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Determining Discharge-Coefficient Ratings for Coastal
Structures in Dade County, Florida

By Eric D. Swain, Amit Kapadia, Siaka Koné, Emile Damisse, Davies Mtundu, and Gina M. Tillis

ABSTRACT

The flows through the 16 coastal structures
in Dade County, Fla., are presently computed by
theoretical discharge-coefficient ratings developed
from scale modeling and theoretical flow coeffi-
cients, whose accuracies for specific sites are
unknown. To create more accurate discharge-coef-
ficient ratings for the coastal structures, field mea-
surements were taken with an Acoustic Doppler
Current Profiler at each coastal structure under a
variety of structure operations. The Acoustic Dop-
pler Current Profiler is capable of measuring low
and rapidly varying flows that occur at the coastal
structures. The field measurements were used to
develop computed discharge-coefficient ratings
for the coastal structures under different flow
regimes: submerged weir flow, submerged orifice
flow, free weir flow, and free orifice flow. Addi-
tionally, flow hydrographs, using both the theoret-
ical- and computed-coefficient ratings, were
plotted for most of the coastal structures.

The difference between the theoretical- and
computed-coefficient ratings varied from structure
to structure. The theoretical- and computed-coeffi-
cient ratings for submerged orifice flow were
within 10 percent at structures S-22, S-25B, S-26,
S-27, §-28, and S-123; however, marked differ-
ences (25 percent or greater) were seen at struc-
tures S-20F and S-21. The theoretical- and
computed-coefficient ratings for submerged weir
flow were within 10 percent at structures G-93,
S-20F, S-27, S-29, and S-123; however, marked
differences (25 percent or greater) were seen at
structures S-20, S-20G, S-21, S-21A, S-25B, and

S-28. The closest match to the theoretical-coeffi-
cient rating was at structure S-123, and the worst
match to the theoretical-coefficient rating was at
structure S-21. The significant differences
between the theoretical- and computed-coefficient
ratings could be a result of basing the ratings on 30
or fewer data points.

INTRODUCTION

The hydrologic system of southern Florida has
been subjected to extensive alteration by man. A sys-
tem of canals and levees has been constructed over the
last century for the purpose of draining the wetlands
and for flood control. Strategically placed control
structures allow water-management operators to drain
water during high rainfall periods and to retain water
during the dry periods. Starting in the 1920’s, water
issues other than flood control in southern Florida
became prominent. These issues included the effects of
lowered water levels caused by overdrainage (such as
lowered surface- and ground-water levels), droughts,
frequency of dry-season fires in the wetlands, and salt-
water intrusion in coastal areas. To address these con-
cerns, hydraulic (control) structures were added to the
system, regulating flows through the system and to the
east coast. By the late 1960’s, most of the complex sys-
tem of canals, levees, pumping stations, and salinity-
control structures was completed. Although the system
has made southern Florida more suitable for urbaniza-
tion and agriculture, problems of periodic droughts and
saltwater intrusion persist.

One of the predominant factors driving the
development of southern Florida water controls is the
rapid population growth along the lower east coast.
Ground-water withdrawals from the Biscayne aquifer
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for public supply are threatened by saltwater intrusion
induced by the lowering of ground-water levels inland.
The use of surface water to replace the aquifér losses
means that less water is available for the wetlands in
the Everglades and other areas. The salinity-control
structures along the coast in eastern Dade County (fig.
1), referred to herein as coastal structures, are used to
maintain higher water levels upstream to prevent salt-
water intrusion. The higher surface-water levels induce
higher ground-water levels, which prevent saltwater
movement through the aquifer inland. Excess storm-
water is also drained through these coastal structures.
These freshwater discharges not only affect the amount
of water available to the wetland areas and for water
supply in the lower east coast, but also adversely affect
the biota in Biscayne Bay (Browder and others, 1989).

Quantifying these freshwater discharges to the
east coast is an important component in computing
accurate water budgets for the inland and wetland
areas, calibration and use of regional water- manage-
ment models, and computation of nutrient loadings to
Biscayne Bay. In eastern Dade County, 14 of the 16
coastal structures have never been measured for flow;
instead, discharges have been computed from manual
readings of gate openings and stages and application of
theoretical flow coefficients by the South Florida Water
Management District (SFWMD) and the U.S. Army
Corps of Engineers (COE). In order to ensure that data
for the flows through these coastal structures are accu-
rate, flow measurements must be used to calibrate the
coastal structures. This requires accurate measure-
ments of discharges through the coastal structure, data
on structure operations, and headwater and tailwater
elevations. These measurements must be taken under a
variety of conditions to encompass all the flow regimes
occurring at each coastal structure.

The U.S. Geological Survey (USGS) began a
study in 1994 to develop a technique of measuring
freshwater flows through coastal structures and to
develop discharge-coefficient ratings for these coastal
structures, as part of its South Florida Ecosystem Pro-
gram in cooperation with the SFWMD. The South
Florida Ecosystem Program is a collaborative effort by
the USGS working with other Federal, State, and local
agencies and Indian Tribes to provide earth science
information needed to resolve land-use demands and
water issues in southern Florida. This report presents
the results of the Dade County study for determining
discharge-coefficient ratings. A similar study was con-
ducted in Broward and Palm Beach Counties (G.M.

Tillis and E.D. Swain, U.S. Geological Survey, written
commun., 1997).

Purpose and Scope

This report presents a technique for determining
discharge-coefficient ratings for coastal structures in
Dade County, Fla. These coefficient ratings test the
accuracy of discharge determined by theoretical meth-
ods and allow more accurate determination of the total
amount of water being discharged. The techniques
developed can be applied to other locations.

Sixteen coastal structure ouflows in eastern Dade
County were measured, and discharge-coefficient rat-
ings were developed from these data. Discharge mea-
surements were taken under a variety of conditions to
develop the computed-coefficient ratings, and compar-
isons were made to the theoretical-coefficient ratings.
All concurrent water-level, gate opening, and discharge
data were collated and analyzed using a spreadsheet
program. Flow regimes were identified, and a least
squares fit was used to determine the best estimate of
the appropriate coefficients. Uncertainty in the coeffi-
cient values was determined from the error in fit of the
field data. Results of these analyses are presented
herein.

Description of the Dade County Coastal
Structures

This section describes the 16 coastal structures
located in eastern Dade County (fig. 1). Of the 16
coastal structures, 13 structures are gated spillways and
3 structures are gated culverts. The rating status for
each coastal structure is presented in table 1.

The northernmost and easternmost coastal struc-
ture is gated spillway S-29 (fig. 1) located on the C-9
canal, which drains an area of about 98 mi? (square
miles). This area was subject to flooding prior to canal
construction, and overdrainage resulted after the con-
struction of the canal. Structure S-29 was constructed
to replace salinity-control dams, which had been
placed as a temporary measure to prevent saltwater
intrusion (Kohout and Leach, 1964). A similar hydro-
logic situation existed in the C-8 canal to the south of
the C-9 canal. A sheet-pile weir, placed in the C-8 canal
to maintain a higher upstream water level, was replaced
by structure S-28 (fig. 1). This coastal structure, 2 mi
(miles) downstream of the weir, allowed more control
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