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GLOSSARY

Annual peak discharge. The maximum momentary peak discharge in a water year.

Cubic feet per second (ft*/s). A unit expressing rates of discharge. One cubic foot per second represents a
volume of 1 cubic foot of water passing a given point during 1 second and is equivalent to approximately
7.48 gallons per second, 448.8 gallons per minute, or 0.02832 cubic meters per second.

Continuous-record gaging station. A site on a stream where stage and discharge are obtained continuously
over a period of time.

Crest-stage gaging station. A site on a stream where flood peak data are collected systematically over a period
of years.

Drainage area. An area from which surface runoff is carried away by a single drainage system. Also called
watershed, drainage basin.

Exceedance probability. The likelihood or chance that a random flood peak will exceed a specified magni-
tude in a given time period.

Floodflow. A relatively high streamflow which generally overtops the natural or artificial banks along some
reaches of a stream.

Flood peak. The highest value of the stage or discharge attained by a flood.

Flood plain. The lowland that borders a stream, usually dry but subject to flooding.
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Frequency. The number of occurrences of a certain phenomenon in a given period of time.

Housing unit. A house, an apartment, a ground of rooms, or a single room occupied or intended for occupancy
as a separate living quarters.

Imperviousness. A quality of the land surface characterized by the inability of water to penetrate those areas
of land surface covered with asphalt, concrete, buildings, or other manmade coverings.

Percent chance. A probability multiplied by 100.

Physiographic region. Areas where soils and drainage have been developed on geologically similar materials.

Q- The discharge for a recurrence interval of T-years. It is the annual maximum peak discharge that will be
exceeded, on the average, every T-number of years.

Recurrence interval. The average time interval within which a given flood will be exceeded once. Also called
return period.

Regression equation. An equation derived by methods of regression. It is a mathematical relationship be-
tween a dependent variable and one or more independent variables.

Standard error of estimate. A measure of the reliability of a regression. It is a measure of the distribution of
the residuals about a regression line.

Water year. A continuous 12-month period from October 1 to September 30, for which streamflow data
are compiled and reported.

Watershed. See drainage area.

Weighted mean. A value obtained by multiplying each of a series of values by its assigned weight and divid-
ing the sum of those products by the sum of the weights.

FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM (SI) UNITS

The following factors may be used to convert the inch-pound units published herein to the International
System of Units (SI):

Multiply inch-pound unit By To obtain SI (metric) unit
inch@n) ...................... 254 millimeter (mm).
2.54 centimeter (cm).
£OOL(FE). « v v e e eeee e 0.3048 meter (m).
mile(mi)...................... 1.609 kilometer (km).
square mile (mi®) ... ............. 2.590 square kilometer (km?).
foot per mile (ft/mi) .............. 0.1894 meter per kilometer (m/km).
mile per square mile (mi/mi®) . ....... 0.6214 kilometer per square kilometer (km/km?).
cubic foot per second (ft3/s) . . ... .... 0.02832 cubic meter per second (m>/s).



EFFECTS OF URBANIZATION ON THE MAGNITUDE AND FREQUENCY
OF FLOODS IN NORTHEASTERN ILLINOIS

By

Howard E. Allen, Jr., and Richard M. Bejcek

ABSTRACT

Changes in land use associated with urbanization have increased flood-peak discharges in northeastern
Hllinois by factors ranging up to 3.2.

Techniques are presented for estimating the magnitude and frequency of floods in the urban environment
of northeastern Illinois, and for estimating probable changes in flood characteristics that may be expected to
accompany progressive urbanization. Suggestions are also offered for estimating the effects of urbanization on
flood characteristics in areas other than northeastern Illinois.

Three variables, drainage area, channel slope, and percent imperviousness (an urbanization factor), are
used to estimate flood magnitudes for frequencies ranging from 2 to 500 years. Multiple-regression analyses
were used to relate flood-discharge data to the above watershed characteristics for 103 gaged watersheds.
These watersheds ranged in drainage area from 0.07 to 630 square miles, in channel slope from 1.1 to 115 feet
per mile, and in imperviousness from 1 to 39 percent.

