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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS, AND ACRONYMS

Multiply By To obtain
Length
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 259 hectare (ha)
square mile (mi%) 2.590 square kilometer (km?)
Flow
cubic foot per second (ft¥/s) 0.02832 cubic meter per second (m>/s)
inch per hour (in/h) 2.54 cubic meter per hour (m?/h)

Equations for temperature conversion between degrees Celsius ("C) and degrees Fahrenheit (°F):
‘C=5/9(F-32)
‘F=(9/5°C)+32

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from a
general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Altitude, as used in this report, refers to distance above or below sea level.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25 °C).

Additional abbreviations

hr hour
min minute
yr year

Acronyms
ADDMS Acoustic Doppler discharge measurement system
AVM acoustic velocity meter
BRANCH branch-network dynamic flow model
FIT Florida Institute of Technology
NOAA National Oceanic and Atmospheric Administration
SIRWMD St. Johns River Water Management District
SWIM Surface Water Improvement and Management Act
USGS United States Geological Survey
WATSTORE U.S. Geological Survey's National Water Data Storage and Retrieval System

IV Contents

























































rainfall is contributed during each month relative to
other months. Wet-season rainfall accounted for
72 percent of the annual rainfall in 1990 and

59 percent of the annual rainfall in 1991. The
combined cumulative-rainfall distribution for each
year is slightly different. The cumulative-rainfall
distribution for 1990 has a much steeper slope
during the wet season, indicating a difference
between the seasons. However, the rainfall
distribution for 1991 is fairly uniform (except for a
2-week period in September and October) and
indicates very little change between wet and dry
seasons.

Rainfall increased at the end of May 1990
after a 3-month dry period. The largest storms were
in July, August, and the first half of October. July
storms affected the entire study area and accounted
for 17 percent of the 1990 annual rainfall. Storms
that mainly affected the southern parts of the study
area accounted for nearly 20 percent of the annual
rainfall in August and about 14 percent in October.
A storm event on September 18, 1990, in the
southern zone and southern part of the central zone,
contributed to 3.4 percent of the annual rainfall.

The largest monthly rainfall for 1991 was in
September and accounted for more than 13 percent
of the annual rainfall. Wet-season rainfall was
fairly uniform during the period; however, a 20-day
period of heavy rainfall beginning in late Septem-
ber (primarily in the northern zone) accounted for
17.5 percent of the annual rainfall.

Frequency Analyses

Daily rainfall data were used to develop a
combined rainfall-frequency curve for storms
with rainfall depths of 0.01 in. or greater (fig. 10).
The average (2-yr total) curve is enveloped by
two curves depicting the dry- and wet-season
rainfall probability. This is a set of rainfall fre-
quency curves that shows the percent of daily
rainfall equaling or exceeding an indicated depth
during the period, 1990-91. Dry-season daily
rainfall for days with rain (rain days) ranged from
0.01 to 3.95 in. and wet-season daily rainfall
ranged from 0.01 to 8.66 in. Mean daily rainfall

for rain days during the 2-yr period averaged
0.40 in.; 0.32 in. for the dry season, and 0.47 in.
for the wet season. Median daily rainfall for rain
days was 0.16 in. during the 2-yr period; 0.12 in.
during the dry season and 0.21 in. during the wet
season.

About 12 percent of storms had rainfall
exceeding 1 in.; 10 percent during the dry season
and 14 percent during the wet season. Storms
exceeded 3 in. about 0.4 percent of the time;

0.1 percent during the dry season and 0.8 percent
during the wet season, indicating that the wet
season had larger storms. Therefore, storms
exceeding 3 in. were 8 times more likely during
the wet season than during the dry season.

Daily rainfall totals were combined to
develop cumulation curves for 1990 and 1991 and
show the relative contribution to annual rainfall
from storms of different magnitudes (fig. 11).
Both yearly curves are linear up to about 1 in. of
daily rainfall, indicating that storm frequency is
inversely related to storm magnitude. A curvature
in the relation indicates when the magnitude
increases faster than the frequency decreases.
This curvature begins for both years at about
1.4 in. of rainfall. A seasonal difference in daily
rainfall of less than 1.2 in. is more apparent in
1990 than in 1991. A few relatively large storms
in 1990 contributed more to the rainfall during the
dry season than during the wet season. The largest
difference between the 1990 wet- and dry-season
relations is 26.9 percent at 1.46 in.; and for 1991,
16.4 percent at 1.78 in.

Large storms can contribute a significant
amount of the annual rainfall. Daily rainfall
exceeded 1 in. only 12 percent of the storms
(fig. 10), but accounted for about 50 percent of
annual rainfall; 52 percent for 1990 and 48 percent
for 1991 (fig. 11). Daily rainfall exceeding 1 in.
accounted for 43 percent of the 1990 annual total
during the dry season and 56 percent during the
wet season. Daily rainfall exceeding 1 in.
accounted for 45 percent of the 1991 annual total
during the dry season and 51 percent during the
wet season. For the larger storms, daily rainfall
exceeded 2 in. only about 2.5 percent of the rain

Rainfall 19
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Figure 10. Frequency of daily rainfall for rain-gage sites in the Indian River basin, 1990-91.

time, but contributed to at least 15 percent of the
annual rainfall (1990 and 1991); and daily rainfall
exceeded 4 in. only 0.3 percent of the rain time,
but contributed to about 3 percent of the annual
rainfall (1990 and 1991).

Rainfall spatially varied the most during the
summer when thunderstorms were more intense
and localized. Rainfall intensity, following the
same spatial patterns exhibited by the annual
rainfall distributions, was greatest at the northern
end of the study area. Maximum rainfall intensity,
usually lasting 5 to 20 min, ranged from about
5.25 in/h in southern Brevard County (fig. 6,
station 20) to more than 8 in/h (fig. 5, station 2)
45 mi to the north at Titusville. The remaining
stations had maximum rainfall intensities of
6 to 7 in/h.

