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FOREWORD

The mission of the U.S. Geological Survey
(USGS) isto assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ersat Federal, State, and local levelsin 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 resources. That challengeis being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality datafor a
host of purposesthat include: compliance with permits
and water-supply standards; devel opment of remedia-
tion plans for specific contamination problems; opera-
tiona decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information isto provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. Asa
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differencesin 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 fundsin 1986 for the USGS to begin apilot 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 asthose of other Federal, State, and local agencies.
The objectives of the NAWQA Program areto:

« 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.

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

The goas of the NAWQA Program are being
achieved through ongoing and proposed investigations
of more than 50 of the Nation's most important river
basins and aquifer systems, which are referred to as
study units. These study units are distributed through-
out the Nation and cover a diversity of hydrogeologic
settings. More than two-thirds of the Nation’s fresh-
water use occurs within the study units and more than
two-thirds of the people served by public water-supply
systems live within their boundaries.

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

Thisreport 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.

[Lotet m. Herect

Raobert M. Hirsch
Chief Hydrol ogist
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Effects of Land Use on Recharge Potential of Surficial and
Shallow Bedrock Aquifers in the Upper Illinois River Basin

By Terri L. Arnold and Michael J. Friedel

Abstract

Theupper IllinocisRiver Basin (UIRB) isthe
10,949-sgquare-mile drainage area upstream from
Ottawa, Illinois on the Illinois River and is one of
the U.S. Geological Survey’s National Water-
Quality Assessment (NAWQA) program study
units. To assist in the interpretation of ground-
water datathat will be collected during the course
of the UIRB study, the study-unit team designed
aspatial model to describe recharge potential
of surficial and shallow bedrock aquifers. The
following factors, identified as having an effect
on recharge potential, were incorporated into the
model: land use, soil permeability, type and thick-
ness of surficial deposits, and uppermost bedrock
geology. Other models designed to simulate
recharge potential and the potential for contamina-
tion that were examined during the preparation of
this model included factors similar to those
included in this model, with the exception of land
use. Land use and changesin land use over time,
however, can affect recharge potential. The UIRB
model was used to simulate recharge potential
with and without incorporating land use. A com-
parison of the simulation results showed that
recharge potential was overestimated in some
areas and underestimated in other areaswhen land
usewas not included inthemodel. Comparisons of
simulations that used 1970 and estimated 1990
land use showed changes in recharge potential
over time.

INTRODUCTION

The National Water-Quality Assessment
(NAWQA) program of the U.S. Geological Survey
was designed to provide a national view of the status
and trends of the Nation’s water r@ourc
others, 1988). This national design facilitates a com-
parison of water-quality conditions across the country
and provides consistent monitoring of water-quality
conditionsover time. The NAWQA program utilizesan
interdisciplinary approach, which integrates ground-
and surface-water hydrology and biology, to study
basin ecosystems. The NAWQA program is designed
around approximately 60 major surface-water drainage
basins, called study units. These study units include
about one-half the area of the conterminous United
States and supply water to approximately 65 percent
of the population that relies on public-water supply

[(Gilliom and others, 1995).|The upper Illinois River
Basin (UIRB) is one such study unit in the NAWQA
program |(Friede| ,1998) | The UIRB covers 10,949 mi?
upstream from Ottawa, Tllinois, on the lllinois River in
parts of northeastern lllinois, northwestern Indiana,
and southeastern Wisconsin.

Some of the mgjor water-quality issuesin the
UIRB arerelated to urban and agricultural land use:
municipal and industrial wastewater releases, urban
and agricultura runoff, and atmospheric deposition
of pesticides and trace metal s In 1990,
most land use in the basin was agricultural (75 percent
of the area), followed by urban (17 percent of the area)
Arnold and others, 1999)] The
human populations and activities within these two prin-
cipa land-use areas make large demands on the water
resources of the basin.

