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Hydro logic Research on Coastal Plain Watersheds of the
Southeastern United States
J. M. SHERIDAN and W. C. MILLS

ABSTRACT

The Southeast Watershed Research Laboratory (SEWRL), of the Agricultural Research Service, U .s. Department of Agriculture, is conducting hydrologic research studies on watersheds in the Coastal Plain of the southeastern United
States. The Coastal Plain is a region where extensive hydrologic data bases
have generally not been available because of difficulties associated with the
accurate measurement of streamflow in the low-gradient channel systems of the
broad, heavily vegetated floodplains. The SEWRL has a 129-square mile drainage
area, the Little River Watershed (LRW), which is divided into seven subwatersheds that are instrumented to obtain hydrologic data (rainfall, streamflow,
and alluvial groundwater) for use in analyzing and evaluating Coastal Plain hydrologic processes. A description of the experimental study areas and the associated hydrologic instrumentation is presented. Basic hydrologic information is
presented, as well as flood design information including instantaneous peak
flow and maximum mean daily flow relationships developed from the LRW hydrologic data. Ratios of instantaneous peak flows to maximum mean daily flows for
selected return intervals for watersheds of 1 to over 100 square miles are also
presented. Additionally, an evaluation of the application of the Cypress Creek
procedure (commonly used for agricultural drainage design) on two LRW subwatersheds is presented.

The Southeast Watershed Research Laboratory (SEWRL)
of the Agricultural Research Service, U .s. Department of Agriculture (USDA-ARS) in Tifton, Georgia,
is conducting hydrologic research studies on watersheds in the Coastal Plain of the southeastern
United States. The SEWRL has instrumented as its
primary study area a 129-square mile watershed, the
Little River Watershed (LRW). This watershed is considered to be generally representative of the
Southern Coastal Plain Land Resource Area (_!). The
Southern Coastal Plain is a rather extensive, agriculturally important region. It is also a region
where accurate hydrologic data bases have generally
not been available because of the difficulties associated with the measurement of streamflow in the
low-gradient channel systems of the broad, heavily
vegetated floodplains that are characteristic of the
region.
The LRW was instrumented to provide data for
analyzing and evaluating Coastal Plain hydrologic
processes and for the development and testing of
conceptually based prediction methodologies for use
on ungauged watersheds in low-relief physiographic
regions. In addition to the original hydrologic objectives, these facilities are also providing a
valuable data base for the SEWRL and other ARS
scientists and their cooperators for erosion and
water quality modeling.
This paper presents an overview of the LRW experimental study areas, and the associated hydrologic instrumentation, as well as some basic hydrologic data and flood flow analyses from these
watersheds.
STUDY AREA DESCRIPTION
Location a nd Top ography
Little River originates 6 miles west of Ashburn,
Georgia, and flows in a southerly direction, to its

confluence with the Withlacoochie River, then to the
Suwanee River, eventually emptying into the Gulf of
Mexico. The instrumented portion of the LRW includes
Little River and its tributaries from its headwaters
downstream to approximately 4 miles west of Tifton,
Georgia--a drainage area of about 129 square miles.
The LRW is located in Tift, Turner, and worth Counties, Georgia, and is divided into seven subwatersheds ranging from approximately 1 to 45 square
miles. Figure 1 shows the location of the experimental study area within the Southern Coastal Plain
Land Resource Area.
Topographically, LRW is an area of floodplains,
river terraces, and gently sloping uplands. woodruff
(2) described the area as "one of low relief; a
g;ntly undulating surface of broad interfluves and
shallow valleys." Valley bottoms are nearly level,
and valley side slopes are generally less than 5
percent, although some range from 5 to 15 percent.
Floodplains range in width from 200 ft to 0.5 mile
(3). Surface elevations within the watershed range
f~om about 260 to 470 ft above mean sea level.

