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Executive Summary

The Dynamic Model for Stormwater Treatment Areas (DMSTA) has been calibrated and
tested for numerous datasets located south of the Lake Okeechobee Watershed (LOW). This
memorandum has been prepared because of the interest in applying the model for
designing stormwater treatment areas (STAs) in the LOW north of the Lake and reservoirs
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in South and Central Florida. A reservoir component of the DMSTA has not previously been
calibrated with Florida data. This memorandum describes the first effort to calibrate
DMSTA for storage and flow-equalization basins. Results of calibrations to data from
treatment wetlands and lake/reservoir datasets located north of the Lake are summarized in
this document and at http:/ /www.wwwalker.net/dmsta/ws. Key findings include the
following:

e Calibrated K values for the treatment wetland sites were within the range of
estimated values (10 - 20 m/yr) from other DMSTA emergent marsh platforms. This
suggests that the DMSTA model can be used for STA design north of Lake
Okeechobee for inflow TP concentrations as high as 300 parts per billion (ppb).
Model parameter values of Co =4 ppb, C; =22 ppb, and K =16 m/yr (i.e. the Boney
Marsh emergent wetland calibration) are recommended for DMSTA application in
the LOW. An alternative C; value of 66 ppb could be used in a sensitivity analysis
during design. The DMSTA model can be used for inflow concentrations up to 500
ppb if a lower K value is selected (see Exhibit 11).

e With the exception of Lake Poinsett (K =15 m/yr), the lake/reservoir platforms have
K values below the typical values for emergent marsh and treatment wetland
datasets, when calibrated with the emergent wetland model (DMSTA).

e The reservoir component of the DMSTA model provides a better fit to the lake data
than the wetland data. However, it should be noted that most of the lake/reservoir
datasets, with the possible exception of Lake Poinsett, were of limited use for
calibration due to high hydraulic loads that make the simulations insensitive to the
second order rate constant value (K»). A K value of 0.1 yr'ppb-! reported for
reservoirs and wet detention ponds outside Florida (Walker, 1985) provides a
reasonable fit to Florida lake data and is recommended for interim reservoir TP
performance estimates in the LOW. Additional datasets are needed to further test
and calibrate the reservoir model.

e Additional data collection and analysis is recommended to adapt the use of the
DMSTA wetland algorithms as a reservoir design tool. Most of the lake/reservoir
datasets are of limited use for model testing because of high hydraulic loads and
limited depth information. The potential effects of startup phenomena in treatment
wetland datasets must also be considered during calibration and model testing.

Introduction

The DMSTA has been calibrated and tested against data from approximately 70 datasets
derived from experimental platforms, field-scale test facilities, and full-scale treatment
wetlands primarily located south of Lake Okeechobee. These data represent a variety of
spatial scales, vegetation types, hydraulic regimes, and concentration regimes. This
memorandum summarizes calibrations to additional data from lakes and treatment
wetlands north of the Lake. This effort has been undertaken because of the interest in
applying the model for designing treatment areas in the LOW and in applying it to
reservoirs with depths that extend over wider ranges, as compared with previous DMSTA
calibration platforms. It is also consistent with the current focus on data from full-scale
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systems, as opposed to experimental mesocosms or test cells, as a basis for calibrating and
refining the model.

This memorandum presents a background discussion of the DMSTA model, a summary of
existing and new calibration efforts, and conclusions and recommendations regarding the
use of DMSTA for reservoir and Stormwater Treatment Area (STA) design within the LOW.

Dynamic Model for Stormwater Treatment Areas (DMSTA)-

The DMSTA model has been prepared to provide a single platform for estimating the
performance of a variety of treatment wetland options, including wetlands dominated by
emergent macrophytes (classic STA), submerged aquatic vegetation (SAV), periphytic algae
(PSTA), and an SAV/PSTA combination referred to as a non-emergent wetland system
(NEWS). This model provides an extremely flexible set of options for parameter selection,
water balance issues, water flows and internal hydraulics, and cell configurations. The
DMSTA model offers the following factors that are not included in previous generations of
wetland design tools:

. Temporal Variations in Inflow Volume, Load, Rainfall, and ET

. Hydraulic Compartments (Cells, Internal Levees for Flow Redistribution)
. Hydraulic Efficiency (Number of Stirred Tanks in Series)

o Cell Aspect Ratio (Length/Width)

. Water Level Regulation

o Outflow Regulation (Discharge vs. Water Level)

. Compartmentalization of Biological Communities

o Dry-Out Frequency and Supplemental Water Needs

o Bypass Frequency, Quantity, and Quality

. Seepage Collection and Management

The phosphorus component of the DMSTA model structure is summarized in Exhibit 1.

Where:
State Variables
M Water Column P Storage mg/m?
S Temporary P Storage in Biota, etc. mg/m?2
V4 Water Column Mean Depth m

1 This section has been adapted from the web site hosted by W.W. Walker (http://wwwalker.net/dmsta/index.htm)
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Driving Variables

L P Load, Including Atmospheric Deposition mg/m?2/yr
Q Outflow m/yr

Water Column

L Mass =M QC
I Conc=C=M/Z >
F; K, SC K, S?

Biomass P Storage
S

Unit Area Storage & Fluxes
Concs in mg/m 3
Fluxes in mg/m 2 -yr K;S

Storage in mg/m 2
Fz = MIn(1,Z/Zx)

EXHIBIT 1
DMSTA Phosphorus Cycling Model Construction

Parameter Values

Ky Maximum Uptake Rate m3/mg-yr
K> Recycle Rate m?2/mg-yr
Ks Burial Rate 1/yr

For one completely-stirred tank reactor (CSTR) at steady-state and Fz =1 (depth multiplier
for gross uptake), mass balance equations are:

Storage: KiC=K;S+Ks [1]
Overall: L-QC=K3S [2]
For parameter estimation, the model coefficients can be expressed as follows:
K Net Settling Rate at Steady State m/yr
Co Water Column Concentration at S =0 mg/m3

G Water Column Concentration atS=1000 mg/m3
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In long term steady-state conditions the above can be expressed as follows:

C=(L+KG)/(K+Q) (3]
S=1000(C-Co)/ (Ci-Co) [4]
K=Ks;K; /Ky (5]

A list of the DMSTA input data requirements includes the following:

