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FDOT Water Quality Research Investments

Year Project Numb Title

2023 BDV24-977-
2022 BDV31-977-
2021 BDV24-977-
2020 BDV24-977-
2018 BDV24-977-
2017 BDV24-977-
2015 BDV24-977-

2014 BDK78-977-
2014 BDK78-977-
2013 BDK78-977-
2011 BDK78-977-
2011 BDK78-977-
2010 BDK78-977-
2010 BD521-04
2008 BD545-55
2010 BD521-05
2007 BD521-03
2007 BD521-02
2005 BD521-01

Design of Stormwater BMPs for Surface and Groundwater Protection Based on Site-Scale Soil Properties: Phase |

Improving the Cost/Benefit Ratio of Impaired Stormwater Basins

Innovative and Integrative Best Management Practices (BMPs) for Surface and Groundwater Protection

Optimal Design of Stormwater Basins with Bio-Sorption Activated Media (BAM) in Karst Environments - Phase II: Field Testing
Comparative Nitrogen and Pesticide Removal with Sorption Media In Linear Ditch for Groundwater and Stormwater
Removal Effectiveness of Co-mingling Off-site Flows with FDOT Right-of-way Stormwater

Optimal Design of Stormwater Basins with Bio-sorption Activated Media (BAM) in Karst Environments-Phase I: Site Screening
Demonstration Bio Media for Ultra-urban Stormwater Treatment

Evaluation of Pollution Levels Due to the Use of Consumer Fertilizers under Florida Conditions: Examination of Lower Slopes
Stormwater Harvesting Using Retention and In-Line Pipes for Treatment Consistent with the new Statewide Stormwater Rule
Evaluation of Pollution Levels Due to the Use of Consumer Fertilizers under Florida Conditions

Pervious Pavements, Installation, Operation and Strength

Inlet Protection Devices and their Effectiveness

Florida Manuals for Erosion and Sediment Control and the Creation of the Stormwater Management Academy Research and
Seasonal Variability of Near Surface Soil Water and Groundwater Tables in Florida -Phase |l

Index Testing to Support the Stormwater Management Erosion and Sediment Control Laboratory

Regional Stormwater Irrigation Facilities

Performance Assessment of Portland Cement Pervious Pavements

Wekiva River Stormwater Management Manual of Practice

"BKD78 985-01 Floating Treatment Wetlands

Total

FDOT

Cost
407,409.00
196,033.00
797,512.00
400,921.00
204,901.00
149,537.00
38,868.00
261,166.00
103,170.00
364,121.00
170,525.00
210,036.00
160,000.00
642,280.00
115,741.00
100,032.00
181,546.00
147,547.00
496,500.00
$ 80,523.00
$ 5,228,368.00
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University

University of Central Florida
University of Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Florida
University of Central Florida
University of Central Florida
University of Central Florida
University of Central Florida

Researcher
Kibler
Sansalone
Kibler
Kibler
Chang
Chang
Chang
Wanielista
Chopra
Wanielista
Chopra
Chopra
Wanielista
Wanielista
Hatfield
Wanielista
Wanielista
Wanielista
Wanielista
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Outline

=BDV24-977-20 - Optimal Design of Stormwater Basins with Bio-
Sorption Activated Media (BAM) in Karst Environments — Phase
lI: Field Testing of BMPs (2020)

sBDV24-977-25 - Innovative and Integrative Best Management
Practices (BMPs) for Surface and Groundwater Protection
(2021)

»BDV24-977-43 - Design of Stormwater BMPs for Surface and
Groundwater Protection Based on Site-Scale Soil Properties:
Phase 1 (2023)

mFuture Research

FDOT\)
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BDV24-977-20 - Introduction

=Optimal Design of Stormwater
Basins with Bio-Sorption
Activated Media (BAM) in
Karst Environments — Phase II:
Field Testing of BMPs _—

uP|: Kelly Kibler, UCF

mStudied Bio-Activated Media
m Blanket Filters
m \/ertical Reactors

m|nstalled and tested in Ocala,
FL

FDOT\)
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BDV24-977-20 - Objectives

mDesigh BMPs with Bio-
Activated Media

mAssess nitrogen removal

mUnderstand costs and
benefits over BMP
design life
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BDV24-977-20 — BMP Designs

BAM BlankEt Filter'S - Runoft direction well Berm
Basin 9b at SR 35/SR 40
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BDV24-977-20 - BMP Construction
Blanket Filters, May 2017

Placement of
; impermeable
- liner
-

5
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BDV24-977-20 — BMP Designs
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BDV24-977-20 — Construction
Vertical Reactors, May 2017