Chicago isthe largest urban areain the UIRB.
In the northern part of the basin, particularly along
the Fox and Des Plaines Rivers, suburban expansion

Introduction 1



isreplacing formerly agricultural land with urban land.
In these areas, more ground-water resources are being
utilized from surficial and shallow bedrock aquifers
because of urban population growth, restricted appro-
priations of surface water from Lake Michigan, and
upwelling of saline water from overpumping in deep
bedrock aguifers. In 1995, there were 161 Mgal/d
withdrawn for public supply from ground-water
sources inside the basin. Excluding withdrawals from
Lake Michigan, that 161 Mgal/d of ground water was
82 percent of the public-water supply for the basin
[(Arnold and others, 1999) | Since 1980, some suburbs
of Chicago have changed their water-supply source
from deep bedrock aquifersto Lake Michigan, shallow
bedrock aquifers, and surficial aquifers(Visocky, 1997;
|Arnold and others, 1999). |

Agriculture places its own demands on ground-
water resources of the UIRB. Most of the agriculture
in the basin is row-crop corn and soybean production.
In 1995, crop irrigation used 16 percent of the ground
water that was withdrawn from the Ul RB
and others, 1999). Additionally, runoff from fields on
which fertilizers and pesticides are used for row-crop
agriculture is a source of contaminants that can enter
ground water in the agricultural areas of the basin.
Because surficial and shallow bedrock aguifers are
(and will continue to be) an important resource in the
UIRB and the quantity and quality of water in these
aquifersis of concern, amodel that could be used to
estimate rel ative recharge potential of these aquifers
was developed.

Purpose and Scope

The purpose of thisreport isto describe (1) a
spatial model of recharge potential that was devel oped
to facilitate the interpretation of data that will be col-
lected during ground-water surveys of the UIRB, and
(2) the effects of land use on the recharge potential of
surficial and shallow bedrock aguifersin the UIRB as
identified by this model. The study approach involved
(2) identifying factors that may affect recharge poten-
tial, (2) spatially overlaying the identified factors to
create amodel that represents recharge potential,

(3) deriving histograms and cumulative distribution
functionsto qualitatively categorize recharge potential,
(4) comparing recharge potential with and without
considering land use to identify effects of land use

on recharge potential, and (5) comparing recharge

potential using 1970 and estimated 1990 land use to
identify changes in recharge potential over time.

Acknowledgments

The authors thank Donald Keefer of the Illinois
State Geological Survey and Daniel Button, Angel
Martin, and Chester Zenone of the U.S. Geological
Survey for their time and effortsin reviewing this
report. Their constructive comments and suggestions
were valuable during the report preparation.

METHODOLOGY

Various models designed to simulate infiltration,
recharge, or contamination potential were examined,
and some of these models|(Soller and Berg, 1992;
|Keefer and Berg, 1991 Wisconsin Department o
Natural Resources and the Wisconsin Geological
and Natural History Survey, 1987;Berg and Kempton, |
1984) were used as templates for the model described
in this report. Of the models used as templates, none
considered land use except that developed by[Berg |
and Kempton (1984), which targeted contamination
by buried municipa wastes. However, land use and
changesin land use over time can affect recharge poten-
tial. Other than land use, the earlier models incorpo-
rated avariety of factors similar to the ones utilized in
this model.

Several model simulations were conducted to
facilitate comparisons of recharge potential with and
without considering land use, and with 1970 and esti-
mated 1990 |and-use data. When land use was not
considered, the recharge potential of surficial aguifers
was evaluated on the basis of soil permeability, and type
and thickness of surficial deposits. The recharge poten-
tial of shallow bedrock aguifers was evaluated on the
basisof soil permeability, type and thickness of surficial
deposits, and uppermost bedrock geology. When land
use was considered, the recharge potential of surficial
agquifers was evaluated using combined data of 1970
land use and soil permeahility, type of surficial depos-
its, and thickness of surficial deposits. The recharge
potential of shallow bedrock aquifers, when land use
was considered, was evaluated using combined data of
1970 land use and soil permeability, type of surficial
deposits, thickness of surficial deposits, and uppermost
bedrock geology. Estimated 1990 land-use data were

2 Effects of Land Use on Recharge Potential of Surficial and Shallow Bedrock Aquifers in the Upper lllinois River Basin



then substituted for 1970 land-use data to identify any
changes in recharge potential over time.

Detailed descriptions of land use, soil permesabil-
ity, type and thickness of surficial deposits, and upper-

most bedrock geology is presented injArnold and others |

(1999). These descriptions also are being utilized to
design certain elements of the ground-water part of the
UIRB NAWQA study, such as determining where
ground-water data should be collected. Because this
model of recharge potential utilizes the same informa-
tion as the rest of the UIRB NAWQA study, thereisa
common basis for comparisons between results of the
model simulations and results of other UIRB ground-
water investigations.

