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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. W1che, J. J. Gilbert, Dav1d C. Froehlich, and Jonathan K. Lee 

Abstract 

In Apnl 1979 and Apnl 1980, maJor floodmg along the 
lower Pearl R1ver caused extens1ve damage to homes located 
on the flood plam m the Slidell, Lou1s1ana, area In response 
to questions about causes of these floods and means of 
m1t1gat1ng future floods, the US Geolog1cal Survey, m coopera­
tiOn w1th the Lou1s1ana rRpartment of Transportation and 
rRvelopment, Off1ce of Highways, and the U S rRpartment of 
Transportation, Federal H1ghway Admm1strat1on, used a two­
dimensional fm1te-element surface-water flow-modehng system 
to study the effect of four alternative mod1f1cat1ons for lmprov­
mg the hydrauhc charactenst1cs of the Interstate H1ghway 10 
crossmg of the flood plam near Slidell The analys1s used the 
model's capabll1ty to s1mulate changes 1n flood-plam 
topography, flood-plam vegetative cover, and highway­
embankment geometry 

Compared w1th the ex1stmg h1ghway crossmg, the four 
alternative mod1f1cat1ons reduce backwater and average 
veloc1t1es through bndge opemngs for a flood of the magmtude 
of the 1980 flood The four alternatives also ehmmate roadway 
overtoppmg dunng such a flood For the four mod1f1cat1ons, 
max1mum backwater on the west s1de of the flood plam ranges 
from 0 3 to 1 1 feet and on the east s1de from 0 3 to 0 7 foot 
Results of the alternative-modele s1mulat1ons show that 
backwater IS greater on the west s1de of the flood plam than 
on the east s1de, but upstream from I Interstate H1ghway 10 
backwater decreases more rap1dly m the upstream d1rect1on 
on the west s1de of the flood plam than on the east s1de 
Downstream from Interstate H1ghway 10, modehng of the four 
alternatives md1cates that backwater and drawdown still occur 
on the east and west s1des of the flood plam, respectively, but 
are less than the values computed for the Apnl1980 flood w1th 
Interstate H 1ghway 10 m place 

In add1t1on to other h1ghway-crossmg mod1f1cat1ons, alter­
natives 2 and 3 mclude s1mulat1on of a new 2,000-foot bndge 
openmg, and ~lternat1ve 4 mcludes s1mulat1on of a 1,000-foot 
bndge openmg The new bndge conveys 25, 23, and 21 per­
cent of the total computed d1scharge m alternatives 2, 3, and 
4, respectively The average veloc1ty through the new bndge 
1s 2 0, 1 9, and 3 4 feet per second for alternatives 2, 3, and 
4, respectively 

INTRODUCTION 

In Apnl1979 and Apnl 1980, major floodmg along 
the lower Pearl River caused extensive damage to homes 
on the flood platn m the Slidell, La , area Many residents 
were forced from theu homes until the floodwaters re­
ceded Property damages m the Sbdell area due to the 1980 
flood, the largest flood of record m the area to that time, 
were estimated to be $12.275 mtlbon (U.S. Army Corps 
of Engmeers, 1981, p. 76). The 1980 flood forced the clos­
mg of the Interstate Htghway 10 (I-10) crossmg of the 
Pearl River flood platn between Sbdell and Bay St Loms, 
Mtss., for several hours while the flood crest passed. Many 
local residents attnbuted part of the 1979 and 1980 
floodmg m the Sbdell area to backwater caused by the 
I-10 embankments. 

Because of the mterest m the Impact of I-10 and 
because the Apnl 2, 1980, flood was shghtly larger than 
a 50-year destgn flood, the U S. Geological Survey, m 
cooperatiOn wtth the Lomstana Department of Transpor­
tation and Development, Office of Htghways, and the U.S. 
Department of Transportation, Federal Highway Ad­
mimstratton, completed a study to determme the effect 
of the I-10 crossmg on water-surface elevations and flow 
dtstnbution dunng the Apnl1980 flood (Lee and others, 
1983). On the basts of observations made durmg model 
calibration by Lee and others (1983), results obtatned wtth 
a local model of the area near the West Pearl Rtver open­
mg m I-10, and dtscusstons wtth the Offtce of Htghways, 
four alternative modifications of the I-10 crossmg for 
reducmg backwater were selected for analysts m a second 
study This report documents the results of the second 
study. 

The two-dimensiOnal ftmte-element surface-water 
flow-modeling system, FESWMS, was used m thts second 
study, for two reasons (1) the model allows simulation 
of steady-state flow wtth both lateral and longttudmal 
vanations m velocity and water-surface elevation, and (2) 
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the model has been used successfully by other m­
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, m a complex multichannel nver flood­
plain system havmg vanable topography and vegetative 
cover. In addition, they showed that the model can 
simulate lateral and Iongitudmal vanations m velocities 
and water-surface elevation and can easily accommodate 
geometnc features such as highway embankments and 
channel bends 

An earlier versiOn of FESWMS was used by Lee 
(1980) and by Lee and Bennett (1981) to study the Impact 
of a proposed highway crossmg on flood stages of the 
Congaree River near Columbia, S C. The modeling system 
was used to slffiulate the effects of geometnc features such 
as spur dikes and levees 

Purpose and Scope 

The pnncipal objective of this study was to analyze 
four proposed modifications of the I-10 crossmg to deter­
mme whether they reduce backwater, ehmmate roadway 
overtoppmg, and reduce velocities through bndge 
opemngs for a flood of the magmtude of the Apnl 1980 
flood. Constnct10ns of the Pearl River flood plam created 
by highway embankments, together with other physical 
features of the flood plam, caused sigmficant lateral varia­
tions m water-surface elevatiOn and flow distnbution dur­
mg the 1980 flood. Thus, use of a two-dimensional model 
was warranted m order to obtam a more precise evalua­
tion of water-surface elevatiOns and flow distnbution near 
the I-10 crossmg than could be obtamed by one­
dimensiOnal step-backwater and conveyance techmques 

This report presents the application of FESWMS 
to the lower Pearl River and Illustrates the usefulness of 
the two-dimensiOnal model m studymg alternative 
modificatiOns of highway crossmgs. The report begms 
with a descnptiOn of the study area, a discussion of Pearl 
River basm hydrology, and a bnef descnpt10n of the 
modelmg system Data collectiOn and network design are 
descnbed. Results of the work by Lee and others (1983) 
are summanzed, mcludmg a discussion of the results of 
the simulations with and without the I-10 embankments 
m place. Results from seven simulations usmg a local 
model centered on the West Pearl River openmg at 1-10 
are discussed. Results of simulatiOns of the four alter­
native modifications of the 1-10 crossing are presented, 
mcludmg a discussion of the discharge distnbutiOn and 
backwater caused by each of the four proposed modifica­
tiOns Throughout the report, emphasis Is on document­
mg floodmg on the west side of the Pearl River flood 
plam, 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-mi-Iong reach modeled by Lee and others (1983) and 
summanzed m the section "Summary of Prevtous Ap­
phcatton of FESWMS to the Lower Pearl River. " Due to 
cost constramts, only the middle part of the full study 
reach was considered m the analysts of the four alternative 
simulations presented m thts report. This middle sectiOn, 
approximately 3 mi long and 5 mi wide, Is referred to as 
the study reach or study area The local network or local 
model discussed m the section "Local-Model Simulation 
of Seven Alternative Modifications of the I-10 Highway 
Crossmg for the Apnl 2, 1980, Flood" refers to an area 
2 0 mi long and 0.7 mi wide, centered along I-10 at the 
West Pearl River opemng All extremes for the penod of 
record referenced m this report are based on data collected 
through September 1982. 

Throughout this report, the words "nght" and 
"left" refer to positiOns that would be reported by an 
observer facmg downstream The words "backwater" and 
"drawdown" denote an mcrease and a decrease, respec­
tively, m water-surface elevation caused by a flood-plam 
constnction Backwater may occur both upstream and 
downstream from the constnctton Elevations are refer­
enced to the National Geodetic Vertical Datum of 1929 
and are called sea level m this report A hst of factors for 
convertmg mch-pound umts to Sl umts IS provtded at the 
end of the report. All data supportmg the conclusiOns of 
thts report are available m the files of the LoUisiana 
Distnct 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 basm IS approximately 240 mi long 
and 50 mi wide The basm hes withm the Gulf Coastal 



Plam and dnuns a large part of Mississippi and part of 
southeastern Louisiana The Pearl River ongmates m 
Neshoba County, Miss., at the confluence of Nanawaya 
and Thllahaga Creeks. From Its ongm, It flows southwest­
ward for 130 mi to the viciruty of Jackson, Miss, then 
southeastward for another 281 mi to empty mto Lake 
Borgne. Elevations withm the basm range from sea level 
along the coast to about 650 ft above sea level m the north­
central hills. The main channel of the Pearl River has a 
slope of about 1 ft/mi and varies m width from roughly 
100 to 1,000 ft. The channel meanders withm the flood 
plam and Is obstructed m many places by sand bars, 
brush, and fallen and overhanging trees The Ross Barnett 
Reservou, put mto operatiOn in 1961, IS JUSt upstream from 
Jackson, Miss, on the Pearl River and IS the only major 
reservOir withm the basm 

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

The bottom lands * * * are laced by cross­
connectmg channels wh1ch d1stnbute flow across these 
bottoms durmg penods of h1gh nver stage In the v1cm1ty 
of P1cayune, M1ss , the mam channel of the Pearl R1ver 
begms to sh1ft westward to become the West Pearl R1ver 
A small cross channel, Farrs Slough [Farr Slough], leaves 
the mam channel near P1cayune and JOins Hoboloch1tto 
Creek The channel, known downstream as the "Pearl 
R1ver:' begms at th1s confluence There 1s ev1dence that 
th1s eastern channel was once the maJor channel of the 
lower Pearl R1ver system and that a port1on of the old chan­
nel near P1cayune became f1lled when the flow sh1fted to 
the west * * * It 1s estimated that dunng t1mes of 
mm1mum flow m the system, less than 5 percent of the 
flow m the mam channel flows through Farrs Slough [Farr 
Slough] to contmue m the eastern channel and the re­
mamder flows through the western channel At max1mum 
flood stages there 1s considerable flow across the flood 
plam, and the eastern channel carnes the greater part of 
the flow m the system 

From the confluence of Holmes Bayou and the West 
Pearl River, the mam nver channels contmue generally 
southward and south-southeastward to the mouths of the 
Pearl River system The Pearl River flows mto Lake 
Borgne, the West Middle River, a distnbutary channel, 
and the East Mouth of the West Pearl River flow mto Lit­
tle Lake; and the West Mouth of the West Pearl River 
flows mto The Rigolets (fig. 1) The dramage area of the 
Pearl River system Is 8,670 mi2 at the mouths of the system 
(Shell, 1981, p. 232). 

Full Study Reach 

The reach of the Pearl River that was studied IS m 
the lower part of the basm along the Mississippi-LoUisiana 

border. As previously mentioned, only the middle part of 
the full study area, mdicated by shadmg in figure 2, IS 
considered m the analysis presented m this report. The 
full study reach is located between nver 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 m this study or m Lee and others 
(1983) and are shown m figure 2 and on all plates. In each 
case, zero nver mile IS defined as the channel mouth.) The 
full study reach, apprmumately 12 mi long, Is 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 boundanes are the natural bluffs at 
the edge of the flood plam, where ground-surface eleva­
tions nse 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 m the southern part. Withm the full study reach, 
the axiS of the flood plam tends south-southeast, and the 
flood plam vanes m width from about 3 to about 7 mi. 

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 plam, and the West Pearl along the west side. In 
the northern part of the full study reach, the West Pearl 
IS the largest channel in the flood plam Near Gamesville, 
Miss., the channel of the Pearl becomes the largest, and 
It remains the largest to the mouths of the nver system. 

At river mile 15.2 on the West Pearl River a 
distnbutary channel, the Middle River, forms and flows 
southeastward approXImately 3.9 mi, where It divides m­
to the Middle and West Middle Rivers. ApproXImately 6 3 
mi farther south, the Middle River divides agam and 
another distnbutary channel, the East Middle River, 
forms South of the full study reach, the East Middle and 
Middle Rivers flow mto the Pearl River about 1.3 m1 north 
of Little Lake. Wastehouse Bayou forms withm the flood 
plam and IS tnbutary to the Pearl River JUSt north of 1-10. 

There are numerous less sigruficant channels m the 
flood plam within the full study area. For example, Porters 
River, a branch of the West Pearl River, forms south of 
Interstate Highway 59 at nver mile 21 4 and re)oms the 
West Pearl at nver mile 17 .4. Among the small streams 
that flow mto the Pearl River system m the full study reach 
are Gum Bayou and Doubloon Branch, which are 
tnbutary to the West Pearl River at nver miles 14.0 and 
10 5, respectively. 

Ground-surface elevations of the flood plam range 
from 1 ft above sea level m the southern part of the full 
study area to 15 ft above sea level m the northwestern part. 
Between the upstream boundary and 1-10, ground-surface 
elevatiOns are higher near the West Pearl River than on the 
east side of the flood plam. Low natural levees border most 
of the channels m the full study reach. The flood plam 
has a downstream slope of about 1 ft/m1 
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The vegetative cover of the study area IS shown on 
plate 1 The flood plain IS covered by dense woods, miXed 
with underbrush m many places The flood-plain forests 
consist of bottom-land hardwoods and bald cypress-tupelo 
gum swamps. A small marsh area IS located JUSt 
downstream from the 1-10 bndge across the Pearl River 
at the left edge of the flood plam 

Flow enters the full study reach through the old 
Highway 11 bndge operung at the Pearl River, through the 
1-59 operung at the West Pearl River, and through 
numerous small operungs m the old Highway 11 em­
bankments. The 1-59 operung at the West Pearl River IS 
2,630 ft wide, and the old Highway 11 operung at the Pearl 
River IS 570 ft Wide. 

