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Analysis of Alternative Modifications for Reducing
Backwater at the Interstate Highway 10 Crossing
of the Pearl River near Slidell, Louisiana

By Gregg J. Wiche, ). J. Gilbert, David C. Froehlich, and Jonathan K. Lee

Abstract

in Apnl 1979 and April 1980, major flooding along the
lower Pearl River caused extensive damage to homes located
on the flood plain in the Slidell, Louisiana, area In response
to questions about causes of these floods and means of
mitigating future floods, the US Geological Survey, in coopera-
tion with the Louisiana Department of Transportation and
Development, Office of Highways, and the US Department of
Transportation, Federal Highway Administration, used a two-
dimensional finite-element surface-water flow-modeling system
to study the effect of four alternative modifications for improv-
ing the hydraulic characteristics of the Interstate Highway 10
crossing of the flood plain near Shdell The analysis used the
model’s capability to simulate changes in flood-plain
topography, flood-plain vegetative cover, and highway-
embankment geometry

Compared with the existing highway crossing, the four
alternative modifications reduce backwater and average
velocities through bridge openings for a flood of the magnitude
of the 1980 flood The four alternatives also eliminate roadway
overtopping during such a flood For the four modifications,
maximum backwater on the west side of the flood plain ranges
from 0 3 to 11 feet and on the east side from 0 3 to 0 7 foot
Results of the alternative-model  simulations show that
backwater is greater on the west side of the flood plain than
on the east side, but upstream from interstate Highway 10
backwater decreases more rapidly in the upstream direction
on the west side of the flood plain than on the east side
Downstream from Interstate Highway 10, modeling of the four
alternatives indicates that backwater and drawdown still occur
on the east and west sides of the flood plain, respectively, but
are less than the values computed for the Apnl 1980 flood with
Interstate Highway 10 in place

In addition to other highway-crossing modifications, alter-
natives 2 and 3 include simulation of a new 2,000-foot bridge
opening, and alternative 4 includes simulation of a 1,000-foot
bridge opening The new bridge conveys 25, 23, and 21 per-
cent of the total computed discharge in alternatives 2, 3, and
4, respectively The average velocity through the new bridge
1520, 19, and 3 4 feet per second for alternatives 2, 3, and
4, respectively

INTRODUCTION

In April 1979 and April 1980, major flooding along
the lower Pearl River caused extensive damage to homes
on the flood plain in the Slidell, La , area Many residents
were forced from their homes until the floodwaters re-
ceded Property damages in the Shdell area due to the 1980
flood, the largest flood of record 1n the area to that time,
were estimated to be $12.275 million (U.S. Army Corps
of Engineers, 1981, p. 76). The 1980 flood forced the clos-
ing of the Interstate Highway 10 (I-10) crossing of the
Pearl River flood plain between Slidell and Bay St Louis,
Maiss., for several hours while the flood crest passed. Many
local residents attributed part of the 1979 and 1980
flooding 1n the Shdell area to backwater caused by the
1-10 embankments.

Because of the interest 1n the impact of I-10 and
because the April 2, 1980, flood was shghtly larger than
a 50-year design flood, the US. Geological Survey, 1n
cooperation with the Louisiana Department of Transpor-
tation and Development, Office of Highways, and the U.S.
Department of Transportation, Federal Highway Ad-
ministration, completed a study to determine the effect
of the I-10 crossing on water-surface elevations and flow
distribution during the April 1980 flood (Lee and others,
1983). On the basis of observations made during model
calibration by Lee and others (1983), results obtained with
a local model of the area near the West Pearl River open-
ing 1n I-10, and discussions with the Office of Highways,
four alternative modifications of the I-10 crossing for
reducing backwater were selected for analysis 1n a second
study This report documents the results of the second
study.

The two-dimensional finite-element surface-water
flow-modeling system, FESWMS, was used 1n this second
study, for two reasons (1) the model allows simulation
of steady-state flow with both lateral and longitudinal
variations 1n velocity and water-surface elevation, and (2)
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the model has been used successfully by other in-
vestigators In their study of the lower Pearl River, Lee
and others (1983) demonstrated the capability of the
modeling system to simulate the significant features of
steady-state flow, in a complex multichannel river flood-
plain system having variable topography and vegetative
cover. In addition, they showed that the model can
simulate lateral and longitudinal vanations in velocities
and water-surface elevation and can easily accommodate
geometric features such as highway embankments and
channel bends

An earher version of FESWMS was used by Lee
(1980) and by Lee and Bennett (1981) to study the impact
of a proposed highway crossing on flood stages of the
Congaree River near Columbia, SC. The modeling system
was used to simulate the effects of geometric features such
as spur dikes and levees

Purpose and Scope

The principal objective of this study was to analyze
four proposed modifications of the I-10 crossing to deter-
mine whether they reduce backwater, eliminate roadway
overtopping, and reduce velocities through bridge
openings for a flood of the magnitude of the April 1980
flood. Constrictions of the Pearl River flood plain created
by highway embankments, together with other physical
features of the flood plain, caused significant lateral vana-
tions 1n water-surface elevation and flow distribution dur-
g the 1980 flood. Thus, use of a two-dimensional model
was warranted 1n order to obtain a more precise evalua-
tion of water-surface elevations and flow distribution near
the I-10 crossing than could be obtained by one-
dimensional step-backwater and conveyance techniques

This report presents the application of FESWMS
to the lower Pearl River and illustrates the usefulness of
the two-dimensional model 1n studying alternative
modifications of highway crossings. The report begins
with a description of the study area, a discussion of Pearl
River basin hydrology, and a brief description of the
modeling system Data collection and network design are
described. Results of the work by Lee and others (1983)
are summarized, including a discussion of the results of
the simulations with and without the I-10 embankments
n place. Results from seven simulations using a local
model centered on the West Pearl River opening at 1-10
are discussed. Results of simulations of the four alter-
native modifications of the I-10 crossing are presented,
including a discussion of the discharge distribution and
backwater caused by each of the four proposed modifica-
tions Throughout the report, emphasis is on document -
ing flooding on the west side of the Pearl River flood
plain, where most of the flood damage occurred.
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Definition of Terms

Throughout this report the terms “full study reach)’
“full study area;’ “study reach;’ “study area)’ “local net-
work)’ and “local model” are used repeatedly. The term
“full study reach” or “full study area” refers to the
12-m1-long reach modeled by Lee and others (1983) and
summarized 1n the section “Summary of Previous Ap-
plication of FESWMS to the Lower Pearl River. ”” Due to
cost constraints, only the middle part of the full study
reach was considered 1n the analysis of the four alternative
simulations presented 1n this report. This middle section,
approximately 3 mi1 long and 5 m1 wide, 1s referred to as
the study reach or study area The local network or local
model discussed 1n the section “Local-Model Simulation
of Seven Alternative Modifications of the I-10 Highway
Crossing for the April 2, 1980, Flood” refers to an area
20 mu long and 0.7 m1 wide, centered along I-10 at the
West Pearl River opening All extremes for the period of
record referenced 1n this report are based on data collected
through September 1982.

Throughout this report, the words “right” and
“left” refer to positions that would be reported by an
observer facing downstream The words “backwater” and
“drawdown” denote an increase and a decrease, respec-
tively, in water-surface elevation caused by a flood-plain
constriction Backwater may occur both upstream and
downstream from the constriction Elevations are refer-
enced to the National Geodetic Vertical Datum of 1929
and are called sea level 1n this report A lhist of factors for
converting inch-pound units to SI units 1s provided at the
end of the report. All data supporting the conclusions of
this report are available in the files of the Louisiana
District office of the U.S Geological Survey at Baton
Rouge, La.
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DESCRIPTION OF THE STUDY AREA
Pearl River Basin

The Pearl River basin 1s approximately 240 m: long
and S0 m1 wide The basin lies within the Gulf Coastal



Plain and drains a large part of Mississipp1 and part of
southeastern Louisiana The Pearl River originates in
Neshoba County, Miss., at the confluence of Nanawaya
and Tallahaga Creeks. From its origin, 1t flows southwest-
ward for 130 mu1 to the vicimty of Jackson, Miss , then
southeastward for another 281 mi to empty into Lake
Borgne. Elevations within the basin range from sea level
along the coast to about 650 ft above sea level 1n the north-
central hills. The main channel of the Pearl River has a
slope of about 1 ft/m1 and varies in width from roughly
100 to 1,000 ft. The channel meanders within the flood
plain and 1s obstructed 1n many places by sand bars,
brush, and fallen and overhanging trees The Ross Barnett
Reservotr, put into operation in 1961, 1s just upstream from
Jackson, Miss , on the Pearl River and 1s the only major
reservoir within the basin

Most of the low-water flow of the Pearl 1s trans-
ferred to the West Pearl River through Holmes Bayou, 28
m above the West Mouth of the West Pearl at The
Rigolets (fig. 1). Cardwell and others (1967, p. 43) have
described this westward shift of flow:

The bottom lands * * * are Jaced by cross-
connecting channels which distribute flow across these
bottoms during periods of high river stage In the vicinity
of Picayune, Miss , the main channel of the Pearl River
begins to shift westward to become the West Pearl River
A small cross channel, Farrs Slough [Farr Slough], leaves
the main channel near Picayune and joins Hobolochitto
Creek The channel, known downstream as the ‘‘Pearl
River,’ begins at this confluence There 1s evidence that
this eastern channel was once the major channel of the
lower Pearl River system and that a portion of the old chan-
nel near Picayune became filled when the flow shifted to
the west *** It 1s estimated that during times of
mintmum flow i1n the system, less than 5 percent of the
flow 1n the main channel flows through Farrs Slough [Farr
Slough] to continue In the eastern channel and the re-
mainder flows through the western channel At maximum
flood stages there 1s considerable flow across the flood
plain, and the eastern channel carnes the greater part of
the flow In the system

From the confluence of Holmes Bayou and the West
Pearl River, the main niver channels continue generally
southward and south-southeastward to the mouths of the
Pearl River system The Pearl River flows into Lake
Borgne, the West Middle River, a distributary channel,
and the East Mouth of the West Pearl River flow into Lat-
tle Lake; and the West Mouth of the West Pearl River
flows 1nto The Rigolets (fig. 1) The drainage area of the
Pearl River system 1s 8,670 m1’ at the mouths of the system
(Shell, 1981, p. 232).

Full Study Reach

The reach of the Pearl River that was studied 1s 1n
the lower part of the basin along the Mississippi-Louisiana

border. As previously mentioned, only the middle part of
the full study area, indicated by shading in figure 2, 1s
considered 1n the analysis presented 1n this report. The
full study reach is located between niver miles 9.0 and 26.3
on the Pearl River and river miles 7.9 and 21.9 on the West
Pearl River (River miles are defined for each of the chan-
nels modeled m detail 1n this study or in Lee and others
(1983) and are shown 1n figure 2 and on all plates. In each
case, zero river mile 1s defined as the channel mouth.) The
full study reach, approximately 12 mi long, 1s bounded
on the north by old U.S. Highway 11 and Interstate
Highway 59 and on the south by U.S. Highway 90. The
eastern and western boundaries are the natural bluffs at
the edge of the flood plain, where ground-surface eleva-
tions rise abruptly to 15 to 25 ft above sea level in the nor-
thern part of the full study reach and to 5 to 15 ft above
sea level 1n the southern part. Within the full study reach,
the axis of the flood plain tends south-southeast, and the
flood plain varies in width from about 3 to about 7 mu.

The major channels in the full study reach are the
Pearl (known locally as the East Pearl), East Middle,
Middle, West Middle, and West Pearl Rivers and Waste-
house Bayou The Pearl flows along the east side of the
flood plain, and the West Pearl along the west side. In
the northern part of the full study reach, the West Pearl
15 the largest channel in the flood plain Near Gainesville,
Maiss., the channel of the Pear] becomes the largest, and
1t remains the largest to the mouths of the river system.

At river mile 15.2 on the West Pearl River a
distributary channel, the Middle River, forms and flows
southeastward approximately 3.9 mi, where 1t divides 1n-
to the Middle and West Middle Rivers. Approximately 6 3
mi farther south, the Middle River divides again and
another distributary channel, the East Middle Ruiver,
forms South of the full study reach, the East Middle and
Middle Ruvers flow into the Pearl River about 1.3 m: north
of Little Lake. Wastehouse Bayou forms within the flood
plain and 1s tributary to the Pearl River just north of I-10.

There are numerous less significant channels 1n the
flood plain within the full study area. For example, Porters
River, a branch of the West Pearl River, forms south of
Interstate Highway 59 at river mile 21 4 and rejoins the
West Pearl at river mile 17.4. Among the small streams
that flow 1nto the Pearl River system 1n the full study reach
are Gum Bayou and Doubloon Branch, which are
tributary to the West Pearl River at river miles 14.0 and
10 5, respectively.

Ground-surface elevations of the flood plain range
from 1 ft above sea level 1n the southern part of the full
study area to 15 ft above sea level in the northwestern part.
Between the upstream boundary and I-10, ground-surface
elevations are higher near the West Pearl River than on the
east side of the flood plain. Low natural levees border most
of the channels 1n the full study reach. The flood plain
has a downstream slope of about 1 ft/m

Description of the Study Area 3
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The vegetative cover of the study area 1s shown on
plate 1 The flood plain 1s covered by dense woods, mixed
with underbrush in many places The flood-plain forests
consist of bottom-land hardwoods and bald cypress-tupelo
gum swamps. A small marsh area 1s located just
downstream from the I-10 bridge across the Pearl River
at the left edge of the flood plain

Flow enters the full study reach through the old
Highway 11 bridge opening at the Pearl River, through the
I-59 opening at the West Pearl River, and through
numerous small openmgs 1in the old Highway 11 em-
bankments. The I-59 opening at the West Pearl River 1s
2,630 ft wide, and the old Highway 11 opening at the Pearl
River 1s 570 ft wide.