Geology, Soils, and Vegetation
The Coastal Plain province of the United States extends from New England in the Northeast, south along
the Atlantic Coast, and then west into Texas !!l .
LRW lies within the Tifton Upland subprovince of the
southeastern Coastal Plain. The Tifton Upland is defined by the outcrop area of the Miocene series,
Hawthorne Formation, which is the surface formation
in most of the Tifton Upland. The Hawthorne Formation is overlain by loose, unconsolidated Quaternary
and Recent sediments that form shallow phreatic
aquifers. The Hawthorne Formation is an aquiclude of
low vertical transmissibility that should yield very
little surface water to deep aquifers (5). A shallow
water table exists throughout the -;atershed at
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FIGURE 1 Location of LRW within the Southern Coastal Plain
Land Resource Area.

depths of 0 to 19 ft. Depths to the water table
along drainage divides range from 9 to 19 ft, and
generally decrease toward the major stream (5).
Soils of this region have been formed from materials of the Miocene and possibly the Pliestocene
age. The upland soils developed in place whereas
most materials on stream terraces and bottoms of
creeks and rivers were derived from alluvium washed
from the upland Coastal Plain soils !ll .
Soils of the watershed are predominantly sandy
and light-colored with high infiltration rates (~).
At depths of 3 to 20 ft, a relatively impermeable
material described as plinthite greatly restricts
downward movement of soil water,
resulting
in
perched water tables. Internal drainage of most upland soils is good, but that of the swamp-alluvial
soils is poor to very poor, with water stanning on
the surface during portions of the year !2l.
The native upland vegetation of the LRW (longleaf, pine/perennial wiregrass)
has been almost
totally replaced by row crops, pastures, pine plantations, roads, and residential and commercial properties (B). A transitional area of hardwood pine
generally-occurs between the dry uplands and the wet
bottomlands. A dense undercover is characteristic of
this community, which is generally found on the
Alapaha soil series (9). The bottomland or riparian
areas of the LRW are classified as Blackwater swamp
systems (10). Swamp hardwood communities occur along
stream edges--the canopy is closed, and the undergrowth is thick. This community is characteristic of
the alluvial soil series (2_).