The 1-10 crossmg, about 4 4 m1 long, spans the flood 
plain m an east-west duection m the middle of the study 
reach There are bndge operungs 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 Is about 0.8 mi long, and the embank­
ment between the Middle and West Pearl Rivers IS about 
2 1 mi long The embankments are about 300 ft wide, and 
the elevation of the roadway IS between 12 and 13 ft above 
sea level 

Natural flood-plain elevations near 1-10 range from 
1 to 3 ft above sea level Spoil from bndge construction 
has mcreased elevations by as much as 3 ft on the nght 
overbank at the Pearl River bndge operung, by as much 
as 2 ft on both overbanks at the Middle River operung, 
and by as much as 6 to 7 ft on the left overbank at the 
West Pearl River operung. In addition, there IS a large knoll 
adjacent to the southeast corner of the West Pearl River 
bndge that protrudes mto the flow-expansion zone 
downstream from the bndge This knoll apparently was 
created dunng construction of the highway embankments. 
The vegetation beneath the three bndges was removed 
dunng construction, but brush of varYJ.ng density has 
grown back m the operungs. 

A short distance downstream from the West Pearl 
River bndge, between nver miles 12.4 and 13.2, there IS a 
relatively shallow reach of the West Pearl River, where the 
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Figure 3. D1agrammat1c cross sect1on of flood plam upstream 

from Interstate H1ghway 10 
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channel was artificially widened by the removal of earth 
fill dunng construction of the highway embankments 

Flow leaves the full study reach through five open­
mgs m the Highway 90 embankments. The operung widths 
are 960 ft at the Pearl River, 630 ft at the East Middle River, 
580 ft at the Middle River, 580 ft at the West Middle River, 
and 570ft at the West Pearl River Durmg 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 

Dunng the months of Apnl 1979 and Apnl 1980, 
extreme floodmg on the Pearl River caused extensive prop­
erty damage m subdivisions located on the flood plain m 
the Bogalusa and Slidell, La , areas Many residents were 
forced from their homes until the floodwater receded. The 
factors mfluencmg the magrutude of these two events have 
been discussed by Wax and Tmgle (1980) and by Lee and 
Arcement (1981). 

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

The Apnl 1980 flood was caused by precipitation 
amounts rangmg from 8.6 to 15 0 m over the entire Pearl 
River basm. This was the largest flood at Pearl River, La , 
near Slidell dunng the penod of record (October 1899 to 
September 1982). The approXImately simultaneous arnval 
of the peak discharges of the Pearl and Bogue Chitto Rivers 
at therr confluence caused a larger flood peak to occur near 
Slidell than would have been expected on the basis of the 
peak discharge recorded at Bogalusa. The Apnl1980 flood 
forced the closmg of 1-10 between Shdell and Bay St Lows, 
Miss., for several hours while the flood crest passed 

Gage-height records have been collected at the 
Geological Survey gagmg station, Pearl River near 
Bogalusa, La, from October 1938 to September 1982 
Water-surface elevations dunng the 43-year penod of record 
have ranged from about 59.8 ft above sea level to about 
78.2 ft above sea level (Apnl24, 1979) At Bogalusa, max­
Imum annual discharges between 1947 and 1982 have 
ranged m magrutude from 13,200 ft3/s m 1952 to 129,000 
ft3/s m 1979 (Apnl24). (See US Geological Survey, 1983, 
p 23) 

Gage-height records have been collected at the 
Geological Survey gagmg 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, 
Apnl 1, 1980) dunng the 82-year penod of record. A 
histoncal maximum of 20 2 ft above sea level occurred m 
1874. At Pearl River, maximum annual discharges between 
1947 and 1982 have ranged m magrutude from 17,700 ftl/s 
m 1952 to 174,000 ftl/s m 1980 (Apnl 1). (See U.S 
Geological Survey, 1983, p 43) 

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

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

Approxunately 200 high-water marks Within and near 
the full study area were located and flagged by the 
Geological Survey as the Apnl 1980 floodwater receded. 
These htgh-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 Engmeers earned out a coordmated flood­
frequency analysis for eight gagmg stations on the Pearl 
River (U.S Geological Survey, wntten commun., 1980) 
Discharges for specified recurrence mtervals at two of these 
stations, Bogalusa and Pearl River, are given m table 2, 
which was taken from Lee and Arcement (1981, p. 35). The 
values m the table were developed usmg procedures 
descnbed by the U.S. Water Resources Council (1977). Skew 
values and histoncal flood data used m the analysis were 
mutually agreed upon by the two agencies. The discharge 
of 174,000 ft3/s measured at 1-10 on Apnl 2, 1980, IS about 
3 percent greater than the 50-year discharge at Pearl River 

MODEL DESCRIPTION 

The core of the modeling system, FESWMS, IS a two­
dimensiOnal firute-element surface-water flow model based 
on the work of Norton and K.mg (Norton and K.mg, 1973; 
Norton and others, 1973, Tseng, 1975, Kmg and Norton, 
1978) Around this core, the Geological Survey has 

Table 1. D1scharges measured dunng floods on the lower Pearl R1ver 1n 1961, 1979, and 1980 

Date 

Apr 24, 1979 
26, 1979 

Date 

Feb 27, 1961 
Apr 26, 1979 
May 1, 1979 
Apr 2, 1980 

Date 

Apr 22, 1980 

(Pearl 
R1ver) 

14,800 
17,700 

2 

2,790 
3,640 

Pearl 
R1ver 

51,900 

Pearl 
R1ver 

88,600 
55,000 

103,000 

3 

5,510 
7,360 

East 
M1ddle 

R1ver 

11,800 

Discharge, m cub1c feet per second 

Interstate Highway 59 bndge opemngs• 

4 5 6 

9,110 4,270 5,140 
11,200 5,420 5,800 

Interstate Haghway 10 bndge opemngs 

M1ddle 
R1ver 

29,000 
16,600 
30,000 

Highway 90 bndge openings 

M1ddle 
R1ver 

16,700 

West 
M1ddle 

R1ver 

16,600 

1The bndge operungs are numbered from left to nght as an observer faces downstream 
2Thts measurement was made pnor to the construction of Interstate Htghway 10 

7 

9,620 
11,600 

West Pearl 
R1ver 

33,800 
18,700 
40,800 

West Pearl 
R1ver 

6,830 

8 
(West 
Pearl 
R1ver) 

91,000 
92,000 

Total 

142,000 
155,000 

Total 

2 106,000 
151,000 

90,000 
174,000 

Total 

104,000 

Model Descr1pbon 7 



Table 2. Flood-frequency data for the Pearl R1ver at Bogalusa and Pearl R1ver 

[These values were mutually agreed upon by the US Geological Survey and the US Army Corps of Engineers] 

Dram age 
area, m 

Stat1on square 
name miles 2 5 

Bogalusa----------------- 6,630 42,500 62,600 
Pearl River--------------- 8,590 56,500 87,000 

developed preprocessmg and postprocessmg programs that 
make the system more usable. Preprocessing programs 
place Input data In an appropnate form for the flow model 
and also plot maps of firute-element networks and 
associated data. Postprocessing programs plot maps of 
velocity vectors, water-surface contour hnes, equal 
backwater and drawdown hnes, discharge at specified cross 
sections, and observed high-water marks. 

The formulation and development of the flow model 
have been descnbed elsewhere; therefore, only the equa­
tions solved and a bnef outline of the techruque used to 
solve them are presented here. 

Flow Equations 

Under the usual assumptions (for example, 
hydrostatic pressure and momentum correction factors of 
uruty), two-dimensiOnal surface-water flow In the honzon­
tal plane Is descnbed by three nonlmear partial-differential 
equatiOns, two for conservation of momentum and one 
for conservation of mass (Pntchard, 1971): 

au +u ~ +vou +goh +goz0 

at ox oy ox ox 

~I 
- - V 2 cos "' = 0 h a -r , 

ov +u OV +v OV +g oh +g OZo 
at ax oy oy oy 

1 [ d ( y/z ov )+ d ( dv )] - eh ox £ ox oy £yjz oy 

(1) 

(2) 

D1scharge, m cub1c feet per second, 
for md1cated recurrence mterval, m years 

10 25 50 100 200 500 

77,200 97,000 113,000 129,000 147,000 172,000 
111,000 143,000 169,000 198,000 228,000 272,000 

and 

oh a a 
- +- (uh) + -(vh) = 0, 
at ax oy 

(3) 

where 
C= Chezy coefficient (feet to the one-half 

power per second), 
g= gravitational acceleration (feet per 

second squared), 
h= depth (feet), 
t= time (seconds), 

u,v= depth-averaged velocity components 
In the x and y directions, respec­
tively (feet per second), 

x,y= Cartesian coordinates In the positive 
east and north directions, respec­
tively (feet), 

Ya= local wind velocity (feet per second), 
z

0 
=bed elevation (feet), 

£xx,£xy,£yx,£yy =eddy viscosities (pound second per 
square foot), 

~=water-surface resistance coefficient 
(nondimensional), 

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

+=latitude (degrees), 
tp= 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 mecharusms· bot­
tom fnction and turbulent stresses. The Chezy equation 
for bottom fnction In open-channel flow IS extended to 
two dimensions for use In 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 
boundanes. For a time-dependent problem, Initial condt-
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t1ons must also be specified. Equations 1 through 3, 
together w1th properly specified boundary and Initial con­
ditions, make up a well-posed Initial-boundary-value 
problem. 

Numerical Solution of the Flow Equations 

Quadratic basis functions are used to mterpolate 
velocity components, and linear basts functions are used 
to mterpolate depth on tnangular, six-node, isoparametnc 
elements (rruxed mterpolation). Model topography IS 
defined by ass1grung a ground-surface elevation to each 
element vertex and reqmnng the ground surface to vary 
linearly wtthm an element. 

The firute-element model reqmres the specification 
of a constant Chezy coefficient, C, and a constant sym­
metnc turbulent-exchange, or eddy-VIscosity, tensor, £, over 
each element. Norusotrop1c turbulent stresses can be 
simulated by asstgrung different values to the components 
of the eddy-viscosity tensor. The eddy-viscosity terms m 
the momentum equatiOns suppress nonlinear mstabtlittes 
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 mfluence the results of a snnulat10n; however, optnnum 
values are difficult to determme. In general, mcreased 
values serve to mcrease water-surface slopes. It IS also 
known that eddy-viscosity values should mcrease wtth ele­
ment SIZe. 

Flow components are specified at mflow 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 boundanes. 
Isoparametnc elements permit the use of smooth, curved 
lateral boundaries. The Improvement m accuracy obtam­
ed by usmg such boundaries, together with the specifica­
tion of zero normal flow at the boundartes, has been 
documented by Gee and MacArthur (1978), Kmg and 
Norton (1978), and Walters and Cheng (1978, 1980) for the 
rruxed-mterpolation formulation of the surface-water flow 
equations 

Galerkm's method of weighted residuals, a Newton­
Raphson Iteration scheme, numencal mtegratton usmg 
seven-pomt Gaussian quadrature (Ztenktewtcz, 1977, p 
200-201), and a frontal solution algonthm usmg out-of­
core storage (Hood, 1976, 1977) are used to solve for the 
nodal values of the velocity components and depth. The 
time denvattves are handled by an nnpbc1t firute-dtfference 
scheme; m the application reported here, however, only the 
steady-state forms of the equations were solved. 

If a firute-element network IS not well designed, er­
rors m conservatiOn of mass can be stgruficant because 
there are only apprmamately half as many equations for 
conservation of mass as there are for conservation of 

momentum m either the x or the y dtrection For a well­
designed network, however, errors m mass conservation are 
small. The model has the capability of mtegratmg the 
discharge across a bne (called a contmmty-check hne) 
followmg element stdes and begmrung and endmg at ele­
ment vertices Thus, conservation of mass can be checked 
(Kmg and Norton, 1978). 

Gee and MacArthur (1982) completed a cursory 
study of contmutty-check errors With a two-dtmenstonal 
firute-element model similar to the one used m this study. 
They concluded that the solution IS acceptable 1f the 
discharge at all conbnmty-check bnes does not devtate from 
the mput discharge by more than ± 5 percent. 

The mterested reader may consult books by Pmder 
and Gray (1977) and Ztenklewtcz (1977) for additiOnal m­
formation on the firute-element method. 

