DRAFT

Water Quality Aspects of the Proposed East-Coast Buffer Strip:
Evaluation of the C11-West Basin

prepared for

U.S. Department of the Interior
Everglades National Park

by

William W. Walker, Jr., Ph.D.
Environmental Engineer
1127 Lowell Road
Concord MA 01742-5504
Te 508-369-8061
Fax 508-369-4230
e-mail: wwwaker@shore.net

January 31, 1997



Abstract

A wetland buffer strip has been proposed for construction aong the eastern edge of the
Everglades to conserve water and to provide additiona wetland habitat (CH2MHill, 1996).
Potential water-quality impacts would result from diversion of urban and agriculturd runoff into
the buffer. Exigting buffer designs are based largely upon water-supply and hydroperiod
targets. Depth regimes differ markedly from those typically found in constructed wetlands
designed for water-qudity control.

This report develops and demonsirates amodd for integrating water-quality concernswith
other project objectives and congraints. The phosphorus-balance modd used for designing
Everglades Stormwater Treatment Areas is coupled with amodel for estimating inflow and
outflow seepage rates in buffer cdls.

The modd is used to estimate wetland acreage required to treat discharges from the C11W
basin for various sets of design assumptions and objectives.  Basin flows, consisting of a
mixture of seepage from WCA-3 and runoff from the C11W watershed, are currently
discharged into WCA-3A through the SO pump gation. This basin has ahigh priority from a
water-quality perspective becauseit is one of the few locations dong the East Coast where
urbar/agricultura runoff is currently back-pumped into the Everglades and the discharge is
relatively close to Everglades Nationd Park inflow Structures.

Higtorical monitoring data from S9 reved a strong positive correation between phosphorus
concentration and daily flow. Concentrations range from < 20 ppb at low flowsto > 100 pp
a high flows. This pattern reflects varying mixtures of seepage and runoff under different flow
conditions. Capturing high flows would be an important design objective for a trestment
system. With planned watershed devel opment, the flow-welghted-mean phosphorus
concentration in the S9 discharge is projected to increase from ~23 ppb (1981-1991) to ~34
ppb. If sgnificant reductionsin WCA seepage into C11 are redized with congtruction of the
East Coast Buffer Strip, the concentration would approach 50 ppb.

Treatment area requirements ranging from 201 to 8486 acres are etimated for three water-
management scenarios, three wetland prototypes, three target outflow concentrations, and
two locations (Tables 7 & 12). Scenarios reflect different levels of seepage reduction,
seepage/runoff separation, and discharge to the C11E basin.  Wetland prototypes reflect
different biologica communities with phosphorus settling rates ranging from 10 to 30 miyr,
increasing management requirements, and increasing design uncertainty. Target outflow
concentrations of 10, 20, and 30 ppb are considered.

Election of specific design assumptions is beyond the scope of this report. Nominal designs
based upon extrapolation of performance data from the Everglades Nutrient Remova Project
would require surface areas ranging from 1500 to 3700 acresto achieve atarget
concentration of 10 ppb, depending upon water management scenario and treatment area
location. Scenarios providing reductions in seepage, selective trestment of high flows, and/or
treatment of runoff beforeit is diluted with seepage would have lower total area requirements
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than those treating dl flows. Because of differences in seepage rates and directions, treatment
aress located north of C11W would have higher surface area requirements than areas located
south of C11W, particularly for atarget concentration of 10 ppb. Given the importance of
treating peak flows and exiging water-level condraintsin the vicinity of the C11W buffer,
hydraulic factors may have alarge influence on the location and shape of the trestment area.

Designs to achieve concentrations in the 10-30 ppb range with a constructed wetland are
extrapol ations based upon experience with constructed systems at higher concentrations and
upon observed reductions in phosphorus achieved by naturd (vs. constructed) communitiesin
impacted regions of the Everglades. Substantial research is needed to provide a basis for
find design and implementation. Such research is currently underway to support Phase 1
phosphorus-control efforts mandated by and State/Federa Settlement Agreement and the
Everglades Forever Act (SFWMD & FDEP, 1996).
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1.0 Introduction

Sgnificant volumes of water are lost from the Everglades Water Conservation Areas
(WCA'’s) and Everglades Nationd Park (ENP) in the form of groundwater flow through and
under levees dong their eastern boundaries (SFWMD, 199338). These losses result from a
combination of three factors: (1) relatively high weter levelsin the Everglades, required for
purposes of wetland preservation and water storage; (2) relatively low water levelsin coastal
developed aress, required for drainage and flood protection; and (3) permeability of levees
and soils. To reduce these water losses and promote long-term restoration efforts, wetland
buffer strips or “Water Preserve Areas’ (WPA'’s) have been proposed for construction ong
the eastern boundary of the Everglades (CH2MHIill, 1996). Maintenance of higher water
levelsinthe WPA'’s (vs. existing conditions) would flatten regiond hydraulic gradients and
thereby reduce levee seepage and groundwater flows. Buffer water levels would be
maintained by resdua seepage and runoff pumped from locad drainage cands.  Ouitflows
from the buffer would include seepage to regiond groundwater, seepage to the Everglades,
and surface discharge to the Everglades.

A preliminary design for the buffer gtrip is described by CH2MHIill (1996). The plan includes
27 individua wetland cells (55,319 acres) clustered into 8 regiond “Water Management Units
“ (Figurel). Cdlsaredesigned to function as reservoirs (2,484 acres), marshes (27,038
acres), or groundwater recharge areas (25,797 acres).  Reservoir and recharge cells have
highly fluctuating water levels with a“working depth” of 4-feet. Marsh cdlls are designed to
provide shalow wetland habitat with seasond water-levd fluctuations Smilar to those found
higoricaly in WCA-3B (maximum water depth of ~1.5 feet in September-November and dry
conditionsin April and May).

Diversion of urban and agriculturd runoff to maintain buffer water levels creates potentia
regiona water-quality impacts. Such impacts would depend upon the quantity and qudity of
inflows, the extent of treatment provided within the buffer, and the locations and magnitudes of
surface and groundwater outflows. Potentia impacts of phosphorus are of particular
concern. While water-quality improvement has been described as a potentid benefit, festures
required to provide this benefit have not been factored into existing buffer designs, which are
based exclusvely on water-supply and hydroperiod targets. Thisis reflected by the fact that
depth regimes in cdll types described above do not conform to typical design criteriafor
treatment wetlands (average depth of 2 feet, range 0.5 to 4 feet, Burns & McDonnell, 1994).

In areas where existing or projected inflow qudlity is sufficiently impacted by anthropogenic
sources, it islikdy that buffer designs will have to be modified to protect water qudity in buffer
discharge zones (i.e., to meet state and federal water quality standards).

This report devel ops and demonstrates a methodology which can be used to evauate and
refine buffer designs from a stormwater treatment perspective. A mass-baance modd is
developed for predicting phosphorus removal and resulting concentrations and loadingsin
surface and subsurface outflows. The modd is gpplied in a generd sense to identify important
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design features, controlling variables, and datalresearch needs.  Wetland treatment areas for
the C11-West basin are subsequently sized using various sets of design assumptions. This
rapidly-developing basin has high priority from awater-quaity perspective becauseit is one of
the few locations aong the East Coast where urbar/agricultura runoff is currently back-
pumped into the Everglades. There isaneed to address water-qudity concernsin this basin,
regardless of pathways taken in future development of the East Coast Buffer. The
methodology developed and demonstrated here provides a framework for factoring water-
quality objectives into buffer / treetment area designs for other basins.

2.0 Model Development
2.1 Phosphor us Balance M odel

Walker (1995) describes the development and calibration of amodd for designing
Stormwater Treatment Areas (STA’S) to treat runoff from the Everglades Agriculturd Area
(Burns & McDonndll, 1994). The model consists of coupled water-balance and mass-

bal ance equations describing steady- state flow and phosphorus concentrations in awetland
under sheet-flow conditions (Figure 2, Table 1). A longitudind profilein flow and P
concentration is established from the inflow to the outflow of the treetment area. Seepageis
expected to be an important hydrologic component of East Coast buffer areas (CH2MHill,
1994, 1996). Accordingly, the STA design model has been expanded to include terms for
inflow and outflow seepage, assumed to be uniformly distributed over the trestment area
(Kadlec & Knight, 1996).

Seepage is assumed to leave the buffer water column at the longitudindly-averaged
concentration (Cy,, Table 1).  Asthe seepage moves through the soil, further reductionsin
concentration may occur as aresult of filtration and other physical/chemical mechanisms
operating in the soil matrix. These mechanisms are represented by specifying amaximum
vaue for the exit seepage concentration reaching the WCA and/or the seepage collection
cand (Canax)- If the average seepage concentration leaving the buffer isless than Cqna, the
exit concentration is set equa to Crax. [N thisway, regiona soils are not dlowed to function
as anet source of phosphorus, such a situation would not be possible under the steady- state
conditions represented by themodd. Based upon data from the Everglades Nutrient
Removal Project (SFWMD, 1996b) and C11 cand (see below), estimates of maximum
seepage concentrations range from 10 to 20 ppb.

2.2 Buffer Seepage Rates

Table 2 summarizes equations for estimating seepage rates, based upon groundwater modeling
performed by CH2MHIll (1994) for buffer cells east of WCA-3B. The buffer cdl is assumed
to be digned in anorth/south direction.  Seepage rates per mile of buffer length are calculated
asafunction of buffer width and average water depth. At adepth of 2 feet in the buffer cdl
(typica design for trestment wetland) and average WCA- 3B stage, seepage would move out
of the buffer to three locations (Figure 2):
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1 To the WCA, west of the buffer.
2. To aseepage collection cand, located immediately east of the buffer, and

3. Under the seepage collection cand to an eastern boundary canal (assumed to
represent groundwater recharge).

For shallow buffer depths and/or high WCA devations, there would be a net seepage from
the WCA into the buffer cell. In the schemes evauated below, collected seepage is assumed
to be pumped back to the inflow of the treatment cell. I the collected seepage is found to be
of acceptable water quality, discharging it to the WCA (or elsewhere) would tend to improve
overdl performance of the treatment cell.

