Land-Use Decisions and Geology:
Getting Past “Out of Sight, Out of Mind”

Myrna M. Killey and Richard C. Berg

Geoscience Education Series 18 2004



Cover photo: Urban development in Champaign County. As communities expand,
detailed geologic information is needed to make effective land-use decisions.

ILLIN

QSH

DEPARTMENT OF
NATURAL
RESOURCES

Printed by authority of the State of Illinois PRT 3336759-5M-6/04
® Printed with soybean ink on recycled paper

lllinois State Geological Survey




Land-Use Decisions and Geology:
Getting Past “Out of Sight, Out of Mind”

Myrna M. Killey and Richard C. Berg

Geoscience Education Series 18 2004

ILLINOIS STATE GEOLOGICAL SURVEY
William W. Shilts, Chief

Natural Resources Building

615 E. Peabody Drive

Champaign, IL 61820-6964

217/333-4747

http://www.isgs.uiuc.edu






Preface

To help respond to Illinois citizens’ need for information, the Illinois
State Geological Survey (ISGS) has produced a series of publications,
of which this is the third. The first, Illinois’ Ice Age Legacy, describes
glacial processes and deposits and emphasizes their relationship to the
soil, water, and minerals that sustain our daily lives and to some of

the ways we use the land. The second, Illinois Groundwater: A Vital
Geologic Resource, shows how geology relates to the accessibility and
vulnerability of the state’s groundwater supplies. These publications
are useful sources of background information that provide a more
complete understanding of the issues explored in this publication.

This third volume explains in a general way how scientists investigate
geologic settings for their suitability for a variety of land uses, espe-
cially those that have the potential to cause environmental problems.
This publication also explains how to use the findings from two impor-
tant, fundamental scientific disciplines that frequently are overlooked
when land-use decisions are made.
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Introduction

With 12 million inhabitants, Illinois ranks sixth among the 50 states

in population and boasts the thirteenth-largest economy in the world,
thanks to its strong industrial, commercial, and agricultural bases. How-
ever, these high rankings come at a cost. Illinois’ large economy means
that its citizens must solve many kinds of environmental problems.

According to the U.S. Environmental Protection Agency (EPA), Illinois
has more than 3,400 landfills; more than 5,000 pits, ponds, and lagoons
containing wastes; more than 40 active Superfund sites (sites federal
agencies determine need cleanup or other corrective action); almost
400 hazardous waste sites; and nearly 24,000 hazardous waste handlers
and generators. Illinois also has about 47,000 underground storage
tanks, and about 60% of those, or roughly 28,000, are probably leak-
ing, according to the Office of the State Fire Marshal and the EPA.

An economic and technological leader, Illinois also has led the way in
developing logical, science-based approaches for siting major indus-
trial and commercial facilities, choosing waste-handling facility sites,
and evaluating land-use practices that may generate contaminants.
However, there is an urgent need for even more unbiased earth science
information to best determine which land-use practices are suitable for
a site’s geologic characteristics. Detailed geologic and hydrogeologic
data also help determine the possible environmental consequences of
land-use practices.

A region’s geology and hydrogeology (italicized terms are defined in
the glossary) are, for the most part, invisible underground—they are
“out of sight, out of mind.” Yet knowledge about these disciplines
provides the crucial information needed to make effective land-use
decisions and to ensure that wastes are handled and disposed of in
the safest, most logical, and most cost-efficient manner. This volume
focuses primarily on these topics with a view to protect groundwater
resources.

This book

« presents the challenges for siting and disposing of various types and
sources of contamination;
« describes the goals and advantages of safe siting;

« provides the geologic framework needed to understand siting issues;
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» describes how to determine the contamination potential of facilities
that generate or dispose of waste;

« discusses the effects of geologic hazards in land-use planning and
siting issues;

 describes the research, mapping, and intepretation tools needed to
answer questions about land use; and

» explains a step-by-step method used to determine how a given land
use may affect a potential site and the surrounding area.

The authors hope this publication gives citizens and decision makers a
greater understanding of how they can use geologic and hydrogeologic
information to decide whether a site’s characteristics will reduce or
prevent groundwater contamination. This information is important

for local, state, and federal agencies, educational institutions, private
industry, and the general public so that they can make science-based
decisions that will support economic development and infrastructure
planning while protecting valuable resources such as groundwater,
wetlands, and soils.
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Challenge: Protecting the Environment

What kinds of human activities may harm the natural environment?
Almost all of them. Here’s why: humans use water and many other
mineral and biological products every day, generating waste as a by-
product. Because waste products may contain harmful substances that
cannot be reused or recycled, society must take responsibility for their
safe disposal. Certain land-use practices, such as over-applying sewage
sludge, fertilizer, or pesticides to agricultural fields, also may harm the
environment. Wise planning and the use of scientific information to
make decisions can avoid or minimize the damage these practices may
cause.

The first consideration is to lessen the amount of waste. Before deci-
sion makers resort to landfilling, more desirable practices should be
considered, such as reducing consumer product packaging; reusing
plastic bags, jars, and other packaging materials; recycling manufac-
tured materials; and incinerating waste.

Despite attempts to minimize household waste, many millions of tons
of waste still are buried, the safest disposal method available. From a
geologist’s point of view, “safest possible disposal” is the method that
has the least potential to contaminate potable, or drinkable, ground-
water resources.

Those three words, “safest possible disposal,” represent a lofty goal.
The problem lies in deciding how to achieve that goal. This publication
can help support disposal decisions by offering a method that applies
geologic and hydrogeologic principles to determine the vulnerability
of groundwater to contamination by land-use practices or by facilities
that generate waste. This information should increase the confidence of
those involved in site selection that the proposed land use has no effect
or has minimal effects on groundwater.

Contamination Considerations

A variety of human activities can contaminate groundwater. Chief
among these are disposal facilities for municipal, hazardous, and
radioactive wastes (fig. 1) and industrial and commercial establish-
ments that produce wastes such as cleaning solvents from manufactur-
ing processes.
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Figure 1 Landfills often contain
hazardous substances. (a) Re-
fuse is dumped at a landfill in cen-
tral lllinois. (Photo by Michael W.
Knapp.) (b) These barrels of haz-
ardous waste were buried at a site
in west-central lllinois. (Photo by
Christopher J. Stohr.) (c) A map of
Illinois landfill sites as of June 1,

Contamination also can result from RO K

* underground tanks storing gasoline and
other chemicals (fig. 2);

o septic systems;
« large animal-waste lagoons (fig. 3);
» chemical spills;

» chemicals over-applied on agricultural fields and
lawns (fig. 4);

» sewage sludge, material from septic systems, and manure
spread on fields as fertilizer; and

 road salt and other de-icers that run off paved surfaces.

Such land uses are referred to in this publication as “environmental
hazards,” and contamination is considered to come from either point or

non-point sources.
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Figure 2 An exhumed tank is examined
for leaks. Underground storage tanks usu-
ally contain gasoline or chemicals. (Photo
by Anne Erdmann.)

Figure 3 Large animal confinement facili-

ties, such as this hog farrowing and nursery
operation in south-central lllinois, can gener-
ate considerable amounts of waste. The facility
produces roughly 24,000 pigs each year. The
waste produced is stored in the lagoon in the
left portion of the image. Ponds and large-diam-
eter bored and dug wells are the predominant
sources of drinking water in the area.

Figure 4 A post-emergent herbicide is applied onto
this field.

Point Sources of Contamination

Contaminants that are released at specific, easily identified sites are
called point sources of contamination. Waste-disposal facilities, chemi-
cal spills, commercial or industrial accidents, leaking underground
storage tanks, and waste lagoons at animal confinement facilities are
point sources. Contaminants from these sources are among the most
serious threats to groundwater quality, especially when contaminants
enter an aquifer. Once the contamination source is identified, con-
taminant movement often can be predicted, and cleanup operations

can begin, but such efforts can be quite costly, depending on the
contaminant’s type and quantity.
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Non-point Contamination Sources

Non-point sources of contamination are those that occur over wider
geographic areas, such as agricultural fields, or a major highway, or
anywhere contaminants enter the groundwater with relative uniformity
and without any specific, easily identified entry point. Non-point
sources include fertilizers and pesticides applied to agricultural fields
and lawns; sewage sludge, septage, and manure spread on the land
surface; and salt used to de-ice roads. It is very difficult to remediate
groundwater or aquifers contaminated by non-point sources because
contamination is widespread.

