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* INTRODUCT ION

A detailed investigation of the Boney Dike marsh water budget has been
done to provide hydrologic data for a nutrient budget of the marsh. This
experimental marsh area is located along the west bank of the Kissimmee
River just north of structure 65B (see Figure 1). It is a unique system
of levees and discharge structures especially designed for a quantitative
study of a water system. The levees divide the marsh into two separate
enclosed areas - the western area and the eastern area (see Figure 1). A
canal at the north boundary distributes water through the north weir to the
western area. Stages in the western area are fluctuated seasonally to
approximate stage fluctuations in the Kissimmee River floodplain prior to
channelization, The eastern area is regulated to maintain approximately the
same stage as the western area with a minimum inflow and outflow. When
inflows are required in the eastern area, the south pump is used to get
water from C-38., When stages in the eastern area are higher than desired,
water is released through the culvert at the southern end. The western area
is approximately 120 acres, while the eastern is on the order of 230 acres.
The system was set up in such a way that one area was a high flow area and
the other a low or no flow area. The environmental effects of small and
large flows can be studied for the same climatological condition with this
arrangement,

The north and south weir structures do not conform to standard speci-
fications for flow measuring structures and thus have to be calibrated.

Unfortunately, flow conditions near these structures do not lend themselves
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to direct calibration with standard flow measuring techniques. The north
weir can be calibrated by a water budget approach given only the stage-
storage relationship for the canal connecting the weir with the pump station
and the operating characteristics of the pump station. This is possible
because both ET and seepage losses are negligible in the canal in relation
to the flow and the pulse type mode of operation for the pump station which
provides an adequate range of head conditions at the weir. This flow
equation can be applied to other structures in the marsh area which have
similar characteristics. The ET coefficient can be optimized using the
eastern area where fluctuations in stages are due mainly to the difference
in ET and rainfall. This coefficient can also be applied to the entire
area. A seepage function is developed based on the head differential across
the levees. Using these initial values for the various coefficients the
process is repeated until the overall error for three water budgets is

minimized.

DATA

The period for which sufficient historical data is available for the
analysis of the Boney Marsh water budget begins March 26, 1976. A detailed
investigation of the different components of this water budget is carried
out through December 31, 1978. Areal distribution of the water levels is
determined from a network of stage recorders placed at key locations through-
out the marsh. The name and location of these recorders appear in Figure 1.
Average daily stages for both the eastern and western areas are calculated
from the stage recorders present in each respective area. The results for
the eastern area appear in Tables 1A, 1B and 1C, while the results for the

western area appear in Tables 2A, 2B and 2C. The daily rainfall measurements
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were taken from a rain gage Toéated in the Boney Marsh area but the pan evapo-
ration measurements taken on site proved unreliable and the records at

S-65C were used instead. These daily values appear in Tables 3A, 3B, 3C and
Tables 4A, 4B, 4C respectively.

METHODOLOGY

Calculations of Storage Change

Separate stage-storage curves were developed for the western area, the
eastern area and the canal. These curves were based on contour maps of
the area and the hydrologic design of the canal. The daily change in
storage for each area on any given day was estimated based on the stage-
storage curve and the average stage in that area at the beginning (0:00)
and at the end of the day (24:00). This change in storage will be referred
to as actual estimation of change in storage and symbolized by ﬂSa. The
change in storage was also simulated by daily calculations of the individual
components of the water budget, such as rainfall, ET, seepage, and flow
through inflow-outflow structures. This change in storage takes the form

Ag = Qin - Qout - Seep - ET + RF

s
where
ASS = simulated change in storage
Qin = inflow
Qout = outflow
Seep = seepage
ET = Evapotranspiration
RF = Rainfall

The discharges over the weirs were based on the basic flow equations.
If the weir is not submerged the flow rate is based on the weir height and

the upstream stage. If the weir is submerged, the downstream stage has to be

- 10 -
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taken into consideration in the calculations. The governing equation takes

the form of
Q= c, - Width - 0132 . (1 - (f5)1-9)-385

where
Q@ = calculated discharge
CT = coefficient that needs to be optimized
Width = the weir width
H1 = upstream stage above weir

H2 = downstream stage above weir ( = 0 when weir is not submerged)

This equation appears in the Handbook of Hydraulics (King and Brater, 1963).
The estimated discharges over the north weir, south weir and south culvert
appear in Tables 5A, 5B, 5C through Tables 7A, 7B and 7C, respectively.