The modd developed by CH2MHIill (1994) represented buffer cellsin Dade county east of
WCA-3B with an average aquifer transmissivity of 1,216,000 ft%/day. Based upon regiona
vaiationsin transmissvity (Figure 3), lower seepage rates are expected in buffer cells further
north. An average transmissivity of 800,000 ft%/day is estimated for C11W buffer cells south
of the C11 cand. Seepage coefficients derived from CH2MHIill results are multiplied by a
scale factor of .66 (= 800 /1216) to reflect local conditions.

Results indicate thet total seepage out of the C11W buffer would increase with buffer depth

at ratesranging from 10 to 14 cfmilefft for buffer widths between 1500 and 22,500 feet. In
comparison, the South Florida Regiona Routing Mode (Trimble, 1986) employs alevee
seepage coefficient of 11 cfmilefft for thisregion.  The coefficient for abuffer cdl is
expected to be higher than the value for a single levee because seepage from the buffer would
occur in two directions (east & west). Although these val ues appear to be consistent, seepage
rates calculated by the model should be considered gpproximations. Refined estimates based
upon hydraulic studies would be needed to support specific treatment cell designs.

The CH2MHIll modd was derived with a buffer ground eevation of 6.0 feet and WCA-3B
water devation of 6.5 feet (historica average).  With future changes in water management
(including the buffer strip), WCA-3B stage is expected to increase.  Resultsfrom Verson 2.1
of the South Florida Water Management Modd (SFWMM, MacVikar et d., 1983) indicate
an increase in average sage from 6.3 feet (Future Base Run) to 7.3 feet (East Cost Buffer /
Alternative 5, SFWMD, 19964). Seepage rates are adjusted for differencesin WCA stage
using the equation given in Table 2.

Figure 4 shows predicted seepage ratesin each direction as a function of buffer depth for a
width of 0.5 milesand aWCA-3B stage of 7.3 feet. Corresponding tota inflow and total
outflow seepage velocities used in the phosphorus balance modd (Table 1) are also shown.
Net seepage into the buffer would occur at operating depths lessthan 0.6 feet.  For adepth
of 2 feet (typical design for treatment wetlands), the model predicts an inflow seepage velocity
of 0 m/yr and an outflow seepage velocities of 10.5 m/yr (41% to WCA, 32% to collection
cand, and 27% recharge). For adepth of 0.5 feet (typica of wetland cdllsin the East Coast
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buffer), the mode predicts an inflow seepage rate of 4.5 m/yr from the WCA and an outflow
seepagerate of 3.9 m/yr (49% to collection canal and 51% recharge).

2.3 Phosphorus Removal M echanisms

The predominant mechanisms for phosphorus remova represented by the mass-balance
modd are:

1 Uptake by wetland plants and subsequent accretion in soils, represented by the
settling velocity (K, miyr)

2. Seepage from the wetland, represented by the outflow seepage velocity (Uo, miyr)

The outflow seepage velocity calculated above for atrestment cell (10.5 miyr) is nearly
identical to the settling velocity (10.2 m/yr) used for designing STA’s (Walker, 1995).
Therefore, seepage is expected to be an important phosphorus removal in buffer cells
designed for trestment purposes.  Phosphorus removal via seepage is not afree lunch,
however, because:

1 A portion of the seepage is collected and pumped back into the treatment area.

2. Depending upon location, flow magnitude, and water quality, seepage from the buffer
to the WCA or to regiona aquifers may have undesirable impacts.

3. Excessve seepage rates may make it difficult to maintain wet conditions in the buffer,
acondition which is desrable for controlling peat oxidation and subsequent recycling
of stored phosphorus.

STA’s have been designed with average inflow hydraulic loads (flow per unit area) ranging
from 6-14 m/yr (Burns &McDonnell, 1994). Since these rates are smilar to the predicted
outflow seepage velocity, trestment cdlls designed with smilar hydraulic loads would have
little or no surface discharge.  In atrestment cell operating as a retention basin (no surface
discharge), the average water depth would adjust so that the outflow seepage rate would
equa the net inflow rate (inflow + rainfall - evapotrangpiration). Water |oads higher then 6-
14 m/yr would be needed to maintain water levelsin the 0.5-4 foot range desired for
treatment.

3.0 The C11-West Basin
3.1 Watershed & Hydrology

The 51,840-acre C11-West basin islocated in south centrd Broward County southwest of

Ft. Lauderdadle and east of WCA’s 3A and 3B (Figure5). Ouitflows from the basin occur via
the C11 cand and consist a mixture of seepage from WCA-3A & 3B and runoff and
groundwater flows from the loca watershed. Mogt of the outflow is pumped west into
WCA-3A through the S9 pump gation. The remainder is discharged to the C11-East basin
through gated culverts at S13A.
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The SO pump station has a capacity of 2,870 cfs, which includes 1,650 cfs (3/4 in/day) for
flood control and 1,220 cfs for seepage control (SFWMD, 1995). Fows are released
through the S13A gated culvert (capacity 120 cfs) primarily during low-flow periods for water
supply and dinity control in the C11-East basn. Monthly flowsat S9 and S13A are plotted
inFigure 6. In Water Y ears 1979-1995, the annua average discharge through SO was 157
kac-ft/yr (range 73 - 219 kac-ft/yr). In WY 1991-1995, when discharge through S13A was
also measured, the average flow through S9 was 227 kac-ft/yr and the average flow through
S13A was 15 kac-ft/yr.

Most of the candsin the basin are cut into limestone thet lies below marl and organic soil
layers (Wadler, 1978). The porosity of the limestone facilitates rapid movement of water
between the aguifer and the candls.  The cand s intercept |levee seepage and groundwater
flow from the WCA's, as well asinfiltration and surface runoff from the loca watershed.

Rapid depression and recovery in cand and regiona groundwater levels have been observed
during and following pumping events at S9, when C11 devation typicaly dropsfrom4to 0
feet md (Freiberger, 1973; Wdler, 1978). Water qudity in the cand islikdly to be strongly
influenced groundwater inflows and exchanges, which provide both dilution and partid

removad (viafiltration and other physical/chemica mechanisms) of contaminants typicaly found
in runoff from developed areas (e.g., suspended solids, nutrients, trace metas).

Under current Everglades Restoration activities, the C11W basin has a high priority from a
water-quality control perspective because it one of the few locations adong the East Coast
where urban/agriculturd runoff is pumped directly into the Everglades.  This practice creates
potential water-quaity impactsin WCA-3A, particularly near the S9 discharge.  Hydraulic
featuresin WCA-3A may facilitate transport of flows discharged from the S9 pump station to
ENP Shark Sough inflow structures dong Tamiami Trall.

Concerns about development impacts on water qudity were expressed in early studies of the
basin by the USGS (Freiberger, 1973; Waller, 1978). Waller (1978) reported that C11W
watershed was largely undeveloped in the early 1970’ s (except for some cattle ranches and
citrus groves), but was receiving increasing development pressure. Urban land uses are
projected to increase from 46% in 1994 to 79% in 2010 (SFWMD, unpublished GIS data).
With future increases in urban runoff (resulting from devel opment) and future decreasesin
seepage (resulting from congtruction of the buffer strip), water qudity in the C11 canad may
deteriorate.

The water-quality impacts of existing and future devel opments depend upon the extent to
which they promote surface runoff (vs. infiltration) into C11 and/or its secondary cands.
Impacts are controlled to some extent by onsite BMP s (e.g., detention basins, retention
basins, swaes). Such control occurs incidentaly, however, because existing sormwater
regulations and BMP design criteria (Whaen & McCullum, 1988, SFWMD, 1993b) focus
primarily on hydrologic features and are not optimized for water-quaity control. For
example, the regulations provide an incentive for using dry detention basins (without
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permanent pools) in place of wet detention basis (with permanent pools). The latter have
been shown to provide substantialy higher removal efficiencies for phosphorus and other
stormwater pollutants (Schueler, 1987; Walker, 1987).

A need for tighter watershed controls is supported by the author’ s observation of amarked
turbidity plumein the C11 cand downstream of laterd inflows (Figure 7). Although this report
focuseson “end-of-pipe’ treatment Strategies, there may be considerable potentia for
applying water-qudity-control messures at strategic locations within the watershed.

3.2 Historical Water Quality

Water quaity studies by the USGS (Freiberg, 1973; Waller, 1978) describe conditionsin the
early 1970's, when the basn was largely undeveloped. Elevated anmonialevels (average
0.38 mg/liter) and depressed dissolved oxygen levels (minimum < 1 mg/liter) were observed
upstream and downstream of the S9 pump station during pumping events. These
characteristics are typica of cands strongly influenced by groundwater.  Nutrient
concentrations were "generdly low".

M ass-balance ca culations summarized by Waller(1978) for October 1973-December 1975
indicate the following flow-weighted-mean concentrations (ppb) at three locations on the C11
Cand (Figure 5):

Location Ortho-PO4  Inorganic N
9 5 21
us-27 5 29
Flamingo Road 20 481

Waler atributed the higher concentrations at Hamingo Road to agricultura land use in the
eastern portion of the watershed and the lower concentrations at the western gtations to less
intensve land use and grester influence of groundwater flows.