INTRODUCTION

Urban expansion in northeastern Illinois has been rapid in recent years. Farms, wetlands, and woods are
continually being replaced by highways, streets, parking lots, and buildings. These changes in land use have
created and will continue to create many complex problems.

It is generally recognized that floodflows from urbanized watersheds increase as the result of increased
imperviousness and modifications in the drainage system. Flood damages also increase due to urban encroach-
ment on once-open natural flood plains. This problem is becoming more acute as urban pressures force develop-
ment of more and more of the natural flood plains.

Purpose and Scope

The purpose of this report is to define the effects of urban development on flood-peak discharges and to
provide techniques and procedures for estimating the probable magnitude and frequency of floods from
ungaged watersheds in northeastern Illinois. Streamflow and relevant basin characteristics from 103 gaged
watersheds are defined and analyzed to evaluate the hydrologic impact of urban development on floodflows.



The report presents a summary of observed flood data, flood-frequency characteristics at gaged sites, and
analyses showing the relative effect of several physical basin characteristics on flood peaks. The results of the
analyses are presented as mathematical and graphical relations that may be used to estimate the magnitude and
frequency of floods from drainage basins with various degrees of development. Knowledge of the magnitude
and frequency of floods is essential if planning and engineering efforts are to result in effective, efficient, and
derly use of waterways.

Previous Work

Flood-frequency studies in Illinois have been confined to rural streams. Mitchell (1954), Ellis (1968),
Carns (1973), and Curtis (1977a, 1977b) all presented techniques and procedures for estimating the probable
magnitude and frequencies of floods on ungaged rural streams. Of these, Curtis (1977b) utilized the longest
periods of record, extension of records by rainfall-runoff relationships, and the greatest range in drainage areas
to give the most comprehensive techniques for ungaged rural streams on a statewide basis.

Sheaffer, Ellis, and Spieker (1970) described a flood-hazard mapping program in Metropolitan Chicago.
The program they described resulted in the mapping of historical floods on maps at a scale of 1 to 24,000 for
most of the six-county metropolitan area of northeastern Illinois. Three hundred and ninety-four crest-stage
gages were established for that project.

Many investigators (Wiitala, 1961; Martens, 1968; Anderson, 1970; Putnam, 1972; and Espey and Winslow,
1974) have suggested that the increase in impervious surfaces during urbanization is one of the principal causes
of increases in flood-peak flow and that percentage of imperviousness may be used as an index of urbanization
for flood-frequency prediction.

Other investigators (Stankowski, 1972; McCuen, 1975) have shown that certain demographic characteris-
tics such as population density and housing density can be used as indirect indicators of land-surface modifica-
tions affecting urban runoff.
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DESCRIPTION OF THE STUDY AREA

The study area includes about 2,640 mi? in all or parts of Cook, Du Page, Kane, Kendall, Lake, McHenry,
and Will Counties, Illinois (fig. 1). In 1970, the population of the area was about 6,800,000, of which 48.3 per-
cent was within the city of Chicago. Between 1960 and 1970 the increase in population for the entire study
area was about 12 percent, as opposed to an increase of 35 percent for suburban areas.

The climate is humid continental, with warm to hot summers and fairly cold winters with a slight moderat-
ing effect by Lake Michigan. The average annual temperature is about 50°F (10°C), with average monthly



mean temperatures ranging from 23°F (-5°C) in January to 74°F (23°C) in July. Average annual precipitation
is 34 inches, of which about 10 percent is in the form of snow. The area is subject to very intense storms of
short duration.

The major part of the study area is located in physiographic subdivisions of the Chicago lake plain and the
Wheaton morainal country, with the extreme southwestern part of the area situated in the Bloomington ridged
plain and the Kankakee plain (Leighton, Ekblaw, and Horberg, 1948).

