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DETERMINATION OF RUNOFF FOR URBAN STORM WATER
DRAINAGE SYSTEM DESIGN

by Kurt W. Bauer, Executive Director, SEWRPC

INTRODUCTION

Urban storm water drainage systems are among the most expensive of public works,
requiring large public expenditures for continuing operation and maintenance, as well
as for initial construction. Urban storm water drainage systems, moreover, directly
affect the public health, safety, and welfare. Improperly designed storm water drain-
age facilities may not only result in great economic loss, due to the possible damage
of both public and private property through flooding, but may result in grave hazard
to human health and safety. The design of these systems, therefore, warrants the
most careful attention of the municipal engineer.

One of the more difficult problems encountered by the municipal engineer in the de-
sign of urban storm water drainage systems is the determination of storm water run-
off; that is, determination of the quantity of water, or "hydraulic loading," which
must be carried by the drainage system. The amount of storm water runoff, although
a critical factor in the successful design of the drainage system, is not susceptible to
precise determination and, therefore, calls for the exercise of great judgment on the
part of the design engineer. Various methods of calculating storm water runoff have
been devised. Application of the various methods, however, may lead to quite dif-
ferent values for the amount of water to be carried by the drainage system under de-
sign. Application of only one method of calculation may even produce quite different
results because of the varying design criteria possible.

Wherever storm water drainage problems transcend municipal boundary lines and
more than one agency of government becomes involved, the methods and criteria to
be used in storm water drainage system design must be agreed upon by all parties
concerned. Only if such agreement is achieved, and common design methods and cri-
teria are used, can system and facility plans be evolved which are amenable to co-
Operative adoption and joint implementation. The adoption of common design methods
and criteria for storm water drainage system design becomes particularly important
in the preparation of comprehensive watershed plans wherein the storm water drain-
age proposals of a considerable number of local units of government must be related
to the receiving major drainage ways and stream channels on a common, areawide
basis. A study of design criteria for urban storm water drainage systems was, there-
fore, incorporated in the first comprehensive watershed planning program undertaken
by the SEWRPC.' While this study was prepared as a part of the Root River water-

' The first comprehensive watershed planning program undertaken by the SEWRPC is for the

Root River basin. This study is the joint effort of the SEWRPC staff and Harza Engineering
Company, Chicago, Illinois. Harza is responsible to the Commission for the performance of all
of the hydrologic and hydraulic investigations necessary to the preparation of the comprehen-
sive watershed plan for this basin, including basinwide propoesals for land and water use, as

well as specific proposals for necessary water control facilities.



shed planning program, it is believed that its findings with respect to urban storm
water drainage system design criteria will be of interest and use to all municipal en-
gineers within the Region.

THE RATIONAL METHOD

One of the more common design methods used in the calculation of storm' water run-
off is known as the rational method. First introduced in the United States in 1889, the
method is presently used by most governmental agencies within the Region to calcu-
late the rate of storm water runoff for storm sewer design. The formula used in the
rational method recognizes that a direct relationship exists between rainfall and run-
off and is expressed as:

Q = CiA
Where: Q is the maximum rate of storm water runoff, expressed in cfs;

C is a dimensionless coefficient of runoff representing the ratio
between the maximum rate of runoff from the area under con-
sideration and the average rate of rainfall on the area during
the time of concentration;

i is the average rainfall intensity expressed in inches per hour
during the time of concentration; and

A is the drainage area, expressed in acres, tributary to the
point in the drainage system under consideration.

The rainfall intensity, i, is taken as the highest average intensity which can be ex-
pected to occur for a specified time of duration on the average of once during a
‘selected recurrence interval.? The time of duration is ordinarily selected as equal
to the time of concentration which is defined as the time required for runoff to flow
from the remotest part of the tributary drainage area to the point in the drainage sys-
tem under consideration.

The rational method has certain inherent limitations; and, generally, its applica-
tion tends to result in "over design." Partially because of these limitations, inten-
sive research is presently being devoted, both in the United States and in the United
Kingdom, to the entire subject of urban storm water runoff; and it is probable that
improved storm water drainage design methods will ultimately result from this re-
search. As yet, however, no practical design methods have either been evolved
from the research underway or brought to a level of general acceptance by practicing
design engineers. For this reason it is recommended that the rational method con-
tinue to be used for the determination of storm water runoff for urban storm water
drainage design within the Region in the immediate future. The rational method,
properly understood and applied, can produce satisfactory results for urban storm

The recurrence interval, T, is defined as the average interval ol time within which the

magnitude, y, of an event will be equaled or exceeded once.



sewer design. It should be stressed, however, that good design practice limits its
application to small drainage areas not exceeding five square miles in areal extent.
Development of data for application of more accurate hydrograph methods, as in the
Root River watershed planning effort, is usually warranted when considering larger
drainage areas.