Often the only way to control non-point source contamination is to
eliminate or substantially reduce the amount of contaminants applied
to the land and hope that the groundwater ultimately “cleanses” itself.
This solution is not the best, for several reasons. First, such natural
cleansing may not be possible or, if possible, may require longer than
a human lifetime. Prevention is easier, cheaper, and safer. Second,
because non-point source contamination occurs over large areas,
solutions may be technically complicated or impractical, may raise
ethical questions, and may revolve around or require the passage of
new environmental laws or other forms of government intervention.
For example, if the presence of nitrates in groundwater is linked to
agricultural practices, legislation may be required to control nitrate
applications by farmers and others. However, watersheds, ecosystems,
and people’s livelihoods may be affected. If farmers were required to
reduce their nitrate fertilizer applications, crop yields might be smaller,
food supplies might be reduced, and farmers’ personal incomes might
drop substantially.

It is important to know that some potential groundwater contaminants
can be applied to the land without causing harm as long as recommend-
ed procedures are followed and as long as the geologic and hydrogeo-
logic conditions are such that they help protect groundwater resources.
Unfortunately, some people and organizations, knowingly and unknow-
ingly, use poor judgment when siting waste-disposal facilities or when
applying agricultural chemicals and lawn fertilizers. A better-informed
public should be able to use knowledge gained from this publication to
insist on the safest possible sites for waste disposal and stress that land-
use changes be compatible with geologic characteristics.

Geoscience Education Series 18 7
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Siting Goal

The goal of proper siting is to guide necessary waste-disposal activities
and hazardous, yet economically viable, industrial ventures to regions
where aquifers are less vulnerable and where populations are not at
risk.

Approaches to Safer Siting

The best approach to preventing or minimizing groundwater contami-
nation or other harm to the subsurface environment involves three
main steps:

1. understanding the geology by mapping the length, breadth, and
thickness of each geologic unit at the land surface (for example,
from outcrops) and below ground (for example, from drilling
samples) and by delineating the distribution of the different earth
materials;

2. understanding the hydrogeology by knowing where aquifers
occur, how thick and geographically extensive they are, and how
groundwater moves through geologic materials; and

3. applying this knowledge in a series of steps to create an under-
standing of a region’s three-dimensional geology that allows for
improved evaluation at specific sites.

Using this three-step procedure increases the probability that waste-
disposal facilities will be sited in the safest possible settings and impose
the least stress on the environment.

In the long run, proper siting of waste-disposal facilities and industrial
activities that can generate wastes should lead to a lower likelihood of
contamination. Better evaluation of the ability of geologic materials
to withstand contamination threats should also reduce the possibil-

ity of contamination. Understanding information about geology and
groundwater flow patterns can help environmental planners make
informed decisions about environmental regulations. In regions where
aquifers are especially sensitive to contamination, for example, where
thick sand and gravel aquifers are at or near the land surface, stringent
land-use restrictions must be imposed to protect groundwater quality.
However, regions where aquifers are less sensitive may not need to be
regulated as strictly.

Geoscience Education Series 18 9
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Background: The Geologic Framework

Geology, the study of earth materials, and hydrogeology, the study

of water in relation to geology, provide the fundamental knowledge
needed to determine whether land is suitable for waste disposal or
other potentially harmful activities. The two sciences are inextricably
linked because groundwater and the subsurface geologic materials are
also linked. Groundwater movement through relatively uniform coarse-
grained sediment is fairly predictable, but is less so when groundwater
moves through fine-grained sediment that is fractured or cracked. To
understand groundwater’s behavior in the subsurface is to understand
the nature and arrangement of the sediments and rocks both horizontal-
ly (the geographic area covered) and vertically (from the land surface
to a selected depth or subsurface geologic unit). This multidimensional
arrangement of sediments and rocks is referred to as an area’s geologic
framework and, in Illinois, consists of two major parts: the bedrock and
the glacial deposits on top of the bedrock.

Bedrock

In Illinois, shallow bedrock (fig. 8) consists of sedimentary rocks, earth
materials that have been cemented, compacted, or compressed into
stone (lithified). Four dominant types of sedimentary rocks are found
in the state:

» shale, a mix of lithified clay and silt that was deposited in ancient
quiet-water seas;

 sandstone, lithified sand that was deposited along beaches or in river
beds;

* limestone and dolomite, formed mostly from the limy muds that
include shell fragments of algae, corals, clams, and snails and
remains of other plants and animals that lived in the ancient, warm,
tropical seas that repeatedly covered parts of what is now Illinois; and

* coal, plant remains altered and compressed into rock over geologic
time.

Glacial and Post-Glacial Deposits

Nearly 90% of Illinois’ bedrock is buried beneath glacial deposits laid
down during the Pleistocene Epoch, known also as the Great Ice Age
(fig. 9), as well as those laid down after the last glaciers retreated from
the state. The deposits consist primarily of till, sand and gravel, silt,
and clay.
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Quaternary not shown

Tertiary (65-1.8 mya)
clay and sand, gravel

Cretaceous (144-65 mya)
sand, silt, clay, gravel

Pennsylvanian (323-290 mya)
shale, sandstone, limestone, coal

Mississippian (354-323 mya)
limestone, siltstone, shale, sandstone

Devonian (417-354 mya)
shale at the top; remainder limestone,
dolomite, chert

Silurian (443-417 mya)
dolomite, limestone, siltstone,

Ordovician (490-443 mya)
shale at the top; limestone,
dolomite, sandstone

Cambrian (543-490 mya)
sandstone and dolomite

[ ]
[ ]
]
[Ty
[ ]
]
B

Major Fault System

40 miles N
!

Figure 8 Types and ages of rocks that occur at the bedrock surface in lllinois; mya means million

years ago.
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deposited as loess
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Wisconsin Episode Diamicton
and Ice-marginal Sediment
~10,000 to ~75,000 years ago

- Fine-grained lake sediment

- End moraine

lllinois Episode
~125,000 to ~300,000 years ago

- Diamicton deposited as till and
ice-marginal sediment

- Sorted sediment including river and
lake deposits (and windblown sand)

Older Glacial Episodes ~425,000+ years ago

- Predominantly diamicton deposited as
till and ice-marginal sediment

Bedrock

Mostly shale, limestone, dolomite,

or sandstone; exposed or covered by loess
and/or residuum

Figure 9 The cover of Ice Age sediments in lllinois at land surface as well as where bedrock occurs
at or near the land surface.
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Figure 10 An exposure of Ice Age materials at a quarry in Douglas County.
Arrows show the position of named old soils developed in tills.

Till, also called diamicton, is a mixture of clay, silt, sand, gravel,
cobbles, and boulders. Till is the dominant glacial deposit in Illinois.
Layers (called beds) of till were laid down by successive continental
ice sheets that advanced into Illinois. Old soils (paleosols) that devel-
oped on the land surface between episodes of glaciation are preserved
in many places (fig. 10).

Beds of outwash, composed of sand and gravel and deposited by melt-
water streaming away from the glaciers, also commonly occur between
and within beds of till. Thick deposits of buried sand and gravel are
found in deep bedrock valleys throughout the state. Thin beds of silt
and clay deposited in glacial lakes also occur between or within the
tills and also may be found at the land surface (fig. 9).

A blanket of windblown silt, called loess, overlies the glacial deposits.
Loess deposits are up to 100 feet thick on the uplands just east of the
Mississippi and Illinois Rivers, but thin rapidly east of the river valleys
(fig. 11). This loess layer is the parent material for many of Illinois’
fertile soils. Altogether, the glacial deposits are more than 400 feet
thick in places (fig. 12). Since the glaciers’ retreat from Illinois about
10,000 years ago, geologic materials continue to be deposited, par-
ticularly silt and clay by rivers, peat and muck in depressions and low
areas in the landscape, and various types of debris at the base of steep
slopes (from slumping and landslides).
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Figure 11 The loess blanket-
¥ ing lllinois is thickest immedi-
2 ately east of major river val-
\ leys and thins eastward with
distance from the valley.

Loess thickness

I 20 feet or more
[ 15-20 feet
] 10-15feet
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[ o-5feet A
[ iittle or no loess 3
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0 40 mi
0 50 km

Figure 12 The thickness of the glacial
sediments overlying bedrock: the darker
the shade of green, the greater is the

: . . . |:| None
thickness of glacial sediments. The thick-
est deposits, up to 500 feet thick, occur [ osoree
in bedrock valleys in central and northern B so-200eet
lllinois. I 200-500+ feet
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How Illinois’ Variable Geology
Affects Groundwater

Generally speaking, the bedrock and overlying sediments in Illinois
were deposited in chronological layers, with the oldest lying beneath
successively younger layers. When the details of the state’s geology
are closely examined, however, rock and glacial sediment layers are
found to thicken and thin from one place to another or may be absent,
and the rock layers have been warped into domes, basins, and other
structures over geologic time (fig. 13). The rock beds are faulted in
places so that the layers are offset vertically from one side of the fault
to the other. Where faulting has occurred, adjacent rocks may be quite
different on either side of the fault. Rock also tends to be fractured and
crushed along fault zones.