Topographic features in northeastern Illinois were formed primarily as the result of glacial and related
activity of Pleistocene Age. The Chicago lake plain, the result of glaciolacustrine action, extends northerly
from the Indiana—Illinois line to about Winnetka and as far west as La Grange. The lake plain has a relatively
flat surface sloping gradually towards Lake Michigan, interrupted by only a few low ridges and knolls and by
two drainageways, the Des Plaines River and the Calumet Sag Channel. The Wheaton morainal country, which
includes most of Du Page, Lake, McHenry, and Will Counties, is noted for its broad, parallel morainic ridges,
numerous lakes and swamps, and hilly topography.

The surficial geology of northeastern Illinois consists of a mantle of unconsolidated glacial deposits over-
lying bedrock. These deposits, known as drift, consist of till, silt, clay, sand, gravel, and peat. They average
about 100 feet in thickness but range from 0 to about 400 feet.

Bedrock formations in the study area consist of dolomite, limestone, sandstone, shale, and claystone of
Paleozoic Age. Natural bedrock outcrops occur only in the southern part of the area where glacial drainage
and present rivers have cut through the glacial deposits.

Most of the area drains to the Mississippi River via the Des Plaines, Fox, and Illinois Rivers, while a small
part of the area drains eastward to the St. Lawrence River basin via Lake Michigan. The natural drainage
divide which separates the St. Lawrence River basin and the Mississippi River basin is a few miles west of Lake
Michigan. Most of the original drainage to Lake Michigan is now diverted to the Mississippi basin through the
Chicago Sanitary and Ship Canal and the Calumet Sag Channel. During extreme floods some of the peak flow
from the Chicago and Calumet Rivers is reversed to Lake Michigan to avoid serious flooding problems in the
Chicago metropolitan area.

The natural drainage system is poorly developed with numerous lakes and swamps, many shallow streams
with low streambanks, and wide, flat flood plains. The larger streams flow generally south along the sags
between moraines.

WATERSHED SELECTION AND ANALYSIS

Gaging Station Selection

Data used in this study were selected from 453 gaging stations in northeastern Illinois where hydrologic
information was collected for periods of several years. Several criteria were used in the selection of the stations.
The primary criterion was that annual peak discharges could be obtained for determining station flood-
frequency relationships. The annual peak discharge was available for all continuous-record stations and for
some of the crest-stage stations where relationships of stage to discharge were established and maintained
during the period of station record. At most of the stations established for flood-hazard mapping (Sheaffer
and others, 1970) only annual peak stages were available. The flood-hazard mapping stations were considered
for use in this study only if indirect methods could be used to relate the peak stages to discharge.



These indirect rating methods included step-backwater analyses, width constrictions, and flow through
culverts (Shearman, 1976; Matthai, 1967; and Bodhaine, 1968, respectively). Not all the stations that could
possibly have been rated by indirect methods were selected. Records at some of the stations indicated changes
had been made in the channel characteristics during the period of record. Channel dredging and new bridges
and culverts at some stations precluded use of the stage to discharge relationship for the complete period of
stage record. These stations were not used.

Time constraints prevented development of a stage to discharge relationship for all the stations. The stage
to discharge relationships developed by indirect methods were verified at most stations by current-meter
measurements. Selection of stations was further guided by the need to obtain an even geographic distribution,
a range in drainage areas, and a range in the types and degrees of urban development.

The report is based on streamflow data obtained at 103 gaging stations (fig. 1) selected by the above
procedures. Seventy of these stations are crest-stage gages and 33 are continuous-record gages. Information
regarding the location, type of station, period of record, channel slope, and percent imperviousness for each
station is given in table 1.

The annual peak discharges for the period of record at all crest-stage stations used in this study were

published in the water resources data report for Illinois, water year 1977 (U.S. Geological Survey, 1978). The
maximum recorded discharge for the period of record at each gaging station is presented in table 1.

Flood-Frequency Curves

Flood-frequency curves relate flood-peak discharges to exceedance probabilities or recurrence intervals.
Flood-frequency curves for the gaging stations were defined using guidelines recommended by the U.S. Water
Resources Council (1977). These guidelines describe the procedures for fitting a log-Pearson Type III distribu-
tion to the observed annual flood data.