Determination of Parameters

1. Area
The tributary drainage area is the only element of the rational formula subject to
precise determination and may be most efficiently delineated and measured on a
good topographic map of the area to be served. It is important to note, however,
that the delineation of the tributary drainage area for urban storm sewer design
requires not only careful consideration of the natural topography but of existing
and proposed street grades as well, since these may significantly alter the natural
topography and drainage pattern. The best practice, therefore, dictates that trib-
utary drainage areas be delineated on the basis of a master land subdivision plan
encompassing the entire drainage area involved and showing all existing and pro-
posed streets, established and proposed street grades, and existing hypsometry
by contours.

Where a permanent 'rural" street cross section, utilizing road ditches to facili-
tate drainage, as opposed to the standard urban street cross section, utilizing curb
and gutter together with storm sewers for drainage, is proposed, it is particularly
important that the street grades and drainage system be established and designed
within the context of such an areawide subdivision and street grade study. Con-
sideration of existing and proposed street grades becomes far more critical in
areas to be developed with a permanent rural street cross section because the
economical use of such a section generally dictates that, to the maximum extent
possible, storm water be carried in, and disposed of, by means of surface drain-
age channels,

Topographic maps for the necessary areawide grade and drainage studies, min-
imally, should have a scale of not less than 200 feet to the inch with a vertical
contour interval of 5 feet and, desirably, a scale of not less than 100 feet to the
inch with a vertical contour interval of 2 feet. Topographic maps prepared in
accordance with SEWRPC Planning Guide No. 2, Official Mapping Guide, and based
upon the monumented survey control system outlined in that guide provide ideal
base maps for the necessary subdivision, street grade, and drainage studies (see
map 1, page 15).

The total drainage area under consideration must be subdivided into component
parts tributary to each point of inlet to the proposed drainage system. This re-
quires a delineation of the geographic location and arrangement of the proposed
sewers or drainage ways and their inlet points in relation to the existing and pro-
posed street system.

Three additional items of information must also be obtained about the tributary
drainage area and its component parts: 1) land use, both present and probable fu-

3



2.

ture; 2) hydrologic characteristics of the soils; and 3) the general degree of slope
of the terrain. The first of these items affects both the degree of protection to be

provided by the proposed drainage system and the amount of runoff to be carried.

The last two of these characteristics affect the amount of runoff.

Rainfall

Any determination of rainfall intensity
for urban storm drainage system de-
sign involves determination of three fac-
tors: 1) average frequency of recur-
rence, 2) intensity-duration character-
istics of the rainfall, and 3) time of
concentration,

The average frequency of recurrence
used in the design determines the de-
gree of the protection afforded by the
drainage system. Its proper selec-
tion requires knowledge of probable
future as well as of existing land use
in the area to be served so that possi-
ble flood damages can be considered
in relation to system construction and
maintenance costs. Economy is always
a consideration in design. Both over-
design and underdesign involve exces-
sive costs over a long period of time,
and one of the design objectives should
be to achieve the lowest annual cost.
In the selection of the recurrence in-
terval to be used, it should be recog-
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nized that the cost of storm sewers is not directly proportional to the design

frequency.

It should also be recognized that an average frequency of recurrence does not im-
ply recurrence at even approximately uniform or constant intervals. Rather, an
average frequency of recurrence implies that the given rainfall will probably occur
a given number of times over a long period of years, always with the possibility,

Table |

THEORETICAL DISTRIBUTION OF RETURN PERIOD FOR CALCULATION OF RISK

OF DESIGN RECURRENCE

INTERVAL BEING EQUALED OR EXCEEDED

Average
Recurrence
Interval

Probability That Interval Between Events Will Not Be Exceeded in Period of N Years