. Morphometry (Length, Width, Area, Cell Configuration)
. Hydraulic Efficiency (Number of Stirred Tanks in Series)
. Daily Time Series:

o Inflow and Outflow Volume

o Inflow and Outflow Conc.

o Mean Depth

o Rainfall

@ Evapotranspiration
o Descriptive Data:

o Seepage Rates

o Community Description

o P Storage (metadata: macrophytes, periphyton, soil)

General Calibration Procedure

The DMSTA phosphorus cycling model contains three primary parameters that require
calibration to each vegetation type. Two parameters (Co, C1) define the effective
concentration range and scale of biomass P storage. Co defines the water column P
concentration when there is no P stored in the system biomass. C; is the water column P
concentration when the P stored in the biomass is 1,000 milligrams per cubic meter
(mg/m3). These are calibrated using biomass P and water column P data from several
systems. The parameter (K) reflects the first-order removal rate at steady state and is
calibrated to outflow concentration time series. A fourth, secondary parameter (Z) reflects
the apparent dependence of phosphorus uptake on water depths. This factor has been found
to be applicable to emergent and SAV systems, but not for periphyton communities. Using
the Marquardt non-linear parameter-estimation algorithm, optimal K estimates are
developed with the residual sum of squares of log-transformed concentration data as an
objective function.

It is desirable to calibrate the model to time periods when the simulation is insensitive to the
assumed initial conditions. For a period after the start of each simulation, predicted values
for outflow concentration and storage are influenced by the initially assumed value for the

DMSTA CALIBRATION NORTH LAKE OKE.DOC 5



CALIBRATION OF DMSTA MODEL FOR USE NORTH OF LAKE OKEECHOBEE

biomass P storage, which is not typically measured. The duration of this influence varies
with dataset. Initialization of the storage term is a particular problem in systems with high
concentrations and low net P removal rates. One approach to removing this influence (taken
in many of the previous DMSTA calibrations) is to cycle through the input time series
several times. The procedure assumes that P storage levels at the beginning and end of the
simulated period are in the same range. This assumption is inappropriate if there is a
significant increasing or decreasing trend in the inflow concentration or load time series.
Such trends are present in several of the time series. An alternative approach is to run the
model for a sufficient time period to flush out the initial conditions before using the results
for calibration. The first N years of the input time series is simulated to initialize the storage
term and then the entire simulation is restarted. In most cases, sensitivity testing indicates
that N=5 is sufficient to flush out the initial conditions. Shorter durations are used in some
cases, depending upon the total length of the dataset, presence of concentration or load
trends in the time series, and results of sensitivity testing.

The calibration period is further adjusted to exclude periods with sparse data and to
provide an additional buffer against initial conditions. The initialization procedure assumes
that the lake or treatment area was in "stable operation" at the start of the data period (i.e.,
the storage and concentration regimes reflected the current loading regimes rather than
antecedent conditions). Since DMSTA is not designed to simulate treatment area startup
periods, the calibrations may be inaccurate for systems that are still in startup mode or with
significant trends in loading prior to the dataset period. The absence of trends in model
residuals (observed - predicted concentrations) during the model calibration period is one
indication that the simulation is not affected by initial conditions.

Daily time series data used for model calibration include:

o Inflow and Outflow Volume

. Depth

. Velocity

. Inflow Concentration (flow-weighted, un-weighted)
. Outflow Load (using observed or predicted flows)

The DMSTA model has previously been calibrated to robust datasets representative of each
major vegetation type (STA, SAV, PSTA, and NEWS). The NEWS calibration was developed
from existing SAV and PSTA calibrations to facilitate the community shift that has been
observed over a concentration range of 20 to 10 parts per billion (ppb). Additional model
testing has been performed with a wide range of empirical datasets. These systems include
various existing STAs, portions of STAs dominated by SAV, and experimental STA, SAV,
and PSTA mesocosms. Exhibits 2 through 4 summarize these systems by their predominant
vegetation type; emergent macrophytes, submerged aquatic vegetation, and periphyton,
respectively. The number of tanks-in-series, hydraulic load, P load, inflow P concentration,
outflow P concentration (flow-weighted and geometric mean), depth, surface area, and first-
order, area-based rate constant (K) are summarized in each exhibit.

DMSTA CALIBRATION NORTH LAKE OKE.DOC 6



EXHIBIT 2
Summary of Operational Data and DMSTA Calibrations for Wetland Treatment Systems Dominated with Emergent Macrophytes

