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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resourccs. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from place
to place and over time. The information can be used to
help determine the efficacy of existing water-quality
policies and to help analysts determine the need for
and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

{oliet i, Herach

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS AND VERTICAL DATUM

Muttiply By To obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 4,047 square meter
square mile (mi?) 2.590 square kilometer
Flow rate
inch per year (in/yr) 254 millimeter per year
cubic foot per second (ft*/s) 0.02832 cubic meter per second
cubic foot per second per square mile [(ft3/symi?] 0.01093 cubic meter per second per square kilometer
million gallons per day (Mgal/d) 0.04381 cubic meter per second
Mass
ton, long (2,240 Ib) 1.016 megagram
Specific capacity
gallon per minute per foot [(gal/min)/ft)] 0.2070 liter per second per meter
Hydraulic gradient
foot per mile (ft/mi) 0.1894 meter per kilometer
Hydraulic conductivity
gallon per day per square foot [(gal/d)/ft%)] 4.720 x 107 meter per second
Transmissivity
gallon per day per foot [(gal/d)/ft)] 1.438 x 107 square meter per second

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/18

Sea Jevel: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviated water-quality units:
pg/L micrograms per liter
mg/L milligrams per liter
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Vil



Water-Quality Assessment of the Lower lllinois River

Basin: Environmental Setting

by Kelly L. Warner

ABSTRACT

The lower Illinois River Basin (LIRB)
encompasses 18,000 square miles of central and
western Illinois. Historical and recent information
from Federal, State, and local agencies describing
the physiography, population, land use, soils,
climate, geology, streamflow, habitat, ground
water, water use, and aquatic biology is summa-
rized to describe the environmental setting of the
LIRB. The LIRB is in the Till Plains Section of the
Central Lowland physiographic province. The
basin is characterized by flat topography, which is
dissected by the Illinois River. The drainage
pattern of the LIRB has been shaped by many
bedrock and glacial geologic processes. Erosion
prior to and during Pleistocene time created wide
and deep bedrock valleys. The thickest deposits
and most major aquifers are in buried bedrock
valleys. The Wisconsinan glaciation, which
bisects the northern half of the LIRB, affects the
distribution and characteristics of glacial deposits
in the basin.

Agriculture is the largest land use and
forested land is the second largest land use in the
LIRB. The major urban areas are near Peoria,
Springfield, Decatur, and Bloomington-Normal.
Soil type and distribution affect the amount of soil
erosion, which results in sedimentation of lakes
and reservoirs in the basin. Rates of soil erosion of
up to 2 percent per year of farmland soil have been
measured. Many of the 300 reservoirs, lakes, and
wetlands are disappearing because of sedimenta-
tion resulting from agriculture activities, levee
building, and urbanization. Sedimentation and the

destruction of habitat appreciably affect the eco-
system. The Illinois River is a large river-flood-
plain ecosystem where biological productivity is
enhanced by annual flood pulses that advance and
retreat over the flood plain and temporarily expand
backwater and flood-plain lakes.

Ground-water discharge to streams affects
the flow and water quality of the streams. The
water budget of several subbasins show variability
in ground-water contribution from runoff and
storage. More than half of the drinking water,
including domestic and public-supply use, in the
LIRB is from ground water. Fifty-two percent of
the public-supply water is from surface water.
Ground-water withdrawals mostly are from glacial
sand and gravel aquifers. Structural features, such
as monoclines, synclines, and anticlines, in the
buried bedrock affect the water quality of the
aquifers.

There are five natural environmental divi-
sions in the LIRB. The Grand Prairie covers
most of the northeastern half of the basin, and
the Western Forest-Prairie covers most of the
southwestern half. Implications of environmental
setting for water quality in the LIRB are related
primarily to land use. The balanced fish commu-
nity indicates that the lower Illinois River is
affected less from urban and industrial waste than
the upper Illinois River. A decrease in dissolved
oxygen concentrations and turbidity in the lower
reaches of the basin in 1993 have resulted from the
recent influx of European zebra mussels to the
LIRB. Many factors affect water quality in the
LIRB. Bedrock and surface topography, type of
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glacial material, and land use most directly affect
water quality in the basin.

