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A FINITE-ELEMENT MODEL STUDY OF THE IMPACT OF THE
PROPOSED I-326 CROSSING ON FLOOD STAGES OF THE
CONGAREE RIVER NEAR COLUMBIA, SOUTH CAROLINA

By Jonathan X. Lee and Curtis S. Bennett, III

ABSTRACT

A two-dimensional finite-element surface-water model developed by
Norton and King was used to study the ﬁydraulic impact of the proposed
Interstate Route 326 crossing of the Congaree River near Columbia, S.C.
A major accomplishment of this application was the assessment of the
finite-element model as a potential operational tool for analyzing
complex highway crossings and other modifications of river flood plains.

The rapid expansion of the flood plain of thé Congaree River
upstream from the proposed highway crossing, an extensive dike system,
and highly variable roughness combine to cause significant lateral
velocities and variations in stage during floods. Thus, use of a
two-dimensional model was warranted.

Infrared aerial photography was used to define regions of
homogeneous roughness in the flood plain. Finite-element networks
approximating flood-plain topography were designed using elements of
three roughness types. High-water marks established during an
8-year flood that occurred in October 1976 were used to calibrate

the model.



The maximum flood of record, an approximately 100-year flood
that occurred in August 1908, was modeled in three cases: dikes on
the right bank, dikes on the left bank, and dikes on both banks. 1In
each of the three cases, simulations were performed both without and
with the proposed highway embankments in place. Detailed information
was obtained about backwater effects upstream from the proposed highway
embankments, changes in flow distribution resulting from the embankments,
and local velocities in the bridge openings.

On the basis of results from the model study, the South Carolina
Department of Highways and Public Transportation changed the design
of several bridge openings. A sgimulation incorporating the new design
for the case with dikes on the left bank indicated that both velocities
in the bridge openings and backwater were reduced,

A major problem in applying the model was the difficulty in
predicting the network detail necessary to avoid local errors caused by
roughness discontinuities and large depth gradients.

INTRODUCTION

A two-dimensional finite-element surface-water model developed by
Norton and King (Norton and others, 1973; Norton and King, 1973; King and
Norton, 1978) was used to study the hydraulic impact of the proposed
Interstate Route 326 crossing of the flood plain of the Congaree River
near Columbia, S.C. The rapid expansion of the flood plain of the river
upstream from the proposed highway crossing, an extensive dike system,
and highly variable roughness combine to cause significant lateral

velocities and variations in stage during floods. Two sewage disposal



factors for converting inch-pound units to metric units is provided at
the front of the report. All data supporting the conclusions of this
report are available in the files of the Gulf Coast Hydroscience Center
of the U.S. Geological Survey at NSTL Station, Miss., or the South
Carolina District office of the Geological Survey at Columbia, S.C.
MODEL DESCRIPTION

The formulation and development of the model have been reported
elsewhere (Norton and others, 1973; Norton and Xing, 1973; Tsenqg, 1975;
and Xing and Norton, 1978); therefore, only the equations solved and a
brief outline of the techniaque used to solve them are presented here.

Flow Equations

Under the usual assumptions (for example, hvdrostatic pressure and
equating to one the momentum correction factors), two-dimensional surface-
water flow in the horizontal plane is described by two equations for

conservation of momentum and one for conservation of mass:
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with the specification of zero normal flow (tangential flow) at the
boundaries, has been documented by King and Norton (1978), Gee and
MacArthur (1978), and Walters and Cheng (1978, 1980) for the mixed-
interpolation formulation of the surface-water flow equations.

The model has the capability of integrating the flow across a
line following element sides and beginning and ending at element
vertices. Thus, conservation of mass, which is not automatically
satisfied, can be checked (King and Norton, 1978).

DESCRIPTION OF THE STUDY AREA

General Site Description

The Congaree River originates at the confluence of the Broad
and Saluda Rivers at Columbia, flows southeastward for 51.5 mi,
and joins the Wateree River near the head of Lake Marion to form
the Santee River. (Both the Broad and Saluda River basins are
located in the Piedmont Region of South Carolina, with headwaters
in southwestern North Carolina.) The drainage area of the Congaree
River at Columbia, 1.7 mi above the study area, is 7,850 mi2, oOf
this drainage area, 5,240 mi2 are in the Broad River basin and
2,520 mi2 are in the Saluda River basin.

The reach of the Congaree River studied in this report lies
between river miles 166.9 and 173.1 (fig. 1). (Zero river mile is
defined as the mouth of the Santee River.) The reach is between
42.2 and 48.4 mi upstream from where the Congaree River joins the
Santee River. The flood plain expands from a width of approximately
700 ft at the upper end of the study area to a width of approximately
4 mi at the proposed Interstate Route 326 crossing less than 3 mi

downstream (fig. 2). The streambed generally consists of alluvial






















































































































