In the same way, the thickness and character of glacial and postglacial
sediments vary from place to place. Successive ice sheets advanced

to different maximum distances in Illinois (fig. 9), and the ice carried
ground-up rock debris made up of varying percentages of clay, silt,
sand, and larger rocks. Each major advance and retreat left an ancient
landscape similar to today’s, replete with hills, valleys, rivers, and

Galena /=

Figure 13 Generalized north-south cross section shows the structure of the
lllinois Basin. To show detail, the thickness of the sedimentary rocks has been
greatly exaggerated, and younger, unconsolidated surface deposits have been
eliminated. The oldest rocks are Precambrian (pre-€). These igneous rocks
form a depression filled with layers of sedimentary rocks of various ages:
Cambrian (€), Ordovician (O), Silurian (S), Devonian (D), Mississippian (M),
Pennsylvanian (P), Cretaceous (K), and Tertiary (T). The scale is approximate.
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streams. Between glacial episodes, soil development, erosion, deposi-
tion, landslides, flooding, and other normal earth processes acted on
these ancient landscapes, adding complexity to each surface. When
the old landscapes were overridden by a succeeding ice advance, some
of the complexities generated by the interglacial earth processes were
preserved while other features were eroded away. For instance, rem-
nants of sandy flood deposits along an ancient river were sometimes
preserved but at times were replaced by other sediments deposited
directly by the new glacial ice.

Meltwater flowed away from the front and sides of the glaciers,
depositing sand and gravel in meltwater channels. Silt and clay were
deposited in temporary lakes that formed in various places and at dif-
ferent times throughout the Ice Age. Although the general pattern of
these deposits at the land surface can be seen fairly easily (fig. 9), the
complexities associated with glacial and modern deposition and ero-
sion make the details hard to understand. Interpretation is particularly
difficult when the deposits occur in the subsurface and their physical
and chemical characteristics and the vertical and lateral extent of the
layers must be interpreted from drilling records, cores, outcrops, and
samples (fig. 14).

Variations in the thickness and character of bedrock layers and beds
of glacial sediment are encountered in many places and can affect
groundwater availability and movement.

-
juu
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sw 3 o S z NE
ADAMS  |SCHUYLER| Z | FULTON  |[3] PEORIA |wooDFORD| @ |  LASALLE | GRunDY|S| wiL | cook
Quincy % g g g Chicago
900 = r900
Valparaiso
Eureka Moraine Marsailles Morainic System Morainic System
- __ 1
700 ER) X
2. N
/ % Py A
7
P
500 !
7 b/ J [ ]wisconsin

Crooked Creek l:l llinois

Bedrock Valley Lower Spoon / inot L300
300 Bedrock Valley 7 [ pre-linois

Illinois River Valle)
0 20 mi 4 Till or other fine-textured material
0 30 km Sand and/or gravel sw

Vertical exaggeration 420 (Loess cover not differentiated)

Figure 14 This cross section shows in a general way the vertical succes-

sion of deposits from the earliest episode of glaciation (pre-lllinois) to the

last (Wisconsin Episode) in the subsurface along a line from Quincy on the

west through Peoria to Chicago on the east. The small scale results in mapping generaliza-
tions across a broad expanse; cross sections on larger scales would illustrate more detail over
shorter distances.
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Facies changes A layer of one type of rock or glacial sediment may
grade or blend into another type of rock, a feature known as a facies
change (fig. 15). For example, a limestone may grade laterally or verti-
cally into a shaley limestone, then a limy shale, and then a shale. A
glacial sand and gravel layer may grade into a silty sand and then into
a silt. Such variation means that groundwater yield from one area may
be substantially different from that nearby. For example, groundwater
yield is likely to be higher from sand and gravel or limestone than
from silt or shale.

Discontinuities Features that formed during deposition, such as
bedding planes and thin layers of particles of a different size from
those above and below, commonly interrupt the continuity of bedrock
layers and glacial and postglacial sediments (fig. 16). Where these thin
beds are composed of sandy materials, groundwater flow is enhanced.
However, when a layer of fine-grained, relatively impervious materials
occurs within beds of coarser-grained sand and gravel, groundwater
generally flows on top of the fine-grained beds, sometimes resulting in
perched aquifers.

Other features Features that formed after deposition include faults
(fig. 17), folds, joints, or weathering zones. All of these features can
cause faster groundwater movement. However, predicting ground-
water’s movement through these features is often very difficult because
their distribution may be irregular.

Figure 15 A sand- and gravel-filled stream channel cuts through sediments that illus-
trate the concept of facies change. The silt and sand and gravel are in a facies relation-
ship. (Photo by Tim Kemmis.)
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normal fault

__ fault plane
fault line

footwall
hanging wall—

Figure 16 A pronounced dip of silty
clay till, which acts as an aquitard
slowing the flow of water through
earth materials, is shown by the
green line in this exposure of Ice Age
sediments lying above bedrock. The
dip is evidence of the abrupt change
in geology that can occur in the sub-
surface.

reverse fault
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Figure 17 lllustrations of fault types.

A fault is a fracture in the Earth’s crust
along which there has been relative
movement of the opposing blocks. A fault
is usually an inclined plane. When the
hanging wall (the block above the plane)
has moved up relative to the footwall
(the block below the fracture), the fault
is a reverse fault. When the hanging wall
has moved down relative to the footwall,
the fault is a normal fault.

graben
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These features, coupled with the variability of rock and glacial sedi-
ment types, can reduce water yield and affect the pathways by which
contaminants travel to reach groundwater. For a more thorough discus-
sion of groundwater issues, please refer to lllinois Groundwater: A
Vital Geologic Resource.

Aquifers and Aquitards

Some types of bedrock and glacial deposits may readily transmit

water through interconnected fractures or pore spaces and yield water
to wells. Where saturated, these deposits are aquifers and make up

the groundwater resource (fig. 18). Other deposits, such as silt and
clay, may lack interconnected pore space or fractures or have only
very small pores because they generally are composed of fine-grained
materials. Known as aquitards, these deposits slow and may prevent
the movement of water, or waste-contaminated liquids, called leachate.
It is safest and most desirable to locate waste-disposal facilities in or
above aquitards.

Sandstone and fractured limestone and dolomite generally make good
aquifers. Shale, unfractured limestone and dolomite, and well-cemented

a well
2 land surface

e R
_aqwtard SN
\/\//\/\/\/ \/\/\/’\
\potentlometrlc ; 1 surface

well screen
unconfined aquifer

confined aquifer

well screen
aquitard

Figure 18 Examples are shown of two kinds of aquifers in lllinois: unconfined
(a) and confined (b). An unconfined aquifer is one where the water table is
the top of the aquifer. The water level in a well tapping an unconfined aqui-
fer marks the water table. A confined aquifer has aquitards above and below
it so that there is pressure on the groundwater in the aquifer. Because of the
pressure, the water level in a well tapping a confined aquifer may rise above
the top of the aquifer (artesian well).
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sandstone make good aquitards. Outwash sand and gravel make the
best aquifers, and till and clay make the best aquitards. Silt and loess
also may be aquitards; however, water generally moves through these
deposits faster than it moves through clay and till.

The variability of rock and sediment layers affects the thickness and
continuity of aquifers and aquitards. Thicker aquifers can hold more
groundwater, and uninterrupted aquifers have a greater likelihood of
yielding large amounts of water. The most continuous glacial aquifers
occur between deposits of major glacial advances. Thicker aquitards
offer more protection to underlying aquifers. Discontinuous aquitards
offer, at best, only spotty protection to a portion of an underlying aqui-
fer, and the rest of the aquifer may be vulnerable to contamination.