INTRODUCTION

The lower Hlinois River Basin (LIRB) encom-
passes 18,000 miZ of central and western Illinois
(fig. 1). The basin extends from the confluence of the
Illinois and Fox Rivers near Ottawa, Ill., down to the
confluence of the Illinois and Mississippi Rivers at
Grafton, Ill. Major rivers in the basin include the
Sangamon (5,420 mi%), Spoon (1,860 mi2), La Moine
(1,350 mi?), Vermilion (1,330 mi?), and Mackinaw
(1,140 mi?) Rivers. The LIRB is 1 of 60 study units in
the U.S. Geological Survey’s National Water-Quality
Assessment (NAWQA) program, which began full-
scale implementation in 1991 with 20 studies (Warner
and Schmidt, 1994). A second set of 15 studies began
in 1994, which includes the study of the LIRB. The
NAWQA studies are intended to assess long-term
water-quality changes. Each set of 15 to 20 studies will
be active for 7 years and then a 3-year period of mini-
mal data collection before the study becomes active
again. The goals of the NAWQA program are to
(1) describe the status and trends in the quality of a
representative part of the Nation’s streams and ground
water and (2) provide a sound scientific understanding
of the natural and human factors affecting water quality
(Leahy and Wilber, 1991). Design of a water-quality
assessment generally considers the characteristics of
the hydrologic system because components of the
system and their interaction determine the similarities
and differences in water-quality conditions throughout
abasin. An effective regional water-quality assessment
strategy is based on environmental setting, which
incorporates many interrelated features (for example,
physiography, geology, land use, climate, and
hydrology).

Purpose and Scope

This report describes the environmental setting
for the LIRB. The environmental setting will serve as
the basis for the sampling design and strategy of the
water-quality assessment of the basin. Historical and
recent information from Federal, State, and local
agencies describing the physiography, geology, soils,
population, land use, climate, streamflow, habitat,
ground water, water use, and aquatic biology is

included in this report, and the effect of these character-
istics on water quality is summarized.

Previous Studies

Three previous studies in the basin include the
hydrology of the western region interior coal province
(Zuehls, 1987; Zuehls and others, 1981 and 1984) and
a report on the waters of the upper and lower Illinois
River (Talkington, 1991). The seven-volume report by
the Illinois Department of Energy and Natural
Resources and The Nature of Illinois Foundation
(1994) describes the changing environment and critical
trends for the State of Illinois. Data and publications
from the Long Term Resource Monitoring Program
(LTRMP) as elements of the U.S. Army Corps of
Engineers Environmental Management Plan provide
insight to habitat, flow, and sediment transport in the
Illinois River Basin.

Acknowledgments

The assistance provided to the author by
members of the lower Illinois River NAWQA Liaison
Committee and agencies they represent is recognized.
Liaison Committee members represent Federal, State,
local, and private agencies in Illinois. The dedicated
and creative work of David Fazio, U.S. Geological
Survey, in designing and creating digital illustrations is
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ENVIRONMENTAL SETTING

Physiography

The flat topography of the LIRB in central
Illinois is dissected by the Ilinois River. Glacial
features are the major landforms. The LIRB is in the
Till Plains Section of the Central Lowland physio-
graphic province (Willman and others, 1975). The
Galesburg Plain, Springfield Plain, and Bloomington
Ridged Plain are subsections within the Till Plain
(fig. 2). The Galesburg Plain and Springfield Plain are
largely in the Illinoian drift, but prominent glacial
topography are only local features. The Bloomington
Ridge Plain includes the Wisconsinan glacial moraines
and associated glacial topography. A small area near
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Geological Survey, written commun., 1995). Most
wetlands in central Illinois are surface-water
depressions recharged from overland flow. The
organic-rich material blanketing the wetlands has a
low permeability, which increases the overland flow.
Water tables may be a few feet below wetland eleva-
tions, but the impermeable surface retains water rather
than recharging aquifers. Areas of ground-water seeps
in east-central Illinois may contain ground-water
depression wetlands recharged from overland flow
and ground-water inflow.

Habitats

The Hlinois River is a large, river-flood-plain
ecosystem where biological productivity is enhanced
by annual flood pulses that advance and retreat over the
flood plain and temporarily expand backwater lakes
(Sparks and Lerczak, 1993). The expanded aquatic
habitats are utilized as feeding areas by migratory birds
and as breeding areas and nurseries by fish and other
aquatic life (Sparks and Lerczak, 1993).