Tota phosphorus concentrations measured by SFWMD at the SO pump station between
1979 and 1996 are plotted againgt time and flow in Figure 8. The average concentration for
the whole period was 17.8 £ 0.9 ppb. Averageswere 14.5 + 1.8 ppb in 1979-1980, 20.8 +
1.3 ppbin 1981-1991, and 13.0 + 0.8 ppb in 1992-1996. Averageswere sgnificantly
higher inthe middle years. Interpretation of thistime seriesis complicated by the fact that
concentration is strongly correlated with flow (Figure 8, middle) and high flow events (>750
cfs) were not sampled after 1991 (Figure 8, bottom).

Figure 9 shows SO daily flows over the same period. Symbols indicate dates when grab
samples were collected.  While reasonable sample coverage of peak-flow periodsis evident
between 1981 and 1991, coverage isrelatively poor in the earlier and later portions of the
record. Because of this deficiency, concentration data from 1992-1996 may not be
representative of recent SO discharges.
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Phosphorus data collected at SO by the Broward County of Natural Resource Protection
(BCDRN) between 1983 and 1996 have aso been examined. These data are generaly
congstent with SFMWD results. Mixing of the two data sets to increase sample intendity is
not advised because of a higher detection limit in the BCDRN data (20 vs. 4 ppb).

Given the intermittent nature of pumping events at SO, it is difficult to obtain representative
samples for caculation of phosphorus loads or flow-weighted-mean concentrations using a
biweekly sampling program. Although the SFWMD historical data provide reasonable
perspectives on water quaity in the C11 cand, they provide limited information on
concentrations and |oads being back- pumped into the Everglades, particularly in the past 5
years. Continuous, flow-weighted composite sampling has been initiated recently at 9 to
obtain more representative samples in the future.

The flow-weighted-mean phosphorus concentration in the SO discharge for the 1981-1990
period (Wwhen sampled flows were most representative) is estimated at 23 + 2 ppb. The
correlation between concentration and flow and the low frequency digtribution of daily flows
have been factored into the estimate using the FLUX program (Walker, 1987a). Thisvaue
may not be representative of existing conditions, however, because of recent watershed
development.

The strong correlation between concentration and flow has important implications for design of
atreatment system because it suggests that collection and trestment of peek discharges will be
very important.  This correlation may reflect dominance of runoff from the watershed at high
flows and dominance of seepage and infiltrated rainfal a low flows.

Figure 10 shows cumulative frequency distributions for flow and phosphorus load a the S9
pump station.  The frequency distribution of daily loads has been developed by fitting a
polynomid regression to the historical concentration vs. flow relationship a S9 (Figure 8) and
applying the equation to the measured daily flow time series for Water Y ears 1979-1995.
The importance of high flow regimesisillustrated by the fact that flows above 900 cfs occur
only 5% if the time, but account for 23% and the total flow volume and 50% of the total load.

The SO pump dation is typicaly operated to maintain the C11 cana upstream of the pump at
an eevation of 4 feet. When eevation exceeds thislevd, the pump is activated and the cand
is drawn down to aminimum eevation of O feet. It ispossible that this practice contributes to
concentration spikes by causing scouring of cand bottom sediments and/or drawing more flow
from the eastern portions of the basin as the water level isdropped. The potentia for reducing
the frequency and severity of concentration spikes by modifying pumping practices within
acceptable flood- control congraints should be investigated.

Bechtel & Hill (1996) analyzed SFWMD SO water quality detafor excursons from FHorida's
Class 111 water qudity standards. Typicd of cana watersin this region, dissolved oxygen
concentration was below the 5 mg/l criterionin ahigh percentage (>90%) of the samples.
Turbidity exceeded the 30 ntu criterion in 7 out of 255 samples. Free ammonia exceeded the
0.02 mg/liter criterion in 2 out of 246 samples. Totd iron exceeded the 1 mg/liter criterionin
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1 out of 52 samples. No excursons were observed for heavy metds (Zinc, Cadmium,
Copper, and Lead). Because metas have been analyzed less frequently (quarterly since
~1983), SFWMD higtorical data from SO includes only 15 samples collected on daysin
which S9 was operating.

Bechtd & Hill (1996) aso report detection frequencies for 16 pesticides obtained from ~70
grab samples collected at S9. Eight pesticides were not detected and four peticides were
detected once.  Pesticides detected more than once included 2,4D (5 detections out of 69
samples), Atrazine (13/68), Diuron ( 5/ 64), and Hexazinone (3/5). These compounds
and detection frequencies are not a-typical of those found at other inflow points to the
Everglades (Bechtd & Hill, 1996). Table 3 lists detected pesticide concentrations at S9, as
derived from an updated version of the data base analyzed by Bechtel & Hill.

The presence of pesticesistypicaly traced to agricultural and urban land usesin the basin.
The presence of these substancesin the C11 cand does not necessarily indicate that they are
impacting biologica communitiesin the S9 discharge zone or dsewherein WCA-3A. The
compounds can have widdy different fates, toxicities, and andyticd resolutions. Whilethereis
insufficient information to evauate the significance of pedticide detections at the present time,
further invedtigation is warranted.

3.3 Existing Buffer Design

In Phase 3B of the East Coast Buffer Feasibility Study (CH2MHIill, 1996), Water
Management Unit No. 4 was designated for handling flows from the C11W basin (Figure 11).
This Unit would consst of one reservoir and six wetland cells located at the western edge of
the basin, south of the C11 canal. Cellswould be bordered on the west by WCA-3B and on
the east by the C11W watershed. Additional buffer cells north of the C11 canal and adjacent

to WCA-3A were designated for handling flows from the North New River Candl.

Flows would be diverted from the C11 cand into Cell 12 (832 acres) through a pump station
with a capacity of 147 cfs. Cell 12 would be operated as a Storage reservoir with a
maximum depth of 4 feet. Cdl 12 would dischargeinto Cells 13-18 (2,899 acres), which
would be managed as shalow marshes, with average monthly water depths ranging from O
feet in April-May to ~0.5 feet in July. Marsh depth regimes were designed to mimic WCA-
3B and provide desired wetland habitat. The cdl configuration and design water-levels dso
reflect constraints imposed by US-27, which forms the eastern boundary of Cells12-14, a
power station between Cdls 12 and 13, and atrailer park between Cells 13 and 14.

The plan was essentialy designed to capture flows which were formerly discharged through
S13A and pump them into the buffer.  Outflows from the buffer would include surface
discharge into WCA-3B (47.5 kac-ft/yr) and groundwater recharge (29.3 kac-ft/yr). This
plan would not be expected to provide significant water-quality-control benefits for the
following reasons
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1 Only ~37% of the total basin flow would be treated. Flows through S9 would be
unchanged.

2. Flows above the buffer inflow pump capacity (147 cfs) would be discharged through
0. Asindicated in Figure 8, these flowswould be likely to contain the highest
phosphorus concentrations.

3. Average water depths in buffer marsh cdlls (0-.5 feet) would be below the desired
range for ssormwater trestment (0.5 - 4 feet).

These conclusions are congstent with the fact that the plan was not designed for water-qudity
control purposes.

4.0 Design Basisfor Treatment Areas

Prdiminary designs for wetland treatment systems to remove phosphorus from the 9
discharge are developed beow for arange of assumptions. Despite potential impacts of
substances other than phosphorusin the S9 discharge, an initid focus on phosphorusis
judtified for the following reasons:

1 Phosphorus impacts on the Everglades have been demonstrated and reductions of
anthropogenic phosphorus loads have been mandated (e.g., State/Federa Settlement
Agreement, 1991; Everglades Forever Act, State of Florida, 1994).

2. Sufficient information is available to support designs with reasonably predictable
performance; and

3. Wetland trestment systems designed for phosphorus remova are often effective at
removing suspended solids and other runoff contaminants, especialy those associated
with the particulate fraction, and including pesticides such as atrazine (Kadlec &
Knight, 1996). Asdiscussed above, excursons from Class|i| criteriafor turbidity
and free ammonia have been observed higtoricaly a S9. ENR monitoring data
indicate >80% reductions and consstent compliance with Class 111 criteriain the
outflow for both of these parameters.

Alternative desgn assumptions regarding inflow volumes and loads, basin water management,
wetland prototypes, and target outflow concentrations are described below. Corresponding
treatment area requirements are described in the next section.

4.1 Projection of Future Flows & Phosphorus L oads

The measured flow-weighted concentration of 23 ppb at S9 between 1981 and 1991 the
reflects basin runoff and WCA seepage which occurred during that period. Asdiscussed
above, this concentration is not likely to reflect current and future conditions, given recent and
projected development of the watershed. Results from Version 2.1 of South Florida Water
Management Modd (SFWMM) and other data are used below to estimate flows and loads
for adeveloped basin.
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The following water-ba ance and phosphorus- balance equations represent inflows to the C11
cand:

Qrunoff + Q%epage = Qtotal
Qrunoff Crunoff + Qwepage Cseepage = Qtotal Ctotd

The flow terms (Q) are expressed in 1000 acre-ft/yr and the concentration terms (C) arein
parts per billion.

The*“runoff” term of the water balance represents the sum of surface runoff and rainfdl which
infiltrates the soil and is eventualy collected by primary or secondary cands. Thisis esimated
based upon the difference between average rainfal and average evapotranspiration rates over
the 51,840-acre watershed. SFWMM input files and contour maps given by MacVikar
(1983) indicate an average rainfal vaue of ~52 inches/year for the C11W basin. The Lower
East Cost Regiona Water Supply Plan (SFWMD, 1993a) indicates an average
evapotrangpiration rate of 25 incheslyear over developed areas.  Thisyidds an estimate of
27 incheslyear or 116.6 kac-ft/yr for Qunos.