The I-10 crossing, about 4 4 m1 long, spans the flood
plain 1n an east-west direction 1n the middle of the study
reach There are bridge openings at the Pearl, Middle, and
West Pearl Rivers (fig 3), with widths of 4,980, 770, and
2,240 ft, respectively. The embankment between the Pearl
and Middle Rivers 1s about 0.8 mu long, and the embank-
ment between the Middle and West Pearl Rivers 1s about
21 m long The embankments are about 300 ft wide, and
the elevation of the roadway 1s between 12 and 13 ft above
sea level

Natural flood-plain elevations near I-10 range from
1 to 3 ft above sea level Spoil from bridge construction
has increased elevations by as much as 3 ft on the right
overbank at the Pearl River bridge opening, by as much
as 2 ft on both overbanks at the Middle River opening,
and by as much as 6 to 7 ft on the left overbank at the
West Pearl River opening. In addition, there 1s a large knoll
adjacent to the southeast corner of the West Pearl River
bridge that protrudes into the flow-expansion zone
downstream from the bridge This knoll apparently was
created during construction of the highway embankments.
The vegetation beneath the three bridges was removed
during construction, but brush of varying density has
grown back 1n the openings.

A short distance downstream from the West Pearl
River bridge, between river miles 12.4 and 13.2, there 1s a
relatively shallow reach of the West Pearl River, where the

Bridge opening Bndge opening
4980 feet 770 feet

Bridge opening
2240 feet

K
= RIGHT
BANK

12,000 ,lun[,‘\\
teet I feet feet feet
5 Pearl River flood plamn l
Sea level ’ { i

Figure 3. Diagrammatic cross section of flood plain upstream
from Interstate Highway 10

Pearl River

6000 | 4000

—+ — Muddle River
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channel was artificially widened by the removal of earth
fill during construction of the highway embankments

Flow leaves the full study reach through five open-
ings 1n the Highway 90 embankments. The opening widths
are 960 ft at the Pearl Ruver, 630 ft at the East Middle Ruver,
580 ft at the Middle Ruver, 580 ft at the West Middle Ruver,
and 570 ft at the West Pearl River During the 1980 flood,
there was a small amount of flow out of the study area
across U.S Highway 190.

HYDROLOGY OF THE PEARL RIVER BASIN
Flood Data

During the months of April 1979 and April 1980,
extreme flooding on the Pearl River caused extensive prop-
erty damage 1n subdivisions located on the flood plain in
the Bogalusa and Shdell, La, areas Many residents were
forced from their homes until the floodwater receded. The
factors mnfluencing the magmtude of these two events have
been discussed by Wax and Tingle (1980) and by Lee and
Arcement (1981).

The April 1979 flood was caused by heavy rainfall
over the upper part of the basin, where as much as 19 6 1n.
of rain fell during one 2-day storm This was the largest
flood 1n the Jackson, Miss., area during the period of
record (June 1901 to September 1982) and the largest in
the Bogalusa area during the period of record (October
1938 to September 1982) (U.S Geological Survey, 1981,
p 147; 1983, p. 23)

The April 1980 flood was caused by precipitation
amounts ranging from 8.6 to 15 0 in over the entire Pearl
Ruver basin. This was the largest flood at Pearl River, La,
near Shdell during the period of record (October 1899 to
September 1982). The approximately simultaneous arrival
of the peak discharges of the Pearl and Bogue Chitto Rivers
at their confluence caused a larger flood peak to occur near
Shidell than would have been expected on the basis of the
peak discharge recorded at Bogalusa. The April 1980 flood
forced the closing of I-10 between Shdell and Bay St Lous,
Miss., for several hours while the flood crest passed

Gage-height records have been collected at the
Geological Survey gaging station, Pearl River near
Bogalusa, La, from October 1938 to September 1982
Water-surface elevations during the 43-year pertod of record
have ranged from about 59.8 ft above sea level to about
78.2 ft above sea level (April 24, 1979) At Bogalusa, max-
mmum annual discharges between 1947 and 1982 have
ranged in magmitude from 13,200 ft’/s 1n 1952 to 129,000
ft'/s in 1979 (April 24). (See US Geological Survey, 1983,
p 23)

Gage-height records have been collected at the
Geological Survey gaging station, Pearl River at Pearl River,
La. (fig. 2), from October 1899 to September 1982. Water-



surface elevations have ranged from about 1.5 ft above sea
level to about 19.7 ft above sea level (from flood mark,
April 1, 1980) during the 82-year period of record. A
historical maximum of 20 2 ft above sea level occurred 1n
1874. At Pearl River, maximum annual discharges between
1947 and 1982 have ranged in magnitude from 17,700 ft*/s
m 1952 to 174,000 ft*/s mn 1980 (Aprl 1). (See U.S
Geological Survey, 1983, p 43)

Gage-height records have been collected at the Corps
of Engineers gaging station, Pearl River at Pearlington,
Miss. (fig 2), from December 1961 to September 1982
Water-surface elevations have ranged from about 20 ft
below sea level to about 8 4 ft above sea level (Septem-
ber 10, 1965) during the 20-year period of record (U.S
Army Corp of Engineers, written commun, 1982) The
maximum water-surface elevation during the April 2, 1980,
flood was 5.3 ft above sea level.

During the 1961, 1979, and 1980 floods, discharge
measurements were made at or near peak flow at various
highway crossings 1n the full study reach. Each of these
discharge measurements and the date on which 1t was made
are given 1n table 1

Approximately 200 high-water marks within and near
the full study area were located and flagged by the
Geological Survey as the April 1980 floodwater receded.
These high-water marks were referenced to sea level and

were used by Lee and others (1983) to calibrate their full-
reach model

Flood Frequency

After the 1980 flood, the Geological Survey and the
Corps of Engineers carried out a coordinated flood-
frequency analysis for eight gaging stations on the Pearl
River (U.S Geological Survey, written commun., 1980)
Discharges for specified recurrence intervals at two of these
stations, Bogalusa and Pearl River, are given 1n table 2,
which was taken from Lee and Arcement (1981, p. 35). The
values 1n the table were developed using procedures
described by the U.S. Water Resources Council (1977). Skew
values and historical flood data used in the analysis were
mutually agreed upon by the two agencies. The discharge
of 174,000 ft*/s measured at I-10 on Aprl 2, 1980, 1s about
3 percent greater than the 50-year discharge at Pearl River

MODEL DESCRIPTION

The core of the modeling system, FESWMS, 1s a two-
dimensional fimte-element surface-water flow model based
on the work of Norton and King (Norton and King, 1973;
Norton and others, 1973, Tseng, 1975, King and Norton,
1978) Around this core, the Geological Survey has

Table 1. Discharges measured during floods on the lower Pearl River in 1961, 1979, and 1980

Discharge, in cubic feet per second

Interstate Highway 59 bridge openings'

1 2 3 4 5 6 7 8
(West
(Pearl Pearl
Date River) River) Total
Apr 24, 1979 14,800 2,790 5,510 9,110 4,270 5,140 9,620 91,000 142,000
26, 1979 17,700 3,640 7,360 11,200 5,420 5,800 11,600 92,000 155,000
Interstate Highway 10 bndge opemngs
Pearl Middle West Pearl
Date River River River Total
Feb 27, 1961 = e e e 1106,000
Apr 26, 1979 88,600 29,000 33,800 151,000
May 1, 1979 55,000 16,600 18,700 90,000
Apr 2, 1980 103,000 30,000 40,800 174,000
Highway 90 bndge openings
East West
Pearl Middle Middle Middle West Pearl
Date River River River River River Total
Apr 22, 1980 51,900 11,800 16,700 16,600 6,830 104,000

'The bridge openings are numbered from left to nght as an observer faces downstream
*This measurement was made prior to the construction of Interstate Highway 10

Model Description 7



Table 2. Flood-frequency data for the Pearl River at Bogalusa and Pearl River
[These values were mutually agreed upon by the US Geological Survey and the US Army Corps of Engineers}

Drainage Discharge, in cubic feet per second,
area, In for indicated recurrence interval, in years
Station square
name miles 2 5 10 25 50 100 200 500
Bogalusa ----------------- 6,630 42,500 62,600 77,200 97,000 113,000 129,000 147,000 172,000
Pearl River--------------- 8,590 56,500 87,000 111,000 143,000 169,000 198,000 228,000 272,000
developed preprocessing and postprocessing programs that and
make the system more usable. Preprocessing programs
place input data in an appropnate form for the flow model _h + _‘5_ (uh) + —d—(vh) =0 6}
and also plot maps of finite-element networks and 6t dx éy ’
associated data. Postprocessing programs plot maps of where
velocity vectors, water-surface contour lines, equal ,
backwater and drawdown lines, discharge at specified cross C=Chézy coefficient (feet to the one-half
sections, and observed high-water marks. power per second),
The formulation and development of the flow model g=gravitational acceleration (feet per
have been described elsewhere; therefore, only the equa- second squared),
tions solved and a brief outline of the technique used to h=depth (feet),
solve them are presented here. t=time (seconds),
u,v=depth-averaged velocity components
in the x and y directions, respec-
Flow Equations tively (feet per second),
x,y=Cartesian coordinates 1n the positive
Under the usual assumptions (for example, east and north directions, respec-
hydrostatic pressure and momentum correction factors of tively (feet),
unity), two-dimensional surface-water flow 1n the horizon- V,=local wind velocity (feet per second),
tal plane 1s described by three nonlinear partial-differential zZ,=bed elevation (feet),
equations, two for conservation of momentum and one ExrxyrEymtyy=€ddy viscosities (pound second per

for conservation of mass (Pritchard, 1971):

% _.du +v ég +g d_,f %
dt dx dy dx dx
1[4 du d du
N i+ 2 ==
oh | &x (E”‘h dx) dy (E"yh dy )]
0y
_ U 2. ,2\u
2wV s ¢ + C2h(u +v3?)
- —’f—[ V.2 cos yp =0,
CLAT LA O -
dt dx dy dy dy
1[4 dv d dv
-2 10 i1+ pdd
ok | ox (‘”‘}' dx) o (8"-’}' oy )] .

gv
+2wu sm ¢ + ——(u?+v2)%
@ b+ oo )

—;{l{,zsmtp=0,
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square foot),

¢=water-surface resistance coefficient
(nondimensional),

e=density of water (assumed constant)
(slugs per cubic foot),

$=latitude (degrees),

w=angle between the wind direction and
the x axis (degrees), and

w=rate of the Earth’s angular rotation
(per second).

The two-dimensional surface-water flow equations
account for energy losses through two mechamisms* bot-
tom friction and turbulent stresses. The Chézy equation
for bottom friction 1n open-channel flow 1s extended to
two dimensions for use 1n equations 1 and 2. Equations
1 and 2 also use Boussinesq’s eddy-viscosity concept, which
assumes the turbulent stresses to be proportional to the
mean-velocity gradients.

Boundary conditions consist of the specification of
flow components or water-surface elevations at open
boundanes and zero flow components or zero normal flow
(tangential flow) at all other boundaries, called lateral
boundaries. For a time-dependent problem, nitial condi-



tions must also be specified. Equations 1 through 3,
together with properly specified boundary and 1nitial con-
ditions, make up a well-posed imtial-boundary-value
problem.

Numerical Solution of the Flow Equations

Quadratic basis functions are used to interpolate
velocity components, and linear basis functions are used
to interpolate depth on triangular, six-node, isoparametric
elements (mixed interpolation). Model topography 1s
defined by assigning a ground-surface elevation to each
element vertex and requiring the ground surface to vary
linearly within an element.

The finite-element model requires the specification
of a constant Chézy coefficient, C, and a constant sym-
metric turbulent-exchange, or eddy-viscosity, tensor, &, over
each element. Nomsotropic turbulent stresses can be
simulated by assigning different values to the components
of the eddy-viscosity tensor. The eddy-viscosity terms 1n
the momentum equations suppress nonlinear nstabalities
generated by the convective terms, and nonzero eddy-
viscosity values are necessary for convergence of the
numerical method to a solution. The eddy-viscosity values
can influence the results of a simulation; however, optimum
values are difficult to determine. In general, increased
values serve to increase water-surface slopes. It 1s also
known that eddy-viscosity values should increase with ele-
ment size.

Flow components are specified at inflow boundary
nodes, and water-surface elevations are specified at outflow
boundary nodes. In this study, zero normal flow (tangen-
tial flow) was specified at all lateral boundaries.
Isoparametric elements permit the use of smooth, curved
lateral boundaries. The improvement 1n accuracy obtain-
ed by using such boundaries, together with the specifica-
tion of zero normal flow at the boundaries, has been
documented by Gee and MacArthur (1978), King and
Norton (1978), and Walters and Cheng (1978, 1980) for the
muxed-interpolation formulation of the surface-water flow
equations

Galerkin’s method of weighted residuals, a Newton-
Raphson 1teration scheme, numerical integration using
seven-point Gaussian quadrature (Zienkiewicz, 1977, p
200-201), and a frontal solution algornithm using out-of-
core storage (Hood, 1976, 1977) are used to solve for the
nodal values of the velocity components and depth. The
time denvatives are handled by an imphcit fimite-difference
scheme; 1n the application reported here, however, only the
steady-state forms of the equations were solved.

If a finite-element network 1s not well designed, er-
rors 1n conservation of mass can be sigmificant because
there are only approximately half as many equations for
conservation of mass as there are for conservation of

momentum in either the x or the y direction For a well-
designed network, however, errors 1n mass conservation are
small. The model has the capability of integrating the
discharge across a line (called a continuity-check line)
following element sides and beginming and ending at ele-
ment vertices Thus, conservation of mass can be checked
(King and Norton, 1978).

Gee and MacArthur (1982) completed a cursory
study of continuity-check errors with a two-dimensional
finite-element model similar to the one used 1n this study.
They concluded that the solution 1s acceptable if the
discharge at all continuity-check lines does not deviate from
the input discharge by more than 5 percent.

The nterested reader may consult books by Pinder
and Gray (1977) and Zienkiewicz (1977) for additional 1n-
formation on the finite-element method.

