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ERRATA

Tables; the title for table 3 should read
"Hydrologic data for boundary ungaged sites."

Under Limitation and Reliability of Estimating
Equations, first paragraph, fourth line;
change "... ranging from 0.12 mi and 7,422 mi”
to "... ranging from 0.12 mi2 to 7,422 mi2."

Equation 7; the exponent of (A) was blurred in
printing. It should read 0.802.

Definition of E, second line; change to read,
"... National Geodetic Vertical Datum of
1929, and was computed ..."

Definition of E, seventh line; change to read,
"The characteristic used in this regression
analysis was average basin elevation index
in 1,000's of feet."
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"The contents of this report reflect the views

of the authors who are responsible for the facts
and the accuracy of the data presented herein.

The contents do not necessarily reflect the official
views or policies of the Chio Department of Trans-
portation or the Federal Highway Administration.
This report does not constitute a standard, speci~-
fication or regulation.”
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FLOODFLOW CHARACTERISTICS RELATED
TO CHANNEL GEOMETRY IN OHIO

by ®arl E. Webber and John W. Roberts

- — - ———

ABSTRACT

Techniques for estimating magnitude and frequency of flood-peak
discharges, based on channel geometry fparameters, are presented as a
method for evaluating Ohio floods in geographic areas deficient in
flow data. One hundred and sixty gaging stations were selected on
streams with alluvial channels unaltered by man. Exposed bedrock 1is
absent from the channels in the vicinity of the surveyed cross
sections. Peak stream discharges at the selected sites were related
to channel geometry paranmeters. Active <channel width is the only
statistically significant parameter, Channel geometry parameters
which were tested and found ¢to be statistically insignificant are
active channel average depth, bankfull width, and bankfull average
depth. The average standard errors of estimate for the resulting
statewide equations, with recurrence intervals of 2, 5, 10, 25, 50,
and 100 .years, range from 42 to S5 percent.

INTRODUCTIONW

Flood magnitude and frequency data fcr streams are utilized in the
design of dams, bridges, culverts and other structures. Flood data
are also needed for flood insurance studies, regulatory activities,
land zoning and design of canals and floodways.

This report, initiated in April, 1979, was funded as a cooperative
study by the Ohio Department of Transportation, the U.S. Department
of Transportation, Federal Highway Administration and the U.sS.
Geological Survey.

Four previous reports on Ohio floocd frequency, by Cross (1946),
Cross and Webber (1959), <Cross and Mayo (1969), and Webber and
Bartlett (1977), wvere the result of cooperative investigations with
the Ohio Department of Natural Pesources, Division of Water; Ohio
Department of Transportation; U0.S. Department of Transportation,
Federal Highway Administration; and the U.S. Geological Survey. These
reports provided flood frequency information at existing gaged sites
and techniques for estimating floods at ungaged sites.



Purpose_and_Scope

The purpose of this report is to present a peak-discharge
estimating technique that will evaluate the location of ¢the present
Dhio flood boundaries developed 1in the Ohio Department of Natural
Resources, Division of Water Bulletin 45 (Webber and Bartlett, 1977).
This estimating technique is independent of traditional basin
characteristics and geographic area boundaries. The flood boundaries
of most interest are those in geographic areas deficient of flow
data. Peak stream discharges were related to channel geometry
parameters by multiple regression analyses for 160 gaging stations in
Ohio. The results of the analyses, power-function equations, may be
used ¢to estimate the magnitudes and frequencies of floods in ungaged
drainage basins. These equations were not developed to replace the
recommended procedure presented in Webber and Bartlett (1977).

Previous _Work

Previous studies relating streamflows to channel geometry have
been made for states mostly west of the Mississippi River by Enmett
(1975), Hedman (1970), Osterkamn (1977), and others. Previous flood-
frequency studies in 0Ohio have related peak discharges to basin
characteristics such as drainag: area, main channel slope and average
annual precipitation. This study is the first in Ohio to relate peak
discharges to channel gecmetry.