The following table lists average flows from three SFWMM runs in kac-ftiyr:
SFWMM Current-Base  Future-Base East Coast

Version 2.1 (1988) (2010)  Buffer (2010)
9 1305 144.8 1245
SI13A 67.7 65.3 64.5
Total 198.2 210.1 189.0

These vaues reflect 1965-1990 climatologic conditions. Future-Base results are used to
estimate Qi (210.1 kac-ft/yr). Potentid inflow to the treatment areais assumed to equdl
that which would otherwise be discharged through S9 (144.8 kac-ft/yr). Thismay bea
conservative estimate, based upon comparison with ECB results (124.5 kac-ft/yr, SO +
Buffer Reservoir Inflow). The average measured SO discharge in Water Y ears 1979-1995
(157.2 kac-ft/yr) exceeded SFWMM results. Differences may reflect the fact that average
rainfal a SO was about 2.5 incheslyear higher in 1979-1995, as compared with 1965-1990.

The difference between Qua and Qunsr (210.1 - 116.6 = 93.5 kac-ft/yr) is assumed to
represent seepage from WCA-3A/B into the C11W basin.  Thisresult isin good agreement
with the sum of levee seepage (47.5 kac-ft/yr) and net groundwater inflows (46.2 kac-ft/yr)
across the western boundary of the basin, as derived from SFWMM Future Base results.

Net groundwaeter inflows are estimated based upon the reduction in total groundwater flow
occurring within thefirg 2 miles (59.2 - 12.9 kac-ft/yr). Based upon these results, inflows to
the C11 cana would consst of 44% seepage and 56% runoff.

The phosphorus concentration in watershed runoff (Cpung) IS assumed to equa the average
concentration measured in the C11 cand at the eastern end of the watershed (near S13A) by
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the Broward County Department of Natural Resource Protection between 1983 and 1996.
This concentration (54 + 13 ppb) is below the 200-500 ppb range typica of urban runoff in
South FHorida (Whaen and McCullum, 1988). The difference presumably reflects the
combined influences of dilution by infiltrated rainfall and phogphorus reductions occurring in
ongite retention/detention ponds and other BMP s within the watershed.

The phosphorus concentration in WCA seepage (Ceeeage) IS etimated at 10 ppb. This has
been derived from samples collected by SFWMD & SO on days when dl of the following
conditions are met:

1. Noranfdl inprevious 7 days a SO pump station
2. No flow through S9

3. Postive flow through SOXN or SOXS, which release seepage from the north (Levee 37)
and south (Levee 33) into C11

Under these conditions, it is assumed that seepage would account for most of the cand water
in the vicinity of the SO pump dation.

For phosphorus concentrations of 54 ppb in runoff and 10 ppb in seepage and for a seepage
volume fraction of 44%, a flow-weighted-mean concentration of 34 ppb is estimated for the
combined inflows to the C11W cand under future conditions.  Treatment of dl flowswhich
would otherwise be discharged through S9 would require adesign inflow 144.8 kac-ft/yr a an
average concentration of 34 ppb. Relative to the measured concentration of 23 ppb in 1981-
1990, this represents a 48% increase in total concentration.  Subtracting a “ background”
concentration of 10 ppb, a85% increasein “anthropogenic” phosphorus is indicated.

The above estimates should be refined before devel oping a detailed design for treating basin
flows. The computations rely heavily on the assumed runoff concentration (54 ppb), which
has ardatively high standard error (13 ppb). Better estimates of runoff concentrations and
loads could be developed from (1) future direct measurements of flow and phosphorus
concentrations in secondary canas and groundwater; and (2) a more detailed watershed
modeling effort, which would predict surface runoff and groundwater flows and loads from
eech contributing area. Exigting hydrologic modds of the basin (PBS&J, 1989) may provide
adarting point for such analyses.

4.2 Water Management Scenarios

Inflow volumes and concentrations may be influenced by future changes in water management.
For example, construction of the East Coast Buffer strip would be expected to decrease

groundwater inflowsto the basin.  Results from the SFWMM ECB run indicate that levee

seepage and groundwater flows from the WCA’swould be reduced from 93.7 kac-ft/yr to

< 32 kac-ftlyr. Thiswould have the effect of reducing the volume and increasing the

concentration to be treated.  In addition, flows through S13A may be lower than those

predicted by SFWMM. In Water Y ears 1992-1995 measured flows accounted for <1 to
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13% of the C11W cand outflow. Corresponding percentages derived from SFWMM flows
are 31% (Future-Base) and 34% (ECB).

Three water management scenarios have been devised to reflect arange of aternatives:

1 Future Base. Treat dl flows which would otherwise occur through S9, based upon
SFWMM Future Base. (Flow = 144.8 kac-ft/yr, Load = 8,920 kg/yr, Concentration
= 34 ppb)

2. EC Buffer. WCA inflow seepage reduced from 93.7 to 20 kac-ft/yr. Flow through
S13A derived from SFWMM ECB. (Flow =72.1 kac-ft/yr, Load = 4233 kglyr,
Concentration = 48 ppb)

3. EC Buffer without S13A Discharge. WCA inflow seepage reduced from 93.7 to 20
kac-ft/yr. S13A flow set to zero. Extreme case of water conservetion. (Flow =
136.6 kac-ft/yr, Load = 8022 kg/yr, Concentration = 48 ppb)

Water and mass ba ances for each scenario are summarized in Table 4.

Even if reductionsin WCA seepage were not redlized, treatment volumes and loads smilar to
Scenarios 2 & 3 might be achieved by sdlectively tregting high flows and discharging low
flows (generdly containing lower phosphorus concentrations) through S9.  Discharging 50
kac-ft/yr through SO under low-flow conditions at a concentration of 10 ppb would have the
same effect on treatment requirements as reducing WCA inflow seepage by 50 kac-ft/yr.

4.3 Wetland Prototypes

The most important design assumption for Szing atreatment areais the selection of avaue for
the phosphorus sttling rate.  Table 5 describes four wetland prototypes corresponding to the
following range in settling rates

Prototype Setting Rate (miyr)
STA 10.2

ENR 20
WCA-2A/South 30
Periphyton STA 60

Thisligt reflects decreasng land requirements but increasing levels of uncertainty, design risk,
and probable maintenance costs. It dso reflects a gradient in dominant vegetation types and
mechanisms from a macrophyte / pegt- based community to a periphyton / marl-based or
peat-based community. Based upon observations made in laboratory microcosms and
natural communities (e.g., Everglades transects), periphytonbased communities may have a
greater chance of achieving target outflow concentrations below 10 ppb. Substantia research
is needed, however, to develop an adequate basis for predicting the feasibility, longevity, and
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maintenance requirements of a Periphyton-based treatment system (PSTA) (Kadlec &
Walker, 1996).

Although experience with macrophyte/pest based trestment systems does not include
concentrations below 20-30 ppb, the lower concentration limit of such systems is unknown.
If sufficient arealis provided, it is possible that the downstream ends of macrophyte-based
areaswould “evolve’ (with or without intervention) into periphytort based communities which
would be capable of achieving very low P concertrations. This evolution would depend upon
threshold effects, antecedent conditions, hydrologic conditions, and time scale in ways which
are not yet understood, but are the subject of ongoing research (SFWMD & FDEP, 1996).

In the following section, treatment areas are Sized using settling rates of 10.2, 20, and 30 m/yr.

Although a Periphyton STA might be operated &t very high settling rates under certain
conditions, it is anticipated that such adesign would involve considerable redundancy (extra
ared) to dlow periodic maintenance (Kadlec & Waker, 1996). In this case, the effective
sitling rate might decrease to 30 m/yr or lower. The 30 mlyr rate (estimated from
phosphorus gradients in the central and southern portions of WCA-2A) isintend to reflect the
PSTA concept.

4.4 Target Phosphorus Concentrations

The target outflow concentration is another key design varigble. Target concentrations of 30,
20, and 10 ppb are considered. Concentrations of 20-30 ppb are a the lower limit of
demonstrated technology (e.g., operating wetland treatment systems).  Regardless of the
performance assumption (settling rate), designsto achieve 10 ppb are extrgpolations of the
mode and engineering experience.  Although the design model reproduces observed
phosphorus gradients in natural communities down to levels below 10 ppb (Walker,
1995;1996), concentrations in this range have not been consstently observed in constructed
systems.

The average outflow concentration from the Everglades Nutrient Removal project after 29
months of operation (August 1994-November 1996, 23 ppb) is near the lower limit of
demondtrated technology. Thereis some risk that the low outflow concentration and high
apparent settling rate (~20 m/yr) are inflated by startup phenomena and/or un-quantified
outflow seepagerates. Although vegetation petterns are il evolving in the ENR, thereisno
evidence of anet decline in phosphorus remova efficiency over the 29-month operating
period. Boney Marsh, atreatment wetland located in the floodplain of the Kissmee River,
achieved a smilar average outflow concentration (21 ppb) over an 11-year period with an
average inflow concentration of 50 ppb and settling rate of 13 m/yr (Kadlec & Newman,
1992).

It isassumed that each target concentration would be applied to the surface discharge from
the trestment area. The model aso predicts concentrations and loads in seepage from the
treatment area to the adjacent WCA. A maximum seepage concentration of 20 ppbis
assumed. Thisassumption may be conservative (too high), based upon the fact that
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concentrations a S9 are typicaly around 10 ppb under low-flow conditions, when cand
waters are comprised primary of seepage (Figure 8). Although area estimates are derived
based upon surface outflow concentration, resulting concentrations and loads in the combined
surface and seepage discharges to the WCA are a so presented.

5.0 Design Results

Wetland surface areas required to treat discharges from the C11-W basin are estimated
below for various water-management scenarios and design assumptions.  Treatment areas are
initially assumed to be located adjacent to WCA-3B in the vicinity of Water Management
Unit 4 (Figures1 & 11). Cdl surface areas and depths represented in the existing buffer plan
(CH2MHIill, 1996) are not taken as condtraints.  An aternative location adjacent to WCA-
3A inWMU 3isexamined. Hydraulic factors, which may have alarge influence on actud
design dimensions and locations, are discussed in the next section.