1% 5% 10% 25%

50% 75% 90% 957% 99%

100 years

50
25
10
5
2

INTERVAL IN YEARS

RECURRENCE

DESIGN

457.00 years
228.00
113.00
43.70
20.60

6. 64

298.00 years
148.00
73.40
28.40
13.40
4.32

229.00 years
I14.00
56.30
21.80
10.30
3.32

138.00 years
68. 60

33.90

13.20

6.21

2.00

68.90 years
34.30

16.90

6.58

3.1

1.00

.60 years
.20
.04
L7
.90
.42

10.50 years
5.22
2.58
I .00
4.68

0.15

5.10 years
2.54
1.25
0.49
0.23
0.07

1.00 years
0.50
0.25
0.10
0.04
0.02
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however, of two or more of the given rainfall events occurring within a single
year. It should also be noted that the recurrence interval is equal to the reciprocal
of the probability of occurrence in any one year. For example, a rainfall of such
an intensity that it occurred on an average of once in 100 years would have a re-
currence interval of 100 years and a probability or risk of happening in any year
of 1 percent or 1 chance in 100. The theoretical distribution of possible actual re-
turn periods is illustrated in Table 1 and in Figure 1, which may be used to cal-
culate the risk of a given recurrence interval being equaled or exceeded over a
given period of years.

From this table it can be seen that over a long period of time 25 percent of the
intervals between events equal to, or greater than, the 100-year event would have
a span equal to, or less than, 29 years, while an equal number would have a span
equal to. or in excess of, 138 years. From this table it is also evident that to
achieve a 75 percent assurance that the design rainfall will not be equaled or
exceeded within the next 29 vears, a 100-year recurrence interval rain must be
used. The rainfall, however, has an equal risk of occurring in any year or in
successive years.

Rainfall intensity-duration-frequency curves for use with the rational method
within the Region have been prepared by the SEWRPC from U. S. Weather Bureau
data. These curves are shown in Figure 2. ILach curve represents the highest
average rainfall intensity. expressed in inches per hour, which may be expected
to occur during a given duration on the average of once during a given recurrence
interval. These curves represent point rainfall and should not be applied to areas
larger than 10 square miles in extent. The curves are based on the 48-year rain-
fall intensity record of the first order weather station maintained at Milwaukee by
the U. S. Weather Bureau. This record constitutes the longest intensity record
available within the Region.

The curves shown in Figure 2 are based Table 2
upon an annual-series analysis which ADJUSTMENT FACTORS FOR CONVERSION
considers only the maximum rainfall of OF ANNUAL SERIES DATA TO PARTIAL-

each year and ignores other rainfalls of DURATION SERIES DATA

lesser intensity during the year. Some ecimrence lnte il

of these lesser rainfalls in one year (Years) Adjustment Factor
may exceed the maximum rainfalls of 2 113
other years. A partial-duration series 5 1,04
analysis which considers all of the "ex- 10 1.01
cessive'' or very intense rainfalls re- 25 or more 1.00

gardless of the number occurring within

a particular year may be applied to

overcome this limitation, but the differences between the two series are negli-
gible for design purposes when considering recurrence intervals of greater than
10 years. For recurrence intervals of 10 years or less, the partial-duration
series analysis is probably more appropriate. To adjust data derived from the
curves based on the annual series, as presented in Figure 2. to a partial-duration



series basis, the values derived from the curves should be multiplied by the fac-
tors set forth in Table 2.

Climatological characteristics relating to intense rainfall indicate that the curves
presented should be applicable throughout the Region. Comparison of rainfall
intensity -duration-frequency curves for the Milwaukee, Madison, and Chicago
Weather Stations reveal negligible differences in point rainfall, as shown in
Table 3. Since the Milwaukee Station is reasonably well centered within the Region
with respect to latitude, and since differences between the Milwaukee and Madison
Station records, which represent different longitudes, appear negligible, it appears
reasonable to conclude that the Milwaukee data are the best available representa-
tion of the Region. U. S. Weather Bureau isohyetal maps indicate a general iso-
hyetal pattern having lines running in a generally northwesterly-southeasterly di-
rection through the Region with higher rainfalls to the southwest, Therefore, the
potential rainfall in Walworth County might be considered to be slightly higher than
that of Ozaukee County. The amount and variation is extremely small, however,
and would not appear to warrant the application of individual county criteria,

Table 3

COMPARISON OF CHICAGO, MILWAUKEE, AND MADISON U. S. WEATHER
BUREAU RAINFALL INTENSITY-DURATION-FREQUENCY DATA

Recurrence Cit Time
Interval ey 5 min. | 15 min. | 30 min. | I hour | 3 hours | 12 hours | 2¢ hours