Acknowledgments

Many individuvals and agencies have cooperated over the years to
obtain hydrologic data and support the stream gaging program in Ohio.
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Waite P. Osterkamp, U.S. Geological Survey, Reston, Virginia gave
the authors the necessary channel geometry field training to
successfully complete the collection of field measurements.

DESCRIPTION OF THE STUDY AREA

The study area is the entire state of Ohio, totaling 41,249 miZ2,
with 29,474 mi2 draining southward to the Ohio River and 11,775 mi2
draining northward to Lake &Erie. Ohio is divided diagonally, from
southwest to northeast by the 1line of glaciation which 1is the
predominate topographic feature of the state. The northwest part is
a flat, multi-glaciated lake-bed region; the southwest, central and
northeast parts are rolling, glacial-till plains, with terminal
moraines; and the southeast part is hilly and unglaciated. Land
elevations range from a low of 450 feet in Hamilton County to 1,550
feet at the highest point in Logan County.
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Channel Geometry Data

Channel geometry field data (fig. 2) obtained in the vicinity of
each gaging station were as follows:

WAC = width of active channel in feet.

DAC = average depth of active channel in feet.
WBF = width of bankfull channel in feet.

DBF = average depth of bankfull channel in feet.
BEDSC = percent of silt and clay in stream bed.
BANKSC = percent of silt and clay in stream banks.

As defined by Osterkamp and Hedman (1977, p. 256), "The active
channel is a short-term geomorphic feature subject ¢to change by
prevailing dJdischarges. The upper limit is defined by a break in the
relatively steep bank slope of the active channel to a more gently
sloping surface beyond the channel edge. The break in slope normally
coincides with the lower limit of permanent vegetation so that the two
features, individually or in combination, define ¢the active channel
reference 1level. The section beneath the reference level is that
portion of the stream entrenchment in which the channel 1is actively,
if not totally, sculptured by the normal process of water and sediment
Tischarge."

The width of active channel (WAC) can be measured if the water
level is below the upper limit of a defined active channel.

The boundaries that define the bankfull channel are ¢the abrupt
breaks in slope, farther up ¢the banks +than the active channel
boundaries, that coincide with the flood plain.

AR channel geometry cross section should be located in a straight
reach. Ideally, uniform width should be exhibited throughout the
reach for a length of five to seven times the active channel width.
Roeaches of bedrock <control, altered channel, split channel, and
apparent channel 1instability should be avoided as sites for
measurement. Photographs of all channel geometry sections were taken;
views of six typical sites are shown in fig. 3.

Percent of silt and clay in the streambed and banks was determined
by dry sieve sediment analysis. The streambed samples were composite
samples taken across the stream channels. The 1left and right bank
samples obtained at each site vwere composite samples taken up each
bank. The percent of silt and clay 1in the banks represents a
composite of the left and right banks.

ES
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REGIONALIZATION
Needs_and _Methods

Flood flow information is often desired at sites where strean
gaging stations are not located. Flood flows may be estimated at
ungaged sites by using regional analysis. One method of
regionalization 1is a multiple regression technique by which
mathematical equations that relate peak discharges to channel geometry
parameters at gaging stations are developed. Channel geometry
parameters for a qualifying ungaged site within the area may then be
used in the developed regional eguations to compute peak discharges
for selected recurrence intervals for the site.

Individual regression equations were developed in this report for
peak flows, Qr v where T represents recurrence intervals of 2, 5, 10,
25, 50, and 100 years. Feak-flow data for natural flows at gaged
sites (table 1) were used as the dependent variables. The independent
variables were the six channel geometry parameters, previously
described, WAC, DAC, WBF, DBF, BEDSC, and BANKSC. The developed flood
frequency estimating equations have the general form:

= by ybs bn
QT - Cx1 ’ X2 ,..cxn

where Q; is the peak discharge with a
recurrence interval of T-years,
X, 0Xp 900X, are channel geometry paranmeters,
biebrsecaby are regression exponents and,
le is the regression constant.