Rainfall intensities were determined from
5-min rainfall data for Addison and Goat Creek
stations, located at opposite ends of the study area
(fig. 12). These curves are similar in shape to the
daily rainfall-frequency curve shown in figure 9
and show a distinct difference between the wet
and dry seasons.

Dry-season rainfall intensity ranged from
0.12 in/h (the lowest measurable intensity is
0.01 in. per 5-min. interval) to 5.28 in/h at the
Addison Creek station and to 5.64 in/h at the Goat
Creek station. Wet-season rainfall intensity ranged
from 0.12 to 8.28 in/h at the Addison Creek
station, and to 5.88 in/h at the Goat Creek station.
Rainfall intensity during the 2-yr study period
averaged 0.41 in/h at the Addison Creek station
and 0.38 in/h at the Goat Creek station; 0.32 in/h

20 Rainfall and Freshwater Discharge in the Indian River Basin, East-Central Florida, 1989-91
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at the Addison Creek and Goat Creek stations
during the dry season, and 0.52 in/h at the Addison
Creek station and 0.45 in/h at the Goat Creek
station during the wet season. Median rainfall
intensity was 0.20 in/h at both stations for the 2-yr

study period; 0.19 in/h during the dry season and
0.21 in/h during the wet season.

The probability of higher rainfall intensity,
particularly during the wet season, was slightly
greater at the Addison Creek station. The

22 Rainfall and Freshwater Discharge in the Indian River Basin, East-Central Florida, 1989-91



probability of rainfall intensity exceeding 1 in/h
was 10 percent on average at the Addison Creek
station; 7 percent during the dry season and

15 percent during the wet season. At the Goat
Creek station, the probability of exceeding | in/h
was about 9 percent on average; 7 percent during
the dry season and about 12 percent during the
wet season. The probability of receiving 0.12 in/h
or less rainfall was about 25 percent and varied
little between seasons at both stations. Rainfall
intensity exceeded 5 in/h 0.4 percent of the time at
the Addison Creek station and 0.2 percent of the
time at the Goat Creek station.

FRESHWATER DISCHARGE TO THE
INDIAN RIVER

Freshwater-discharge rates to the Indian
River are directly related to basin-drainage
characteristics and seasonal rainfall conditions.
Although discharge can be measured in part of the
basin, the total discharge to the river cannot be
directly measured. Basin-drainage characteristics
and data for gaged basins can be extrapolated to
ungaged parts of the study area and used to
estimate total freshwater discharge to the Indian
River.

The rainfall and stream-gaging network
encompassed approximately 343.9 mi?, or
57 percent, of the Indian River drainage area
(600 mi?). Stream gaging alone accounted for
261 mi? of the Indian River drainage area, leaving
nearly 339 mi” of the drainage area ungaged. To
estimate discharge for the ungaged area, a
discharge-to-rainfall ratio was computed for each
gaged basin using rainfall and streamflow data.
Rainfall was estimated for drainage areas without
rain gages and discharge was estimated, based on
average discharge-to-rainfall ratios of the gaged
basins and on measured and estimated rainfall for
ungaged basins. Measured and estimated
discharges for all drainage areas were combined
to define the total freshwater drainage within the
Indian River basin on a seasonal and an annual
basis for the study period.

Gaged Streamflow

Discharge data, collected in 10 of the 12
identified tributary basins (discharge was esti-
mated for Big Flounder and South Prong
Sebastian Creeks), indicate a distinct difference in
the freshwater discharge to the Indian River
during the wet and dry seasons each year. Dis-
charge data from the gaged basins were combined
to produce a daily discharge hydrograph (fig. 13).
Base flow, computed using a 15-day sliding min-
imum of low flow, is also shown in figure 13. Dis-
charge was consistently greatest during the wet
season each year. Daily base flow was greatest in
September and October and least in May and June
before the onset of the rainy season.

Gaged daily discharge ranged from a max-
imum of 4,410 ft/s on October 10, 1989, to a
minimum of 64 ft*/s on May 18, 1990. The max-
imum daily mean discharge for the dry season
was 3,260 ft*/s on February 3, 1991. During the
study, the wet-season maximum daily discharge
for the year coincidentally occurred on October 10
of each year, possibly indicating that an annual
discharge maximum could be expected near the
end of each wet season. For 1989-91, maximum
daily mean discharges averaged 3,390 ft¥/s on
October 10, 2,440 ft3/s on October 11, and
1,830 ft*/s on October 12. Daily discharge from
the gaged basins of the Indian River averaged
410 ft}/s for the 2.5-yr study period; 565 ft¥/s
during the wet season and 297 ft*/s during the dry
season.

The base-flow component in figure 13 was
computed using a 15-day, moving-minimum tech-
nique on the gaged daily discharges. This 15-day
interval approximates the typical length of time
necessary for all tributaries to return to a base-
flow condition following a rainfall event. Base
flow ranged from a minimum of 64 ft/s, the
minimum daily discharge in May 1990, to 975 ft*/s
on October 7, 1991. The mean daily base flow of
223 ft}/s indicates that slightly more than half of
the discharge to the Indian River is derived from
base flow, or the release of shallow ground water
and bank storage.

Freshwater Discharge to the Indian River 23
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Figure 13. Gaged discharge and base flow to the Indian River, May 1, 1989, through December 31, 1991.

Base flow was subtracted from total daily the study period. Stormflow averaged 187 ft*/s for
discharge to compute daily and monthly the period; 302 ft*/s during the wet season and
cumulative stormflow distribution (fig. 14). The 104 ft¥/s during the dry season.
annual maximum stormflow averaged 2,940 ft’/s
on October 10 for the years 1989-91. The Maximum Discharge
maximum daily stormflow during the wet season Instantaneous discharges for most of the
was 4.190 ft’/s on October 10, 1989. The gaged tributary basins generally were greatest
maximum daily stormflow during the dry season during the wet season; however, the discharge
was 3,040 ft*/s on February 3, 1991. Conversely, peaks in basins at the northern and southern ends

no stormflow was measured for many days during of the study area were greatest during the dry
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Figure 14. Gaged daily and monthly cumulative tributary stormflow to the Indian River, May 1, 1989, through

December 31, 1991.

season. An annual summary of maximum
discharge for the gaged tributaries is presented in
table 2.