The log-Pearson Type III distribution is defined by three statistical parameters: mean, standard deviation,

and skew of the data array. The method of fitting the log-Pearson Type III distribution to an array of flood
data is as follows:

A. The N annual flood peaks at a gaging station are transformed into corresponding logarith-
mic values;

X1, X9, ... XN-
B. Mean of the logarithms is computed;

- X
X=22
N

C. Standard deviation (S) and skew coefficient (G) are computed;

g - -\I TX? . (ZX)*/N
- N-1 ’

__N2(X-X)?
T(N-1)(N-2)8%°



D. Logarithms of discharges at selected exceedance probabilities are computed;
Log Q=X +KS )

where X is the mean of the logs of the annual flood peaks at a gaging station, and K is a
factor from tables in the guidelines by U.S. Water Resources Council (1977) that relates
the computed value of the skew coefficient (G) to the selected exceedance probability.

E. The antilog of log Q is the flood discharge, Q.

Frequency curves for individual stations are obtained by plotting the discharges computed from equa-
tion 1 for the selected exceedance probabilities on log-probability coordinates and drawing a continuous line
that averages the plotted discharges.

A base period of record at gaging stations used in the study was needed for which changing conditions of
urbanization in the watersheds would have minimal effect on flood-frequency curves. The most recent census
data for which indices of urbanizaiion :ould be developed were for 1970. A period was required for those
watersheds affected by urbanization for which urban development in 1970 would be an average.

The period of record at many of the crest-stage stations used in the study was from 1960 to 1976. Urbani-
zation indices based on 1970 census statistics were used to represent an approximate average for the period
from 1960 to 1976. Therefore, this period was selected as the base period of record for all gaging stations with
more than 5 percent imperviousness in the watershed.

The skew coefficient computed from station records is very sensitive to extremes of the data array. As
recommended by the U.S. Water Resources Council (1977), a generalized skew of -0.4 for northeastern Illinois
was used directly for computing the frequency relations for all stations having less than 25 years of record.
They also give (p. 10) procedures for weighting the station skew with the generalized skew, which were used
for those stations with gage records longer than 25 years and with less than 5 percent imperviousness in the
watershed. :

The peak discharge-frequency data for the gaging stations used in the study are presented in table 2.

Impervious Areas

Evaluating the effects of urban development on flood peaks requires a quantitative measure of the degree
of urbanization. Several studies (Wiitala, 1961; Martens, 1968; Anderson, 1970; Putnam, 1972; and Espey and
Winslow, 1974) have suggested that the percentage of impervious area may be useable as a measure of urbaniza-
tion.

Impervious areas may be measured directly from aerial photographs, large scale maps, or by field surveys.
These methods are usually very expensive and laborious, and the lack of aerial photography or detailed maps
may restrict the measurement of imperviousness for many watersheds.

Some researchers (Stankowski, 1972; McCuen, 1975) have used demographic statistics (population
density, housing density), as indirect indicators of imperviousness. These statistics are included in census data
and projections of the statistics are made by planning agencies. They can therefore be used as an index of
future urban conditions.



Three relationships between demographic statistics and imperviousness were determined for this study.
Aerial photographs flown in 1970 (scale 1" = 400") were obtained for 15 watersheds with drainage areas
ranging from 1.34 to 23.5 mi®. These watersheds were selected based on considerations of both geographic
location and varying urban densities. The impervious areas of each watershed were measured directly from
aerial photographs using a grid sampling technique. The grid used had 900 points per square mile.

The drainage divides of the watersheds were outlined on maps in the metropolitan map series (U.S. Bureau
of Census, 1972). The population density, housing density, and street density for each watershed were com-
puted based on information as compiled from the metropolitan maps and census block statistics. The location,
size, population density, housing density, street density, and percentage of imperviousness for each of the
15 watersheds are presented in table 3.

Regression analyses were used to relate the percentage of imperviousness to population density (persons/
mi?), housing density (units/mi®), and street density (miles/mi?). The results of these analyses indicate a high
degree of correlation between imperviousness and each of the three independent variables (figs. 2, 3, and 4).
The quadratic relationships (figs. 2, 3, and 4) between percentage of imperviousness and population density,
housing density, and street density were defined by the least squares method.