Hydraulic Inflow Outflow Outflow K Std.
Calibration Dates TIS Load PLoad Conc Conc Conc Depth Area CalcK  Error
Q-Wtd Geo Mn
Data Set First Last -- cm/d mg/m®-yr ppb ppb ppb cm m”* m/yr m/yr
Boney_Marsh 01/01/82 12/31/85 6.0 2.0 428 59 19 19 46.8 485872 15.7 1.3
Cell-1 06/01/96 2/28/99 3.0 2.5 550 61 36 36 67.7 4681008 5.8 1.5
Cell-2 06/01/96 7/31/99 3.0 5.2 1350 71 39 37 74.2 4138006 14.2 11
Cell-3 06/01/96 9/30/01 3.0 4.5 518 31 20 19 48.3 3478597 21.0 0.9
IronBridge 01/01/94  12/31/98 6.0 1.8 988 154 39 35 52.2 3110000 16.0 0.7
WCA2A_4 01/01/92  10/31/99 3.0 4.7 1252 73 49 49 40.8 42000000 15.7 1.2
STAOpt_5N_C 11/01/00 9/30/01 6.0 3.0 721 65 21 20 90.8 2218 12.8 0.9
STAOpt_10N_C 11/01/00 9/30/01 6.0 3.1 737 65 22 21 98.0 2218 13.3 0.8
STAopt_7N 11/01/00 9/30/01 6.0 3.1 743 65 22 22 55.2 2218 14.3 1.7
STAOpt_6N 11/01/00 9/30/01 6.0 3.5 1144 89 40 32 88.9 2218 11.9 2.4
STAOpt_8N 11/01/00 9/30/01 6.0 3.1 730 65 18 18 52.7 2218 22.6 2.3
STAOpt_9N 11/01/00 9/30/01 6.0 34 1095 89 33 28 925 2218 23.9 2.6
PSTC_1_PE 10/01/99 3/1/00 2.6 3.8 292 21 15 15 65.5 2240 16.2 2.0
PSTC_4_PE 09/01/00 3/27/01 2.6 5.4 404 20 20 19 321 2240 6.8 5.2
MD_N3_EMER_C 03/01/00 2/28/01 1.3 2.6 740 78 27 23 39.9 5.9 371 3.6
MD_N4_EMER_DO 03/01/00 2/28/01 1.3 2.3 690 83 37 34 33.0 5.9 11.4 2.2
MD_S3_EMER_C 10/01/00 2/28/01 1.3 2.6 190 20 13 13 39.9 5.9 32.6 1.8
MD_S4_EMER_DO 10/01/00 2/28/01 1.3 2.8 201 20 12 11 39.8 5.9 40.6 3.7
Mean 3.9 3.3 710 63 27 25 58.8 3217294 18.4 2.0
Median 3.0 3.1 725 65 22 21 525 2218 15.7 1.8
Max 6.0 5.4 1350 154 49 49 98.0 42000000 40.6 5.2
Min 1.3 1.8 190 20 12 11 321 6 5.8 0.7
Standard Deviaton 2.0 1.1 348 33 11 10 21.8 9818129 9.7 1.2
Count 18 18 18 18 18 18 18 18 18 18
Dataset Descriptions
Boney_Marsh Boney Marsh
Cell-1 ENRP Cell 1
Cell-2 ENRP Cell 2 - Depths Forced
Cell-3 ENRP Cell 3
IronBridge Iron Bridge - Outlet Station = average of MM7 & MM8
WCA2A_4 WCAZ2A South of S10's - First 4 Km; Calibrated to 1993-1999 Data
STAOpt_5N_C STA Optimization test cells 05 North (Control)
STAOpt_10N_C STA Optimization test cells 10 North (Control HLR)
STAopt_7N STA Optimization test cells 07 North (Low HLR - Then Pulsed)
STAOpt_6N STA Optimization test cells 06 North (High HLR - Then Pulsed)
STAOpt_8N STA Optimization test cells 08 North (Low HLR - Then Pulsed)
STAOpt_9N STA Optimization test cells 09 North (High HLR - Then Pulsed)
PSTC_1_PE PSTA Research, TMT = PSTC_1_4, UNIT = STC 13, Substrate = PE
PSTC_4_PE PSTA Research, TMT = PSTC_4, UNIT = STC 13, Substrate = Peat, After CaOH addition
MD_N3_EMER_C Macrophyte Dryout Study - North 3 - Emergent Control
MD_N4_EMER_DO Macrophyte Dryout Study - North 4 - Emergent Dryout
MD_S3_EMER_C Macrophyte Dryout Study - South 3 - Emergent Control

MD_S4_EMER_DO Macrophyte Dryout Study - South 4 - Emergent DryOut



EXHIBIT 3

Summary of Operational Data and DMSTA Calibrations for Wetland Treatment Systems Dominated with Submerged Aquatic Vegetation

Hydraulic Inflow Outflow Outflow K Std.
Calibration Dates TIS Load PLoad Conc Conc Conc Depth Area CalcK  Error
Q-Wtd Geo Mn

Data Set First Last - cm/d mg/m*-yr ppb ppb ppb cm m* m/yr m/yr
Cell-4 06/01/96  10/1/00 21 13.6 2477 50 21 18 66.3 1470000 71.9 2.7
SAV_NTC1 09/01/00  5/31/01 4.2 11.9 2194 51 16 16 71.2 2468 58.3 4.0
SAV_NTC15A 04/01/01  9/15/01 1.9 19.9 6468 89 31 29 62.0 2352 50.4 3.0
SAV_STC4 06/15/01  9/21/01 5.8 5.7 781 37 24 24 30.0 2474 35.6 4.8
SAV_STC9A 06/15/01  9/21/01 5.5 71 966 37 19 19 45.0 2180 29.7 24
SAV_Hi_Pulsed 02/01/00  11/22/00 1.3 58.1 20462 96 51 64 78.6 3.72 135.1 18.3
SAV_Mod_Pulsed 02/01/00  11/22/00 1.3 25.2 8880 96 35 41 78.6 3.72 132.7 121
SAV_Low_Pulsed 02/01/00  11/22/00 1.3 121 4247 96 24 31 78.6 3.72 91.1 6.8
SAV_High_Steady 06/01/99  5/22/01 1.3 53.2 19819 102 56 53 80.0 3.72 160.7 8.7
SAV_Mod_Steady 06/01/99  5/22/01 1.3 22.0 7989 99 35 32 80.0 3.72 147.5 6.1
SAV_Low_Steady 06/01/99  5/22/01 1.3 11.0 4408 110 29 28 80.0 3.72 99.6 35
SAV_L3 10/01/99  6/30/01 1.3 11.0 3947 98 30 27 80.0 1.74 90.7 5.6
SAV_S3 10/01/99  6/30/01 1.3 53.0 19015 98 68 61 80.0 1.74 135.0 13.0
SAV_Shallow 04/01/00  11/6/00 1.3 10.0 3535 97 43 40 48.4 1.74 90.7 8.9
SAV_ModDepth 04/01/00  6/12/01 1.3 10.0 3028 83 29 28 80.0 1.74 83.4 3.7
SAV_Deep 04/01/00  11/6/00 1.3 10.0 3924 107 35 35 95.5 1.74 78.6 4.7
SAV_limerock 11/01/00  11/20/01 3.0 7.5 671 25 15 14 40.0 0.022 39.7 4.3
SAV_Peat 11/01/00  11/20/01 3.0 7.5 671 25 13 13 40.0 0.022 49.8 3.7
SAV_sand 11/01/00  11/20/01 3.0 7.5 671 25 15 14 40.0 0.022 37.9 2.0
MD_N1_SAV_C 03/01/00  2/28/01 1.3 26 742 78 25 25 39.9 59 27.0 1.7
MD_N2_SAV_DO 03/01/00  2/28/01 1.3 23 691 83 26 21 33.0 59 36.2 5.0
MD_S1_SAV_C 11/01/00  2/28/01 1.3 2.6 185 19 8 8 39.9 5.9 55.5 2.6
MD_S2_SAV_DO 11/01/00  2/28/01 1.3 2.6 185 20 12 12 40.0 5.9 234 1.8
Mean 21 15.9 5042 70 29 28 61.2 64327 76.5 5.6
Median 1.3 10.0 3028 83 26 27 66.3 3.72 71.9 4.3
Max 5.8 58.1 20462 110 68 64 95.5 1470000 160.7 18.3
Min 1.3 2.3 185 19 8 8 30.0 0.02 234 1.7
Standard Deviaton 14 16.5 6317 33 15 15 20.5 306427 42.2 41
Count 23 23 23 23 23 23 23 23 23 23