Iterative gpplication of the modd (Table 1) permits estimation of the trestment arearequired
to meet atarget outflow concentration, given estimates of inflow volume, inflow load, and
other model input varidbles.  Figure 12 illugtrates the formulation of water and phosphorus
balances for the basin and treatment area. Alternative water management scenarios, wetland
prototypes, and target concentrations are developed in the previous section.  Vaues and
bases for the remaining model input varigbles arelisted in Table 6.

Figure 13 plots water- balance and phosphorus-balance terms againgt trestment area for water
management scenario 1 and a settling rate of 20 miyr. Surface and seepage flowsto the
WCA are shown, dong with other primary input and output terms of the wetland water and
phosphorus budgets. As the trestment area increases from 500 to 5000 acres, surface
outflow decreases and seepage outflow increases. They are of equal magnitude at an area of
~2500 acres. Retention of al flows (zero surface discharge) would require ~6000 acres at
this operating depth (2 feet).

Surface outflow concentrations decrease from 30 ppb at 500 acresto 7 ppb at 5000 acres.
The average concentration in the total discharge to the WCA (surface + seepage) tracks the
surface discharge concentration between 500 and 2500 acres, but levels off at 16 ppb with
further increasesin area.  This response reflects the increasing importance of seepage and the
assumed maximum seepage concentration of 20 ppb.

5.1 Area Requirementsvs. Design Assumptions

Table 7 lists areas required to achieve target concentrations of 30, 20, and 10 ppb for each
water management scenario and wetland prototype. Over the range of assumed settling rates,
area requirements for achieving a 10 ppb outflow concentration range from 1717 to 4713
acres for scenario 1, 1029 to 2357 acres for scenario 2, and 1949 to 4467 acres for scenario
3. Surface outflow concentrations are plotted against surface area and wetland prototype for
each water management scenario in Figures 14-16.
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Area requirements depend strongly on the assumed scenario and prototype. Area should not
be interpreted as relative indicator of overal cost because of each scenario and prototype
would involve different capital and operating costs. The lower area requirements for scenario
2 primarily reflect the lower volume treated (~50% of that treated under scenario 1).
Reductions in volume and trestment area Similar to or grester than those represented in
Scenario 2 could be achieved by combinations of the following:

1 Reductions in seepage from WCA-3 into C11 resulting from congtruction of the buffer
arip;

2. Sdective treestment of higher flows at S9; and

3. Location of one or more treatment sites upstream in the watershed, where surface
runoff could be captured and treated before it is diluted by seepage.

The last measure would be equivaent to promoting application of onste BMP's.

Scenario 3 has the highest area requirements because it assumes that no flows are discharged
to the C11 East basin through S13A. Based upon comparison of S13A flows predicted by
the SFWMM Future-Base and East Cost Buffer runs (65.3 vs. 64.3 kac-ft/yr), zero
discharge through S13A may not beredigtic. This scenario isintended to reflect an extreme
case of water conservation.

5.2 Nominal Designs

Recommendation of a specific design basis (especidly, unique vaues for settling rate and
target concentration) is beyond the scope of thisreport.  Results are presented above for
various sets of design assumptions. To demongtrate the methodology and to provide a starting
point for discussion, “nomina designs’ based upon a settling rate of 20 mfyr and target
concentration of 10 ppb are evaluated in grester detail below. Essentidly, these designs
extrapolate the settling rate measured in the ENR project over a concentration range of 120 to
23 ppb down to 10 ppb. Results (in terms of surface areq) are Smilar to those obtained with
astling rate of 10 m/yr and target of 20 ppb. Designsto achieve concentrationsin this range
are extrapolations of current information and substantia research would be needed to provide
abagsfor find desgn and implementation.

Nomind designs would involve areas of 2500, 1460, and 2760 acres, for water management
scenarios 1, 2, & 3, respectively. Water and mass balance for these designs arelisted in
Tables 8, 9, and 10, respectively. These areas can be compared with the total area of Water
Management Unit 4 (3336 acres, Cells 12-18, Figures 1& 11). Areasrequired to achieve
20 ppb with the same settling rate are 46 to 59% of those required to achieve 10 ppb.

Table 11 shows the performance of nominal designs for each scenario as a function of the
“actud” settling rate (i.e., that which actualy occurs after the project is condtructed).  This
demondtrates sengtivity of performance to errorsin the design assumption.  Performanceis
measured by outflow concentration and load reduction for surface and totd dischargesto the
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WCA. For example, if asttling rate of 10 m/yr were redlized instead of the design rate of
20 m/yr, the outflow concentration for scenario 1 would be 18 ppb instead of 10 ppb and the
surface load reduction would be 69% instead of 83%.

5.3 Senditivity Analysis

Figure 17 illugtrates the sengtivity of predicted outflow concentration to varigtions in mode
input variables for scenario 1. Senditivity is expressed as the change in predicted
concentration resulting from a 10% increase in each input varigble.  Sengtivity rankings are
summarized as follows:

High: Surface Area, Settling Rete, Runoff VVolume
Medium: Depth, Transmissvity, Width, S13A FHow, WCA Seepage, Runoff Conc
Low: Rainfall, ET, Rainfdl ET Conc., Seepage Conc., Seepage Recycle

The importance of wetland performance (and management) is illugtrated by senstivity to
stling rate. The equal importance of watershed/water management isillustrated by
sengitivity to runoff volume, runoff concentration, S13A flow, and WCA seepage. Itis
gpparent that a unique focus on a treatment wetland to achieve low discharge concentration
would not be sufficient.

Sengtivity to depth reflects the dependence of seepage rate on water surface elevation, as
illugrated in Figure 4. The andysisindicatesa ~0.5 ppb decrease in outflow concentration
for each 10% increase in depth (from 2 to 2.2 feet). This result does not reflect possible
sengtivity of phosphorus uptake (settling rate) to depth.

Higtorica monitoring data from the S10 inflow zone of WCA-2A suggests that yearly average
sitling rates are approximately proportiona to mean depth over a depth range of 0 to 3 feet
(Walker, 1996). Shallower depths are correlated with increased frequency of dry out, peet
oxidation, and phosphorus recycling. At depths exceeding the average design range (average
2 feet, maximum 4 fest), performance may decline because of light limitation and/or |oss of
rooted macrophytes.

While operating the trestment wetland at a greater depth would promote phosphorus removal
via seepage, it may have a negative impact on uptake. Avoidance of severe dryout and
prolonged high water levels are thought to be important in macrophyte-based wetlands. The
tolerances and optimal operating depths have not been precisdy defined, however. For
example, even though an average depth of 2 feet has been assumed for design purposes,
vauesof 1 or 3 feet could provide smilar (or better) performance.  Thisisthe subject of
ongoing research directed at identifying the limits of STA technology (SFWMD & FDEP,
1996).

5.4 Evaluation of Northern Site

The above results assume a treatment location south of C11 in the vicinity of Water
Management Unit 4 (Figures 1 & 11), with a surface discharge into WCA-3B. Diverting the
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0 discharge into this region would congtitute a mgjor water-management decison, snce it
would move C11W basin outflows from WCA-3A to WCA-3B. Asdiscussed below,
hydraulic congtraints may preclude diverson of high flows into Water Management Unit 4 (at
least asit is currently conceived). Acreage estimatesfor a location north of C11 (Water
Management Unit 3, adjacent to WCA-3A) arelisted in Table 12.  The following changesto
model input variables have been made to reflect the new location: WCA eevation from 7.27
to 9.42 ft, treatment area width from 0.5 to 1 mile, and transmissivity from 800,000 to
600,000 ft¥/day. Regiona contour maps (Waller, 1978) suggest that average ground
eevetion in the central and southern portions of WMU-3 is smilar to that found in WMU-4 (~
6 feet).

Figure 18 shows acreage required to achieve targets of 10 and 20 ppb for each location and
wetland prototype.  Arearequirements for the northern location are higher than those derived
above for the southern location, particularly for atarget concentration of 10 ppb. This
primary reflects a change in seepage rate and direction resulting from the changein WCA
elevation from 7.23 ft (WCA-3B) to 9.42 feet (WCA-3A). For awater eevation of 8 feet in
the trestment area at both |ocations, seepage towards the WCA at the southern location
would be reversed at the northern location. Tota seepage velocities would change from O
m/yr inflow and 10.5 m/yr outflow at the southern location to 3.3 m/yr inflow and 2.5 m/yr
outflow &t the northern location.

Nomina design areas for a northern location are 3310, 1950, and 3700 acres for water
management scenarios 1, 2, and 3, respectively.  These compare with atotal area of 4094
acresin Water Management Unit 3 (Cells 9-11, Figure 11).

5.5 Hydraulic Consderations

The above analyss evauates trestment area requirements from the standpoint of phosphorus
assimilative capacity. Hydraulic congtraints would aso be very important to congider in
designing a treatment system for the basin.  The strong correl ation between concentration and
flow at the SO pump station (Figure 8) suggests that it would be important to capture and treat
peak flows. Based upon SFWMM simulations (Future Base, 1965-1990), peak flows
would be characterized by a maximum daily flow of 2880 cfs (SO pump capacity) and a
maximum 7-day average flow of 1685 cfs.

Under the Phase 3B buffer design for C11W (CH2MHIill, 1996), diversonsinto the buffer
would be limited by pump capacity (147 cfs) and by wetland depth / hydroperiod targets.
This strategy would be not be appropriate for atreatment system because peak flows
containing the highest phosphorus concentrations (> 100 ppb, Figure 8) would not be
captured.