Groundwater Movement

When considering whether a land use is appropriate for an area’s
geologic conditions, it is important to understand that groundwater
moves slowly in the direction of decreasing hydraulic head (fig. 19).
Hydraulic head is the amount of energy groundwater has at a given
point underground. Height above sea level, weight of earth materials,

change in head per unit Figure 19 Hydrau/ic

of distance in the direction P

of groundwater flow coqductmty is the rate at

o y cross section which groundwater f_Iows
]_ of part of aquifer through earth materials.
T (width and height) The rate is a function of

-, the size and degree of

, direction of interconnected pore
groundwater .
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Figure 20 Arrows show the movement of water through a complete hydro-
logic cycle that includes precipitation, surface runoff into surface water, seep-
age into the ground, groundwater flow from recharge areas to zones of dis-
charge, evaporation and transpiration, and condensation.

groundwater above that point, and groundwater movement all affect
hydraulic head. Groundwater moves much more slowly than water in
rivers and streams because of friction between the water and the walls
of the small pore spaces in the sediment and rock. The amount of
friction varies according to the type of sediment and rock and how the
earth materials change laterally and vertically. Where the underground
spaces are large, such as in the fractured karst areas of Illinois, ground-
water can move as fast as surface water. The hydraulic gradient also
affects how fast groundwater moves: water flows faster as the gradient
steepens. For an unconfined aquifer, hydraulic gradients follow the
slope of the water table, directing groundwater flow from upland areas
toward lowland rivers and streams. Permanent streams are fed by
groundwater flowing out at the ground surface in the stream bed.

Precipitation percolating into the ground replenishes, or recharges,
groundwater (fig. 20). Precipitation recharges an aquifer easily and rel-
atively quickly where the top of the sand and gravel, porous sandstone,
fractured limestone or dolomite is exposed at the land surface. Deeper
aquifers may take hundreds or thousands of years to recharge because
groundwater may move very slowly through overlying fine-grained
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materials. Groundwater discharge to lakes, rivers, and streams is par-
ticularly related to the subsurface distribution of aquifers. Discharge is
greatest where sand and gravel or bedrock aquifers lie within the upper
50 feet of land surface. See Illinois Groundwater: A Vital Geologic
Resource for more information.

To protect groundwater supplies when making siting decisions, plan-
ners should seek sites with thick aquitards to retard the movement of
contaminants into aquifers. Planners also should reduce the possibility
of groundwater contamination by avoiding areas containing aquifers or
by finding an area where aquifers are deep below ground.
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Criteria: Making Land-Use Decisions

Ideally, land being considered for various uses requires geologic and
hydrogeologic features that minimize the effect of planned activities
on groundwater and surface water quality.

The geologic and hydrogeologic features of a region and a site must be
mapped

1. to predict the area’s vulnerability to groundwater contamination;

2. to determine the geologic suitability of areas for uses such as
animal confinement facilities or the safe application of chemicals
and fertilizers on agricultural land and residential lawns;

3. to locate and protect groundwater supplies;

4. to locate and plan for the future extraction of scarce mineral
resources;

5. to plan the cleanup of contaminated industrial sites and other
sites;

6. to establish the geologic criteria for selection of the safest pos-
sible sites for municipal, hazardous, and low-level radioactive
waste disposal; and

7. to reduce uncertainty for land-use planning in general.

Mapping the distribution of the geologic materials at the land surface
and subsurface allows interpretive maps to be made that show earth
hazards and the risk of groundwater contamination. These maps then
can be used to help evaluate how various land uses may affect the
environment. Choosing which types of interpretive maps to develop is
best accomplished by geologists and hydrogeologists working together
with health officials and land-use planners, representatives of private
industry, and citizens. Together these individuals can identify the spe-
cific needs of the community, county, or region.

Predictable Geology

To be predictable, the three-dimensional geology of an area must be
relatively simple and understandable, which means that the character,
thickness, and areal distribution of its components can be predicted
using the available data. Predictable geology that identifies the oc-
currence and flow directions of groundwater increases the likelihood
that the geologic and hydrogeologic features can be analyzed and
understood.
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Engineering Properties

By showing engineering properties, such as the density, compaction,
consolidation, and optimum moisture content of earth materials, geo-
logic maps can provide information about excavation conditions, guide
the design and construction of foundations, and determine the suitabil-
ity of geologic deposits for many different uses. Three-dimensional,
detailed geologic mapping is needed to understand the engineering
properties of the geologic units at or near an existing contamination
site. Detailed mapping also is helpful at a site where contaminants
may be used, generated, or contained. During mapping, the properties
of geologic materials are tested, and the resulting data are compiled.
Areas can be identified that are prone to shrinking and swelling soils,
liquefaction from amplification of earthquake motions, landsliding, or
other hazards.

Geologic Hazards

Areas should be avoided as disposal sites if they are susceptible to
geologic hazards that might affect the site’s long-term stability.

Earthquakes During an earthquake, loose, uncompacted, uncon-
solidated sediments, such as sand and gravel or lake silts, respond to
seismic shaking more than do materials such as bedrock and overcon-
solidated tills. Unconsolidated sediments can significantly amplify the
amount of earthquake vibration like a bowl of gelatin when shaken.

If loose, unconsolidated sediments are saturated with water and the
shaking is severe, the grains may lose contact with one another and the
sediments become liquefied. Liquefied sediments lose their strength
and cannot support the structures built on or in them. In these types of
settings, the integrity of any constructed facility, particularly those that
contain wastes or potentially hazardous materials, could be compro-
mised unless the site has been modified to resist liquefaction. Figure
21 shows the areas of the central United States where liquefaction
potential is high.

Landslides Overly steep stream banks, road cuts, or hillsides are un-
stable and prone to slide downhill (fig. 22). A common sight in a high-
way road cut is an overly steep slope that has been covered with rock
as a way to slow landsliding. Landslides in Illinois often are caused by
human disturbance of slopes (such as by construction) and may involve
the bedrock, the overlying glacial deposits, or both. Water-saturated
sediments tend to lose their coherence, or strength, causing slopes to
fail. It is crucial to understand the geologic and hydrogeologic setting
of a slope to determine its susceptibility to landsliding.
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Figure 21 This map shows areas where soils
would amplify earthquake motions.

i 1 hummocky
L surface with
\\
K
4

scarp tension cracks
\ Aﬁ and crevices

al

Figure 22 A road near Panther Creek in Cass County in central lllinois was destroyed by a landslide.
Blocks of sediment moved down a slope creating large cracks in the surface. (Photo by Michael L.
Barnhardt.)
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Flooding, erosion, and deposition Major river floods, such as
ocurred in 1993 (fig. 23), inundate large areas of a river’s floodplain,
eroding sediment from some places and depositing it in others. Even
during routine spring flooding, erosion and sediment deposition are
common. Facilities where contaminants are used or contained should
not be sited in areas subject to flooding, especially river floodplains,
because floodwaters could damage containment structures or otherwise
release wastes. Associated erosion and deposition could remove or
bury the facility. Wetlands should be avoided because they may flood
and their saturated soils are unstable.

Karst Karst refers to a type of terrain that is characterized by closed
depressions or sinkholes, caves, and underground drainage networks
(fig. 24a). Karst is produced by the dissolving action of water on
limestone or dolomite. Water wells in karst areas are particularly
susceptible to groundwater contamination because any contaminant
dumped near or into a sinkhole quickly enters the groundwater. Unlike
most areas, in karst, contaminants dissolved in surface water are not
filtered slowly through a geologic unit such as a shale or a clayey till
before reaching the groundwater. Instead, groundwater generally flows
unimpeded through a network of subterranean streams in a karst area.
Infiltration is very rapid, and the direction and rate of flow of ground-
water are difficult to predict.

Figure 23 Flooding is common along lllinois rivers. It is essential that waste-
generating land-use practices are sited outside flood-prone areas. These
farm buildings in the Sny Levee District near Quincy in west-central lllinois
were inundated during the Great Flood of 1993.
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Figure 24 These potential karst
areas in lllinois (a) have limestone
or dolomite at or near the land
surface. Photograph (b) and topo-
graphic map (c) show karst land- ﬁ
scape in southwestern lllinois.
Most closed circular features on
this topographic map are sinkholes.
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Most karst in Illinois occurs in rural areas (fig. 24b, c); however, lime-
stone and dolomite rocks prone to karst development also are found
near the St. Louis and Chicago metropolitan areas. It is not advisable
to locate facilities where potential contaminants are used or contained
in karst areas. Also, activities such as application of agricultural
chemicals; spreading of sludge, septage, or manure; and operating
large animal confinement facilities in karst areas can result in nitrates
or coliform bacteria moving quickly into the groundwater and flowing
into water wells.

Subsidence In Illinois, most land subsidence, or collapse, takes place
over underground mines (fig. 25) or in active karst areas. Overlying
earth materials, including bedrock and
glacial deposits, may subside when a

mine roof collapes. When the limestone or
dolomite in a karst area dissolves, the overly-
ing geologic materials ultimately collapse,
creating a sinkhole (fig. 26). Both condi-
tions may result in increased likelihood
of groundwater contamination and
property damage.