Watershed divides for all gaging stations used in the study were transferred to the metropolitan map series,
and the population density for each watershed was computed based on the block statistics (U.S. Bureau of
Census, 1971, 1972). The percent imperviousness for each gaged watershed was determined from a relation
between percentage of imperviousness and population density (fig. 2), except for 15 watersheds where percent
imperviousness was measured directly. For basins not fully covered by the metropolitan map series, housing
units were counted on topographic maps and the percent imperviousness determined from a relationship
between imperviousness and housing density (fig. 3). The percent imperviousness determined for each water-
shed in the study is shown in table 1.

REGIONALIZATION

Needs and Methods

Floodflow information is often needed at sites where gaging stations are not located. Flood-frequency
data from individual gaging stations have limited transferability, therefore, estimates of flood magnitudes and
frequencies at ungaged sites should be determined from a regional analysis of data from gaged sites. Regional
analyses relate flood peaks to the watershed characteristics affecting floodflows. In addition to providing a
method of estimating floods at ungaged sites, regional analyses often improve flood-frequency estimates at
gaging stations.

Multiple-regression techniques were used to develop the regional flood-frequency relations in this report.
Flood discharges corresponding to the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year recurrence intervals were com-

puted at all stations using the log-Pearson Type Il analysis and regressed against basin and climatic variables
using the model:

Qp = cA*BY...D? (2)
where  Qr is the peak discharge with a recurrence interval of T-years,
A, B, ...D are basin and climatic variables,

X,Y, - - -  are regression coefficients, and c is the regression constant.



The computer program used for the regression computations evaluated the statistical significance of each
independent variable, defined the regression coefficients and constant, and provided the standard error of
estimate of the regression equations. Many independent variables, such as drainage area, main channel length, -
main channel slope, channel slope of a reach from a gage to one-fifth of the channel length upstream from the
gage, storage (percentage of watershed in lakes, ponds, and swamps), a channel improvement factor, percent
imperviousness, and rainfall intensity were originally used as independent variables. The significance on flood
magnitudes of each variable was evaluated. The combination of independent variables most useful in pre-
dicting flood magnitudes included drainage area (A), main channel slope (S), and percent imperviousness (If).
The regression equations defined with these variables have the smallest standard errors and the least number
of variables.

Flood-Frequency Estimating Equations

The flood-frequency estimating equations developed using regression analyses are:

Q: = 14.7 A%-698 g0-241 [§0.313 3)
Qs = 23.8 A0982 §0.284 [§0.255 4)
Qo = 29.8 A0:675 §0-305 [§0.228 (5)
Qps = 37.2 A0-668 g0-325 [§0.202 (6)
Qso = 42.7 A0-66% 50338 [£0.186 )
Qloo = 48.0 A0.660 SO.349 If0.172 (8)
Qsoo = 60.5 A%-651 §0-366 [f0.145 9)

The Q2, Qs, Q10, Q25, Qs0, Q100, Qso0 are the discharges, in cubic feet per second, corresponding to the
2-, 5-, 10, 25-, 50-, 100-, and 500-year recurrence interval floods (QT), respectively. The independent variables
in the equations are drainage area (A), main channel slope (S), and percent imperviousness (If).

Drainage area of the watershed, in square miles, and the main channel slope, in feet per mile, may be
determined from U.S. Geological Survey topographic maps or other equivalent maps. Ogata (1975) has tabu-
lated the drainage areas for numerous sites in Illinois where water data have been collected, and for many
other selected locations.

Main channel slope is the difference in elevation at points 10 and 85 percent of the distance along the
channel from the site to the watershed divide, divided by the distance between the two points. U.S. Geological
Survey 7%-minute series topographic maps are generally sufficient for this determination.

Percent imperviousness is the impervious area of a watershed expressed as a percentage (If = 100 x impervi-
ous area/drainage area). This factor is used to quantify the degree of present urbanization, or that projected
for future conditions.