Chicago 9.6 6.6 4.6 3.0 .4 0.42 0.22
100-year Milwaukee 9.0 6.0 4.2 2.8 .2 0.40 0.23
Madison 8.2 6.1 4.4 3.0 |4 0.486 0.25
Chicago 8.9 6.0 4.2 2.7 1.3 0.37 0.20
50-year Milwaukee 8.2 5.5 3 2.3 1. 0.36 0.22
Mad ison 7.5 5.5 4.0 2.7 ba2 0.41 0.22
Chicago 8.0 5.3 3.7 2.4 | 0.34 0.18
25-year Milwaukee 7.5 4.8 3.3 2.1 0.92 0.33 0.20
Madison 6.8 5.0 2.7 2.4 0.98 0.37 0.21
Chicago 7.0 4.6 3.2 2.1 0.92 0.28 0.16
|0-year Milwaukee 6.4 4.2 2.8 1.9 0.80 0.27 0.186
Madison 6.0 4.3 3.0 2.0 0.91 0.30 0.17
Chicago 6.0 4.0 2.7 1.7 0.78 0.25 0.13
b-year Milwaukee 5.6 3.6 2.4 .5 0.65 0.23 0.i3
Mad ison B:3 3.7 2.6 | B 0.76 0.25 0.15
Chicago 4.6 3.1 2.1 ol 0.58 0.18 0.10
2-year Milwaukee 4.2 2.7 .8 l:s2 0.45 0.17 0.10
Madison 4.2 2.8 .8 [ 0.51 0.18 0.11

If consideration of an area larger than 10 square miles is necessary, the rainfall
intensities derived from Figure 2 may be reduced through application of the area
reduction curves shown in Figure 3. The average depth of rainfall of a given fre-
quency and duration over a large area may be obtained by multiplying the corres-
ponding point rainfall of that frequency and duration by the percentage indicated
for the area and duration in Figure 3.



~ ® o
o} (=] Q

PERCENT OF POINT RAINFALL FOR GIVEN AREA

o
Q

50

o]

Figure 3
RAIN FALL DEPTH - AREA RELATIONS

2 DAY

| DAY

6 HOUR

3 _HOUR

i HOUR

MI;\,U Thgl

80

TO

60

- = L5 5 1 5 i ke A | - & 1 50
50 100 150 200 250 300 350 400

AREA IN SQUARE MILES

SOURCE: U.S. Weather Bureau Technical Paper No. 40 B 49

The curves presented in Figure 2 represent annual maximum rainfall events.
Within the Region, the probability of a very intense rainfall event occurring is
greater, however, in the summer months than in the remainder of the year. Vari-
ations of rainfall probability with season are, therefore, shown in Figure 4 for
selected recurrence intervals. These seasonal curves are presented to permit the
design engineer to better analyze the flood risks associated with a given recurrence
interval and are not intended to be used to reduce rainfall intensity data derived
from Figure 2 for seasonal variations. When applying the seasonal curves, the
recurrence interval for a given rainfall depth during a particular month may be
interpolated between the curves. For example, a one-hour rain of 1.5 inches may
be expected to occur in September on the average of once in about 18 years, while
the same rainfall may be expected to occur in July on the average of once in every
10 years. It should be noted that the variation in other factors which affect storm
water runoff, such as temperature, frost, and snowmelt, follows different seasonal
patterns from rainfall.

The series of rainfall curves presented herein will permit the municipal engineer
to readily vary the design frequency or recurrence interval. In this respect less
frequent, more intense rainfall may be used for the design of those parts of the
system not economically susceptible to future relief or for the design of special
water control facilities, such as highway underpass drainage pumping stations,
where actual runoff exceeding the design capacity of the facilities could seriously

PERCENT OF POINT RAINFALL FOR GIVEN AREA
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disrupt the operation of an important facility or endanger human health and safety.
Similarly, more frequent, less intense rainfall may be used for the design of those
parts of the system serving areas not highly susceptible to flood damage or pre-
senting little hazard to human health and safety in order to provide a system com-
mensurate with available funds.

. Time of Concentration

One of the basic assumptions underlying the rational method is that runoff is a
function of the average rainfall rate during the time required for water to flow
from the remotest part of the drainage area under consideration to the point under
design. In the application of the method, this time of concentration must be esti-
mated in order that the average rainfall rate of a corresponding duration can be
determined from the rainfall intensity-duration-frequency curves.