Maximum instantaneous discharges during
1989 ranged from 1.7 ft’/s at Kid Creek to
2,640 ft}/s at Turkey Creek, and highest daily
mean discharges ranged from 0.8 ft¥/s at Kid
Creek to 1,970 ft¥/s at Turkey Creek. Nearly half
of the daily mean discharge maximums for 1989
occurred on October 10. The remaining peaks
occurred on various days during the wet season
except at Kid Creek (May 1-2), North Prong
Sebastian Creek (March 4-5), and Addison Creek
(December 23).

Instantaneous discharge peaks during 1990
ranged from 5.4 ft¥/s at Kid Creek to 1,200 ft3/s at
Main Canal, and daily mean discharge maximums
ranged from 5.2 ft’/s at Kid Creek to 777 ft*/s at
Main Canal. Discharge maximums were greater at
stations in the south-central and southern zones in
1990 than in 1989 and, except for Addison Creek,
all annual maximums were during the wet season.
More than half of the maximums for 1990 were
recorded during a 2-week period, September 29 to
October 13, when two tropical storms affected the
area. The remaining annual peaks were recorded
during June and August following intense
thunderstorm activity in the Indian River Farms
(South Canal) and Addison Creek basins.

Freshwater Discharge to the Indian River 25
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The maximum peak discharges at many of
the basins occurred in 1991, the wettest year for
much of the Indian River area since the mid-
1980's. During 1991, peak instantaneous
discharge ranged from 16 ft*/s at Kid Creek to
2,020 ft*/s at Crane Creek, and highest daily mean
discharges ranged from 15 ft*/s at Kid Creek to
1,310 ft¥/s at Turkey Creek. Again, in basins near
the northern and southern ends of the study area,
the maximum daily mean discharges were
recorded during the dry season.

Duration Analyses

Flow-duration curves were developed for
the basins contributing the greatest inflow to the

Indian River drainage system—Crane Creek

(fig. 15), Turkey Creek (fig. 16), and Indian River
Farms basin (fig. 17). The curve for Crane Creek
is based on data for a 5-yr period, 1987-91. The
other two curves are based on data for a 4-yr
period, 1988-91. Records prior to 1988 for Turkey
Creek and Indian River Farms basins contain
considerable missing data and could not be
included in the flow-duration analysis. The
duration curves for each basin show the percent of
time daily mean discharge was equaled or
exceeded during the period of record. Flow-
duration analysis was done for the entire period of
record and on subsets of the record representing
wet- and dry-season discharges.
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Figure 15. Flow duration for Crane Creek, 1987-91.
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Figure 16. Flow duration for Turkey Creek, 1988-91.

Seasonal discharge trends for the Indian
River Farms basin vary from those of the other
two basins, principally because of climatic
variation and flow regulation. Indian River
County is subject to weather patterns that can
affect either central or southern Florida. The rainy
season for southern Florida typically begins
earlier than that for central Florida and
occasionally, some of this activity extends far
enough north to affect the extreme southern end
of the study area. Subsequently, discharge
regulation of the canals in the basin has an added

influence on the shape of the flow-duration curve.

Daily discharge for Crane Creek (1987-91)
ranged from -17 to 761 ft*/s during the dry
season, and from 6 to 963 ft*/s during the wet
season, averaging 53 ft’/s; 44 ft¥/s for the dry
season and 68 ft*/s for the wet season. Median
daily discharge, or the discharge that is exceeded
50 percent of the time, was 39 ft/s; 35 ft’/s for the
dry season and 48 ft%/s for the wet season
(fig. 15). Daily discharge exceeded 10 ft*/s
98.6 percent of the time; 97.9 percent for the dry
season and greater than 99.8 percent for the wet
season. Discharge exceeded 100 ft¥/s 7.7 percent
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Figure 17. Flow duration for the Indian River Farms basin, 1988-91.

of the time and was at least three times more
likely in the wet season than in the dry season;
13.6 and 4.1 percent, respectively. Discharge
exceeded 1,000 ft3/s about 0.06 percent of the
time and also was about 3 times more likely in the
wet season than in the dry season. At the low end,
discharge was negative (shown as less than 1 ft3/s)
about 0.3 percent of the time; 0.4 percent during
the dry season and 0.0 percent during the wet
season.

Negative discharge usually can occur for
short periods during the daily tide cycle, or for

much longer periods when water levels in the
Indian River rise high enough to reverse tributary
flow. Water is temporarily held in storage areas
within the tidal zone of the tributary. Negative
discharges are commonly computed by the
BRANCH model (with the water storage taken
into account) during the incoming phase of the
tidal cycle. Occasionally, a negative net-daily
discharge is computed. This condition was
observed in some tributaries when high
discharges and heavy rainfall, measured in other
tributary basins, combined with high astronomical
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tides causing water levels in the Indian River to
rise 2 to 3 ft. The result for basins not receiving
heavy rainfall was a net negative discharge for

1 to 2 days following the rainfall. Reversed flow,
held in storage, caused near-flood conditions
along the tributary until water levels in the river
receded enough for positive tributary flow to
resume.