Delivery and
placement of
vertical reactors |

i

Excavation of BMPs
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BDV24-977-20 — Testing

sHydrologic Monitoring
= Groundwater table depth

= |nflows to BMPs
sStorm Sampling
=11 runoff events sampled for nutrients
= Inflow
= Media
m 135 samples per event; 1,485 total samples
= Analyzed for TN, NH; , NO,
FDOT\)
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BDV24-977-20 - Findings

mBlanket Filters — BAM

= Mean concentrations of NOXx |,
NH3 , and TN after blanket filter
treatment within the EBF
(including both the 1-ft top soil
layer and 3-ft BAM layer) are 60%-
66% lower than stormwater inlet
concentrations.

m|ncreasing thickness of BAM layer
will increase nutrient removal and
Increase costs.

FDOT\)

Percent removal

Percent removal

70%
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60%
58%
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80%
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BDV24-977-20 - Findings

mBlanket Filters — Soil a5y

mean removal in the filtration 80%

media blanket filter. 759

Percent removal

70%
65%

I

N

mMean removals of NOx , NH3 , 500, 1 ft soil, 3 ft BAM
and TN within a 3-ft soil layer ’ l = 3 ft soil
60%
Ox

range from 78%-92%, exceeding 85% I
NH3 TN

FDOT\)
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BDV24-977-20 - Findings

m\/ertical Reactor
= Capture Efficiency 0.2%

mMean concentrations of TN and
NOx after treatment with 4-ft BAM
layer are respectively 49% and
54% lower than stormwater inlet
concentrations.
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BDV24-977-20 - Findings

20-year 30-year
Design Life | Design Life

Blanket Filter $715 %327 $6I1 9% 23
(Based on East Bank Filter) NOX $1590+%$61 $1360+$52
Vertical Reactor TN $498+$25 $453 %23
(Based onVR4) NO, $732+%$37 $701+$235

X

COST per pound of TN or NOx ($/Ib)

FDOT\)
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BDV24-977-25 - Introduction

=|nnovative and Integrative Best Management Practices (BMPs)
for Surface and Groundwater Protection

= Chemically activated media (CAM) development

= Bio-activated media in vegetated filter strip
=Updates to BMP Trains
= Groundwater flow-nutrient model in Karst geology

=P| - Dr. Kelly Kibler, UCF

FDOT\)
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BDV24-977-25 - CAM
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BDV24-977-25 - CAM

sCAM development
»Material property characterization
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BDV24-977-25 - CAM Results

m|n situ regeneration may be possible in IFGEM-3
sAGEM-2 — regeneration may not be possible.

Nutrient Nutrient
Total Maximum produced and released Nutrient
nutrient | Nutrient sorption released during during generated
loading | adsorbed | capacity adsorption desorption | (recovered)

S 385.65 161.42

385.64 377.56 0.76 = 215.98 --
0 - -- 68.03 1.13°  69.16
385.65 200.61 0.40 -- 2.03 --
. 385.64 371.20 0.74 - [ 84.29 --

NH,* 0 = — 93.4 2.49 95.89
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BDV24-977-25 - BAM Vegetated Filter Strip

TREATMENT MODEL

CONTROL MODEL
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BDV24-977-25 - BAM Vegetated Filter Strip

, o mPhysical roadway models
BAM into A3 soils into

treatment model control model lMaterials testing
E @ "\egetation establishment

mSimulator preparation and
testing
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BDV24-977-25 — BAM Vegetated Filter Strip Results

m60 tests

m]-lane and 2-lane typical
sections

mVarious rainfall intensity
conditions (0.5, 1, 1.5,and 3
in/hr)

sNutrient removal
performance tested for
various rainfall depths (0.5
0.75, 1, 1.5, and 3 inches)

FDOT\)
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BDV24-977-25 — BAM Vegetated Filter Strip Results

mFor high intensity events

.A” Surface Water Inflltrated |n _ 1-lane roadway N _ 2-lane roadway -
control model (sandy soils) o gl Treament  Control  _Trestment
= The treatment model generated Z| | conerete | | Conerete | | conere
runoff at 20 ft

= Maximum rainfall intensity for 20 ft
BAM VFES:

n<2in/hr for 2-lane roadways

| Rainfall depth |
(intensity)
[ 110in/hr
[ 15in/hr
20in/hr
B 3.0in/hr

20 f

Vegetated shoulder |

n<3in/hr for 1-lane roadways

FDOT\)
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BDV24-977-25 — BAM Vegetated Filter Strip Results

mFor typical events

] . I-lane roadway 2-lane roadway
m All surface water infiltrated both - S 5 ~
Control Treatment Control Treatment
models
= |ntensities exceeding hydraulic S| | Conerete | | Conerete | | Conerete | | Concrete
capacity of the 20 ft VFS are rare I ! _! -
| |
4 : SN Rl depth |
“ 3 % g DIO.S inpl
[0.75 in
‘gn % g :I(I)g in
= 2 Z B 5in