General Hydrology
Precipitation in the Tifton Upland occurs almost exclusively as rainfall. During the winter and early
spring months, events are characterized by widespread frontal storm activity.
During the late
spring and summer months, convective thunderstorm
activity often produces short duration rainfall
events with high intensities--frequently of a local-
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ized nature. Intensities during these events may exceed the generally high infiltration capacities of
Coastal Plain soils for short time intervals.
Precipitation data from the Coastal Plain Experiment Station (CPES) for 1923-1903 show a mean annual
rainfall of 47.41 in. with a standard deviation of
B. 73 in. Observed extremes of annual rainfall were
23.25 in.
(1954) and 70.90 in.
(1928). Average
monthly precipitation amounts are well distributed
throughout the year except for the fall, with average monthly totals exceeding 3.5 in. except for October. Although monthly averages are well distributed, actual monthly rainfall totals show wide
variation. Significant rainfall-deficient periods
may occur during all seasons of the year (ll).
The occurrence of the Hawthorne Formation (an
aquiclude) and the high infiltration characteristics
of the upland soils of the region result in conditions that are conducive to subsurface movement of
significant quantities of infiltrated precipitation
from upland areas and valley flanks to the stream
systems. Instrumented upland areas have shown that
approximately 80 percent of the flow moving from
those areas is subsurface (12,11.l· This is confirmed
by estimates of base flow or delayed subsurface flow
from LRW watersheds that ranged from 58 to 82 percent <.!!,15). This prolonged subsurface flow from
the uplands results in high water tables or standing
water in the low-lying, poorly drained areas of
these watersheds for up to 3 weeks after streamflow
ceases (16) • This further results in a saturated or
high wat;r" table zone that is believed to conform to
the source area theory of runoff that has evolved in
the work of numerous researchers.
nuring prolonged periods of low or deficient
rainfall, streamflow typically ceases on the smaller
streams and rivers, generally during the late summer
and fall months. During this time, water in the
poorly drained areas is depleted by evapotranspiration and these areas, which usually function as high
runoff-producing zones during storm events, may become zones of high water storage capacity for incident rainfall, as well as for surface and subsurface
runoff from valley flanks and adjacent uplands.
HYDROLOGIC INSTRUMENTATION
The original hydrologic monitoring network on LRW
included precipitation measurement at approximately
55 sites, 8 streamflow measuring sites, and alluvial
groundwater measurements at 3 channel cross sect ions. Some of these measurement sites, however,
have been discontinued in recent years. Figure 2
shows the LRW study areas and the location of hydrologic instrumentation for the measurement of rainfall, streamflow, and alluvial groundwater on these
watersheds.
Construction
and/or
installation of
instrumentation on LRW began in 1967 and was completed in 1972.
Rainfall Measurement
Rainfall on the LRW is measured by digital rain
gauges that record cumulative rainfall totals to the
nearest 0. l in. Each gauge consists of a collector
for catching and storing rainfall, a device for
weighing the water, and a recording mechanism that
punches a binary decimal code on paper tape at 5-min
intervals. The rain-gauge network provides denser
spacing of gauges on the smaller subwatersheds at
the upper end of the main basin, and more sparse
spacing at the lower end of the basin. This spacing
was designed to provide more accurate measurement of
rainfall on the smaller drainage areas where localized storms could cause extreme variability in storm
runoff.
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Flow measurement control structures were designed
to contain all flow within the V-notch portion of
the weir approximately 90 to 95 percent of the time,
which represents approximately 65 to 70 percent of
the total flow volume (18). The structures were also
designed to accurately -;;;easure the estimated 25-yr
peak flow rate without exceeding the physical limitations of the control.
Each structure consists of a sheet steel piling
cutoff and support wall capped by a reinforced concrete weir cap, a combination stilling-well and
recorder shelter, an energy-dispersing apron, and a
footbridge for use in making high-flow measurements.
Digital stage-recording devices provide continuous data on water stage elevations, both upstream
and downstream. These digital recorders punch water
stage evaluation in 0.01-ft increments at 5-min
intervals. In addition to the two digital recorders
originally installed at each site, an analog recorder was later installed to provide a backup
record for the digital data.
For additional details on structural design and
actual construction methods, the reader is referred
to discussions by Yates (18-20), Yates and Sheridan
(21,pp.345-352), and Millse t
(22).
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FIGURE 2 Location of hydrologic instrumentation on LRW.

Streamflow Measurement
The low-gradient drainage systems of the Coastal
Plain region of the southeastern United States present a particular challenge in the measurement of
stream discharge. This region is typified by broad
floodplains with very poorly defined stream channels. Channel-bed slopes are generally less than 0.1
percent, and channels are distinguishable only at
extremely low flow rates.
The
floodplains
are
heavily vegetated, and at moderate-to-high flow
rates, discharge is spread over the entire floodplain--a width of several hundred feet. Therefore,
the only practical location to confine flows for
measurement is at highway bridges or culverts, which
are built into raised roadbeds that transect the
floodplain. Any control device that is used must be
capable of withstanding some degree of submergence
during substantial periods of operation while maintaining acceptable levels of gauging accuracy.
A flow measurement device referred to as a Virginia V-notch weir (17) was selected. The measurement control is a horizontal weir with a V-notch
center section. This weir, although not a true
broad-crested weir, does not exhibit the sensitivity
to submergence of sharp-crested weirs. It also
provides accuracy of measurement at low flows that
is typical of the V-notch configuration, and is
relatively maintenance free in operation.
Flow measurement sites selected are shown in Figure 2. These sites include five structures (M, K, I,
F, and B) located in series on one of the main stems
of the experimental study area. Watersheds defined
by these sites in series range in area from 1. O to
129.05 square miles. In addition, Stations J and K,
and 0 and N provide parallel pairs of subwatershed
study areas that range from 6. 05 to 8. 54 square
miles.