Given the importance of treating high flows, the inflow pump capacity for the trestment area
would be determined by flood-control requirements for the basin.  If no additiond storage
can be developed in the watershed, the required capacity would be similar to that of the

exiging SO pump gtation. A lower pump capecity and pesk inflow rate would be desirable
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because of cost considerations and because of limitations in wetland hydraulic capacity
discussed below.

Wetland hydraulic capacity would be determined by water depth, width, land dope, and
vegetation dengty (Kadlec & Knight, 1996). Figure 19 shows estimated flow capacity asa
function of inlet water depth for 2500- acre treatment area adjacent to WCA-3B (nomind
design for water management scenario 1).  Thisis an idedlized representation of buffer Cells
12-16 (Figure 11) as one continuous flow path with an average width of 0.5 miles. Flow
capacities are cdculated for low, medium, high estimates of vegetation resistance usng
equation 9-44 from Kadlec & Knight (1996).

The outlet weir depth is set at 2 feet (target depth for treatment system). A ground dope of 0
isassumed. A regiona contour map (SFWMD, 1981) suggests that 0.00005 would be an
upper bound estimate of the actua ground dope (north to south) inthisarea. With this
ground dope, the calculated inlet water depths would be approximately 0.5 feet below those
shown in Figure 19 a high flows.

In order to transport the peak historical SO discharge (~ 3000 cfs), theinlet water depth
would haveto be 6 to 9 feet; this corresponds to a head loss of between 4 and 7 feet
between the wetland inflow and outflow. If the inlet water depth were constrained to a
maximum of 6 feet, the maximum hydraulic capacity would range from 600 to 2900 cfs. The
Phase 3B buffer design applied a maximum depth constraint of 4 feet for Cdll 12, based upon
potentia impacts on the US-27 roadbed.  With a 4-foot congtraint on inlet depth, maximum
trangport capacity would range from 120 to 600 cfs.  Such adesign would be unable to
handle flows containing the highest phosphorus concentrations (Figure 8).

The rdaively high predicted head |osses through the wetland reflect the long and narrow
shape of the treatment area (length / width = 16).  Higher hydraulic capacity could be
achieved by increasing the flow path width.  Figure 20 shows results for awidth of 1 mile.
This system would have a length/width retio of 4, which isamore typica design for wetland
treatment systems (Kadlec & Knight, 1996). Estimates of inlet depth range from 4 to 6 feet
for aflow of 3000 cfs. With a4-foot congraint on the inlet depth, maximum transport
capacity would range from 500 to 2,400 cfs.

It appears unlikely that narrow portions of the proposed C11W buffer strip (particularly, Cells
12 & 13, Figure 11) would provide adequate hydraulic capacity for treating peak flows.
Widening these areas or diverting flows to other sections of the buffer gtrip (Cdls 9-11, 14-
18) would probably be necessary. Existing basin fegturesin the vicinity of the C11W buffer
grip (e.g., US-27, power substation, Trailer Park) may place congtraints on wetland water
levels and transport capacity. More detailed engineering studies would be needed to find
practical ways of providing the required trestment areas and water levels, given the
topography and other condraints. Multiple sites, including regiona trestment of discharges
from secondary canals, should be investigated.

6.0 Conclusions
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The methodology devel oped and demonstrated above provides a framework for
factoring water-quality objectives into buffer / treetment area designs for C11W and
other basins dong the East Coast Buffer Strip.

Higtorica monitoring data from SO reved a strong positive correlation between
phosphorus concentration and daily flow. Concentrations range from < 20 ppb at
low flowsto > 100 pp at high flows. This pattern reflects varying mixtures of seepage
and runoff under different flow conditions. Because of this corrdation, the ability to
capture high flows would be an important design objective for atrestment system.

Excursonsfrom Class 11 water qudity criteriafor turbidity and free ammonia have
occurred higtorically at 9. Based upon ENR performance data, a wetland treatment
system would be expected to provide >80% reductions in both of these parameters.

A variety of pedticides (Atrazine, Hexazinone, Diuron, 2,4-D) have been detected
historically at SO at frequencies and concentrations which are not a-typica of those
found at other inflow pointsto the WCA’s. Further studies are needed to evauate
their sgnificance and probable fate in awetland trestment system.

With planned watershed devel opment, the flow-weighted-mean phosphorus
concentration in the SO discharge is projected to increase from ~23 ppb (1981-1991)
to ~34 ppb. If Sgnificant reductionsin WCA seepage into C11 are redized with
construction of the East Coast Buffer Strip, the concentration could approach 50 ppb.

Wetland treatment area requirements ranging from 201 to 8486 acres are estimated
for three water management scenarios, three wetland prototypes, three target
phosphorus concentrations, and two generd locations (Tables 7 & 12). Broader
public discussions and evaluations are necessary to salect an appropriate design basis.

Nomind (not to be confused with recommended) designs are based upon
extrgpolation of performance data from the Everglades Nutrient Remova Project
(settling rate = 20 m/yr) and an assumed target concentration of 10 ppb.

For alocation adjacent to WCA-3B, nomind area requirements range from 1460 to
2760 acres, depending on water management scenario.  This range can be compared
with the total surface area of 3336 acres in the Water Management Unit 4 of the
proposed East Coast Buffer Strip.

For an alternative location adjacent to WCA-3A, nomina area requirements range
from 2000 to 3700 acres. Thisrange can be compared with the tota surface area of
4094 acres in Water Management Unit 3. The effects of location on trestment area
requirements are attributed to differences in seepage rates and directions.

Water management scenarios providing reductionsin seepage, selective trestment of
high flows, and/or treatment of runoff before it is diluted with seepage would have
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lower total area requirements than those tregting dl flows.  Promoting BMP sin the
watershed could also reduce treatment acreage.

11.  Giventheimportance of treating pesk flows and existing water-leve condraintsin the
vicinity of the C11W buffer, hydraulic factors may have alarge influence on the
location and shape of the treatment area.

Desgns to achieve concentrations in the 10-30 ppb range with a constructed wetland are
extrapol ations based upon experience with constructed systems at higher concentrations and
upon observed reductions in phosphorus achieved by naturd (vs. constructed) communitiesin
impacted regions of the Everglades. Substantia research is needed to provide a basis for
find design and implementation. Such research is currently underway to support Phase 1
phosphorus-control efforts mandated by and State/Federad Settlement Agreement and the
Everglades Forever Act (SFWMD & FDEP, 1996).
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Tablel
STA Design Equations Modified to Account Infiltration and Exfiltration

Variable Definitions:

P = Rainfal (m/yr)
E = Evapotranspiration Rate (m/yr)
Q« = Externd Inflow Volume (million m/yr)
C = External Inflow Concentration (ppb)
C = Total Inflow Concentration (ppb)
G = Rainfall Phosphorus Concentration (ppb)
Ke = Effective Settling Rate (m/yr)
F. = Fraction of Days with Water Elevation Above Ground Surface
U, = Infiltration Rate (outflow) (m/yr)
G = Concentration in Exfiltration (ppb)
Us = Exfiltration Rate (Inflow Seepage) (m/yr)
A = Wetland Surface Area (kn?
Cn = Average Concentration within STA (ppb)
G = Background Concentration (ppb)
f, = Seepage Recycle, as Fraction of Total Seepage Out of STA (-)
Q = Seepage Recycle Flow (million m/yr)
(08 = Seepage Recycle Concentration (ppb)
Cmax = Maximum Seepage Recycle Concentration (ppb)
Water Balance:
dQ/dA = b =P-E+Us- U,
boundary condition: Q = Q,+Q @ A = 0 (inflow to wetland)
Q= Q+Q+bA
Phosphorus Balance:
d(QC)/dA = PC, + UG - KeF,C - U,C
boundary condition: QC = Q,C,+ Q C @ A=0
C=(QG+QC)/(Q+Q)
G =G+ (C-G)(Q/Q)"™
r = P-E+ U+ F,Ke
G = (PG+UG) /T
Seepage Recycle:
QI' = fl' UO A
Cm: (QQ+UsCsA+PCpA'QoCo)/(Ke+U0)A
G = Minimum (Cy , Gimax)



Table2
Estimation of Inflow and Outflow Seepage Rates for Buffer Cdlls

Variable Definitions:

Seepage from Buffer to Location | (cfs)

Seepage Coefficient for Flowsto Location | (cfs/mile/ft of head)
Average Water Surface Elevation at Location | (feet)

Average Ground Elevation in Buffer (feet)

Mean Water Depth in Buffer Cell (feet)

Buffer Length (North-South Dimension) (miles)

Buffer Width (East-West Dimension) (feet)

SrNMIMm®EO
| 1 T 1 O A I I B 1 |

Seepage Rate from Buffer to Location I, (cfs):

Q =B L(E+Z-E)

where,

1 From Buffer to WCA, Located Immediately to the West of Cell

2 From Buffer to Seepage Collection Canal, Located to the East of Cell

3 From Buffer to Eastern Boundary Canal (Assumed to Represent Recharge)

Total Seepage Into & Out of Buffer (cfs):

Qs -Min(Qy,0) - Min(Q.0) - Min(Qs:,0)

Qo Max(Qy,0) + Max(Q.,0) + Max(Qs,0)

Seepage Velocities Into & Out of Buffer (m/yr):

Us

1822 Q,/ WL

Uo

1822 Q,/ W L

Seepage Coefficients, B;_(cfsmile/ft) & Elevations, E, (ft):

Width (feet) 1500 22400 -
Vaiable B B E
ToWCA-3B 12.76 16.65 6.5
To Seepage Collection Canal 206 342 45
To East (Recharge) 122 194 30
Buffer Ground Surface 6.0

Derived from CH2MHill(1994), Section 4, Seepage Analysis, Table 4-2, for areas adjacent to WCA -3B;
average transmissivity = 1,216,000 ft*/day.

