URBAN FLOOD ANALYSIS IN
OKLAHOMA CITY, OKLAHOMA

By Robert L. Tortorelli, Thomas L. Huntzinger,
DeRoy L. Bergman, and Alphonse L. Patneaude, Jr.

U.S. GEOLOGICAL SURVEY
OPEN-FILE REPORT 83-26

Prepared in cooperation with the
CITY OF OKLAHOMA CITY, OKLAHOMA

Oklahoma City, Oklahoma
1983



UNITED STATES DEPARTMENT OF THE INTERIOR
JAMES G. WATT, Secretary

GEOLOGICAL SURVEY
Dallas L. Peck, Director

For additional information write to: Copies of this report

) o , can be purchased from:
James H. Irwin, District Chief
U.S. Geological Survey

. Open—File Services Section
Water Resources Division o

] Western Distribution Branch
Rm. 621, Old Post Office Bidg. U.S. Geological Survey
215 Dean A. McGee Avenue Box 25425, Federal Center
Oklahoma City, Ok 73102

Lakewood, Colorado 80225

Telephone : 405-231- 4256 (Telephone: (303) 234-5888)

ITI



CONTENTS

Page
ADSEraCt . et s eeeueeeeeossoronsnsosenansosossnasseascacasssessnassassnanas 1
8 0 Y [ ol A ¢ TP 1
PUrPOSE aNd SCOPE. vt tniureeeeoseosasesosesssssssssssoasssassascnsocones 2
Method Of stUAY..viiriiiiieniiiiitnenneneenoenssnsansasosssascassassas 3
RUNOFF eStimates. e eneiiiieniinieeeninnessronasnassseacesannans 3
RALING CUNVES . et isesssnuaeoseaonosessssasssasosasasssansasncosnnnns 6
Profile development. ... siiisriiinenenssanaanasanssasssaancsanans 6
Limitations. s eeeneeieniseenetnassneassosaanssaaasoasessanssanans 7
RESUT LS et s eeenneeneteeeeeoseeanssasoteasosssessnstsassasassassassanonsas 7
References Cited..vsiiiiiinirninnnennnnnnsnnnnsnnanans Cesesessacasasaaas 89
INde X s s eisiniiieeieenenanseneacaosasssasoassssssassansassossassannnans 90
ILLUSTRATIONS
Figure 1. The relationship of the urban adjustment factor, R ¢o
the percentage of area impervious and served by storm
SOWEN s e it vnessnausassoeoaasossassaasasssssosanacaassssoasasas 5

IV



TABLES

Pace
Table 1. Page number of Table 2 and FIS Map Panel numbers for floodina
sources of Oklahoma City, Oklahoma in downstream order by
0= 33 1 T PP a
Table 2. Flood data for Oklahoma City, Oklahoma, flood sources under
existing conditions and with urban factor, R =4.1............ 15

CONVERSION FACTORS

Inch-pound units used in this report may be converted to International

System of Units (SI) by the following conversion factors:

Multiply inch-pound units By To obtain SI units
inch (in.) 2.540 centimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

square mile (mi2) 2.590 sauare kilometer

foot per mile (ft/mi) 0.189 meter per kilometer
cubic foot per second (ft3/s) 0.0283 cubic meter per second



URBAN FLOOD ANALYSIS IN OKLAHOMA CITY, OKLAHOMA
By
Robert L. Tortorelli, Thomas L. Huntzinger,

DeRoy L. Bergman, and Alphonse L. Patneaude, Jr.

ABSTRACT

Flood insurance study information from the Federal Emergency Management
Agency is utilized to estimate future flood hazard in Oklahoma City, Oklahoma.
Techniques are described for estimating future urban runoff estimates. A met-
hod of developing stream cross section rating curves is explained. Future
runoff estimates are used in conjuction with the rating curves to develop an
estimate of 50- and 100- year flood profiles that would result from future ur-

ban development.

