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CONVERSION FACTORS AND VERTICAL DATUM

Multipty By To obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 0.4047 hectare
square mile (mi?) 2.590 square kilometer
Flow rate
cubic foot per second (ft¥/s) 0.02832 cubic meter per second
inch per hour (in/h) 0.0254 meter per hour
inch per year (in/yr) 254 millimeter per year

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

°C=(°F-32)/1.8

Sea level: 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.
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Regional Rainfall-Runoff Relations for Simulation of
Streamflow for Watersheds in Du Page County, lllinois

By James J. Duncker and Charles S. Melching

ABSTRACT

Rainfall and streamflow data collected from
July 1986 through September 1993 were utilized
to calibrate and verify a continuous-simulation
rainfall-runoff model for three watersheds
(11.8-18.0 square miles in area) in Du Page
County. Classification of land cover into three
categories of pervious (grassland, forest/wetland,
and agricultural land) and one category of imper-
vious subareas was sufficient to accurately simu-
late the rainfall-runoff relations for the three
watersheds. Regional parameter sets were
obtained by calibrating jointly all parameters
except fraction of ground-water inflow that goes to
inactive ground water (DEEPFR), interflow reces-
sion constant (IRC), and infiltration (INFILT) for
runoff from all three watersheds. DEEPFR and
IRC varied among the watersheds because of
physical differences among the watersheds. Two
values of INFILT were obtained: one representing
the rainfall-runoff process on the silty and clayey
soils on the uplands and lake plains that charac-
terize Sawmill Creek, St. Joseph Creek, and
eastern Du Page County; and one representing the
rainfall-runoff process on the silty soils on uplands
that characterize Kress Creek and parts of western
Du Page County.

Regional rainfall-runoff relations, defined
through joint calibration of the rainfall-runoff
model and verified for independent periods,
presented in this report, allow estimation of runoff
for watersheds in Du Page County with an error

in the total water balance less than 4.0 percent; an
average absolute error in the annual-flow estimates

of 17.1 percent with the error rarely exceeding

25 percent for annual flows; and correlation coef-
ficients and coefficients of model-fit efficiency
for monthly flows of at least 87 and 76 percent,
respectively. Close reproduction of the runoff-
volume duration curves was obtained. A frequency
analysis of storm-runoff volume indicates a
tendency of the model to undersimulate large
storms, which may result from underestimation of
the amount of impervious land cover in the water-
shed and errors in measuring rainfall for convec-
tive storms. Overall, the results of regional
calibration and verification of the rainfall-runoff
model indicate the simulated rainfall-runoff rela-
tions are adequate for stormwater-management
planning and design for watersheds in Du Page
County.

INTRODUCTION

Du Page County is located in the Chicago metro-
politan area of northeastern Illinois, approximately
10 mi west of the city of Chicago (fig. 1). Du Page
County has one of the fastest-growing populations of
any county in the Midwest, and urban development is
proceeding rapidly, resulting in changes in the physical
conditions of watersheds within the area. Negative
effects associated with development in a watershed
(such as increases in the magnitudes and frequencies
of damaging floods, an increase in stream-channel
erosion, and an overall degradation of water quality)
emphasize the need for mitigation of current storm-
water problems, and better-informed planning and
design for future watershed development.

Introduction 1
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Hydrologic information on the temporal and
areal variations in storm-runoff quantity provides the
technical basis for design of urbar:-drainage facilities,
the planning of stormwater-management alternatives,
and the establishment of realistic regulations.
Designers use the information to ensure properly
sized and located storm drains and storm-runoff
storage reservoirs.

Available information concerning the variation
in time and space of the flow rates and volumes of
storm runoff in Du Page County is limited, especially
on small (less than 25 mi2) watersheds. Lacking reli-
able data, planners, designers, engineers, regulators,
and researchers seeking solutions to hydrologic and
hydraulic problems for urban areas have resorted to
various assumptions and models that may or may not
be technically supportable.

The Du Page County Department of
Environmental Concerns (DEC) currently is
implementing a Stormwater Management Program
(SMP). This program was initiated in 1982 in response
to “increased flooding; flood-plain mapping errors;
lack of coordination within watersheds; and the need
for better management, information, and planning
tools” (L.M. Mele, Du Page County Department of
Environmental Concerns, written commun., 1985).
As a part of this program, a distributed-parameter,
rainfall-runoff model coupled with a dynamic open-
channel flow model is utilized to simulate stormflow
hydrographs and route the simulated flows through
the channel system. The U.S. Geological Survey
(USGS), in cooperation with the Du Page County
DEC, began collecting hydrologic data on three water-
sheds in February 1986 to calibrate the distributed
parameter rainfall-runoff model. These hydrologic
and hydraulic models are utilized for mapping flood
plains, regulating future development, and evaluating
flood- and stormwater-control projects.

