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EFFECTS OF PROPOSED HIGHWAY EMBANKMENT MODIFICATIONS ON
WATER-SURFACE ELEVATIONS IN THE LOWER PEARL RIVER FLOOD PLAIN
NEAR SLIDELL, LOUISIANA

By J.J. Gilbert, and R.E. Schuck-Kolben

ABSTRACT

Major flooding in the lower Pearl River basin in recent years has caused
extensive damage to homes and highways in the area. In 1980 and 1983,
Interstate Highway 10 and U.S. Highway 190 were overtopped. In 1983, the
Interstate Highway 10 crossing was seriously damaged by the flood. The U.S.
Geological Survey, in cooperation with the Louisiana Department of Transporta-
tion and Development, Office of Highways, used a two-dimensional finite-
element surface-water flow model +to evaluate the effects of proposed
embankment modifications at Interstate Highway 10 and U.S. Highway 90 on the
water-surface elevations in the lower Pearl River flood plain near Slidell,
Louisiana.

The proposed modifications that were considered for the 1983 flood are:
(1) Removal of all highway embankments, the natural condition, (2) extension
of the West Pearl River bridge by 1,000 feet at U.S. Highway 90, (3) construc-
tion of a new 1,000-foot bridge opening in the Interstate Highway 10 embank-
ment between the West Pearl River and Middle Pearl River bridge openings, and
(4) construction of a new 250-foot bridge opening in U.S. Highways 190 and 90,
west of the intersection of the highways. The proposed highway bridge
modifications also incorporated lowering of ground-surface elevations under
the new bridges to sea level.

The modification that provided the largest reduction in backwater, about
35 percent, was a new bridge in Interstate Highway 10. The modification of
the West Pearl River bridge at U.S. Highway 90 and replacement of the bridge
in U.S. Highway 190 provide about a 25 percent reduction in backwater each.

For the other modification conditions that required structural modifica-
tions, maximum backwater computed on the west side of the flood plain ranges
from 0.0 to 0.8 foot and on the east side fraom 0.0 to 0.6 foot. Results show
that although backwater is greater on the west side of the flood plain than on
the east side, upstream of highway embankments, backwater decreases more
rapidly in the upstream direction on the west side of the flood plain than on
the east side. Analysis of the proposed modifications indicates that back-
water would still occur on the east and west sides of the flood plain, but
values would be less than those computed with highway embankments in place.



INTRODUCTION |
|

In April 1983, extreme flooding was causJ
4.7 to 18.3 in. over the entire lower Pearl }
lower Pearl River caused extensive property d
area of Slidell, La. Damage in the Slidell an
year flood, was estimated to be $16.338 mil
State Office of Emergency Preparedness, ox
Highway 10 (I-10), U.S. Highway 90 (U.S. 90),
were closed while the flood crest passed. U.
and the eastbound lanes of I-10 were closed f
work on the Middle Pearl River bridge.

ed by precipitation ranging from
River basin. Flooding along the
lamage on the flood plain in the
ea due to the 1983 flood, a 200-
llion (T.M. Creaghan, Louisiana
ral commn., 1983). Interstate
and U.S. Highway 190 (U.S. 190)
S. 190 and I-10 were overtopped
or a week for structural repair

Roadways leading to bridges that cross wide flood plains are generally

constructed on top of earthen approaches

provide access to the bridge

during floods. When approach embankments significantly encroach upon the

flood plain, large amounts of backwater may
part of the flooding in the Slidell area
embankments that cross the Pearl River flood p

1t. Many residents attribute
backwater caused by highway
ain.

The U.S. Geological Survey, in cooperation with the Louisiana Department
of Transportation and Development, Office of Highways, and the U.S. Department
of Transportation, Federal Highway Administration, investigated the effect of
proposed modifications of highway embankments on water-surface elevations on
the lower Pearl River near Slidell. The j.bvestigation was undertaken in
response to excessive flooding, highway overtopping, and the concern of area
residents.

Floods and the effect of highway embankment modifications on flooding
were simulated using the FESWMS-2DH (Finite+Element Surface-Water Modeling
System for Two-Dimensional Flow in the Horizontal Plane). Traditionally, one-
dimensional methods have been used for hydraulic analysis of multiple-opening
bridge crossings on wide flood plains, providing only longitudinal variations
in velocity and water-surface elevation. Methods for selecting the distribu-
tion of flow through multiple openings in embankments and procedures for
determining backwater are based on laboratory investigations and practical
experience.

exhibit a two-dimensional flow
t high stages. The flow distri-
modifications, such as highway
one river channel in the flood

Wide flood plains, however, generally
pattern (in the horizontal plane) especially af
bution is camplicated further by structural
embankments, and the existence of more than
plain.

Purpose and Sco

This report describes the results of a study to evaluate the effects of
present (1984 in this report) highway embanknent conditions as well as four
proposed modifications of highway embankments|on water-surface elevations in
the lower Pearl River flood plain using data from the flood of April
1983. The analysis illustrates the usefulness of the FESWMS-2DH model, which
simulates flow with both lateral and longitudinal variations in water-surface
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elevation and wvelocity, in studying the impacts of camplex highway crossings
on flood flows. Constrictions of the flood plain created by highway
embankments, together with other physical features of the flood plain, caused
significant lateral variations in water-surface elevation and flow distribu-
tion during the 1983 flood.