A1l six of the channel geometry parameters were used initially as
independent variables. However, only the width of active channel
(WAC) is statistically significant at the S-percent level. The
five other variables were eliminated. Equations for the 2-, 5-, 10-,
25-, 50-, and 100-year floods were developed using flood-peak data at
160 gaging stations (10 stations were reserved £for verification
analysis) in a statewide analysis, for which the average standard
error of estimate ranges from 42 to 55 percent.

The statewide nmultiple regression residuals (the difference
bea*tween the observed and computed flood flows at each station) were
plotted on a map similar to that used in figure 1. The residuals for
the 2-year recurrence interval and the 100-year recurrence 1interval
floods were plotted on separate maps. An analysis of those residuals
indicates that the statewide equations are not geographically biased.
Since no bias was found and because one of the purposes for developing
these equations 1is ¢to have a technique independent of boundary
locations, it was decided to use the statewide mnmultiple regression
egquations.

13



Elood-Freguency Estimating Eguations

The flood-frequency estimating equations based on the statewide
regression analyses are:

Standard

error of

estimate, Equation

Equation percent nupber
Aver-
t__age__-___

Q5 = 16.5 (WAC) 1°31 51 42 34 1
Qg = 32.1 (WAC) 21°2S 52 43 34 2
Q19 = 45.0 (WAC)t-22 55 45 35 3
Q,5 = 63.5 (WAC) 1°19 60 49 137 4
Qs = 78.9 (WAC) 1°1e 64 52 39 5
Q100 = 95.7 (WAC) t°16 69 55 41 6

vhere Q2, 05, 910, 025, C50, and Q00 are the peak discharges, in
ft3/s, corresponding to the 2, 5, 10, 25, 50, and 100-year recurrence
interval floods (Qr), respectively. WAC 1is the width of active
channel in feet. The Q2 and Q300 equations and supporting 160 data
points are presented graphically in figures 4 and S.

Limitation_and_PReliability of Estimating_ Egquations

The flood-frequency equations presented in this report are limited
to unregulated, rural streams in Ohio with alluvial channels unaltered
by man. The estimating equations are based on data from wvatersheds
with drainage areas ranging from 0.12 mi and 7,422 mi .

Use of the equations for drainage basins larger or smaller than
the above range could result in solutions 1less reliable than those
indicated by the standard errors of estimate.

The average standard error of estimate, which is a measure of the
distribution of the observed values around ¢the 1line of regression,
equals the average of the positive and negative departures in percent.
Two-thirds of the observations 1lie between the plus and minus
departures. The average standard errors of estimate in this study
range from 42 percent for Q, to 55 percent for Q100-

The verification of developed equations may also be determined by
comparing equation results with observed values at stations which were
excluded from the regression analysis. The differences between
observed and computed values (residual difference) 1indicate the
reliability of the developed equations. Ten stations, distributed
over the state, with lengths of record between 29 and 61 years and
drainage areas between 0.29 ®i2 and 5,131 mni2 were used for

14
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verification analysis. There were 60 verification values (10 stations
with 6 floods each) with maximum and minimum residual differences of
54 percent and 0 percent, respectively. The average residual
difference is 21 percent which compares favorably with the average
standard errror of estimate whichk ranges from 42 to 55 percent for the
six flood-frequency estimating equations. The verification results,
presented in table 2, indicate that no bias exists with regard to
drainage area size.

An additional verification of developed equations was obtained by
arbitrarily dividing the total 170-station sample into two 85-station
groups and comparing these developed regression equations with the
equations based on the tctal sample. No significant differences were
found.

APPLICATION OF REGIONAL EQUATIONS

Illustrative Examples

Techniques used to estimate peak flood magnitudes and fregquencies
are illustrated by the following two examples:

Example 1. Estimate the 50-year flood at a site having a natural
channel and a rural drainage area of €6.19 mi2 on Lisbon Creek at
Lisbon, Columbiana County, Ohio.