SUMMARY OF PREVIOUS APPLICATION OF 
FESWMS TO THE LOWER PEARL RIVER 

Lee and others (1983) used the two-dimensional 
ftrute-element surface-water flow-modeling system, 
FESWMS, to determme the effect of I -10 on Pearl River 
floodmg dunng the April 2, 1980, flood. The results of 
their work are summarized m thts section. The procedure 
used m their study follows. Hydrographic and topographic 
data were collected and were used to define the regiOn to 
be modeled, to design an eqmvalent finite-element network 
that included the I-10 embankments, to establish model 
boundary conditions, to venfy that a steady-state model 
analysts IS valtd, and to calibrate the flow model by 
snnulabng the Apnl 1980 flood as closely as possible. Next, 
the firute-element network was modified to represent con­
ditions without I-10 m place Fmally, the hydraulic effect 
of I-10 was determmed by companng mod,el 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 m modelmg the 
April 1980 flood Gage-height records collected at Pearl 
Rtver, La , at the upper end of the full study reach, and 
at Pearlmgton, Miss , at the lower end of the reach, were 
used to venfy the steady-state assumption. At the time of 
the downstream peak, the upstream water-surface eleva­
bon had fallen less than 0.5 ft from 1ts maxtmum value. 
On the basts of this observation, It was assumed for model­
mg purposes that the flow was steady. The steady-state 
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Figure 4. Fmtte--element network for the full study reach stmulatton 

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

Approximately 50 mi of longttudmal channel pro­
files were obtamed for the sigruficant channels m the full 
study reach. Also, 73 representative and special-purpose 
cross-section surveys were made to define channel 

1 0 Reducmg Backwater at the Interstate Htghway 1 0 Crossang, Loutstana 

0 

I 
0 

I 
2 MILES 
I 

2 KILOMETERS 

Area corresponding to 
networks for 
alternatives 1--4 

geometry. Detruled topographic data at and near bndge 
operungs were obtamed from the Office of Highways. 

Infrared aenal photographs of the full study area and 
field observations were used to determme vegetation type 
and density. The collected data were supplemented by 
histone hydrologic data and Geological Survey topographic 
maps. 



See f1gure 2 for locat1on of sect1on 
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Figure 5. Prototype and model cross sect1ons of channel at sect1on A-A' 

Network Design 

The network, shown m figure 4, was designed to 
represent closely the highly nonumform boundary of the 
area mundated by the Apnl 1980 flood The upstream 
boundary was located parallel to old Highway 11 and 1-59, 
where mflows could be distnbuted on the basis of earher 
discharge measurements. The downstream model bound­
ary was located parallel to Highway 90, and outflows were 
placed at the five bndge opemngs, where water-surface 
elevations could be estimated on the basis of nearby high­
water marks. Modifications to the eXIstmg 1-10 embank­
ments were assumed to have httle effect on the boundary 
conditions, because both the upstream and downstream 
boundanes were at least one flood-plam WidtH distant from 
the highway crossmg. 

After the boundanes were defmed, the full study area 
was divided mto an eqmvalent network of tnangular 
elements. Subdivision bnes between elements were located 
where there are abrupt changes m 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 bndge opemngs and m areas be­
tween overbanks and channel bottoms, network detail was 
mcreased 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 It possible to design the network With fewer elements 

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

The complex geometry of the flood plam of the Pearl 
River was modeled m detail. Most prototype lengths and 
widths were realistically represented m the model; however, 
to keep the number of elements m the network at a man­
ageable level, several approXImatiOns were made. Only large 
channels were mcluded m 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
mg channel reaches With relatively small flows were 
replaced with artificially straightened, but hydraulically 
eqmvalent, reaches The width of simulated stream chan­
nels was kept to a mmimum of 200ft 

In Its complete state, the fimte-element network used 
by Lee and others (1983) contained 5,224 tnangular 
elements and 10,771 computatiOnal nodes. The middle gnd 
used m this study contamed 2,000 to 2,200 tnangular 
elements and 4,300 to 4, 700 computational nodes, depend­
mg on the alternative modification. 

Boundary Conditions 

The discharge at the upstream boundary (table 3) was 
the peak discharge of 174,000 ft3 Is measured at 1-10 on 
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Table 3. D1stnbut1on of d1scharge at the upstream model boundary 

D1scharge, Discharge, 
m cub1c feet as percent of 

Sect1on of upstream boundary per second total d1scharge 

Flood plain between eastern 
edge of flood plain and 
Pearl River---------------------- 22,100 12 7 

Pearl River bndge opemng---- 22,000 126 
Flood plain between Pearl 

and West Pearl Rivers------- 32,900 18 9 
West Pearl River channel------ 69,100 397 
Flood plain between West 

Pearl River and western 
edge of flood plain----------- 28,200 16 2 

Thtal-------------------------- 174,000 1000 

April 2, 1980. It was dtstnbuted among the mflow bound­
ary nodes on the basts of prevtous discharge measurements 
at the bndge opemngs mold Htghway 11 and 1-59. In­
flow was concentrated at the old Htghway 11 bndge across 
the Pearl River and the 1-59 bndge across the West Pearl 
Rtver. Flow mto the study reach through numerous small 
opemngs m old Htghway 11 was represented as contmuous 
mflow between the east edge of the flood plrun and the 
Pearl Rtver and between the Pearl and West Pearl Rivers. 
Water-surface elevatiOns at the downstream boundary were 
determmed from htgh-water marks near the five bndge 
opemngs m Htghway 90. 

Model Calibration 

The model-adjustment process consisted of two 
parts. the adjustment of emptncal model coefficients 
(model caltbratton) and the adjustment of model boundary 
conditions, network detail, and ground-surface elevations 
on the basts of addttional mformatton obtained dunng tht! 
study. 

On the basts of prevtous ftmte-element simulations, 
the values of all components of the eddy-vtscostty tensor 
were tmtially set at 100 lb • slft2 for all elements m the net­
work Numencal expenments mdtcated that once the values 
of these coeffictents were set htgh enough to ensure con­
vergence, the solutton was much less sensitive to changes 
m theu values than to changes m the values of the Chezy 
coefftctents. Because of a lack of mformatton about thetr 
correct values and to avotd convergence problems, the 
values of all components of the eddy-vtscostty tensor were 
mruntatned at 100 lb • slft2 throughout the study for all 
elements m the network. 

Once the values of eddy vtscostty were ftxed, 
prehmmary caltbration work focused on determtmng the 
values of Chezy coefficients Nomtnal values were selected 
for truttal use wtth the model on the basts of mfrared aenal 
photographs of the flood plrun and field mspection. In 

makmg both the trutial estimates of the Chezy values and 
subsequent modificatiOns to them, care was taken to en­
sure that the asstgned values were reasonable and mutually 
consistent: 

A senes of simulations was conducted to determtne 
the relative effect on water-surface elevatiOns of changes 
m the values of the Chezy coefficients of both overbank 
and channel elements. Computed water-surface elevations 
were most sensitive to changes in the value of the Chezy 
coefficient of the wooded flood 'plrun. Changes in the 
Chezy values of the channel elements had httle or no ef­
fect on computed water-surface elevations, except for chan­
nel reaches carrymg a stgmficant percentage of the total 
flow. Such reaches mcluded the Pearl River between 1-10 
and Htghway 90 and reaches located a few thousand feet 
upstream and downstream from bndge opemngs. Com­
puted water-surface elevations were also moderately sen­
Sitive to the values of the Chezy coefficients of the 
overbank areas under the three 1-10 bndges 

Prehmtnary caltbratton consisted of matchmg as 
closely as posstble all observed htgh-water marks as well 
as measured discharges at the three bridge opemngs m 1-10. 

Appropnate adjustments to the values of the Chezy 
coefficients gave close agreement between computed and 
observed data in most cases. In several areas, however, 
discrepancies between model results and observations made 
It necessary to check the location and elevation of a few 
htgh-water marks and to study prevtously overlooked local 
topographtc features. On the basis of the results of the early 
simulations and the additional observatiOns, modifications 
were made to model boundary condttlons, network detail, 
and model ground-surface elevations. Durmg thts adjust­
ment process, It was observed that computed water-surface 
elevations along the upstream model boundary were sen­
Sitive to changes m the upstream dtscharge dtstnbutiOn and 
that the dtstnbutton of dtscharge among the three 1-10 
bndge opemngs was affected stgruftcantly by flood-plrun 
ground-surface elevations at and near the three 1-10 open­
mgs. 

After these adjustments were completed, mtnor ad­
JUStments to the values of the Chezy coefficients were 
needed for final caltbratton of the model. The final Chezy 
values were 22 ft Y2 Is for the wooded flood plam, 28 to 35 
ftYlls for the marsh-grass areas, 21 to 40 ftYlls for the over­
bank areas under the three 1-10 bndges, and 85 to 115 
ft Y2 Is for the unstrrughtened channels. Computed flow 
depths ranged from 2 to 23 ft for the wooded flood plrun, 
from 4 to 10ft for the marsh-grass areas, from 4 to 9 ft 
for the overbank areas under the 1-10 bndges, and from 
5 to 47 ft for the unstrrughtened channels. On the basts 
of these depths, values of the Manmng n correspondmg 
to the final Chezy values range from 0.077 to 0.114 ft ¥6 for 
the wooded flood plrun, from 0 055 to 0.074 ft

1
/6 for the 

marsh-grass areas, from 0.046 to 0.098 ft
1
16 for the over­

bank areas under the 1-10 bndges, and from 0.021 to 
0.033 rtlf6 for the unstrrughtened channels. 

12 Reducmg Backwater at the Interstate H1ghway 10 Crossmg, Lou1s1ana 



Computed flow depths averaged about 21 ft m the 
channels and about 8 ft on the flood plam. Average chan­
nel velocities were between 1 and 3 ftls at most cross sec­
tions. Somewhat higher velocities occurred at several of the 
bndge opemngs. The average velocity on the flood plam 
was about 0.7 ft/s. 

Comparison of Simulated and Observed Values 

The computed water-surface elevation IS in close 
agreement with the elevation of the observed high-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 IS 0.18 ft. The 
computed water-surface elevations are withm ±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 Withm ±0.5 ft of the observed. 

The discharge measurement made at the 1-10 bndge 
opemngs on Apri12, 1980, and hsted m table 4 was also 
used m model calibration The computed discharges gtven 
m table 4 were obtained from continwty checks across each 
opemng. The errors m computed discharge at the bndge 
opemngs at the Pearl, Middle, and West Pearl Rivers, as 
a percentage of the measured discharge at each opemng, 
are 7, -10, and -7, respectively The sum of the computed 
discharges at the three openings IS 175,000 ft3 Is. The cause 
of the 1,000 ft3 Is difference between the total computed 
discharge at 1-10 and the total upstream mflow IS a model 
hmttation discussed m the section "Numerical Solution of 
the Flow Equations. " Because the computed discharge 
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Table 4. Computed and measured d1scharges at the Interstate 
H1ghway 10 bndge openmgs 

Openmg D1scharge, m cub1c feet per second 

sect1on Computed Measured 

Pearl River 

Left overbank---- 23,600 21,500 
Channel----------- 50,200 52,000 
Right overbank-- 36,100 29,600 

Thtal---------- 110,000 103,000 

Middle River 

Left overbank---- 3,810 1,920 
Channel----------- 17,800 20,400 
Right overbank-- 5,360 7,670 

Thtal---------- 27,000 30,000 

West Pearl River 

Left overbank---- 10,000 11,300 
Channel----------- 16,900 19,700 
Right overbank-- 11,000 9,800 

Total---------- 37,900 40,800 

deviates from the mput discharge by less than 1 percent, 
the computed discharge is considered acceptable. 

Umt discharge (defmed as discharge per umt 
distance), both computed and measured, IS plotted as a 
function of distance at each of the three 1-10 bndge open­
mgs m figures 6, 7, and 8. In general, there IS a good agree­
ment between the computed and observed profiles, 
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figure 6. Computed and measured umt d1scharge at the Interstate H1ghway 10 bndge openmg at the 
Pearl R1ver 
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Figure 7. Computed and measured umt d1scharge at the Interstate H1ghway 10 bndge openmg at the 
M1ddle R1ver 

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

Analysis of the calibration simulation provides some 
additional mformat1on related to discharge distnbution and 
to the direction of the flow field withm the full study area. 
Between the upstream boundary and 1-10, there Is a move­
ment of water from the west to the east side of the flood 
pla.n. At the upstream boundary, 56 percent of the mflow 
passed through the bndge operung at the West Pearl River, 
but at 1-10, 59 percent of the measured discharge passed 
through the bndge operung at the Pearl River. The model 
accurately simulated the observed shift, as 63 percent of 
the computed discharge passes through the Pearl River 
bndge operung at I-10 As expected, the velocity field m 
tlns reach is aligned m a generally southeastward direction. 

The water-surface contours for the calibration 
slDlulation are shown m figure 9. The 15.5- to 20.5-ft 
water-surface contours mdicate a "mound" downstream 
from the I-59 bridge openmg at the West Pearl River. Be-

tween 3 and 4 mi downstream, the alignment and spacmg 
of the contour hnes mdicate that the flow has become 
uniformly distnbuted across the flood plain. Then, withm 
a 3-mile-long reach centered about I-10, the flow con­
verges toward and passes through the three bndge open­
ings and then diverges back onto the flood plrun. 
Approximately 1.5 mi downstream from the highway 
crossmg, the flow Is agam uruformly distnbuted across the 
flood plain, as mdicated 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 firute-element network used to simulate the 
Apnl 1980 flood was modified to represent conditions 
without I-1 0 m place, and the hydraulic lDlpact of the I -10 
embankments was determined by companng 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 pnor 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 umt d1scharge at the Interstate H1ghway 10 bndge opemng at the West 
Pearl R1ver 

to Its original width and depth m the simulatiOn Without 
I-10. However, because of the relatively small flow m the 
channel of the West Pearl River Without I-10 m 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 m 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 surroundmg natural flood plain. 
The Chezy coefficients corresponding to the new elements 
and the elements formerly located m overbank areas under 
the I-10 bndges were assigned the value 22 ftVz/s, the 
value used m both simulations for the wooded flood plam. 
Upstream and downstream boundary conditions were the 
same as those used m the simulation With the highway em­
bankments m place. 