Daily discharge for Turkey Creek (1988-91)
ranged from 18 to 1,140 ft%/s during the dry
season and from 25 to 1,970 ft*/s during the wet
season, averaging 146 ft¥/s; 118 ft3/s for the dry
season and 192 ft*/s for the wet season (fig. 16).
Median discharge was 95 ft3/s; 85 ft/s for the dry
season and 142 ft}/s for the wet season. Daily
discharge exceeded 10 ft¥/s throughout the period
of record and exceeded 100 ft¥/s 47.0 percent of
the time. Discharge exceeding 100 ft*/s were
nearly twice as likely in the wet season than in the
dry season; 63.5 and 37.0 percent, respectively.
Discharge exceeded 1,000 ft?/s 0.41 percent of the
time; 0.17 percent for the dry season and
0.91 percent for the wet season.

Daily discharge for the Indian River Farms
basin (1988-91) ranged from 13 to 2,560 ft¥/s in
the dry season and from 9 to 1,920 ft*/s during the
wet season, averaging 129 ft’/s; 95 ft3/s for the
dry season and 186 ft3/s for the wet season
(fig. 17). Median discharge was 66 ft3/s; 59 ft3/s
for the dry season and 94 ft%/s for the wet season.
Daily discharge exceeded 10 ft3/s greater than
99.9 percent of the time; 100 percent in the dry
season and about 99.8 percent in the wet season.
Discharge exceeded 100 ft*/s 27.5 percent of the
time, and was nearly three times more likely in
the wet season than in the dry season; 46.4 and
16.2 percent, respectively. Discharge exceeded
1,000 ft*/s 1.1 percent of the time; 0.66 percent in
the dry season and 1.8 percent in the wet season.

The seasonal difference in flow frequency
for the Indian River Farms basin is greatest
between discharges of 45 and 2,000 ft'/s, with
greater flow in the wet season. However, this
seasonal pattern is reversed for flow less than
20 ft3/s and greater than 2,000 ft'/s, when the
greatest flow is more likely in the dry season.

Unlike the curves for the other two basins, low
flow is most frequent in the wet season. Discharge
between 20 and 35 ft3/s shows little or no seasonal
trend.

Freshwater-Discharge Distribution by
Drainage Basin

One of the primary purposes of this study
was to determine the total freshwater discharge to
the Indian River. This was performed by
combining measured stream discharge from each
of the gaged tributary basins and estimated
discharge from the remaining ungaged basins.
Annual and seasonal freshwater discharge values
for the basins were compiled for comparison.

Annual Distribution

A summary of annual rainfall and discharge
estimates for gaged and ungaged basins in the
Indian River drainage system is shown in table 3.
Rainfall and annual mean discharge for the three
zones, gaged and ungaged areas, and the Indian
River basin are weighted averages. Annual mean
discharge is summed for each section with the
discharge-to-rainfall ratios being postcomputed
from these discharge sums using the weighted
rainfall average. Estimated values are shown in
parentheses.

Discharge-to-rainfall ratios varied from basin
to basin, especially in the central zone where some
basins were relatively undeveloped and others
were highly urbanized. (Ratios were higher for
more developed basins.) Discharge-to-rainfall
ratios for individual basins changed little with a
tendency to increase slightly with greater rainfall.
The greatest ratios of discharge-to-rainfall were in
the central zone with an annual average of 0.46.
Discharge-to-rainfall ratios in the central-zone
basins ranged from an average of 0.09 for Trout
Creek basin to 0.78 for Crane Creek basin. (The
small ratio for Trout Creek basin indicated that a
large area of wetlands within the basin was very
effective at retaining drainage.) Horse Creek
discharge-to-rainfall ratios varied least among the
gaged basins; whereas ratios for Goat, Kid, Trout,
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and North Prong Sebastian Creeks increased about
180-285 percent during the study. Ratios for the
two largest gaged basins, Indian River Farms and
Turkey Creek, were about 0.40, which is the
average for the Indian River basin.

Annual ratios for the northern zone
averaged about (.26 with much of the drainage
originating from undeveloped areas. The largest
discharge-to-rainfall ratios for northern-zone
basins were during 1991, primarily the result of
heavy rainfall (32 percent of the annual in the Big
Flounder Creek basin) within a 2-week period.
Basin ratios ranged from 0.22 (except for Big
Flounder Creek) in 1989 to 0.40 for Big Flounder
Creek in 1991.

Annual discharge-to-rainfall ratios in the
southern zone averaged 0.39. The largest ratios
were for the Indian River Farms basin with an
annual average of 0.44. Basin ratios ranged from
0.18 for the North Prong Sebastian Creek basin in
1989 to 0.47 for the Indian River Farms basin in
1991.

Discharge-to-rainfall ratio estimates for the
Big Flounder Creek and Eau Gallie River basins
were computed differently than the other ratios.
The estimated ratio for the Big Flounder Creek
basin was increased to 0.33 from the zone average
of 0.25 to account for citrus-grove drainage
within the basin, a value similar to the ratio for the
Indian River Farms basin which also consists
mainly of citrus groves. The Eau Gallie River
basin is highly developed and is similar in
morphology and land use to the adjacent Horse
and Crane Creek basins and, thus, the estimated
ratio is an average of the two.

Freshwater discharge to the Indian River
averaged 881 ft*/s during the study, with
43.5 percent of the discharge gaged and
56.5 percent of the discharge estimated (fig. 18).
(Annual discharge values are time-weighted by
the number of data-collection months—8 months
for 1989 and 12 months each for 1990 and 1991.)
Most of the gaged discharge was from the central
zone and accounted for about 25 percent of the
total discharge, whereas most of the estimated
discharge was from the northern and southern

zones, accounting for about 35 percent and

14 percent of the total discharge, respectively.
The annual distribution of freshwater discharge to
the Indian River shows that the southern zone
contributed 55.6 percent, the central zone
contributed 34.8 percent, and the northern zone
contributed 9.6 percent of the total discharge.

The southern zone contributed the greatest
part of the annual discharge (489 ft¥/s) to the
Indian River with the Indian River Farms basin
contributing 29.4 percent of this flow. This is
equivalent to the combined discharge from the
North and South Prongs of Sebastian Creek.
Annual discharge from Indian River Farms
averaged about 144 ft*/s during the study, which
is very close to the 40-year average of 148 ft*/s
(Hendricks, 1963; U.S. Geological Survey,
1961-91). Remaining ungaged discharge
contributed nearly 42 percent of the flow from the
zone.