Both pump stations use Couch axial flow pumps which were calibrated
by the manufacturer on the basis of model studies of their plant. The general
form of these pump curves was verified by the District with flow measure-
ments utilizing a pitot tube arrangement in the discharge tube of both pumps
after installation. The form of the discharge equation was found but some
uncertainty still remained in the absolute magnitude of the discharge. It
is in the following form:

RPM

Q=¢C, - FR + (54.56 - 10.91 - SQRT (46.45 - UP)) - 1700

2
where
Q = flow through station
UP = upstream stage
FR = fraction of pumping
RPM = pumping rate

C2 = coefficient that needs to be optimized for a given pump type
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The north pump was operated at approximately design discharge on a
8-12 hours per day, 5 days per week schedule. Stages upstream of the weir
were measured continuously by a standard stage recorder. Stages were
discretized on an hourly basis and flow computed hourly for the period
of record using a standard form of the flow equation for a weir and an
assumed discharge coefficient. Hourly values were summed over a 24 hour
day and compared to the daily inflow from the pump and observed fluctu-
ations in daily storage. The weir flow coefficient was adjusted until
mass balance over the entire period of record was obtained given a pump
flow scaling parameter. The pump scaling parameter was then adjusted and
in the process repeated until the RMS (root mean square) error in daily
mass balance equation was minimized. The computed pumpage through the
north pump appears in Tables 8A, 8B and 8C while the south pump appears
in Tables 9A, 9B and 9C.

In addition to the coefficient that needed to be optimized for the
flow equations, there were coefficients associated with evaporation and

seepage rates.

The equation for evaporation is

Evap = C3 * Pan * Area

where
Evap = the approximate volume of evapotranspiration
Pan = pan evaporation
Area = surface area of study

C3 = the coefficient to be optimized
and the seepage equation

Seep = Miles * HD * C4
where

Miles = miles of levee
- 27 -
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HD

head difference across levy

C

4 coefficient that needs to be optimized

The optimized coefficients appear in the following table:

TABLE 10

Optimized Coefficient

C1 = Weir discharge coefficient 3.0
02 = Pumping coefficient .96
C3 = Evapotranspiration coefficient .70

C4 = Seepage coefficient .06

Error Analysis

The actual error and the root mean square error for each area is
calculated daily and monthly for each year. The actual error is defined
as the difference between the actual changed storage (ASa) and the simulated
changed storage (ASS). Therefore, ¢ = 8S, - ASg where € = error. The root

mean square error is calculated by

/7 N 52.
RMS = T -

i=1 L
where
£ = summation of 52 for N time increments
RMS = root mean square error
N = number of days or months error summed over

Root mean square errors are minimized by optimizing the value of the
coefficients while keeping them in the acceptable range which is subject

to the constraint that the long term error is negligible. The steps
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of this process are as follows:

1) Optimizing the pumping and discharge coefficients. This is done
in the canal area because there are large changes in stage due
mainly to flow through the structures. Rainfall, seepage and
ET are of smaller orders of magnitude. First, we determine the
smallest RMS error by varying the pumping coefficient. Then we
vary the discharge coefficient within the acceptable range to
achieve a mass balance. These coefficients can be used on all
structures in the Boney Dike Marsh because they are similar in
nature.

2) Optimizing the ET coefficient so that RMS error is the smallest.
This is done by minimizing the RMS error for the eastern area
where most changes in error are due to rainfall and ET.

3) Determining the seepage coefficient which best leads to a mass
balance and the lowest overall RMS error.

4) Repeating steps until coefficients stabilize.

Interpretation of Errors

There is a mass balance for the three year period. The total error
over the 350 acres of land was only -157 acre feet of water. This error
is small when we consider that over this period more than 12,000 acre feet
flowed through the east and west areas. ET and rainfall are on the order
of 3 to 5 thousand acre feet each and there is a seepage function to consider.
In determining more detail about the error we look at the individual

budgets in the marsh area.

- 35 -



RESULTS

A detailed error analysis can be seen in Tables 11, 12 and 13.