For urban storm sewers, this time of concentration consists of an inlet time, or
time required for runoff to flow over the surface to the nearest inlet, and time of
flow in the sewer from the uppermost inlet to the point under consideration. The
latter time can be closely estimated from the hydraulic properties of the sewer.
Inlet time, on the other hand, will vary with surface slope, depression storage,
surface cover, antecedent rainfall, and infiltration capacity of the soil, as well as
distance of surface flow. In general, the higher the rainfall intensity, the shorter
the inlet time. Common practice varies the inlet time from 5 to 30 minutes. It
should be noted that the time of concentration has no relationship to the time of
beginning of rainfall, being related rather to the position of the peak rainfall inten-
sity. When dealing with pipe systems, the time of concentration may be readily
Figure Y
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10

calculated from the inlet time plus time of flow in each successive pipe run. The
latter value is calculated from the velocity of flow as given by the Manning For-
mula for hydraulic conditions prevailing in the pipes. ‘

Coefficient of Runoff

The coefficient of runoff (C factor) is the variable of the rational method judged
least susceptible to precise determination. Its use in the formula implies a fixed
ratio for any given drainage area; whereas, in reality its value may vary greatly
with seasonal conditions. The coefficient is intended to represent losses between
rainfall and runoff due to retention in surface depressions, interception by vege-
tation, infiltration into the soil, and evaporation and transpiration.

As a part of the Root River watershed planning program, a series of weighted
runoff factors related to varying conditions of slope, soil permeability, and land
use were prepared for use within the Region. While engineering judgment will
always be required in the selection of C values for particular design problems,
the values developed in the study and presented herein should not only promote
the application of more uniform design criteria throughout the Region but should
assist municipal engineers within the Region in applying newly available soil infor-
mation to the selection of C values.

The approach used to develop the recommended C values differs from older ap-
proaches primarily in the emphasis placed upon soils. Because of the prevalence
within the Region of low-density residential development having a relatively high
proportion of pervious area, the infiltration characteristics of the soils are be-
lieved to be a most significant consideration in the selection of composite C values.
The SEWRPC has completed, in cooperation with the Soil Conservation Service,
U. S. Department of Agriculture, a detailed operational soil survey of the entire
seven-county Region. In this soil survey, the various soils of the Region have been
mapped in great detail and the physical, chemical, and hiological properties of
the soils identified and interpreted for planning and engineering purposes. As a
part of the soil property interpretations, all of the soils within the Region have
been classified into four hydrologic groups, A, B, C, and D, for use in conjunc-
tion with the rational method of storm water runoff determination. The A soils
group exhibits the highest, and the D soils group the lowest infiltration capacity.
Recommended C values corresponding to the four soil groups are shown in Table 7
for varying slope ranges. The soil infiltration capacities as represented by the
recommended C values assume 'normal" soil moisture conditions and do not con-
sider the possible effects of abnormally high or low antecedent rainfall conditions.
Detailed soil maps and interpretive tables linking the mapped soil units to the hy-
drologic grouping are available from the SEWRPC.

The detailed soil maps available from the SEWRPC also provide information on the
general range of ground slope which, together with the four hydrologic soil types,
provide one entrance to the matrix of recommended C values set forth in Table 8.
The second entrance to the matrix is by land use. The land use categories utilized
are those adopted for the regional land use plan presently under preparation by the
SEWRPC and are generally consistent with, or readily adaptable to, local land use



plans in existence within the Region. Three residential density classifications are
provided having net and gross density value ranges as shown in Table 4,

Table 4
RECOMMENDED RESIDENTIAL DENSITY CLASSIFICATIONS
Residential Net Lot Area No. of Dwelling No. of Persons No. of Persons
Density Per Dwelling Units Per Net? Per Net 7 Per Gross b
Classification Unit Residential Acre Residential Acre Square Mile
20,000 sq. ft. 0.2 - 2.2 0.5 - 7.2 350 - 3,499
Low
and over
Hiesd i 6,000 - 19,999 2.3 - 6.9 7.3 - 22.8 3,500 - 9,999
sq. ft.
. Under 6,000 7.0 - 17.9 22.9 - 59.2 10,000 - 25,00C
High sq. ft.