Swelling soils Some glacial depos-
its that contain certain types of clay
minerals significantly expand when
wet and shrink when dry. Cycles of
shrinking and swelling cause cracks
to open and close repeatedly, allow-
ing them to fill with earth, leaves,
twigs, and other debris. The gradual
expansion of the soil’s volume after
repeated shrink-swell cycles can build
enough pressure against foundations,
buried walls, and other structures to
cause severe cracking or failure of
the structure (fig. 27). Shrinking and
swelling soils eventually can dam-
age waste containment structures,
including earthen covers on landfills,

rendering them incapable of safe Figure 25 Areas of lllinois where under-
containment. ground coal mining has occurred.
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Figure 26 ISGS staff investigate a sink-
hole in St. Claire County. The sinkhole was
created when the underlying limestone or

dolomite dissolved and the overlying Bauer.)
geologic materials collapsed.

Identifying Mineral, Rock,

and Petroleum Resources

It is important to identify valuable earth resources such as coal, sand
and gravel, oil and gas, limestone, or dolomite during site evalua-
tions, especially at the regional level of planning. The availability of
resources within the region may affect the future economy of the area
and must be considered during site selection.

Types of Waste

The type of waste to be generated or stored must be considered when
picking a site for a waste-generating or waste-disposal facility or for
evaluating other land-use activities.
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Figure 27 The wall of this building in Christian
County was damaged by swelling soils. Note
the inward bowing of the wall. (Photo by Bob



Hazardous and low-level radioac-
tive waste For hazardous and low-
level radioactive waste disposal, the site
geology must consist of predominantly
fine-grained materials (such as shale or
glacial till) to a depth of 300 feet in or-
der to impede the flow of leaking fluids
and to attenuate their pollutants. Sites
above aquifers that are within 300 feet
of the land surface should be avoided
(fig. 28).

Municipal waste For municipal waste
disposal, predominantly fine-grained
materials should be present to a depth of
at least 50 feet below the waste. If land-
fill trenches are to be 50 feet deep, there

Figure 28 Major bedrock aquifers with-
in 300 feet of land surface. Facilities
that dispose of hazardous and radioac-
tive wastes should not be sited in areas
shown as shaded portions of the map.
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Figure 29 Shaded areas show aquifers
within 50 feet of land surface.
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should be an additional 50 feet of
fine-grained materials below the
trench bottom to impede the flow
of leaking substances.

Agricultural and residential
by-products Aquifers should be
more than 50 feet below the land
surface for sites being considered
for agricultural uses such as large
animal confinement facilities (fig.
29) The application of chemicals
and fertilizers should be done with
an awareness of the underlying
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Figure 30 A geologist examines a sinkhole in Monroe County. At the time,
the sinkhole was used as a discharge for three septic systems. The effluent
flowed directly into the owner’s well. (Photo by Sam Panno.)

geology. Nitrate and pesticide contamination of wells in Illinois is
much more common in geologic settings where aquifers are within 50
feet of land surface than where aquifers are deeper. Wells in aquifers
within 20 feet of land surface are highly vulnerable. Septic effluent
from large subdivisions with numerous private septic systems or from
homes in karst areas also can cause problems (fig. 30).

These criteria, although not inclusive, illustrate the kinds of geologic
conditions that must be known as fully as possible to site facilities
successfully, to understand the problems that may arise in areas where
waste is being generated, and to determine the best management op-
tions for handling contamination problems. These criteria underscore
the importance of understanding geologic conditions, which is possible
through detailed, three-dimensional mapping.
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Tools: Research, Maps, and Interpretation

The key to understanding the state’s geologic and hydrogeologic
framework lies in the work of geologists and hydrogeologists who
map and describe bedrock and glacial deposits. Through detailed
regional, area, and site studies, these scientists characterize the nature,
occurrence, and extent of geologic materials and classify them. The
information is compiled into large databases and used to make three-
dimensional geologic maps and models that show the thickness and
areal extent of the various types of rocks or sediments that are present.
The maps, models, and data also provide a basis for understanding the
occurrence of aquifers and the flow of groundwater into, through, and
out of aquifers. Interpretations of these data also are the scientific basis
for making wise decisions regarding the use of land and groundwater
resources.

Fundamental Data Collection

Gathering fundamental data in the area to be mapped is the first step in
constructing a detailed geologic map. The data that must be gathered
include the identification and description of earth materials; their
lithologic character; their length, width, and height at and below the
ground; and their relationship to landforms. Data are collected from
outcrops (exposures at ground surface) (fig. 32), water-well logs, and
core samples from drilling. Downhole geophysical logging for every
borehole and seismic reflection and refraction techniques help com-
plete the picture.

Figure 32 Geologists

examine an outcrop of
Ice Age sediments at a
quarry near Tuscola in

Douglas County.
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Figure 33 ISGS staff examine a core obtained by a drill rig near Kellerville
in Adams County. Drill rigs are used to extract cores, sometimes to depths of
several hundred feet, which are then described and analyzed by geologists.
These data are basic to making three-dimensional geologic maps and cross
sections.

Drilling and obtaining core samples (fig. 33) are the principal means
of determining whether thick, fine-grained deposits or permeable,
extensively weathered or fractured earth materials are present. There
are several geophysical techniques that can be used to test the continu-
ity of layers between test holes and detect differences in the subsurface
geology from place to place. For example, using seismic testing,
geophysicists measure differences in the velocity with which sound
waves travel through different materials. These differences allow them
to detect changes in the subsurface geology. The data provide informa-
tion about the origin of the rocks and glacial and postglacial sediments,
which helps scientists understand and predict how rocks and sediments
may vary in character from one place to another.
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Cross Sections and
Three-dimensional Geologic Maps

Once geologists have collected data about the geologic materials and
processes, they make maps that show the distribution of these deposits
at the Earth’s surface (fig. 9). Geologists also construct cross sections
that show the vertical sequences of deposits—their depth and thick-
ness—and how these sequences vary from place to place (fig. 14).
Computer models provide three-dimensional views of the subsurface
(fig. 34). These maps and models are interpretations of the continu-
ity of the geologic units based on the collected data. These two- and
three-dimensional depictions show the thicknesses of units and the
elevations of major buried surfaces. For example, widespread sand
and gravel aquifers can be differentiated from layers of till above and
below them, and maps showing their distribution can be made.

Figure 34 Generalized
three-dimensional model of
the Ice Age sediment de-
posits and bedrock of the
Villa Grove Quadrangle as
viewed from the southeast
and exaggerated vertically
40 times.

36 Geoscience Education Series 18



Geologists use their scientific skills to predict the thicknesses and
elevations of subsurface units between known points of reference (such
as core samples). If adjacent reference points indicate that similar
rocks with similar thicknesses are present at essentially the same eleva-
tion, then the geologists’ job is easy. The contacts separating geologic
units can be inferred, and rock layers can be correlated between those
points. If adjacent reference points have quite different vertical suc-
cessions of materials, geologists must infer a scenario to explain the
discrepancy. The difference may be due to a fault that lies between the
two points or because of the removal of layers by some other process.
If the cross section or three-dimensional model is in a critical area

of concern, more drilling may be needed to gather additional core
samples and other data to use in the interpretation.

Cross sections and three-dimensional geologic models are used to in-
dicate where a particular deposit begins to thin or thicken. If sufficient
information is available, these depictions can predict in a general way
where one or more layers in the succession may be absent. Even in
areas where a drill hole or outcrop does not exist, a completed cross
section or a three-dimensional block diagram can predict generally
what might be found underground. Of course, the only way to find out
the actual succession of subsurface earth materials is to drill a hole and
obtain samples.

Hydrogeologic Interpretations

Good three-dimensional depiction of a region’s geologic framework

is one of the basic tools of hydrogeologists. Hydrogeologists combine
information derived from geologic maps, cross sections, and hydraulic
properties of materials with information on hydraulic head, hydraulic
conductivity, porosity, and groundwater chemistry to determine

the travel times and the flow patterns of groundwater through the

units (vertical and horizontal hydraulic gradients). A groundwater

flow model often is developed. A flow model helps hydrogeologists
determine whether a given geologic material can provide sustainable
groundwater yields to wells or promote or restrict groundwater flow
rates. Such information is vital to understand and evaluate the potential
effect of land uses in an area and site facilities. For more information
on hydrogeologic principles and maps, refer to the glossary and Illinois
Groundwater: A Vital Geologic Resource.
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Methods: Evaluating Land Use

A logical approach to evaluate the potential for environmental con-
sequences of land use is first to map the geology and hydrology on a
regional scale. Regional information provides the background for more
detailed investigations of successively smaller areas within the region.
This step-by-step approach is most useful when selecting a geologi-
cally acceptable site for a land-use activity that may be a point source
of contamination.

