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Table 1.

Factors for converting English units

to International System (SI) units

Multiply English units

inches (in)
feet (ft)

miles (mi)
feet/mile (ft/mi)

square miles (mi?)

gallons (gal)

cubic feet (ft3)

cubic feet per second (ft3/s)

million gallons per day (mgd)

By

Length

25.4
. 0254
.3048
1.609
.1894

Area

2.590

Volume

3.785
3.785%x10-3
.02832

Flow

28.32
.02832
.04381

To obtain SI units

millimetres (mm)

metres (m)

metres (m)

kilometres (km)
metres/kilometres (m/km)

square kilometres (km?)

litres (1)
cubic metres (m3)
cubic metres (m3)

litres per second (1/s)
cubic metres per second (m3/s)
cubic metres per second (m3/s)






DEPTH AND FREQUENCY OF FLOODS IN ILLINOIS

By

Bl J. Prl-lgh, Jr.

ABSTRACT

A method is presented for estimating flood depths of 2-, 5-, 10-, 25-,
50-, and 100-year frequency at ungaged sites in Illinois.

Data from 177 U.S. Geological Survey gaging sites in Illinois were
analyzed by multiple-regression techniques. Equations to predict depth
of water above channel bottom for various frequency floods were developed.
The 2-year-flood discharge was used as the descriptive variable.

The depth-frequency equations assume normal rainfall-runoff relationships
and should be used only for I1linois streams flowing under natural conditions.
They do not apply to streams affected by backwater, or significant artificial

controls, or in situations where ice or debris jams cause peak stages.



INTRODUCTION

Purpose and Previous Work

The primary purpose of this report is to present the methodology and
documentation needed to estimate flood depths of various recurrence intervals
for streams in Illinois. It is intended mostly for planners, designers, and
consultants who need a quick estimate of flood depths for preliminary designs,
provisional flood-plain zoning, or a starting point for more detailed hydro-
logic studies.

Previous investigators (Thomas, 1964a, 1964b; Gann, 1968; R. V. Swisshelm,
written commun., 1971) describe methods for estimating flood depths in New
Jersey, Missouri, and Indiana, respectively. However, the differences in
geography and hydrology between Illinois and these other States preclude the
direct application of their results in Illinois.

A number of reports (Mitchell, 1954; Speer and Gamble, 1965; Wiitala,
1965; Patterson and Gamble, 1968, Ellis, 1968; Carns, 1973) describe proce-
dures for estimating flood discharges for various recurrence intervals in
I1linois. These discharges ean be utilized to estimate depth of flooding
provided a depth-discharge relation either is developed from field data or

can be assumed from experience. The first method can be costly and time-
| consuming; the second requires considerable engineering judgment and intro-
duces an uncertain amount of error.

The method described in this report to predict flood depths of 2-, 5-,
10-, 25~, 50-, and 100-year frequency can be applied to many ungaged sites in
I1linois. All required parameters can be obtained from existing topographic
maps of Illinois and from the charts and diagrams included in this report.

An illustrated example is presented to assist the user in their application.
The method is intended as a tool to help planners and designers estimate flood
depths at various sites. It is not proposed to replace more complete hydro-

logic studies where greater accuracy or precision is needed.
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This report has been prepared as part of a cooperative water-resources
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information contained in the earlier publications.

METHOD OF ANALYSIS
Review and Supplementation of Data

Data from 340 U.S. Geological Survey gaging sites in Illinois with
greater than 5 years of record were reviewed. Trom these initial sites, 210
(shown in fig. 5)with sufficient information on stage and discharge to define
a rating curve up to the expected 100-year-flood discharge were selected for
further study.

Discharge-frequency studies had been conducted previously at 166 of these
sites (Carns, 1973). Carns used Log-Pearson Type III analyses to determine
the various frequency discharge values at sites with greater than 15 years of
record. At sites with less than 15 years of record he used Log-Pearson
Type III analyses to obtain discharge values of less than 50-year recurrence
intervals and regional-frequency regression equations to obtain the 50- and
100-year recurrence interval values.

Frequency discharge values for the remaining 44 sites were obtained by
regional discharge-frequency regression equations for all recurrence intervals
as part of this study.

Stage-discharge rating curves were utilized to obtain the stage corres-
ponding to discharges at the 2-, 5-, 10-, 25-, 50-, and 100-year recurrence

intervals.