Monitoring of alluvial groundwater was accomplished
through the use of observation wells drilled into
the floodplain alluvial material at three locations
near streamflow measurement sites I, J, and K. Weekly manual observations were initiated on these wells
in 1967, and digital stage recorders were subsequently installed in 1969 to provide continuous recording of alluvial groundwater stage.
Rates of movement of groundwater through the valley alluviums were determined with Darcy's equation
for flow through porous media, using the estimated
saturated alluvial cross-sectional area, estimated
valley contact slope, and aquifer hydraulic conductivities obtained by conducting alluvial-well pumping tests. Results of these analyses indicate that
despite the highly permeable alluvial floodplain
material, and the typically large cross-sectional
alluvial areas, virtually all runoff moving from
these watersheds was monitored by measurement of
surface runoff in the channel systems and that less
than 0.01 percent of the total water budget was estimated to be allocated to alluvial subsurface water
movement (23).

HYDROLOGIC DATA SUMMARY
Annual Rainfall
For the LRW period of record (1968-1983), the mean
annual rainfall measured at the CPES at Tifton was
47.88 in. (standard deviation was 4.93 in.), with
extreme recorded amounts of 38.38 in. and 55.30 in.
For this period, the recorded average annual rainfall at the CPES was slightly greater than the longterm CPES mean. Annual amounts for 1968-1983 exhibited less variability than the long-term record,
as indicated by the standard deviation, which is approximately one-half of the standard deviation of
the long-term record.
Watershed weighted-average annual rainfall totals
for the entire LRW, computed using the reciprocal
distance squared technique (24) for the 1968-1983
period averaged 49.48 in., or more than 1.5 in.
greater than the mean annual rainfall measured at
the CPES. Individual subwatershed weighted-average
annual totals were generally 2 to 4 in. greater than
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the CPES annual totals. Only 3 of 16 yr showed subwatershed totals less than the CPES annual rainfall
total, whereas for 12 of the 16 yr, weighted subwatershed totals exceeded the CPES annual totals.
For 1979, the upper LRW subareas averaged 8 to 10
in. more rainfall than the CPES total.
Annual Water Yield
Preliminary analyses of streamflow data from Watershed M (the !-square mile drainage area) indicated
that all runoff from that watershed may not be passing through the flow measurement device, and that
some flow may instead by bypassing through an undetermined route. Cursory examination of the flow
data indicated that although stormflow volumes from
Watershed M were similar to those from other watersheds, the base flow volumes were significantly
lower. For this reason, Watershed M water yield data
were not included in these analyses. Peak flow or
storm event data for Watershed M were, however, included in the flood event analyses because surface
runoff boundaries are determinable.
Annual water yields for 1968-1983 on LRW subareas
ranged from 1 in. 2 to nearly 30 in. 2 of runoff.
This range of variability is evident in a period in
which annual rainfall variability is less than typical. Annual yields by watersheds are shown in Table
1. Because available record periods are not the same
for all watersheds, a common record period (19721981) was selected to minimize the effects of year-

TABLE 1 Average Annual Water Yield, Pe_rcent Water Yield,
and Mean Annual F1ow Rates by Watersheds for Common
Record Period (1972-1981)

(%)

Mean
Annual
Flow
Rate"
(ft 3 /sec)

Mean Annual
Flow
(ft 3 /sec/mile)

31.8 3
30.7 8
30.3 3
29.0 8
28.3 3
28 .0 3
28.8 8
26 . 18

22.7S
9.74
7.19
6.36
4S.69
6.19
0.0013
122.82

1.17
1.14
1.12
l.OS
l.03
l.01
l.03
0.9S

Average

Watershed
I
J
K
N

F
0

z

B
3

Area
(square
miles)
19.38
8.S4
6.43
6.0S
44.34
6.lS
0.0013
129.0S

Annual
Water
Yield
(in.)
3

I S.9S
is.so•
lS.19 3
14.28 3
14.oo•
13.67 3
13.68 8
12.93'

Water
Yield

Means with the same letter are not significantly different at the S percent level for Dun·
can's MuJtiple Range Test.