# A net residential acre includes only land actually devoted to residential use,; that is, land
within the ‘site’ boundaries including the building ground area coverage together with the

necessary ‘on-site' yards and open spaces.

b 4 gross residential square mile includes the net area devoted to residential use plus the
supporting land uses, such as streets, parks, schools, churches, and neighborhoad shopping

centers.

The approximate percentages of impervious and pervious areas recommended to
be used in the determination of C values for each land use category are set forth

in Table 5.
Table 5
APPROX IMATE PERCENTAGES OF IMPERVIOUS AND PERVIOUS
AREAS FOR VARIOUS SELECTED LAND USE CATEGORIES
Land Use Percent Impervious Percent Pervious
Industrial 90 10
Commercial 95 5
High Density Residential 60 4o
Medium Density Residential 30 70
Low Density Residential 15 85
Agricultural 5 95
Open Space 2 98
Freeways and Expressways 70 30

Recommended C values for various types of impervious surfaces are set forth in
Table 6. Recommended C values for lawns and other unpaved and pervious areas
are set forth in Table 7, by hydrologic soil group and slope range.

The C values recommended in Table 7 are presented as ranges because retention
capacity expressed as a proportion of rainfall will vary with the total volume of
rainfall. Retention by a given surface will form a higher proportion of a low -inten-
sity rainfall than of a high; therefore, the lower C values in each range should be

11




Table 6

RECOMMENDED COEFFICIENT OF RUNOFF
VALUES FOR VARIOUS SELECTED
IMPERVIOUS SURFACES

used in conjunction with the relatively
lower rainfall intensities associated with
2- to 10-year design recurrence inter-
vals. The higher values in each range

should be used with the higher rainfall Surface Runoff Coefficient
intensities associated with longer 25- t0 [gi eots:

100-year design recurrence intervals, Asphaltic. 0.07 - 0.95
Higher C values should also be used for Concrete . . . 0.80 - 0.95
very large drainage basins having long |Drives and Walks. . . 0.75-0.85
times of concentration and, therefore, |Roofs . 0.75-0.95

longer design rainfall durations.

Recommended weighted values of the coefficient of runoff, C, for composite land
use, slope, and soil conditions are presented in Table 8. The percentage of im-
pervious area used to calculate the weighted values for each representative major
land use are based on representative present land use conditions as set forth in
Table 5. Coefficients of runoff for the impervious portions are based on averaged

Table 7

RECOMMENDED COEFFICIENT OF RUNOFF VALUES FOR PERVIOUS
SURFACES BY SELECTED HYDROLOGIC SOIL GROUPINGS AND SLOPE RANGES

Runoff Coefficient
Slope A Soils B Soils C Soils D Soils
Flat 0-2% 0.04 -0.09 0.07-0.12 0.11-0.16 0.15-0.20
Average 2 -6% 0.09-0.1U 0.12-0.17 0.16-0.21 0.20-0.25
Steep Over 6% 0.13-0.18 0.18 -0.24 0.23 -0.31 0.28-0.38

values presented in Table 6 and for pervious areas in Table 7. The values in
Table 8 are presented as ranges in order to allow the design engineer to exercise
judgment in consideration of the effect of variation in the duration and intensity of
the design rainfall, As already noted, the lower C values in each range should be
used with the relatively low intensities associated with shorter design recurrence
intervals, while the high values should be used for the relatively heavier rainfall
intensities associated with longer design occurrence intervals. Similarly, the
higher C value should be used for very large drainage basins having long times of
concentration and, therefore, longer design rainfall durations. Coefficient of run-
off curves based upon the approximate midpoints of the values presented in Table 8
are shown in Figures 5 through 8 for each hydrologic soil group.

APPLICATION OF RATIONAL METHOD
From the foregoing presentation, it is apparent that application of the rational method
to a design problem requires determination of the following basic data:

1. Drainage area tributary to point under design.

2. Existing and probable future land use in the drainage area.



3. Soil and slope characteristics of the drainage area.
4. Rainfall intensity-duration-frequency data for the locality.

Time of concentration,

(W7]

6. Tentative arrangement of the proposed drainage system and location of inlets
to permit division of the whole drainage area into the component parts tributary
to each section of the system.

In order to illustrate the application of the method with the design criteria recom-
mended herein, the following example is provided:

It is desired to prepare a general storm sewer system plan for a presently unde-
veloped portion of a rapidly urbanizing community. The basic data inputs available
include:

1. Topographic map prepared to National Map Accuracy Standards having a hori-
zontal scale of 1" = 100" and a vertical contour interval of 2 feet (see Map 1).