Annual discharge for the central zone was
307 ft*/s. The Turkey Creek basin, largest in the
study area, contributed the greatest annual
discharge to the Indian River; nearly 52 percent of
the flow in the zone. Combined discharge from
the remaining gaged basins—Horse Creek, Eau
Gallie River, Crane Creek, Goat Creek, Kid
Creek, and Turkey Creek—contributed about
27 percent of the flow. Ungaged discharge
contributed nearly 21 percent of the flow.

Annual discharge for the northern zone was
85 ft'/s. Ungaged discharge contributed about
94 percent of the flow in the zone; whereas
Addison and Big Flounder Creeks each
contributed less than 3 percent of the flow. Errors
in discharge for the northern zone could be
proportionally greater than for the other zones
because much of the discharge-to-rainfall ratio for
the zone was estimated.

A sensitivity analysis was performed on the
estimates of rainfall and discharge-to-rainfall
ratios used to compute basin discharge. Results
indicate that discharge was more sensitive to
errors in ratio estimates than to errors in rainfall
estimates. Annual discharge to the Indian River is
within 27 percent of the computed annual
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Table 4. Summary of seasonal rainfall and discharge for drainage basins of the Indian River--Continued

[miZ, square miles; in.. inches; ft¥/s, cubic feet per second; Ratio = Annual mean discharge (in.)/Rainfall (in.);
data in parentheses are estimated values. Dry season, October 16 through May 31; Wet season, June 1 through October 15]

. Drainage Rain- Annual mean Rain- Annual mean
Drainage area fall  Ratio discharge fall  Ratio discharge
basin - ]

(mi?) (in.) (in)  (ft¥s) (in.) (in)  (ftA3s)
1990 Dry Season 1990 Wet Season

Northern Zone 84.4 18.45 0.31 5.7 56.7 2492 0.14 3.5 58.2
Addison Creek 2.4 18.61 31 5.7 1.6 26.27 14 3.6 1.7
Big Flounder Creek 1.8 16.18 (.35) 5.7) (1.2) 19.59 (.20) 3.9) (1.4)
Remaining ungaged 80.2 (18.50) (.31 S.7 (53.9) 25.00) (.14 3.5 (55.1)
Central Zone 197.7 14.12 .50 7.1 164.5 29.95 .35 10.4 403.5
Horse Creek 2.4 13.79 1.02 14.1 4.0 27.82 41 1t.5 5.4
Eau Gallie River 5.7 14.23 (.98) (13.9) 9.3) 31.86 (.52) (16.6) (18.6)
Crane Creek 18.8 15.53 95 14.8 32.8 27.62 .62 17.1 63.0
Turkey Creek 105.0 13.59 .44 6.0 74.2 28.35 34 9.7 200.4
Goat Creek 9.1 12.57 27 34 3.6 34.85 22 7.8 14.0
Kid Creek 0.7 (12.00) .20 2.4 0.2 (32.00) 07 2.2 0.3
Trout Creek 15.0 11.97 13 1.5 2.7 29.51 .07 2.0 6.0
Remaining ungaged 41.0 (16.00) (.49) (7.8) (37.7) (34.00) (.35 (11.9) (95.8)
Southern Zone 317.9 14.26 42 6.0 224.6 34.25 35 12.0 746.6
Sebastian Creek:

North Prong 28.5 (13.00) 42 55 18.5 (34.00) 23 7.9 44.4

South Prong 77.8 12.69 (.42) (5.3) (48.6) 34.41 (.35) (12.0) (183.2)
Indian River Farms 77.1 (15.00) 42 6.3 57.6 (35.50) .39 13.9 210.1
Remaining ungaged 134.5 (15.00)  (.42) (6.3) (99.9) (33.50) (.35 (1.7 (308.9)
Total:

Gaged 344.3 13.72 .46 6.3 254.3 31.97 35 1.1 748.5

Ungaged 255.7 16.26 .39 6.4 191.5 3091 .30 9.2 459.8

Indian River basin 600.0 14.80 43 6.3 445.8 31.52 .33 10.3 1,208.3

value (table 4) during both seasons when the
discharge-to-rainfall ratio estimates vary by up to
50 percent; whereas seasonal discharge is within
5 percent of the computed discharge value during
both seasons when the rainfall estimates vary by
as much as 30 percent.

Dry-season discharge-to-rainfall ratios
computed for the Indian River basin were 0.43
and 0.42, respectively, but ranged from 0.31 to
0.63 while the discharge-to-rainfall ratios were
varied for basins with estimated discharge-to-
rainfall ratios. Similarly, these dry-season
discharge-to-rainfall ratios ranged from 0.37 to

0.59 while rainfall totals were varied for basins
with estimated rainfall.

Wet-season discharge-to-rainfall ratios
computed for the Indian River basin for 1989,
1990, and 1991 were 0.29, 0.33, and 0.42,
respectively, but ranged from 0.21 to 0.62 while
the discharge-to-rainfall ratios were varied for
basins with estimated discharge-to-rainfall ratios.
Varying rainfall totals for basins with estimated
rainfall resulted in wet-season discharge-to-
rainfall ratios for the Indian River basin ranging
from 0.22 to 0.53.
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Table 4. Summary of seasonal rainfall and discharge for drainage basins of the Indian River--Continued

[miz. square miles; in., inches; ft3/s. cubic feet per second: Ratio = Annual mean discharge (in.)/Rainfall (in.):
data in parentheses are estimated values. Dry season, October 16 through May 31: Wet season, June 1 through October 15]

i Drainage Rain- Annual mean Rain- Annual mean
Drainage area fall  Ratio discharge fall  Ratio discharge
basin > . - ; :