to-year variation in rainfall totals. Both the water
yield and the percent water yield are given. Percent
water yields were computed because differences in
rainfall totals between upper and lower watersheds
were observed. For comparison, the precipitation and
water yield data from Watershed z, an O. 85-acre,
instrumented, upland cropped area located on the
CPES, was included in Table 1. The water yield for
Watershed z includes both surface and subsurface
measured flows.
The mean annual water yields were also converted
to mean annual flow rates for the respective watersheds. Water yields and mean annual flow rates per
square mile appear to be relatively independent of
area, although the flows from Watershed B are somewhat lower than those of all subwatersheds.
FLOOD DESIGN INFORMATION
Instantaneous Peak Flows
Design of highway and agricultural drainage structures requires reliable estimates of peak flow rates

from ungauged areas for selected return periods. To
evaluate peak flow data and develop information
suited to making design estimates for Coastal Plain
watersheds, a frequency analysis was performed on
annual (water year) peak flow rates for each watershed using the total available record. The log-Pearson Type III probability distribution was fitted to
the LRW annual peak flows using procedures that were
recommended by the U.S. Water Resources Council
(~, and that were contained in computer programs
developed by the Soil Conservation Service (SCS),
U.S. Department of Agriculture (personal communication with Roger Cronshey).
The U.S. Geological Survey (USGS), in cooperation
with the Georgia Department of Transportation, in a
study on flood flows on small (<20 square miles),
rural streams in Georgia, has published regression
equations for estimating peak flows developed from
10 yr of extensive flow measurements on small watersheds in Georgia (26). Multiple regression analyses
were performed by Golden and Price on a regional basis to evaluate 10 climatological and basin parameters.
Their analyses indicated that drainage basin size
was the most significant predictor and that other
parameters did not significantly decrease the standard error. For the Coastal Plain region of Georgia,
two subregions were identified by this regressional
analysis as having a geographic bias. These two reg ions were the Sand Hills of Georgia (a narrow belt
across the state that separates the Coastal Plain
from the Piedmont, which is characterized by soils
with extremely high infiltration rates) and the Ochlocknee basin, an area of high flood runoff located
in southeast Georgia near the Georgia-Florida boundary. Elimination of these areas left in 105 stations
that were used by USGS in the development of regress ion equations for peak flows in the Coastal Plain
region.
The USGS regression equations are shown in Table
2 along with regression equations developed from
frequency analyses on the LRW data. For all return
intervals, the regressions developed from the LRW
data have somewhat lower coefficients than the USGS
regressions. For the shorter return intervals, the
LRW regression exponents are higher than the USGS
values, whereas the exponent is the same at the 10yr recurrence interval. For the
longer
return
periods (25 and 50 yr) , exponents for the LRW regressions are slightly lower than the USGS regression exponents.

TABLE 2 Summary of Regression Equations for
Instantaneous Peak Flows
USGS Region
3 (25, 26)

Re currence

Interval (yr)

LRW

10
2S
so

86
14S
190
2S2
302

0 69 2
A ·
r =

A 0 •63 ,
Ao. 59 '
A 0 ·56 :
A 0 • 53 ,

0 98
r 2 = 0.97
r 2 = 0°96
r 2 = 0:9s
r 2 = 0.94

99
167
216
280
332

DA 0 · 58
DA 0 · 59
DA 0 · 59
DA 0 · 59
DA 0 - 60

Note : DA= the drajnage area of the watershed; LRW focludes 8
coastal pJain watersheds and USGS Region 3 includes 105 coastal
plain watersheds.

The estimated peak flow rate for the 25-yr event
(the design return interval for the LRW structures)
is plotted for each subwatershed in Figure 3. The
USGS regression for the 25-yr return period for Region 3 (the Coastal Plain) is also plotted for comparison. There is generally good correspondence between the fitted 25-yr peak flow rates for the LRW
and the USGS regressions, although the LRW values
are somewhat lower than those estimated with the
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TABLE 3 Summary of Regression Equations
for Mean Maximum Daily Flows

10.000

0

"'u
w

!;i
0::

0
0

;,;

0

0 LRW

0__J

flow

"-

25 -year peak
rotes

Recurrence
Interval
(yr)

Regression for
LRW Fitted
Max. (MDQ)

Coefficient of
Determination
(r2)

2
5
10
25
50

30 DA o.89
45 DA 0 · 86
54 DA 0 · 84
66 DA o.83
75 DA o.82

0.99
0.98
0.98
0.97
0.97

Note: DA= the drainage area of the watershed; MDQ =mean
daily discharge,

><'.