Dataset Descriptions

Cell-4

SAV_NTC1
SAV_NTC15A
SAV_STC4
SAV_STC9A
SAV_Hi_Pulsed
SAV_Mod_Pulsed
SAV_Low_Pulsed
SAV_High_Steady
SAV_Mod_Steady
SAV_Low_Steady
SAV_L3

SAV_S3
SAV_Shallow
SAV_ModDepth
SAV_Deep
SAV_limerock
SAV_Peat
SAV_sand
MD_N1_SAV_C
MD_N2_SAV_DO
MD_S1_SAV_C
MD_S2_SAV_DO

ENRP Cell 4 (SAV) - Depths Forced - Calibrated thru Sept 2000

North Test Cell 1 - SAV (no limerock berm); composite sampling after 6/23/00; calib pd ended june 2001 (duckweed infestation)
SAV North Test Cell 15 - Limerock Berm installed spring 2000; sampled above berm

SAV South Test Cell 4 - No Limerock Berm

SAV South Test Cell 9 - Limerock Berm installed spring 2000; sampled above berm

SAV Mesocosm Hi Hydraulic Load (~53 cm/d); steady then pulsed

SAV Mesocosm Moderate Hydraulic Load (~22 cm/d); steady then pulsed

SAV Mesocosm Low Hydraulic Load (~11 cm/d); steady then pulsed

SAV Mesocosm High Hydraulic Load (~53 cm/d); steady flow

SAV Mesocosm Moderate Hydraulic Load (~22 cm/d); steady flow

SAV Mesocosm Low Hydraulic Load (~11 cm/d); steady flow

SAV Mesocosm, Depth = 80 cm, HLR = 11 cm/day, harvested & restarted 2/1/99

SAV Mesocosm, Depth = 80 cm, HLR = 53 cm/day, harvested 2/1/99 then restarted

SAV Shallow (40 cm) Mesocosm NATT site - SAV; Fixed Depth (40 cm) then Variable (10-80 cm); biomass harvested in nov 199, then returned to tank
SAV Moderate Depth (80 cm) Mesocosm; Fixed Depth; biomass harvested in nov 1999, then returned to tank

SAV Deep (120 cm) Mesocosm at North Test Site; Fixed Depth (120 cm) Then Variable (40 - 120 cm);biomass harvested nov 1999, then returned to tank
SAV Substrate Experiment, ENR South Test Site, Limerock Substrate

SAV Substrate Experiment, ENR South Test Site, Peat Substrate

SAV Substrate Experiments, ENR South Test Site, Sand Substrate

Macrophyte Dryout Study - North 1 - Submergent Control

Macrophyte Dryout Study - North 2 - Submergent DryOut

Macrophyte Dryout Study - South 1 - Submergent Control

Macrophyte Dryout Study - South 2 - Submergent DryOut



EXHIBIT 4
Summary of Operational Data and DMSTA Calibrations for Wetland Treatment Systems Dominated with Periphytic Algae