Purpose and Scope

This report describes the resuits of a study to
define and simulate regional (countywide in this study)
rainfall-runoff relations for small watersheds in
Du Page County, Ill. The report includes (1) a descrip-
tion of the methods of hydrologic and land-cover data
collection, (2) a description of the calibration and veri-
fication procedures used for the rainfall-runoff model,
and (3) the results of calibration and verification of the
rainfall-runoff model.

The information in this report is based primarily
on rainfall and streamflow data collected by the USGS
from February 1986 to September 1993 in three
watersheds in Du Page County, Ill. The watersheds
have areas of 11.8, 13.3, and 18.0 mi?, with land use
ranging from predominately urban to predominately
rural. Rainfall data were collected at 16 sites in and
near Du Page County. Land-cover data were supplied
by the Du Page County DEC from a county geographic
information system (GIS) data base. Rainfall-runoff
relations were developed with the Hydrological
Simulation Program—~Fortran (HSPF) model (Bicknell
and others, 1993) for each watershed.

Acknowledgments

The authors are grateful to Ms. Linda M. Mele,
Du Page County Department of Environmental
Concerns, for her assistance with project planning and
data collection. Thomas Price, Northeastern Illinois
Planning Commission, provided valuable coordination,
advice in modeling, and review of this report. In addi-
tion, Dr. Norbert Golchert of Argonne National
Laboratory supplied some of the meteorological data
utilized in the study.

DESCRIPTION OF STUDY AREA

The study area consists of three watersheds in
and near Du Page County in northeastern Illinois
(fig. 2). The understanding of the geology and climate
of the county, in addition to the physical characteristics
of gaged watersheds, is necessary to the development
of rainfall-runoff relations for ungaged streams.

Geology

Du Page County is subdivided into the
Wheaton Morainal Region and the Bloomington
Ridged Plain physiographic divisions (fig. 2)
(Leighton and others, 1948). The two physiographic
divisions have contrasting differences in glacial
morphology. The Wheaton Morainal Region is charac-
terized by a series of closely spaced glacial moraines
formed by a relatively stagnant ice front, which
produced an undulating topography. The Bloomington
Ridged Plain is characterized by low, widely spaced
moraines alternating with generally flat, featureless,

Description of Study Area 3
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ground moraine formed by an ice front, which had
advanced and retreated several times.

The geology of the study area can be generalized
as consisting of unconsolidated glacial deposits
overlying thick sequences of Paleozoic dolomite, sand-
stone,.and shale bedrock. The bedrock sequences lie
unconformably upon Precambrian crystalline base-
ment rocks. The unconsolidated glacial deposits were
deposited by ice of the Lake Michigan glacial lobe
during the Wisconsinan Stage. The deposits range in
thickness from 0 to 200 ft within the study area and
form primarily terminal and ground-moraine features.

Several aquifers are recognized within the
Paleozoic bedrock (Zeizel and others, 1962). Shale
formations within the bedrock form confining units in
some places. The fractured Silurian dolomite that
underlies the unconsolidated glacial deposits through-
out the study area forms the principal aquifer. Ground-
water recharge to the Silurian dolomite aquifer has
been estimated at 1.2-2.9 in/yr and recharge rates
for the glacial drift aquifers are estimated to be
2.9-4.7 in/yr (Zeizel and others, 1962).

The U.S. Department of Agriculture, Natural
Resources Conservation Service (NRCS) (formerly the
Soil Conservation Service) soil survey of Du Page
County (Mapes, 1979) indicates that soils in the study
area were formed mainly in glacial material and consist
of poorly drained silts and clays. Well-drained silty
soils are found in some upland areas in the western part
of Du Page County. Eight predominant soil associa-
tions are identified by the NRCS in Du Page County
(fig. 3). These soil associations are placed into three
broad categories for planning purposes in Du Page
County: 1) silty and clayey soils on uplands and lake
plains, 2) silty soils on uplands, 3) silty and loamy soils
on terraces and bottom lands. The majority of the soils
in Du Page County are categorized by the NRCS as
hydrologic soil types B and C. The hydrologic charac-
teristics of the NRCS soil types B and C are sufficiently
similar for most stormwater-modeling purposes
such that the soils in the watersheds studied can be
considered uniform, except for soils in the Kress Creek
watershed. Soils in the Kress Creek watershed (and
elsewhere in western Du Page County as shown in
fig. 3) are substantially different than those found
elsewhere in Du Page County. The approach used to
account for the different soil types in the Kress Creek
watershed is described in the “Kress Creek” section.