Definition of Terms

An aguifer is a saturated, permeable, geologic
unit that can transmit significant quantities of water
under ordinary hydraulic gradients|(Freeze and Cherry, |
1979). In the UIRB, sand or sand and gravel surficia
deposits are the major surficial aguifers, and limestone
and dolomite are the major shallow bedrock aquifers
|(Arno| d and others, 1999).| The extent to which water
recharges an aquifer is dependant on various factors.
Some of these factors are land use, soil permeability,
typeof surficial deposits, thicknessof surficial deposits,
and uppermost bedrock geology. For the purposes of
this model, these factors can be thought of as different
“layers’ between the land surface and the aquifer
through which water from the land surface must enter
and move. In thisreport, “infiltration” refersto water
entering and moving through alayer. “ Recharge poten-
tial” refersto the likelihood of water infiltrating al
layers, in combination, in order to reach ground water
and recharge an aquifer. A “higher recharge potential”
means water from the land surface has a higher likeli-
hood of entering ground water and reaching a major
aquifer relativeto the recharge potential of surrounding
areas.

Development of Model Layers

Land use, soil permeability, type and thickness of
surficial deposits, and uppermost bedrock geology data
were used as layers of the model for recharge potential.
The potentia for infiltration of each layer except com-
bined land use/soil permeability was ranked 35, 55, 75,
or 95, where 35 indicates the highest and 95 indicates

the lowest potential for infiltration. The combined
land-use/soil-permeability layer was ranked using
runoff-potential curve numbers, as described in the
“Land Use” section below.

Soil Permeability

Soil permeability, as described below, was
included in the model only when land use was not con-
sidered. When land use was considered in the model,
soil-permeability and land-use data were combined.
Hydrologic soil groups, defined by the State Soil Geo-
graphic data base of the Natural Resources Conserva-
tion Service (formerly known as the Soil Conservation
Service), were used as an indicator of soil permeability

[(U.S. Department of Agriculture, 1994) |A hydrologic
soil group is agroup of soilsthat have similar runoff
potential under similar storm and ground-cover condi-
tiong(University of Delaware, 1995).|A soil that hasa
higher runoff potential also has alower potential for
infiltration and, thus, lower soil permeability. Soils of
groupsA, B, C, and D have high, moderate, low, and
very low soil permesability, respectively The
ease with which water can infiltrate the soil layer

was ranked into four categories on the basis of soil
permeability from rank 35 (highest) to rank 95 (lowest)
Most of the soil inthe UIRB, 58 percent of the

area, has low permesability (rank 75).

89° 88° 87° 86°
|
EXPLANATION

RANK OF RELATIVE POTENTIAL —
FOR INFILTRATION
(DECREASING ON A SCALE
FROM 35 TO 95) AND SOIL
PERMEABILITY
Rank 35: high (soil group A)
Rank 55: moderate (soil group B)
Rank 75: low (soil group C)
Rank 95: very low (soil group D)

* BASIN BOUNDARY

43

R A

0 20MILES / ) 2 §
.

D 20KILOMETERS

| |

Figure 1. Rank of potential for infiltration and soil permeability of
the upper lllinois River Basin.
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Land Use

87° 86°

Based on the Anderson classification
system|(Anderson and others, 1976) |the
land-use data described 1970 and estimated
1990 land use|(Hitt, 1992; Hitt, 1994).[The
1990 land-use data provided information
only about areas that were classified as
new-residential land use, which was based
on the 1990 census and population density,
but were some other land-use classification
in 1970. For this reason, the 1970 land-use
data(fig. 2) Jvere used asthe basis of model
comparisons instead of the estimated 1990
land-use data. At the time this model was
created, the 1970/estimated 1990 data set
[(Hitt, 1992; Hitt, 1994) was the most up-to-
date land-use data available for the entire
UIRB.

When considering land use in the
model, soil-permeability and land-use
data were spatially overlaid to combine
the effects of land use and soil permeability
on recharge potential. Runoff-potential
curve numbers|(i|§. Department of |
Agriculture, 1986; [Barfield and others, |
1987) were assigned to the different 0

ek 3
e (
0 20 MILES ,/;“ 4 -

20 KILOMETERS

I I

EXPLANATION .