Wetland areas are habitats that provide nesting,
food, and cover for fish, waterfowl, and wildlife. The
Ilinois River was once one of the most productive
fishing and duck hunting areas in the country, but the
wetland habitat upon which fish and wildlife depend
for food and breeding was either converted to agricul-
tural land or covered in silt (Bell, 1981). By 1937,

50 percent of the Illinois River flood plain had been
converted from wetland to agricultural land by
drainage and levee districts (Bell, 1981). Small-fish
species, such as shiners and minnows, were less consis-
tently collected from the La Grange to Alton Pools than
upstream, which could indicate differences in habitat

conditions or other undetermined factors (Sparks and
Lercsak, 1993).

Turbidity and siltation have further degraded the
wetland habitat of the Illinois River. Aquatic wetland
plants are more sensitive to fluctuation in water levels
than plants rooted in moist soil. Turbidity reduces light
penetration through water, thus, inhibiting growth of
aquatic wetland plants.

Ground Water

The presence and extent of aquifers varies across
linois from areas such as Mason County, where the
aquifer is present within a few feet of the land surface,
to areas such as Champaign County, where aquifers are
more than 100 ft below land surface and are protected
by overlying materials of low permeability. Most shal-
low aquifers, less than 200 ft below land surface, are
composed of unconsolidated glacial material, and
bedrock aquifers commonly are the Mississippian-
Pennsylvanian-aged formations.

Aquifer properties of unconsolidated glacial
material vary greatly over short distances and by depth
(Kempton and others, 1982). Variability of aquifer
properties is greater for younger formations and less
variable for older formations (table 2) (Kempton and
Visocky, 1992). The till is almost impervious where it
is composed of primarily clay and yields very little
water to wells; a sandy till is relatively more porous and
permeable.

The nature of unconsolidated glacial deposits
makes it difficult to correlate or compare these aquifer
systems across the LIRB. Lithic discontinuities,
genetic associations, and stratigraphic position of the
deposits often have been the basis for aquifer nomen-
clature of the Quaternary deposits. An understanding

Table 2. Aquifer properties from selected locations in McLean and Tazewell Counties (from Kempton and Visocky, 1992)
[(gal/d)/ft, gallons per day per foot; (gal/d)lftz. gallons per day per square feet; (gal/min)/ft, gallons per minute per foot]

Aquifer properties
Storage

Transmissivity Hydraulic conductivity coefficient Specific capacity

[(gavdytt] [(gatid)tt?] (dimensionless) [(gat/min)/t]
Aquifer Range Median Range Median Value or Range Range  Median
Henry or Wedron 35-105,000 15,000 12-8,300 1,000 0.0002-0.0005 0.1-105.7 126

Glasford 880-96,000 16,300 110-9,600 1,000 .0001 7-117.6 8
Banner 2,400-546,000 140,000 200-4,778 1,705 .0002-0.09 1.0-1550 162
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of these characteristics is needed to interpret the

hydrostratigraphy and the relation of aquifer properties

to water quality. The processes of deposition of
materials derived from glaciers generally are local,
such as lacustrine deposits or end moraine deposits.

Some Quaternary deposits form sheets over an area

or fill an older bedrock valley. The basal units in the

buried bedrock valleys are often continuous or
spatially connected. Various references in Illinois liter-
ature use genetic terms to define aquifers, such as
glacial drift aquifers or glacial till aquifers. These aqui-
fer names define the depositional origin of material
composing the aquifer.

Stratigraphic position is a method of designating
an aquifer. Aquifers in the Quaternary System, which
have been associated with rock-stratigraphic units,
consist of one or more members of the same formation.
Two distinct rock-stratigraphic units that are hydro-
stratigraphic units are members of the Banner
Formation—the Sankoty and Mahomet Sands. The
Sankoty Sand Member and the Mahomet Sand
Member are in the same stratigraphic position, but the
Mahomet Sand Member consists of about equal
amounts of sand and gravel, contains many silt beds,
and lacks the polished pink quartz grains that distin-
guish the Sankoty Sand Member (Willman and Frye,
1970). The Mahomet Sand Member is found in the
eastern part of the basin, and the Sankoty Sand Member
is found in the central and west-central parts of the
basin.