The percentage of imperviousness for watersheds may be estimated from the curves in figures 2, 3, and 4.
Population and housing data can be obtained from publications of census statistics by the U.S. Bureau of
Census. Population estimates or projections may be obtained for specific areas from city, county, and State
planning agencies. Street densities can be determined with the use of maps which depict all the streets and
roads in an area. Imperviousness may also be directly measured by field survey, or with the use of aerial photo-
graphs or maps.

Due to the exponential nature of the regression equations, use of If values less than 1.0 has the effect of
decreasing computed discharge values. Even though the equations are relatively insensitive to If in this range,
values of If less than 1.0 should be considered as 1.0 for use in the estimating equations.

Reliability of Estimating Equations

The standard error of estimate expresses the reliability of an equation developed by regression. It is a
measure of the dispersion of the observed values about the regression line. The standard error in this report is
expressed as a percentage, and signifies that for about 68 percent of the estimates made by the regression equa-
tion the difference between the computed and actual discharge should be within plus or minus one standard
error of estimate.

The reliability of the estimating equations may also be expressed as equivalent years of record. Equivalent
years are the actual years of record needed at an ungaged site for the reliability of an estimate to be equal in
accuracy to the standard error of estimate. Equivalent years of record for the regression were determined using
the techniques developed by Hardison (1971).

The standard error of estimate (in percent) and equivalent years of record for regression equations 3 to 9
are summarized in table 4.

The reliability of flood-frequency estimates for large recurrence interval floods is comparatively poor.
Because of this fact the 500-year flood discharges are not included in table 2. The 500-year flood estimating
equation is included in this report only for special purposes, such as flood-insurance studies.

Limitations of Estimating Equations

The flood-frequency equations presented may be used to estimate the magnitude and frequency of floods
on most (see exceptions below) of the streams in the study area (fig. 1). The estimating equations are based on
data from watersheds with drainage areas ranging from 0.07 to 630 mi?, channel slopes from 1.1 to 115 ft/mi,
and impervious areas from 1 to 39 percent. Use of the equations outside of the observed range of data could
result in solutions less reliable than indicated by the standard errors.

The equations are not designed to estimate flood discharges from watersheds completely served by under-
ground drainage systems, or to predict floodflows from airports, parking lots, or other highly impervious areas.
The equations are also not applicable to locations on streams where flood detention or retention reservoirs
substantially affect the flood peaks.

The main stem of the Fox River has also been excluded from this study. Techniques for flood-frequency
estimates on the Fox River are described by Curtis (1977a).



Weighting of Independent Estimates

The following procedures are suggested for weighting flood estimates at gaged sites and flood estimates at
ungaged sites on gaged streams. The weighted mean values obtained from these procedures are the best esti-
mates of flood discharges at either gaged or ungaged sites. Judgment must be used to determine if the location
of the gaging station justifies the use of station data to adjust estimates at an ungaged site. A rule of thumb on
gaged streams is to weight flood estimates at an ungaged site where the drainage area is between 50 and 200
percent of the drainage area at the gaging station.

The T-year flood discharge estimated from log-Pearson Type III frequency distribution and the corres-
ponding estimate using a regional equation are considered independent. A weighted mean estimate of the
flood discharge at a gaging station is obtained as follows:

- (Yrs of record) (log sta Qp) + (Eq yrs record) (log regional Q) (10)

Log Q
BT Yrs of record + Eq yrs record

The years of record for each station may be obtained from table 1. Station Q7 is obtained from the first line
of discharge values for each station tabulated in table 2 and converted to a logarithm. The equivalent years
of record for each recurrence interval corresponding to the Qr obtained using regional equations 3 to 9 are
listed in table 5. The regional Qp is computed using the desired regional equations (second line of the dis-
charge values for each station in table 2) and then transformed into logs. The anti-log of the solution obtained
from equation 10 is the weighted mean estimate of the flood discharge at a gaging station. The weighted mean
discharge values\for each station have been computed and are the third line of values for each station in table 2.
Equation 10 may be used to update the weighted mean discharge values as additional years of record become
available.