(mi®) (in.) (in)  (ft¥s) (in.) (in)  (ftAs)
1991 Dry Season 1991 Wet Season

Northern Zone 84.4 30.05 0.24 7.2 71.8 44.60 0.32 14.4 238.7
Addison Creek 24 34.16 24 8.1 2.3 27.29 32 8.7 4.1
Big Flounder Creek 1.8 26.87 (.25) 6.7) (1.4) 49.70 (.45) (22.4) (7.9)
Remaining ungaged 80.2 (30.00)  (.24) (72)  (68.1) 45.00)  (32) (14.4)  (226.7)
Central Zone 197.6 22.44 45 10.0 2333 31.38 47 14.9 578.6
Horse Creek 24 20.51 .60 12.4 35 31.88 .58 18.5 8.7
Eau Gallie River 5.7 19.85 (.64) (12.7) (8.5) 32.56 .64 20.8 233
Crane Creek 18.7 23.33 .69 16.0 353 38.32 .70 26.9 98.9
Turkey Creek 105.0 22.50 44 10.0 123.6 29.96 47 14.2 292.9
Goat Creek 8.1 22.19 .37 8.2 7.8 26.85 .39 10.4 16.5
Kid Creek 1.7 (22.00) .16 35 0.7 (26.00) 18 48 1.6
Trout Creek 15.0 20.88 14 29 5.1 25.32 .09 24 7.1
Remaining ungaged 41.0 (23.00) (.44) (10.1) (48.8) (35.00) (.46) (16.1) (129.6)
Southern Zone 3179 31.61 45 14.3 534.3 3433 42 14.4 899.8
Sebastian Creek:

North Prong 28.5 (25.00) 42 10.4 35.1 (33.00) 27 8.9 50.0

South Prong 77.8 24.54 (.45) (11.0)  (100.9) 32.73 (42) (13.7) (209.2)
Indian River Farms 77.1 (37.00) 46 17.1 155.6 (37.00) 47 17.4 263.1
Remaining ungaged 134.5 (34.00) (.45) (15.3) (242.7) (34.00) (.42) (14.3) (377.5)
Total:

Gaged 344.2 26.43 45 11.8 479.8 32.72 45 14.6 983.3

Ungaged 255.7 30.98 .38 11.9 359.6 37.61 .39 14.6 733.8

Indian River basin 599.9 28.37 42 11.9 839.4 34.80 42 14.6 1,717.1

Annual and seasonal discharge and
percentages of total inflow to the Indian River were
computed for the drainage basins and the resulting
averages are presented in table 5. Annual values
are time-weighted by the number of data-collection
months during the year used in the computation.
For instance, the 1989 year (May 1 through
December 31) has a weighted value of 8 (for
8 months) and 1990 and 1991 each have a weight
of 12. The seasonal values are computed for 3 wet
seasons (1989, 1990, 1991) and 2 dry seasons
(1990 and 1991) during the time period June 1,
1989, through October 15, 1991. The computation
of seasonal estimates did not include 3.5 months of

record—May 1-31, 1989, and October 16 through
December 31, 1991; these two intervals fall prior to
the June 1, 1989, beginning of the first wet season
of the study period and subsequent to the
October 15, 1991, ending of the last wet season.
This 3.5-month record, however, is included in
the annual values. Note that discharge during this
3.5-month period is high enough in some of the
larger basins to influence the annual value so that
the annual value is outside the range of the seasonal
values. For example, the annual percentage for
Turkey Creek (18.0) is outside the seasonal range
(15.4t0 17.7).
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Table 5. Freshwater-discharge summary for drainage basins of the Indian River

[ft3/s, cubic feet per second; <, less than. Dry season, October 16 through May 31; Wet season, June | through October 15]

Discharge Percent of discharge
Drainage Dry- Wet- _ _
basin I'}R?/L:)“ 85?37:;1 s(t:?::)n Annual s t?a rsyo n sc‘al::‘.to n
Northern Zone 84.8 64.0 116.0 9.6 10.0 94
Addison Creek 23 1.9 24 0.2 0.3 0.2
Big Flounder Creek 24 1.3 3.7 3 2 3
Ungaged 80.1 60.8 109.9 9.1 9.5 8.9
Central Zone 306.7 199.1 435.0 34.8 30.9 35.1
Horse Creek 4.9 38 6.5 5 .6 5
Eau Gallie River 14.1 9.0 19.1 1.6 1.4 1.5
Crane Creek 52.8 34.0 74.8 6.0 53 6.0
Turkey Creek 158.6 98.9 218.8 18.0 15.4 17.7
Goat Creek 7.8 5.8 10.9 9 9 9
Kid Creek 0.5 0.4 0.9 1 <1 1
Trout Creek 4.2 4.0 4.8 .5 .6 4
Ungaged 63.8 43.2 99.2 7.2 6.7 8.0
Southern Zone 489.1 380.1 689.0 55.6 59.1 555
Sebastian Creek:
North Prong 29.7 27.0 35.8 3.4 4.2 2.9
South Prong 110.8 74.9 162.6 12.6 11.6 13.1
Indian River Farms 143.7 106.8 202.6 16.3 16.6 16.3
Ungaged 2049 1714 288.0 233 26.7 232
Total:
Gaged 531.8 367.8 742.9 60.4 57.2 59.9
Ungaged 348.8 275.4 497.1 39.6 42.8 40.1
Indian River basin 880.6 643.2 1,240.0 100.0 100.0 100.0
Three gaged basins each contribute more The annual and seasonal discharge
than 10 percent of the total freshwater discharge contribution to the Indian River varied little
to the Indian River. Turkey Creek basin has the among the remaining nine gaged and ungaged
greatest annual discharge and contributes basins. Ungaged basins are estimated to
18.0 percent of the annual discharge. Indian River contribute 39.6 percent of the annual discharge;
Farms and South Prong Sebastian Creek basins 23.3 percent from the southern zone, 9.1 percent
each contribute 16.3 and 12.6 percent of the from the northern zone, and 7.2 percent from the
annual discharge, respectively. However, during central zone. Ungaged drainage contributed
the dry-season, Indian River Farms basin 40.1 percent of the wet-season discharge and
contributes most of the seasonal discharge 42.8 percent of the dry-season discharge. The
(16.6 percent), and Turkey Creek and South combined flow from the gaged basins—Addison
Prong Sebastian Creek basins each contributes Creek, Big Flounder Creek, Horse Creek, Eau
15.4 and 11.6 percent of the seasonal discharge, Gallie River, Crane Creek, Goat Creek, Kid
respectively. Creek, Trout Creek, and North Prong Sebastian
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Creek—contributed the remaining 13.5 percent of
the annual and dry-season discharge and
12.8 percent of the wet-season discharge.