The variety of ways that an aquifer has been
named is a source of confusion in the nomenclature,
especially for aquifers that are composed of glacial
sand and gravel deposits. The following are examples
of nomenclature with references to the use of aquifer
names in Illinois literature:

1. Time stratigraphic—An example is Quaternary
aquifer (Bergstrom and others, 1968; Piskin and
others, 1981).

2. Relative position—An example is upper, middle, or
lower aquifer (U.S. Department of the Air Force,
1989).

3. Alphanumeric designations—An example is Al
aquifer and C3 aquifer. This nomenclature is often
used in ground-water-flow models.

4. Depositional environment—An example is glacial
drift aquifer (Suter and others, 1959; Schicht and
others, 1976; Zeizel and others, 1962).

5. Depth of occurrence—An example is less than 50 ft
aquifer or greater than 50 ft aquifer (Gibb and
O’Hearn, 1980).

6. Synonyms for aquifer—An example is hydrofer,
aquiformation, or aquigroup (Curry and Seaber,
1990).

Different nomenclature among reports for aquifers in

the sand and gravel deposits make it difficult to com-

pare aquifer properties.

A study of regional ground-water resources in
McLean and Tazewell Counties shows that most water
wells are open to the Sankoty Sand Member of the
Banner Formation or the lower sands of the Glasford
Formation (Kempton and Visocky, 1992). The altitude
of the top of the Sankoty Sand Member in McLean and
Tazewell Counties ranges from 400 to 500 ft. The
altitude to the top of the sands and gravels of the lower
Glasford Formation generally is about 550 ft within the
bedrock valleys but is higher where it lies over the
bedrock uplands (Kempton and Visocky, 1992).
Results of aquifer tests performed in McLean and
Tazewell Counties have shown no evidence of appre-
ciable vertical leakage between the Banner and
Glasford Formation (Kempton and Visocky, 1992).
The Sankoty Sand Member in the Mackinaw Bedrock
Valley is contiguous with the Mahomet Sand Member
of the Banner Formation in the Mahomet Bedrock
Valley. The mixing of waters from each aquifer in the
two sand members constitutes a water-chemistry
confluence area (Panno and others, 1994). Ground
water in the glacial materials of the buried bedrock
valleys is mostly confined. Till or other fine-grained
deposits overlie the bedrock valley aquifers, impede
vertical movement, and confine water in the aquifer in
most areas. Aquifers in the northern half of the LIRB
under unconfined (water table) conditions consist of
shallow, sand and gravel deposits of the Henry and
Wedron Formations (Kempton and Visocky, 1992).
The water table is in direct connection with streams
and lakes.

The water table usually follows land-surface
topography rising under the uplands and intersecting
the land surface near perennial streams, lakes, swamps,
and springs (McKenna and Keefer, 1991). Ground
water flows from recharge areas to nearby streams.
The shallow, sand and gravel aquifers are recharged
from precipitation, but the deeper aquifers in the buried
bedrock valleys, the Sankoty and Mahomet Sands,
receive approximately 9.5 percent of the recharge from
the bedrock (Panno and others, 1994). The potential for
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aquifer recharge is a function of depth to the aquifer,
occurrence of adjacent major aquifers, and potential
infiltration rate of soil. The potential for aquifer
recharge is highest along the Illinois River, especially
in Mason and Tazewell Counties where there is sandy

aquifer material at the surface (Keefer and Berg, 1990).

The geometry of the buried bedrock valleys
affects the configuration of the embedded glacial drift
aquifers and flow patterns. Near the Illinois River, in
eastern Mason and Tazewell Counties, is the intersec-
tion of two major buried bedrock valleys—the
Mahomet and Mackinaw (fig. 13). Based on the
chloride concentrations and mass-balance calculations
of selected constituents, only about 17 percent of the
ground water at the area of intersection is derived from
the Mahomet Bedrock Valley (Panno and others, 1994).
Most of the water at the confluence of the buried
Mahomet and Mackinaw Valleys is from recharge
because it is a ground-water divide (Wilson and others,
1994). At the confluence, the water in the Sankoty
Sand of the buried Mackinaw Valley flows north and
discharges to the Mackinaw River, and the Mahomet
Sand of the buried Mahomet Valley flows southwest
and discharges to the Illinois River.