LAND-USE CLASSIFICATIONS
USED FOR RUNOFF-POTENTIAL
CURVE NUMBERS
Cultivated
Pasture and range
Orchard
Forest
Open space
Commercial
Industrial
Residential
Streets E
Barren

* BASIN BOUNDARY

wl Study
% /Area

1 1 1

land-use/soil permeability combinations \
that resulted from the spatial overlay
Runoff-potenti al curve numbers
were based on the Anderson classification
system (Anderson and others, 1976),|but
runoff potential for each land-use classification was
separated by soil permeability. A higher runoff potential
means alower potential for infiltration because, in this
case, water ismore likely to pond on the surface and/or
runoff to streams than to move vertically into the sub-
surface.

Therunoff-potential curve numberswere used as
ranks of potential for infiltration for land use and soil
permeability, combined. The highest potential for infil-
tration corresponds to the lowest runoff-potential curve
number (rank 35), and the lowest potential for infiltra-
tion corresponds to the highest runoff-potential curve
number (rank 95).

Surficial Deposits

To simplify themodel, the surficial depositswere
assumed to be, on average, similar throughout the thick-
ness of the deposit. The potentia for infiltration of
surficial deposits was ranked into four categories from

Figure 2. Land-use classifications used for runoff-potential curve numbers of the
upper lllinois River Basin.

rank 35 (highest) to rank 95 (lowest), on the basis of
hydraulic conductivity and porosity val ues presented by
[Freeze and Cherry (1979)(fig. 3).[Where exposed at the
surface, bedrock wasranked as having alower potential
for infiltration than the surrounding surficial deposits
because it was assumed that consolidated bedrock is
likely to beless permeabl e than unconsolidated surficial
deposits. Most of the surficial depositsin the UIRB are
sand, and sand and gravel (rank 35) or lakeclay and silt,
fill, and other (rank 75)|(fig. 3).|These surficial deposits
are 31 and 47 percent of the UIRB area, respectively.

Thickness of Surficial Deposits

The thickness of surficial deposits determines
the distance water must travel to reach an aquifer. The
thinner asurficial deposit, the morelikely the water will
infiltrate the surficial deposit and possibly saturate it.
When shallow bedrock aquifers are considered, the

4 Effects of Land Use on Recharge Potential of Surficial and Shallow Bedrock Aquifers in the Upper lllinois River Basin



Table 1. Runoff-potential curve numbers as a combination of land-use classification and soil permeability in the upper lllinois River Basin
(Barfield and others, 1987:]U.S. Department of Agriculture, 1986 and 1994;]and [Anderson and others, 1976)i

[A, hydrologic soil group with high soil permeability; B, hydrologic soil group with moderate soil permeability; C, hydrologic soil group with low soil

permeability; D, hydrologic soil group with very low soil permeability]

Land-use
classification
used for defining

runoff-potential number and description2

Anderson land-use classification

Runoff-potential
curve number
(also used as rank of

Hydrologic soil group®
(soil permeability)

curve numbers? (figure 1) potential infiltration)
(figure 2)
Cultivated® 21: Cropland and pasture, 23: Confined feeding operations, A,B,C,D 67, 76, 83, 86
24: Other agricultural land
Pasture and range5 31: Herbaceous rangeland A,B,CD 54, 70, 80, 85
Orchard® 22: Orchards, groves, vineyards, nurseries, and ornamental A,B,C,D 43, 65, 76, 82
horticultural areas
Forest 41: Deciduous forest, 42: Evergreen forest, 43: Mixed forest, AB,C D 35, 61, 74, 80
61: Forested wetland
Open spac%7 62: Nonforested wetland A,B,CD 44,65, 77, 82
Commercia 12: Commercial and services, 16: Mixed urban or built-up A /B,C D 89, 92, 94, 95
Industrial 13: Industrial, 15: Industrial and commercial complexes A,B,C,D 81, 88, 91, 93
Residential® 11: Residentia A,B,C,D 69, 80, 87, 90
Streets’ 14: Transportation, communications, and services, A,B,C,D 87,92, 94, 95
17: Other urban or built-up
Barrenl® 75: Strip mines, quarries, and gravel pits, 76: Transitional areas A,B,C,D 72,81, 88,91

Barfield and others, 1987} and[U.S. Department of Agriculture, 1986
2Knderson and others, 1976.
90-S. Department of Agriculture, 1994, |

4Average of runoff-potential curve numbers for cultivated land with and without conservation treatment.
5Average of runoff-potential curve numbers for pasture and range in good and poor conditions.