Techniques of Analysis

Depth and discharge data were first transformed from arithmetic to
logarithmic values to facilitate mathematical analysis. Deptﬁ equations were
then derived by stepwise multiple-regression techniques using drainage area,
slope, and the 2-year-flood discharge as independent variables. The 2-year-
flood discharge is defined as that discharge which has a 50 percent probability
of being exceeded in any given year.

Other factors such as area of lakes and ponds, soils index, meén annual
precipitation, forest cover, and main channel length were -considered by Carns
(1973) as to their effect on the magnitude and frequency of floods in Tllinois.
The improvement in the standard error of estimate was not appreciably affected
by the inclusion of these variables; consequently, they were not considered
in this study.

Two different dependent variables were evaluated by regression analysis.
The first was height above the bottom of the channel and the second was height
above average depth in the channel. Average depth is the depth of water above
the channel bottom which corresponds to average discharge at the site. The
average discharge is the arithmetic average of the mean annual discharges at
the site.

Both dependent variables were analyzed for their relationship to, first,
drainage area and channel slope, and second, to the 2-year-flood discharge
(Q2)- Equations using these different independent variables have advantages
and disadvantages for use in predicting flood depths. Drainage area and
channel slope can be measured on topographic maps and no additional information
is needed. The 2-year-flood discharge can be derived from four parameters:
drainage area, slope, precipitation intensity, and a regional factor. The
latter two terms require additional descriptive maps. The standard error
of prediction for the various flood depths is less using the 2-year-flood
discharge relationship but more computational work is involved.

Heights above the channel bottom calculated from the equations containing
the 2-year-flood discharge were considered the best combination for estimating
flood depths. The main advantages are threefold. First, all the needed
information can be obtained from topographic maps and data provided in this
report; second, the standard error of estimate is lower; and third, some sub-
jective evaluation of discharges is possible on the basis of good engineering

judgment.



FINAL ANALYSIS

The initial regression analysis showed that depths at 33 sites affected
by artificial controls and backwater conditions could not be predicted with
confidence and data at these sites were excluded from the final regression
analysis. Several of these sites also showed abnormalities in their rating

curve extensions.

Depth-Frequency Equations

Data for 177 sites not rejected by the aforementioned criteria were used
in computing the final depth equations. The sites used in the analysis had
drainage areas that ranged from 0.452 to 9,520 square miles and slopes that
ranged from 0.69 to 145.20 feet per mile. The 2-year-flood discharges ranged
from 83 to 24,900 cubic feet per second.

An indication of the reliability of the equations is expressed by the
standard error of estimate. Assuming a normal distribution of data, approxi-
mately two-thirds of the data will plot within one standard error from the
prediction curve. The values of standard error given are the average of the
maximum and minimum error values; the actual values are in terms of log units
and hence have greater plus than minus values of error. The log values are
the result of the logarithmic transformations performed earlier on the input
data.

The equations for the various recurrence intervals with their associated
standard errors of estimate are given below:

Standard error

(percent)
Dy = 0.84 Qg0-298 Al
By = L.15 pgP28R 26.1
Djg = 1.33 Q90-274 27.4
Dos = 1.52 Qq0-267 23.7
Dsg = 1.66 Q20-263 23.0
Digo = 1.80 Q0-259 2%’

where Dy is the depth in feet, measured above the channel bottom for a flood
having the indicated recurrence interval (x) and Q9 is the 2-year-flood

discharge in cubic feet per second.



Using the flood-depth equations and station data, actual versus predicted
values (A/P) ratios of flood depths were computed for all the sites in the
study. Sites with backwater conditions usually have depths greater than
expected with correspondingly larger A/P ratios. A bias in ratios is also
noted at some artifically-controlled sites such as dams and weirs and at sites
where the channel bottom is bedrock. These locations tend to be shallower
than those where the bed material is more easily eroded, and they have corres-
pondingly lower A/P ratios.

The A/P ratios were plotted on a map of Illinois to evaluate any regional
trends. Areal patterns of the A/P ratios were generally similar for the 2-,
5-, 10-, 25-, 50—, and 100-year—flood depths.