SUMMARY OF PREVIOUS APPLICATION OF
FESWMS TO THE LOWER PEARL RIVER

Lee and others (1983) used the two-dimensional
finite-element surface-water flow-modeling system,
FESWMS, to determine the effect of I-10 on Pearl River
flooding during the April 2, 1980, flood. The results of
therr work are summarized 1n this section. The procedure
used 1n therr study follows. Hydrographic and topographic
data were collected and were used to define the region to
be modeled, to design an equivalent finite-element network
that included the I-10 embankments, to establish model
boundary conditions, to verify that a steady-state model
analysis 1s valid, and to cahbrate the flow model by
simulating the Apnl 1980 flood as closely as possible. Next,
the fimite-element network was modified to represent con-
ditions without I-10 1n place Finally, the hydraulic effect
of 1-10 was determined by comparing model results with
and without I-10.

Simulation of the April 2, 1980, Flood with the
Interstate Highway 10 Embankments in Place

Data Collection and Analysis

A large amount of hydrographic and topographic
data was collected and analyzed for use in modeling the
April 1980 flood Gage-height records collected at Pearl
Ruver, La, at the upper end of the full study reach, and
at Pearlington, Miss , at the lower end of the reach, were
used to venify the steady-state assumption. At the time of
the downstream peak, the upstream water-surface eleva-
tion had fallen less than 0.5 ft from its maximum value,
On the basis of this observation, 1t was assumed for model-
ing purposes that the flow was steady. The steady-state

Summary of Previous Application of FESWMS 9
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Figure 4. Finite-element network for the full study reach simulation

discharge, required as input at the upstream boundary in
the model, was obtained from a discharge measurement
made by the Geological Survey at I-10

Approximately 50 mi of longitudinal channel pro-
files were obtained for the significant channels 1n the full
study reach. Also, 73 representative and special-purpose
cross-section surveys were made to define channel

10 Reducing Backwater at the interstate Highway 10 Crossing, Louisiana

<IN ,'
N

W% ¥4
N

~"~\!§‘%‘v~

% MILES

i T
1 2 KILOMETERS

~ Area corresponding to
networks for
aiternatives 1-4

ryy

AA'L
/4

4

Logtown

Pearlington

OUTFLOW

geometry. Detailed topographic data at and near brnidge
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Infrared aenal photographs of the full study area and
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and density. The collected data were supplemented by
hstoric hydrologic data and Geological Survey topographic
maps.
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Network Design

The network, shown 1n figure 4, was designed to
represent closely the highly nonuniform boundary of the
area mundated by the Apnl 1980 flood The upstream
boundary was located parallel to old Highway 11 and I-59,
where inflows could be distributed on the basis of earlier
discharge measurements. The downstream model bound-
ary was located parallel to Highway 90, and outflows were
placed at the five bridge openings, where water-surface
elevations could be estimated on the basis of nearby high-
water marks. Modifications to the existing I-10 embank-
ments were assumed to have little effect on the boundary
conditions, because both the upstream and downstream
boundarnes were at least one flood-plain wadtH distant from
the highway crossing.

After the boundaries were defined, the full study area
was divided into an equivalent network of triangular
elements. Subdivision lines between elements were located
where there are abrupt changes in vegetative cover or
topography Each element was designed to represent an area
of nearly homogeneous vegetative cover. In areas where
velocity, depth, and water-surface gradients were expected
to be large, such as near bridge openings and 1n areas be-
tween overbanks and channel bottoms, network detail was
increased to facilitate better simulation of the large gra-
dients by the flow model.

The use of elements with aspect ratios (the ratio of
the longest element side to the shortest) greater than umty
made 1t possible to design the network with fewer elements

than would have been required otherwise. Such elements
were used primanly 1n defining nver channels The longest
element side was aligned with the assumed flow direction;
velocity and depth changes would typically be small in this
direction. Most element aspect ratios were kept below a
maximum of about 10

The complex geometry of the flood plain of the Pearl
River was modeled 1n detail. Most prototype lengths and
widths were realistically represented n the model; however,
to keep the number of elements in the network at a man-
ageable level, several approximations were made. Only large
channels were included in the network. Prototype channel
cross sections were represented in the model by either
tnangular or trapezoidal cross sections, with cross-sectional
areas equal to the measured areas (fig 5) Some meander-
ing channel reaches with relatively small flows were
replaced with artificially straightened, but hydraulically
equivalent, reaches The width of simulated stream chan-
nels was kept to a mimumum of 200 ft

In 1ts complete state, the fimite-element network used
by Lee and others (1983) contamned 5,224 tnangular
elements and 10,771 computational nodes. The muddle gnd
used mn this study contamned 2,000 to 2,200 triangular
elements and 4,300 to 4,700 computational nodes, depend-
g on the alternative modification.

Boundary Conditions

The discharge at the upstream boundary (table 3) was
the peak discharge of 174,000 ft*/s measured at I-10 on

Summary of Previous Application of FESWMS 11



Table 3. Distribution of discharge at the upstream model boundary

Discharge, Discharge,
in cubic feet as percent of
Section of upstream boundary per second total discharge
Flood plain between eastern
edge of flood plain and
Pear] River-------==--m-eaeeeeeu- 22,100 127
Pearl River bridge opening---- 22,000 126
Flood plain between Pearl
and West Pearl Rivers------- 32,900 189
West Pearl River channel------ 69,100 397
Flood plain between West
Pear] River and western
edge of flood plain----------- 28,200 162
Total 174,000 1000

April 2, 1980. It was distributed among the inflow bound-
ary nodes on the basis of previous discharge measurements
at the bridge openings in old Highway 11 and I-59. In-
flow was concentrated at the old Highway 11 bridge across
the Pearl River and the I-59 bridge across the West Pearl
Ruver. Flow 1nto the study reach through numerous small
openings 1n old Highway 11 was represented as continuous
inflow between the east edge of the flood plain and the
Pear] River and between the Pearl and West Pearl Rivers.
Water-surface elevations at the downstream boundary were
determined from high-water marks near the five bridge
openings 1n Highway 90.

Model Calibration

The model-adjustment process consisted of two
parts. the adjustment of empirical model coefficients
{model calibration) and the adjustment of model boundary
conditions, network detail, and ground-surface elevations
on the basis of additional information obtained during the
study.

On the basis of previous fimite-element simulations,
the values of all components of the eddy-viscosity tensor
were mnutially set at 100 Ib - s/ft? for all elements 1n the net-
work Numerical experiments indicated that once the values
of these coefficients were set high enough to ensure con-
vergence, the solution was much less sensitive to changes
1n their values than to changes in the values of the Chézy
coefficients. Because of a lack of information about their
correct values and to avoid convergence problems, the
values of all components of the eddy-viscosity tensor were
maintained at 100 Ib - s/ft? throughout the study for all
elements 1n the network.

Once the values of eddy viscosity were fixed,
preliminary calibration work focused on determining the
values of Chézy coefficients Nomunal values were selected
for imitial use with the model on the basis of infrared aenal
photographs of the flood plain and field inspection. In

making both the mitial estimates of the Chézy values and
subsequent modifications to them, care was taken to en-
sure that the assigned values were reasonable and mutually
consistent:

A series of simulations was conducted to determine
the relative effect on water-surface elevations of changes
1 the values of the Chézy coefficients of both overbank
and channel elements. Computed water-surface elevations
were most sensitive to changes in the value of the Chézy
coefficient of the wooded flood plain. Changes in the
Chézy values of the channel elements had hittle or no ef-
fect on computed water-surface elevations, except for chan-
nel reaches carrying a sigmificant percentage of the total
flow. Such reaches included the Pearl River between I-10
and Highway 90 and reaches located a few thousand feet
upstream and downstream from bridge openings. Com-
puted water-surface elevations were also moderately sen-
sitive to the values of the Chézy coefficients of the
overbank areas under the three I-10 bridges

Preliminary calibration consisted of matching as
closely as possible all observed high-water marks as well
as measured discharges at the three bridge openings in I-10.

Appropriate adjustments to the values of the Chézy
coefficients gave close agreement between computed and
observed data in most cases. In several areas, however,
discrepancies between model results and observations made
1t necessary to check the location and elevation of a few
high-water marks and to study previously overlooked local
topographic features. On the basis of the results of the early
simulations and the additional observations, modifications
were made to model boundary conditions, network detail,
and model ground-surface elevations. During this adjust-
ment process, 1t was observed that computed water-surface
elevations along the upstream model boundary were sen-
sitive to changes 1n the upstream discharge distribution and
that the distribution of discharge among the three 1-10
bridge openings was affected sigmificantly by flood-plain
ground-surface elevations at and near the three I-10 open-
1ngs.

After these adjustments were completed, minor ad-
justments to the values of the Chézy coefficients were
needed for final calibration of the model. The final Chézy
values were 22 ft"%/s for the wooded flood plain, 28 to 35
ft”%/s for the marsh-grass areas, 21 to 40 ft"%/s for the over-
bank areas under the three I-10 bridges, and 85 to 115
ft"*/s for the unstraightened channels. Computed flow
depths ranged from 2 to 23 ft for the wooded flood plain,
from 4 to 10 ft for the marsh-grass areas, from 4 to 9 ft
for the overbank areas under the I-10 bridges, and from
5 to 47 ft for the unstraightened channels. On the basis
of these depths, values of the Manning n corresponding
to the final Chézy values range from 0.077 to 0.114 ft's for
the wooded flood plain, from 0055 to 0.074 ft's for the
marsh-grass areas, from 0.046 to 0.098 ft % for the over-
bank areas under the I-10 bridges, and from 0.021 to
0.033 ft’s for the unstraightened channels.
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Computed flow depths averaged about 21 ft in the
channels and about 8 ft on the flood plain. Average chan-
nel velocities were between 1 and 3 ft/s at most cross sec-
tions. Somewhat higher velocities occurred at several of the
bridge openings. The average velocity on the flood plain
was about 0.7 ft/s.

Comparison of Simulated and Observed Values

The computed water-surface elevation 1s in close
agreement with the elevation of the observed hgh-water
mark or marks at most of the locations where high-water
marks were available. The root mean square difference be-
tween the computed and observed values 1s 0.18 ft. The
computed water-surface elevations are within +0 3 ft of
the elevations of the high-water marks at all but four loca-
tions, and at these four locations, the computed water-
surface elevations are within +0.5 ft of the observed.

The discharge measurement made at the I-10 bridge
openings on April 2, 1980, and listed 1n table 4 was also
used 1n model calibration The computed discharges given
1n table 4 were obtained from continuity checks across each
opening. The errors 1n computed discharge at the bnidge
openings at the Pearl, Middle, and West Pearl Ruvers, as
a percentage of the measured discharge at each opening,
are 7, —10, and —7, respectively The sum of the computed
discharges at the three openings 1s 175,000 ft*/s. The cause
of the 1,000 ft*/s difference between the total computed
discharge at I-10 and the total upstream 1nflow 1s a model
himitation discussed 1n the section “Numerical Solution of
the Flow Equations.” Because the computed discharge

Table 4. Computed and measured discharges at the Interstate
Highway 10 bridge openings

Discharge, in cubic feet per second

Opening
section Computed Measured
Pearl River
Left overbank---- 23,600 21,500
Channel ----------- 50,200 52,000
Right overbank-- 36,100 29,600
Total---------- 110,000 103,000
Middle River
Left overbank---- 3,810 1,920
Channel ----------- 17,800 20,400
Right overbank-- 5,360 7,670
Total---------- 27,000 30,000
West Pearl River
Left overbank---- 10,000 11,300
Channe] ----------- 16,900 19,700
Right overbank-- 11,000 9,800
Total----~----- 37,900 40,800

deviates from the input discharge by less than 1 percent,
the computed discharge is considered acceptable.
Umt discharge (defined as discharge per umit
distance), both computed and measured, 1s plotted as a
function of distance at each of the three I-10 bridge open-
mngs 1n figures 6, 7, and 8. In general, there 1s a good agree-
ment between the computed and observed profiles,
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Figure 7. Computed and measured unit discharge at the Interstate Highway 10 bridge opening at the

Middle River

especially for the overbank areas. The profiles based on
field observations are more variable than the computed
profiles because of debris, flow around piers and fenders,
and local vanations 1n topography and vegetative cover.
Because the main-channel fenders at the Pearl and West
Pearl Rivers were not modeled 1n the study of Lee and
others (1983) or 1n this study, the peak unit discharges at
the openings are underestimated by the model.

Analysis of the calibration simulation provides some
additional information related to discharge distribution and
to the direction of the flow field within the full study area.
Between the upstream boundary and I-10, there 1s a move-
ment of water from the west to the east side of the flood
plain. At the upstream boundary, 56 percent of the inflow
passed through the bridge opening at the West Pearl Ruver,
but at I-10, 59 percent of the measured discharge passed
through the bridge opening at the Pearl River. The model
accurately simulated the observed shift, as 63 percent of
the computed discharge passes through the Pearl River
bridge opening at I-10 As expected, the velocity field in
this reach is aligned 1n a generally southeastward direction.

The water-surface contours for the calibration
simulation are shown 1n figure 9. The 15.5- to 20.5-ft
water-surface contours indicate a ‘““‘mound’’ downstream
from the I-59 bridge opening at the West Pearl River. Be-

tween 3 and 4 m1 downstream, the alignment and spacing
of the contour lines indicate that the flow has become
uniformly distributed across the flood plain. Then, within
a 3-mile-long reach centered about I-10, the flow con-
verges toward and passes through the three bridge open-
ings and then diverges back onto the flood plain.
Approximately 1.5 m1 downstream from the highway
crossing, the flow 1s again umformly distributed across the
flood plain, as indicated by the water-surface contours
shown in figure 9.

Simulation of the April 2, 1980, Flood Without the
Interstate Highway 10 Embankments in Place

The finte-element network used to simulate the
April 1980 flood was modified to represent conditions
without I-10 1n place, and the hydraulic impact of the I-10
embankments was determined by comparing computed
results with and without I-10.