Results of the Simulation 

The water-surface contours for the simulation 
Without I-10 m place are shown m figure 10. Water-surface 

elevations upstream from the I -10 site are lower without 
the highway embankments m place. Flow patterns m the 
upper and lower parts of the full study reach are similar 
to those computed with the highway embankments m 
place. Throughout the middle part of the study reach, the 
flow IS uruformly d1stnbuted across the flood plain and 
1s parallel to the flood-plain axiS Without I-10 m 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 m 
place. 

Computed discharges at the site of I -10 with and 
without the highway embankments m place are given m 
table 5. Without the highway embankments m place, flow 
Is reduced 41 percent at the Pearl River bndge operung, 
80 percent at the Middle River operung, 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 Is occupied by the embankments with the road­
way present IS 95,200 ftl/s. 

Backwater and Drawdown Caused by the 
Interstate Highway 10 Embankments 

A map of backwater and drawdown was obtamed 
by subtractmg nodal water-surface elevations computed 
without the roadway m place from the correspondmg 
nodal water-surface elevations computed With the roadway 

Summary of Previous Application of FESWMS 15 
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Table 5. Computed d1scharges at Interstate H1ghway 10 w1th and 
Without the embankments 

Subsect1on 

Embankment between left 
edge of flood plrun and 
Pearl River--------------------

Pearl River, left overbank----­
Pearl River, channel------------­
Pearl River, nght overbank----

Pearl River, total-----------

Embankment between Pearl 
and Middle Rivers-----------

Middle River, left overbank--­
Middle River, channel---------­
Middle River, nght overbank-

Middle River, total--------

Embankment between Middle 
and West Pearl Rivers------

West Pearl River, left 
overbank-----------------------

West Pearl River, channel----­
West Pearl River, nght 

overbank-----------------------

West Pearl River, total---

Thtal 1 ----------------------

D1scharge, 1n cub1c feet per second 

W1th W1thout 
h1ghway h1ghway 

embankments embankments 

0 833 

23,600 13,800 
50,200 32,500 
36,100 18,100 

110,000 64,400 

0 29,900 

3,810 916 
17,800 3,320 
5,360 1,100 

27,000 5,340 

0 64,500 

10,000 3,560 
16,900 5,260 

11,000 3,580 
37,900 12,400 

175,000 177,000 

1The reason for the discrepancy among the total computed discharges 
and the total mflow IS discussed m the section, "Numencal Solution of 
the Flow Equations " 

in place. Lines of equal backwater and drawdown are 
shown m figure 11. The 1.2-ft to 2.0-ft hnes form a 
"mound" north of 1-10 between the nght abutment of the 
Pearl R.tver 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) IS greater than max­
tmum 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 rangmg from 0.6 to 0.2 ft extends more 
than a mtle downstream from the Pearl R.tver bndge open­
mg m 1-10 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 
Rivers to the west edge of the flood plam. The lateral vana­
tions in backwater and drawdown are due to the relatively 
greater constnction 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 determme the prob­
able effects of several flood-plam and structural modifica­
tions of the 1-10 crossmg. The modifications consist of 
three alternatives mvolvmg clearmg of vegetation, three 
alternatives requmng removal of spml, and one alternative 
simulating the mstallation of culv~rts m the 1-10 embank­
ment. The local model Is less costly to use than either the 
large model used m the full study reach or the model used 
to analyze the four alternative modifications discussed m 
the next section. 

In the present study, local-model simulations were 
used to aid m selectmg the four alternatives to be stmulated 
by the larger model presented m the next section of thts 
report. A note of caution is warranted, because results ob­
tained from an alternative stmulation usmg the local model 
wtll differ somewhat from results obtained from the same 
alternative stmulation usmg either the full-reach network 
shown m figure 4 or the networks shown m figures 13, 20, 
and 29. This difference m computed results occurs because 
the fixed-boundary conditions are m close proXImity to the 
areas modified; thus, they will mfluence the solution. 

Network Design, Boundary Conditions, 
and Validation 

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

The boundary conditions for the local model were 
taken from the results of the full-reach caltbration simula­
tion at the closest corresponding nodes. The local-model 
inflow along the upstream boundary and the eastern 
boundary north of 1-10 was adJusted m 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 1-10. 
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Table 6. D1scharges along the upstream boundary of the local 
model computed usmg the full-reach model and mput d1scharges 
along the upstream boundary of the local model 

Discharge, 1n cub1c feet per 
second 

Sect1on of 
upstream boundary 

Right overbank-------------------­
Mam channel---------------------­
Left overbank---------------------­
Eastern boundary-----------------

Total---------------------------

Full-reach 
model 

8,220 
6,230 

14,700 
8,860 

38,000 

Local 
model 

8,340 
5,830 

14,400 
9,350 

38,000 

After all boundary conditions and roughness types 
were estabbshed, FESWMS was run usmg the local-model 
network At the correspondmg nodes, the water-surface 
el~vations obtamed usmg the local model are withm 
± 0.2 ft of those obtamed usmg the full-reach model 

The discharge distnbut10n at the West Pearl River 
operung obtamed from the local-model calibratiOn sliDula­
tion closely matches the discharge distnbution obtamed 
from the full-reach calibration Simulation (table 7) The 
total discharges obtamed from the calibratiOn simulatiOns 
usmg 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 
River operung and the mflow hsted m table 6 IS discussed 
m the section "Numencal Solution of the Flow Equations" 

Thus, a companson of local-model and full-reach 
model results mdicates that two shghtly different but 
eqmvalent networks of the same area provide surular com­
puted discharge distnbut10ns and water-surface elevations. 
In the followmg sections, the seven alternatives Simulated 
using the local network are discussed. Water-surface eleva­
tiOns are given to the nearest 0 01 ft for the purpose of 
comparmg differences among alternatives, but accuracy to 
0 01 ft is not Imphed 

Simulations of Alternatives 1-3, 
Requiring Removal of Vegetation 

After the local model was adJusted to give results 
matchmg 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, m and near the West Pearl River 
bndge nght-of-way as shown m figure 12. To s1mulate clear­
mg, the Chezy coefficients correspondmg to the elements 

Table 7. Computed and measured d1scharges at the Interstate 
H1ghway 10 bndge openmg at the West Pearl R1ver 

D1scharge, 1n cub1c feet per second 

Full-reach Local 
model model 

Openmg sect1on (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 

Total2 
------------ 37,900 36,400 40,800 

1Computed usmg the average discharge across two contmmty-check 
hnes 

2The reason for the discrepancy among the total computed discharges 
and the total mflow IS discussed m the section, "Numencal Solut1on of 
the Flow EquatiOns" 

m the cleared areas were assigned the value of 40 ft Yz Is, 
which IS recommended by Chow (1959) 

The alternatives mvolvmg cleanng allow more water 
to flow across the overbanks, while the discharge m the 
mam channel Is reduced (table 8). The discharge on the 
left overbank mcreases, as a percentage of the computed 
discharge from the local-model cabbrat10n simulatiOn, by 
21, 14, and 12 percent for the small, midsize, and large 
cleared areas, respectively. The discharge on the nght over­
bank mcreases, 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 mcreases 
by 0.5 ft/s for all three clearmg patterns (table 9). The 
average velocity on the nght overbank mcreases 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
Ity occurs m the mam channel for all three clearmg alter­
natives. The mcrease m average velocities on the overbanks 
IS caused by a reductiOn m the resistance to the flow and 
a reductiOn m the cross-sectional area needed to convey 
the discharge on the overbanks 

The computed water-surface elevations and back­
water for two locat10ns along the western boundary of the 
local model (fig 12) are hsted m table 10. These two loca­
tions are sigruficant because the River Gardens subdiVI­
sion sustamed heavy flood damage m April 1980 and 
Crawford Landmg IS located m the area of maximum 
backwater at the west edge of the flood plam 

The reductiOn m backwater at a given locatiOn can 
be compared with the acreage cleared to obtam a reduc­
tion m backwater per acres of cleared land. The small, mid­
Size, and large clearmg alternatives reduce backwater at 
Crawford Landmg by 0 22, 0.57, and 0. 71 ft, respectively, 
or by 0 07, 0 08, and 0.04 ft, respectively, for every 10 acres 
cleared. Thus, keepmg m mmd that the mflow discharge 
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Table 8. Computed local-model d1scharges at the Interstate H1ghway 10 bndge openmg at the West Pearl R1ver for ex1stmg cond1t1ons 
and seven alternat1ve mod1ficat1ons of the h1ghway crossmg 

D1scharge,1 1n cub1c feet per second 

Left Mam R1ght 
Cond1t1on overbank channel overbank TotaJ2 

EXIstmg conditions (calibration)--------- 10,700 15,600 10,100 36,400 

Simulated conditiOn 
1 Small area (31 acres) cleared at 

West Pearl River-------------------- 12,900 14,200 10,500 37,600 
2 Midsize area (76 acres) cleared at 

West Pearl River-------------------- 12,200 14,000 11,200 37,400 
3 large area (167 acres) cleared at 

West Pearl River-------------------- 12,000 14,200 11,200 37,400 
4 Right-of-way cleared and ground-

surface elevation lowered to 
elevation of surrounding flood 
plain ----------------------------------- 13,800 12,800 10,800 37,400 

5 Same as 4 With ground-surface 
elevation lowered to sea level m 
nght-of-way--------------------------- 15,200 11,600 11,400 38,200 

6 Same as 4 with knoll removed and 
ground-surface elevation be-
tween knoll and nver lowered to 
elevation of surrounding flood 
plain ----------------------------------- 18,200 11,200 8,400 37,800 

7 Same as 4 with discharge reduced 
to siiDulate mstallation of 
culverts -------------------------------- 11,800 11,200 9,390 32,400 

•computed usmg the average discharge across two contmuity-check bnes 
2The reason for the discrepancy among the total computed discharges and the total mflow Is discussed m the section, "Numencal 

Solution of the Flow Equations" 

Is fixed m the local-model simulatiOns, If reduction m 
backwater IS the main obJective, these three clearmg simula­
tions mdicate that there IS an optimal clearmg siZe. Beyond 
the optimal cleanng size, any additional cleared acreage 
produces only a margmal reduction m backwater. 

Simulations of Alternatives 4-6, 
Requiring Removal of Spoil 

Three alternatives requumg spoil removal were 
simulated usmg the local model. The decision to run these 
three alternatives was based on the hypothesis that spoil 
removal would sigruficantly reduce backwater for a flood 
of the magmtude of the April 1980 flood. 

To simulate alternative 4 usmg 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 IS the elevation of the sur­
roundmg flood plam. Ground-surface elevations on the 

nght overbank were lowered from 4.0 ft above sea level to 
2.5 ft above sea level. The area withm the bndge nght-of­
way was cleared of vegetation. The Chezy coefficients of 
elements m the cleared area were assigned the value of 40 
ft V2 Is. The values of all other roughness types remamed 
the same as those used m the local-model calibratiOn 
simulation 

Alternative 4 results m an mcrease m discharge on 
both overbanks and a decrease in discharge m the mam 
channel (table 8). Discharge mcreases 29 percent on the 
left overbank and 7 percent on the nght overbank, as a 
percentage of the corresponding computed discharge from 
the local-model calibration simulation. The computed 
discharge in the mam channel is 18 percent less than the 
computed discharge for the main channel in the local­
model calibration stmulation. Much of the mcrease m 
discharge on the left overbank was obtamed by removmg 
the relatively large spoil pile that Impedes the flow across 
this overbank and thus greatly mcreases the cross-sectional 
flow area. Compared with the local-model calibratiOn 
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" 
Table 9. Computed local-model average veloc1t1es through the In-
terstate H1ghway 10 bndge openmg at the West Pearl R1ver 
for ex1st1ng cond1t1ons and seven alternative mod1ficat1ons of the 
h1ghway crossmg 

Average veloc1ty, m feet per second 

Left Mam R1%ht 
Cond1t1on overbank channel over ank 

Extstmg conditions 
(calibratiOn)------------- 20 34 1 3 

Simulated condition 
1 Small area cleared at 

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

at West Pearl River- 25 3 1 1.5 
3 Large area cleared at 

West Pearl River---- 25 32 1 5 
4 Right-of-way cleared 

and ground-surface 
elevatiOn lowered to 
elevation of sur-
rounding flood 
plwn ------------------- 1.6 2.8 12 

5. Same as 4 With 
ground-surface 
elevation lowered to 
sea level m 
nght-of-way----------- 1.4 25 10 

6 Same as 4 With knoll 
removed and 
ground-surface 
elevation between 
knoll and nver 
lowered to elevation 
of surrounding 
flood plwn------------ 22 25 09 

7 Same as 4 with 
discharge reduced 
to stmulate mstalla-
t10n of culverts------ 14 2.5 10 

simulation, the cross-sectional flow area on the left over­
bank m the alternative 4 simulation Is 58 percent larger, 
whereas the flow area on the nght overbank IS 19 percent 
larger. 