Individual basins in the State did show some trends. An attempt to apply
sufficient local factors to improve the data-fit produced an excessive number
of regions and consequently, no general regional factors were applied to the
final equations. In general however, the streams in the extreme northern part
of the State are characterized by being shallower than predicted while those
in the southern part are deeper.

_ A subsequent section of this report describes how the A/P ratios at the
sites studied can be utilized to improve depth estimates in the immediate

vieinity of their respective locations.

USE OF REPORT
Application of Equations

The regression equations are applicable to streams in Tllinois which are
not affected by backwater conditions or by abnormal geologic or hydrologic
constraints. The equations are not recommended for use in urban areas unless
one recognizes that their accuracy can be impaired by man-made changes to
natural conditions. Insufficient data are available to predict their suit-

ability for streams with drainage areas less than 0.5 square mile.



Discharge Equation for 2-year Flood

There are several accepted procedures for determining the 2-year-flood
discharge (Qg). For use in the depth-frequency equations the method described
by Carns (1973) is recommended. The 2-year-flood discharge for Illinois

streams is predicted by the equation:

Qp = 0.17 A0-79 §0.50 14.33 pe

where Q9 is discharge in cubic feet per second

A is drainage area in square miles

S 1is chammel slope in feet per mile obtained by determining the
difference in elevation between points at 10 percent and 85
percent of the distance along the channel measured from the
gsite under consideration to the basin divide, divided by the
distance between these two points

I is the 2-year, 24-hour rainfall in inches

Rf is a regional factor

Area and slope can be computed from data obtained from topographic maps.
Many Illinois maps of the 15-minute series are culturally obsolete; however,
the topographic features generally retain sufficient similarity for use with
this report. Maps of the 7%-minute series are periodically updated and, when
available, are probably the most suitable for stream studies.

Once the drainage area and slope are determined from the appropriate
topographic maps, rainfall intensity data and the regional factor can be
determined from figures 1 and 2, respectively, for the stream under evaluation.
Table 2 gives computed values of AQ-79 for various drainage areas, table 3
gives computed values of $9:59 for various slopes, and table 4 gives computed
values of 14-33 for different rainfall intensities.

A momograph (fig. 3) was prepared to permit rapid graphical solutions of
the discharge equation.

The 2-year-flood discharge value obtained from figure 3 can be inserted
into one of the depth equations presented earlier in this report to calculate
the flood depth for the selected frequency. Another nomograph (fig. 4) is

provided to simplify this computational procedure.



Adjustment of Flood-Depth Values

For estimates in the immediate vicinity of a gaging site, the known A/P
ratio can be used to refine the computed flood depth. Figure 5 shows the
location of gaging sites used in developing the regression equations. Station
data for these sites are included in table 5. The computed flood depth can
be refined by multiplying by the proper A/P ratio from table 5. At locations
with no nearby stations or where the location under consideration is of
significantly different drainage-area magnitude than the nearest gaging site,
engineering judgment will be necessary to adjust the depth values. When in
doubt or for general estimating purposes, use the unmodified basic equation.

Recent studies (Espey and Winslow, 1974) indicate that urbanization
increases flood discharges for short-term recurrences but that there are less
significant differences in 100-year-flood discharges between natural and
urbanized areas. Flood depths should behave in a similar fashion although
the constrained nature of urban channels probably will cause greater depths
than in natural environments. The use of nearby gaging station data to adjust
the calculated value of flood depths is strongly recommended in urban situa-
tions. For other than gross estimating purposes, however, the use of these
regression equations is not advised for urban or high-value land areas., A

more detailed hydrologic study is advisable.

Chamnel Bottom Elevation

To compute the elevation of flooding with the depth-frequency equationms,
the mean sea level elevation of the channel bottom is needed. The simplest
method to determine the elevation of the chammel bottom is to measure the
difference between the bottom and a known elevation in the field. This may
not always be possible or desirable for preliminary studies.

Channel bottom elevations computed from interpolating contour crossings
on U.S. Geological Survey 7%- and 15-minute topographic maps at 193 gaging
sites in I1linois were compared with actual bottom elevations for the same
sites. The actual mean sea level elevations of the channel bottom were deter-
mined from gaging station data. This comparison indicated that known channel
bed elevations were 1 to 3.5 feet lower than those predicted from topographic

maps and that these differences varied directly with drainage area.