<[

w
n.
100 ,

10
WATERSHED

100

1,000

AREA (mi 2 )

FIGURE 3 LRW 25-yr instantaneous peak flows (as determined
by frequency analyses) and peak flows predicted by USGS
regression for 25-yr return period.
USGS regression. The 25-yr peak flow rate for Watershed B, the total Little River drainage basin, is
particularly low. An evaluation of spatial rainfall
distribution for major events on Little River has
shown that for most of these events, the largest
amount of rain occurred on the upper portion of the
watershed (22). This lack of total coverage of the
basin by major events is a possible cause of reduced
peak flows at the lower end of the watershed.
Another factor that could account for some deviation between the LRW and the USGS regressions for
Region 3 is that Little River represents a single
Coastal Plain drainage basin. The USGS regressions
were developed from data collected from a number of
Coastal Plain basins.
Also, the original work by Golden and Price (26)
cautioned that use of developed regressions should
be limited to watersheds of less than 20 square
miles in area. However, a more recent report by
Price <12> contained regressions that were applicable for watersheds with drainage areas of 0.1 to
1, 000 square miles, the regression parameters that
were recommended for Region 3 were unchanged from
those reported earlier (±§_).

cients shown in Table 3 are within the range of C
values reported for the Florida watersheds of 20 to
130 for storm events with estimated return frequencies of from 2 to 50 yr.
s tephens and Mills ( 29) also developed a relationship for estimating C values for Florida Flatwoods watersheds based on excess precipitation. Computed C values for storm runoff data from Watersheds
K and 0 are plotted for comparison with the Florida
regression for determining C values in Figure 4. LRW
C valuec were computed by dividing the maximum mean
daily discharge (MMDQ) by the drainage area (DA)
raised to the 5/6 power. Thus, C = MMDQ/DA5 / 6 • The
C value was then plotted versus the excess rainfall
(i.e., the measured storm runoff).
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Watershed 0

Maximum Mean Daily Flows
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Regression analyses were performed to relate drainage area to observed maximum mean daily flow rate
for subwatersheds on the LRW. Maximum mean daily
flows were determined for selected return intervals
by fitting of the log-Pearson Type III distribution
to annual (water year) maximum mean daily peaks. Although the maximum mean daily flow rate is not identical to the maximum 24-hr flow rate used by the SCS
in design of drainage systems for agricultural
areas, it approaches the 24-hr maximum for larger
watersheds and should provide useful information for
agricultural drainage design. Regressions developed
for predicting maximum mean daily flows by return
frequency are shown in Table 3,
Fitted regression exponents for the Coastal Plain
watersheds are very close to 5/6, or 0.833, the exponent of the Cypress Creek formula, which is used
by the SCS and others in design of agricultural
drainage systems. The Cypress Creek formula was apparently originated by McCrory et al. (28) in Arkansas. Subsequent work by Stephens and Mills (29) in
the Florida Flatwoods has confirmed that this is
also a reasonable exponent for use in runoff design
estimates for flatwoods areas. Regression coeffi-

EXCESS (inches)

FIGURE 4 Comparison of C-values computed for
LRW with C-value relationship developed for Florida
Flatwoods.
As can be seen in Figure 4, the LRW C values for
low excess rainfall volumes appear to be lower than
those estimated by the Taylor Creek regression. However, at about 2 in. of excess rainfall, the relationships are approximately the same. Because storm
event excess rainfall was about 2 in. or less for
the LRW data, a regression is not presented for
design use because excess amounts greater than 2 in.
would require considerable extrapolation beyond the
range of observed values.