2. Official Map setting forth existing and proposed street layout and land subdivi-
sion based upon existing and proposed land use (see Map 2).

3. Detailed soils map (see Figure 9).

4. The storm sewer design criteria presented herein.

Table 8
WEIGHTED RUNOFF COEFFICIENTS FOR USE IN THE RATIONAL FORMULA

Hydrologic Soil Group A B C D

Slope Range 0-2% | 2-6% | 6%+| 0-2% | 2-6%| 6%+| 0-2%| 2-6%| 6%+ | 0-29 2-6%| 6%+
LAND USE

Industrial 0.67(0.68) 0.68) 0.68| 0.68| 0.69| 0.68| 0.69| 0.69| 0.69| 0.69| 0.70
0.85( 0.85( 0.86] 0.85]| 0.86| 0.86] 0.86| 0.86| 0.87| 0.86| 0.86| 0.88
Commercial 0.71]10.71]0.72] 0.71 | 0.72] 0.72] 0.72] 0.72] 0.72 | 0.72| 0.72| 0.72
0.88|0.89| 0.89| 0.89| 0.89| 0.89 0.89( 0.89| 0.90| 0.89| 0.89] 0.90
High Density 0.47] 0.49| 0.50 | 0.48 | 0.50| 0.52| 0.49] 0.51 | 0.54 | 0.51| 0.53| 0.56
Residential 0.58 | 0.60| 0.6/ [ 0.59 | 0.61 | 0.64] 0.60| 0.62| 0.66| 0.62| 0.64| 0.69
Medium Density 0.25]0.28| 0.310.27|0.30| 0.35] 0.30| 0.33| 0.380.33| 0.36 0.42
Residential 0.33] 0.37| 0.40 | 0.35) 0.39] 0.44 ] 0.38| 0.u2| 0.u9 | 0.u1| 0.45| 0.54
Low Density 0.1410.19(0.22)0.17|0.21|0.26|0.20| 0.25]| 0.31 | 0.24| 0.28| 0.35
Residential 0.22)0.26| 0.29]|0.24 | 0.28| 0.3y 0.28 | 0.32] 0.40/0.31] 0.35]| 0.u6
Agricultural 0.08|0.13[0.16]0.11[0.15]0.21|0.14|0.19]0.26]0.18] 0.23/ 0.31
O0.14(0.18(0.2210.16|0.21(0.28]0.20]0.25|0.34]0.24| 0.29| 0.u1
Open Space 0.05|0.10(0.14]0.08]|0.13|0.19|0.12| 0.17|0.24]0.16|0.21| 0.28
0.11]0.16{0.20]0.14]0.19|0.26]0.18]| 0.23]0.32]0.22|0.27/0.39
Freeways and 0.57 1 0.59| 0.60 | 0.58 | 0.60) 0.61 | 0.59| 0.61 | 0.63 ]| 0.60| 0.62 | 0.64
Expressways 0.701 0.710.72]|0.71 | 0.72] 0.7¢| 0.72| 0.73 | 0.76 | 0.73]| 0.75| 0.78




Figure 5 Figure 6
COEFFICIENT OF RUNOFF CURVES COEFFICIENT OF RUNOFF CURVES
FOR AYDROLOGIC SOIL GROUP "A" FOR HYDROLOGIC SOIL GROUP "B"
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Utilizing this information, proposed established street grades are developed, the
total tributary drainage area to be considered is delineated, a proposed storm sewer
system is delineated in relation to the existing and proposed street system, and the
total tributary drainage area divided into component parts tributary to each point of
inlet to the proposed storm sewer system, as shown in Figure 10.

Figure 7 Figure 8
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Utilizing the detailed soils map, interpretative maps based upon the hydrologic soil
groups (see Figure 11)and upon slopes (see Figure 12)are also prepared. The inter-
pretative maps indicate that virtually all of the soils within the tributary drainage
area fall into hydrologic group C with slopes ranging from 2 to 6 percent. Utilizing
the hydrologic soil and slope interpretations, representative C values are selected
from Table 8 for the proposed land uses; that is, medium density residential: C equals
0.33; commercial: C equals 0.72.