ADVANCES IN GAGING METHODS FOR
LOW-VELOCITY STREAMS

Although many of the larger tributaries
within the Indian River basin were gaged during
this study, a large part of the Indian River basin
remained ungaged because the complex
hydrologic nature of the streams made gaging
impractical. These streams are low-velocity
systems that are difficult to measure accurately,
with the possible exception of high-runoff
periods. Streamflow measurement is difficult
because of many factors, including
astronomically induced tides in the Atlantic
Ocean that influence stage in the Indian River;
wind, salinity, and temperature gradients causing
stratified flows; low hydraulic gradients; and the
complex hydrodynamics of streamflows as they
interact with other tributaries before discharging
into the Indian River. Streamflow in many of the
tributary basins is affected by tides reaching far
enough upstream that gages must be placed in the
tidal reach to measure most of the basin's
drainage. Even with advanced technology, gaging
these systems is costly and accuracy often is low.

Hydrodynamic characteristics within gaged
tidal reaches characterized by stratified flow
conditions, complex circulatory features, and
extremely small head differences between gages
(often less than 0.01 ft) severely limit the use of
one-dimensional models as an approach to
simulate flow in these areas. Unsuccessful
applications of BRANCH to tidal reaches of Eau
Gallie River and South Prong Sebastian Creek
were due to insufficient head differences and
streamflows not being homogeneous (well
mixed). More accurate estimates of discharge
probably could have been achieved for these
tributaries if they were modeled as two- or three-
dimensional systems. However, a more promising
approach, which has become feasible in the last
several years, is to use acoustic meters to measure

streamflow in tidal and low-velocity systems
(Laenen and Smith, 1983; Laenen, 1985).
Acoustic devices, still being developed and tested
by the USGS during the study period, were not
available for use in this study. Acoustic meters are
useful in measuring discharge at streamflow sites
where the relation between discharge and stage
varies with time because of variable backwater
conditions and also where stream slopes are too
flat to permit accurate measurements for slope
computations (Laenen and Curtis, 1989). The
decreasing cost and increasing availability of
acoustic devices are making streamflow gaging
more desirable in locations with complex
hydrodynamics. Acoustic velocity meters
(AVMs) can provide a continuous and reliable
record of water velocities over a wide range of
conditions.

The acoustic Doppler discharge
measurement system (ADDMS), developed by
the USGS, is used to make accurate, rapid
discharge measurements from a moving boat
which then can be compared to discharges
computed from AVM-measured stream velocities
(Simpson and Oltmann, 1993). Because the
ADDMS requires a much shorter measurement
time (2 min using the ADDMS compared with
1 hr or longer using conventional methods), it can
be used for dynamic-discharge conditions.
Considering the nature of the Indian River basin
drainage, this technology could be applied to the
tidal tributaries—Turnbull Creek, Big Flounder
Creek, Eau Gallie River, and Sebastian Creek. If
acoustic systems are successfully applied at these
tributaries, stream-gaging coverage would be
increased from 44 percent (during this study) to
73 percent of the Indian River basin within the
SIRWMD. AVM stations were installed on the
Eau Gallie River in 1993 and on Turnbull Creek
and South Prong Sebastian Creek in 1994. Three
stage-discharge stream-gaging stations were
installed in each of the Big Flounder Creek and
South Prong Sebastian Creek basins in 1994.
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SUMMARY AND CONCLUSIONS

The Indian River is the largest in a system
of shallow, bar-built estuarine lagoons in east-
central Florida. Freshwater discharge enters the
river and mixes with saltwater entering the river
from the Atlantic Ocean, creating an estuarine
environment. Drainage modifications within the
basin have increased freshwater discharge to the
Indian River causing the river to receive large
volumes of freshwater during periods of heavy
rainfall, thereby decreasing the salinity of the
water so much that sometimes it results in fishing
restrictions and loss of revenue. To evaluate the
effect of freshwater discharge on the Indian River
and to improve water management and planning,
rainfall patterns and basin drainage were studied
by the U.S. Geological Survey in cooperation
with the St. Johns River Water Management
District during the period 1989-91.

The subtropical climate of the Indian River
basin is characterized by a wet (summer)
season—June 1 through October 15—and a
longer dry season—October 16 through May 31.
Thunderstorm activity accounts for more than
50 percent of the total annual rainfall during the
wet season. Rainfall and the frequency of high-
intensity rainstorms were greatest during the wet
season when thunderstorms were most intense
and localized. During the study, weekly rainfall of
10 to 20 inches was measured during late
September through early October of each year.
Rainfall intensity was greatest at the northern end
of the study area with a maximum 24-hour
rainfall of 8.66 inches recorded north of Titusville
on October 1, 1991.

Basinwide, high-magnitude rainfall events
were most common during late September and
early October. Localized events were most
frequent during the wet season, particularly July
and August. During this study, daily rainfall
exceeded 1 inch only 12 percent of the time, but
accounted for at least 50 percent of the annual
rainfall. Storms exceeding 3 inches were 8 times
more likely to occur during the wet season than
during the dry season. Maximum rainfall

intensity, usually lasting 5 to 20 minutes, ranged
from about 5.25 inches per hour in southern
Brevard County to more than 8 inches per hour at
Titusville. The probability of rainfall exceeding

1 inch per hour was 9 to 10 percent on average
and nearly twice as likely to occur during the wet
season.