Application 0f Cypress Creek Procedure on the LRW
Simple regression relationships are a good means of
estimating design flow rates based on the single
variable drainage area. However, in practice, some
watersheds show differences in peak flood flows that
are not explained by differences in drainage area
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alone. An example of this is the case of Watersheds
K and O on Little River, the smaller of which,
Watershed o (6.15 square miles), shows substantially
larger peaks than the larger Watershed K (6.43
square miles) •
The agricultural drainage design procedure that
incorporates the Cypress Creek formula allows for
the estimation of differences in runoff volume, and,
consequently, peak 24-hr flows that are caused by
differences in soil characteristics and land use. To
evaluate the use of this procedure in making design
discharge estimates for Coastal Plain watersheds, a
sample computation was made on Watersheds K and O.
The design procedure for agricultural drainage
s yste ms (30) starts with the s e l e ction of the return
fr equenc y o f the storm event and the estimation of
rainfall amount (31). The SCS runoff curve number
procedure (32) is then used to estimate the volume
of storm r-;;;:;off, or excess rainfall. The excess
rainfall (Re) is then used to determine the C value
based on the relationship
C

= 16.39

+ 14.75 Re

that was developed by Stephens and Mills (12_). This
C value can then be used in the Cypress Creek formula, Q = CM5 I 6 where M is the drainage area in
square miles, to compute the maximum 24-hr runoff.
As previously indicated, relationships developed on
the Little River data indicate that the 5/6 exponent
is a reasonable value for use on the Coastal Plain
watersheds.
For Watersheds K and O, design 24-hr rainfall
amounts (31) of 4.0, 5.3, 6.3, 7.3, and 8.0 in. were
determined for 2-, 5-, 10-, 25-, and 50-yr return
intervals, respectively. These totals were then multiplied by a 0.97 factor for depth-area reduction.
Excess rainfall, or storm runoff amounts, was then
computed using the scs runoff curve number procedure
(E_).

Effective runoff curve numbers for these two
watersheds were computed based on the percent area
of each of the watersheds in selected soil t ypes
(i.e., Band D hydrologic soil groups), and the percent area in selected land use categories (lowland

forest, agricultural cropland, and upland forest).
One departure from conventional procedure was made.
-For the alluvial floodplains only, the average antecedent condition was assumed to be a wet, or AMC
III, condition. It is believed that this assumption
is justified because, as discussed in the general
hydrology section of this paper, the delayed subsurface flow from upland areas in these watersheds
results in saturated or high water table areas within the floodplain for major portions of the year.
Use of this assumption on these two water s heds,
where floodplain/alluvial soils account for 22 and
28 percent of the total watershed areas, resulted in
increases in the effective average runoff-producing
condition curve number of 2.5 and 4.0. Runoff curve
numbers were computed for high, average, and low
runoff-producing antecedent conditions , and excess
rainfall (storm runoff) was determined graphically
(E_).

Results of this computation for the two watersheds (shown in Table 4) indicate that the use of
the average runoff-producing condition for determining excess rainfall and then determining C value
based on this excess rainfall estimate using the
regression developed for the Florida Flatwoods by
Stephens and Mills (29) may lead to significantly
underpredicted maximum mean daily design discharge
rates for Coastal Plain watersheds. This is true
particularly for the shorter return interval storms,
which are the primary application of the Cypress
Creek formula in agr i cultural drainage design. This
undere s timation occurred even with the use of the
wet condition as the average antecedent condition
for the floodplains. Use of the high runoff-producing antecedent condition overpredicted the maximum
mean daily flow rate.
This observed tendency is believed to be caused
by the use of design return period rainfall to predict runoff for a comparable return period. Rainfall
for any specified return interval may fall on a
watershed of high runoff-producing or wet antecedent
condition, or it may fall on a watershed of average
or of low run-off producing conditions. As can be
seen in Table 4, for these Coastal Plain water s heds,
the estimated runoff volume from a 50-yr rainfall

TABLE 4 Comparison of Estimated MMDQ for High, Average, and Low Runoff-Producing Conditions with
MMDQ Obtained from Frequency Analyses on Two Little River Suhwatersheds
Watershed K

Watershed 0
Return Period (years)

5

2
24-hr RF (in.)
x 0.97 (in.)