INTRODUCTION

Rapid urban development of drainage basins in Oklahoma City, Oklahoma,
has increased the need for information on flood hazard potential in the area.
The U.S. Geological Survey, under contract by the Federal Emergency Management
Agency (FEMA), has developed flood information for 435 miles of stream channel
in the Oklahoma City metropolitan area (FEMA, 1982). Current rates of devel-
opment in the drainage basins within Oklahoma City are so rapid that analysis
based on present conditions becomes outdated in a short time. In an attempt
to keep results of flood analysis current, the existing flood insurance study
information was re-analyzed based on an estimated future development the City

considers to be reasonable.



PURPOSE AND SCOPE

The results of this study will provide the City of Oklahoma City, Okla-

homa, with flood hazard information based on analysis which assumes urban de-

velopment as planned in the future. The stream reaches included in the analy-

sis are those streams in the City of Oklahoma City, Oklahoma, Flood Insurance

Study (FEMA,1982). The North Canadian River and the Canadian River main chan-

nels are excluded. Five major drainage basins are included in the study:

Flood

North Canadian River basin,

Canadian River basin,

Deep Fork basin,

Deer Creek basin,

Hog Creek basin,

hazard information that was developed in this study include:
Stage-discharge relations for cross sections (flood plain shape)
at selected locations along the study reaches based on flood in-
surance study results,

Estimates of flood discharge based on planned development
(R =4.1) for the 1 and 2 percent probability floods (100- and
50- year recurrence intervals), and

Flood profiles based on planned development (R =4.1) for the
1 and 2 percent probability floods (100- and 50- year recurrence

intervals).



METHOD OF STUDY

The techniques of hydrology and hydraulics used in this study are sum-
marized by Huntzinger (1978). Basin characteristics were used to compute ex-
pected flood discharges for future conditions. Channel stage-discharge rela-
tions for each cross section were developed from four plotted stage-discharge
points in the Flood Insurance Study. The future flood profiles were then de-
termined by finding the elevations corresponding to the future flood discharge

at each cross section.

Runoff estimates

Flood discharges at any given point on a stream depend on the physical
and climatological characteristics of the area drained by the stream. Those
characteristics that are the most significant in determining flood discharages
in rural Oklahoma streams are drainage area, main-channel slope, and mean an-
nual precipitation. Equations developed by Thomas and Corley (1977) relate
the peak discharge of floods in rural basins havina recurrence intervals of
2-, 5-, 10-, 25-, 50-, 100-, and 500-years to these stream basin characteris-
tics.

Urban-basin peak flood discharges are normally larger than rural-basin
peak flood discharges for any given freguency. Any increases in peak dis-
charge generally depend on the amount and type of urban development in the ba-
sin.

Although urban runoff information for Oklahoma City is limited, Sauer
(1974) has developed an approach for estimating flood discharge for urban ba-

sins in Oklahoma. The technique is based upon the assumption that the urban



flood frequency curve can be estimated by interpolating between the rural
flood frequency curve (lower limiting discharges) and the flood frequency cur-
ve for a completely developed basin (upper limiting discharges). This inter-
polation for intermediate stages of development is bhased on an urban
adjustment factor, R_, defined by Leopold (1968) as the ratio of the urban
2-year peak discharge to the rural 2-year peak discharge. Fiqure 1
illustrates the relationship between the urban adjustment factor, R, and
the percentage of the basin which is impervious and area served by storm
sewers adapted from Leopold (1968) by Sauer (1974).

The rural or undeveloped flood frequency curve (R =1) can be estimated
from Thomas and Corley (1977) as noted above. The completely developed flood
frequency curve (R =7) is approximated by the rainfall intensity frequency
curve assuming 100 percent runoff. Interpolation of Qyu, the urban peak
discharge for frequency N, can be determined for the general equation (Sauer,
1974),

Oy = 7 Ry (Re-1) (7-R.) Qy
Q2 6 _—_6——65

where Qy is the peak discharge for rural conditions for frequency N; Ry is

the ratio of the 2-year, 24-hour rainfall to the N-year, 24-hour rainfall; and
the other terms are as previously defined. Sauer (1974) provides information
on the assumptions made and the equations used in developing the method.

