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CONVERSION FACTORS

For those readers interested in metric units, the inch-pound units

used in this report can be converted to the
(SI) using the following factors:

Multiply inch-pound unit By
inch 25.4
foot 0.3048
mile 1.609
acre 4,047
cubic foot per second 28.32
(££3/s)
foot per second 0.3048

International System of Units

To obtain SI unit

millimeter
meter
kilometer
square meter

liter per second

meter per second

Sea level: 1In this report '"sea level" ref
Vertical Datum of 1929 (NGVD of 1929)--a ¢

ers to the National Géodetic
eodetic datum derived from a

general adjustment of the first-order level nets of both the United States

and Canada, formerly called '"Mean Sea Level
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of 1929."




FLOODFLOW CHARACTERISTICS AT PROPOSED BRIDGE SITE FOR STATE HIGHWAY 99,

KANSAS RIVER AT WAMEGO, KANSAS

By Kyle D. Medina

ABSTRACT

The Kansas Department of Transportation has proposed replacing a bridge
over the Kansas River on State Highway 99, at Wamego, Kansas. This report
evaluates the ability of the main channel along with the existing agricul-
tural levee to contain the flow of the Kansas River, the effect of overflow
structures under the highway south of the bridge, and the effect of an
island upstream from the proposed bridge.

The design of the proposed new bridge is adequate for passage of a
100-year flood of 155,000 cubic feet per second; however, the existing levee
along the right bank of the river upstream of the proposed bridge will not
confine the flow to the main channel because parts of the levee have been
broken or removed.

The present overflow structures would allow a discharge of 26,000 cubic
feet per second to occur in the bypass reach with a maximum depth of flow
over the highway of 1.3 feet. If the structures were removed but the high-
way grade maintained, the discharge would increase to about 30,000 cubic
feet per second with a depth of flow over the highway of 1.5 feet. If the
overflow structures were removed and the elevated sections of the highway
grade leveled, the discharge would increase to about 31,500 cubic feet per
second, with a maximum depth of flow over the highway of 1.3 feet. The
velocity of flow through four 30-inch-diameter concrete culverts located at
overflow-structure sites would be 8.6 feet per second. Foreseeable changes
in the island upstream from the proposed bridge would not interfere with
the flow capacity of the new bridge.



INTRODUCTION

The Kansas Department of Transportati
bridge over the Kansas River on State Highy
part of the ongoing cooperative program w
Geological Survey conducted a hydraulic ang
bridge.

The specific objectives of the analysis
to evaluate, using a peak discharge with 34
of 100 years, (1) the ability of the main chan
levee to contain the flow of the Kansas Riv
two overflow structures under the highway sot
(3) the effect of an island located upstrean
(4) flow velocities for culverts at overflo
1-3 included the need for information on
elevations at the proposed bridge.

DESCRIPTION OF S

The existing bridge,
structure with 128~foot spans and a roadwa

on has proposed replacing a
vay 99, at Wamego, Kansas. As
yith the Department, the U.S.
11ysis for the proposed Wamego

described in this report were
n average recurrence interval
Inel along with the agricultural
er, (2) the effect of removing
uth of the main-channel bridge,
from the proposed bridge, and
w—-structure sites. Objectives
the flows and water—surface

[TE

built in 1929, ig a seven—span Marsh Arch type

y width of 20 feet. Located

under the highway south of the bridge are two overflow structures that are

reinforced-concrete deck girders with 27.5

~foot spans; the northernmost

overflow structure has six spans and a length of 165 feet, and the southern-

most structure has eight spans and a length
along the right bank of the main channel

of 220 feet (fig. 1). Located
is an agricultural levee that

extends about 1 mile downstream and about 2 miles upstream from the bridge.

The levee was built sometime prior to 1951.
is an island that is about 800-feet long an

local residents, prior to the 1951 flood the

size and contained a cabin and well.

AVATLABLE DATA

Just upstream from the bridge
d 100-feet wide. According to
island was about 20 acres in

A streamflow-gaging station,
number 06887500), is located on the downstr
(fig. 1). This station has been in operatio

Kansas River at Wamego, Kansas (station

am side of the present bridge
since 1919.

A discharge of 155,000 ft3/s for a flood having an average recurrence

interval of 100 years was used by the Kansa
for design of the new bridge opening and was
in this report. This discharge value is base

Department of Transportation
sed for the hydraulic analysis
on a flood-frequency analysis

of 71 annual peak discharges at the Wamego| gaging station from 1914 to

1984, The analysis was done by the Kansa
(R.S. Chambers, Kansas Department
1986). The peak discharge of 155,000 ft3/

estimated 100-year peak discharge of 160,00
(Kan

by the U.S. Army Corps of Engineers
been used in previous flood studies along
Corps of Engineers, 1969).

of Transportation,

Department of Transportation
written commun.,

is within 3 percent of the
D ft3/s, which was determined
sas City District), and has
the Kansas River (U.S. Army
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Figure 4.——Elevations for top of levee and water surface upstream from
bridge, assuming all flow is contained in main channel.

In the fourth option, four 30-inch-diameter concrete culverts, 120~
feet long, were placed under the roadway south of the proposed bridge,
assuming that there was no flow over the road. A calculation was made
(using an option of the step-backward program) to determine the velocity
at the culvert exits (Shearman and others, 1986). The levee at the
downstream side of the bridge separates the flow in the main channel
from the flow in the bypass reach. Therefore, the water-surface eleva-
tion at the culvert exits reflects the eddy effect of ponded water backing
up in the bypass reach and is equal to the water-surface elevation at
the downstream terminus of the levee (estimated by water-surface elevation
at cross section 5). The water-surface elevations at the culvert exits,
975.10 feet, and at the approach section, 977.91 feet, were obtained from
the profile computed when all the flow was contained in the main channel.
The elevation of the culvert inverts was presumed to be 960.0 feet. The
computed discharge of 42.25 £t3/s through each culvert resulted in exit
velocities of 8.6 feet per second.



ELEVATION, IN FEET ABOVE SEA LEVEL

Island

The island shown in figure 1 does not have an effect on backwater at

the proposed bridge since it is upstream of the bridge.

investigate the effect of an increase in siz

In order to
e of the island due to sedi-

mentation, a computation was made for an island double the present width

and height. The computed water-surface el

evation was about 0.2 foot

higher than the normal water-surface elevation for the 100-year discharge

of 155,000 ft3/s upstream from the island (f
was made using an island that extended d9g
opening. The computed water—surface elevati

ig. 8). Another computation
wnstream through the bridge
on was about 0.4 foot higher

than the normal water-surface elevation. Any increase in the size of

the island seems unlikely because of the re

duced supply of sediment in

the river following completion of upstream reservoirs.

SUMMARY

The design of the proposed new bridge is
discharge having a 100-year recurrence interv
physical location of spanning the main channe
bank to the bluff at the city of Wamego on th

adequate for passage of the

1 of 155,000 ft3/s due to the
1 from the levee on the south
te north bank.
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If the overflow structures were removed and the elevated sections of
road grade leveled, discharge in the bypass reach would increase to about
31,500 ft3/s. The maximum depth of flow over the road would decrease to
about 1.3 feet. The water-surface elevation at the new bridge would de-
crease to 976.26 feet.

The velocity of flow at the exit of four 30-inch-diameter concrete
culverts was computed to be 8.6 feet per second, assuming there was no flow
over the top of the road.

The presence of the island upstream from the proposed bridge does not
interfere with the flow capacity of the new bridge, and any growth of the
island due to deposition of sediment seems unlikely.
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