SRunoff-potential curve number for orchard in fair condition.

7Average of runoff-potential curve numbers for open spaces in good and fair conditions.
8Average of runoff-potential curve numbers for residential land with less than 1/8 to 1/4 acre lot size.

SAverage of runoff-potential curve numbers for paved and gravel streets.

loRunoff-potential curve number for cultivation with no conservation treatment. Barren land use is less than 2 percent of the study area.

closer the bedrock aquifer isto theland surface (thinner
surficial deposits), the greater potential there is for
water to enter the bedrock. Thickness of surficial depos-
itsis based on[Soller and Packard (1998) | In the UIRB,
thickness of surficial deposits was ranked into four
categories by depth interval with the shallowest range
(less than 50 feet) having the greatest potential for
infiltration (rank 35) and the deepest range (200 feet

or greater) having the least potential for infiltration

(rank 95)((fig. 4). |

Uppermost Bedrock Geology

The potential for infiltration of water into the
uppermost bedrock was ranked into four categories
from 35 (highest) to 95 (lowest) on the basis of hydrau-
lic conductivity and porosity values given by|Freeze
and Cherry (1979) Most of the uppermost bed
rock inthe UIRB islimestone and dolomite (rank 35) or
shale (rank 95)[(fig. 5)|Limestone/dolomite and shale

are 57 and 35 percent of the UIRB area, respectively.
When included in the model, uppermost bedrock geol-
ogy provided information about the recharge potential
of shallow bedrock aquifers, which are an important
source of water in the UIRB.

Composite of Model Layers

A geographic information system (GIS) was
used to overlay all previously described layersto create
the spatial model. The ranks of potential for infiltration
of each layer were summed in various combinations
to obtain values that described the relative recharge
potential of (1) surficial aquifers without considering
land use, (2) surficial aquifers when considering 1970
land use, (3) surficial aquifers when considering 1990
land use, (4) shallow bedrock aguifers without consid-
ering land use, (5) shallow bedrock aquifers when

Methodology 5
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considering 1970 land use, and (6) shallow bedrock
aquiferswhen considering 1990 land use. For both surf-
icial and shallow bedrock aquifers, recharge potential
with and without considering 1970 land use (items 1
and 2, and items 4 and 5 above) were compared to
determine the effect of land use on recharge potential.
Once an effect was identified, recharge potential when
considering 1970 land use was compared with recharge
potential when considering 1990 land use (items 2 and
3, and items 5 and 6 above) to determine how land-use
changes might affect recharge potential over time. The
descriptions of recharge potential of surficial and shal-
low bedrock aquifers with 1970 land use were used as
the basis for the comparisons.

Initially, the values describing recharge potential
were examined using univariate statistics: minimum,
maximum, mean, median, mode, and standard devia-
tion Inall cases, the distribution of these
values mostly conformed to a normal distribution. For
both surficial and shallow bedrock aquifers, the mean
increased slightly and the standard deviation decreased
with the addition of 1970 land use. With an increase of
the mean, the distribution of values for both aguifers

became more skewed to the left figs. 6-7)
The decrease in standard deviation indicates that the

6 Effects of Land Use on Recharge Potential of Surficial and Shallow Bedrock Aquifers in the Upper lllinois River Basin



Table 2. Univariate statistics for summed ranks representing recharge potential in the upper Illinois

River Basin

Recharge potential'

Statistic

Surficial aquifers

Shallow bedrock aquifers

Without With 1970 With 1990 Without With 1970 With 1990

land use land use land use land use land use land use
Minimum 105 105 105 140 140 140
Maximum 265 265 265 360 360 360
Mean 195.2 205.7 206.3 246.0 256.5 257.0
Median 205 206 206 240 256 256
Mode 205 224 224 240 259 259
Standard deviation 31.8 28.4 28.3 38.7 36.5 36.4

1L ower numbers represent higher potential for recharge, whereas higher numbers represent lower potential for

recharge.

variance of the values decreased when land use was
considered.

