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Indian River Lagoon Basin Management

Action Plan Modeling

Waters. TMDL Sopie pdate
Listing Adopted Adopted Updated

« Total Maximum Daily Loads(TMDL) and 2013 BMAP allocations
established with the Pollutant Load Screening Model (PLSM).
 PLSM timeframe between 1990 and 2000.
* Nutrient TMDLs set to restore seagrass deep edge habitat.
« 2021 BMAP allocations established with SWIL version 4.0 and
TMDL percent reduction targets.
 SWIL 4.0 timeframe between 2004 and 2015.
« Stakeholder input for updating the allocation model - SWIL 5.0.



Presenter Notes
Presentation Notes
PLSM is an empirical spreadsheet model that can be implemented spatially with GIS. 
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Presenter Notes
Presentation Notes
The newest version of the SWIL looks at time steps between 2010 and 2020. There are updated inputs of rainfall, land use and land cover, soils, evapotranspiration, and stormwater treatments. During data collection in 2021, we also requested updated and region specific event mean concentrations.

https://www.flickr.com/photos/39734516@N00/9765472471
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://www.flickr.com/photos/1stpix_diecast_dioramas/8533871740
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.flickr.com/photos/87297882@N03/13851531525
https://creativecommons.org/licenses/by/3.0/
https://openpress.usask.ca/soilscience/chapter/soil-genesis/
https://creativecommons.org/licenses/by/3.0/
https://www.flickr.com/photos/miracle_design/7293104284/
https://creativecommons.org/licenses/by-nd/3.0/
http://www.madhawa.lk/ceramics/effect-of-water-quality-in-ceramics-industry/
https://creativecommons.org/licenses/by-nc-sa/3.0/
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PRESENITATION" OUNIEINE

= Summary of Effort Completed, Ongoing, and Upcoming
= Model Input Review

® Purpose of Model Calibration

= Calibration Basins Selection and Changes

= Optimization Workflow and Post-Calibration Results for Hydrology
= ET
= Direct Runoff (DRO)
= Subsurface Flow

= Optimization Workflow for Water Quality

®m  |nitial Process



SUMMARY OF EEEORIFS

e Task 3 (Incorporate
Treatment Disposal to
Subsurface Flow Module - |

\ OPT)

e Task 4 (BMP Retrofit

Layer Development - OPT) &
()
0.0
O
|
al
c

* Task 5 (SWIL Model
Code Update and Run)

e Task | (Runoff
Component Data
Evaluation)

* Task 7 (Water Quality
Calibration)

* Task 2 (Subsurface
Flow Component Data
Evaluation)

* Task 8 (Allocation
Woatershed Model Run)

* Task 6 (Hydrological
Calibration)

e Task 9 (Natural
Background Run — OPT)

Completef.

e Task 10 (LET Automation
(OPT)

* Task |l (Training and
User Support)



SWIIE'S0MODELE IINRPUIS - REVIEW

= | and Use Land Cover (LULC)

= Soil Hydrological Data

= Precipitation

= Stormwater Treatments (ERPs)

= Evapotranspiration (ET)

= Direct Runoff Coefficients (ROCs) — based on land use and soil type

= Direct Runoff Event Mean Concentrations (EMCs) — based on land use

m  Subsurface Flow Event Mean Concentrations (EMCs) — natural versus developed based on
groundwater data



WHY CALIBRATTE AfMODEIL?

® Purpose of Calibration is to minimize the error between model outputs and
observed data

" |mprove goodness of fit

m User specifies constraints (has to fit within general knowledge of hydrology and water
quality)
m  Used general purpose optimization tool: MS Excel Solver, evolutionary method
m Selection of calibration basins
= Basins have to have reliable long-term (10 years+ of modelled period) measured data
= Stream flow data (for hydrological calibration)
= Water quality data (water quality calibration)

= |deally representative of the diversity of the watershed (land use, soils, etc.)



HOW IO DERERMINEATGO O D EIN?