Climate

The study area has a temperate, humid, continen-
tal climate that is slightly modified by Lake Michigan.
Long-term daily climatic data are available for the
National Oceanic and Atmospheric Administration
(NOAA) gage at Wheaton, Ill. (fig 2). The long-term
(1927-93) average annual precipitation for the study
area is approximately 35 in., and the long-term
(1948-93) mean annual temperature for the study
area is approximately 49°F (U.S. Department of
Commerce, National Oceanic and Atmospheric
Administration, 1986-1993).

The climate of the study area results in storms
with general seasonal characteristics. Storms in the
spring, autumn, and winter tend to be associated with
fronts that move through the area and produce wide-
spread, relatively uniform amounts of precipitation.
Summer storms tend to develop as smaller, isolated
convective storm cells that produce widely scattered
and varying amounts of precipitation.

The climate during the period of study can be
considered typical for the Midwest. Average annual
temperature and average annual precipitation during
the study (February 1986-September 1993) were
close to the long-term averages for the Wheaton
NOAA station (U.S. Department of Commerce,
National Oceanic and Atmospheric Administration,
1986-1993). Two extreme climatic periods should be
noted. A series of storms during August 1987 produced
record rainfall in parts of Du Page County and peak
discharges in excess of the 60-year flood discharge at
some sites. In addition to the record floods of August
1987, record droughts occurred in much of Du Page
County during the summers of 1988 and 1990.

Watersheds

Three watersheds with drainage areas of 11.8,

13.3,and 18.0 mi were selected for instrumentation to

determine rainfall-runoff relations (fig. 2). The water-
sheds include a good representation of land cover and
drainage features typical of most of Du Page County.

Sawmill Creek

The Sawmill Creek watershed is 13.3 miZ in area
and is in southern Du Page County (fig. 2). Sawmill
Creek is a tributary to the Des Plaines River. Land-
cover data indicate a mix of urban and rural/open space

Watersheds 5
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Figure 3. Natural Resources Conservation Service soil associations in Du Page County, lil.
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with 17.2 percent impervious area. A mix of swales and
storm sewers provide drainage for the urban areas of
the watershed. Relatively large tracts of forest are
present in the lower part of the watershed on forest
preserve land and on Argonne National Accelerator
Laboratory property. The land-cover percentages for
impervious and three types of pervious area (grassland,
forest/wetland, and agricultural land) are listed in
table 1.

A wastewater-treatment facility discharged
effluent to Sawmill Creek until February 1986, when
operation of the facility was discontinued. Discharge
records from the treatment facility were obtained to
subtract the effluent flows from the gaging-station
record. Storm hydrographs from Sawmill Creek have
moderately steep rising limbs because of the imper-
vious land cover within the watershed. Base flow
within Sawmill Creek is a result of ground-water
discharge from shallow, glacial drift aquifers. The
Sawmill Creek watershed and USGS streamflow- and
rainfall-gaging stations utilized in the hydrologic
modeling are shown in figure 4.

St. Joseph Creek

The St. Joseph Creek watershed is 11.8 mi? in
area and is in central Du Page County bordering on the
northern boundary of the Sawmill Creek watershed
(fig. 2). St. Joseph Creek is a tributary of the East
Branch of the Du Page River. Land-cover data indicate
22.3 percent of impervious area, which is associated
with the predominately urban part of the watershed.
The land-cover percentages for impervious and three
types of pervious area (grassland, forest/wetland, and
agricultural land) are listed in table 1.

Runoff in the St. Joseph Creek watershed is
affected by the large amount of impervious land cover.

The primary drainage features within the urban part of
the watershed are storm sewers. Storm hydrographs
from St. Joseph Creek have a steep rising limb. The
time lag between rainfall peak and streamflow peak is
short. Little topographic relief is present within the
watershed. Watershed boundaries are obscure in places
and have been modified at times by construction activ-
ities. Storm-sewer maps were used to help define the
watershed boundaries. Base flow within the St. Joseph
Creek watershed is a result of ground-water discharge
from shallow, glacial drift aquifers. Zero-flow periods
result during dry weather almost every year. The
St. Joseph Creek watershed, USGS streamflow- and
rainfall-gaging stations, and National Oceanic and
Atmospheric Administration rainfall-gaging station
utilized in the hydrologic modeling are shown in
figure 5.

High stages in the East Branch of the Du Page
River produced variable-backwater conditions at the
original St. Joseph Creek at Lisle, Ill., gaging station
(station number 05540200) at State Route 53. Variable
backwater results in uncertainty in the stage-discharge
relation at this station. Because of the uncertainty in the
stage-discharge relation, a second gaging station
(station number 05540195) was established in July
1989 approximately 1 mi upstream at the State
Route 34 bridge over St. Joseph Creek, a site unaffected
by the variable-backwater conditions. The relocation of
the St. Joseph Creek station reduced the drainage area
by 0.7 mi% (11.8 to 11.1 mi?) but did not appreciably
alter the overall composition of the watershed land
cover (table 1).