The curve of figure 6 shows variation of the actual channel bottom from
the value predicted from topographic maps as a function of drainage area.
This is an empirical relationship based on topographic-map and gaging-station
data and can be used to adjust map values. Where more accurate dafa are

desired, field measurements will need to be made.

Example of Application

An application of the depth-frequency equations is illustrated in the
following example:

Suppose it is desired to know the IOO—year flood depth and the 100-year
flood elevation at the county road bridge over Indian Creek near Wyoming,
Stark County, Illinois.

L. The drainage area, A, is 62.7 square miles.

2. The stream length above the site to the basin divide is 26.67 miles.
The elevations at 10 percent (2.67 miles)and 85 percent (22.67 miles) of this
distance are 626 and 754 feet above mean sea level. The distance between the
sites is 22.67 - 2.67 or 20.00 miles. The slope, S, then is (754 - 626)/20.00
or 6.4 feet per mile.

3. The 2-year, 24-hour rainfall, I, from figure 1 is 3.1 inches.

4. The regional factor, Rf, from figure 2 is 0.89.

5. The 2-year-flood discharge, Qg, can be determined from the Carns'
equation Q9 = 0.17 A0.79 g0.50 14.33 g, Using the discharge nomograph
(fig. 3), enter the appropriate values to get Q93 Qo is 1,350 £t3/s.

6. The depth equation for the 100-year flood is Djgg = 1.80 Q20'259.
Using the flood-depth nomograph (fig. 4) with a Qg of 1,350 £t3/s, Dygq is
11.6 feet.

7. Adjust the Dygg value from local station data. Referring to fig. 5,
one finds a USGS gaging station in the immediate viecinity: station number
05568800, Indian Creek near Wyoming. Table 5 lists data for this and other
sites. The A/Pjgo ratio is 1.07 for this site. Multiplying the 11.6 by this
ratio gives an adjusted depth of 12.4 feet. Either the adjusted or unadjusted
value could be used depending upon the desires of the user and the needs of

his study.
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8. The mean sea level elevation of the channel bottom is estimated from
figure 6 and the Kewanee 1l5-minute topographic map. Interpolating from the
topographic map gives an elevation at the site of 620.6. Entering figure 6
with a drainage area of 62.9 square miles gives anadjustment value of -1.1 or
a channel bottom elevation of 620.6 -1.1=619.5 feet; The estimated 100-year
flood elevation (adjusted) would then be 619.5 + 12.4 = 631.9 feet above mean
sea level.

Actual station data for the same site gives the channel bottom elevation
as 617.8 feet msl and a depth of 12.5 feet for the 100-year flood depth. The
100~year-flood elevation determined on the basis of station data would be
617.8 + 12.5 = 630.3 feet above mean sea level.

This example of the application of the depth frequency equations was
prepared‘entirely through office computations and produced an estimate of the
100-year flood elevation within 1.6 feet of the expected value. Note that
the estimate of the flood depth was in better agreement with actual values
than was the estimate of the channel bottom elevation. A field measurement
to determine the channel bottom elevation would, of course, greatly improve
the accuracy of the pre&iction.
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Table 2.--Values of A0:79 for use in flood-frequency equation

7] 000 001 002 003 004 005 006 007 o008 009
01 [ 0162 0175 0187 0200 0212 0223 0235 0247 0258  0.269
2| 280 201 302 313 324 334 345  .355 366 .37
37| 386 396 .07 417 426 436 446 456 466 4TS
4| 485 494 504 - 513 523 532 541 551 560 .560
5| 578 587 597 606 615 624 633 641  .650  .659
6| 668 677 685 694 703 712 720 720 737 746
7| 54 763 m 780 788 797 805 813 822  .830
8| 838 847 855 863 871  .880 888 .89  .904  .912
9| 920 928 93 .94 952 960 .98 .97 984  .992
mizy] 00 01 02 03 04 05 06 07 08 09
1 | 100 108 115 123 130 138 145 152 159 166
2 | 173 180 18 193 200 206 213 219 226 232
3 | 238 244 251 257 263 269 275 281 287 293
4 | 299 305 311 317 322 328 334 340 345 351
s | 357 362 368 373 379 384 390 395 401 406
6 | 412 417 423 428 433 439 444 449 455 460
7 | 465 470 476 481 48 491 49 502 507 512
8 | 517 522 527 532 537 542 547 552 557 562
9 | 567 572 577 582 587 592 597 602 607 612
X ‘o 1 2 3 4 5 6 7 8 9

| (mif)