In the hydraulic simulations of the highway crossings, modifications
were made to the model network to simulate different highway embankment
modifications. The proposed modifications that were considered for the 1983
flood are: (1) Removal of all highway embankments, the natural condition, (2)
extension of the West Pearl River bridge by 1,000 feet at U.S. Highway 90, (3)
construction of a new 1,000-foot bridge opening in the I-10 embankment between
the West Pearl River and Middle Pearl River bridge openings, and (4)
construction of a new 250-foot bridge opening in U.S. Highways 190 and 90,
west of the intersection of the highways. The proposed highway bridge modifi-
cations also incorporated lowering of ground-surface elevations under the new
bridges to sea level.

A camparison of water-surface elevations and discharges and various
locations in the study area was made to evaluate the effect of the proposed
modifications. The model network for any modification is identical to the
network for the present condition with the exception of changes made to
simulate the modifications. The geametry and hydraulic conditions for any
modifications were consistent with conditions which exist elsewhere in the
system. The simulations were performed using the entire network, even if only
one highway crossing was modified, +to allow comparison to any other
modification considered in this study.

Previous Studies

In a study by Lee and others (1982), data collected during and after the
1980 flood were used to calibrate the FESWMS model of the Pearl River above
U.S. 90. Wiche and others (1984) used the FESWMS model to evaluate the impact
of structural and nonstructural modifications to the flood plain and I-10
embankment on backwater and flow distribution using only a part of the
calibrated model. The modifications considered were (1) removal of vegetation
to accelerate flows in areas of interest, (2) construction of two alternate
bridge structures, and (3) removal of spoil in control sections within the
flood plain.

The U.S. Geological Survey and the U.S. Army Corps of Engineers con-
ducted a coordinated flood-frequency analysis for eight gaging stations on the
Pearl River (Vernon Sauer, U.S. Geological Survey, written commun., 1980).
Skew wvalues and historical flood data used in the analysis were mutually

agreed upon by both agencies.
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DESCRIPTION OF THE STUDY AREA

General Setting

The study area includes the lower part of the Pearl River basin along
the Mississippi-Louisiana border. The study area, approximately 14 mi long,
is bounded on the north by old U.S. Highway 11 (old U.S. 11) and Interstate
Highway 59 (I-59) and ends approximately 2 mi south of U.S. 90 (fig. 1). The
eastern and western boundaries are the natural| bluffs at the edge of the flood
plain, where ground-surface elevations rise abruptly to 15 to 25 ft above sea
level in the northern part of the study reach and to 5 to 15 ft above sea
level in the southern part.

Within the study area, the axis of the flood plain trends south-south-
east, and the flood plain varies in width from about 4 to 7 mi. The flood
plain is covered by dense woods, mixed with underbrush in many places.
Vegetative cover in the study area is shown in figure 2. Ground-surface
elevations of the flood plain range from Q.5 ft above sea level in the
southern part of the study area to 15 ft above sea level in the northwestern
part. Between the upstream boundary and I-10, ground-surface elevations are
higher near the West Pearl River than on the east side of the flood plain.
Low natural levees border most of the channels in the study area. The flood
plain has a slope of about 1 ft/mi.

The major channels in the study area are the Pearl, East Middle, Middle,
West Middle, and West Pearl Rivers, and Wastehouse Bayou. The Pearl River
flows along the east side of the flood plain, and the West Pearl River along
the west side. West Pearl River is the largest channel in the flood plain in
the northern part of the study area. The Pearl River becomes the largest near
I-10 and remains the largest to the mouth of i

On the West Pearl River, a distributary
forms and flows southeastward approximately 3 9 mi, where it divides into the
Middle and West Middle Pearl Rivers. App: tely 6.3 mi farther south, the
Middle Pearl River divides again, and another distributary channel, the East
Middle Pearl River, forms. The East Middle and Middle Pearl Rivers flow into
the Pearl River about 1.3 mi north of Little Lake. Wastehouse Bayou forms
within the flood plain and is tributary to the Pearl River just north of I-10.

The main river channels flow generally southward and south-southeastward
to the mouth of the Pearl River system. e Pearl River flows into Lake
Borgne; the West Middle Pearl River and the East Mouth of the West Pearl River
flow into Little Lake; and the West Mouth of West Pearl River flows into
the Rigolets (fig. 1). The drainage area of Pearl River system is 8,670
mi? at the mouth of the system (Shell, 1981, p, 232).

Flow enters the study area through the old U.S. 11 bridge opening at the
Pearl River, through the I-59 bridge ¢ at the West Pearl River, and
through numerous small openings in the old |U.S. 11 embankments. The I-59
bridge opening at the West Pearl River is 2,630 ft in width, and the old U.S.
11 bridge opening at the Pearl River is 570 ft|in width.



































































































