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ABSTRACT

The concept of stormwater detention was analyzed for effectiveness in con-
trolling urban flooding and stream—-channel enlargement in North Carolina.
Model studies, statistical analyses and theoretical analyses were conducted
using gaged watersheds in Charlotte, North Carolina. Existing conventionally
developed watersheds were found to have effective stormwater detention unin-
tentionally incorporated behind culverts and bridges.

Statistical analysis of long-term historical streamflows suggests that
flood peaks diminished with urbanization until about 1950, when peaks began to
rise again. Although detention can be shown to be present and effective by
simulation and statistical analysis, stream chamnel enlargement and consequent
high sediment loads are observable in the streams of the study area.

Impulse analysis of channels subjected to discharges from hydrographs with
and without detention suggests that detention can worsen streambank degradation
by intensifying the impulse intensity at the channel sides near the bottom to
cause more severe slumping.

Stormwater detention is recommended for control of nuisance flooding
immediately downstream of radical changes in land use. It should be incor-
porated in a comprehensive watershed management program wherein the drainage
system is treated as a public utility so that economies of scale can be gained
and facilities can be located strategically.
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SUMMARY

The original purpose of the research was to study the concept of storm—
water detention as a means of controlling urban streambank deterioration and
urban flooding, with particular emphasis on the determination of the best
design storm to be specified in a stormwater-detention program. Implicit were
the premises that stormwater detention would provide flood-control benefits, by
peak-stage reduction, and sediment-control benefits, by prevention of stream-
channel enlargement; and that these benefits would accrue significantly in both
areas of concern by specifying a single design storm. As the project devel-
oped, it was found that these premises must be rejected, at least for conditions
prevalent in the study area.

The project was executed as a group of concurrent studies .using an exist-
ing stormwater runoff model validated for watersheds in the study area, design
studies verified by modelling, statistical analysis of urban streamflow records
and theoretical analyses of streambank degradation.

The model studies were conducted in the Charlotte, North Carolina, urban
area where suitable records exist for a 41l-square-mile watershed and several
subwatersheds. The MITCAT Model was calibrated and validated for several
storms on two subwatersheds, one of 360 acres, the other of 18.5 square miles.

The early model studies revealed that the runoff model could be calibrated
reasonably only by simulating certain significant culverts as reservoirs in the
model. After validation, removal of the culverts from the model showed that
congsiderable peak-flow reduction was taking place behind existing culverts.,

Streamflow records exist from 1924 to the present for Little Sugar Creek
at Tyvola Road in Charlotte (41 square miles)., It was expected that an upward
trend in peak flows could be identified as urbanization became more dense in
the watershed. Conventional statistical analyses, however, suggest that peak
flows diminished through the early part of the record and that they have risen
again since about 1950. It is during this latter period that culverts have
been systematically enlarged on the mainstems and principal tributaries of the
watershed as thoroughfares have been widened and reconstructed.

The streams of the watersheds carry large sediment loads. Assuming
construction-related erosion to have been controlled effectively in recent
years, the main source of the sediment is the deteriorating urban streambank.
Extensive slumping can be observed along the streambanks of the watersheds.

Stormwater detention has been proposed as a means of prevention of stream-
bank deterioration, the trouble having been associated with increasing peak
flows with urbanization. But here are watersheds with considerable detention
supplied, with peaks diminishing through the record and with streambank
enlargement taking place anyway. Can detention be a part of the cause of
streambank enlargement?

With detention, the hydrograph is made longer and flatter at constant
volume. The flow does not run as high, but it does run at a lower rate for a
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