Given that the distribution of values mostly
conformed to anormal distribution, a cumulative
distribution function (CDF) for values describing
recharge potential when considering 1970 land use
was derived and divided into five classes. These
classes were based on percentiles and represented
five general, relative descriptions of recharge potential
ranging from very high to very low|(figs. 6-7;|table 3}.
The CDF for surficial aquifers ranges from 105 at
0 percent to 265 at 100 percent|(fig. 6).| The moderate
range of recharge potential of surficial aguifers ends
around the 60th percentile, indicating that 60 percent
of the values are likely to be in the moderate to very
high range and 40 percent are likely to be in the moder-
ate to very low range|(fig. 6;Jfable 3). For shallow
bedrock aquifers, the CDF rangesfrom 140 at O percent
to 360 at 100 percent The moderate range of
recharge potential of shallow bedrock aquifersalsois

around the 60th percenti Ie.

EFFECTS OF LAND USE ON RECHARGE
POTENTIAL

As stated earlier, some model simulations
included land use. When results of simulations with
and without using land-use data were compared, the
effects of land use on recharge potential wereidentified.
When results of simulations with 1970 and 1990 land-
use data were compared, the effects of changing land
use over time on recharge potential were identified.

Surficial Aquifers

The recharge potential of surficial aquifers was
simulated with and without considering 1970 land use.
When 1970 land-use data were included in the simula-
tion 28 percent of the UIRB area displayed a
decrease /n recharge potential [(fig. 9)when compared
with the simulation results without land-use data.
Recharge potential in the very high to low range
when no land-use data were considered decreased
to the high to very low range when 1970 land-use
data were included. This result indicated that without
land usethe model overestimated the recharge potential
in some areas. For the areain which recharge potential
decreased, the most common combination of character-
Was low soil permeability (rank 75)
(fig. D} cultivated land use (rank 83) (fig. 2)} surficial
deposits of lake clay and silt, fill, and other (rank 75)
and surficial deposits between 100 and
200 ft thick (rank 75) Considering the layers
individually for the areas with a decrease in recharge
potential, the following were the majority |(table 5):
58 percent of the soil-permeability layer was rank 75;
26 percent of the land-use layer was classified as culti-
vated; 52 percent of the surficial-deposits layer was
rank 75; and 46 percent of the thickness of surficial-
deposits layer was rank 75.

When 1970 land-use data were included in the
simulation, approximately 6 percent of the UIRB area
displayed anincreasein recharge potential (fig. 9)when
compared with the simulation results without land-use
data. Recharge potential in the high to very low range
when no land-use datawere considered increased to the
very high to low range when 1970 land-use data were
included. This result indicated that without land use
the model underestimated the recharge potential for

Effects of Land Use on Recharge Potential 7
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Table 3. Classification of recharge potential in the upper lllinois River Basin based on the cumulative distribution function

[, lessthan or equal to; >, greater than]

Surficial aquifers

Shallow bedrock aquifers

Potential Class Percentile for ~ Percentile  Percentile Percentile for  Percentile  Percentile
recharge Range of without for1970  for 1990 Range of without for 1970 for 1990
values values
land use land use land use land use land use land use

Very high 1 105-<183 25 20 20 140 — <225 34 20 17
High 2 >183 — <200 48 40 39 >225 —<248 55 40 39
Moderate 3 >200-<215 71 60 56 >248 — <261 74 60 59
Low 4 >215-<231 90 80 79 >261 — <287 88 80 80
Very low 5 >231 — <265 100 100 100 >287 — <360 100 100 100

some areas. For the areain which recharge potential
increased, the most common combination of character-
istics|(table 4)|was very low soil permeability (rank 95)
residential land use (rank 90) surficial
deposits of lake clay and silt, fill, and other (rank 75)
and surficial deposits between 0 and 50 ft thick
(rank 35) Considering the layers individually
for the areas with an increase in recharge potential, the
following were the maj ority 100 percent of
the soil-permeability layer was rank 95; 41 percent of
theland-uselayer was classified asforest; 49 percent of
the surficial-deposits layer was rank 35; and 36 percent
of the thickness of surficial-deposits layer was rank 55.