Hydraulic Inflow Outflow Outflow K Std.
Calibration Dates TIS Load PLoad Conc Conc Conc Depth Area Calc K  Error
Q-Wtd Geo Mn
Data Set First Last - cm/d mg/m’-yr ppb ppb ppb cm m* m/yr m/yr
PSTC_2 5 SR 10/01/99 3/27/01 3.5 5.4 428 22 12 12 37.4 2240 23.6 1.3
C111_E2 08/01/99  12/31/00 2.0 10.6 266 7 8 6 10.2 3757600 20.5 12.7
C111_W2 08/01/99  12/31/00 6.0 6.3 158 7 6 6 15.5 14168000 26.1 6.4
Raceway_im 01/01/99  11/28/00 6.0 30.1 2477 23 16 14 9.0 6.645 40.3 41
Raceway_mo 01/01/99 11/28/00 6.0 30.1 1733 16 13 11 9.0 6.645 41.9 2.7
PSTC_2_SR 10/01/99 3/31/00 3.5 53 389 20 12 12 54.1 2240 22.6 1.3
PSTC_3_6_SR 10/01/99 3/27/01 5.3 4.2 349 23 16 16 30.2 2240 12.2 2.0
PP_6_SR 10/01/99 3/31/00 1.5 4.6 419 25 15 14 33.3 6 19.5 11
PP_16_SR 05/20/00 10/2/00 15 16.8 1487 24 17 17 35.6 6 19.6 3.3
PP_4 SR 10/01/99 10/2/00 1.5 8.3 767 25 14 14 37.0 6 25.9 1.4
PP_2 2B_SR 10/01/99 1/31/00 1.5 7.6 517 19 13 13 65.1 6 26.4 2.8
PP_5 SR 10/01/99 3/21/00 1.5 17.9 1582 24 16 16 53.7 6 35.1 2.7
PP_15_SR 07/01/00 10/2/00 15 7.8 649 23 14 14 34.6 6 30.2 5.5
PP_10_SR 10/01/99 3/31/00 1.5 8.8 786 24 15 14 64.2 6 26.6 1.6
PP_11_SR 10/01/99 10/2/00 1.5 8.6 790 25 17 17 34.2 18 15.9 1.2
PP_14_LR 07/01/00 10/2/00 1.5 8.6 722 23 13 13 31.3 6 28.1 4.3
PP_7_SA 10/01/99 10/2/00 15 8.2 747 25 15 15 37.0 6 22.4 1.4
PP_8 SA 10/01/99 2/1/00 1.5 7.7 533 19 16 16 70.1 6 14.3 23
PP_17_SA 07/01/00 10/2/00 1.5 7.6 634 23 11 11 33.0 6 37.7 5.0
PP_3_PE 10/01/99 10/2/00 1.5 8.2 752 25 17 17 31.0 6 17.7 1.3
PP_9 PE 10/01/99 3/31/00 15 9.3 837 25 20 19 63.9 6 13.7 21
PP_12_PE 10/01/99 10/2/00 1.5 8.5 781 25 18 18 34.4 18 13.8 1.1
PP_13_PE 07/01/00 10/2/00 1.5 8.6 732 23 15 14 34.2 6 234 6.6
PP_1_1B_PE 10/01/99 3/1/00 1.5 6.5 440 19 13 14 64.7 6 21.8 2.2
PP_18_NO 07/01/00 10/2/00 15 7.8 666 23 13 13 32.8 6 245 4.2
PP_19_NO 07/01/00 10/2/00 1.5 8.4 703 23 11 11 33.5 6 40.9 7.0
SAV_S A 11/01/98 3/2/99 1.3 20.0 1005 14 11 11 65.0 1.74 31.9 3.1
Mean 23 10.4 791 21 14 14 39.0 664166 251 3.4
Median 1.5 8.3 722 23 14 14 34.4 6.00 23.6 27
Max 6.0 30.1 2477 25 20 19 70.1 14168000 41.9 12.7
Min 1.3 4.2 158 7 6 6 9.0 1.74 12.2 11
Standard Deviaton 1.6 6.8 501 5 3 3 17.9 2793823 8.6 26
Count 27 27 27 27 27 27 27 27 27 27
Dataset Descriptions
PSTC_2 5_SR PSTA Research, TMT = PSTC_2_5, UNIT = STC 8, Substrate = SR
C111_E2 C111 - Periphyton Area - East Transect - Inflow from E1/W1
C111_W2 C111 - Periphyton Area - West Transect - Inflows from E1/W1
Raceway_im SAV/PSTA Low-Velocity Raceway, South Test Site; Inflow to Midpoint
Raceway_mo SAV/PSTA Low-Velocity Raceway, South Test Site; Midpoint to Outflow
PSTC_2_SR PSTA Research, TMT = PSTC_2, UNIT = STC 8, Substrate = SR
PSTC_3 6_SR PSTA Research, TMT = PSTC_3_6, UNIT = STC 3, Substrate = SR
PP_6_SR PSTA Research, TMT = PP_6, UNIT = PORTA 1, 6, 15, Substrate = SR
PP_16_SR PSTA Research, TMT = PP_16, UNIT = PORTA 1, 6, 15, Substrate = SR, After Dryout
PP_4_SR PSTA Research, TMT = PP_4, UNIT = PORTA 3, 5, 10, Substrate = SR
PP_2 2B SR PSTA Research, TMT = PP_2_, UNIT = PORTA 4, 7, 8, Substrate = SR
PP_5_SR PSTA Research, TMT = PP_5, UNIT = PORTA 2, 13, 16, Substrate = SR, Not Recirculated
PP_15_SR PSTA Research, TMT = PP_15, UNIT = PORTA 2, 13, 16, Substrate = SR - Recirculated
PP_10_SR PSTA Research, TMT = PP_10, UNIT = PORTA 22, Substrate = SR
PP_11_SR PSTA Research, TMT = PP_11, UNIT = PORTA 23, Substrate = SR
PP_14_LR PSTA Research, TMT = PP_14, UNIT = PORTA 4, 7, 8, Substrate = LimeRock
PP_7_SA PSTA Research, TMT = PP_7, UNIT = PORTA 19, Substrate = SA
PP_8_SA PSTA Research, TMT = PP_8, UNIT = PORTA 20, Substrate = SA
PP_17_SA PSTA Research, TMT = PP_17, UNIT = PORTA 20, Substrate = SA, Acid Washed
PP_3_PE PSTA Research, TMT = PP_3, UNIT = PORTA 12, 14, 17, Substrate = PE
PP_9_PE PSTA Research, TMT = PP_9 UNIT = PORTA 21, Substrate = PE
PP_12_PE PSTA Research, TMT = PP_12, UNIT = PORTA 24, Substrate = PE
PP_13_PE PSTA Research, TMT = PP_1B, UNIT = PORTA 9, 11, 18, Substrate = Peat, after CaOH Amendment
PP_1_1B_PE PSTA Research, TMT = PP_1, UNIT = PORTA 9, 11, 18, Substrate = PE
PP_18_NO PSTA Research, TMT = PP_18, UNIT = PORTA 21, Substrate = Nothing (peat removed)
PP_19_NO PSTA Research, TMT = PP_19, UNIT = PORTA 22, Substrate = None (SR removed)

SAV_S A SAV Mesocosm, ENR South Test Site, Depth = 65 cm, HLR = 20 cm/day, above limerock column
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Average inflow and flow-weighted outflow TP concentrations for the emergent dominated
systems were 63 and 27 ng/L (Exhibit 2). Median TP inflow and outflow concentrations
were 65 and 22 pg/L. The range of average inlet TP was from 20 to 154 ng/L with the
maximum from Iron Bridge. The range of average outlet TP was from 12 to 49 pg/L with the
minimum from MD_S4_EMER_DO (Macrophyte dry-out study, South Test Cell 4). The first-
order, area based rate constant (K) ranged from 5.8 to 40.6 m/yr with an average of 18.4

m/yr.

The SAV dominated system (Exhibit 3) average TP inflow and outflow concentrations were
70 and 29 pg/L. Median TP inflow and outflow concentrations were 83 and 26 ug/L. The
range of average inlet TP was from 19 to 110 pg/L with the maximum from an SAV
mesocosm (SAV_Low_Steady). The range of average outlet TP was from 8 to 68 ug/L with
the minimum from MD_S1_SAV_C (SAV Mesocosm, ENR South Test Site). The K range was
from 23.4 to 161 m/yr with an average of 76.5 m/yr.

Average inflow and outflow TP concentrations for the PSTA dominated systems were 21
and 14 pg/L (Exhibit 4). Median TP inflow and outflow concentrations were 23 and 14
ng/L. The range of average inlet TP was from 7 to 25 ng/L with the maximum from several
of the PSTA mesocosms (PP_6_SR, PP_4_SR, PP_11_SR, PP_7_SA, PP_3_PE, PP_9_PE, and
PP_12_PE). The range of average outlet TP was from 6 to 20 pg/L with the minimum from
C111_W2 (C111 - Periphyton Area - West Transect - Inflows from E1/W1). The K range was
from 12.2 to 41.9 m/yr with an average of 25.1 m/yr.