Similar procedures can be used to evaluate the potential effects of
non-point source hazards. Regional and area investigations are most
appropriate and useful for general screening. They can effectively
determine which portions of the state or county have aquifers that are
most vulnerable to contamination from septic system effluents or from
agricultural chemicals. Area evaluations, followed by detailed site
investigations, are most appropriate to determine the environmental
consequences of hazards such as leaking underground storage tanks or
chemical spills.

An understanding of scale is key to comprehending this step-by-step
approach. A “region” or “regional scale” may refer to the entire state
or to a single county, but generally refers to map scales of 1:500,000 to
1:100,000 (see sidebar on page 40). “Area” refers to land surrounding
one or more candidate sites that are under consideration, for example,
for waste disposal. Area studies generally are done at a mapping scale
of 1:24,000 or larger. “Site” refers to a specific locale that may range
in size from a few acres to one or two square miles. Individual sites
generally are mapped at very large scales to show details of interpreta-
tions.

The step-by-step approach to finding geologically acceptable sites for
a specific land use includes the following sequential investigations.

Step 1: Regional investigations Geologic and hydrogeologic
studies identify the continuity of aquifers and aquitards over a broad
region. Areas with promising characteristics are selected for more
detailed investigations.

Step 2: Area investigations Geologic and hydrogeologic studies
identify the continuity of aquifers and aquitards in the areas selected
on the basis of regional investigations. Potential candidate sites are
selected for more detailed evaluations.
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Step 3: Site characterization Each candidate site’s geologic and
hydrogeologic characteristics are investigated and tested.

During each step, geologists and hydrogeologists interpret their data.
Their interpretations become more specific and detailed with each suc-
cessive step. Each data point (for example, an outcrop or drillhole log)
yields information specific to that location. Site-specific data points
must be close enough to one another to resolve uncertainties about the
locations of critical boundaries between subsurface geologic units.
Regardless of the mapping scale, geophysical methods can provide
essential data where other sources of information are lacking, but in-
terpretation of such information requires reference to regional geologic
and hydrogeologic data that already are reasonably well known.

As an example of how scale affects interpretation, consider how

data supporting the existence of possible aquifers are interpreted.
Geologists and hydrogeologists show an aquifer’s presence on a

map only where data positively show that one or more aquifers exist.
Consequently, regions or areas lacking adequate data may be mapped
as being without aquifer materials when, in fact, such materials are
present. This situation can be minimized by following the step-by-step
approach because later evaluation steps either verify or disprove the
succession and types of geologic materials indicated by earlier steps.
The successive, more detailed evaluation and the acquisition of ad-
ditional data from boreholes and outcrops also may indicate needed
modifications to the interpretation of the succession and types of
geologic materials.

Through this approach, information about geologic materials and
groundwater occurence and movement can be integrated with the
engineering principles involved in designing safe and effective
waste-disposal facilities. As a general rule, a chosen site’s geology

and hydrogeology should be sufficient to compensate for flaws in the
design of containment structures, and the design should be sufficient to
compensate if the geologic and hydrogeologic setting does not perform
as expected. In this way, public safety can be maximized even if a leak
develops.

Now, let’s look at the step-by-step methodology in more detail, real-
izing that data about the geology and hydrogeology are gathered and
interpreted at each step, but at different levels of detail.
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Figure 35 These three maps show the sensitivity of
aquifers to become contaminated in the same area
of Boone County at successively larger scales. Note

that the larger the scale, the greater is the detail.
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Regional Investigations

A regional investigation is particularly useful to determine the poten-
tial for groundwater contamination from non-point sources where ef-
fects may be widespread and may occur far from where contaminants
were introduced.

The first step is investigation of the geologic and hydrogeologic
characteristics of a wide region. This initial screening also serves to
direct later, more detailed site studies toward regions where the known
succession of geologic materials is most likely to contain a released
contaminant and away from regions known to contain porous or
fractured earth materials. Highly porous and fractured earth materials
can provide pathways that allow contaminants to move rapidly toward
potential groundwater resources or may themselves serve as such
resources. Existing data generally are used for these regional investiga-
tions, which provide information on the regional geologic framework,
hydrogeology and aquifer mapping, potential hazards, and mineral
resources.

In the recommended approach, all subsequent investigations are guided
by the findings of this initial regional evaluation. The regional study
also is the step at which county or state decision makers and the public
can begin to determine what may become a site-specific environmental
problem. For example, if construction of a waste-disposal facility is
under consideration and the results of a regional geologic investigation
indicate a high probability of encountering aquifers at depth, questions
should be asked about the viability of the site, and efforts should per-
haps move elsewhere.

Geologic framework The regional geologic framework is estab-
lished by reviewing all available information on the region’s bedrock
and sediments. Original data from existing water wells and other
drillholes, descriptions of outcrops, and other records are interpreted to
compile three-dimensional maps showing the lateral extent, thickness,
and character of the region’s rock and sediment layers. Particular atten-
tion is focused on the rocks and sediments that are or may be aquifers.

This review also provides information about how variable the character
of the rocks and sediments may be in the region. The greater the
regional variability, the more extensive the subsurface exploration must
be to adequately evaluate the geological and hydrogeological setting at
the area and site investigation levels.
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Hydrogeology and aquifer mapping The regional investigation’s
main emphasis is to map the lateral extent and thickness of aquifers
and other layers of highly permeable materials that can rapidly trans-
mit contaminants (figs. 28 and 29). This focus includes determining
the locations of regional recharge areas, variations in regional ground-
water quality, and the present and probable future use of groundwater.
As populations and cities grow, water may be withdrawn from pres-
ently unused aquifers, which could affect the predictability, rate, and
direction of groundwater movement. Such changes might increase the
risk that future users of groundwater will be exposed to contaminants.

Potential geologic hazards Regional investigations also help iden-
tify areas with potential geologic hazards such as karst, underground
mining regions where subsidence could occur, and areas where seismic
activity is most likely (figs. 21, 22, 23, 24, and 25). Karst and aban-
doned or active underground mines can affect regional groundwater
flow by contributing to the rapid movement of contaminants in patterns
that may be difficult to predict without detailed study. Unstable slopes
can endanger facilities that are built either near the base of the slopes
or on uplands adjacent to slopes. Layers of water-saturated, loose
materials, which commonly occur in river floodplains, can be very
susceptible to ground motions from seismic activity. These sediments
can significantly amplify the ground motions that occur during an
earthquake and may liquefy, allowing structures to tilt or topple over.

Identification of mineral resources The identification of re-
sources such as coal, sand and gravel, oil and gas, and other minerals
within a region is needed to reduce possible land-use conflicts between
mineral resource developers, county and municipal planners, and
potential waste generators. The presence and continued availability of
these resources can affect the region’s economic health and must be

a consideration, especially in the final selection of a site for a waste-
disposal facility or waste-generating business.

Associated issues It is important to understand how the informa-
tion gained through a regional investigation can and cannot be used.
Because regional assessments provide general information, regional-
scale maps, models, and cross sections may not reveal geologic or
hydrogeologic details that become obvious during more detailed
studies of smaller areas or specific sites. Regional studies, however,
do provide the information needed for initial models and assumptions
about regional geologic and hydrogeologic conditions. Those models
and assumptions can guide more localized, detailed investigations and
be revised and refined as more precise data are gathered.
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44 Geoscience Education Series 18



Kettering

P AR IB S
Ilmers‘ate 70 : 4§ Bra

elevation (ft)

400
Sand and gravel El Diamicton
- Silt - Bedrock
- Silty clay

Geoscience Education Series 18 45



Area Investigations

Area investigations are used within regions that have been found to
have geologically favorable conditions for a specific land use. Based
on the regional findings, sites with geologically favorable characteris-
tics can be selected as candidates for a specific land use. However, be-
fore the sites are characterized in detail, new data must be gathered and
interpreted, such as water-well and engineering boring logs; sample
studies from drilling; field investigations of outcrops; groundwater
level and flow data to test the hydraulic properties of earth materials;
and groundwater quality information. New holes may be drilled and
cores collected and studied to verify the succession of geologic materi-
als indicated by the regional evaluations.

By focusing on the relatively small geographic area surrounding an
existing or potential land-use site, geologists may define the geologlcal
and hydrogeological conditions :
more accurately than was possible
with the regional investigation.
The area investigation is an essen-
tial step in fully understanding the
potential connections between an
existing site and its surroundings.