Approximately 66 percent of the UIRB areadis-
played no change in recharge potential when
simulations with and without 1970 |and-use data were
compared. For the areain which therewas no changein
recharge potential, the most common combination of
characteristics|(table 4)|was low soil permeabilit
(rank 75) cultivated land use (rank 83)|(fig. 2);
surficial deposits of lake clay and silt, fill, and other
(rank 75) h and surficial deposits between 50 and
100 ft thick (rank 55) [(fig. 4). Considering the layers
individually for the areas with no change in recharge
potential, the following were the majority |(table 5)
49 percent of the soil-permeability layer was rank 75;
31 percent of the land-use layer was classified as culti-
vated; 46 percent of the surficial-deposits layer was
rank 75; and 35 percent of the thickness of surficial-
deposits layer was rank 55.

Between 1970 and 1990, the amount of urban
land in the UIRB increased from 14 to 17 percent
of the total area of the basin. Although not dramatic,
the changes in recharge potential between 1970 and
1990 as shown by the model were predictable. As
urban land use, which has arelatively low potential for
infiltration, replaced land use with higher potential for
infiltration, the overall recharge potential decreased.
When recharge potential with 1970 land use was

compared with recharge potential with 1990 land use,
the model indicated that recharge potential of surficia
aquifers decreased when new residential land use
replaced cultivated, forest, orchard, or open space
(0.63 percent of the UIRB area). The model indicated
that recharge potential of surficial aguifersincreased
when new residential land use replaced land use with a
lower potential for infiltration, such as barren land
(0.02 percent of the UIRB area). Although the model
results did not indicate much change in recharge poten-
tial between 1970 and 1990 using the 1970 and esti-
mated 1990 land-use data, more recent and detailed
land-use data may indicate more of a change. Because
there was achangein recharge potential displayed with
changein land use over time, projected future changes
in land use could be utilized in this model to estimate
projected changes in recharge potential.

Bedrock Aquifers

The recharge potentia of shallow bedrock
aquifers was simulated with and without considering
1970 land use. When 1970 land-use datawere included
in the simulation|(fig. 10)] 42 percent of the UIRB area
decreased in recharge potential [(fig. 11)|when com-
pared with simulation resultswithout land-use data. For
theareainwhich recharge potential decreased, the most
common combination of characteristics|(table 6)Jwas
low soil permesability (rank 75) cultivated land
use (rank 83)|(fig. 2)] surficial deposits of lake clay and
silt, fill, and other (rank 75)|(fig. 3)| surficial deposits
between 100 and 200 ft thick (rank 75)|(fig. 4)1 and
limestone and dolomite bedrock (rank 35)
Considering the layersindividually for the areaswith a
decrease in recharge potential, the following were the
majority[(table 7)] 63 percent of the soil-permeability
layer was rank 75; 29 percent of the land-use layer
was classified as cultivated; 52 percent of the surficial-

10 Effects of Land Use on Recharge Potential of Surficial and Shallow Bedrock Aquifers in the Upper lllinois River Basin
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Table 4. The most common combination of characteristics for the areas with a change in recharge
potential of surficial aquifers in the upper lllinois River Basin when 1970 land use was included in

the model
Change in Frequency of Soil Surficial T?iCkPe_SSI
recharge ocgurren}::e permeability Land use deposits odsur Ic1a
potential (percent) rank (figure 2) rank eposklts
P (figure 1) (figure 3) fan
(figure 4)
Decrease 6 75 Cultivated 75 75
Increase 7 95 Residential 75 35
None 3 75 Cultivated 75 55

deposits layer was rank 75; 40 percent of the thickness
of surficial-deposits layer was rank 75; and 73 percent
of the uppermost bedrock layer was rank 35. Recharge
potential inthevery highto low rangewhen noland-use
data were considered decreased to the high to very
low range when 1970 land-use data were included.
Thisresult indicated that without land use the model
overestimated the recharge potential for some areas.