Exhibits 5 through 7 summarize the observed relationship between the area-based rate
constant (K) and hydraulic loading rate, inflow P load, and water depth. Inlet I’ loading
versus K produced the best fit when a simple regression equation was fitted to the data
(coefficient of variation [R?] of 0.50). P loads ranged from 0.16 to 20.5 g/m?2/yr resulting in
an estimated K from 5.8 to 161 m/yr. Hydraulic loading versus K resulted in a R? of 0.41 for
loading rates from 1.8 to 58 cm/d. Water depth versus K exhibited a poor fit with an R2 of
0.04 for water depths from 9.0 to 98 cm.

Description of Calibration Datasets

Treatment wetland (Lakeland, Orlando Easterly, and Titusville) and lake (Harney, Hell'n
Blazes, Poinsett, and Sawgrass) data sets were compiled for this calibration effort. These
sites were selected based upon the availability of data and geographic location. Exhibit 8
summarizes information regarding the source, frequency, and period of record for the
available data from each site. A description of the sites and the available data is provided
below. Detailed data are provided in Appendix A. Exhibit 9 shows the approximate location
of each site relative to the LOW.

Three previous DMSTA calibrations from Boney Marsh (treatment wetland), Lake
Okeechobee, and Lake Istokpoga are also presented in this document. Information
regarding the origin and quality of input data for these sites has been presented in other
DMSTA documentation (Walker and Kadlec, 2003).
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City of Lakeland Wetland Treatment System

The City of Lakeland Wetland Treatment System is a 1,400-acre site consisting of 7 cells. The
wetland was created from former phosphate mine clay settling ponds. Cells 1 through 4 are
shrub and emergent marsh wetlands. Cell 5 includes emergent marsh, but is primarily a
shallow lake. Cells 6 and 7 are deep lakes with considerable water hyacinth coverage. The
Lakeland site receives up to 12 million gallons per day (mgd) of treated municipal effluent
from the Glendale Wastewater Treatment Plant. Daily inflow and outflow measurements
are available for the period from January 1, 1993 through October 24, 1999. Phosphorus data
are available approximately 3 to 5 times each week for the same period. Influent flow rates
ranged from 2.31 to 30.6 mgd, and averaged 9.53 mgd. Effluent flow rates ranged from 0 to
35.9 mgd, and averaged 8.32 mgd. The influent P concentration ranged from 0.60 to 20.7
mg/L, and averaged 5.08 mg/L. Effluent P ranged from 0.60 to 6.70 mg/L, and averaged
3.03 mg/L.

Orlando Easterly Wetland

The 1,200-acre Orlando Easterly Wetlands (OEW) began operation in 1987, and polishes
advanced treated municipal effluent from the City of Orlando’s Iron Bridge Water
Reclamation Facility. The OEW is sub-divided into 17 cells ranging in size from 14 to 186
acres. Daily inflow and outflow rates and P concentrations are available from January 1,
1988 through August 8, 2003.

Influent flow rates ranged from 0 to 30.2 mgd, and averaged 14.7 mgd. Effluent flow rates
ranged from 0 to 62.8 mgd, and averaged 14.4 mgd. The influent P concentration ranged
from 0.01 to 3.30 mg/L, and averaged 0.28 mg/L. Effluent P ranged from 0.005 to 0.53

mg/L, and averaged 0.06 mg/L.

City of Titusville, Blue Heron Wetland Treatment System

The Blue Heron Wetland Treatment System (BHWTS) is located in Brevard County and
receives treated municipal effluent from the City of Titusville’s Blue Heron Water
Reclamation Plant. The BHWTS consists of 7 cells, with a total area of approximately 277
acres. Daily effluent flow rates are available from January 1, 1997 through April 22, 2003.
Influent flow rates were not provided and are assumed equal to effluent flow rates.
Phosphorus samples were collected weekly during the same period of record.

Reported effluent flow rates ranged from 0 to 12.5 mgd, and averaged 1.50 mgd. The
influent P concentration ranged from 0.01 to 3.38 mg/L, and averaged 0.29 mg/L. Effluent P
ranged from 0.01 to 0.60 mg/L, and averaged 0.06 mg/L.

Lake Harney

Lake Harney is located in Seminole County and is approximately 6,060 acres in size. Daily
inflow rates are available from a USGS gauging station (02234000; St. John's River above
Lake Harney near Geneva, FL) for the period from October 1, 1981 through September 30,
1999. Outflow rates were assumed equivalent to measured inflow rates. Available paired
stage discharge measurements (n = 181) were used to synthesize daily stage data. Daily
stage values were calculated from a regression curve (Stage = 464*[Discharge in cfs]'-2!, r2 =
0.89) fit to the paired data. Estimated lake stages were converted to water column depths
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based on measured depths reported from July 1993 by Florida Lakewatch (1997).
Phosphorus data were collected no more frequently than once per month between October
1981 and December 1998. Inflow P’ data were compiled from five STORET stations (SJ02,
3SJR10020, 0223400, 40106, and SJ27). Outflow P data were compiled from two STORET
stations (20010482 and SJ04).

Reported influent flow rates ranged from 35.6 to 6,390 mgd, and averaged 1,240 mgd.
Estimated lake depths ranged from 3.65 to 13.6 feet, and averaged 6.26 feet. The influent P
concentration ranged from 0.01 to 0.59 mg/L, and averaged 0.08 mg/L. Effluent P ranged
from 0.01 to 0.32 mg/L, and averaged 0.08 mg/L.

Lake Hell’n Blazes

Lake Hell'n Blazes is located in Brevard County and is about 380 acres in size. Daily flow
rates are not available at the site, but are available from a USGS gauging station located
downstream from Sawgrass Lake (02232000; St. John’s River near Melbourne, FL) for the
period from October 1, 1970 through September 30, 1999. Inflow and outflow rates were
assumed to be the same as measured outflows from Sawgrass Lake. Available paired stage
discharge measurements (n = 1,060) were used to fill in gaps in the daily stage data. Daily
stage values were calculated from a regression curve (Stage = 13.15 + 0.00204*[Discharge in
cfs]05, 12 = 0.92) fit to the paired data. Estimated lake stages were converted to water column
depths based on measured depths reported on September 25, 1995 (Brenner, 1997).
Phosphorus data were collected monthly to quarterly between December 1979 and January
2001.