The design recurrence interval selected is 10 years, and the initial inlet time selected
is 15 minutes. The design computations are then carried out as shown in Table 9,
utilizing the rainfall intensity-duration-frequency curve presented in Figure 2 to de-

termine i, measuring A directly on the design map, and calculating pipe capacity and
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Map 2
OFFICIAL MAP

i
o . R ] Sy o e
| = 1 Cas i g e B i
| | : * & PAOPOID
P b iy
‘ = )
I B B H] ] T

pusLic use

OFFICIAL MAP

OF THE

SWI|/4 OF SECTION &

ol TOWN 5 NORTH, RANGE 22 EAST

CITY OF OAK CREEK
MILWAUKEE COUNTY, WISCONSIN

P

STREET

T GAR EREER
PuaANIND OEPARTMNT

OFFICIAL  MAP.

SW QUARTER OF SECTION &, TON,R2ZE

flow parameters utilizing the Manning Formula with n equal to 0.013. The resulting
pipe sizes, grades, and elevations are noted in Figure 10.
Figure 9
DETAILED SOILS MAP

LEGEND

299 SOIL TYPE
6 PERCENT OF SLOPE

2 AMOUNT OF EROSION

CONCLUSION

The design criteria presented herein should
be of interest and use to all municipal en-
gineers within the Region engaged in the
planning and design of urban drainage sys-
tems. These criteria are believed to rep-
resent the best present engineering prac-
tice and should serve to assist the design
engineer inthe difficult task of determining
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Figure 10
GENERAL STORM SEWER SYSTEM PLAN
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GENERAL STORM SEWER SYSTEM PLAN

FOR A PART OF

S.W. 174 SECTION 6, TOWN 5 NORTH, RANGE 22 EAST
CITY OF OAK CREEK, MILWAUKEE COUNTY
WISCONSIN

DRAWN BY' D.R.B. 25 AUGUST 1965
CHECKED BY: K.W.B.
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storm water runoff and in applying newly available soil information to such determin-
ation. Finally, the application of these criteria by municipal engineers will serve to
promote common storm sewer design methods and criteria within the Region and
thereby better permit local storm water drainage proposals to be related to receiving
drainage ways and stream channels on a common areawide basis.
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Figure 11
INTERPRETIVE SOILS MAP
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THIS IS SOUTHEASTERN WISCONSIN

Important vital statistics on the Region and
percent of totals for the State of Wisconsin.

Land and Water Area (sq. mi.)e .« ... .. .. S O S e 2,688......5%
Pomiation (F960) e s it S RO B S e 15703,620 0 2 40%
Resident Employment (1960} « o =« . . . . . o SRl e 612,728, . . 429,
Resident Unemployment (1960). . . . - . R R o e 24074, ... 41%
Resident Labor Force (1960). . ... . TSI e F e i e <006, BOTGV T 42%
Resident Man'f. Employment (1960). « ¢ « ¢« o v v . .. ol e e 2007 Z92ESCE N RA0D
Resident Non-Man'f. Employment (1960). « ¢ o o oo .. .. .4 0359,431..... 37%

Disposable Personal Income (1960). . . . . ....... $3,572,000,000. . . .. 469,

Retail Establishments (1958). « « « v v v v neensnnsas 15,780..... 33%

Retail Salesiil060).lc v caivivn e s s ee oo 32,045,000, 000, . .. 429
Property Value (1960). . o o o o v v . .. eseaeaaea. $8,726,000,000.....46%
Total Shared Tax (1960). + « ¢ « o o v ... A ot b $62,777,000. - . . . 549

TotaJStatEAids(IQGO).......................$35,474,090....-26%
Total Property TaXx LeVy. . e eeoeeaevoeane.. . $239,380,000. .. .. 509
Total Long Term PublicDebt. e oo e o vv ... «+ss.0 $378,592,000. . ... 55%
Total Highway (miles) (1960) ¢ o coevevceon.. S e 8,740.45. ... 8,9%

Value of Mineral & Non-Metal Production (1961). . . . . .$15,494,487. . . 20. 08%

Total Vehicle Registration (1962-1963). . « - . . . eeseos..633,540....36.8%
Auto Vehicle Registration (1962-1963). . . . . . . . b afailguloliy 551,188.....40%
Truck Registration (1962-1963). « o v v v . .. .. siaia e matiud.n BRLOB0L El T an0n

State Parks & Forest Areas (acres) (1963)e + . . . . eeees.12,546....3,02%
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