(a) The measured active chanrel width (WAC) of Lisbon Creek at
Lisbon was 12 feet.

(b) Equation 5 may be directly applied to estimate the 50-year
flood as follows:

78.9 (WAC)1°18
78.9 (12)1°18
1,480 ft3/s.

050

o

(c) The equation developed for geographic area 1, presented by
Webber and Bartlett (1977 , estimates the 50-year
flood as follows:

166(A) 0° 752 (S1)0°222 (S¢)~0°411
166(6.19)0° 752 (55,6)0°222 (4)0° 411
902 ft3/s.

Q50

wonu
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discharge in ft3/s for a 50-year
recurrence interval,

A = drainage area in mi2, as determined
from U.S. Geological Survey 7.5 minute
series topographic quadrangle maps and
tatulated in Ohio Department of
Natural Resources, Ohio Water Plan
Inventory Report 12a (Cross, 1967),

vwhere: Q50

S1 = main-channel slope in ft/mi and was
computed as the difference betwveen
elevations, respectively, at 10 and
85 percent of the channel distance
frcm the site to the basin divide,
divided by the channel distance
between the two points as determined
from U.S. Geological Survey
topographic maps,

St = surface-storage index in percent, is
the percentage of total drainage area
occupied by lakes, ponds, and swamps,
as determined from U.S. Geological
Survey topographic maps. The
characteristic used in regression
was surface storage index plus 1.0
percent.

Lisbon Creek at Lisbon is the site of a crest-stage gage with 29
years of record. The 50-year flood as determined by log-Pearson type
IIT flood frequency analysis of station data is 1,230 ft3/s.

Example 2. Estimate the 100-year flocod on the unregulated Licking
River at Toboso, Licking County, Ohio (drainage area = 672 mi2),.

(a) The active channel width (WAC) of the Licking River at Toboso
was 186 feet.

(b) Equation 6 may be directly applied to estimate the 100-year
flood at Toboso as follows:

95.7 (WAC)t°16
95.7 (186)1°16
41,100 ft3/s

Q100

(c) The equation developed for geographic area 2, presented by
Webber and Bartlett (1977), estimates the 100-year flood as
follows:
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$52.6(A)0°857 (S1)0° 619
52.6(672)0°857 (8,2)0°619
51,200 ft3/s.

Q100

Licking Piver at Toboso 1is the site of a discontinued stream
gaging station with U5 years of record. The 100-year flood as
determined by log-Pearson type IIT flood frequency analysis of station
data is 46,600 ft3/s,

GEQOGRAPHIC APREAS
Boundary_Check Method

Although Chio is relatively wel! covered with streamflow stationms,
a deficiency of flow data in selected geographic areas has caused the
boundaries between flood areas, as developed in Ohio Department
Natural Resources, Division of Water Bulletin 45 (Webber and Bartlett,
1977), ¢to be poorly defined in some locations. The southern-most
section of the boundary between geographic area 2 and area 3 1is one
such boundary in question (fig. €6é). This boundary location as well as
the location of other pocrly defined flood area boundaries in Ohio may
be evaluvated by using the regression equations developed in this
report. The peak discharge estimating method presented in this report
is independent of the basin characteristics method presented by Webber
and Bartlett (1977).

Active channel widths were measured at 28 qualified ungaged sites
on both sides of the southern-most section of the boundary between
area 2 and area 3 (fig. 6). The peak discharges for the 2-year and
100-year floods were calculated for each site by the appropriate
equations developed in this report, equations (N and (6) .
respectively, (table 3). Also calculated for each ungaged site were
the peak discharges for the 2-year .and 100-year floods,

representative, of area 2 and area 3, obtained from equations derived
in Webber and Bartlett (1977).