= Percent Bias (PBIAS)

= Accuracy of model

Low Bound High Bound

® (0.0% means the model neither over or
underestimates

®  Goal for SWIL 5.0 is to be within -25% to +25%
= Nash-Sutcliffe Efficiency (NSE) PBIAS -25% 0.0% +25%

® Precision of model

" | tol

® -| means the average of observed data is a Lot | '

better predictor than the model

= +| means that the model perfectly predicts the
observed data

m Goal for SWIL 5.0 is to be above 0.5



SWILE SE0FCALEIBRATION BASIINS

= Original SWIL Calibration Basins
= Crane Creek
® Hickory Street — Not active 2010-2020
= Sebastian North Prong
= Sebastian South Prong

m Fellsmere

= SWIL 5.0 (Additional Basins)

= Big Flounder — water quality calibration only

Calibration Basin [ Fellsmere
[ Big Flound [ Sebastian North Prong
| Ve ro BeaCh SO Uth Canal | Cznec’::eeir Il Sebastian South Prong

[ Eau Gallie I South Canal
[ Florida Boundary SWIL Boundary




CALIBRATION BASINSHEANDIUS E CRHANGES

Crane Fellsmere
Medium-
6.0 12.7 5.0 1.7

Density 29.0 16.8 4.0 0.3
Residential

High-Density 6.0 12.0 3.0 2.7 0.0 0.6 0.0 0.3
Residential
14.0 19.5 0.0 0.1 0.0 0.5 0.0 0.3

WEETE BN 7.0 5.3 14.0 27.2 43.0 6.4 14.0 8.4
Flatwoods
Citrus

1.0 0.3 13.0 4.1 21.0 26 48.0 457



Presenter Notes
Presentation Notes
Harper and Baker Land Use: 2000-2004
Harper and Baker Calibration Time: 2000-2010

SWIL 5.0 Land Use: 2010, 2015, and 2020
SWIL 5.0 Calibration Time: 2010-2020




Land Use

Consolidation

Description

] Commercial

[ Residential

[ Industrial
Institutional

I Mining

[ | Open

[ | Agriculture

Pasture,
Rangeland Land Use: 2010
["] Recreational
[0 Ruderal
[ 1 upland
777 Wetland
Transportation
[ Water
Calibration Basin

Sebastian South
Prong

Land Use
Consolidation
Description
[ Commercial
1 Residential
[ Industrial
Institutional
Il Mining
[ 1 Open
[ | Agriculture

Pasture,
Rangeland

[ Recreational
[0 Ruderal

[ Upland

71 Wetland
Transportation
[ Water
Calibration Basin

Sebastian South
Prong



Presenter Notes
Presentation Notes
Harper and Baker Land Use: 2000-2004
Harper and Baker Calibration Time: 2000-2010

SWIL 5.0 Land Use: 2010, 2015, and 2020
SWIL 5.0 Calibration Time: 2010-2020




CALIBRATIONIBASINS:ISOILES

Hydrologic
Group SWIL 4.0 | SWIL5.0 | SWIL4.0 | SWIL5.0 | SWIL4.0 | SWIL5.0 SWIL 4.0 | SWIL5.0
8.8 235 3.1 8.0 4.3 4.2 1.9 1.9

50.0 66.6 76.0 50.5 37.0 45.9 33.0 37.5
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40.0 4.5 15.0 4.9 7.0 31.1 3.0 36.5
0.4 4.3 6.0 36.2 51.0 17.9 62.0 24.0

0.1 0.0 0.2 0.0 0.3 0.0 0.1 0.0




~ NRCS Soils ~ NRCS Soils

Soil Hydrologic B/D Calibration Basin 2010 Calibration Basin 2020
Group /D Sebastian North Group Bmc/D Sebastian North
. A D Prong . A D Prong
A/D - W 0 0.5 1M\ A/D - W 0 0.5 1M\
0_1Iikm 0_1Iikm




CALIBRATIONIBASINS: PRECIPRIATIOIN

March 3.40 .82
May 3.09 4.50
June | 7.05 6.39
AnnualMean | 5038 | 4646


Presenter Notes
Presentation Notes
SJRWMD NEXRAD Rainfall Estimates

http://webapub.sjrwmd.com/agws10/radrain/ 


(=3 SWIL Boundary [=3l SWIL Boundary [ Calibration Basins

Average Annual Precipitation 1995-2010 Average Annual Precipitation
inches/year inches/year
36.130 54.366 i 36.130 54.366 i

— 1 Km e Km
0 10 20 0 10 20



Presenter Notes
Presentation Notes
SJRWMD NEXRAD Rainfall Estimates

http://webapub.sjrwmd.com/agws10/radrain/ 


CALIBRATIONIBASINS: TREATMENITS

Dry (% Wet (%) Total (%) [~ « =
SWIL SWIL | SWIL | swiL [swiL | =~ |
4.0 50 | 4.0 SO = i