Coefficients (B;) for a given buffer width are interpolated from values in the above table and then
multiplied by theratio ( T/ 1,216,000), where:

T = local transmissivity (ft?/day) ~ 800,000 ft*day for C11 West buffer (Figure 3)



Date

1004458
10/04/89
10/04/89
Odi 1878
127 I8Y
Q2 1e2
Q210891

Q73181
Q2711182
OB 30183

OFrE1a1

0329/95
0142495

Cdi08/82
080392
OEM03/92
OFi2eaz
Q3417183
12407184
£3/29/95
Ce/07 a5
Ce/06/8s
10411195
417196

01i24/90
0142490

O&/05/89
11104/92
LBAO7IBS

0B/07185
08/08/85
10411095
Ca4f17196
Q725198

CE/08/%5

Source: SFWMD Pesticide Monitonang Program

Pesticides Detected at 89 Pump Station

Compound

240

2.4.0-T
2.45-TP

DDE
FARAQUAT
FHURATE
TRIFLUEALIN

24D
2,4-D
2,4-D

2,45-TP

AMETEYM
AMETEYM

ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE
ATRAZINE

BROMACIL
CHLORGOTHALGOMIL

CIUROM
CIUROM
DIURCM

HEXAZINOMNE
HEXAZINOMNE
HEXAZINONE
HEXAZINONE
HEXAZINONE

TRIFLURALIN

Yalue

2240
1280
170
0.7
1200
1750 .82
9. 95

(3.545
0.034
V.2

0.014

0.013
0012

0.035
0.25
0.24

0.059

.051
.13

0.021
g.11
g.12
0.09

0.0021

0.2
0.012

7.9
0.43
.4

0.024
0.024
0.022
0.025
0.023

0.033

Linits

ug'kg
ug’kg
ug’kg
ugky
ug’ky
ug’ky
ug’ky

ugil
ugyl
ugil

ug/l

ugil
ug/l

ugfl
ug/l
ugl
ug;l
ugil
ugil
ug/l
ug!l
ug/l
ug/l
ug!|

ug/l
ugil

ug/l
ugfl
ugyl

ugl
ugl
ug/l
ug/l
ug!l

ug/l

Medium

Sediment
Sediment
Sedirment
Sedirment
Sediment
Sediment
Sediment

Wilater
Water
Water

Water

Watar
Water

Wilater
Vilater
Vitatar
Witatar
Vitatar
Vitatar
Water
Water
Water
Water
VWater

Water
Watar

Water
Wilater
Yater

Viater
Viater
Water
Water
Water

Water

Caily Flow {cfs)

LiTgs
20z

507

498
577

4565

Detected values out of 3551 water-column analyses and 1627 sediment analyses
Perigd of resard: April 1976 - Oct 19086

Table 3



Water & Phosphorus Balances on C11W Canal for Three Water-Management Scenarios

Scenaric 1 2 3

S13A Discharge SFWNM-Future Base SFWMM-ECB Nane

WCA Seepage SFWMM-Future Base F.educed by Buffer® Reduced by Buffer*
Variable Flowr Load Conce Flow Load Cone Flow Load Conc
Units kac-ftiyr kgfyr pph| kac-ftfyr kalyr ppb| kac-ftiyr kalfyr ppb
Inflows to C11W Canal

C11W Watershed 116.6 I 24 1168 7i7h 54 116.6 Tri75 b4
Seapage from WCA 835 1154 10 200 247 10 200 247 10
Total Flow 2101 8929 24 136.8 BOZ22 48 136.6 8022 48
Qutflows from C11W Canal

S13A B5.3 2776 24 64 .5 3789 48 0.0 )

[nflow to Treatment Area 144.8 6153 24 721 42335 48 136.6 3022 48
Total 2101 8929 34 136.6 BO22 48 136.6 BO22 48

* Beepaqge Controlled by Buffer Strip and/or Separated from Other Basin Inflows and Discharged Through 39




Table 5

FPrototypes for Wetland Treatment Design

Prototype Description

STA Design Design Basls for Stormwater Treatmant Areas, Everglades Construdtion Project
Macrophyte Dominatad
Ciperating Depth Average — 2 4, Range— .5 4t
Settling Ratz — 10.2 mtfyr, Q0% Conf. Interval - 8 910 115 miyr {Welker, 185%30)
Estirmated frem 28-Ycar Poat Accretioq ir 210 Inflove Zane of WIAZA
Similar Rates Okserved in Constructad YWetland Treatment Systems
Annual Rates of B-2C mfr Inferred from WiCA-Z4 Water Sl When Water Depths 1-3 ft
Longterm I Storage in Accreted Meat
Relatively Stable Community
Melatively Low MW aintenance Requirements
Ferfa-rmarce Hinder=d by Ory St
Design Risk Relatwely Low, Perormance Repreducad In Cther Canstnioted Systems
Mot Demonstrated in Constructed Syetems below -20 ppb

EMEF Everglades Mutrie1t Removal Frojec:, 28 Mont1e of Operation, STA Prototype
Macrophyte Domitated with Open Water Arzas
Cperating Depth Bangs - 11w 31t
Settling Rats ~ 20 My, Rangs of 12-Manth Averages - 1510 25 mbr
Eslimaled Mnoem Waler Goumn Mass Belance
Avergoe Oullleey Cone =23 ppb, MonUily Means 10 - 40 ppks
Rate Fassibly Influenced by Unguantified SeepagseTerms & Startup Phenomana
Ferfo-marce Hindered by Ory Out
Design Risk Moderate; ENR Rate Unzommcn in Gther Treatment Systems
Mot Demanstrated in Constructed Systems below ~20 ppk

2A-5putn Evergledes Warsh 5-10 <m South af S10z2 in WCA-Z24
Mixec MacrophytefSlough/Feriphyton Community
Settling Rate ~ 20 mnyr  (Walker, 18395
Estimmated from Water-Column F Concentration Gradients, 15 vears
Fate Possibly Inflated by Seepage and Community Transiticn Phenamena
Concentration Rangs ~70 ta =10 pob
Constructabil ty & Longevty ot Bialagical Zommunity Unknown
Fertomarce Legs Sensitive o Dy Jut
High Ris< | svel; Mot a Demonzstrated Technology
Potertal for Aohisving P Concentraton < 10 pph

FETA Fariphyton-Based Stormwater Treatment Araa
Fariphyton Mat with Spearze Macrophytas
Settline Rate ~ 80 miyr (Kadec & Walker, 19385
Estimated frem Short-Term Oosirg Expeiments in WEA-24, EMP, Laboratony
Longiernm P Starage in Mad, Possibly eauiring Periadic Harvesting andfor Crv-000
community Likaely to oe Displaced by Macrophytes When Subjeet to Nutrient Loading
Likely to Bequi-e Seil Remawval Prior to Construction & Intenzive Pernicdic Maintenance
Redundarcy [Extra Area) Neadad in Design ta Allzw Maintanance Activities
Shallow 2apth Raguires to Avaid Light _irritstion and Maintain High Productvity
Perfotmaras Fozsibly Enhanced by Pefiodic Dy Out
Relatively H gh Maintenanae Reguirements
Highest Rizk Level, kot a Demonstrated Technology; ko Expenence
Pctertial for Achieving F Concentraton = 1C ppb



Category

Design

Wetland
Frotype

Atmosphernic

Seepage

Watershed

Variable

YWetland Surface Area
Buffer Mean Degth
Buffer YWidth

Seepage Canal Recycle
Buffer Hydroperiod

P Settling Rate

Buffer Bainfall
Buffer ET
Rainfall P Canc (Bulk)

Buffer Base Elevation
WCA Stage

Seepage Canal Control Eley
Eastern Canal Control Elev

Lacal Transmissivily

Max Butter Outtlow Seepage Conc

Yiatershed Area
Watershed Fainfall
Watershed ET
Runoff Cang

Congin Seepage from YWCA

Model Input Values

Units

acres
feet
Teat
Y
%

IMyT
MyT
miyr

inyr
indyr

anres
infger
insyr
PRk
ppb

Value

Warious
2

2640
100%
100%

10.2
20
a0

47.0
537
30

6.0
7.27
45

30
200000
20

51840
220
250

a4
10

Comments

Set by Design
Set by Design
Set by Design
Set by Design
Percent of Time Water Depth = O ft; Set by Design

STA Design Basis (Walker, 12485}
ENRE Perfermance
WCA-28 South F ENRE

SFARM, Vicinity of TV Buffer
SFWRN, Potential ET

SFWMD data from ENR Atmosphoric Collector

Wicinity of C11W Buffer

SFAMM ECB, WCA-SE

CHZ2KHI {1906}

CH2MHIl {1996}

Regional Measurements, Figure 7
Assumed; Consensative tar 11 Canal

CH2KHII195/)

SFEYRM, McWikar (19830, Average for Watershad
SFYIAM Average for Developed Watersheds
BCDMNRF. C11 Station Mear 5134

calbrated to 5% @ Low Flow



Treatment Area Regquirements

for Locations Adjacent to WCA-3B

Settling

Wetland Rate Target Outflow Conc {ppb)
Prototype miyr 30 20 10
Water Management Scenario 1

STA 10.2 584 2185 4313
ENR 20 300 1153 2491
WCAZA-Sauth 30 201 774 1717
Whater Management Scenario 2

STA 0.2 868 1528 2387
ENR 20 470 857 1456
WICAZA-South 30 321 501 10249
Water Management Scenario 3