Geographic area 2 equations:

Q)

42.6 (A)o0°802 (S1)0°225 (¥A)
Q100

52.6 (A)0°8S7 (S51)0°619 (8)

Geographic area 3 equations:

Qs
Q100

7.27 (A)0°77t  (S1)0°2ee (E)-1°56 (P)0°802 9
34,7 (A)0°729 (S1)0°290 (E)-1°30 (P)0°718 (10)
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where

€ = average basin elevation index, in feet, above the
National Geodetic Vertical Datum of 1929, was computed
by averaging the elevations at the 10 and 85 percent
distance points along the channel as determined from
U.S. Geological Survey topographic maps. The
reliability of this method is discussed by Benson
(1964) . The characteristics used in this regression
analysis was average basin elevation index of 1,000's
of feet.

P = average annual precipitation, in inches,
determined from an isohyetal map, shown in fig. 7
and published by the Ohio Department of Natural
Resources (1961). The characteristic used for
regression analysis was average annual precipi-
tation minus 27 (to facilitate computations).

Percentage differences were determined for each ungaged site
between peak discharge wvalues calculated from equations (1) and (6)
and from those calcilated from the geographic area 2 and area 3
equations, O DNR®

(Qpnr) - (Quac)
percent difference = X 100

(©wac)

The percent difference valuss (table 3) indicate that the
geographic area 2 equations more nearly represent the flood-flow
characteristics of the ungaged sites that were checked. The percent
difference values also indicate that the peak discharge is
overestimated when ¢the geographic area 3 equation is applied to the
ungaged sites in geographic area 3. The actual redefinition of poorly
defined geographic area toundaries is beyond the scope of this report.
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LOCATION OF

Base from U.S.Geological Survey
Hydrologic Unit Map State of Ohio
1:500,000 1974

SCALE 1:1,000,000

£ B E{ R

EXPLANATION
—— c— Boundary between géographic area @
and geographlc area

Figure 6.-~Flood boundary study area and ungaged sites.
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in inches, 1931-1960.

Ohio,

ipitation in

Figure 7.--Average annual prec
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SUMMARY AND CONCLUSIONS

Magnitude and frequency estimating equations for flood-peak
discharge based on channel geometry parameters, are given in this
report. They may be used as a method to evaluate present 0Ohio £flood
boundaries in geographic areas deficient in flow data. One hundred
and sixty gaging stations were selected that have a minimum period of
record of 10 years with natural flow and alluvial stream channels
unaltered by man. PFxposed bedrock is absent from the channels in the
vicinity of ¢the surveyed cross sections. The watersheds are well
distributed over the state and range in area from 0.12 mi2 ¢to 7,422
mi2,

Multiple regression analyses were used to relate T-year peak
stream discharges at the selected gaged sites with channel geometry.
parameters. Active channel width is the only statistically
significant parameter. Channel geometry parameters which were tested
and found to be statistically insignificant are active channel average
depth, bankfull width, and bankfull average depth. The percentage of
silt and clay in the streambed and banks also proved ¢to be
statistically insignificant. The average standard errors of estimate
for the resulting statewide equations, with recurrence intervals of 2,
5, 10, 25, 50, and 100 years, range from 42 to 55 percent.

The southernmost section of boundary between geographic area 2 and
area 3, as delineated in Webber and Bartlett (1977), was evaluated.
Peak discharge values were determined for 28 ungaged sites, located on
both sides of the boundary, by using equations (1) and (6) and
geographic area 2 and area 3 equations. These peak discharge values
indicate that all of ¢the ungaged sites more nearly represent
geographic area 2 flood-flow characteristics. The results also
indicate that the peak discharge is overestimated when the geographic
area 3 equation is applied to ungaged sites located in geographic area
3. The actual redefinition of poorly defined geographic area
boundaries is beyond the scope of this report.

The technique developed in Webber and Bartlett (1977) is the
present recommended procedure for estimating flood magnitudes and
frequencies. The standard errors of estimate for the geographic area
equations (Webber and Bartlett, 1977) are smaller than those of the
statevide equations developed in this report.

These statewide equations are advantageous when a flood estimate
is needed which is indegendent of geographic area boundaries and
traditional basin characteristics.
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