Crane
Creek 10.30 24.30 4.6 21.60 14.90 45.90

“ 220 2190 480  22.00
r 250 1260 390 1650 [N WL
Fellsmere

Canal 350 290 020 1310 370  16.00

Treatment Classification Calibration Basin

=9 Dry & South Canal A
- Wet 0 042
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ORTIMIZATTIONIWORIKFEOW EOREHNYDROEOGY

ET is the first model input to be optimized using land use/land cover and
ET against the USGS measured total stream discharge

Direct Runoff (DRO) is the second model input to be optimized using
ROC, Treatments, and Precipitation against the USGS DRO discharge
(segregated using Web-based Hydrograph Analysis Tool or WHAT)

Subsurface flow is the last model input to be optimized using ET, DRO,

and the estimated starting groundwater volume and subsurface
discharge WHAT estimated USGS subsurface discharge




DIRECITTF RUNOEEVSISUBSURFACE FIEOVV

" To be able to compare hydrological conditions that correspond to mostly subsurface flow conditions
versus direct runoff conditions, the measured streamflow data has to be segregated

" Web-based Hydrograph Analysis Tool (WHAT) system, developed at Purdue University (Lim and Engel,
2004) to determine subsurface flow from direct runoff

= Similar method used originally by Harper and baker (2016)
®  Typical thresholds for subsurface flow: vary between 75-85%

®  Volume of subsurface flow threshold must be >75-85% or more of total streamflow to be considered a
baseflow event

= Any day with subsurface flow contributing <25% is considered Direct Runoff
= Between 25% and 75% is considered a mixed sample

= Water quality data sample dates that correspond to subsurface flow event dates were used in EMC selection

Harper, H.H. and Baker, D.M. 2016. Refining the Indian River Lagoon TMDL, Technical Memorandum Report: Assessment and Evaluation of
Model Input Parameters. Final Report submitted to Brevard County Natural Resources.



Comparison of Runoff and Baseflow at Washington-Crane Creek
140

120

W Direct Runoff (cfs)
M Base Flow (cfs)

100

Discharge (cfs)

20
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ORTIMIZATIONIPROECESS = Eil

= Follows prior method (Harper and Baker, 2016)

= Sum of 3 ET Sources

= ET Undeveloped Pervious: MODIS ET

= ET Developed Pervious: Bahiagrass ET

= ET Impervious:Abstracted Rainfall

Calibration Basin
[= Sebastian North Prong
Average Monthly Evapotranspiration Rate

mm/day
0.724

5.786

Month:
September

i

0 0.5 1Mi

— 1 Km
0 1 2




Low High
Bound Bound
PBIAS -25% 0.0% +25%

POSTCALIBRATIONIRESULTS - ET m 2 . .

Undeveloped Pervious ET Developed Pervious ET Impervious ET
SWIL 5.0 (u) — uncalibrated 1.02
SWIL 5.0 (c) calibrated 0.97 0.89 0.1

Monthly Volume Annual Volume

SWIL 5.0u SWIL 5.0c SWIL 5.0u SWIL 5.0c
Average PBIAS 67% 29% 28% -2%

Average Absolute o 5 o °
PBIAS 67% 35% 28% 9%



Presenter Notes
Presentation Notes
PBIAS Goal Between -25% and 25%


OPTIMIZATIONIPROECESS = DRO

® [ and Use Group Specific Weighting , N . ,
Hydric Hammock  Dry Prairie Commercial Other Agriculture
= SWIL 4.0: Wetlands only . .
Wet Flatwoods Mesic Flatwoods Hligh.c?erlélﬁy Citrus
= SWIL 5.0 (4 land use groups) esidentia
Wet Prairies Mining Industrial Improved Pasture
l. Wetland Wetland Open Institutional Row Crops
2. Upland Ruderal Low.Dens..lty Rangeland
Residential
3. Developed - :
P Serub Medium Density Field Crop
. Residential
4. Agriculture
Upland Flatwoods Recreational |
Upland Mixed Recreational 2
Forest

Xeric Hammock  Transportation
Spoil Islands



. Low High
m
PBIAS -25% 0.0% +25%

POSTE CALIBRATION RESULTS = DRO m N . .