The weighted station Qp from equation 10, or line 3 in table 2, can be used to weight a flood estimate
of Qr at an ungaged site located on the same stream as the gaging station. A weighted Qr at an ungaged site
may be aetermined as follows:

Qr (weighted at gage)
Qr (regional equation at gage)

Weighted Qp (ungaged) = x Qr (regional equation at ungaged site).  (11)

APPLICATION OF REGIONAL EQUATIONS

Flood-Frequency Estimating Technique

The magnitude of floods at sites where the equations are applicable may be estimated at desired frequen-
cies for most types of urban development within the study area. A flow chart giving the proper sequence of
the flood magnitude estimating technique is shown in figure 5.



Flood-frequency estimating techniques for the study area are illustrated by the following three examples:

Example 1.

Tllustrative Examples

udeveloped watershed.

(@)

(b)

©

()

Example 2. Determine the 50-year flood discharge for use in the design of a bridge opening on Winfield

Determine the size of drainage area (A), in square miles. The drainage area is measured
on maps with sufficient features to accurately delineate the watershed boundary. For
this example, assume A = 5.0 mi*.

Determine the slope (8), in feet per mile. Slope is computed as the difference in eleva-
tion at points 10 percent and 85 percent of the distance along the channel from the site
to the watershed divide, divided by the distance between the two points as measured
along the stream. For this example, assume S = 5 ft/mi.

Determine the percent imperviousness (If). This factor is the impervious area of the
watershed expressed as a percentage of the total area. In this example, because the water-
shed is undeveloped, If is set at 1.

Use equation 8 from page 7 to compute the flood magnitude.

48.0 A0.660 SO-349 Ifo.l 72

QIOO

(4‘8.0) (5)0.650 (5)0.349 (1)0,172

(48.0) (2.89) (1.75) (1)

243 ft3/s.

Creek at Gary Avenue in Wheaton, Du Page County, SWY4SEV4 sec.8, T.39 N., R.10 E.

(@
(®)

(¢)

(d)

Site is ungaged and not on a gaged stream.

The drainage area and slope are determined as described in example 1. The drainage
area (A) and slope (S) for this example site are 4.54 mi® and 15.0 ft/mi, respectively.

Determine the percent imperviousness (If). Using the techniques outlined in the section
“Impervious Areas,” an impervious value of 20 percent was computed for this site. The
watershed divides were outlined on the metropolitan map series (U.S. Bureau of Census,
1972). The population of the watershed was estimated at 12,300 based on block statis-
tics data for the watershed as compiled by the U.S. Bureau of Census (1972). The popu-
lation density therefore is 2,709 (12,300/4.54) persons per square mile. From figure 2,
watershed imperviousness for this example site is 20 percent.

Substitute into equation 7 on page 7,

10

Estimate the 100-year flood at a site located on an ungaged stream with a completely



Qso 42.7 A0-664 50.338 [0.186

(42.7) (4.54)°-5%* (15.0)°-338 (20.0)°-186

(42.7) (2.73) (2.50) (1.75)

510 ft3/s.

Example 3. Determine the 100-year flood discharge on Silver Creek at Grand Avenue in Franklin Park,
Cook County, SW/aNEY4 sec.2, T.40 N., R.12 E., for use in a channel conveyance study.

(a) Site is on a gaged stream but not at a gaging station.

(b) The watershed characteristics A, S, and If are determined as in examples 1 and 2. At this
site on Silver Creek A = 6.91 mi?; S = 7.76 ft/mi; If = 14.0.

() Q100 atsite on Silver Creek at Grand Avenue by equation 8 = 553 ft3/s.

(d) From table 2, select from the third line of discharge values the weighted mean estimate
(Q100) for the gaging station on Silver Creek (05530700), Q,90 = 793 ft?/s.

(¢) From table 2, select from the second line of discharge values the station frequency value
computed using regional equation 8, Q4o = 723 ft3/s.

() From table 1, obtain the drainage area for station 05530700, A = 11.2 mi>.