Total freshwater discharge to the Indian
River was computed by combining gaged
tributary flow and ungaged basin discharge.
Stream-gaging accounted for 261 square miles of
the study area, leaving a large part of Indian River
basin drainage ungaged. To account for this
ungaged drainage, discharge-to-rainfall ratios of
nearby gaged basins were extrapolated to estimate
discharge for ungaged areas.

Gaged-tributary discharge ranged from
64 to 4,410 cubic feet per second (ft*/s) and
generally was greatest during the wet season. The
annual maximum discharge averaged 3,390 ft3/s
on October 10, 1989-91, possibly indicating that
an annual maximum discharge could be expected
near the end of each wet season. Gaged discharge
averaged 410 ft*/s during the study; 565 ft’/s
during the wet season and 297 ft’/s during the dry
season. Base flow averaged 223 ft’/s, ranging
from 64 ft’/s during the dry season to 975 ft’/s
during the wet season. Gaged stormflow averaged
187 ft¥/s; 302 ft*/s during the wet season and
104 ft’/s during the dry season.

Flow-duration curves were developed for
Crane Creek, Turkey Creek, and the Indian River
Farms basins. Median daily discharge, or the
discharge that is exceeded 50 percent of the time,
was 39 ft*/s for Crane Creek, 95 ft*/s for Turkey
Creek, and 66 ft/s for the Indian River Farms
basins. Daily mean discharge exceeded 1,000 ft*/s
0.06 percent of the time at Crane Creek,

0.41 percent at Turkey Creek, and 1.1 percent for
the Indian River Farms basins, and was about
three times more probable during the wet season
than during the dry season.

Annual discharge-to-rainfall ratios averaged
0.26 in the northern zone, 0.46 in the central zone,
and 0.39 in the southern zone. Basin discharge-to-
rainfall ratios ranged from 0.09 for Trout Creek
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basin to 0.78 for Crane Creek basin. The largest
ratios were for the highly urbanized basins in the
central zone—Horse Creek, Eau Gallie River, and
Crane Creek. Ratios for the two largest basins—
Indian River Farms and Turkey Creek—were

0.40, about the average for the Indian River basin.

Annual freshwater discharge to the Indian
River averaged 881 ft*/s; 489 ft3/s from the
southern zone, 307 ft*/s from the central zone, and
85 ft*/s from the northern zone. Indian River
Farms basin contributed about 29 percent of flow
in the southern zone, equivalent to the combined
discharge from the North and South Prongs of
Sebastian Creek. Turkey Creek contributed the
greatest annual discharge, or about 52 percent of
flow in the central zone. The remaining basins
contributed 27 percent of flow in the central zone.
Gaged basins in the northern zone each
contributed less than 3 percent of flow in the zone.
Ungaged discharge contributed 94 percent of flow
in the northern zone, 42 percent of flow in the
southern zone, and 21 percent of flow in the
central zone.

Freshwater discharge to the Indian River
averaged 1,240 ft*/s during the wet season and
643 ft}/s during the dry season. The proportion of
flow between seasons was less than 5 percent for
each zone. The southern zone still contributed the
most flow, followed by the central zone, and then
the northern zone. Seasonal differences in basin
discharge were greatest in the southern zone for
South Prong Sebastian Creek and for the ungaged
area.

Tributary base flow, primarily streambank
and subsurface storage, proceeded from one season
into the next, so that accumulated storage and end-
of-the-season rainfall affected discharge and ratios
in the following season. Wet-season rainfall and
discharge were nearly twice as large as dry-season
values; however, ratios generally were larger
during the dry season. Discharge-to-rainfall ratios
for the Indian River basin averaged 0.35 during the
wet season and 0.42 during the dry season; 0.19
and 0.28, respectively, for the northern zone; 0.38
and 0.48, respectively, for the central zone; and
0.36 and 0.44, respectively, for the southern zone.

The three basins contributing to the greatest
part of the total freshwater discharge to the Indian
River are Turkey Creek (18.0 percent), Indian
River Farms (16.3 percent), and South Prong
Sebastian Creek (12.6 percent). During the dry
season, Indian River Farms contributed most of
the discharge (16.6 percent), with Turkey Creek
and South Prong Sebastian Creek contributing
15.4 and 11.6 percent, respectively.

The annual and seasonal discharge
contribution to the Indian River varied little
among the remaining nine gaged and ungaged
basins. Combined flow from the gaged basins
contributed 13.5 percent of the annual freshwater
discharge; 12.8 percent during the wet season and
13.5 percent during the dry season. Ungaged
basins contributed about 40 percent of the annual
freshwater discharge; 40 percent during the wet
season and nearly 43 percent during the dry
season.

Many of the larger tributaries of the Indian
River are tidally affected, low-velocity systems
that severely limit the applicability of simple flow
models and make conventional stream-gaging
methods impractical. Acoustic devices, still being
developed and tested by the USGS during the
study period, were not available for use in this
study. Acoustic meters are useful in measuring
discharge at streamflow stations where the
relation between discharge and stage varies with
time because of variable backwater conditions,
and also where stream slopes are too flat to permit
measurements accurate enough for slope
computations. Acoustic velocity meters can
provide a continuous and reliable record of water
velocities, and acoustic doppler meters can be
used to make accurate, rapid discharge
measurements under dynamic-flow conditions. If
this technology were successfully applied to the
tidal tributaries—Turnbull Creek, Big Flounder
Creek, Eau Gallie River, and Sebastian Creek—
stream-gaging coverage would increase from
44 percent to 73 percent of the Indian River basin
within the St. Johns River Water Management
District.
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