It should be noted that conditions with I-10 were
compared with conditions without I-10, not with condi-
tions prior to the construction of I-10. Thus, the reach
of the West Pearl River between river miles 12.4 and 13 2,
which was widened during construction, was not restored
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Figure 8. Computed and measured unit discharge at the Interstate Highway 10 bridge opening at the West

Pearl River

to 1ts original width and depth 1n the simulation without
I-10. However, because of the relatively small flow 1n the
channel of the West Pearl River without I-10 1n place, the
difference with respect to backwater between conditions
without I-10 and conditions prior to the construction of
I-10 is almost certainly negligible.

Network Modifications

Elements were added in the areas occupied in the
onginal network by the I-10 embankments Elsewhere, the
two networks were identical. Model ground-surface eleva-
tions at and near the highway embankments were changed
to the elevation of the surrounding natural flood plain.
The Chézy coefficients corresponding to the new elements
and the elements formerly located in overbank areas under
the I-10 bridges were assigned the value 22 ft /s, the
value used 1n both simulations for the wooded flood plain.
Upstream and downstream boundary conditions were the
same as those used 1n the ssmulation with the highway em-
bankments 1n place.

Results of the Simulation

The water-surface contours for the simulation
without I-10 1n place are shown 1n figure 10. Water-surface

elevations upstream from the I-10 site are lower without
the highway embankments 1n place. Flow patterns in the
upper and lower parts of the full study reach are similar
to those computed with the highway embankments 1n
place. Throughout the muddle part of the study reach, the
flow 1s uniformly distributed across the flood plain and
1s parallel to the flood-plain axis Without I-10 1n place,
the flow shift from the west side of the flood plain to the
east side does not occur as far upstream as with I-10 1n
place.

Computed discharges at the site of I-10 with and
without the highway embankments 1n place are given 1n
table 5. Without the highway embankments 1n place, flow
1s reduced 41 percent at the Pearl River bridge opening,
80 percent at the Middle River opeming, and 67 percent
at the West Pearl River opening. Without the roadway in
place, the computed discharge across that part of the flood
plain that 1s occupied by the embankments with the road-
way present 1s 95,200 ft¥/s.

Backwater and Drawdown Caused by the
Interstate Highway 10 Embankments

A map of backwater and drawdown was obtained
by subtracting nodal water-surface elevations computed
without the roadway 1 place from the corresponding
nodal water-surface elevations computed with the roadway

Summary of Previous Application of FESWMS 15
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Table 5. Computed discharges at Interstate Highway 10 with and
without the embankments

Discharge, in cubic feet per second

With Without
highway highway
Subsection embankments  embankments
Embankment between left
edge of flood plain and
Pear]l River----------=s-eee-me 0 833
Pearl Ruver, left overbank----- 23,600 13,800
Pearl Ruver, channel------------- 50,200 32,500
Pear] Ruver, nght overbank---- 36,100 18,100
Pearl Ruver, total----------- 110,000 64,400
Embankment between Pearl
and Middle Rivers----------- 0 29,900
Middle Ruver, left overbank--- 3,810 916
Middle Ruver, channel---------- 17,800 3,320
Middle River, nght overbank- 5,360 1,100
Middle Ruver, total-------- 27,000 5,340
Embankment between Middle
and West Pear! Rivers------ 0 64,500
West Pearl River, left
overbank-------cc-am-emoemeeeen 10,000 3,560
West Pearl River, channel----- 16,900 5,260
West Pearl River, nght
overbank-----------c--s-eemeee 11,000 3,580
West Pearl Ruver, total--- 37,900 12,400
1] 7: ] S 175,000 177,000

The reason for the discrepancy among the total computed discharges
and the total inflow 1s discussed in the section, “Numerical Solution of
the Flow Equations ”

in place. Lines of equal backwater and drawdown are
shown 1n figure 11. The 1.2-ft to 2.0-ft hines form a
“mound” north of I-10 between the nght abutment of the
Pearl River bridge and the west edge of the flood plain.
Upstream from the roadway, maximum backwater at the
west edge of the flood plain (1.5 ft) 1s greater than max-
mmum backwater at the east edge (1.1 ft), but backwater
decreases more rapidly in the upstream direction along the
west edge than along the east edge.

Backwater ranging from 0.6 to 0.2 ft extends more
than a mile downstream from the Pearl River bridge open-
g 1n I-10 at the east edge of the flood plain. A large area
of drawdown extends from the downstream side of the
highway embankment between the Middle and West Pearl
Ruvers to the west edge of the flood plain. The lateral vana-
tions in backwater and drawdown are due to the relatively
greater constriction of the flow in the western part of the
flood plain and to the topography of the flood plain.

LOCAL-MODEL SIMULATION OF SEVEN
ALTERNATIVE MODIFICATIONS OF THE
INTERSTATE HIGHWAY 10 CROSSING
FOR THE APRIL 2, 1980, FLOOD

A local model was developed to determine the prob-
able effects of several flood-plain and structural modifica-
tions of the I-10 crossing. The modifications consist of
three alternatives mvolving clearing of vegetation, three
alternatives requiring removal of spoil, and one alternative
simulating the installation of culverts in the I-10 embank-
ment. The local model 1s less costly to use than either the
large model used 1n the full study reach or the model used
to analyze the four alternative modifications discussed 1n
the next section.

In the present study, local-model simulations were
used to aid 1n selecting the four alternatives to be simulated
by the larger model presented in the next section of this
report. A note of caution is warranted, because results ob-
tamed from an alternative simulation using the local model
will differ somewhat from results obtained from the same
alternative simulation using either the full-reach network
shown 1n figure 4 or the networks shown 1n figures 13, 20,
and 29. This difference 1n computed results occurs because
the fixed-boundary conditions are 1n close proximity to the
areas modified; thus, they will influence the solution.

Network Design, Boundary Conditions,
and Validation

The local network, shown 1n figure 12, was designed
to represent the area near the West Pearl River opening
inundated by the April 1980 flood. The local-model net-
work differs shghtly from the corresponding section of the
full-reach network (fig. 4). Prototype channel widths were
more closely approximated by the channel widths 1n the
local network than by those 1n the full-reach network, but
the cross-sectional areas of the channels in both networks
are equal to the measured cross-sectional areas of the proto-
type. Ground-surface elevations, embankment geometry,
and Chézy values were selected to match, as closely as
possible, the values used 1n the full-reach model discussed
1n the previous section.

The boundary conditions for the local model were
taken from the results of the full-reach calibration simula-
tion at the closest corresponding nodes. The local-model
inflow along the upstream boundary and the eastern
boundary north of I-10 was adjusted 1n direction and
magnitude to match the results from the full-reach calibra-
tion simulation (table 6). Water-surface elevations were
set along the downstream boundary and the eastern
boundary south of I-10.
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Table 6. Discharges along the upstream boundary of the local
model computed using the full-reach model and input discharges
along the upstream boundary of the local mode!

Discharge, in cubic feet per

second
Section of Full-reach Local
upstream boundary model model
Right overbank-----------e-------- 8,220 8,340
Main channel------------------—--- 6,230 5,830
Left overbank------+------=r--=---- 14,700 14,400
Eastern boundary----------------- 8,860 9,350
Total 38,000 38,000

After all boundary conditions and roughness types
were established, FESWMS was run using the local-model
network At the corresponding nodes, the water-surface
elevations obtamned using the local model are within
+0.2 ft of those obtained using the full-reach model

The discharge distribution at the West Pearl River
opening obtained from the local-model calibration simula-
tion closely matches the discharge distribution obtained
from the full-reach calibration simulation (table 7) The
total discharges obtained from the calibration simulations
using the full-reach and local models are 7 and 11 percent,
respectively, less than the measured discharge at the West
Pearl River opening The reason for the discrepancy be-
tween the total computed discharges through the West Pearl
Ruver opening and the inflow histed 1n table 6 1s discussed
1n the section “Numerical Solution of the Flow Equations”

Thus, a comparison of local-model and full-reach
model results indicates that two slightly different but
equivalent networks of the same area provide similar com-
puted discharge distributions and water-surface elevations.
In the following sections, the seven alternatives simulated
using the local network are discussed. Water-surface eleva-
tions are given to the nearest 001 ft for the purpose of
comparing differences among alternatives, but accuracy to
001 ft is not imphed

Simulations of Alternatives 1-3,
Requiring Removal of Vegetation

After the local model was adjusted to give results
matching closely the results from the full-reach simulation,
seven alternatives were simulated. In the first three alter-
native simulations, brush and trees were cleared on 31, 76,
and 167 acres, respectively, 1n and near the West Pearl Ruver
bridge nght-of-way as shown 1n figure 12. To simulate clear-
g, the Chézy coefficients corresponding to the elements

Table 7. Computed and measured discharges at the Interstate
Highway 10 bridge opening at the West Pearl River

Discharge, 1n cubic feet per second

Full-reach Local

model model
Opening section (computed) (computed) Measured
Left overbank------- 10,000 10,700 11,300
Channel ------=------- 16,900 15,600 19,700
Right overbank----- 11,000 10,100 9,800
Total?------------ 37,900 36,400 40,800

'Computed using the average discharge across two continuity-check
lines

The reason for the discrepancy among the total computed discharges
and the total inflow 1s discussed 1n the section, “Numerical Solution of
the Flow Equations”

n the cleared areas were assigned the value of 40 ft "2/,
which 1s recommended by Chow (1959)

The alternatives involving clearing allow more water
to flow across the overbanks, while the discharge in the
main channel 1s reduced (table 8). The discharge on the
left overbank increases, as a percentage of the computed
discharge from the local-model calibration simulation, by
21, 14, and 12 percent for the small, midsize, and large
cleared areas, respectively. The discharge on the nght over-
bank increases, as a percentage of the computed discharge
from the local-model calibration simulation, by 4 percent
for the small cleared area and 11 percent for the midsize
and large cleared areas.

The average velocity on the left overbank increases
by 0.5 ft/s for all three clearing patterns (table 9). The
average velocity on the right overbank increases by 0.1 ft/s
for the small cleared area and 0.2 ft/s for the midsize and
large cleared areas. Conversely, a decrease in average veloc-
1ty occurs n the main channel for all three clearing alter-
natives. The increase 1n average velocities on the overbanks
15 caused by a reduction 1n the resistance to the flow and
a reduction 1n the cross-sectional area needed to convey
the discharge on the overbanks

The computed water-surface elevations and back-
water for two locations along the western boundary of the
local model (fig 12) are listed 1n table 10. These two loca-
tions are significant because the River Gardens subdivi-
sion sustained heavy flood damage in April 1980 and
Crawford Landing 1s located 1n the area of maximum
backwater at the west edge of the flood plain

The reduction 1n backwater at a given location can
be compared with the acreage cleared to obtain a reduc-
tion 1n backwater per acres of cleared land. The small, mid-
size, and large clearing alternatives reduce backwater at
Crawford Landing by 0 22, 0.57, and 0.71 ft, respectively,
or by 007, 008, and 0.04 ft, respectively, for every 10 acres
cleared. Thus, keeping in mind that the inflow discharge
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Table 8. Computed local-model discharges at the Interstate Highway 10 bridge opening at the West Pearl River for existing conditions

and seven alternative modifications of the highway crossing

Discharge,! in cubic feet per second

Left

Condition overbank

Main Right
channel overbank Total?

Existing conditions (calibration)--------- 10,700

Simulated condition

1 Small area (31 acres) cleared at

West Pearl River---------e-e-cecae--
2 Midsize area (76 acres) cleared at

West Pearl River----------eeeceeeeeo
3 Large area (167 acres) cleared at

West Pearl River------------nceem-n-
4 Right-of-way cleared and ground-

surface elevation lowered to

elevation of surrounding flood

plain 13,800
5 Same as 4 with ground-surface

elevation lowered to sea level 1in

right-of-way
6 Same as 4 with knoll removed and

ground-surface elevation be-

tween knoll and niver lowered to

elevation of surrounding flood

plain 18,200
7 Same as 4 with discharge reduced

to simulate installation of

culverts

12,900
12,200

12,000

15,200

11,800

15,600 10,100 36,400

14,200 10,500 37,600

14,000 11,200 37,400

14,200 11,200 37,400

12,800 10,800 37,400

11,600 11,400 38,200

11,200 8,400 37,800

11,200 9,390 32,400

!Computed using the average discharge across two continuity-check lines
2The reason for the discrepancy among the total computed discharges and the total inflow 1s discussed 1n the section, “Numerical

Solution of the Flow Equations”

1s fixed 1n the local-model simulations, if reduction in
backwater 1s the main objective, these three clearing simula-
tions indicate that there 1s an optimal clearing size. Beyond
the optimal clearing size, any additional cleared acreage
produces only a marginal reduction 1in backwater.

Simulations of Alternatives 4-6,
Requiring Removal of Spoil

Three alternatives requiring spoil removal were
simulated using the local model. The decision to run these
three alternatives was based on the hypothesis that spoil
removal would significantly reduce backwater for a flood
of the magnitude of the April 1980 flood.