TABLE 11

Mass Balance Errors (Acre-Feet)

Year _Canal Western (Flow) Area Eastern (No-Flow) Area
1976 72.3 -73.7 -47.7
1977 -65.5 61.4 -76.2
1978 2.2 90.0 -117.0
4.5 7.7 -240.07

A negative error indicates that ASS is higher_than the ASa. A positive error

indicates that the ASa is higher than the ASS.

TABLE 12
Daily RMS Error (Acre-feet)

Year Canal Western (Flow) Area Eastern (No-Flow) Area
1976 3.52 7.35 4.84
1977 3.03 6.05 5.30
1978 2.12 5.92 6.10
TABLE 13

Monthly RMS Error (Acre-feet)

Year Canal Western (Flow) Area Eastern (No-Flow) Area
1976 19.13 38.61 42.75
1977 22.38 74.30 69.57
1978 25.81 69.39 62.05
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Canal

Reviewing the canal results, the error is mainly involved with flow
rates. This error was expressed as a percentage of total flow. The total
flow for the three year period of record was calculated to be 10,734 ac/ft.
The period of record was 1,010 days. The average daily error is therefore
27%. A noticeable trend, however, is the daily RMS value dropped as weir
height data increased. In 1978 a total of 3,872 acre feet of water flowed
which gave a daily average of 10.6 acre feet per day. The RMS value for
this year was 2.12 so that the percentage of error is about 20%.

The average monthly flow is about 325 acre feet. The monthly RMS
error is about 22 acre feet which gives us a monthly error of 6.7%. This
fact illustrates that most of the daily error compensates itself on a
monthly basis. On a yearly basis the largest mass balance error is 70
acre feet over the total flow for that year giving a maximum percentage
of error of 2% per year. Over a three year period the mass balance error

is nearly 0.

Western Area

The error in this area is due to a combination of all of the components
of the water budget. The daily RMS error is between 6 and 7 acre-feet
over 120 acres area. This error amounts to an error in stage of about
a half inch per day. This daily error is quite small when the flow errors
are taken into account. Also, stage fluctuations at the north and south
ends are out of phase and vary quite a bit in magnitude due to large inflows
over the north weir which affects the northern recorder earlier and to a-
larger degree than the south recorder. The maximum monthly RMS occurred in

1977 and was 74.30 acre feet. This error is equivalent to one half foot
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in stage per month. This means about 2/3 of the daily error compensates
itself over a month. The largest error for a given year is 90 acre feet
which indicates that the monthly sums tend to compensate themselves over
the year. Over the three year period there was a total of 77.706 acre

feet error, or about 3/4 foot. This number is very good considering 10,000
acre feet of water flowed into the area over the north weir and ET, rain-

fall, and seepage are substantial for this area.

Eastern Area

The daily RMS errors are slightly smaller for the eastern area than
the western area and range between 5 and 6 acre feet. Over an area of 230
acres the error amounts to about a quarter of an inch in depth. The stage
variation over the entire area at a given time varies more than this amount
and the error may be due to calculations of the average stage rather than
the estimated components of the water budget. The largest monthly RMS
value in any year was 70 acre feet. This amounts to an error of about 3/10
foot per month, therefore, about half the daily error compensates itself
over a month. After a three year period the stage difference due to this
error would be about a foot off with the total error being 240 acre feet

over an area of 230 acres.

CONCLUSION
A reasonable understanding of the magnitude of all the components of
Boney Dike experimental marsh has been attained on a daily basis. A
substantial part of the error involved appears to be associated with poor
weir height and pump log data. The data improved over the three year

period in the canal and western areas where RMS errors dropped substan-
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tially. No effort has been made to more accurately measure the weir at
the eastern area.

Over three years, 10,734 acre feet of water flowed into the canal
through the north pump and 10,676 acre feet flowed over the north weir.
ET, rainfall and seepage had a negligible effect. Ten thousand six
hundred seventy six (10,676) acre feet flowed into the western area over
the north weir and 10,175 acre feet flowed out over the south weir. The
difference in these discharge volumes is due to evaporation during this
rather dry period. The eastern area had 1,923 acre feet of inflow through
the south pump and 991 acre feet outflow through the south culvert. This
again was mainly due to evaporation during the dry period. Seepage plays
only a minor role in the budget because inward seepage along the eastern
boundary of the marsh is approximately balanced by the outward seepage along

the western boundary.
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