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

Computed water-surface elevations and backwater 
are given m table 10. At Crawford Landmg, backwater IS 

Table 10. Computed local-model water-surface elevations and 
backwater w1th the Interstate H1ghway 10 embankment m place 
for ex1st1ng cond1t1ons and seven alternative mod1ficat1ons of the 
h1ghway crossmg 

Water-surface elevat1on,1 m feet 
above sea level 

(Backwater/ m feet) 

R1ver Gardens 
Cond1t1on Crawford Landmg SUbdiVISIOn 

Extstmg conditions 12 72 12 92 
(calibration) (146) (142) 

Simulated condition 
1 Small area cleared at 12 50 12 71 

West Pearl River (124) (121) 
2 Midsize area cleared 1215 12 38 

at West Pearl (0 89) (0 88) 
RliV'er 

3 Large area cleared at 12 01 12 23 
West Pearl River. (0.75) (0 73) 

4 Right-of-way cleared 1245 1266 
and ground-surface (119) (116) 
elevations lowered 
to elevation of sur-
rounding flood 
plwn 

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

6. Same as 4 with knoll 11.99 12.23 
removed and (0 73) (0 73) 
ground-surface 
elevatiOns between 
knoll and river 
lowered to 
elevatiOn of 
surrounding 
flood platn 

7. Same as 4 with dis- 1203 12 21 
charge reduced to (0 77) (071) 
simulate mstalla-
bon of culverts 

1Water-surface elevations were obtamed from local-model sunulations. 
2Because the local model cannot be mearungfully run Without the 

highway embankments, backwater 1s computed by assummg that the 
backwater for the simulation With existing conditions 1s 1 46 feet at 
Crawford Landing and 1 42 feet at River Gardens subdlVlsiOn These values 
were obtamed from full-reach s1mulations 

0.27 ft less m the alternative 4 simulation than m the 
calibration simulation. 

Lowenng the ground-surface elevation of nodes m 
the bndge right-of-way to sea level was simulated m alter­
native 5. Elements m the bndge nght-of-way were assigned 
a Chezy value of 40 ft Vz Is. 
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The discharge dtstnbutton for the alternative 5 
simulatiOn Is stmilar to that obtatned m the alternative 4 
simulatiOn (table 8) Discharge mcreases 42 and 13 percent 
on the left and nght overbanks, respectively, as a percent­
age of the correspondmg computed dtscharge m the local­
model caltbratton simulatiOn The dtscharge m the matn 
channel decreases 26 percent compared wtth the computed 
matn-channel discharge m the local-model caltbratton 
simulatiOn 

Computed water-surface elevatiOns and backwater 
are gtven m table 10 At Crawford Landmg, backwater IS 
0.33 ft less m the alternative 5 stmulatton than m the 
calibration simulation. 

Even though the dtscharge on the overbanks ts 
greater m alternative 5 than m alternative 4, the average 
velocities on the overbanks (table 9) are lower m alternative 
5. Thus, the mcrease m cross-sectiOnal flow area more than 
compensates for the mcrease m dtscharge on the overbanks 
to produce the lower average velocities m alternative 5. 

The mcremental change m the discharge distnbutiOn, 
whtch results from lowenng ground-surface elevatiOns m 
the bndge nght-of-way from 2 5 ft above sea level to sea 
level, can be obtained by comparmg alternatives 4 and 5. 
The discharges on the left and nght overbanks m the alter­
native 5 simulation mcrease 10 and 6 percent, respectively, 
as percentages of the correspondmg computed discharges 
m alternative 4 

The mcremental effect of lowenng the ground­
surface elevations m the bndge nght-of-way from the eleva­
tiOn of the surroundmg flood platn (alternative 4) to sea 
level (alternative 5) Is obtatned by subtractmg the water­
surface elevations computed m alternative 4 from those 
computed at correspondmg nodes m alternative 5. The 
lowenng of ground-surface elevatiOn to sea level produces 
an mcrementallowenng of 0.06 ft m the computed water­
surface elevatiOn at both Crawford Landmg and River 
Gardens subdiVIsion. This 0.06-f t reduction m backwater 
Is achieved by mcreasmg the cross-sectional flow areas on 
the left and nght overbanks m alternative 5 by 29 and 27 
percent, respectively, as percentages of the correspondmg 
cross-sectional areas m alternative 4 

The removal of both spml m the West Pearl River 
bndge nght-of-way and a knoll that protrudes mto the 
flow-expansion zone downstream from the bndge was 
simulated m alternative 6 Spoil matenal between the..nver 
and the knoll, apparently left after construction, was also 
removed m this simulation. All ground-surface elevations 
at nodes m the areas where spoil was removed were lowered 
to the elevatiOn of the surroundmg flood platn 

Removal of the knoll mcreased the cross-sectiOnal 
area on the left overbank, resultmg in a redistnbution of 
flow through the bridge operung Flow on the left over­
bank mcreases 70 percent, as a percentage of the cor­
respondmg computed discharge m the local-model 
calibratiOn simulatiOn (table 8), but decreases 28 percent 

m the matn channel and 17 percent on the nght overbank. 
Even though spoil was removed m the bndge nght-of-way, 
the mcrease m discharge on the left overbank more than 
compensates for the mcrease m cross-sectional flow area 
there, resultmg m a higher average velocity (table 9) Thus, 
these results mdicate that the knoll causes a maJOr con­
stnction of flow on the left overbank. 

Computed water-surface elevatiOns and backwater 
are gtven m table 10 At Crawford Landmg, backwater IS 
0. 73 ft less m the alternative 6 simulatiOn than m the 
calibration simulatiOn. 

Simulation of Alternative 7, 
Requiring Installation of Culverts 

Alternative 7 was the same as alternative 4 except for 
a reductiOn m mflow to srmulate the mstallation of culverts 
m the 1-10 embankment between the West Pearl and Mtd­
dle Rtvers. Alternative 7 was based on the followmg 
assumptiOns: (1) 40 concrete culverts, each 5 ft m diameter, 
were mstalled; (2) each culvert was destgned and mamtamed 
to mirumtze energy losses; (3) observed headwater and 
tatlwater elevatiOns for the flood of Apnl1980 were used, 
and (4) the entire discharge reduction achteved by mstall­
mg the culverts occurred at the West Pearl Rtver operung. 
On the basts of these assumptions and field data from the 
April 1980 flood, a discharge of 122 ft3ls was computed 
for each culvert, gtvmg a total dtscharge of 4,900 ft3 Is for 
40 culverts 

The upstream mflow was umformly lowered to ac­
count for the 4,900 fels reduction m dtscharge. Ground­
surface elevations m the bndge nght-of-way and the values 
of Chezy coefftctents were the same as m alternative 4. 
Water-surface elevations at the downstream boundary, re­
qmred as model mput, were the same as those computed 
m the full-reach calibration simulatiOn 

In the simulation of alternative 7, the dtscharge 
decreases 4,400 ft3 Is m the matn channel and 710 ft3 Is on 
the right overbank but, interestmgly, mcreases 1,100 ft3ls 
on the left overbank (table 8). Even though the total 
discharge through the West Pearl River bndge operung IS 
reduced 4,900 fe Is, the removal of spoil on the left over­
bank more than compensates for the reduction m total 
dtscharge to produce the mcrease m discharge on the left 
overbank 

Compared wtth the caltbratton simulation, this alter­
native results m lower average velocities on both overbanks 
and m the matn channel (table 9). Average velocities m 
alternative 7 are the same as m alternative 5 and the same 
as or lower than those m all other alternative simulations 
except the computed average veloctty on the nght overbank 
m alternative 6. 

Computed water-surface elevations and backwater 
are gtven m table 10 At Crawford Landmg, backwater IS 
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0 69 ft less m the alternative 7 stmulatton than m the 
cal1brat10n s1mulat10n 

Comparison Among Alternatives 

Two greatly dtfferent flood-plrun modtf1cat10ns can 
produce stmilar reductions m both backwater and average 
velocities. For example, alternative 3 mvolved clearmg of 
vegetatiOn and alternative 6 mvolved removal of a knoll 
and the spml adjacent to the knoll StmulatiOn of these 
two alternatives produced almost tdentical computed 
water-surface elevations and backwater (table 10). 
Although not tdenttcal, the average velocities are similar 
(table 9). Another example of obtrurung stmilar computed 
water-surface elevations and backwater by tmplementmg 
different alternative modifications IS shown by companson 
of alternatives 6 and 7 

Companson of dtfferent alternative simulations also 
reveals that the same reduction m backwater was obtain­
ed wtth dtfferent average velocities; conversely, the same 
average velocities were obtruned wtth dtfferent reductions 
m backwater. For example, alternatives 4 and 1 have 
stmtlar computed water-surface elevations but dtfferent 
average velocities (tables 9, 10). Alternatives 5 and 7 have 
dtfferent computed water-surface elevations and Identical 
average velocities. 

Thus, the local-model results show that the selec­
tion of an alternative modtficatton should be based on the 
mtended objective, whether It be a reduction m backwater, 
a reduction m average velocity, or a combmatton of the 
two. On the basts of the results of the local model and 
the objecttve of lowenng backwater wtthout mcreasmg 
average velocities, four alternatives were selected for study 
usmg the larger network discussed m the followmg sectton. 

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

The four alternattve modifications of the I -10 cross­
mg mclude· (1) 1mprovmg the hydrauhc charactensttcs of 
the three bndge operungs by removmg spoll, natural levees, 
and vegetatiOn; (2) placmg a new 2,000-ft bndge operung 
m the crossmg and clearmg brush and trees from an area 
1,000 ft wtde and 3,000 ft long, centered along the new 
bndge wtth the long stde parallel to the roadway; (3) plac­
mg a new 2,000-ft bndge operung m the crossmg and clear­
mg brush and trees only m the new bndge nght-of-way, 
and (4) placmg a 1,000-ft bndge operung m the crossmg 
and clearmg brush and trees only m the new bndge nght­
of-way. The networks used to Slffiulate all four alternatives 
were tdentical to the ffilddle part of the full-reach network 
(fig. 4) except for shght modtftcations reqmred to repre-

sent each alternative Network modificatiOns, results of 
the simulatiOn, backwater, and drawdown are dtscussed 
for each alternative modtficatton Model results are used 
to evaluate each alternative wtth respect to three objec­
tives: (1) reducmg backwater caused by the 1-10 crossmg, 
(2) ehffilnatmg overtoppmg of the roadway, and (3) \ 
decreasmg velocities m the bndge operungs. 

Results obtruned from an alternative simulation us­
mg thts network will dtffer slightly from results obtruned 
from the same alternative stmulatton usmg the full-reach 
network This difference m computed results IS caused by 
the close proXImity of the upstream and downstream 
boundaries to the highway crossmg. Boundary conditions, 
obtruned from the results of the full-reach caltbratton 
stmulation and held ftxed m the alternative stmulations, 
would actually be slightly different owmg to the alternative 
modifications at and near 1-10. 

Boundary Conditions 

Boundary conditions for the four alternative simula­
tions were obtamed from the calibration simulation of the 
full-reach model developed by Lee and others (1983). At 
the upstream boundary, the urut discharges reqmred as 
mput for the four alternat1ve stmulattons were taken from 
correspondmg nodes from the calibration simulation of 
the full study reach At the upstream boundary, mput 
discharge at the Pearl and West Pearl Rtvers was 8,090 
and 6,040 ftl/s, respectively. The remairung 154,000 ft3/s 
was distributed uruformly across the flood plrun (table 11). 

At the downstream boundary, the water-surface 
elevations were those computed at correspondmg nodes 
m the caltbration simulation usmg the full-reach model. 
The downstream water-surface elevatiOn ranges from 10.1 
ft above sea level at the nght edge of the flood plrun to 
9 6 ft above sea level at the left edge of the flood plrun 

Table 11. D1stnbut1on of d1scharge at the upstream model bound­
ary for the alternat1ve s1mulat1ons 

Sect1on of upstream boundary 

Left edge of flood plam to left edge 
of water of Pearl River---------------

Pearl Rlver-mam channel-------------­

Right edge of water of Pearl River to 
left edge of water of West Pearl 
River--------------------------------------

West Pearl Rlver-mrun channel------­

Right edge of water of West Pearl 
River to nght edge of flood plrun-

Thtal------------------------------------

D1scharge, m 
cub1c feet per second 

6,720 

8,090 

143,000 

6,040 

3,980 

168,000 
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Figure 13. F1mte-element network for the alternative 1 s1mulat1on 

Alternative 1 Simulation 

Dunng the model-adjustment process reported by 
Lee and others (1983) and while conductmg the local­
model simulations dtscussed previOusly, It was observed 
that computed water-surface elevattons were moderately 
sensttive to the values of the Chezy coeffiCients of the over­
bank elements Within the three bndge opemngs. The com­
puted water-surface elevations were also senstttve to model 
ground-surface elevations wtthin and near the bndge 
nghts-of-way. Alternative 1, developed on the basts of 
these observations, mvolved modifications to the overbank 
areas wtthm the bndge 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 m figure 4 for the study area. It ts shown at 
a larger scale m figure 13. To stmulate alternative 1 usmg 

FESWMS, model ground-surface elevations of the over­
bank areas wtthm the nghts-of-way at the three 1-10 bndge 
operungs were lowered to the elevatton of the surroundmg 
flood plam. Elevations rangmg from 2.2 to 4.6 ft above 
sea level, wtthm the highway nght-of-way on the nght 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 River; therefore, no changes were made 
to ground-surface elevations on thts overbank. Ground­
surface elevations ranging from 2 5 to 4.0 ft above sea level 
on both overbanks at the Middle Rtver were lowered to 
2.0 ft above sea level Ground-surface elevations on the 
nght overbank of the West Pearl River dtd not reqmre 
changmg, because no spoil was left after constructiOn, but 
elevations rangmg 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 opemng were lowered to the elevation of the sur­
roundmg flood plrun, 1.5 to 3.0 ft above sea level, and 
elevations rangmg 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 Chezy coefficients used to Simulate the Apnl 2, 1980, flood for ex1stmg cond1t1ons (calibration) and four alternative 
mod1ficat1ons of the h1ghway crossmg 

Element descrtptton and locatton 

Woods------------------------------------------------------------------

Marsh grass and brush downstream from Interstate 
Highway 10 bndge across Pearl River------------------

Brush and trees south of precedmg marsh-grass area-------

Grass and scattered brush on left overbank under 
Interstate Highway 10 bndge across Pearl River-----

Grass and brush on nght overbank under Interstate 
Highway 10 bndge across Pearl River------------------

Brush and trees under Interstate Highway 10 across Mid-
die River-------------------------------------------------------

Grass and scattered brush under Interstate Highway 10 
bndge across West Pearl River---------------------------

New bndge nght-of-way-------------------------------------------

Area 1,000-feet-by-3,000-feet adJacent to new bndge 
nght -of -way ---------------------------------------------------

Pearl River, natural channel between nver mdes 13 5 and 
15 9 -------------------------------------------------------------

Pearl River, natural channel between nver mtles 15.9 and 
18 1--------------------------------------------------------------

Wastehouse Bayou, stmghtened channel between nver 
mtles 0 0 and 4 4--------------------------------------------

Middle River, stmghtened channel between nver mtles 
7 3 and 9 0----------------------------------------------------

Middle River, natural channel between nver mlles 9 0 and 
10 0 -------------------------------------------------------------

Middle River, stmghtened channel between nver mtles 
100 and 12 9-------------------------------------------------

West Middle River, stmghtened channel between nver 
mtles 11 3 and 12 7------------------------------------------

West Pearl River, natural channel between nver mdes 12.3 
and 14 9--------------------------------------------------------

West Pearl River, straightened channel between nver 
mtles 14 9 and 15 9------------------------------------------

'Vest Pearl River, natural channel between nver mdes 15 9 
and 17 0--------------------------------------------------------

3.0 and 50ft above sea level. Natural-levee ndges along 
the channel banks, outs1de of the bndge nghts-of-way, were 
left unchanged. 