Decision makers and the public
can also get involved at this stage
(fig. 39) and should continue to
ask questions pertaining to the
geological characteristics of a

site and the site’s acceptability if
contamination problems arise. For
example, if a previously unknown
aquifer is discovered, questions
can be raised as to why the aqui-
fer was not identified during the
regional evaluation and whether it
is worthwhile to continue to look
for a site in this area, considering
the apparent complexities of its Figure 39 A geologist explains geologic

geology and hydrogeology. concepts to citizens on a field trip to a

. . sand and gravel pit near Lake Shelbyville
Geologists evaluating an area ook st of Mattoon. It is important to share
at these factors: geologic information with concerned
citizens when land-use activities are
planned.

* geology and hydrogeology,
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including production of three-dimensional geologic maps and
models;

aquifer maps, an inventory of wells already drilled into the aquifers,
data on groundwater withdrawals from the aquifers, and data on the
elevations of water levels in the wells;

topography, slope stability (fig. 22), and evidence of other geologic
hazards such as fault zones, fracturing of geologic materials, or lo-
cal karst development;

strongly weathered materials such as buried soils (see Illinois’ Ice
Age Legacy for more information);

* potential mineral resources.

iB1:] Aquifer <20 feet thick within 5 feet of land surface

Aquifer <20 feet thick between 5-20 feet of land surface
Aquifer > 20 feet thick between 20-50 feet of land surface
Aquifer < 20 feet thick between 20-50 feet of land surface
- Aquifer >20 feet thick between 50-100 feet of land surface
- Aquifer <20 feet thick between 50-100 feet of land surface

- Aquifer not present within 100 feet of land surface
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engineering properties of the geologic units; and

Geology and hydrogeology An
area-scale investigation provides

a more accurate delineation of the
succession of geologic materials,
particularly the position and extent
of small subsurface aquifers (fig.
40). An inventory of wells already
drilled into these aquifers and
measurements of the water levels
in them at several times during the
year help identify the groundwater
flow patterns around specific sites.
Pumping wells at designated rates
for a set length of time, along with
other measurements of aquifer
characteristics, allow the sustain-
able maximum water yield from
each aquifer to be determined and
show the pumping’s effect on flow
patterns. A proposed site for a
waste-disposal facility should be
located as far from active wells as
possible to maximize the distance

Figure 40 General aquifer sensitiv-
ity map of the Villa Grove Quadrangle
showing local aquifers.
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for attenuation of a contaminant in an aquifer and to increase the time
available to implement mitigation measures before a contaminant
enters active wells.

Area topography and geologic hazards Close examination of an
area’s topography (fig. 41) and geology can reveal slope stability and
erosion potential on or near sites. When selecting a site for any facility,
it is essential to avoid areas where erosion recently has occurred and is
likely to continue, such as at the top or the foot of unstable or poten-
tially unstable slopes. Relatively flat terrain is best. Evidence of other
potential geologic

hazards is reviewed SRS T |
and interpreted, = -
including the loca-
tion of underground
mined-out areas,
fault zones that
might reactivate
during seismic ac-
tivity, and fractured
geologic materials
or local karst
features that could
provide pathways
for rapid migration
of contaminants
into the ground-
water system.
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Strongly
weathered
materials Differ-
ences between the
engineering and
chemical properties
of weathered and
fresh earth materi-
als should be con-
sidered when the
geologic data for

Figure 41 A portion of a topographic map of the Villa Grove
the area study are Quadrangle.
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compiled. Highly weathered materials tend to be fractured and more
permeable, which increases the number of pathways for a contaminant
to reach the groundwater system and decreases the amount of material
available to attenuate a contaminant. It is especially important to deter-
mine the position and extent of weathered zones in the subsurface.

Engineering properties of geologic units Engineering tests and
data about the geologic units may identify areas that are prone to col-
lapse, shrinking and swelling of soils, liquefaction, or other hazards.
Initial tests also help guide foundation designs and help determine the
suitability of local geologic materials as a source of cover material.

Potential mineral resources Detailed geologic mapping in the area
of a proposed land-use site or an existing contamination site allows

for more detailed identification of mineral resources. Once identified,
more study can lead to detailed information on the availability, quality,
and quantity of resources and the economic feasibility of extraction
(fig. 42). The presence of valuable resources may significantly affect
the development of a proposed waste-disposal site.

Availability of Herrin Coal

[] Restricted or mined-out areas
[ 42 to 66 inches
I Greater than 66 inches

Surface Water Sources
[ Existing reservoirs

Figure 42 A generalized version of a map showing the availability of the Herrin Coal and informa-
tion about water resources and infrastructure in southern lllinois.

Geoscience Education Series 18 49



Site Characterization

Site characterization provides the data needed for a detailed understand-
ing of the site’s geology and hydrogeology. This step assumes that all
regional and area studies are complete and that selected sites meet the
criteria for geologic compatibility with the proposed land use. Much
new data are gathered during this step to test how well the geology at
the site matches the predictions from the regional and area investiga-
tions. The information helps scientists predict how the site might
perform under various environmental and human-induced conditions.

During characterization, the site is subjected to intensive field (fig. 32)
and laboratory investigations to test the geologic and hydrogeologic
interpretations made from the regional and area investigations. This
testing is particularly important when selecting geologically acceptable
sites for potentially harmful land-use activities for several reasons:

1. Aquifers could be present that did not show up during the regional
and area investigations.

2. The engineering characteristics of the site’s earth materials must be
suitable for long-term waste containment with minimal leakage.

3. The site must be free of potential geologic hazards.

4. Potential mineral resources that were not detected previously may
be identified.

Decision makers and the public must be assured that the candidate

site is the best available usable site, as determined by a methodical
evaluation process that includes sufficient scientific testing to discover
adverse site characteristics, such as an unknown aquifer. The geologic
characteristics of a viable site should minimize problems for current
and future generations. Predicting the lateral and vertical extent of con-
tamination at an existing site requires a thorough site characterization
program.

Specific objectives of site characterization In addition to provid-
ing a detailed understanding of the geology, site characterization also
evaluates the geographic area that might be affected by contamination,
determines the degree and extent of potential contamination into
various geologic materials, and predicts the rate and direction of any
contaminant migration off the site.

Selecting a suitable site for a hazardous or low-level radioactive waste
disposal facility adds specific objectives to site characterization. Inves-
tigations must provide the information needed to determine the ability
of the site’s geology to isolate waste from the surrounding environment
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if contaminants leak from their holding areas. (The facility itself, of
course, must be designed, engineered, and constructed to include

all precautions against such an emission.) The site characterization
must also provide information that is specific enough to allow for

the results of processes such as wind and water erosion over the next
several hundred years and to estimate the potential of such processes
to compromise the site’s integrity. It is necessary to look forward in
this way because present-day environments or land uses probably will
not persist over the time period that the waste must be contained. The
site characteristics also must account for the potential for inadvertent
intrusions into the facility from future natural resource exploration or
construction work.

Mapping the site’s geology If the site is being considered for a
waste-disposal facility, its geology and hydrogeology must be suitable
to accept waste. A detailed and accurate three-dimensional geologic map
is the first and most essential tool in characterizing the site. “Detailed
and accurate” means that all geologic features must be explored in de-
tail so that their three-dimensional characteristics are well understood.
For example, if initial studies indicate that sand and gravel bodies
within a buried bedrock valley are not continuous, additional tests should
be conducted to show whether they are connected to each other or to
some underlying or overlying, more continuous sand and gravel body.
Geologic materials should be understood to a depth sufficient to reveal
the presence and continuity of any thick, uninterrupted sequences of
fine-grained geologic materials that could restrict downward ground-
water movement and protect an aquifer from contamination. Such
information also is important for those evaluating the extent of site
contamination and cleanup methods.

A three-dimensional, detailed geologic map also would show the con-
tinuity of permeable materials, zones of fractured rock or sediments,
intensely weathered zones, or other conditions that indicate the serious
contamination potential or unsuitability of a site. The site’s geology
must be understood well enough to predict or to estimate the depth,
thickness, lithology, and character of each geologic unit at any given
point within the site. As the variability of the site’s earth materials
increases, the chances of successfully predicting geologic conditions
decreases.

Site hydrogeology Measurements of water levels, analyses of water
samples from monitoring wells, and pump tests provide information
about local groundwater flow patterns and groundwater quality. The
groundwater model developed from these and other data sources is
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used to predict the directions and volumes of groundwater flow and
to permit conclusions to be drawn about the effects on local wells of
either an existing or a potential contamination problem from a waste-
disposal operation. This modeling can only be accomplished after the
three-dimensional geologic and hydrogeologic conditions are well
understood and clearly conveyed to the site engineers and informed
citizens.