Discharge to streams from shallow aquifers
is affected by precipitation. Annual ground-water
discharge to streams for a year of normal precipitation
is from 0.09 to 0.36 (f13/s)/mi2 for most of the basin,
except for a small portion of the eastern LIRB where
ground-water discharge is 0-0.1 (ft/s)/mi? (Walton,
1965) (table 3).

The bedrock aquifers are in Mississippian- and
Pennsylvanian-aged formations. The Pennsylvanian-
age rocks, which underlie the glacial drift, are mostly
shale with alternating carbonate beds. These rocks
have a low permeability and porosity, and yield small
amounts of water to wells from interconnected
fractures, joints, and bedding planes. The relatively
low permeability restricts deep percolation. In the
southern and western part of the basin, the bedrock
surface lies within 50 ft of land surface (fig. 21).
Regional flow in the deeper bedrock aquifers is toward
the southeast in the direction of the axis of the struc-
tural Illinois Basin. Recharge to the bedrock aquifers
is limited by low permeability loess, clayey silts, and
glacial till. Hydraulic properties of the bedrock aquifers
vary less than the sand and gravel aquifers.

Water Use

More than half of the drinking water, that water
supplied for domestic use, in the LIRB is from ground
water. Forty-eight percent of the public-supply or
municipal water is drawn from ground water and
52 percent from surface water. In 1988, the total
public-supply deliveries was 190 Mgal/d of which
108 Mgal/d, or 57 percent, was for domestic use
(Avery, 1995). In addition to public supplies,

25 percent of the population in counties in the LIRB
are self-supplied. Fourteen percent of the total domes-
tic water is estimated to be self-supplied. If the self-
supplied population obtains the water from wells, then
the percentage of water for domestic use is 55 percent
from ground water and 45 percent from sutface water.
In jarge parts of western and southern Illinois, where
shallow aquifers are not present or the ground water in
aquifers is naturally of poor quality, homeowners rely
primarily on cisterns or large-diameter dug or bored
wells (fig. 22) (McKenna and Keefer, 1991). These
large-diameter wells are highly susceptible to contami-
nation from surface-water runoff and shallow ground
water.

Ground-water withdrawals in the LIRB
are mostly from sand and gravel aquifers and
Mississippian-Pennsylvanian-aged aquifers (Kirk,
1987). The primary uses of water from sand and
gravel aquifers is public supply, industry and mining,
and domestic and commercial. The primary use
(65 percent) of water from Mississippian-
Pennsylvanian-aged aquifers is for domestic and
commercial use.

Water-use data are collected by the Illinois State
Water Survey (ISWS) for site specific information.
Aggregated information by county and hydrologic
basin is available from the USGS (Avery, 1995).
Surface water is withdrawn from reservoirs and
streams. There are 12 subbasins in the LIRB that have
been coded with an eight-digit hydrologic unit code
(HUC) (Seaber and others, 1984). These include:
Senachwine Lake (07130001), Vermilion River
(07130002), Lake Chautauqua (07130003), Mackinaw
River (07130004), Spoon River (07130005), upper
Sangamon River (07130006), South Fork of the
Sangamon River (07130007), lower Sangamon River
(07130008), Salt River (07130009), La Moine River
(07130010), lower Illinois River (07130011), and
Macoupin Creek (07130012) (fig. 23). In the Lake
Chautauqua Basin and South Fork Sangamon River,
substantially more water was used than in the
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Table 3. Estimated ground-water discharge to streams near selected streamflow-gaging stations for years of near, below,
and above normal precipitation and for years of low flow for the entire period of record as of 1994 in the lower lllinois River
Basin (Walton, 1965; Berg, Keefer, Demissie, and Ramamurthy, 1997)

[(f3/s)/miZ, cubic feet per second per square mile; in/yr, inches per year; --, no data]

Annual ground-water discharge [(ft*/symi?] Low flow
Streamflow-gaging station Near Below Above (infyr)