Estimated inflow and outflow rates ranged from 0 to 3,420 mgd, and averaged 390 mgd.
Estimated lake depths ranged from 2.35 to 9.70 feet, and averaged 4.46 feet. The influent P
concentration ranged from 0.02 to 0.62 mg/L, and averaged 0.15 mg/L. Effluent P ranged
from 0.01 to 0.70 mg/L, and averaged 0.13 mg/L.

Lake Poinsett

Lake Poinsett is located in Brevard, Orange, and Osceola Counties and is approximately
4,330 acres in size. Daily outflow rates are available from a USGS gauging station (02232400;
St. John's River near Cocoa, FL) for the period from October 1, 1953 through September 30,
1999. Inflow rates were assumed equivalent to measured outflow rates. Available paired
stage discharge measurements (n = 181) were used to synthesize daily stage data. Daily
stage values were calculated from a regression curve (Stage = 611*[Discharge in cfs]01, r2 =
0.90) fit to the paired data. Estimated lake stages were converted to water column depths
based on measured depths reported from July 1993 by Florida Lakewatch (1997).
Phosphorus data were collected no more frequently than once per month between July 1969
and December 1998. Inflow P data were compiled from three STORET stations (35JR10014,
GFCCRO0169, and LPI). Outflow P data were compiled from six STORET stations (2232400,
20010655, 35JR10016, GFCCR0170, LPO, and SJ18).

Reported effluent flow rates ranged from 3.62 to 6,920 mgd, and averaged 647 mgd.
Estimated lake depths ranged from 0 to 7.86 feet, and averaged 3.39 feet. The influent P
concentration ranged from 0.03 to 0.57 mg/L, and averaged 0.12 mg/L. Effluent P ranged
from 0.01 to 0.42 mg/L, and averaged 0.07 mg/L.
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Sawgrass Lake

Sawgrass Lake is located in Brevard County, just downstream from Lake Hell'n Blazes, and
is about 482 acres in size. Daily outflow rates are available from a USGS gauging station
located downstream from the lake outlet (02232000; St. John’s River near Melbourne, FL) for
the period from October 1, 1970 through September 30, 1999. Inflow and outflow rates were
assumed to be equal. Available paired stage discharge measurements (n = 969) were used to
fill in gaps in the daily stage data. Daily stage values were calculated from a regression
curve (Stage =12.73 + 0.00195*[Discharge in cfs]05, 12 = 0.96) fit to the paired data. Estimated
lake stages were converted to water column depths based on measured depths reported on
July 13, 1995 (Brenner, 1997). Phosphorus data were collected monthly to quarterly between
December 1979 and January 2001.

Estimated inflow and outflow rates ranged from 0 to 3,420 mgd, and averaged 390 mgd.
Estimated lake depths ranged from 2.82 to 9.82 feet, and averaged 4.83 feet. The influent P
concentration ranged from 0.01 to 0.57 mg/L, and averaged 0.13 mg/L. Effluent P ranged
from 0.01 to 0.40 mg/L, and averaged 0.11 mg/L.

Key Differences Between Datasets from North of Lake Okeechobee and Previous
DMSTA Calibration Datasets

Some of these additional datasets are substantially different from previous ones south of the
Lake with respect to depth regimes, water loading, vegetation types, and/or inflow
concentration regimes, all of which may influence the calibrations. While there is no specific
reason to expect that model calibrations would vary between these two regions, geographic
factors (climate, soil types) may influence the calibrations. The treatment wetland datasets
include periods with relatively high inflow concentrations (200 - 300 for Titusville, 100 - 600
ppb for OEW and 5,000 ppb for Lakeland), as compared with previous DMSTA datasets that
had average inflow P concentrations less than about 150 ppb. In general, the lake/reservoir
datasets tend to be relatively deep and dominated by phytoplankton and/or submersed
vegetation. While none of the lake/reservoir datasets are from systems that routinely
experience dryout (as expected for many of the proposed Comprehensive Everglades
Restoration Plan [CERP] reservoirs), they may be representative of periods when CERP
storage reservoirs are flooded for extended periods. All of the lake/reservoir datasets have
mean hydraulic loads that are either above or below the range expected for treatment area
cells (3 - 10 cm/day). This limits the accuracy of the calibrations and/or the utility of the
datasets as design prototypes. Two (Sawgrass, Hell'n Blazes) have extremely short
hydraulic residence times (less than 2 days) and hydraulic loads greater than 89 cm/day.
The sensitivity of the predicted outflow concentration to the P uptake calibration is low in
these cases. Additional data collection efforts are needed to develop a design basis for
reservoirs that dry out frequently and have hydraulic loading ranges that are more typical
of treatment areas and CERP reservoirs.

Calibration Results and Discussion

All the datasets described in this memorandum were evaluated with both the DMSTA
emergent wetland model and an independently-developed reservoir model that has been
added to the DMSTA excel workbook package.
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Calibrations with DMSTA Wetland Model

Daily inflow and outflow concentration time series were generated by interpolating
measured values between sampling dates using the Marquardt algorithm described above
(Bard, 1974). A regression algorithm thought to provide more accurate estimates for sparse
inflow concentration datasets was used for Lake Istokpoga (Walker and Havens, 2003).
Hydraulic model coefficients (minimum depth of flow and stage/discharge parameters)
were adjusted to match the observed depth and/or outflow volume time series. Simulated
depths were constrained to measured values in Lake Okeechobee because water levels are
regulated rather than discharge-controlled. Seepage was ignored. Atmospheric deposition
rates (insensitive) were assigned values used in other DMSTA calibrations. Two Tanks-in-
Series (TIS) were assumed for lakes/reservoirs (one for Lake Okeechobee) and six for
treatment marshes (typical of measured TIS for emergent marshes in the existing DMSTA
platforms).