The Chezy coefficients of the overbank elements m 
the bridge nghts-of-way shown m figure 13 were assigned 
a value of 40 ftV2/s, whlch 1s recommended by Chow (1959) 
for a vegetative cover of short grass w1th no brush 

Chezy coefftctent, tn foot to the 
one-half power per second 

Alternattve 

Cahbratton 2 3 4 

22 22 22 22 22 

30 30 30 30 30 

21 21 21 21 21 

40 40 40 40 40 

30 40 30 30 30 

21 40 21 21 21 

40 40 40 40 40 

40 40 40 

22 22 40 22 22 

105 105 105 105 105 

85 85 85 85 85 

59 59 59 59 59 

66 66 66 66 66 

85 85 85 85 85 

68 68 68 68 68 

75 75 75 75 75 

85 85 85 85 85 

51 51 51 51 51 

100 100 100 100 100 

(table 12). As md1cated by the values of the Chezy coeffi­
Cients hsted m table 12, the Mtddle River has the most dense 
vegetative cover (brush and trees) of the three bndge open­
mgs The scattered brush under the I -10 bndge across the 
West Pearl River and on the left overbank of the Pearl River 
d1d not reqmre a change m the value of the Chezy coef­
ficient. 
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Figure 14. Drstnbutron of drscharge across the flood plarn at Interstate Hrghway 10 for alternatrve 1 

Results of the Simulation 

Alternative 1 was smmlated usmg 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 1-10 the flow con-

verges toward the three operungs, flows through the open­
mgs, and then diverges out of the mam channels back onto 
the flood plain. At the downstream boundary, the flow Is 
almost uruformly distnbuted across the flood plain and 
the velocity field has a south-southeasterly component 
similar to that of the calibratiOn srmulatlon. 

Table 13. Computed water-surface elevatrons and backwater or drawdown for exrstrng condrtrons and four alternatrve modrfrca-
trons of the hrghway crossrng 

Water-surface elevat1on, m feet above sea level 
(backwater) or [drawdown], m feet 

Reference number W1thout Alternative 
and locat1on W1th h1ghway h1ghway 

on plates embankments embankments 2 3 4 

1 Davts Landmg------------------- 13 8 12 9 135 130 130 131 
(0 9) (0 6) (0 1) (0 1) (0 2) 

2 Napoleon------------------------- 12 8 117 12 4 12 0 12 0 121 
(11) (0 7) (0.3) (0 3) (0 4) 

3 River Gardens subdtvtston---- 12 8 114 12 4 117 117 11.9 
(14) (1 0) (0 3) (0 3) (0 5) 

4 Mouth of Gum Bayou--------- 12 7 113 12.3 116 116 118 
(1 4) (1 0) (0 3) (0 3) (0.5) 

5 West edge of flood plam, 0 2 10 5 106 105 10 3 103 104 
mtle downstream from [0 1] [0 1] [0 3] [0 3] [0 3] 
Interstate Htghway 10 

6 East edge of flood plam, 0 2 109 10 3 108 105 10 5 10 6 
mile downstream from (06) (0 5) (0 2) (0 2) (0 3) 
Interstate Htghway 10 

7. East edge of flood plam, 0. 7 10.8 102 107 104 104 10 5 
mile downstream from (0 6) (0 5) (0 2) (0 2) (0 3) 
Interstate Htghway 10 
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The distnbution of discharge across the flood plam 
Is shown in figure 14. This figure shows that without 1-10 
there IS a relatively uruform mcrease m cumulative discharge 
across the flood plam. The only sharp break m the slope 
of the lme, which corresponds to a rapid mcrease m 
cumulative discharge, occurs at the Pearl River Without 
1-10m place, the mam channels of the Middle and West 
Pearl Rivers convey a small percentage of the total 
discharge. The lme representmg the cumulative discharge 
with 1-10m place graphically depicts the large percentage 
of water that IS transferred across the flood plam and flows 
through the Pearl River operung As this transfer of water 
from the west to the east side of the flood plam Is reduced, 
the plotted lme for a given alternative simulation will bet­
ter approach the plotted lme representmg the distnbution 
without 1-10. Thus, alternative 1 reduces the transfer of 
water across the flood plam, and the plotted lme IS closer 
to that for the simulation Without 1-10 

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

from the 1-10 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 Landmg, the water-surface elevation IS 1 3 
ft higher on the west side of the flood plain than on the 
east side. Along the east edge of the flood plam, approx­
imately 0.2 mi downstream from the Pearl River bndge 
Oocation 6), the computed water-surface elevation IS 0.1 ft 
less than the computed water-surface elevation with 1-10 
m place. At the west edge of the flood plam, 0.2 mi 
downstream from the West Pearl River bndge, the com­
puted water-surface IS the same as the computed water­
surface elevation with 1-10m place. 

The computed discharges at each of the three bndge 
operungs are given m table 14. The discharges were obtained 
from contmmty checks along the hne of nodes closest to 
the south edge of the eastbound lane, where the measured 
discharges were obtamed. The discharge m the mam chan­
nel (as a percentage of the computed discharge m the 

Table 14. Computed d1scharges at the Interstate H1ghway 10 bndge openmgs for ex1stmg cond1t1ons and four alternat1ve mod1ficat1ons 
of the h1ghway crossmg 

Openmg 
sect1on 

Left overbank--------------------­
Channel---------------------------­
Right overbank-------------------

Subtotal----------------------

Left overbank---------------------
Channel----------------------------
Right overbank-------------------

Subtotal----------------------

Left overbank---------------------
Channel----------------------------
Right overbank-------------------

Subtotal----------------------

Flood plam-----------------------

Total1 
-------------------------

Ex1stmg 
cond1t1ons 

(calibration) 

23,600 
50,200 
36,100 

110,000 

3,810 
17,800 

5,360 

27,000 

10,000 
16,900 
11,000 

37,900 

175,000 

D1scharge, m cub1c feet per second 

Alternat1ve 

2 3 4 

Pearl Raver 

24,900 17,400 17,800 18,500 
40,600 39,100 40,300 41,700 
36,200 26,400 27,300 28,600 

102,000 82,900 85,400 88,800 

Middle Raver 

6,050 2,380 2,490 2,650 
16,300 11,500 11,800 12,800 
9,000 3,340 3,470 3,760 

31,400 17,200 17,800 19,200 

West Pearl Raver 

11,800 5,660 6,020 6,680 
14,100 10,600 11,300 12,300 
11,000 6,620 6,920 7,530 

36,900 22,900 24,200 26,500 

New bndge operung 

41,000 38,700 36,600 

170,000 164,000 166,000 171,000 

1The reason for the dtscrepancy among the total computed discharges and the total mflow ts dtscussed m the section, "Numencal Solutton 
of the Flow Equattons " 
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Table 15. Computed average velocataes at the Interstate Haghway 10 bndge openangs for exastmg condataons and four alternatave modafica­
taons of the haghway crossang 

Veloc1t1es, m feet per second 

Ex1stmg Alternative 
Openmg cond1t1ons 
section (cahbrat1on) 2 3 4 

Pearl River 

Left overbank---------------------- 15 12 12 12 13 
Channel----------------------------- 36 29 2.8 29 30 
Right overbank-------------------- 18 1.5 15 1 5 16 
Overall average-------------------- 23 18 18 1.8 19 

Middle River 

Left overbank---------------------- 2.6 29 17 1 8 19 
Channel----------------------------- 43 36 29 30 32 
Right overbank-------------------- 32 38 22 23 24 
Overall average-------------------- 37 35 25 26 27 

West Pearl River 

Left overbank---------------------- 23 16 1 5 16 1 7 
Channel----------------------------- 35 28 23 24 26 
Right overbank-------------------- 14 10 09 09 10 
Overall average-------------------- 22 16 15 1.5 1 7 

New bndge opemng 

Flood plrun-------------------------

cahbration simulation) decreases 19, 8, and 17 percent at 
the Pearl, M1ddle, and West Pearl Rivers, respectively. 
Discharge mcreases on all overbanks, except on the nght 
overbank of the West Pearl River, where It remams un­
changed. The mcrease m discharge on the left overbank 
at the West Pearl River operung IS caused by lower ground­
surface elevations w1thm the bndge nght-of-way; at the 
Middle and Pearl Rivers, the mcrease 1s caused by lower 
ground-surface elevations and a reduction m resistance. 
Total discharge through an operung decreases at the Pearl 
and West Pearl River operungs, and most of the 4,400 ft3 /s 
mcrease m discharge at the Middle River IS captured from 
the Pearl River operung 

The average velocities for the mam channel and over­
banks for the three bndge operungs computed in the 
c!ilibrat10n and alternative 1 simulations are hsted in table 
15 and are plotted on figures 15A, 16A, and 17A. Average 
velocities decrease on the overbanks and m the mam chan­
nel at the Pearl River operung The urut discharges 
(fig 15B) also decrease on the overbanks and m the mam 
channel m this operung The decrease in urut discharges 
m the mam channel and across most of both overbanks 
is caused by a reduction m average velocity. Even though 
average velocities decrease on the overbanks of the Pearl 

20 19 34 

River, urut discharges mcrease near the edge of both over­
banks. The mcrease IS caused by the removal of spoil, which 
mcreases the cross-sectiOnal flow areas and more than com­
pensates for the reduction m resistance. 

The average velocity m the mam channel of the Mid­
dle River decreases from 4.3 to 3.6 ft/s, but the average 
velocity mcreases 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 nght overbank of the Middle River 
IS the highest average velocity computed m the alternative 
1 simulation. Even though the discharge at the Middle 
River operung mcreases, the overall average velocity 
decreases. The mcrease m urut discharge on both overbanks 
of the Middle River, shown in figure 16B, IS caused by both 
an mcrease m cross-sectional flow area due to spoil removal 
and an mcrease niaverage velocity due to a reduction m 
resistance. The reduction m resistance more than compen­
sates for the mcrease m cross-sectional flow area, the net 
result bemg an mcrease m average velocity. Th1s reductiOn 
m resistance between the calibration Simulation and the 
alternative 1 simulation 1s greatest on the overbanks at the 
Middle River (table 12). 

At the West Pearl River operung, the average veloc­
Ities decrease m the mam channel and on both overbanks 
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(table 15). The decrease 1s larger on the left overbank 
than on the nght. The relatively large decrease on the left 
overbank 1s caused by a large mcrease m flow area pro­
duced by lowenng of ground-surface elevations rangmg 
from 4.0 to 9 0 ft above sea level in the calibration simula­
tion to 2.5 ft above sea level m the alternative 1 simula­
tion. Although the average velocity decreases on the left 
overbank, the urut discharge mcreases, as shown m figure 
17 B, owmg to the large mcrease m cross-sectiOnal area. 

Lines of equal backwater and drawdown are shown 
on plate 2. These lmes were produced by subtractmg nodal 
water-surface elevations from the simulation without 1-10 

m place (Lee and others, 1983) from correspondmg water­
surface elevations computed for alternative 1. Maximum 
backwater of 1.7 ft occurs on the upstream side of the 1-10 
embankment between the Middle and West Pearl Rivers. 
Maximum backwater of 2.1 ft occurred at the same loca­
tion m the calibration simulation Maximum backwater at 
the west edge of the flood plrun IS 1.1 ft near Crawford 
Landing. Maximum backwater at the east edge of the flood 
plam IS 0.7 ft, 0.3 m1 downstream from Napoleon. The cor­
respondmg values of backwater m the calibration simula­
tion were 1.5 ft near Crawford Landmg and 1.1 ft near 
Napoleon. Upstream from 1-10, backwater decreases more 
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rapidly m the upstream direction on the west side of the 
flood plam than on the east side (figs. 18, 19). This IS the 
same pattern as m the calibration simulation. 

The water-surface gradients m the Middle and West 
Pearl River operungs are reduced from the calibration 
values m this simulation but remain larger than the gra­
dient m the Pearl River operung. 