North Fork Vermilion River near Charlotte, I11. 0.09 0.02 0.28 0.0001
Vermilion River at Pontiac, Il .10 .03 27 .0004
Vermilion River at Lowell, 111 15 .05 37 .0004
Crow Creek near Washburm, I11. .20 .06 40 .0000
Mackinaw River near Congerville, Iil. 24 05 46 .0006
Hickory Creek above Lake Bloomington, IlL. 30 .01 59 .0000
Money Creek at Lake Bloomington, Ill. 28 .03 56 .0000
Mackinaw River near Green Valley, IIl. .26 .10 45 .0015
Farm Creek at East Peoria, 11 11 .06 .26 .0007
Kickapoo Creck at Peoria, Ill. .16 07 36 0009
Kickapoo Creck near Kickapoo, Il 18 .07 36 .0009
Big Bureau Creek at Bureau, I1l. 25 17 45 .0034
East Bureau Creek near Bureau, I11. 12 .04 32 .0000
Bureau Creek at Princeton, I11. 20 .08 48 .0006
West Bureau Creek at Wyanet, Il1. .16 .07 39 .0001
Spoon River at London Mills, Il 22 .08 40 .0014
Spoon River at Seville, I11. 28 .14 45 .0014
La Moine River at Colmar, IIi. 29 .14 A6 .0005
La Moine River at Ripley, IlL. 22 .09 38 .0007
Macoupin Creek near Kane, IlL. .14 .07 19 .0003
South Fork Sangamon River at Kincaid, Ill. 30 12 58 .0004
South Fork Sangamon River near Taylorville, Il .36 17 .60 .0002
Sangamon River at Riverton, Il 30 13 44 .0007
Sangamon River near OQakford, Ill. 34 15 55 .0023
Salt Creek near Greenview, Ill. .38 17 .59 0025
Kickapoo Creek near Lincoln, Ill. .28 .10 46 .0007
Sugar Creek near Hartsburg, Il 32 .08 .50 .0015
Kickapoo Creck near Heyworth, IIl. .19 .08 35 -
Salt Creek near Rowell, Ill. .36 13 58 0012
Sangamon River at Monticello, Ill. 33 14 .58 .0008
Average 24 09 44 -

other subbasins in 1988. Peoria is in the Lake
Chautauqua Basin, and Springfield is in the South Fork
Sangamon Basin. The thermoelectric use is substantial
in these basins. Over 50 percent of the water was used
for thermoelectric power in the subbasins: South Fork
Sangamon River, Salt River, Lake Chautauqua, lower
Illinois River, and Senachwine Lake. The majority of
water used in the Vermilion, La Moine, upper
Sangamon, Spoon, and Macoupin Basins is for public
supply. The major use of water in the lower Sangamon
River and Mackinaw River is irrigation.

The largest freshwater withdrawals in Illinois,
excluding the Chicago area, are in the LIRB. The total
freshwater withdrawals in 1988 for the LIRB is

4,050 Mgal/d (table 4). Eighty-six percent of this water
was used for thermoelectric power. Agricultural use
(for livestock and irrigation) and public supply are the
next largest water uses with 4-5 percent of the total,
each. Industrial and commercial use are 2 percent of the
total, each. Mining accounts for 1 percent of the total
water use.

The 1986 water use for Standard Metropolitan
Statistical Areas (SMSA), which include the largest
cities in the LIRB, is summarized in Kirk (1987).
Peoria and Normal use ground water for most of their
water supplies. Decatur, Bloomington, and Springfield
withdraw mostly surface water. Bloomington with-
draws water from Lake Bloomington on Money Creek
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not available in time to be included in this report but is
now available (Illinois Department of Natural
Resources, 1996).

Fish populations and diversity are key indicators
of changes in water quality. The change from the
upper to the lower Illinois River to a more balanced
fish community dominated by native species indicates
improvements in water quality in the LIRB (Sparks and
Lerczak, 1993). Carp and goldfish are more tolerant
than most native species of low oxygen levels and toxic
materials associated with heavy sediment and pollution
loads, and species populations often expand in the
absence of these pollution-tolerant predators (Lubinski
and Sparks, 1981). The incidence of external abnor-
malities (eroded fins, sores) in fish has declined from
1963 to 1992. However, abnormalities are found more
frequently in fishes that contact bottom sediments
(catfish, carp) than in fish that occupy the water
column, (bass, bluegill) indicating that there are pollut-
ants or pathogens associated with the sediments
(Sparks and Lerczak, 1993) (fig. 26).