To simulate alternative 4 using the local model,
model ground-surface elevations on the left overbank,
which ranged from 9.0 to 4.0 ft above sea level, were lowered
to 2.5 ft above sea level, which 1s the elevation of the sur-
rounding flood plain. Ground-surface elevations on the

right overbank were lowered from 4.0 ft above sea level to
2.5 ft above sea level. The area within the bridge night-of-
way was cleared of vegetation. The Chézy coefficients of
elements 1n the cleared area were assigned the value of 40
ft"/s. The values of all other roughness types remained
the same as those used in the local-model calibration
simulation

Alternative 4 results 1n an increase 1n discharge on
both overbanks and a decrease in discharge in the main
channel (table 8). Discharge increases 29 percent on the
left overbank and 7 percent on the right overbank, as a
percentage of the corresponding computed discharge from
the local-model calibration simulation. The computed
discharge in the main channel is 18 percent less than the
computed discharge for the main channel in the local-
model calhibration simulation. Much of the increase in
discharge on the left overbank was obtained by removing
the relatively large spoil pile that impedes the flow across
thus overbank and thus greatly increases the cross-sectional
flow area. Compared with the local-model calibration
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Table 9. Computed local-model average velocities through the In-
terstate Highway 10 bridge opening at the West Pearl River
for existing conditions and seven alternative modfications of the
highway crossing

Table 10. Computed local-model water-surface elevations and
backwater with the Interstate Highway 10 embankment in place
for existing conditions and seven alternative modifications of the
highway crossing

Average velocity, in feet per second

Right
overbank

Left Main

Condition overbank  channel

Existing conditions
(cahibration) ------------- 20 34 13

Simulated condition
1 Small area cleared at

West Pearl River---- 25 32 14
2 Mdsize area cleared

at West Pearl River- 25 31 1.5
3 Large area cleared at

West Pearl River---- 25 32 15

4 Right-of-way cleared

and ground-surface

elevation lowered to

elevation of sur-

rounding flood

11 F 1] | [ —— 1.6 2.8 12
S. Same as 4 with

ground-surface

elevation lowered to

sea level 1n

nght-of-way----------- 14 25 10
6 Same as 4 with knoll

removed and

ground-surface

elevation between

knoll and niver

lowered to elevation

of surrounding

flood plam-----e-e-—-- 22 25 09
7 Same as 4 with

discharge reduced

to simulate installa-

tion of culverts------ 14 2.5 10

simulation, the cross-sectional flow area on the left over-
bank 1n the alternative 4 simulation 1s 58 percent larger,
whereas the flow area on the nght overbank 1s 19 percent
larger.

The average velocities, listed in table 9, decrease on
both overbanks and in the main channel Thus, alternative
4 allows the same discharge to be conveyed at a lower
average velocity. The decrease 1n average velocity 1s greater
on the left overbank (0.4 ft/s) than on the nght overbank
(0.1 ft/s) because of the relatively larger increase in cross-
sectional flow area on the left overbank.

Computed water-surface elevations and backwater
are given 1n table 10. At Crawford Landing, backwater 1s

Water-surface elevation,' In feet
above sea level
(Backwater,2 in feet)

River Gardens

Condition Crawford Landing subdivision

Existing conditions 1272 1292

(cahbration) (146) (142)

Simulated condition

1 Small area cleared at 12 50 1271
West Pearl River (124) 121

2 Midsize area cleared 1215 12 38
at West Pearl (0 89) (0 88)
River

3 Large area cleared at 1201 1223
West Pearl Ruver. 0.75) 073)

4 Right-of-way cleared 1245 12 66
and ground-surface (119 (116)
elevations lowered
to elevation of sur-
rounding flood
plain

5. Same as 4 with 12 39 12 60
ground-surface (1.13) (110)
elevations lowered
to sea level in
nght-of-way.

6. Same as 4 with knoll 11.99 12.23
removed and 073) 073)
ground-surface
elevations between
knoll and river
lowered to
elevation of
surrounding
flood plain

7. Same as 4 with dis- 1203 1221
charge reduced to 077 o7

simulate 1nstalla-
tion of culverts

'Water-surface elevations were obtamned from local-model simulations.

2Because the local model cannot be meamingfully run without the
highway embankments, backwater 1s computed by assuming that the
backwater for the simulation with existing conditions 1s 146 feet at
Crawford Landing and 1 42 feet at River Gardens subdivision These values
were obtained from full-reach simulations

0.27 ft less 1n the alternative 4 simulation than in the
calibration simulation.

Lowering the ground-surface elevation of nodes 1n
the bridge right-of-way to sea level was simulated 1n alter-
native 5. Elements 1n the bridge right-of-way were assigned
a Chézy value of 40 ft"%/s.
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The discharge distribution for the alternative 5
simulation 1s similar to that obtained 1n the alternative 4
simulation (table 8) Discharge increases 42 and 13 percent
on the left and right overbanks, respectively, as a percent-
age of the corresponding computed discharge 1n the local-
model calibration simulation The discharge 1n the man
channel decreases 26 percent compared with the computed
main-channel discharge in the local-model calibration
simulation

Computed water-surface elevations and backwater
are given 1n table 10 At Crawford Landing, backwater 1s
0.33 ft less in the alternative 5 simulation than in the
calibration simulation.

Even though the discharge on the overbanks 1s
greater 1n alternative 5 than 1n alternative 4, the average
velocities on the overbanks (table 9) are lower 1n alternative
5. Thus, the increase 1n cross-sectional flow area more than
compensates for the increase 1n discharge on the overbanks
to produce the lower average velocities 1n alternative 5.

The incremental change in the discharge distribution,
which results from lowering ground-surface elevations 1n
the bridge right-of-way from 2 § ft above sea level to sea
level, can be obtained by comparing alternatives 4 and 5.
The discharges on the left and right overbanks 1n the alter-
native 5 simulation increase 10 and 6 percent, respectively,
as percentages of the corresponding computed discharges
mn alternative 4

The mcremental effect of lowering the ground-
surface elevations 1n the bridge nght-of-way from the eleva-
tion of the surrounding flood plain (alternative 4) to sea
level (alternative 5) 1s obtained by subtracting the water-
surface elevations computed 1n alternative 4 from those
computed at corresponding nodes 1n alternative 5. The
lowering of ground-surface elevation to sea level produces
an incremental lowering of 0.06 ft in the computed water-
surface elevation at both Crawford Landing and River
Gardens subdivision.  This 0.06-f t reduction 1n backwater
1s achieved by increasing the cross-sectional flow areas on
the left and right overbanks 1n alternative 5 by 29 and 27
percent, respectively, as percentages of the corresponding
cross-sectional areas in alternative 4

The removal of both spoil in the West Pearl River
bnidge night-of-way and a knoll that protrudes into the
flow-expansion zone downstream from the bridge was
simulated 1n alternative 6 Spoil material between the niver
and the knoll, apparently left after construction, was also
removed 1n this simulation. All ground-surface elevations
at nodes 1n the areas where spoil was removed were lowered
to the elevation of the surrounding flood plain

Removal of the knoll increased the cross-sectional
area on the left overbank, resulting in a redistribution of
flow through the bridge opening Flow on the left over-
bank increases 70 percent, as a percentage of the cor-
responding computed discharge 1n the local-model
calibration simulation (table 8), but decreases 28 percent

m the main channel and 17 percent on the right overbank.
Even though spoil was removed 1n the bridge right-of-way,
the increase 1n discharge on the left overbank more than
compensates for the increase 1n cross-sectional flow area
there, resulting 1in a higher average velocity (table 9) Thus,
these results indicate that the knoll causes a major con-
striction of flow on the left overbank.

Computed water-surface elevations and backwater
are given 1n table 10 At Crawford Landing, backwater 1s
0.73 ft less in the alternative 6 simulation than in the
calibration simulation.

1]

Simulation of Alternative 7,
Requiring Installation of Culverts

Alternative 7 was the same as alternative 4 except for
a reduction 1n inflow to simulate the installation of culverts
1n the I-10 embankment between the West Pearl and Mid-
dle Rivers. Alternative 7 was based on the following
assumptions: (1) 40 concrete culverts, each 5 ft in diameter,
were nstalled; (2) each culvert was designed and maintained
to minimize energy losses; (3) observed headwater and
tailwater elevations for the flood of April 1980 were used,
and (4) the entire discharge reduction achieved by nstall-
ing the culverts occurred at the West Pearl River opening.
On the basis of these assumptions and field data from the
April 1980 flood, a discharge of 122 ft*/s was computed
for each culvert, giving a total discharge of 4,900 ft*/s for
40 culverts

The upstream nflow was umiformly lowered to ac-
count for the 4,900 ft*/s reduction 1n discharge. Ground-
surface elevations 1n the bridge right-of-way and the values
of Chézy coefficients were the same as in alternative 4.
Water-surface elevations at the downstream boundary, re-
quired as model 1nput, were the same as those computed
m the full-reach calibration simulation

In the simulation of alternative 7, the discharge
decreases 4,400 ft'/s in the main channel and 710 ft*/s on
the right overbank but, interestingly, increases 1,100 ft*/s
on the left overbank (table 8). Even though the total
discharge through the West Pearl River bridge opening 1s
reduced 4,900 ft*/s, the removal of spoil on the left over-
bank more than compensates for the reduction 1n total
discharge to produce the increase 1n discharge on the left
overbank

Compared with the calibration simulation, this alter-
native results 1n lower average velocities on both overbanks
and 1n the main channel (table 9). Average velocities 1n
alternative 7 are the same as 1n alternative 5 and the same
as or lower than those 1n all other alternative simulations
except the computed average velocity on the right overbank
1n alternative 6.

Computed water-surface elevations and backwater
are given 1n table 10 At Crawford Landing, backwater 1s
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069 ft less 1n the alternative 7 simulation than in the
calibration simulation

Comparison Among Alternatives

Two greatly different flood-plain modifications can
produce stmular reductions 1n both backwater and average
velocities. For example, alternative 3 involved cléaring of
vegetation and alternative 6 involved removal of a knoll
and the spoil adjacent to the knoll Simulation of these
two alternatives produced almost identical computed
water-surface elevations and backwater (table 10).
Although not 1dentical, the average velocities are similar
(table 9). Another example of obtaining similar computed
water-surface elevations and backwater by implementing
different alternative modifications 1s shown by comparison
of alternatives 6 and 7

Comparison of different alternative simulations also
reveals that the same reduction 1n backwater was obtain-
ed with different average velocities; conversely, the same
average velocities were obtained with different reductions
in backwater. For example, alternatives 4 and 1 have
similar computed water-surface elevations but different
average velocities (tables 9, 10). Alternatives S and 7 have
different computed water-surface elevations and 1dentical
average velocities.

Thus, the local-model results show that the selec-
tion of an alternative modification should be based on the
intended objective, whether it be a reduction 1n backwater,
a reduction 1n average velocity, or a combination of the
two. On the basis of the results of the local model and
the objective of lowering backwater without increasing
average velocities, four alternatives were selected for study
using the larger network discussed 1n the following section.

SIMULATION OF FOUR MODIFICATIONS OF
INTERSTATE HIGHWAY 10 FOR THE
APRIL 2, 1980, FLOOD

The four alternative modifications of the I-10 cross-
ng include’ (1) improving the hydraulic characteristics of
the three bnidge openings by removing spoil, natural levees,
and vegetation; (2) placing a new 2,000-ft bridge opening
1n the crossing and clearing brush and trees from an area
1,000 ft wide and 3,000 ft long, centered along the new
bnidge with the long side parallel to the roadway; (3) plac-
g a new 2,000-ft bndge opening 1n the crossing and clear-
ing brush and trees only 1n the new bridge right-of-way,
and (4) placing a 1,000-ft bridge opening 1n the crossing
and clearing brush and trees only 1n the new bridge right-
of-way. The networks used to simulate all four alternatives
were 1dentical to the muddle part of the full-reach network
(fig. 4) except for shght modifications required to repre-

sent each alternative Network modifications, results of
the simulation, backwater, and drawdown are discussed
for each alternative modification Model results are used
to evaluate each alternative with respect to three objec-
tives: (1) reducing backwater caused by the I-10 crossing,
(2) ehminating overtopping of the roadway, and (3))
decreasing velocities 1in the bridge openings.

Results obtained from an alternative simulation us-
ing this network will differ shightly from results obtained
from the same alternative sismulation using the full-reach
network This difference in computed results is caused by
the close proximity of the upstream and downstream
boundaries to the highway crossing. Boundary conditions,
obtamned from the results of the full-reach cahbration
simulation and held fixed in the alternative simulations,
would actually be shightly different owing to the alternative
modifications at and near I-10.

Boundary Conditions

Boundary conditions for the four alternative simula-
tions were obtained from the calibration simulation of the
full-reach model developed by Lee and others (1983). At
the upstream boundary, the umt discharges required as
mput for the four alternative simulations were taken from
corresponding nodes from the calibration simulation of
the full study reach At the upstream boundary, input
discharge at the Pearl and West Pearl Rivers was 8,090
and 6,040 ft*/s, respectively. The remaining 154,000 ft*/s
was distributed uniformly across the flood plain (table 11).

At the downstream boundary, the water-surface
elevations were those computed at corresponding nodes
n the calibration simulation using the full-reach model.
The downstream water-surface elevation ranges from 10.1
ft above sea level at the right edge of the flood plain to
9 6 ft above sea level at the left edge of the flood plain

Table 11. Distnbution of discharge at the upstream model bound-
ary for the alternative simulations

Discharge, in

Section of upstream boundary cubic feet per second

Left edge of flood plain to left edge

of water of Pearl River---------e----- 6,720
Pearl River—main channel-------------- 8,090
Ruight edge of water of Pearl River to

left edge of water of West Pearl

River 143,000
West Pearl River—main channel------- 6,040
Right edge of water of West Pearl

Ruver to nght edge of flood plain- 3,980

Total 168,000
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Alternative 1 Simulation

Durnng the model-adjustment process reported by
Lee and others (1983) and while conducting the local-
model simulations discussed previously, 1t was observed
that computed water-surface elevations were moderately
sensitive to the values of the Chézy coefficients of the over-
bank elements within the three bridge openings. The com-
puted water-surface elevations were also sensitive to model
ground-surface elevations within and near the bridge
rnights-of-way. Alternative 1, developed on the basis of
these observations, involved modifications to the overbank
areas within the bridge nghts-of-way. These modifications
mcluded removal of spoil left after construction, natural
levees along the channels, and brush and trees.