Maximum drawdown for alternative 1 of 0. 7 ft oc­
curs on the downstream side of the I-10 embankment be­
tween the Mtddle and West Pearl Rivers. Drawdown of 
0.2 ft extends o.s:rm downstream from I -10 at the west edge 
of the flood plain. On the east side of the flood plain, 

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 
1-40. Interstate-tO was overtopped by only a few mches m 
the April 1980 flood; hence, alternative 1 ebrmnates the 
possibility of roadway overtoppmg for a flood of the 
magrutude of the 1980 flood. Average velocities m the mam 
channels and on the overbanks at the Pearl and West Pearl 
River operungs are reduced compared with those of the 
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existmg crossmg. At the Middle River, average velocities 
mcrease on the overbanks and decrease m the mam chan­
nel. Alternative 1 reduces backwater and lowers the overall 
bndge-operung velocity at the Middle River, even with an 
mcrease m discharge through the operung. 

Alternative 2 Simulation 

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

Network and Parameter Modifications 

To simulate alternative 2, the firute-element network 
was modified, as shown m figure 20, by addmg elements 
to that area of the embankment occupied by the new 
bndge. Ground-surface elevations at nodes m the new 
bridge nght-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 Chezy 
coefficients of elements m the cleared area were assigned 
the value of 40 ft Vz Is (table 12). At the Pearl, Middle, and 
West Pearl Rivers, the ground-surface elevations and the 
values of the Chezy roughness coefficients were Identical 
to those used m the calibration simulatiOn. 

Results of the Simulation 

The velocity vectors produced m the alternative 2 
simulation have a more southerly component throughout 
the reach modeled, compared With the south-southeasterly 
component produced m the calibration simulation (pi 3). 
Alternative 2 sigmficantly reduces the flow shift from the 
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west side of the flood platn to the east side upstream from 
1-10. The cumulative discharge versus distance across the 
flood plain, plotted in figure 21, shows that the discharge 
distnbution through the four embankment operungs more 
closely corresponds to the discharge distribution without 
1-10m place than do the distnbutions corresponding to 
any of the other alternatives. 

Owing to the added conveyance at the 1-10 embank­
ment, convergence toward the 1-10 openings and divergence 
back onto the flood plain occurs in a 0.6-mi-long reach 
centered about 1-10, 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 m the calibration Simulation. The water-surface 
elevatiOn at Davis Landmg, 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 platn, are lower 
than those computed m the calibration simulation (table 
13). 

The computed discharges at each of the four bndge 
opemngs are given m 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 opemng. The matn chan­
nel discharge, as a percentage of the calibrated discharge 
m each mam channel, IS reduced 22, 35, and 37 percent 
at the Pearl, Middle, and West Pearl Rivers, respectively. 
A decrease m discharge of 26 and 27 percent occurs on 
the left and right overbanks of the Pearl River opemng. 
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 3/s, or 25 percent of the total computed discharge 
in the alternative 2 simulation. 

The average velocities m the matn channel and on 
the overbanks are reduced at all three opemngs, as shown 
in figures 22, 23, and 24, which mdicate that a rather 
umform reduction m average velocity Is achieved across 
the overbanks at the three operungs. The smallest 
reduction m average velocity (0.3 ft/s) occurs across both 

Simulation of Four Modif1cat1ons 35 



OUTFLOW 

0 1000 2000 METERS 

EXPLANATION 

- Area cleared near new 2000-foot bndge 

figure 20. Fm1te-element network for the alternat1ve 2 and 3 s1mulat1ons 

120r-------------~--------------~---------------r--------------~------~ 

w 
(!) 
c:c 
<( 100 
:I: 
u en 
0 
w 80 

> 

~ 
:::> 
~ 
:::> 
u 
LL 
0 
..... z 
w 
u 
c:c 
w 
Q.. 

EXPLANATION 

Wtthout 1-10 

----- Alternattve 2 stmulatton 

Caltbratton stmulatton 

Left edge of flood platn 

5000 10,000 16,000 

DISTANCE FROM LEFT EDGE OF FLOOD PLAIN, IN FEET 

20,000 23,000 

Figure 21. D1stnbut1on of d1scharge across the flood plam at Interstate H1ghway 10 for alternative 2 

36 Reduc1ng Backwater at the Interstate Highway 10 Crossing, Louisiana 



0 
z 4~------------~--------------~------------~--------------r-----------~ 
0 
u 
w en 
a: 3 
w 
Q.. 

~ w 2 
LL 

~ 

~ u 
0 
_J 

~ 00 1000 

EXPLANATION 

Callbratron srmulatron 

----- Alternatrve 2 srmulatron 

2000 3000 4000 

DISTANCE FROM LEFT BANK, IN FEET 

4930 

Figure 22. Computed average veloc1t1es for the cahbrat1on and alternative 2 s1mulat1ons at the Interstate 
H1ghway 10 bndge openmg at the Pearl R1ver 

5 

0 
z 
0 4 u 
w en 
a: 
w 
Q.. 

1-
ttl 3 
LL 

~ 
>-' .,_ 
u 
0 2 
_J 
w 
> 

---- ............ .,"""" 
,, 

EXPLANATION 

Callbratron srmulatron 

------ Alternatrve 2 srmulatron 

/-----
/ ' 

/ ' 
/ ' / ' 

/ ' 
/ ' 

/ ' ~ 
,, , ___ _ 

OL-------~---------L--------~--------L-------~---------L--------~----~ 
0 100 200 300 400 500 600 700 770 

DISTANCE FROM LEFT BANK, IN FEET 

Figure 23. Computed average veloc1t1es for the cahbrat1on and alternative 2 s1mulat1ons at the Interstate 
H1ghway 10 bndge openmg at the M1ddle R1ver 

S1mulation of Four Modifications 37 



5.--------------.--------------~------------~--------------~----~ 

Q 
z 
0 4 u 
w 
CJ) 

a: 
w 
Q.. 3 
~ 
w 
w u. 

, ... , 
I \ 

I \ 
I \ 

EXPLANATION 

Cahbrat1on s1mulat1on 

---- Alternative 2 s1mulat1on 

~ 2 

> 
~ 

/ ' ~~~~~-----------~--~ ', ,...... ',, u g, 
w 
> 

500 

,..., 

1000 

..................... __ 

-------------------

1500 2000 2220 

DISTANCE FROM LEFT BANK, IN FEET 

Figure 24. Computed average veloc1t1es for the cahbrat1on and alternative 2 s1mulat1ons at the Interstate 
H1ghway 10 bndge openmg at the West Pearl R1ver 

overbanks of the Pearl River (table 15). The largest reduc­
tion m average velocity (1.4 ft/s) occurs m the mam chan­
nel of the Middle River, and the largest overall reduction 
through an opening (1.2 ft/s) also occurs at the Middle 
River. Even With the relatively large reduction m average 
velocity at the Middle River, the highest average velocity 
(2 5 ft/s) through an opening occurs m the Middle Rtver. 
At the West Pearl River opening, the decrease m average 
velocity on the left overbank (0.8 ft/s) IS greater than the 
decrease m average velocity on the nght overbank (0.5 
ft/s). The average velocity through the new bndge open­
mg Is 2.0 ft/s, compared With an average velocity of 0. 7 
ft/s across the flood plam. 

Lmes of equal backwater and drawdown for alter­
native 2 are shown on plate 4. Maxtmum backwater of 
0.7 ft occurs along the upstream side of the 1-10 embank­
ment between the Pearl and Middle Rivers, whereas, m 
the calibration simulatiOn, maxunum backwater (2.1 ft) 
occurred between the Mtddle and West Pearl Rivers On 
the east edge of the flood plam, maximum backwater of 
0.3 ft occurs from JUSt upstream from 1-10 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 IS 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 m 
the upstream duectton on the west side of the flood platn 
than on the east side. On the west side of the flood plain 
at the upstream boundary, backwater IS ehmmated, but 
0.3 ft of backwater still eXIsts on the east side. On the 
east side of the flood plam, 0.2 ft of backwater eXIsts from 

1-10 to the downstream boundary. Although reduced in 
comparison with the calibration simulation, drawdown 
still exists downstream from the West Pearl River bndge 
opemng at 1-10. 

On the basis of the above discussion, alternative 
2 can be examined usmg the previously mentioned ob­
Jectives. Alternative 2 reduces backwater to the extent that 
the overtoppmg of the 1-10 crossmg IS ehmmated. The 
average velocities are reduced on the overbanks and m 
all mam channels. The greatest reduction m average 
velocity occurs at the Middle River, but the highest 
average velocity still occurs there. 

Alternative 3 Simulation 

Alternative 3 differs from alternative 2 m that the 
cleared area adjacent to the new bndge openmg is 
ehrmnated. The only difference m the srmulattons of alter­
natives 2 and 3 Is the value of the Chezy coefficient as­
signed to the area surroundmg the new bndge opemng. 
Therefore, the difference m the computed water-surface 
elevations between alternatives 2 and 3 ts the effect pro­
duced by clearmg. 

Network and Parameter Modifications 

The network used m the alternative 2 simulation 
was also used m the alternative 3 simulation. As m alter­
native 2, a new 2,000-ft bridge was placed m the 1-10 
embankment by adding elements to the area of the em-
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bankment occupied by the new bndge (fig. 20). Ground­
surface elevations at nodes m the new bridge nght-of-way 
were set at sea level. Ground-surface elevations at nodes 
m the eXIstmg bndge nghts-of-way remamed the same 
as those used m the calibration simulation. The Chezy 
coefficients of elements m the new bndge nght-of -way 
were assigned a value of 40 rtYi/s (table 12). At the Pearl, 
Middle, and West Pearl Rivers, the Chezy values (rang­
mg from 21 to 40 ftv2/s) that were used m this simula­
tion were Identical to those used m the calibration 
simulation (table 12). The cleared area adjacent to the 
new bndge was assigned a Chezy value of 22 rtYi/s m this 
simulatiOn; in alternative 2 it was assigned the value of 
40 ftln/s. 

Results of the Simulation 

The plot of the velocity-vector field for alter­
native 3 IS shown on plate 5 The vector field closely 
resembles the vector fields obtamed from the simulation 
of alternative 2 and the simulation without 1-10m place. 
As m other alternatives, the velocity vectors m this simula­
tion have a more southerly component; the southeasterly 
component, mdtcatmg movement toward the Pearl River, 
does not begm as far upstream as It dtd m the full-study 
calibration simulatiOn 

The computed cumulative discharge IS plotted as 
a function of distance across the flood plam for 
simulations with 1-10, without 1-10, and alternative 3m 
figure 25 The dtstnbutton of flow across the flood plam 
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 hsted m 
table 13. Upstream from 1-10, computed water-surface 
elevatiOns range from 0.8 to 1.1 ft lower than the com­
puted water-surface elevations with the 1-10 em­
bankments m place The water-surface elevation Is 1.0 
ft higher at Davts Landmg, on the west stde of the flood 
plam, than at Napoleon, on the east stde. At Rtver 
Gardens, the subdtvtston sustammg the heaviest damage 
m the Apnl2, 1980, flood, the computed water-surface 
elevation IS 11.7 ft above sea level, 1.1 ft lower than the 
computed water-surface elevation m the full-study 
calibration simulation. Upstream at Davts Landmg, the 
computed water-surface elevatton 1s 13.0 ft above sea 
level, 0.8 ft lower than the elevation obtatned m the full­
study caltbratton simulation. 

The discharge dtstnbutton through the four bndge 
opemngs m the 1-10 embankment 1s tabulated m table 
14. Discharge decreases at the Pearl, Mtddle, and West 
Pearl Rivers (as a percentage of the computed dtscharge 
m the calibration simulation) by 22, 34, and 36 percent, 
respectively. The new bndge placed m the 1-10 embank­
ment carnes 23 percent of the total computed dtscharge 
As m alternative 2, the Pearl Rtver Is the major con­
tnbutor of discharge to the new bndge, on a percentage 
basts, however, the Middle and West Pearl Rtvers are the 
largest contnbutors to the new bndge 

At the e:xtstmg bndge opemngs the reduction m 
dtscharge 1s greatest on the overbanks. This decrease IS 
espectally evtdent at the Mtddle River, where, as a 
percentage of the dtscharge computed m the caltbration 
simulation, discharge decreases 35 percent on both over­
banks, and at the West Pearl Rtver, where the dtscharge 
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decreases on the left and right overbanks by 40 and 37 
percent, respectively. 

The average velocities for the alternative 3 simula­
tion are plotted m figures 26, 27, and 28 There Is a 
umform reduction m velocity of 0.3 ft/s on the left and 
nght over banks of the Pearl River. Relatively large reduc­
tions m average velocity occur on the left overbank (0.8 
ft/s) and nght overbank (0 9 ft/s) of the Middle River. 
The average velocity m the mam channel at the Middle 
River is 1. 3 ft/ s lower than the average velocity computed 
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m the calibration simulation. The average velocity IS 
greater on the left overbank than on the nght overbank 
at the West Pearl. The average velocities mcrease or re­
mam the same m the extstmg bridge openmgs compared 
with alternative 2, but the average velocity m the new 
bndge opemng IS 1.9 ft/s, 0.1 ft/s less than that com­
puted m alternative 2. The lower average velocity IS 
caused by the mcrease m 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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Lmes of equal backwater and drawdown are shown 
on plate 6, and values for selected locations are hsted in 
table 13. Maximum backwater of 0.8 ft occurs along the 
upstream stde of the embankment between the Pearl and 
Mtddle Rivers. In the calibratiOn stmulatton, ma.xtmum 
backwater of 2.1 ft occurred between the Middle and 
West Pearl Rtvers. Along the western margms of the 
flood plam upstream from I-10, the maxunum backwater 
ts 0.3 ft, and at the upstream boundary, backwater IS less 
than 0.1 ft. On the east side of the flood plam, the max­
Imum backwater Is 0 3 ft and extends from JUSt upstream 
from I -10 to the upstream boundary As in the other three 
alternatives, companson of figures 18 and 19 mdtcates 
that backwater decreases more raptdly m the upstream 
direction on the west side of the flood plain upstream 
from I-10 than on the east side. Downstream from 1-10, 
backwater eXIsts on the east side of the flood plam and 
drawdown on the west side 

On the basts of the obJectives selected to analyze 
the alternative modificatiOns, alternative 3 reduces 
backwater to a fraction of that obtained in the calibra­
tion stmulatton. This reduction m backwater prevents 
overtoppmg of I-10 for the flood of April2, 1980. The 
average velocities are reduced m all bndge opemngs, with 
the htghest average veloctty occurnng m the Middle Rtver 
opemng. 