Nonnative species affect the water quality in the
LIRB. A decrease in dissolved oxygen concentrations
and turbidity have resulted from the recent influx of
European zebra mussels to the LIRB. The zebra
mussels are attacking rare native mussels and
threatening extinction within a few years (Wendland
and Dennison, 1993).

Other characteristics of the environmental
setting of the LIRB affect the sources and sinks of
pollutants. The organic content of soils and rate of infil-
tration of soils are two soil properties that directly
affect the leaching of pesticides into surface or ground
water. Some pesticides may be sorbed to the organic
material in the soils, thus, preventing transport of
pesticides to ground water. A high infiltration rate will
increase the leaching of pesticides and other constitu-
ents to the water table. A low infiltration rate will
restrict the transport of water and constituents to the
water table but will increase discharge to surface water.
The ISGS has mapped the potential for contamination
of shallow aquifers from agricultural compounds
(Keefer, 1995). Potential contamination is strongly
affected by soil type. Different types of soils are more
easily eroded and, thus, transported and deposited in
aquatic environments.

Climate affects the amount of precipitation and
evapotranspiration. Precipitation has a direct effect on
the hydrologic system—amount of streamflow, flood-
ing and droughts, lake levels, wetland distribution, and

ground-water recharge. High precipitation resulted in
severe flooding in 1993 and low precipitation resulted
in droughts in the late 1980’s. Precipitation accounts
for 80 percent of water inflow to the LIRB.

There are many factors affecting the environ-
mental setting of the LIRB, such as physiography and
environmental divisions. Physiography is affected by
geology and topography. Environmental divisions are
affected by bedrock, glacial history, topography, soils,
and the distribution of plants and animals. These
factors are interdependent. For example, the distribu-
tion of glacial deposits is partially dependent on bed-
rock topography. Soils are dependent on the source
materials, which are glacial deposits. Factors that most
directly or indirectly affect water quality in the LIRB
are bedrock and surface topography, type of glacial
material, and land use. Information on factors affecting
the environmental setting is important and considered
when designing and interpreting data from the National
Water-Quality Assessment of the lower Illinois River
Basin.

SUMMARY

The goals of the National Water-Quality
Assessment (NAWQA) program of the U.S. Geological
Survey (USGS) are to describe the status and trends in
the quality of a representative part of the Nation’s
streams and ground water, and provide an understand-
ing of factors affecting the water quality. The lower
Illinois River Basin (LIRB), which encompasses
18,000 miZ of central and western Ilinois, is one of
60 study units throughout the Nation selected for
water-quality assessment. Information about the envi-
ronmental setting provides a framework of the basin
characteristics and includes natural and human factors
that determine the similarities and differences in water-
quality conditions throughout the basin.

The LIRB includes the drainage area of the
Illinois River south of Ottawa, Ill., to the confluence
with the Mississippi. The altitude of land surface
generally is from 600 to 800 ft above sea level. The flat
topography of the basin is a result of the glacial tills that
cover the basin. The major surficial features are the
moraines of the Wisconsinan glacial deposits in the
northeastern half of the basin. A population of
1.3 million in 1990 has remained relatively constant
since 1970 with the major population center near
Peoria. Approximately 87 percent of the land use in the
basin is agricultural. Most of the agriculture is cropland
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for growing corn and soybean, and there is very little
remaining original prairie vegetation. The native
prairie vegetation under which soils form contributed
to the high accumulation of organic materials, which is
valuable to agriculture because of the capacity to store
water and nutrients. The climate includes cold, rela-
tively dry winters and warm, wet summers with normal
precipitation from 35 to 38 inches per year.

The hydrology of the LIRB has been most
affected by glacial processes and deposits that cover the
basin. Bedrock is mostly carbonate rocks that include
some coal deposits. Five major tectonic features
(Glasford Structure, Peru Monocline, Downs
Anticline, Pittsfield Anticline, and Cap au Gres Faulted
Flexure) and many minor features affect local geology
and may affect water chemistry. Erosion of the
bedrock, prior to and during glaciation, cut large
bedrock valleys that have been filled with over 500 ft
of glacial deposits. Two of the major buried bedrock
valleys, the Mahomet and Mackinaw, contain thick
sand and gravel at the bottom of the valleys that are
overlain by hundreds of feet of till. The sand and gravel
in these buried bedrock valleys are major aquifers, and
the overlying tills are thick confining units. The strati-
graphic relation of glacial deposits is complex because
of the limited aerial extent of many deposits.