The City of Oklahoma City has used an R_ of 4.1 as representative of
full urban development on the basins in this study. Therefore, estimated fu-
ture urban discharges used in this report were computed using an R_ of 4.1

in the above general equation for N=50 and 100 years.



S

40
LY

4

20 &\
0 |

0 20 40 60 80 100
PERCENTAGE OF AREA IMPERVIOUS(I)

PERCENTAGE OF AREA SERVED BY STORM SEWERS

Figure 1.--The relationship of the urban adjustment factor, RL, to the per-
centage of the area impervious and served by storm sewer. (Adapted

from Leopold, 1968, by Sauer, 1974).



Rating curves

A cross-section rating curve, or stage-discharge relation, is determined
by plotting the discharge against the water-surface elevation (stage) corre-
sponding to that discharge for a range of discharges. Flood discharges were
determined under present conditions (1980) for the 10-, 50-, 100-, and 500-
year floods for all stream reaches included in the Oklahoma City Flood Insur-
ance Study. Discharges were computed at points along stream channels where
significant drainage area changes took place such as at the confluence of ma-
jor tributaries. Water-surface elevations at each cross section for the four
flood discharges were computed using a step-backwater computer progam to route
the selected discharges upstream.

The four stage-discharge points for selected cross sections in the Okla-
homa City Flood Insurance Study were plotted on logarithmic plotting paper.
The plots were graphically extended as needed to cover the range of future ur-

ban discharges used in the study.

Profile development

The cross-section rating curves and estimated future urban flood dis-
charge relations may be used to define flood profiles for any urban develop-
ment plan. To define these profiles, urban discharges of each desired fre-
quency are computed for the planned urbanized basin above each cross section.
Next, the elevation corresponding to each discharge is determined from the
rating curve at each cross section. The elevations are then plotted against
cross section location along the channel to obtain flood profiles for the

planned urbanization.



Water-surface elevations for the 50- and 100-year flood discharges for
an R =4.1 at selected cross sections in Oklahoma City were determined in

this manner.

Limitations

Techniques described in this report are designed to make optimum use of
information previously generated from a flood insurance study. In using this
information for an urban study, approximations must be made where available
data do not exactly meet the user's requirements; therefore, the application
of these techniques have limitations.

Any alteration of the hydraulic characteristics of the stream channel
such as a change in shape, slope, or vegetative cover may change the shape of
the rating curves. Most streams in Oklahoma City have mild slopes that result
in a subcritical state of flow. Subcritical flows at a cross section are
downstream dependent. Therefore, channel changes at a particular point along
a stream will not affect the rating curve downstream but may cause changes in
rating curves immediately upstream; in fact, all rating curves upstream may be
changed. The techniques described in this report assume there will be no
change in the hydraulic characteristics of the stream channel with urban de-

velopment.

RESULTS

The results of this study are presented in table 2.
Table 1 is included to assist in determining the stream cross section

locations on appropriate Flood Insurance Study Map Panels and as a



cross-reference in finding the applicable flood data on Table 2.

Table 2 l1ists the flood data for both existing conditions and full urban
development in downstream basin order. First, flooding source showing the
stream cross section designation and location are given. Next, the discharge
and water-surface elevation for the 10-, 50-, 100-, and 500-year floods are
tabulated for existing conditions from the Oklahoma City Flood Insurance
Study.Then, the discharge and water-surface elevation data for the 50-, and
100-year floods for an urban factor, R_, of 4.1 is presented.

Note elevations and discharges based on existing conditions on upper
Bluff Creek and Crooked Oak Creek were computed by the Corps of Engineers in
which a 90 percent urbanization was assumed. Therefore, the flood elevations
listed under urban factor R =4.1 are sometimes lower than the existing con-
ditions from the flood insurance study because of the difference in computa-

tion methods and urbanization assumptions.
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