depth, Hydraulic contact with
the surface stream {s uauslly excellent, with altecuating
Techarge/discharge relationships varying vith wiream stage.
Theae daposits also gerve am a goocd source of recharge to
the underlying fracturad bedrock.

FETTING Mfﬁxr&g.\\‘iriun Without GENERAL
PEATURE: RANGE WEIGAT [RATING [HUMBEK

Parch to Water =18 5 q 45
et Pacherge 1o+ [ 9 L 13
Puifer Medis Swnd and Gravel 3 B 24
poil Media Eang 2 ¥ 18
Fopography = 1 i 10
BErpact vadose fone Sand and Oravel 5 '3 4
Hydraulic Conductivityl Teg-1006 1 & ‘e
Watic tndey | 191

BCTTING Z-Eﬁ'}f‘i"ﬁ.:y‘:!:“ Withaut ] PESTICIDE

FEATURE RANGE INEIGHT JAATING |KUMAE

Pepth o Water LR 5 L 45
el Recharge v 1 ] 34
hquifer Medin S5and and Gravel k] ] i
Boil Medis Sand s L] 45
Fopcgraphy 024 3 i 30
Hupact vYadose Lone Sand snd Gravel L] a 32
Pydraolic Conductivity| T0=1000 2 & 1%
RS o
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GLACIATEE CENTRAL
(7F) Glacial Lake Dapoxits

This hydrogeclogic setting im charscterized by flat
topopraphy end varying thicknesces of Elne—grained medimenco
that overlle sequences of fractured sedipantary rocks. The
deponits are compomed of Eine—graiced silts end clays
ipterlayeTed with fine sand chat settied out 1a glacisl
lakes and exhibit sitercsting layars relating to sessonal
fluctustions. As @ conssquence of the chin, altarpating
layers there is & aubscantial difference between the
werrical znd horizontal permsabiliecy with the horlzontal
commanly two orf more orders of magnitude graster than the
vartieal. Due to thalr fine-grained nature, these deposits
typlcally weather to organic-rich sandy losms with o range
in pereeabilitles taflucting vaviations in sand content.
Underlying glmclal depusits ot bedrock serve as the major
source of ground water in the regilon. Although
precipitation is abundant, recharge o controllisd by the
permaability of the surfsce clays; hovever, in all inetances
recharpe fo modarstely high becsuse of the iopact of the low
topography. Water levals eve warimble, depending oo the
thickness of the lake sedimente and the underlying
materials.

EETTING 7 F Glac:inl Lake Depasite CGENERAL
FEATURE TANGE MEIGHT [RATING |KUMRER
Fepth €0 WatTer 1530 - L] 7 a5
et Eacharqe 4-7 L} [ Hi
Mquifer medin e’ 1 5 e
Fosl Media Sandy Loam 2 & 12
Fopogr aphy I3y 1 W 10
Hepact Vadoss LORe En: E;:,’, g Bait| 1 sf
Hydraulic Conductiviey 100=-200 3 K §
Drakcic Index | 135 |

BETTING 7 ¥ Gldcial Leke Daposits FISTICILE

FEATHRE RANCE IMEIGHT |[RATING [MUMSE
LT to Water 15-20 5 7 1%
pat Recharge -7 i € H
pastier Hedis E cenuines 3 £ 18
ECil madis Sandy bLoam ] £ b ']
FOpegTRphy o-2k k] 1 EL
Impact Yndosa ione im: g;:; kig. Salt 4 § s
Hydranlic Copductiviiy 100=-300 Fi 2 &
Fraticide

Drastic Index | 16%

GLACTIATED CENTHAL
{7G) Thin T{ll Over Bedded Sedimentary Rock

This hydropeclogic setting is zharscterized by acderate to
low topography snd depoeits of thim, patchy glacial til}
overlying slternacing layers of fractured consclideted
sadimantary rocks. The till, where presect, 1s primarily
vassrted deposits of clay, eand and gravel. Although ground
water occuts in both the till and in the interseccing
fractures of the bedrock, cthe bedrock i{r the principal
aquifer. The glucial till serves as a spurce of recharye to
the underlying bedrock. Although precipitation is abundant
in most of the region, recharge is soderate becsuse of the
alacial tills wnd clayey solls. Water luvels are extreacly
varishle, but usually moderate.

EETTING 7 ¢ Thlo TLll Over Saedded GENERAL
Aad Rock

FEATURE RANCE WEICHY (RATIRE [HimBE R
Papth to Water 1830 - 7 ELS
prt Macharge T-10 ] L] a2
Beda <
Pauifer Medis e | [ 18
BoL) Madia Clay Leam 2 3 L]
DROOT Aphy a1l 1 L] ¥
Enpace Vedoss lone Bilt/Clay H] 3 15

Mydraulic Conﬂn:tiv;ty{ 100=-160 3 2 [

Traptis Index | 131

FETTING 7 G Thin Till over Badded PESTICIOE
FEATURE RANGE INEICHT |RATING {HUMAE
Pepth 1o water 15-10 5 ? b3
et Macharge etn 4 L] z
hquifer Madia gg"?"l R 3 & T8
Boa) Medis Llay Loam L] 3 15
Fopograghy 2-6% 3 L] 27
ERpatt Vadoss Ions Bilt/Clay L] i 12
Sydraullc Conduceivity 104-350 2 2 1
Featacide

Dragtis Todew | 143
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GLAULATED CENTRAL
{M) Beachan, Beach Ridges and Sand Duses

Thin hydtogeclogic serting i3 characcerized by lov reliaf,
sandy murface woil thet 1m predopinaatly silica mand,
extreaely high Infiltration Tates sod low sotptive capecicy
tn the thin wadose rone. The water table iz wery shallow
beneath ths basches bordering the Great Lakes. These
besches are commonly ground-vetar discherge areas. The
water tpblis 1s plightly decper bemsath the rolling dune
topography and the vast{gial inland baach ridges. All of
thepe avess serve as cecharge sources for the underlyleg
sedimentary bedrock squifers, and they often serve as local
gogresxs of wvater supply.