Kress Creek

The Kress Creek watershed is 18.0 miZ in area
and is in northwest Du Page County (fig. 2). Kress

Table 1. Land-cover characteristics derived from 1990 data for three watersheds in Du Page County, Il

[miz. square miles]

Pervious area

Drainage Impervious Agricuttural
Watershed and are, area Grassland Forest/wetland land
station number (mi®) (percent) (percent) (percent) (percent)
St. Joseph Creek at Lisle, Il1. 11.8 21.90 70.90 7.00 0.20
05540200
St. Joseph Creek at Route 34 at Lisle, Il1. 11.1 22.33 70.63 6.79 25
05540195
Kress Creek at West Chicago, 111 18.0 14.38 32.07 7.18 46.37
05540060
Sawmill Creek near Lemont, Ill. 13.3 17.16 62.68 17.42 2.74
05533400
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Creek is a tributary to the West Branch of the Du Page
River. The land-cover data indicate the watershed
includes 14.4 percent impervious area but also includes
a substantial area of agricultural land (46.4 percent).
Within the study period (February 1986-September
1993), urban development substantially modified the
land cover within the watershed. The land-cover used
in the modeling was derived from 1990 tax parcel data
and is considered to be representative of median
conditions during the study period. The land-cover
percentages for impervious and three types of pervious
area (grassland, forest/wetland, and agricultural land)
are listed in table 1.

As indicated in figure 3, the Kress Creek water-
shed is characterized by silty soils on uplands that are
not present in the Sawmill Creek and St. Joseph Creek
watersheds and are rare in the remainder of Du Page
County. The properties of the soils in Kress Creek were
reviewed to determine if Kress Creek should be
represented with two soil groups in rainfall-runoff
simulation: one representing the silty and clayey soils
on uplands and lake plains (which characterize Sawmill
Creek and St. Joseph Creek) and the other representing
the silty soils on uplands. The 15 most common soil
types and or soil/urban complexes (representing
87.9 percent of the watershed) in the Kress Creek
watershed and their properties are listed in table 2. As
indicated in table 2, the differences in the hydrologic
properties among the soils in the Kress Creek water-
shed are small. Most soils in the Kress Creek watershed
have NRCS hydrologic soil classification B, perme-
abilities between 0.6 and 2.0 in/h, high available mois-
ture capacity, and moderate transmission rates. The
primary differences among the soils relate to drainage
and, consequently, the depth to the water table during
wet periods (that is, the highest water table depth).
Under natural conditions, the two main soils—
Drummer silty clay loam and Mundelein silt loam—in
the Kress Creek watershed are poorly drained with
substantially higher water tables than the other soils in
the watershed, which could result in a smaller Upper-
Zone Storage in HSPF simulation of runoff from these
soils. However, it is likely that these soils include agri-
cultural tile drains. Thus, the physical difference
among the soils in the watershed under natural condi-
tions is negated by agricultural drainage, and it seems
likely that two different hydrologic soil groups in the
Kress Creek watershed cannot be distinguished.

Considering the percentages of the given soil
types in the Kress Creek watershed relative to the

percentages of these soils in Du Page County, it is clear
that the Kress Creek watershed includes substantially
different soil types than Du Page County as a whole.
For example, the percentages of the five most common
soil types in the Kress Creek watershed are 4.8, 5.8,
6.2, 0.5, and 8.6 times the respective percentages in
Du Page County. Thus, it is clear that the Kress Creek
watershed includes considerably different soils than the
Sawmill Creek and St. Joseph Creek watersheds, and
derivation of different sets of soil-runoff parameters
for simulation of the rainfall-runoff process for Kress
Creek, Sawmill Creek, and St. Joseph Creek is
justified.

Further, justification for simulating the rainfall-
runoff process on Kress Creek with a separate set of
soil-runoff parameters results from observation of
base-flow characteristics. The Kress Creek watershed
has the largest base flow of the three watersheds
considered in this study. A single day of zero flow was
observed during the study period, which may have
resulted from unmeasured withdrawals by irrigation
pumps for a sod farm during an extended period of dry
weather flow. The substantially higher base flow in
Kress Creek reflects higher infiltration and greater
replenishment of the shallow, glacial drift aquifers that
provide base flow. Simulation of the higher infiltration
requires a different set of soil-runoff parameters than is
appropriate for Sawmill Creek and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>