(g) The drainage area ratio,

A at ungaged site _ 6.91
A at gaged site 11.2

= 0.62, or

62 percent which is within the weighting technigque rule of thumb (50 to 200 percent).

(h) The weighted mean discharge at the ungaged site on Silver Creek is computed by equa-

tion 11,
. _ Qr (weighted at gage) (regional equation
Weighted Qp (ungaged) Qr (regional equation at gage) T at ungaged site)
- B2 x 553
= 607 ft*/s.

11



EFFECT OF URBAN DEVELOPMENT

Flood Magnitudes

Estimating equations 3 to 9 show that urbanization causes an increase in peak flows for all frequencies.
The curves in figure 6 were developed using equations 3 to 8 to compute flood magnitudes at various levels
of imperviousness or urbanization. Computed flood magnitudes were plotted as their ratio to flood magnitudes
for rural watersheds or one percent imperviousness.

Figure 6 indicates that an urbanized watershed (about 40 percent imperviousness) will increase the magni-
tude of the 100-year flood by a factor of 1.9 and the 2-year flood by a factor of 3.2 over that for undeveloped
areas. This is in line with the results of urban hydrology studies shown in a report by Espey and Winslow
(1974), which indicated that flood peaks in urbanized areas could be expected to range from 2 to 5 times that
expected for undeveloped areas.

Transferability of Urban Effect

The effects of urbanization on flood magnitudes described in this report are based on data from north-
eastern Illinois and therefore are applicable solely to the study area. Other factors, such as rainfall intensity,
might be significant in other areas, although they were not significant in this study.

In other parts of Illinois and surrounding areas with similar climatic and physiographic characteristics, the
effects of urbanization on flood magnitudes may also be expected to be similar. Based on this assumption,
figure 6 can be used to estimate the increase in floodflows caused by urbanization, provided a flood-frequency
equation for rural streams is available.

Curtis (1977a) presents flood-frequency equations for rural streams in Illinois. These equations, along
with figure 6, can be used to estimate the effects of urbanization on many streams in Illinois outside the study
area. These estimates should be checked by other methods, when and if available.

SUMMARY AND CONCLUSIONS

Change in land use from rural to urban has increased flood-peak discharges in northeastern Illinois by
factors ranging up to 3.2.

A technique for estimating the magnitude and frequency of floods from watersheds with various degrees
of urban development is presented. Drainage area, channel slope,and percent imperviousness are required to
use the procedure. Methods are given to estimate the percent imperviousness from demographic statistics.

The equations used to estimate flood peaks at various recurrence intervals were developed using multiple
regression analyses, which related flood-discharge data to the above watershed characteristics for 103 gaged
watersheds. These watersheds ranged in drainage area from 0.07 to 630 mi?, in channel slope from 1.1 to
115 ft/mi, and in imperviousness from 1.0 to 39.0 percent.

The information presented provides engineers and planners with a predictive tool to aid in flood-plain
management and in solving other hydrologic problems associated with urban development.

12
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IMPERVIQOUSNESS,
IN PERCENTAGE OF LAND AREA

IMPERVIOUSNESS,
N PERCENTAGE OF LAND AREA

T
(¢

a0t

30

20°F I=4.11+(205x 102 H) — (6.1 x 107 H?)

| = Imperviousness, H = Housing density o

R2 = 0.984 where R = the correlation coefficient
Standard deviation = 1.99

10

I i

I [ 1 I I I 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

HOUSING DENSITY, IN RESIDENTIAL UNITS PER SQUARE MILE

Figure 3.--Relationship between percentage of imperviousness
and housing density.
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Figure 4.--Relationship between percentage of imperviousness
and street density.
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Figure 5.--Flow chart for estimating flood magnitude.
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Table 4.—Reliability of estimating equations,
Qp = cA* 8Y If?

. Standard error Equivalent
Recurrence interval, .
. of estimate, years of
in years .
in percentage record
2 36 2
5 38 2
10 40 2
25 43 3
50 45 3
100 48 3
500 52 4
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