Network and Parameter Modifications

The grid used for alternative 1 was the same as the
one shown 1n figure 4 for the study area. It 1s shown at
a larger scale 1n figure 13. To simulate alternative 1 using

FESWMS, model ground-surface elevations of the over-
bank areas within the nights-of-way at the three I-10 bridge
openings were lowered to the elevation of the surrounding
flood plain. Elevations ranging from 2.2 to 4.6 ft above
sea level, within the highway nght-of-way on the right over-
bank at the Pearl River, were lowered to 1.5 ft above sea
level. No spoil was left after construction on the left over-
bank of the Pearl Ruver; therefore, no changes were made
to ground-surface elevations on this overbank. Ground-
surface elevations ranging from 2 5 to 4.0 ft above sea level
on both overbanks at the Middle River were lowered to
2.0 ft above sea level Ground-surface elevations on the
right overbank of the West Pearl River did not require
changing, because no spoil was left after construction, but
elevations ranging from 4.0 to 9.0 ft above sea level on the
left overbank were lowered to 2.5 ft above sea level. Eleva-
tions at and near the knoll southeast of the West Pearl
River opening were lowered to the elevation of the sur-
rounding flood plain, 1.5 to 3.0 ft above sea level, and
elevations ranging from 5.0 to 8.0 ft above sea level between
the knoll and the West Pearl River were lowered to between
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Table 12. Values of Chézy coefficients used to simulate the Apnl 2, 1980, flood for existing conditions (calibration) and four alternative

modifications of the highway crossing

Chézy coefficient, in foot to the
one-half power per second

Alternative
Element description and location Calibration 1 2 3 4

Woods 22 22 22 22 22
Marsh grass and brush downstream from Interstate

Highway 10 bridge across Pearl River-----------------—- 30 30 30 30 30
Brush and trees south of preceding marsh-grass area------- 21 21 21 21 21
Grass and scattered brush on left overbank under

Interstate Highway 10 bridge across Pearl River----- 40 40 40 40 40
Grass and brush on right overbank under Interstate

Highway 10 bnidge across Pearl River------=--=-=ev---- 30 40 30 30 30
Brush and trees under Interstate Highway 10 across Mid-

dle River 21 40 21 21 21
Grass and scattered brush under Interstate Highway 10

bridge across West Pearl River 40 40 40 40 40
New bridge nght-of-way - — 40 40 40
Area 1,000-feet-by-3,000-feet adjacent to new bridge

nght-of-way 22 22 40 22 22
Pearl Ruver, natural channel between river miles 13 5 and

159 105 105 105 105 105
Pearl Ruver, natural channel between river miles 15.9 and

181 85 85 85 85 85
Wastehouse Bayou, straightened channel between river

miles 00 and 44 59 59 59 59 59
Middle Ruver, straightened channel between river mules

73 and 90 66 66 66 66 66
Middle River, natural channel between nver miles 90 and

100 85 85 85 85 85
Middle Ruver, straightened channel between river miles

100 and 129 68 68 68 68 68
West Middle Ruver, straightened channel between river

miles 113 and 127 75 75 75 75 75
West Pearl River, natural channel between river miles 12.3

and 149 85 85 85 85 85
West Pearl River, straightened channel between river

miles 149 and 159 51 51 51 51 51
West Pearl Ruver, natural channel between river mules 159

and 170 100 100 100 100 100

3.0 and 5 0 ft above sea level. Natural-levee ridges along
the channel banks, outside of the bridge nghts-of-way, were
left unchanged.

The Chézy coefficients of the overbank elements 1n
the bridge nghts-of-way shown in figure 13 were assigned
a value of 40 ft”*/s, which 1s recommended by Chow (1959)
for a vegetative cover of short grass with no brush

(table 12). As indicated by the values of the Chézy coeffi-
cients histed 1n table 12, the Middle River has the most dense
vegetative cover (brush and trees) of the three bridge open-
ings The scattered brush under the I-10 bridge across the
West Pearl River and on the left overbank of the Pearl River
did not require a change 1n the value of the Chézy coef-
ficient.
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Figure 14. Distribution of discharge across the flood plain at Interstate Highway 10 for alternative 1

Results of the Simulation

Alternative 1 was sumulated using the network shown
in figure 13. In general, compared with the calibration
simulation, the velocity field for alternative 1 has a more
southerly flow component (pl. 1). Near I-10 the flow con-

verges toward the three openings, flows through the open-
1ngs, and then diverges out of the main channels back onto
the flood plamn. At the downstream boundary, the flow 1s
almost umiformly distributed across the flood plain and
the velocity field has a south-southeasterly component
similar to that of the calibration simulation.

Table 13. Computed water-surface elevations and backwater or drawdown for existing conditions and four alternative modifica-

tions of the highway crossing

Water-surface elevation, in feet above sea level
(backwater) or [drawdown], in feet

Reference number Without Alternative
and location With highway highway
on plates embankments embankments 1 2 3 4
1 Dawis Landing----------~-=-=---- 138 129 135 130 130 131
09 ©06) o1 ©on 02
2 Napoleon 128 n7 124 120 120 121
an ©on 0.3) ©3) 04
3 Ruver Gardens subdivision---- 128 114 124 117 17 1.9
(19 10 03 ©03) 0 5)
4 Mouth of Gum Bayou--------- 127 113 12.3 116 116 118
14) Qo0 03) ©03) 0.5)
5 West edge of flood plain, 02 105 106 105 103 103 104
mile downstream from [01] [01] [03] [03] [03]
Interstate Highway 10
6 East edge of flood plain, 02 109 103 108 105 105 106
mile downstream from ©e6) 05) 02 02 03)
Interstate Highway 10
7. East edge of flood plain, 0.7 10.8 102 107 104 104 105
mile downstream from ©6) 0 5) 02 02 ©03)

Interstate Highway 10

28 Reducing Backwater at the Interstate Highway 10 Crossing, Louisiana



The distribution of discharge across the flood plain
1s shown in figure 14. This figure shows that without I-10
there 15 a relatively umiform increase in cumulative discharge
across the flood plain. The only sharp break in the slope
of the hine, which corresponds to a rapid increase in
cumulative discharge, occurs at the Pearl River Without
I-10 1n place, the main channels of the Middle and West
Pearl Rivers convey a small percentage of the total
discharge. The line representing the cumulative discharge
with I-10 1n place graphically depicts the large percentage
of water that 1s transferred across the flood plain and flows
through the Pearl River opening As this transfer of water
from the west to the east side of the flood plain 1s reduced,
the plotted line for a given alternative simulation will bet-
ter approach the plotted line representing the distribution
without I-10. Thus, alternative 1 reduces the transfer of
water across the flood plain, and the plotted line 1s closer
to that for the simulation without 1-10

The computed water-surface elevations are shown by
contours on plate 1 and are tabulated 1n table 13 Upstream

from the I-10 embankment, the alternative 1 simulation
reduces the computed water-surface elevations by approx-
imately 0.4 ft compared with the calibrated water-surface
elevations. At the western upstream boundary of the study
area, near Davis Landing, the water-surface elevationis 1 3
ft hugher on the west side of the flood plain than on the
east side. Along the east edge of the flood plain, approx-
imately 0.2 mu downstream from the Pearl River bridge
(location 6), the computed water-surface elevation s 0.1 ft
less than the computed water-surface elevation with 1-10
mn place. At the west edge of the flood plain, 0.2 m
downstream from the West Pearl River bridge, the com-
puted water-surface 1s the same as the computed water-
surface elevation with I-10 in place.

The computed discharges at each of the three bridge
openungs are given 1n table 14. The discharges were obtained
from continuity checks along the line of nodes closest to
the south edge of the eastbound lane, where the measured
discharges were obtained. The discharge in the main chan-
nel (as a percentage of the computed discharge in the

Table 14. Computed discharges at the Interstate Highway 10 bridge openings for existing conditions and four alternative modifications

of the highway crossing

Discharge, 1n cubic feet per second

Existing Alternative
Opening conditions
section (calibration) 1 2 3 4
Pearl River
Left overbank--------------------- 23,600 24,900 17,400 17,800 18,500
Channel 50,200 40,600 39,100 40,300 41,700
Right overbank------------------- 36,100 36,200 26,400 27,300 28,600
Subtotal ---~-=-aeeeemaeaeae 110,000 102,000 82,900 85,400 88,800
Middle Raver
Left overbank--------------------- 3,810 6,050 2,380 2,490 2,650
Channel 17,800 16,300 11,500 11,800 12,800
Right overbank------------------- 5,360 9,000 3,340 3,470 3,760
Subtotal --=-=m-ememememamaaan 27,000 31,400 17,200 17,800 19,200
West Pearl River
Left overbank----~---e-emm-mamne-- 10,000 11,800 5,660 6,020 6,680
Channel 16,900 14,100 10,600 11,300 12,300
Right overbank-----------=se---- 11,000 11,000 6,620 6,920 7,530
Subtotal ----=~-m-mcmemeeeaenen 37,900 36,900 22,900 24,200 26,500
New bnidge opening
Flood plamn------—-------—eeeeeeee e e 41,000 38,700 36,600
Total! 175,000 170,000 164,000 166,000 171,000

'The reason for the discrepancy among the total computed discharges and the total inflow 1s discussed 1n the section, “Numerical Solution

of the Flow Equations ”
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Table 15. Computed average velocities at the Interstate Highway 10 bridge openings for existing conditions and four alternative modifica-

tions of the highway crossing

Velocities, in feet per second

Existing Alternative
Opening conditions
section (calibration) 1 2 3 4
Pearl River
Left overbank---------=-=-----neuu- 15 12 12 12 13
Channel 36 29 28 29 30
Right overbank-------------------- 18 1.5 15 15 16
Overall average-------------=-=---- 23 18 18 1.8 19
Middle Raver
Left overbank------------=---=--—-- 26 29 17 18 19
Channel 43 36 29 30 32
Right overbank-----=-==e---m-eseuu 32 38 22 23 24
Overall average-------------------- 37 35 25 26 27
West Pearl River
Left overbank--------------=----—-- 23 16 15 16 17
Channel 35 28 23 24 26
Right overbank----------zs-eemunen 14 10 09 09 10
Overall average-------------------- 22 16 15 1.5 17
New bndge openming
Flood plain-------=eseeeeccmameaceee eeee e 20 19 34

calibration simulation) decreases 19, 8, and 17 percent at
the Pearl, Middle, and West Pearl Ruvers, respectively.
Discharge increases on all overbanks, except on the right
overbank of the West Pearl River, where 1t remains un-
changed. The increase 1n discharge on the left overbank
at the West Pearl River opening 1s caused by lower ground-
surface elevations within the bridge nght-of-way; at the
Middle and Pearl Rivers, the increase 1s caused by lower
ground-surface elevations and a reduction 1n resistance.
Total discharge through an opening decreases at the Pearl
and West Pearl River openings, and most of the 4,400 ft*/s
increase 1n discharge at the Middle River 1s captured from
the Pearl River opening

The average velocities for the main channel and over-
banks for the three bridge openings computed in the
calibration and alternative 1 stmulations are histed in table
15 and are plotted on figures 154, 16A4, and 17A4. Average
velocities decrease on the overbanks and 1n the main chan-
nel at the Pearl River opeming The umt discharges
(fig 15B) also decrease on the overbanks and in the main
channel 1n this opening The decrease in umit discharges
in the main channel and across most of both overbanks
is caused by a reduction n average velocity. Even though
average velocities decrease on the overbanks of the Pearl

River, unit discharges increase near the edge of both over-
banks. The increase 1s caused by the removal of spoil, which
mncreases the cross-sectional flow areas and more than com-
pensates for the reduction 1n resistance.

The average velocity in the main channel of the Mid-
dle River decreases from 4.3 to 3.6 ft/s, but the average
velocity increases by 0.3 ft/s on the left overbank and by
0.6 ft/s on the nght overbank (table 15). The average veloc-
ity of 3.8 ft/s on the right overbank of the Middle River
1s the highest average velocity computed 1n the alternative
1 simulation. Even though the discharge at the Middle
River opening increases, the overall average velocity
decreases. The increase in unit discharge on both overbanks
of the Middle Ruver, shown in figure 165, 1s caused by both
an 1ncrease 1n cross-sectional flow area due to spoil removal
and an increase 1n average velocity due to a reduction 1n
resistance. The reduction 1n resistance more than compen-
sates for the increase 1n cross-sectional flow area, the net
result being an increase 1n average velocity. This reduction
n resistance between the calibration simulation and the
alternative 1 simulation 1s greatest on the overbanks at the
Middle Ruver (table 12).

At the West Pearl River opening, the average veloc-
ities decrease 1n the main channel and on both overbanks
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Figure 15. Computed (A) average velocities and (B) unit discharges for the calibration and alternative 1
simulations at the Interstate Highway 10 bridge opening at the Pearl River

(table 15). The decrease 1s larger on the left overbank
than on the right. The relatively large decrease on the left
overbank 1s caused by a large increase 1n flow area pro-
duced by lowering of ground-surface elevations ranging
from 4.0 to 9 0 ft above sea level in the calibration simula-
tion to 2.5 ft above sea level 1n the alternative 1 simula-
tion. Although the average velocity decreases on the left
overbank, the unit discharge increases, as shown 1n figure
17B,owing to the large increase 1n cross-sectional area.

Lines of equal backwater and drawdown are shown
on plate 2. These lines were produced by subtracting nodal
water-surface elevations from the simulation without I-10

1n place (Lee and others, 1983) from corresponding water-
surface elevations computed for alternative 1. Maximum
backwater of 1.7 ft occurs on the upstream side of the I-10
embankment between the Middle and West Pearl Ruvers.
Maximum backwater of 2.1 ft occurred at the same loca-
tion 1n the calibration simulation Maximum backwater at
the west edge of the flood plain 1s 1.1 ft near Crawford
Landing. Maximum backwater at the east edge of the flood
plan 1s 0.7 ft, 0.3 mu downstream from Napoleon. The cor-
responding values of backwater in the calibration simula-
tion were 1.5 ft near Crawford Landing and 1.1 ft near
Napoleon. Upstream from I-10, backwater decreases more
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Figure 17. Computed (A) average velocities and (B) unit discharges for the calibration and alternative 1 simula-
tions at the Interstate Highway 10 bridge opening at the West Pearl River

rapidly 1n the upstream direction on the west side of the
flood plain than on the east side (figs. 18, 19). This 1s the
same pattern as in the calibration simulation.