4.00
3.88

25

10
5.30
5.14

Return Period (years)
50
7.30
7.00

6.30
6.11

5

1.
8.00
7.76

24-hr RF (in.)
x 0.97 (in .)

4.00
3.88

25

JO

5.30
5.14

6.30
6.11

High-Runoff-Producing Conditions (CN-71)

High-Runoff-Producing Conditions (CN-78)

RO (in.)
C-value
MMDQ

RO (in.)
C-value
MMDQ

3.00
3.75
1.32
2.22
4.35
36.0
49.0
71.5
60.5
80.5
169.6
230.9
336.9
285.1
379.3

1.80
2.81
58.0
43.0
263.4
195.2

7.30
7.00

Average-Runoff-Producing Conditions (CN-59)

RO (in.)
C-value
MMDQ

RO (in.)
C-value
MMDQ

0.95
30.5
143.7

1.45
1.98
2.40
45.5
38.0
51.5
179.1
214.4
242.7

Low-Runoff-Producing Conditions (CN-47)
RO (in.)
C-value
MMDQ
MMDQ (frequency
analysis)

0.25
20.0
94.2
159

2.52
3.02
1.30
1.90
35.5
44.0
53.5
61.0
242.9
277.0
161.2
199.8

Low-Runoff-Producing Conditions (CN-51)

0.58
25.0
117.8

I.OD
31.0
146. I

1.45
I.88
38.0
44.0
179.1
207.3

207

234

264

Note: RF= rajnfall; RO= runoff,

0.65
26.0
118.1

8.00
7.76

4.58
3.70
5.20
71.0
83.5
93.0
322.4
379.2
422.3

Average-Runoff-Producing Conditions (CN-53)
0.40
22.5
106.0

50

284

RO (in.)
C-value
MMDQ
MMDQ (frequency
analysis)

0.35
21.5
97.6
145

0.80
28.0
127.l

1.28
35.0
158.9

1.78
2.20
42.0
48.5
190.7
220.2

197

232

277

310

22
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event with low runoff-producing antecedent conditions will be exceeded by the runoff volume from a
5-yr storm event on a watershed with high runoffproducing conditions.
Ratio o f Instantaneous Peak Discharge to
Maximum Mean Oaily Flow
Ratios of instantaneous peak discharge to maximum
mean daily discharge were computed for the respective return periods for each of the subwatersheds. A
regression of this ratio on the log transform of
drainage area gave good results, with r 2 ranging
from 0. 91 to 0. 99 for the 2- to 50-yr return frequencies. These fitted regressions permit the generation of a family of curves (see Figure 5) that
may be used for converting estimated maximum mean
daily flow rate to peak instantaneous discharge for
any size drainage area from approximately 1 to over
100 square miles, and for any of the specified
return intervals.

10

50 yr
25 yr
0

a

~

which averaged about 13 in 2 for the total watershed (129.05 square miles) for the record period
1972-1983. Relative yields averaged from 26 to 32
percent of annual rainfall.
2. Peak instantaneous flow rates from the LRW
subwatersheds generally fit the available regional
USGS regressions, although the peak flow from the
total 129. OS-square mile drainage area was particularly lower than the predicted value using the USGS
regression.
3. Maximum mean daily flows regressed on drainage area generally conformed to the 5/6 exponent in
the Cypress Creek formula that has been widely used
for agricultural drainage system design.
4. Computed C values for the LRW appear to be
lower for low excess rainfall amounts than those estimated by using the available regression developed
on Florida Flatwoods watersheds. Sufficient data are
not available to develop a relationship between excess rainfall and C value for the LRW data.
5. Use of an average runoff-producing antecedent
watershed condition underpredicted observed maximum
mean daily flow rates for two subwatersheds of LRW,
particularly for the shorter (2-5 yr) return intervals predicted by using the Cypress Creek formula
and the regression of the excess rainfall and c
value developed for Flatwoods watersheds in Florida.
Use of the high runoff-producing condition overestimated observed maximum mean daily flow rates.

10 yr

4
0
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