10 | 617 665 712 759 804 849 894 938 981 102
20 | 107 111 15 119 123 127 131 135 139 143
30 | 147 151 155 158 162 166 170 173 177 181
50 | 184 188 192 195 199 202 206 209 213 216
50 | 220 223 227 230 234 237 240 244 247 251
60 | 254 257 261 264 267 211 274 277 280 284
70 | 287 200 203 206 300 303 306 309 3.2 316
80 | 319 322 325 328 331 334 337 341 344 347
90 {350 353 356 359 362 365 368 371 374 317

3 =

' nﬁz) 0 10 20 30 40 50 60 70 80 90
100 | 380 4L0 439 468 496 524 551 578 605 631
200 | 657 683 709 734 759 784 809 833 858 882
300 | 90.6 929 953 976 100 102 105 107 109 111
s0 | 14 16 18 120 128 125 127 120 131 133
500 | 136 138 140 142 144 146 148 150 152 155
600 | 157 159 161 163 165 167 169 171 173 175
700 | 177 179 181 183 185 187 189 191 193 195
800 | 197 198 200 202 204 206 208 210 212 214
900 | 216 218 219 221 223 225 227 220 231 233

17
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Table 3.--Values of $9°50 for use in flood-frequency equation

(ﬂfmi) 00 o1 0.2 03 04 05 06 07 08 0.9
1 1.00 105 110 114 118 L2z 126 130 134 138
2 141 145 148 152 155 158 161 164 167 170
3 173 L76 179 182 184 187 190 192 195 198
4 200 202 205 207 210 212 214 217 219 221
5 224 226 228 230 232 234 237 239 241 243
6 245 247 249 251 253 255 257 259 261 263
7 265 266 268 270 272 274 276 278 279 281
8 283 285 286 288 290 292 293 295 297 298
9 300 302 303 305 307 308 310 311 313 315
S 0 1 2 3 4 5 6 7 8 9

(ft/mi) ;

10 316 3.32 346  3.61  3.74 387 400 412 424 436
20 447 A58 469 480 490 500 510 520 529 539
30 548 557 566 574 583 592 600 608 616  6.24
40 632 640 648 656 663 671 678 686 693  7.00
50 707 714 721 728 735 742 748 755  7.62  7.68
60 775 781 787 794 800 806 812 819 825 831
70 837 843 849 B854 860 866 872 877 883  8.89
80 894 900 906 911 917 922 927 933 938  9.43
90 949 054 959 964 970 975 980 985 990  9.95
100 100 100 101 101 102 102 103 103 104  10.4
110 105 105 106 106 107 107 108 108 109 109
120 mod o™ 1 it nat 2t w2t st st s
130 1B4¢ e paE ) i g6t mie ket gt andt {ads
140 1.8 119 119 120 120 120 121 121 122 122
150 122 123 123 124 124 124 125 125 126 126
160 126 127 127 128 128 128 129 129 130 130
170 o o A 1 B, e € 0 S | e TV i £ . S | 5 G
180 134 135 3% 13t 16 136 186 | 137 137 17
190 138 138 139 139 139 140 140 140 141 141




Table 4.--Values of I4:33 for use in flood-frequency equation

i [4-33

(inches) (Q2)
2.6 62.7
2.7 73.8
2.8 86.4
2.9 101
3.0 116
3.1 134
3.2 154
33 176
3.4 200
3.5 227
3.6 256
3.7 289

14
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GAGING STATION DATA

The following table contains a summary of the gaging station data used
to develop the multiple-regression equations for depth-frequency prediction.
The parameters for each station are:

Station number - USGS water-data collection-site number.
These unique numbers become larger in a
downstream direction.

Station name USES water~data collection-site name.

1

DA - drainage area in square miles

S - slope in feet per mile

Q9 _ 2-year-flood discharge in cubic feet per
second

Dy - depth above channel bottom in feet, where

x is the recurrence interval in years
A/Py - actual versus predicted value ratio of
depth for x-year flood
* - denotes station used in initial regression

analysis but not in the final analysis
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