0.42 .25 .21 .25

SWIL 5.0u -2.00%* 18.00%* 0.67 0.41

SWIL 5.0c -2.62% 4.05% 0.69 0.56



Presenter Notes
Presentation Notes
The uncalibrated run had a PBIAS of +40% and NSE of 0.23 for Sebastian North Prong


|
Observed and Modeled Monthly Sum of Direct Runoff for Sebastian North Prong

—CObserved Modeled
12,000

10,000 h

8,000

6,000

Direct Runoff (acre-foot)

- |

2,000

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

2020



e | gy | S| oy
OPTIMIZATION PROCESS - R I
SUBSURFACE FLOW. | |

Subsurface Flow Lag Factor Current
— Month’s ET
® Varies between 0.0 to 1.0 Volume
Current . y
= 0.0 represents no subsurface flow Month’s P"éV'OUSdMO”thS
. ’ Rainfall roundwater
= |.0 represents all previous month’s Volume Volume

Current
Month’s
Subsurface
Flow Volume

groundwater and current month’s
rainfall becoming subsurface flow

- PBIAS Average Abs. PBIAS | Monthly Volume NSE

SWIL 5.0u 32.32% 32.60% 34.29%

SWIL 5.0c 42.75% -11.22% 11.22% 0.55




-
Observed and Modeled of Monthly Sum of Subsurface Flow for Fellsmere

—QObserved Modeled
14,000

12,000

10,000 N

©
o
o
o

6,000 [\)

4,000

2,000 \\J()

Subsurface Flow (acre-foot)

2010
2011

2012
2013
2014
2015
2016
2017
2018

2019
2020



POSIF CALIBRATIONIRESUIETS = MOITALL FIEOWY

Average Abs. | Monthly Volume
PBIAS NSE

SWIL 5.0u -2.00% 18.00% 0.67 0.41
SWIL 5.0c 7.40% 8.31% 0.72 0.41

Low High
Bound Bound
PBIAS -25% 0.0% +25%

Annual Volume NSE




25,000

20,000

foot)

15,000

10,000

Total Monthly Flow (acre

5,000

2010

Observed and Modeled Monthly Sum of Total Flow for Sebastian North Prong

2011

2012

2013

—CObserved

2014

2015

Modeled

2016

2017

2018

2019

2020
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ORTIMIZATRI©ONIWORIKFEOW EOR WA ERTQUAIERRY

Acquire SJRWMD monthly surface
water sampling data

Acquire the corresponding USGS gauge
monthly total discharge data

Estimate the MASS LOAD of TN and TP loading
with the SJRWMD and USGS monthly data




ORTIMIZATRI©ONIWORIKFEOW EOR WA ERTQUAIERRY

Using the WHAT DRO and Subsurface flow estimations, identify J
SJRWMD sampling events that correspond with each state

Calibrate the subsurface discharge TN and TP loadings  |n Progress

Calibrate DRO TN and TP loadings by
assuming the difference between Total and In Progress
Subsurface loadings is equal to DRO loading.




WATER QUA LY CALEIBRATFION —EMC CHANGES

m  Subsurface flow EMCs
= SWIL 4.0: uniform EMCs
= 0.886 mg/LTN and 0.112 mg/LTP
m SWIL 5.0: 2 categories of EMCs (based on available well data)
= Developed - 1.085 mg/LTN and 0.139 mg/L TP
= Undeveloped - 0.349 mg/LTN and 0.132 mg/L TP
= DRO EMGCs
= Minimal changes for selected land uses
= Agriculture

= Transportation



WATTERI QUAEINNYEAEIBRARIIONSECHALEIEENGIESAIND

OPPORMUNITIES

Observed Monthly Sum of Subsurface Flow Loading of Total
Phosphorus in Eau Gallie

Surface Water Sampling Data in not continuous, unlike

streamflow -
" |ncludes Gaps 800
= |-2X monthly data applied to monthly volume, not 5 "
flow representative g e
Subsurface Flow Conditions — represented by 59 to 84 :?}7 500 4
Samples (basin dependent) N \
F 300
Data QA improves dataset: - 4 \
= Removing certain flagged data 100 [ [\ k\ \'\/ /\

= Examine any outliers/extreme events and removing  °
these from calibration effort

2010
2011

2012
2013
2014
2015
2016
2017
2018
2019
2020



Challenges to Calibration

 Fitting the simulated data to the measured data works generally well in terms of
matching hydrological characteristics.