The Illinois River accounts for at least 22 percent
of the flow in the Mississippi River just below the
confluence of the Illinois and Mississippi Rivers. The
Illinois River has a low gradient, and the flow is regu-
lated by five lock and dams from Grafton to Ottawa
and on the Mississippi River at Alton. Major tributaries
to the Illinois River are the La Moine, Mackinaw,
Sangamon, Spoon, and Vermilion Rivers, but the upper
Nllinois River accounts for most of the inflow of water
to the LIRB. The Spoon River contributes the largest
sediment load to the Illinois River. Lakes and reservoirs
line the banks of the Illinois River, and many backwater
lakes and wetlands are in the surrounding area. Preset-
tlement wetlands covered as much as 40 percent of the
land in counties bordering the Illinois River, but most
of these wetlands have been filled by sediment. The
wetlands provide an expanded aquatic habitat that is
utilized by many birds, fish, and other aquatic life.

Glacial deposits from 200 to 500 ft below land
surface include the major sand and gravel aquifers.
Aquifer properties vary greatly over short distances
and by depth. The nature of the glacial deposits make it
difficult to correlate and compare aquifers across the
LIRB, but two aquifers are composed of distinctive

rock-stratigraphic units—the Sankoty and Mahomet
Sands. The Sankoty and Mahomet Sands are present in
the Mackinaw and Mahomet buried bedrock valleys
and are major water supplies. These aquifers are
confined by thick tills. The water table in the LIRB is
in the till and in direct connection with streams and
lakes. The shallow aquifers (less than 200-ft deep) are
recharged from precipitation, but the deeper confined
aquifers, such as in the Sankoty and Mahomet Sands,
also have recharge from the bedrock. Bedrock aquifers
are in the Mississippian- and Pennsylvanian-aged
formations that yield small amounts of water to wells
from interconnected fractures, joints, and bedding
planes.

Forty-eight percent of the public-supply or
municipal water in the LIRB is drawn from ground
water and 52 percent from surface water. Most
ground-water withdrawals are from glacial sand and
gravel, but in the southern part of the LIRB, private
well owners rely primarily on ground water from
cisterns or large-diameter dug or bored wells. In small
basins with thermoelectric facilities, over 50 percent of
the surface water withdrawn is used for thermoelectric
power.

The water budget of the LIRB was estimated
based on precipitation, surface-water discharge, and
evaporation data. The inflow and outflow budget for
the LIRB is difficult to estimate because many factors
affect the flow of water in and out of the basin. The
input of water from the upper Illinois River Basin to the
LIRB is about 20 percent of the total inflow to the
basin. Total outflow from the LIRB is mostly by evap-
oration, but surface-water flow is a substantial output.

There are five natural environmental divisions in
the LIRB (Grand Prairie, Western Forest-Prairie,
Illinois River Bottomlands, Illinois River Sand Area,
and Middle Mississippi Border). The two natural envi-
ronmental divisions that cover the most area are the
Grand Prairie in the northeastern half of the basin and
the Western Forest-Prairie in the southwestern half of
the basin. The Grand Prairie had the largest percentage
of original undisturbed prairie vegetation, and the
Western Forest-Prairie is a dissected till plain with
forests and prairie on the uplands. The fish in the
Illinois River include a number of pollution-sensitive
species. The improvement in water quality in the
Chicago waterways have allowed nonnative species,
such as the zebra mussel, to invade the Illinois River
from Lake Michigan.
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Natural and human factors affect the physical,
chemical, and biological characteristics in the LIRB,
which then affect the water quality. For example,
diversity and balance in fish population in the LIRB
compared with the upper Illinois River Basin indicate
improved water quality in the LIRB. Soils and wetlands
help prevent or filter contaminants moving to the
ground water. Bedrock structural features also affect
the water quality of deep glacial aquifers. Bedrock and
surface topography, type of glacial material, and land
use most directly affect water quality in the LIRB.
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