CLACIATED CENTRAL
(71} Swamp/Marst

Ibie hydrogevlogle aebiiog 1 cheracterized by low
topographic relief, high water levele apd high erganic silc
and clay deposite. These weillaods coccur along the courses
of Flosdpleins #md in upland areac ae a Tesult of vertically
vestrictnd drainage. CGCowrmon festures of upland wetlaods
imeliode thowe charactecistics attributable to glacial
activity such ms f£illed-iu glacisl lakes, porholes and
cracherry bogs. #echarge 1s moderate 1o most of the reglon
dus to resttiction by tlayey saile amt limited by
precipitation. The awanp depoaits vary rarely perve ap

aignificant agquifers but frequectly rechsrgse the upderiylng
sand and gravel or bedrock squiferas.
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FERTLAL RANGE ME1GHT [RATING [HUWBEN
Pepth £o Watar o5 5 10 40
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pquifer redia Eand mnd Graveld 3 B M
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Fopiq raphy o-2% 1 1 1
fapact Vadons IChe and mnd Gravel 5 £ 40
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Eraytic Lo 222
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Faptr ta Water &=5 - 0 b
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poil Media Sand E L] L)
Fapogr sphy [ ¥ 3 10 1
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y3rayllier Conductivity] 1000-2000 F] ] 117
B ]
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upLh o Water e} 5 AL L8
prat Rucharge . &7 L] £ H
pquifar Media St arel St inech i a b1
ba1]l wedie Puch. 2 2 4
Fopoqraphy o1 1 W 0
Lupact Vsdnse 1one i in:":‘;’: B B [ 1S
pydreuiic Conduckivity] IO= 1000 2 [} 1]
Traatic Indes | 140
EETTIWG 7 1 swawmp/Marah - -
FEATCRE RAHGE [AATING |[NUMRE
pepth: to Wacar =4 5 n hb
pat Pachargs -1 4 L M
hurulfer Wedis Sard and Cravel a [ 3
poll wasis Huck 5 N 16
Poypoyraghy o2 3 W 13
Eapsct Yadoas Eona £ ié";g,_sn‘ . v ]
fiydraclic Condootivity) 00— 1000 2 o ¥
Peatacide 174
Crastis Dndax
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8. PIEDMONT BLUE RIDGE GROUND-WATER REGION
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8. PIEDMONT BLUE RIDGE REGION

(Thick regolith over fractured crystalline and metamorphosed
sedimentary rocks)

The Piedmont and Blue Ridge region is an area of about 247,000 km2
extending from Alabama on the south to Pennsylvania on the north. The Pledmont
part of the region consists of low, rounded hills and long, rolling,
northeast-southwest trending ridges whose summi{ts range from about & hundred
meters above sea level along its eastern boundary with the Coastal Plain to 500
to 600 m along 1ts boundary with the Blue Ridge area to the west. The Blue
Ridge is mountainous and includes the highest peaks east of the Miasissippi.
The mountains, some of which reach altitudes of more than 2,000 m, have
smooth-rounded outlines and are bordered by well-graded streams flowing in
relatively narrow valleys.

The Piedmont aud Blue Ridge region 18 underlain by bedrock of Precambrian
and Paleozolc age consisting of igneous and metamorphesed Ignecus and
sedluentary rocks. These include granite, gneiss, schist, quartzite, slate,
marble, and phyllite. The land surface in the Piedwont and Blue Ridge is
underlain by clay-rich, unconsolidated material derived from in situ weathering
of the underlying bedrock. This material, which averages about 10 to 20 am im
thickness and may be as much as 10C m thick on sgome ridges, is referred to as
saprolite. In many valleys, especially those of larger streams, flood plains
are underlain by thin, moderately well-sorted alluvium deposited by the
streams. When the distinction between saprolite and alluvium is not important,
the term regolith is used to refer to the layer of unconsolidated deposits.

The regolith contains water in pore spaces between rock particles. The
bedroek, on the other hand, does not have any significant intergranular
porosity. It contains water, instead, in sheetlike openings formed along
fractures {that f{s, breaks in the otherwise "solid” rock). The hydraulic
conductivities of the regolith and the bedrock are similar and range from about
0.001 to 1 m day~l. The major difference in their water-bearing
characteristics is their porosities, that of regolith being about 20 to 30
percent and that of the bedrock about 0.0l to 2 percent. B5Small supplies of
water adequate for domestic needs can be obtained from the regolith through
large~diameter bored or dug wells. However, most wells, especially those where
moderate supplies of water are needed, are relatively small in diameter and are
cased through the regolith and finished with open holes in the bedrock.
Although, as noted, the hydraulic conduectivity of the bedrock is similar to
that of the regolith, bedrock wells generally have much larger ylelds than
regolith wells because, being deeper, they have a much larger availble
drawdown .
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