When 1970 |and-use data were included in the
simulation, approximately 1 percent of the UIRB area
increased in recharge potential hen compared
with simulation results without land-use data. For the
areain which recharge potential increased, the most
common combination of characteristics|(table 6)lwas
very low soil permeability (rank 95) forest land
use (rank 80)|(fig. Z)t surficial deposits of lake clay and
silt, fill, and other (rank 75)|(fig. 3)] surficial deposits
between 50 and 100 ft thick (rank 55) [(fig. 4); and
limestone and dolomite bedrock (rank 35)
Considering the layersindividually for the areas with
anincreasein recharge potential, thefollowing werethe
majority [(table 7)} 100 percent of the soil-permeability
layer was rank 95; 87 percent of the land-use layer
was classified as forest; 45 percent of the surficial-
deposits layer was rank 35 and 45 percent wasrank 75;
35 percent of the thickness of surficial-deposits layer
was rank 75; and 64 percent of the uppermost bedrock
layer was rank 35. Recharge potential in the high to
very low range when no land-use data were considered
increased to the very high to low range when 1970 land-
use data were included. This result indicated that with-
out land use the model underestimated the recharge
potential for some aress.

Approximately 57 percent of the UIRB area
displayed no change in recharge potential when
simulations with and without 1970 land-use data
were compared For the areain which no
change in recharge potential was displayed, the most
common combination of characteristics((table 6)|was

low soil permeability (rank 75) cultivated land
use (rank 83) surficial depositsof lake clay and
silt, fill, and other (rank 75)|(fig. 3)] surficial deposits
between 50 and 100 ft thick (rank 55) kfig. 4)] and lime-
stone or dolomite bedrock (rank 35) Consider-
ing the layersindividually for the areas with no change
in recharge potential, the following were the majority
38 percent of the soil-permeability layer was
rank 75; 30 percent of the land-use layer was classified
as cultivated; 45 percent of the surficial-deposits layer
was rank 75; 37 percent of the thickness of surficial-
depositslayer wasrank 55; and 71 percent of the upper-
most bedrock layer was rank 35.

The change in land use between 1970 and 1990
affected the recharge potential for shallow bedrock
aguifers similarly to surficial aquifers. As urban land
use replaced land use with higher potential for infiltra-
tion, the overall recharge potential decreased. When
urban land use replaced land use with alower potential
for infiltration, the overall recharge potential increased.
When recharge potential with 1970 land use was com-
pared with recharge potential with 1990 land use, the
model indicated that recharge potential of shallow
bedrock aquifers decreased where new residential
land use replaced cultivated, forest, orchard, open
space, or pasture land use (0.68 percent of the UIRB
area). The model indicated that recharge potentia to
shallow bedrock aquifersincreased where new residen-
tial land use replaced barren land (0.01 percent of the
UIRB area).

SUMMARY

A model of recharge potential was developed
for use by the upper Illinois River Basin (UIRB) study
unit of the National Water-Quality Assessment program
to facilitate ground-water study design and evaluate
recharge potential of the surficial and shallow bedrock

Summary 13
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Summary



aquifersin the UIRB. The model was geographic infor-
mation system (GIS) based and incorporated layers of
land use, soil permeability, surficial deposits, thickness
of surficial deposits, and uppermost bedrock geology.

Land useisan important layer in amodel that
evaluates recharge potential of surficial and shallow
bedrock aquifers because a model without land use
tends to overestimate the recharge potential for some
areas and underestimate the recharge potential for other
areas. When 1970 land use was considered in the
description of recharge potential of surficial aquifers,
recharge potential increased in 6 percent of the UIRB
and decreased in 28 percent of the UIRB when com-
pared with recharge potential without land use consid-
ered. When 1970 land use was considered in the
description of recharge potential of shallow bedrock
aquifers, 1 percent of the UIRB increased in recharge
potential and 42 percent of the UIRB decreased in
recharge potential as compared with recharge potential
without land use considered.

A comparison of the simulation resultswith 1970
and 1990 land-use data shows that as land use changes
so doesthe recharge potential . Areas that became more
urbanized generally showed a decrease in recharge
potential. As recharge potential decreases, runoff to
surface water increases and ground-water recharge
decreases. Therefore, the model could be used to esti-
mate how changesin land use might affect recharge
potential over time. This estimation would be useful
to help planners anticipate changes to ground-water
recharge and runoff to surface water as agricultural
areas are urbanized or to estimate aquifer susceptibility
to contamination.
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