It is important that geological and hydrogeological studies be conduct-
ed together. These properties are interdependent and equally important
for successful site characterization. For example, similar water levels
or similar groundwater quality in several wells may suggest that they
all extract water from the same aquifer. This information may confirm
that shown in the three-dimensional geologic map of the site or may
indicate that the map should be modified. In the same way, different
water levels or different chemical compositions of groundwater may
suggest that the water is not coming from the same aquifer.
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Conclusions

Following a step-by-step approach in which regional, area, and site-
specific investigations are conducted is especially useful to find suit-
able sites for businesses that generate wastes and for waste-disposal
facilities. It provides a method for evaluating land areas for potential
and existing contamination.

The step-by-step approach helps determine existing or potential
contamination problems and aids the process of investigating and
interpreting a site’s geology and hydrogeology. The approach

* increases confidence in the interpretation of the site’s geology and
hydrogeology by drawing upon the findings and interpretations of
previous, more general investigations to improve the understanding
and predictability of a site’s geologic materials;

* allows a more accurate extrapolation of a specific site’s geology and
hydrogeology to the larger area and surrounding region;

* improves the understanding and predictability of the long-term
performance of a site;

* saves money because the regional and area evaluations can eliminate
geologically unsuitable sites from further consideration. Projects
can be halted prior to the final site characterization, preventing the
locating of a poor site and the need for potential cleanup.

When siting a new facility, areas with the following characteristics
offer the greatest groundwater protection:

* thickest successions of earth materials with high clay content,
 greatest possible depth to the water table,

» groundwater flow patterns that can be understood in detail,
 greatest vertical and horizontal distances from an aquifer,

« farthest distance possible from potential flooding regions,

* least fractured and faulted earth materials,

¢ no karst features,

* least potential for disruption by geologic hazards,
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 least seismically active areas,
¢ no recoverable mineral resources, and

* highest bearing capacities for facility foundations.

Political, social, and economic concerns also play an important role in
land-use decisions. However, those societal factors must be integrated
with a full understanding of the geology and hydrogeology gained
through studies at successively more detailed scales. Without such

a foundation, the selection of a site comes down to little more than
random chance. Using the results of careful scientific investigations
for such decisions can ensure that the effects of waste disposal or other
adverse land uses are dealt with in the safest, most logical, and most
cost-efficient manner possible.
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Glossary

The following definitions are adapted from a variety of sources. The
Glossary of Geology, published by the American Geological Institute,
was especially useful.

aquifer A body of saturated rock or sediment that yields useful quantities
of groundwater to wells or springs.

aquitard A body of rock or sediment of low permeability that can confine
groundwater and transmit it slowly from one aquifer to another.

areal distribution Refers to the geographic area over which a rock or
sediment unit occurs, either buried or exposed at land surface.

attenuate To reduce or lessen the concentration of a substance.

bedding plane The surface of a bed of rock or sediment that visibly
separates each successive layer of rock or sediment from its overlying or
underlying layer.

compaction The reduction in volume or thickness of a body of sediment
in response to the increasing weight of overlying material. The process
reduces pore space between sediment grains and packs the grains closer
together.

consolidation The process of forming rock out of soft or loose sediments.

core A cylindrical sample of a subsurface formation taken by a hollow
sampling device and brought to the surface for geologic examination and
analysis.

data point An item of factual information derived from calculations,
measurements, or research.

deposition The accumulation of loose rock material by processes such as
the settling of sediments or the accumulation of organic materials from
the bodies of dead animals and plants.

downhole geophysical logging The process of lowering sondes into a test
hole or well to measure and continuously record some physical property
of the adjacent rock or sediment, such as electrical resistivity, natural
gamma radiation, or the diameter of the test hole.

ecosystem An ecological unit made up of a community of organisms and
the non-living elements in the community’s environment.

hydraulic conductivity The capacity of earth materials to transmit
groundwater stated in terms of the volume of groundwater that will
move in a unit of time (one second, one minute, one day, etc.) through a
unit cross sectional area (one square foot, one square meter, one square
centimeter) under a unit hydraulic gradient. Hydraulic conductivity is
commonly expressed in gallons (the volume of groundwater) per day (the
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unit of time) per square foot (the cross sectional area) under a hydraulic
gradient or a vertical drop of one foot over a distance of one foot

hydraulic gradient The change in hydraulic head with a change in
distance in a given direction. For an unconfined aquifer, this is the
slope of the water table. Hydraulic gradient has horizontal and vertical
components.

hydraulic head The term used to describe the total amount of energy
groundwater has at a given point in an aquifer or groundwater flow
system. It is the sum of the height of the point above sea level (elevation
head), the weight of the earth materials and groundwater overlying the
point (pressure head), and the movement of the water (velocity head).

hydrogeology The science that deals with the geologic aspects of
subsurface water.

infiltration The flow of a fluid into solid matter through pores or small
openings.
interglacial The time interval between two glacial episodes.

joint A fracture in a bed of rock or sediment with no displacement of the
bed on either side of the fracture.

karst A type of landscape that is formed as water dissolves underlying
limestone and other rocks. Karst topography is characterized by closed
depressions or sinkholes, caves, and underground drainage systems.

leachate Water that has trickled through contaminants or waste materials
and then contains some of those substances in solution.

liquefaction The process by which loosely packed sediments behave like a
fluid instead of a solid. The process can be triggered by shaking during an
earthquake.

lithology, lithologic The physical character of rocks, including
mineralogical composition, grain size, color, and structure.

log A record describing the earth materials obtained in a well bore.

outcrop Part of a glacial deposit or bedrock that is exposed and visible at
the earth’s surface.

outwash Earth materials (usually sand and gravel) washed out from a
glacier by meltwater streams.

overconsolidated A term used by engineers to refer to the dense property
of till, a glacial sediment. The compression of till by glacial ice caused
consolidation and de-watering so that till behaves similarly to rock when
subjected to certain standard types of engineering tests.

perched aquifer An aquifer separated from a more extensive aquifer below
by an unsaturated zone or aquitard.

percolating Seeping through a porous material.
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permeable The capacity of a porous rock, sediment, or soil to transmit a
fluid through interconnected pore spaces, cracks, or other openings.

porosity The amount of void space, such as cracks or pores, in a rock or
sediment.

radionuclides A radioactive kind of nuclide, an atom characterized by the
number of neutrons and protons in its nucleus.

recharge The replenishment of groundwater by infiltration of precipitation
or surface water through the soil.

refraction The change of direction of a seismic wave passing from one
medium into another of different density, which changes its speed.

remediate, remediation Actions taken to correct. The actions taken to
remediate groundwater include containing or removing the contaminant,
managing the source of or exposure to the contaminant, or treating the
water before using it.

unconsolidated Sediment that has not been compacted, consolidated, or
changed into coherent and solid rock.

water table The level below which the soil, sediment, or bedrock is
saturated with groundwater.

weathering The process of physical disintegration and chemical
decomposition by which earth and rock materials are changed in color,
texture, composition, firmness, or form upon exposure to the atmosphere.
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The Geoscience Outreach Program of the Illinois State Geological Survey uses many
channels to inform the public about the geology and mineral resources of the state and

the results of the Survey’s research projects. The Survey distributes nontechnical publica-
tions, offers sets of rock and mineral specimens to Illinois schools and educational groups,
presents lectures and exhibits, responds to inquiries, conducts workshops for teachers,

and leads field trips. The program’s full-day field trips, each given in widely separated
areas of the state, offer teachers, students, and the public the opportunity to learn about the
geologic processes that shaped the land and formed the rocks and glacial deposits.

The outreach program is specifically designed to assist in the teaching of earth sciences
and to help citizens understand how the research programs of the Illinois State Geological
Survey protect the environment and strengthen the economy of Illinois.

Illinois State Geological Survey
615 East Peabody Drive
Champaign, Illinois 61820-6964
217/333-4747
http://www.isgs.uiuc.edu

Equal opportunity to participate in programs of the Illinois Department of Natural Resources (IDNR)
and those funded by the U.S. Fish and Wildlife Service and other agencies is available to all individuals
regardless of race, sex, national origin, disability, age, religion, or other non-merit factors. If you believe
you have been discriminated against, contact the funding source’s civil rights office and/or the Equal
Employment Opportunity Officer, IDNR, One Natural Resources Way, Springfield, Illinois 62702-1271;
217/785-0067; TTY 217/782-9175.

This information may be provided in an alternative format if required. Contact the IDNR Clearinghouse at
217/782-7498.