Alternative 4 Simulation 

In the alternative 4 stmulatton, a new 1 ,000-ft 
bndge openmg was placed m the I -10 embankment. This 
new bndge was centered along the I -10 embankment m 

the same location as the 2,000-ft bndge opemng used m 
alternatives 2 and 3. Two mam results were obtamed us­
mg thts stmulation: (1) the reduction m backwater caused 
by the addition of a 1 ,000-ft bridge opemng was deter­
mmed, and (2) the incremental effect of decreasmg the 
new bridge opening from 2,000 to 1,000 ft was determmed 
by comparmg alternatives 3 and 4. 

Network and Parameter Modifications 

The new 1,000-ft bndge opening was added to the 
I -10 embankment between the Mtddle and West Pearl 
Rtvers by addmg elements to the area occupied by the 
embankment (fig. 29). The elements located in the new 
bridge right-of-way were assigned a Chezy value of 
40 ft!-4/s (table 12) Ground-surface elevations at nodes 
m the new bndge nght-of-way were set at sea level. At 
the three eXIstmg bndge opemngs, ground-surface eleva­
tions and Chezy values were the same as those used m 
the full-study caltbration simulation. Outside of the new 
bndge right-of-way, the ground-surface elevations and 
the values of the Chezy roughness coefficients were Iden­
tical to those used m the cahbration simulation 

Results of the Simulation 

Water-surface elevations and velocity vectors for 
alternative 4 are shown on plate 7. As m the other alter­
native simulations, the veloctty-vector fteld has a more 
southerly flow component than that obtamed m the 
caltbratton stmulation. This shift m the veloctty-vector 
field mdtcates that the transfer of flow across the flood 
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Figure 29. Fm1te-element network for the alternative 4 51mulat1on 

plain does not begm as far upstream from I-10 m this 
simulation as It did m the calibration simulatiOn. 

The computed water-surface elevations are shown 
by contours on plate 7, and values for selected locations 
are gtven m table 13. The steepest water-surface gradients 
occur through the Middle River and new bndge open­
ings. At the upstream boundary, the water-surface eleva­
tion is 1 0 ft higher on the west stde of the flood plain 
than on the east side. Downstream from I-10, water­
surface elevations are htgher on the east side of the flood 
plain and lower on the west side than those computed 
without the highway embankments m place 

The computed cumulative discharge IS plotted as 
a function of distance across the flood plam for simula­
tions with I-10, without I-10, and for alternative 4 m 
figure 30, and the computed discharges through the four 
bndge openmgs are tabulated m table 14. Although the 
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discharge through the Pearl River operung IS greater than 
that obtamed without I -10 m place, It IS less than the 
discharge through I-10 obtained m the full-study calibra­
tion simulation The Pearl River bndge opemng and the 
new bndge operung convey 125,000 ft3/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 m alternative 3, the decrease 
m discharge IS greatest on the overbanks, especially at 
the Middle River, where discharge decreases 30 percent 
on both overbanks, and at the West Pearl Rtver, where 
discharge decreases 33 and 32 percent on the left and nght 
overbanks, respectively. In the main channel, discharge 
decreases 17, 28, and 27 percent at the Pearl, Middle, and 
West Pearl River~, respectively. The new bndge opemng 
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Figure 30. D1stnbut1on of d1scharge across the flood plam at Interstate H1ghway 10 for alternative 4 

conveys 21 percent of the total computed discharge. The 
greatest share of the 36,600 ftl/s conveyed by the new 
bndge comes from the Pearl River openmg. 

The average velocities through the eXIstmg bndge 
operungs are shown in figures 31 to 33. A slight reduc­
tion m average velocity of 0.2 ft/s occurs on both over­
banks of the Pearl River. The largest reduction m 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 nght 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 eXIstmg bndge operungs Is caused 
solely by the addition of the new bndge operung, as no 

other embankment modifications of the highway cross­
mg were made. The average velocity m the new bridge 
opemng Is 3.4 ft/ s. 

Lmes of equal ba_ckwater and drawdown are shown 
on plate 8. Values of backwater for selected locatiOns 
numbered on plate 8 are listed m 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 bndge. MaXImum 
backwater along the west edge of the flood plain ts 0 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 mi downstream from I-10 along the east side of the 
flood plam. Along the western margins of the flood plain, 
drawdown eXIsts downstream from I -10 Companson of 
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figures 18 and 19 mdtcates that backwater upstream from 
I -10 ts greater on the west stde of the flood plam than 
on the east, but the reduction m backwater occurs more 
raptdly in the upstream duection on the west stde than 
on the east. 

Simulation of alternative 4 produces beneficial 
results, based on the obJeCtives selected for analysts. 
Backwater IS reduced from 1.4 ft to 0.5 ft upstream from 
I -10 at the mouth of Gum Bayou, thereby preventmg the 
overtoppmg of I-10 for a flood such as the one that oc­
curred m 1980. Although not ehmmated, backwater Is 
reduced downstream from I -10 on the east edge of the 
flood plam. Drawdown increases slightly, on the west 
edge of the flood plam 0.2 mt downstream from I-10, 
from -0.1 ft m the calibration stmulatton to -0.2 ft m 
thts alternative. Fmally, the average velocities are reduc­
ed m all the extstmg bridge opemngs. 

Comparison of Alternatives 

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

cussed. Two compansons that provtde valuable 
information are: (1) by comparing alternatives 2 and 3, 
the effect of the cleared area at the new bndge openmg 
is obtained; and (2) by companng alternatives 3 and 4, 
the effect of mcreasmg the new bndge operung from 1,000 
to 2,000 ft Is obtamed. These two compansons will atd 
htghway planners m evaluatmg the mcremental effects 
obtatned by clearmg or increasmg the wtdth of the bndge 
opemng. 

The new 2,000-ft bndge operung without clearing 
(alternative 3) conveys 38,700 ft3/s, 23 percent of the total 
computed dtscharge (table 14). With the addition of the 
cleared area (alternative 2), the discharge through the new 
bndge increases to 41,000 ft3/s, or 25 percent of the total 
computed discharge. Thus, cleanng mcreases the 
dtscharge through the new bndge by 2,300 ft3/s. 

The average velocities for alternatives 2 and 3 are 
shown m table 15. As mdtcated m thts table, the average 
velocities at the Pearl and West Pearl Rtvers remam un­
changed between alternatives 2 and 3. At the Middle 
River, the velocity Is slightly lower wtth cleanng than 
Without. At the new bndge the average velocity IS 0.1 ft/s 
higher wtth clearing than wtthout. 

The computed water-surface elevatiOns and 
backwater for selected locations are hsted m table 13. 
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Figure 33. Computed average veloc1t1es for the cahbrat1on and alternative 4 s1mulat1ons at the Interstate 
H1ghway 10 bndge openmg at the West Pearl R1ver 

Compansons of alternatives 2 and 3 in the table and com­
panson 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 additton of the cleared area m 
alternative 2 produces less than 0.1 ft of reduction m 
water-surface elevation (the difference between the lines 
for alternatives 2 and 3). 

In alternative 3 the 2,000-ft bndge operung conveys 
38,700 ftl/s, and in alternative 4 the 1,000-ft bndge con­
veys 36,600 ft3/s (table 13) Thus, the 1,000-ft bndge con­
veys 2,100 ft3/s less than the 2,000-ft operung. To convey 
this discharge through the 1 ,000-ft opening, an mcrease 
m average velocity from 1.9 ft/s m alternative 3 to 3.4 
ft/s m alternative 4 occurs (table 5). The higher velocity 
in the 1 ,000-ft bndge operung IS associated with a large 
water-surface gradient through the operung. At the ex­
istmg bridge openings, average veloctties are 0.1 to 0.2 
ft/s htgher in alternative 4 than in alternative 3. 

The bnes of equal backwater and drawdown for 
alternattves 3 and 4 are shown on plates 6 and 8, respec­
tively, and values for selected locations are listed m 
table 13. On the west side of the flood plam, backwater 
IS 0.2 ft greater at the mouth of Gum Bayou and at River 
Gardens wtth the new 1,000-ft bndge operung (alternative 
4) than wtth a new 2,000-ft bridge openmg (alternative 
3). At Davis Landmg, backwater IS 0.1 ft greater m alter­
native 4 than m alternative 3. Downstream from I -10 on 
the east side of the flood platn, backwater Is 0.1 ft greater 
m alternative 4 than m alternative 3. Downstream from 

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

SUMMARY AND CONCLUSIONS 

Lee and others (1983) indicated that a combmation 
of natural and manmade factors causes water to flow across 
the Pearl River flood plrun from the higher west side to 
the lower east side with or without 1-10m place. However, 
With the roadway m place, the shift of flow from west to 
east occurs farther upstream. Upstream from 1-10, max­
Imum backwater IS greater at the west edge of the flood 
platn than at the east edge. Accompanymg the roadway­
mduced shift of flow to the east are higher water-surface 
elevations downstream from the roadway in the eastern part 
of the flood platn and lower water-surface elevations 
downstream in the western part 

The two-dimensiOnal firute-element surface-water 
flow-modeling system, FESWMS, was used to study the 
effect of alternatives for Improvmg the hydraulic 
charactenstics of the 1-10 crossmg of the flood platn of 
the Pearl River near Shdell, La. The analyses used the 
model's capability to simulate changes m flood-platn 
topography, flood-plrun vegetative cover, and highway­
embankment geometry. 

On the basts of the results of Lee and others (1983), 
a local model of the West Pearl River bndge operung was 
developed to make comparisons among seven possible 
alternative modifications of the 1-10 highway crossmg that 
range from clearing of vegetation to removal of spml and 
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mstallation of culverts. The local model showed that two 
greatly different modifications of the highway crossmg can 
produce similar reductions m both backwater and average 
velocity. Also, comparison of different alternatives shows 
that the same reduction m backwater can be obtained wtth 
different average velocities or, conversely, the same average 
velocities can be obtained with different reductions m 
backwater. 

A larger network and modifications to It were 
used to analyze four alternate modificatiOns of the 1-10 
crossmg. 

The average velocities m the mam channels and on 
the overbanks at the extstmg bndge operungs decrease m 
structural alternatives 2, 3, and 4 (new bridge). Alter­
native 1, the nonstructural alternative (clearmg of vegeta­
tion and removal of spoil), produces overall reductions m 
average velocities through the bridge operungs, but 
somewhat higher average velocities occur on the overbanks 
of the Middle River. The average velocity m the new bndge 
operung IS lowest m alternative 2 and highest m alter­
native 4. 

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

Backwater Is reduced from values obtained m the 
calibration stmulation m all the alternative simulations. At 
River Gardens subdivision on the west side of the flood 
plam, 1.4 ft of backwater extsted wtth 1-10m place, whereas 
m the alternative simulations backwater ranges from 0 5 
to 0.2 ft. On the west stde of the flood plam, drawdown 
remams the same m alternative 1 (0.1 ft) as m the calibra­
tiOn simulation but mcreases to 0.3 ft m alternatives 2 
and 3. " 

Some generaliZatiOns can be made on the basts of 
the results of this study. Both structural and nonstructural 
modificatiOns of highway crossmgs of wide flood plams 
can have sigmficant beneficial effects on the hydraultc 
charactenstics of such crossmgs. A nonstructural approach 
can result m reduced backwater and lower overall bndge­
openmg velocities, even wtth an mcreased discharge through 
an operung. Structural approaches can provide a greater 
reductton m backwater than a nonstructural approach and 
can stgruficantly reduce velocities m extstmg bridge open­
mgs. The three structural and one nonstructural modifica­
tions provide planners With a range of options to Improve 
the hydraulic charactenstics of the 1-10 crossmg. 
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METRIC CONVERSION FACTORS 

Mult1ply 

ft (foot) 
ft/s (foot per second) 

ft/s2 (foot per second squared) 
ft3/s (cub1c foot per second) 

rru (rrule) 
rru2 (square rrule) 

ft/rru (foot per rrule) 
slug/ft3 (slug per cubtc foot) 

lb•s/ft2 (pound second per square foot) 

By 

03048 
03048 
03048 
002832 
1 609 
2 590 
01894 

515 4 
478 7 

To obtam 

m (meter) 
m/s (meter per second) 
m/s2 (meter per second squared) 
m3/s (cubtc meter per second) 
km (kllometer) 
km2 (square kllometer) 
m/km (meter per kilometer) 
kg/m3 (kllogram per cub1c meter) 
Pa • s (pascal second) 

National Geodet1c Vert1cal Datum of 1929 (NGVD of 1929) A geodetic datum denved from a general adjustment of the 
first-order level nets of both the Umted States and Canada, formerly called mean sea level, 1s referred to as sea level m trus report 
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