The water-surface gradients 1n the Middle and West
Pearl River openings are reduced from the calibration
values 1n this simulation but remain larger than the gra-
dient 1n the Pearl River opening.

Maximum drawdown for alternative 1 of 0.7 ft oc-
curs on the downstream side of the I-10 embankment be-
tween the Middle and West Pearl Rivers. Drawdown of
0.2 ft extends 0.5;midownstream from I-10 at the westedge
of the flood plain. On the east side of the flood plan,

backwater ranges from 0.5 ft at I-10 to 0.2 ft at the
downstream boundary (pl. 2)

On the basis of the results of this simulation, alter-
native 1 can be evaluated with respect to the three pre-
viously mentioned objectives. Alternative 1 reduces
backwater by approximately 0.3 to 0.4 ft upstream from
I-10. Interstate-10 was overtopped by only a few inches 1n
the April 1980 flood; hence, alternative 1 ehminates the
possibility of roadway overtopping for a flood of the
magmtude of the 1980 flood. Average velocities in the man
channels and on the overbanks at the Pearl and West Pearl
River openings are reduced compared with those of the
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Figure 18. Computed water-surface elevations for the Pearl River, center of channel, for the simulations with
Interstate Highway 10, without Interstate Highway 10, and the four alternatives

existing crossing. At the Middle River, average velocities
ncrease on the overbanks and decrease 1n the main chan-
nel. Alternative 1 reduces backwater and lowers the overall
bridge-opening velocity at the Middle Ruver, even with an
increase 1n discharge through the opening.

Alternative 2 Simulation

Alternative 2, a new bridge opening, was designed
to create the greatest expected reduction in backwater of
the four alternatives simulated. To obtain the maximum
possible reduction 1n backwater from a 2,000-ft bridge
opening, the new bridge was placed in the I-10 embank-
ment near where maximum backwater was computed 1n
the calibration simulation. Put 1n another perspective, this
alternative was developed to answer the question, how
much backwater would have been produced if all existing
bridge openings had remained unchanged but an additional
2,000-ft bridge opening had existed in the I-10 embank-
ment? In addition to a new bridge in the embankment,
brush and trees were cleared 1n and near the new bridge
opening to further reduce backwater

Network and Parameter Modifications

To simulate alternative 2, the finite-element network
was modified, as shown 1n figure 20, by adding elements
to that area of the embankment occupied by the new
bridge. Ground-surface elevations at nodes in the new
bridge night-of-way were set at sea level. A rectangular area
1,000 ft wide and 3,000 ft long, with the long side parallel
to the roadway, was cleared of brush and trees. The Chézy
coefficients of elements 1n the cleared area were assigned
the value of 40 ft"/s (table 12). At the Pearl, Middle, and
West Pearl Rivers, the ground-surface elevations and the
values of the Chézy roughness coefficients were 1dentical
to those used 1n the calibration simulation.

Results of the Simulation

The velocity vectors produced 1n the alternative 2
simulation have a more southerly component throughout
the reach modeled, compared with the south-southeasterly
component produced in the calibration simulation (pl 3).
Alternative 2 sigmficantly reduces the flow shift from the
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Figure 19. Computed water-surface elevations for the West Pearl River, center of channel, for the simula-
tions with Interstate Highway 10, without Interstate Highway 10, and the four alternatives

west side of the flood plain to the east side upstream from
I-10. The cumulative discharge versus distance across the
flood plain, plotted in figure 21, shows that the discharge
distribution through the four embankment openings more
closely corresponds to the discharge distribution without
I-10 1n place than do the distributions corresponding to
any of the other alternatives.

Owing to the added conveyance at the 1-10 embank-
ment, convergence toward the I-10 openings and divergence
back onto the flood plain occurs in a 0.6-mi-long reach
centered about I-10, whereas it occurred in a 3-mi-long
reach in the full-study calibration run.

The computed water-surface elevations are shown
by contours on plate 3. Upstream from 1-10, the com-
puted water-surface elevations are lower than those com-
puted 1n the calibration simulation. The water-surface
elevation at Davis Landing, on the west side of the flood
plain, is 1.0 ft higher than the water-surface elevation at
Napoleon. The water-surface elevations downstream
from I-10, on both sides of the flood plain, are lower
than those computed 1n the calibration simulation (table
13).

The computed discharges at each of the four bridge
openings are given 1n table 14. Alternative 2 reduces the
discharge 25, 36, and 40 percent at the Pearl, Middle,
and West Pearl Rivers, respectively, as a percentage of
the calibrated discharge at each opemuing. The main chan-
nel discharge, as a percentage of the calibrated discharge
1n each main channel, 1s reduced 22, 35, and 37 percent
at the Pearl, Middle, and West Pearl Rivers, respectively.
A decrease 1n discharge of 26 and 27 percent occurs on
the left and right overbanks of the Pearl River opening.
Discharge decreases 38 percent on both overbanks of the
Middle River. The greatest decreases in discharge, 43 and
40 percent, occur on the left and right overbanks of the
West Pearl River, respectively. The new bridge carnes
41,000 ft*/s, or 25 percent of the total computed discharge
in the alternative 2 simulation.

The average velocities 1n the main channel and on
the overbanks are reduced at all three openings, as shown
in figures 22, 23, and 24, which indicate that a rather
uniform reduction 1n average velocity 1s achieved across
the overbanks at the three openings. The smallest
reduction 1n average velocity (0.3 ft/s) occurs across both
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overbanks of the Pearl River (table 15). The largest reduc-
tion 1n average velocity (1.4 ft/s) occurs in the main chan-
nel of the Middle River, and the largest overall reduction
through an opening (1.2 ft/s) also occurs at the Middle
Ruver. Even with the relatively large reduction 1n average
velocity at the Middle River, the highest average velocity
(2 5 ft/s) through an opening occurs in the Middle River.
At the West Pearl River opening, the decrease 1n average
velocity on the left overbank (0.8 ft/s) 1s greater than the
decrease 1n average velocity on the right overbank (0.5
ft/s). The average velocity through the new brnidge open-
g 1s 2.0 ft/s, compared with an average velocity of 0.7
ft/s across the flood plain.

Lines of equal backwater and drawdown for alter-
native 2 are shown on plate 4. Maximum backwater of
0.7 ft occurs along the upstream side of the [-10 embank-
ment between the Pearl and Middle Rivers, whereas, in
the calibration simulation, maximum backwater (2.1 ft)
occurred between the Middle and West Pearl Rivers On
the east edge of the flood plain, maximum backwater of
0.3 ft occurs from just upstream from I-10 to the
upstream boundary (fig. 18). On the west edge of the
flood plain, maximum backwater of 0.3 ft occurs near
the mouth of Gum Bayou. Backwater 1s 0.1 ft at Davis
Landing (table 13).

Comparison of figures 18 and 19 shows that up-
stream from I-10 backwater decreases more rapidly in
the upstream direction on the west side of the flood plain
than on the east side. On the west side of the flood plain
at the upstream boundary, backwater 1s ehminated, but
0.3 ft of backwater still exists on the east side. On the
east side of the flood plan, 0.2 ft of backwater exists from

38 Reducing Backwater at the Interstate Highway 10 Crossing, Louisiana

I-10 to the downstream boundary. Although reduced in
comparison with the calibration simulation, drawdown
still exists downstream from the West Pearl River bridge
opening at I-10.

On the basis of the above discussion, alternative
2 can be examined using the previously mentioned ob-
Jectives. Alternative 2 reduces backwater to the extent that
the overtopping of the I-10 crossing 1s eliminated. The
average velocities are reduced on the overbanks and 1n
all main channels. The greatest reduction n average
velocity occurs at the Middle River, but the highest
average velocity still occurs there.

Alternative 3 Simulation

Alternative 3 differs from alternative 2 1n that the
cleared area adjacent to the new bridge opeming is
ehminated. The only difference in the simulations of alter-
natives 2 and 3 1s the value of the Chézy coefficient as-
signed to the area surrounding the new bridge opening.
Therefore, the difference 1n the computed water-surface
elevations between alternatives 2 and 3 1s the effect pro-
duced by clearing.

Network and Parameter Modifications

The network used 1n the alternative 2 simulation
was also used in the alternative 3 simulation. As 1n alter-
native 2, a new 2,000-ft bridge was placed 1n the I-10
embankment by adding elements to the area of the em-
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Figure 25. Distribution of discharge across the flood plain at Interstate Highway 10 for alternative 3

bankment occupied by the new bridge (fig. 20). Ground-
surface elevations at nodes 1n the new bridge nght-of-way
were set at sea level. Ground-surface elevations at nodes
n the existing bridge rights-of-way remained the same
as those used 1n the calibration simulation. The Chézy
coefficients of elements 1n the new bridge night-of-way
were assigned a value of 40 ft**/s (table 12). At the Pearl,
Middle, and West Pearl Rivers, the Chézy values (rang-
ng from 21 to 40 ft'/’/s) that were used 1n this simula-
tion were 1dentical to those used in the calibration
simulation (table 12). The cleared area adjacent to the
new bridge was assigned a Chézy value of 22 ft"2/s in ths
simulation; in alternative 2 it was assigned the value of
40 ft"/s.

Results of the Simulation

The plot of the velocity-vector field for alter-
native 3 1s shown on plate 5 The vector field closely
resembles the vector fields obtained from the simulation
of alternative 2 and the simulation without I-10 1n place.
As 1n other alternatives, the velocity vectors 1n this simula-
tion have a more southerly component; the southeasterly
component, indicating movement toward the Pearl River,
does not begin as far upstream as 1t did in the full-study
calibration simulation

The computed cumulative discharge 1s plotted as
a function of distance across the flood plain for
simulations with I-10, without I-10, and alternative 3 1n
figure 25 The distribution of flow across the flood plain
closely corresponds to that for alternative 2 (fig. 21) The
computed water-surface elevations are shown by contours

on plate 5, and values for selected locations are histed in
table 13. Upstream from I-10, computed water-surface
elevations range from 0.8 to 1.1 ft lower than the com-
puted water-surface elevations with the I-10 em-
bankments 1n place The water-surface elevation 1s 1.0
ft higher at Davis Landing, on the west side of the flood
plain, than at Napoleon, on the east side. At River
Gardens, the subdivision sustaining the heaviest damage
m the April 2, 1980, flood, the computed water-surface
elevation 1s 11.7 ft above sea level, 1.1 ft lower than the
computed water-surface elevation in the full-study
calibration simulation. Upstream at Davis Landing, the
computed water-surface elevation 1s 13.0 ft above sea
level, 0.8 ft lower than the elevation obtained 1n the full-
study calibration simulation.

The discharge distribution through the four bridge
openings 1n the I-10 embankment 1s tabulated 1n table
14, Discharge decreases at the Pearl, Middle, and West
Pearl Ravers (as a percentage of the computed discharge
1n the calibration simulation) by 22, 34, and 36 percent,
respectively. The new bridge placed 1n the I-10 embank-
ment carries 23 percent of the total computed discharge
As 1n alternative 2, the Pearl River 1s the major con-
tributor of discharge to the new bridge, on a percentage
basis, however, the Middle and West Pearl Rivers are the
largest contributors to the new bridge

At the existing bridge openings the reduction 1n
discharge 1s greatest on the overbanks. This decrease 1s
especially evident at the Middle River, where, as a
percentage of the discharge computed 1n the calibration
simulation, discharge decreases 35 percent on both over-
banks, and at the West Pearl River, where the discharge
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Figure 26. Computed average velocities for the calibration and alternative 3 simulations at the Interstate

Highway 10 bridge opening at the Pearl River

decreases on the left and right overbanks by 40 and 37
percent, respectively.

The average velocities for the alternative 3 simula-
tion are plotted in figures 26, 27, and 28 There 1s a
umiform reduction 1n velocity of 0.3 ft/s on the left and
right overbanks of the Pearl River. Relatively large reduc-
tions 1n average velocity occur on the left overbank (0.8
ft/s) and right overbank (0 9 ft/s) of the Middle River.
The average velocity in the main channel at the Middle
Ruver is 1.3 ft/s lower than the average velocity computed

mn the calibration simulation. The average velocity 1s
greater on the left overbank than on the rnight overbank
at the West Pearl. The average velocities increase or re-
main the same 1n the existing bridge openings compared
with alternative 2, but the average velocity in the new
bridge opening 1s 1.9 ft/s, 0.1 ft/s less than that com-
puted 1n alternative 2. The lower average velocity 1s
caused by the increase 1n the roughness coefficient on the
1,000- by 3,000-ft area that was cleared of brush and trees
m the alternative 2 simulation.
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Figure 27. Computed average velocities for the calibration and alternative 3 simulations at the Interstate

Highway 10 bridge opening at the Middle River
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Lines of equal backwater and drawdown are shown
on plate 6, and values for selected locations are listed in
table 13. Maximum backwater of 0.8 ft occurs along the
upstream side of the embankment between the Pearl and
Middle Rivers. In the calibration simulation, maximum
backwater of 2.1 ft occurred between the Middle and
West Pearl Rivers. Along the western margins of the
flood plain upstream from I-10, the maximum backwater
15 0.3 ft, and at the upstream boundary, backwater 1s less
than 0.1 ft. On the east side of the flood plain, the max-
imum backwater 1s 0 3 ft and extends from just upstream
from I-10 to the upstream boundary As in the other three
alternatives, comparison of figures 18 and 19 indicates
that backwater decreases more rapidly in the upstream
direction on the west side of the flood plain upstream
from I-10 than on the east side. Downstream from I-10,
backwater exists on the east side of the flood plain and
drawdown on the west side

On the basis of the objectives selected to analyze
the alternative modifications, alternative 3 reduces
backwater to a fraction of that obtained in the calibra-
tion simulation. This reduction 1n backwater prevents
overtopping of I-10 for the flood of April 2, 1980. The
average velocities are reduced 1n all bridge openings, with
the highest average velocity occurring 1in the Middle River
opening.