The modeled period of record was based upon data density, startup/initialization
requirements, inflow concentration range, and other data quality factors. The Orlando
Easterly Wetland calibrations, for example, were developed for the entire system (Cells 1 -
17 + Lake) and for Cells 1 - 15. The latter is more homogeneous and representative of an
emergent marsh. The mean and variance of the observed OEW outflow concentration
increased dramatically around 1998, despite the fact that inflow concentrations did not
change. While the reasons for these increases are unknown, experimental manipulations
involving shutdown of the southern flow path were initiated in 1997 (University of Florida,
2001). Because of this pattern, OEW calibrations focused on the 1988 through 1997 period.
During some periods, the accuracy of the outflow concentration data was also constrained
by a high analytical detection limit (20 ppb). Similarly, datasets for the other sites we

Calibration procedures follow those previously applied to other DMSTA datasets. An
optimal estimate of the "settling rate" (K, m/yr) was derived for each platform. The K value
was selected to minimize the residual sum of squares of the log-transformed concentration
time series. The remaining P cycling parameters were fixed at those used in the existing
emergent (Boney Marsh) calibration (Co = 4 ppb, C1 = 22 ppb), as initially derived from
biomass P and water column P data. Exhibit 10 presents an index of the calibration runs and
results for the sites identified above. The index also contains notes on data limitations and
platform features that may limit the accuracy of the data or calibration and the utility of the
calibration as a basis for design. Exhibit 11 presents a graphical comparison of the
calibration results and includes plots showing the relationship between K and inflow P
concentration, hydraulic loading rate, and average depth. Detailed results for each
calibration run are attached in Appendix B. General observations from these results include
the following;:

e With the exception of Lake Poinsett (K =15 m/yr), the lake/reservoir platforms have
K values less than 6 m/yr , considerably below typical values for emergent marsh
and treatment wetland datasets (10 - 20 m/yr) north and south of the Lake.

e Calibrated K values for treatment wetlands are within the 10 - 20 m/yr range
observed in most of the other DMSTA emergent platforms at inflow P concentrations
up to approximately 300 ppb. There is some indication of a negative correlation
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e Dbetween K and inflow P (from about 15 m/yr at 100 ppb to about 10 m/yr at 300
ppb), but the pattern reflects only four independent data points (one for each
wetland). The best fit for the OEW dataset (Cells 1-15, K =15 m/yr, C; = 66 ppb)
covers an inflow concentration range of about 100 to 500 ppb, although the high
inflow P period may have been influenced by startup phenomena. This expands the
applicability range for the emergent calibration, as derived from previous DMSTA
calibration efforts, where inflow P was generally less than 150 ppb. The low K value
for Lakeland (inflow P about 5,000 ppb, K =1.3 m/yr) and unrealistically high
predicted mean storage (about 200,000 mg/m?) clearly indicate that refinements to
the model structure are needed to simulate systems in this concentration range.

e Calibrated K values are much lower in platforms with mean depths greater than 100
cm. This may be a lake versus wetland effect, as opposed to a depth effect, however.

The steady-state solution of the P cycling model indicates that predicted outflow
concentrations are independent of C; in a steady-flow system. Because it influences the P
storage or "memory" of the system, sensitivity to C; is greater in datasets with increasing or
decreasing trends in inflow concentration or load, such as OEW and Titusville. Most of the
previous DMSTA calibration platforms did not have concentration or load trends. Superior
fits of the OEW & Titusville data were obtained with a C; value higher than originally
calibrated to biomass P data (22 ppb). With C;= 22 ppb, the calibrated K values for OEW
vary from 8 m/yr in 1989-1991 to 13 m/yr in 1993-1997. Neither calibration gives an
acceptable fit of the entire 1989-1997 period. Fitting both parameters to the entire 1989-1997
time series, returns least-squares parameter estimates of C; = 66 £ 6 ppb and K=9.6 £ 0.2
m/yr. With the higher C; value, a single calibration fits the entire 1989-1997 series. A similar
pattern was observed for the OEW Cell 1-15 and Titusville datasets, using the C; value
calibrated to the OEW best fit (66 ppb). Simulations of datasets without concentration trends
(including the Boney Marsh prototype) are insensitive to C;.

While alternative C; calibrations are worth exploring, it is possible these patterns may
reflect startup phenomena in the treatment wetlands or limitations of the procedures used
to initialize the P storage term. C; values about the originally calibrated value of 22 ppb are
defensible in the context of the measured P storage in macrophyte systems if it is assumed
that a portion of the measured storage is "inactive", i.e. dead biomass or stable
inorganic/organic residuals that would not be involved in P uptake. Higher C; values
(predicting less storage) may also be appropriate for lakes/reservoirs that are
phytoplankton dominated. Predicted P storage may be too high for treatment areas
operating at high inflow concentration (Lakeland, in particular). These limitations would
generally influence the temporal dynamics of the simulations, but not the long-term-average
predicted outflow concentrations. Improvements in the calibrations would require
compilation of biomass P storage data (preferably, fractionated), recalibration of K and C; to
datasets with trends and/ or strong loading pulses, and possible changes in model structure
(e.g., placing a cap on storage or building a P saturation term into the uptake function). Such
modifications are beyond the scope of this report, but will be considered in future DMSTA
development.

Among the lake datasets, Poinsett comes closest to matching the depth regimes of CERP
reservoirs. Exhibit 12 and 13 show depth time series and depth frequency distributions,
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e Adjustments to the C; storage value above the 22 ppb used south of the Lake may be
necessary to minimize residuals in model predictions for datasets with strong
increasing or decreasing trends in inflow P concentration. A value of C; = 66 ppb
was found to provide the best fit for period of record datasets from OEW and
Titusville.

e  With the exception of Lake Poinsett (K =15 m/yr), the lake/reservoir platforms have
lower K values (< 6 m/yr) than most emergent marsh platforms. The low K values
reflect the high hydraulic loads exhibited in most of the lake datasets.

e Calibrated K values are much lower in platforms with mean depths exceeding 100
cm. This may represent ecological and functional differences between lakes and
wetlands, rather than just being attributable to differences in depth.

e Use of the DMSTA Reservoir model provides a better fit to the lake data than the
treatment wetland data. The reasonable fits are somewhat deceptive because the
outflow concentration time series are driven by the inflow series, rather than the P
uptake model, for systems with extremely high hydraulic loads.

e Additional data collection and model calibration efforts are needed to develop a
design basis for reservoirs that dry out frequently and have hydraulic loading rates
that are more typical of STAs and CERP reservoirs.
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