S5TA 10.2 1646 2895 4487
ENR 20 891 1625 2758
WCAZA-Sauth 30 S1005) 1121 1548

Trestment Areas in Acres

Table 7



Water & Phosphorus Balances for Nominal Design

Unit Area Fluxes
Flonar
miyr

Water Management Scenario: 1
Input Yariakle Value Units
Treatment Area 2500 acres
Wicth 2640 fest
Lenpth 412480 faat
Operating Cepth 2.0 feat
Zeapags Recycle 100% parocen: of collected
Tramamissivity §10000 ft2day
Rainfall 47.0 indyr
ET 287 indvr
Rainfall F Cong 30 ppb
F Setling Rate 20 miyr
WA Stage i3 test
Buffer Ground =law 6.0 faat

Flow Lead Conc
Mass Balance - C11W kae-fiiyr kgyfyr ppb
CA11W Runeff 1165 TITh H4
11 Seepags (0 Tom WeCA 935 1154 110
Tatal Inflow 2101 L | ad
T8 Qutflow 0.0 a 1]
SU3A W-~E G553 277G a4
Buffer Pumg In 144.8 £153 34
Taotal Sutflow 2101 &929 34

Flow Load Conc Flow
Mass Balance - Buffer kac-ftiyr kartyr ppb  infday
Euffer Fump In 1448 G133 ad 1.50
Buffer Recycled Sespaye 278 s tals] 21 Q37
Cuffer Cxternal [nflow 1728 GEGD a2 227
Buffer Seepage In from WIA 0.0 a o 0.00
Buffer Rainfall 9.8 363 an 013
Buffer Total [nflow 182 £ T201 a2 2.40
Euffer ET 122 ] ] 016
Buffer Total Seapage Sut 86.£ 27131 20 1.14
Buffer Rechams 234 ara 20 .21
Buffer Seepags to WCA 35,3 G4 20 J.4G
Buffcr Pump Cut 837 1025 10 1.10
Buffer Marsh Ljptake A0412

Flow Load Conc
Dlscharges to WOA's Kac-fthyr kgfyr ppb
Sg Qulllow 0.0 a n
Buffer Pump Sut 837 1028 10
Taotal Surface Inflow 83.7 1028 10
Buffer Sespags to WCA 352 859 20

Tatal Discharge to YWCA 115.0 15958 13

177
24
210
0.0
1.2
222
1.4
10.5
25
4.3
0.2

Load
aima-yr

0508
0. JGE
0378
£.300
£.038
£.711
C.aou
C.210
0.0a7
0,004
£.102
£.308

Table 8



Water & Phosphorus Balances for Nominal Design

Unit Area Fluxas
Flow

miyr

Water Management Scenario: 2
Input Variable Value Units
Treatment Area 1430 acres
Vvidth 2640 feet
Langth 24080 foet
Operating Deplh 2.0 fest
Seepage Recycle 100% percent of collected
Transmissivity BOODOO ft2iday
Fainfall 47.0 infyr
ET 887 infyr
Rainfall P Canc 30 ppb
F Settling Rate 20 miyr
WCA Stage 7.3 feet
Buffer Ground Elev 6.0 feet

Flovr Load cone
Mass Balance - C11W kac-ftfyr kgfyr pph
C11WW Runoff 11686 L] 54
C11W Seapage In fram WCA 200 247 10
Total Inflow 136 6 BO22 48
59 Outflow 0.0 o 0
S134 W-E 64 5 3TER 48
Euffer Pump In 2.1 4233 48
Total Cutflow 1366 8022 48

Flows Load Conc Flows
Mass Balance - Buffer kac-fthyr kgfyr ppb infday
Buffer Pump In 2.1 4233 48 1.62
Buffar Resyeled Sespage 162 401 20 0.37
Buffar Extarnal Inflow 8383 4534 42 1.99
Buffer Seepage In from WCA 0.0 0 0 0.00
Buffer Rainfall 57 212 20 0.13
Buffer Tatal Inflaw 84 .1 4846 42 212
Buffer ET 71 o 0 0.16
Buffer Total Seepage Out 50 5 1518 24 1.14
Buffer Recharge 136 337 20 0.5
Buffer Seepage to VWOA 206 508 20 0.4&
Buffer Pump Cut 364 448 10 0.82
Buffer Marsh Uptake 2880

Flow Load Conc
Discharges to WCA's kac-fthyr kalyr Fpb
59 Outflow 0.0 0 0
Buffer Pump Cut 36 4 448 10
Total Surface Inflow 364 445 10
Buffer Seepage to VWCA 206 503 20

Total Discharge to WA 57.0 856 14

151
34
184
0.0
1.2
196
1.5
10.5
28
43
78

Table 9

Load

0716
0.063
0.734
0.000
0.036
0.820
0.000
0.257
0.0587
.085
QLO7E
0.457

gfm2-yr



Water & Phosphorus Balances for Nominal Design

Water Management Scenario:

Input Variable
Treatment Area
Vvidth

Langth

Operating Deplh
Seepage Recycle
Transmissivity
Fainfall

ET

Rainfall P Conc

F Settling Rate
WCA Stage
Buffer Ground Elev

Mass Balance - C11W
C11%¢ Runoff

C11YY Seepage In fram WA
Total Inflow

S8 Outflow

S13A W-=E

Euffer Pump In

Total Outflow

Mass Balance - Buffer
Buffer Pump In

Buffer Recycled Sespage
Buffar Extarnal Inflow
Buffer Seepage In from WCA
Buffer Rainfall

Buffer Tatal Inflow

Buffer ET

Buffer Total Seepage Out
Buffer Recharge

Buffer Seepage to VWOA
Buffer Pump Cut

Buffer Marsh Uptake

Discharges to WCA's
S8 Outflow

Buffer Pump Gut

Total Surface Inflow
Buifer Segpage to YWCA
Total Discharge to WA

Value
2760
26840

45540

20
100%%
BA0000
47.0
587

30

20

T3

6.0

Flowr
kac-fthyr
1166
20.0
1366
00

0.0

136 .6
1386

Flows

kac-fthyr
1386
0.7
167.3
0.0
10.8
178.2
13.5
854
258
3849
602

Flows

kac-fthyr
00
692
892
38.9
108.2

Unit Area Fluxas
Flow

miyr

3
Units
dcigs
faet
faet
fest
percent of collected
fi2iday
infyr
infyr
ppb
miyr
feet
feet
Laad Cone
kgfyr pph
TTTh 54
247 10
8022 48
o 0
b B]
3022 LY
8022 48
Load Canc Flowr
kgfyr ppb infday
8022 48 1.63
TEE 20 0.37
8780 43 1.99
o 0 0.00
400 a0 0132
9180 42 212
o 0 016
2874 24 1.14
837 20 0.3
061 20 0,46
854 10 0.82
S452
Load Conc
kalyr Fpb
G 0
854 10
854 10
961 20
1815 14

151
34
185
0.0
1.2
187
1.5
10.5
28
43
78

Table 10

Load

gfm2-yr

0.718
0.063
0.736
0.000
0.036
0.822
0.000
0.257
0.0587
.085
QLO7E
0.458



Performance Sensitivity to Settling Rate

Actual Discharges to WCA
P Setting Surface Discharge Total Discharge

Wetland Rate Flow Load Conc Leoad Flow Load Conc Load
Prototype miyr kac-ftfyr kalyr ppb Reduc, kac-ftfyr kalyr ppb Reduc,
Water Management Scenario 1 Design Area = 2500 acres

STA 10.2 B3.7 1694 18 89% 118.0 2765 19 55%
ENR 20 83.7 1028 10 B3% 118.0 1888 13 69%
WCAZA-South 30 83.7 555 5 1% 119.0 1245 B a0y
Water Management Scenario 2 Design Area = 1460 acres

STA 10.2 38.4 042 21 T8% 57.0 1450 21 G665
EMNE 20 36.4 448 10 389% 57.0 956 14 T7%
WCAZ2A-South 30 36.4 218 3 95% af .0 707 10 83%
Water Management Scenario 3 Design Area = 2760 acres

STA 10.2 69 2 17493 21 TBY% 108. 2 2754 21 B6%%
ENR 20 69.2 854 10 E9% 108.2 1815 14 TV %
WICAZA-South 30 692 416 5 95% 108 2 1343 10 83%

Nominal designs sized to meat 10 ppb with ENR settling rate {20 miyr).
Total discharge includes groundwater seepage to WA at a8 maximum concentration of 20 ppb.




Treatment Area Regquirements

for Locations Adjacent to WCA-3A

Settling

Wetland Rate Target Outflow Conc {ppb)
Prototype miyr 30 20 10
Water Management Scenario 1

STA 10.2 534 2342 7183
ENR 20 287 1182 3111
WCAZA-Sauth 30 188 794 1878
Whater Management Scenario 2

STA 0.2 890 1861 4478
ENR 20 478 8950 1643
WICAZA-South 30 3258 B34 1238
Water Management Scenario 3

S5TA 10.2 1687 A527 B486
ENR 20 S0E 1800 2683
WCAZA-Sauth 30 581G 1201 2345

Trestment Areas in Acres

Table 12
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Buffer Cell Schematic
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Seepage Rates vs. Buffer Water Depth
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Figure 5

SFWMD (1995)
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58 Monthly Flow (kac-ft}

5154 Monthly Flow (kac-ft)
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Turbidity Plume in C11 Canal
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59 Phasphorus Concentrations vs. Time & Flow
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Cumulative Frequency Distributions of $9 Daily Flow & Phosphorus Load
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Schematic for C11-W Mass-Balance Calculations
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Water- & Mass-Balance Terms vs. Surface Area
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Qutflow Concentration vs. Area & Settling Rate

Water Management Scenario: 1
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Qutflow Concentration vs. Area & Settling Rate

Water Management Scenario:
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Qutflow Concentration vs. Area & Settling Rate

Water Management Scenario:
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Figure 17

Performance Sensitivity to Model Input Values
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Figure 19

Hydraulic Capacity of Treatment Area
Width = 0.5 Miles
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Figure 20

Hydraulic Capacity of Treatment Area
Width = 1 Mile
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