Alternative 4 Simulation

In the alternative 4 simulation, a new 1,000-ft
bridge opening was placed in the I-10 embankment. This
new bridge was centered along the I-10 embankment in

the same location as the 2,000-ft bridge opening used 1n
alternatives 2 and 3. Two main results were obtained us-
1ng this simulation: (1) the reduction in backwater caused
by the addition of a 1,000-ft bridge opening was deter-
mined, and (2) the incremental effect of decreasing the
new bridge opening from 2,000 to 1,000 ft was determined
by comparing alternatives 3 and 4.

Network and Parameter Modifications

The new 1,000-ft bridge opening was added to the
I-10 embankment between the Middle and West Pearl
Rivers by adding elements to the area occupied by the
embankment (fig. 29). The elements located in the new
bridge right-of-way were assigned a Chézy value of
40 ft"/s (table 12) Ground-surface elevations at nodes
in the new bridge right-of-way were set at sea level. At
the three existing bridge openings, ground-surface eleva-
tions and Chézy values were the same as those used 1n
the full-study calibration simulation. Outside of the new
bridge right-of-way, the ground-surface elevations and
the values of the Chézy roughness coefficients were 1den-
tical to those used 1n the calibration simulation

Results of the Simulation

Water-surface elevations and velocity vectors for
alternative 4 are shown on plate 7. As 1n the other alter-
native simulations, the velocity-vector field has a more
southerly flow component than that obtained n the
calibration simulation. This shift in the velocity-vector
field indicates that the transfer of flow across the flood

Simulation of Four Modifications 41



INFLOW

Davis
Landing

River
Gardens
Subdivision

Crawford
Landing

Cross
Gates
Subdivision

Napoleon

4

80]00 FEET

OUTFLOW
0 4000
(- 1
L 1 T
0 1000 2000 METERS
EXPLANATION

IR New 1000-foot bridge

Figure 29. Finite-element network for the alternative 4 simulation

plain does not begin as far upstream from I-10 1n this
stmulation as 1t did 1n the calibration simulation.

The computed water-surface elevations are shown
by contours on plate 7, and values for selected locations
are given 1n table 13. The steepest water-surface gradients
occur through the Middle River and new bridge open-
ings. At the upstream boundary, the water-surface eleva-
tion is 1 O ft higher on the west side of the flood plain
than on the east side. Downstream from I-10, water-
surface elevations are higher on the east side of the flood
plain and lower on the west side than those computed
without the highway embankments 1n place

The computed cumulative discharge 1s plotted as
a function of distance across the flood plain for simula-
tions with I-10, without I-10, and for alternative 4 1n
figure 30, and the computed discharges through the four
bridge openings are tabulated 1n table 14. Although the

42 Reducing Backwater at the Interstate Highway 10 Crossing, Loutsiana

discharge through the Pearl River opening 1s greater than
that obtained without I-10 1n place, 1t 1s less than the
discharge through I-10 obtained 1n the full-study calibra-
tion simulation The Pearl River bridge opening and the
new bridge opening convey 125,000 ft¥/s, or 73 percent
of the total computed discharge.

Discharge decreases through the Pearl, Middle, and
West Pearl Rivers (as a percentage of the computed
discharge in the calibration simulation) by 19, 29, and
30 percent, respectively. As 1n alternative 3, the decrease
i discharge 1s greatest on the overbanks, especially at
the Middle River, where discharge decreases 30 percent
on both overbanks, and at the West Pearl River, where
discharge decreases 33 and 32 percent on the left and right
overbanks, respectively. In the main channel, discharge
decreases 17, 28, and 27 percent at the Pearl, Middle, and
West Pearl Rivers, respectively. The new bridge opening
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Figure 30. Distribution of discharge across the flood plain at Interstate Highway 10 for alternative 4

conveys 21 percent of the total computed discharge. The
greatest share of the 36,600 ft*/s conveyed by the new
bridge comes from the Pearl River opening.

The average velocities through the existing bridge
openings are shown in figures 31 to 33. A shght reduc-
tion 1n average velocity of 0.2 ft/s occurs on both over-
banks of the Pearl River. The largest reduction 1n average
velocities occurs at the Middle and West Pearl bridge
openings. At the Middle River the average velocity
decreases 0.7 ft/s and 0.8 ft/s on the left and right over-
banks, respectively. At the West Pearl River the average
velocity decreases 0.6 ft/s on the left overbank and 0.4
ft/s on the right overbank In the main channel the
average velocity decreases 1.1 ft/s at the Middle River
and 0.9 ft/s at the West Pearl River. This decrease in
average velocity at the existing bridge openings 1s caused
solely by the addition of the new bridge opening, as no

other embankment modifications of the highway cross-
ing were made. The average velocity in the new bridge
opening 1s 3.4 ft/s.

Lines of equal backwater and drawdown are shown
on plate 8. Values of backwater for selected locations
numbered on plate 8 are histed 1n table 13. The maximum
backwater of 0.9 ft occurs along the upstream side of the
embankments between the Pearl and Middle Rivers and
between the Middle River and the new bridge. Maximum
backwater along the west edge of the flood plain1s0 5 ft
near River Gardens; on the east side, maximum
backwater of 0.4 ft extends from just upstream from I-10
to the upstream boundary of the model. In addition to
the upstream backwater, 0.3 ft of backwater extends
0.7 m1 downstream from I-10 along the east side of the
flood plain. Along the western margins of the flood plain,
drawdown exists downstream from I-10 Comparison of
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Figure 31. Computed average velocities for the calibration and alternative 4 simulations at the Interstate

Highway 10 bridge opening at the Pearl River
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Highway 10 bridge opening at the Middle River

figures 18 and 19 indicates that backwater upstream from
I-10 1s greater on the west side of the flood plain than
on the east, but the reduction 1n backwater occurs more
rapidly in the upstream direction on the west side than
on the east.

Simulation of alternative 4 produces beneficial
results, based on the objectives selected for analysis.
Backwater 1s reduced from 1.4 ft to 0.5 ft upstream from
I-10 at the mouth of Gum Bayou, thereby preventing the
overtopping of I-10 for a flood such as the one that oc-
curred 1in 1980. Although not ehminated, backwater 1s
reduced downstream from I-10 on the east edge of the
flood plain. Drawdown increases shightly, on the west
edge of the flood plain 0.2 m1 downstream from I-10,
from —0.1 ft in the calibration simulation to —0.2 ft in
this alternative. Finally, the average velocities are reduc-
ed 1n all the existing bridge openings.

Comparison of Alternatives

In the presentation of the alternatives, comparisons
have been made between each alternative simulation and
the full-study calibration simulation. Additional com-
parisons of the alternative simulations need to be dis-

cussed. Two comparisons that provide valuable
information are: (1) by comparing alternatives 2 and 3,
the effect of the cleared area at the new bridge opening
is obtained; and (2) by comparing alternatives 3 and 4,
the effect of increasing the new bridge opening from 1,000
to 2,000 ft 1s obtained. These two comparisons will aid
highway planners in evaluating the incremental effects
obtained by clearing or increasing the width of the bridge
opening.

The new 2,000-ft bridge opeming without clearing
(alternative 3) conveys 38,700 ft*/s, 23 percent of the total
computed discharge (table 14). With the addition of the
cleared area (alternative 2), the discharge through the new
bridge increases to 41,000 ft*/s, or 25 percent of the total
computed discharge. Thus, clearing increases the
discharge through the new bridge by 2,300 ft¥/s.

The average velocities for alternatives 2 and 3 are
shown 1n table 15. As indicated 1n this table, the average
velocities at the Pearl and West Pearl Rivers remain un-
changed between alternatives 2 and 3. At the Middle
River, the velocity 1s shightly lower with clearing than
without. At the new bridge the average velocity 1s 0.1 ft/s
higher with clearing than without.

The computed water-surface elevations and
backwater for selected locations are listed 1n table 13.
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Comparisons of alternatives 2 and 3 in the table and com-
parison of plates 4 and 6 show that clearing has minimal
effect on backwater along the edges of the flood plain
The computed water-surface elevations for the center of
the channel at the Pearl and West Pearl Rivers are shown
in figures 18 and 19. The addition of the cleared area 1n
alternative 2 produces less than 0.1 ft of reduction 1n
water-surface elevation (the difference between the lines
for alternatives 2 and 3).

In alternative 3 the 2,000-ft bridge opening conveys
38,700 ft’/s, and in alternative 4 the 1,000-ft bridge con-
veys 36,600 ft*/s (table 13) Thus, the 1,000-ft bridge con-
veys 2,100 ft*/s less than the 2,000-ft opening. To convey
this discharge through the 1,000-ft opening, an increase
1n average velocity from 1.9 ft/s in alternative 3 to 3.4
ft/s 1n alternative 4 occurs (table 5). The higher velocity
in the 1,000-ft bridge opening 1s associated with a large
water-surface gradient through the opening. At the ex-
isting bridge openings, average velocities are 0.1 to 0.2
ft/s higher in alternative 4 than in alternative 3.

The lines of equal backwater and drawdown for
alternatives 3 and 4 are shown on plates 6 and 8, respec-
tively, and values for selected locations are listed 1n
table 13. On the west side of the flood plain, backwater
15 0.2 ft greater at the mouth of Gum Bayou and at River
Gardens with the new 1,000-ft bridge opening (alternative
4) than with a new 2,000-ft bridge opening (alternative
3). At Davis Landing, backwater 1s 0.1 ft greater 1n alter-
native 4 than 1n alternative 3. Downstream from I-10 on
the east side of the flood plain, backwater 1s 0.1 ft greater
1n alternative 4 than 1n alternative 3. Downstream from

I-10 on the west side of the flood plain, drawdown is the
same 1n alternatives 3 and 4.

SUMMARY AND CONCLUSIONS

Lee and others (1983) indicated that a combination
of natural and manmade factors causes water to flow across
the Pearl River flood plain from the higher west side to
the lower east side with or without I-10 1n place. However,
with the roadway 1n place, the shift of flow from west to
east occurs farther upstream. Upstream from I-10, max-
imum backwater 1s greater at the west edge of the flood
plain than at the east edge. Accompanying the roadway-
induced shift of flow to the east are higher water-surface
elevations downstream from the roadway in the eastern part
of the flood plain and lower water-surface elevations
downstream in the western part

The two-dimensional finite-element surface-water
flow-modeling system, FESWMS, was used to study the
effect of alternatives for improving the hydraulic
charactenistics of the I-10 crossing of the flood plain of
the Pearl River near Shdell, La. The analyses used the
model’s capability to simulate changes in flood-plain
topography, flood-plain vegetative cover, and highway-
embankment geometry. ’

On the basis of the results of Lee and others (1983),
a local model of the West Pearl River bridge opening was
developed to make comparisons among seven possible
alternative modifications of the I-10 highway crossing that
range from clearing of vegetation to removal of spoil and
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mstallation of culverts. The local model showed that two
greatly different modifications of the highway crossing can
produce simular reductions 1n both backwater and average
velocity. Also, comparison of different alternatives shows
that the same reduction 1n backwater can be obtained with
different average velocities or, conversely, the same average
velocities can be obtained with different reductions in
backwater.

A larger network and modifications to 1t were
used to analyze four alternate modifications of the I-10
crossing.

The average velocities 1n the main channels and on
the overbanks at the existing bridge openings decrease 1n
structural alternatives 2, 3, and 4 (new bridge). Alter-
native 1, the nonstructural alternative (clearing of vegeta-
tion and removal of spoul), produces overall reductions 1n
average velocities through the bridge opemings, but
somewhat higher average velocities occur on the overbanks
of the Middle Ruver. The average velocity in the new bridge
opening 15 lowest 1n alternative 2 and highest in alter-
native 4.

As in the simulation without I-10, the four alter-
natives that were simulated produce higher water-surface
elevations on the west side of the flood plain than on the
east side upstream from I-10. As a result, transfer of water
across the flood plain does not occur as far upstream from
I-10 1n the four alternative simulations as 1t did in the
calibration simulation (based on the Apnil 2, 1980, flood).
Downstream from I-10, computed water-surface elevations
are higher on the east side of the flood plain than on the
west side, although they are lower than the values com-
puted 1n the calibration simulation.

Backwater 1s reduced from values obtained in the
calibration simulation 1n all the alternative simulations. At
River Gardens subdivision on the west side of the flood
plan, 1.4 ft of backwater existed with I-10 1n place, whereas
in the alternative ssmulations backwater ranges from 0 5
to 0.2 ft. On the west side of the flood plain, drawdown
remains the same 1n alternative 1 (0.1 ft) as in the cahibra-
tion simulation but increases to 0.3 ft in alternatives 2
and 3. ~

Some generalizations can be made on the basis of
the results of this study. Both structural and nonstructural
modifications of highway crossings of wide flood plains
can have sigmficant beneficial effects on the hydraulic
characteristics of such crossings. A nonstructural approach
can result 1in reduced backwater and lower overall bridge-
opening velocities, even with an increased discharge through
an openming. Structural approaches can provide a greater
reduction 1n backwater than a nonstructural approach and
can significantly reduce velocities in existing bridge open-
ngs. The three structural and one nonstructural modifica-
tions provide planners with a range of options to improve
the hydraulic characteristics of the I-10 crossing.
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METRIC CONVERSION FACTORS

Multiply By To obtain
ft (foot) 03048 m (meter)
ft/s (foot per second) 03048 m/s (meter per second)
ft/s* (foot per second squared) 03048 m/s? (meter per second squared)
ft*/s (cubic foot per second) 002832 m?*/s (cubic meter per second)
m1 (mile) 1 609 km (kilometer)
ms? (square mile) 2 590 km? (square kilometer)

ft/mu (foot per muile) 01894 m/km (meter per kilometer)

slug/ft’ (slug per cubic foot) 5154 kg/m’ (kilogram per cubic meter)
1b.s/ft? (pound second per square foot) 478 7 Pa-s (pascal second)

National Geodetic Vertical Datum of 1929 (NGVD of 1929) A geodetic datum derived from a general adjustment of the
first-order level nets of both the United States and Canada, formerly called mean sea level, 1s referred to as sea level 1n this report
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