 While it is possible to optimize the model to measured water quality
characteristics, fitting the optimized outcome to the model event mean
concentrations (EMCs) does not match realistic expectations.

« Additional time to calibrate the model to the conditions of water quality is needed.

« Changes to the EMC inputs of the model may also be needed.



Event Mean Concentrations

Literature Reviewed EMCs

Optimization

Consolidated Land

Current EMCs
Optimization Category Consolidated Land Use TN (mg/L)| TP (mg/L)|
Developed Low Density Residential 1.51 0.178
Developed Medium Density Residential 1.873 0.301
Developed High Density Residential 2.102 0.497
Developed Commercial 1.635 0.214
Developed Industrial 1.19 0.213
Developed Transportation 1.4 0.17
Developed Institutional 1.51 0.178
Undeveloped — Upland Mining 1.18 0.15
Undeveloped — Upland Open 1.15 0.055
Developed Recreational 1 1.873 0.301
Undeveloped — Upland Ruderal 1.32 0.347
Undeveloped — Upland Scrub 1.16 0.096
Undeveloped — Upland Spoil Islands 0.68 2.29
Developed Recreational 2 1.51 0.178
Agricultural Rangeland 1.25 0.075
Agricultural Field Crops 2.917 0.792
Agricultural Other Agriculture 2.45 0.344
Agricultural Row Crops 3.36 0.44
Agricultural Pasture 3.46 0.28
Agricultural Citrus 2.05 0.17
Undeveloped — Upland Mesic Flatwoods 1 0.034
Undeveloped — Upland Dry Prairie 1.95 0.107
Undeveloped — Upland Upland Flatwoods 1 0.034
Undeveloped — Upland Upland Mixed Forest 0.68 2.29
Undeveloped — Upland Xeric Hammock 1.32 2.82
Undeveloped — Wetland Water 0 0
Undeveloped — Wetland Hydric Hammock 1.07 0.026
Undeveloped — Wetland Wet Flatwoods 1.18 0.015
Undeveloped — Wetland Wet Prairies 0.78 0.009
Undeveloped — Wetland Wetland 1.5 0.1

Category HSPF Category Use TN (mg/L) | TP (mg/L)
Low Density Low Density
Developed Residential Residential ALY U2
Medium Density Medium Density
Developed Residential Residential AL Uy
High Density High Density
Developed Residential Residential i el
Industrial &
Developed Commercial Commercial 1.8925 0.2625
Industrial &
Developed Commercial Industrial 12 et
Industrial &
Developed Commercial Transportation 1.4 0.17
Industrial &
Developed Commercial Institutional Lol A
Developed Extractive Mining 1.18 0.15
Developed | Open & Barren Land Recreational 1 1.873 0.301
General Agriculture -
Developed Golf Course Recreational 2 Ay U2k
Agricultural Rangeland Rangeland 1.25 0.075
Agricultural | General Agriculture Field Crops 2.917 0.792
Agricultural | General Agriculture | Other Agriculture 2.45 0.344
Agricultural General Agriculture Row Crops 3.36 0.44
Agricultural Pasture Pasture 3.46 0.28
Agricultural Tree
Agricultural Crops Citrus 2.05 0.17
Undeveloped Forest Forest 1.120 0.056
Undeveloped Water Water 0 0
Undeveloped Wetlands Wetlands 1.469 0.127



Presenter Notes
Presentation Notes
Blue Highlights indicate changes between the current model run (SWILv5) and SWILv4.
Yellow highlights indicate where an additional change is proposed from the current model.


Finish Calibration and Optimization.
Allocation run of the model.

Load estimation tool (LET)
development.

Natural background run of the
model.

This Photo by Unknown Author is licensed under CC BY-NC


https://www.flickr.com/photos/benwurst/24727501947
https://creativecommons.org/licenses/by-nc/3.0/

THANK YOU

Stacy Cecil Diana Turner
IRL BMAP Coordinator South Florida BMAP Administrator
Florida Department of Environmental Florida Department of Environmental
Protection Protection
Contact Information: Contact Information:
g 850-245-8683 850-245-8825
W Stacy.Cecil@FloridaDEP.gov Diana.M. Turner@dep.state.fl.us
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