FDOT\)
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BDV24-977-25 — BAM Vegetated Filter Strip Results

sNutrient removal

n20-ft BAM VFS
removed more
nitrate and TN

aNo performance
difference in TP
removal
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BDV24-977-25 - BMP Trains Overhaul

mRequests for improvement from
sFDEP
m\Water Management Districts
aFDOT

mFocus group testing throughout project

m]14 workshops
=360 professionals

FDOT\)
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BDV24-977-25 - BMP Trains

mRecoded from EXCEL to C++
mDeveloped graphics user

atment Options for individual performance, not in senes or in multiple catchments. Analysis: Net Improvement Required Removal N: 37% P

Interface
sRenamed BMP Trains 2020 =l | e
sModel testing and validation =3 =43 1l H _1[__:__:_w______;_-§s.;.:.:;l g
=sUser manual updated with =1 ==

example problems = =

| M O d el a_n d u S er m a._n u al | Filtration e'“: | . TYPICAL CROSS SECTION OF A "DRY" RETENTION SYSTEM
perpetually maintained and s |

TOP OF BANK (TO3)
[~ FRECBOARD BETWEEN O AND TOR

TOF OF FLOOD CONTROL ATTENUATION VOLUME -IF APFLUCABLE
VATION (WEIR CREST)

~REQUIRED TREATMENT VOLUNE (RTV)

avai Iable at U C F ,S STARS | BMPs in Series | Catchments  Cost Report Back
repository
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BDV24-977-25 — Groundwater model
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BDV24-977-25 — Groundwater Model
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BDV24-977-25 — Groundwater Model Results
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BDV24-977-25 — Groundwater Model Results

ODFLOW CFPv2 groundwater flow model

Groundwater Level Spring Discharge

Perlod

RMSE (ft) Relative Error NSE Relative Error
Callbratlon Mean annual 1.79 3% 0.86 6%
Mean annual 1.19 2% 0.70 7%
Valldatlon
Monthly 1.04 2% 0.84 6%
CMT3D nutrient transport model
I P N T R S N
m Calibration  Validation Calibration  Validation Calibration Validation
2009-2016 2008-2010 2008-2010
Data range 2000-2008 and 2019 2001-2007 and 2019 2000-2007 and 2019
RMSE (mg/L) 0.06 0.09 0.10 0.07 0.007 0.006
Relative error
(%) 4.4 5.2 7.0 5.0 11.7 11.3
FDOTiS
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BDV24-977-25 — Groundwater Model Results

Percent of Percent of
Blanket filter Area SRB area Roadway shoulder roadways
implementation acres implementation

Baseline - no BAM is Baseline - no BAM is
implemented implemented
BAM blanket filters are
implemented in 26 FDOT 3,682 13 No BAM VFS 0 0
SRBs
BAM blanket filters are
implemented in all 27,651 100 No BAM VFS 0 0
FDOT SRBs
BAM VFS are
No BAM blanket filters 0 0 implemented in 30% 2,368 30%
of roadway shoulders
BAM VFS are
No BAM blanket filters 0 0 implemented in 60% 4,735 60%
of roadway shoulders
BAM blanket filters are BAM VFS are
implemented in all 27,651 100 implemented in all 7,893 100%
FDOT SRBs roadways shoulders
FDOT\)
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BDV24-977-25 — Groundwater Model Results

mCumulative water quality benefits of BAM BMPs to Silver Springs are
minimal.

mConsidering the resources required for such implementation and the
limited water quality benefits, the BAM-based BMPs investigated may
not be a rational investment to improve Silver Springs water quality.

Roadway Total Nitrate | TN TP Cost to Implement
Shoulder Concentration | Concentration | Concentration
Implementation | Reduction Reduction Reduction

30% 2.3% |.7% 0.7% $3,055,868,066
60% 4.5% 3.4% |.5% $6,110,445,528
100% 5.8% 5.2% | 6% $10,185,796,353

Percent nutrient concentration reduction assumes the worse case native soil nutrient removal efficiencies (i.e. BAM is highly more efficient than soil).

FDOT\)
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BDV24-977-43 - Introdu

ction

mDesign of Stormwater BMPs
for Surface and Groundwater
Protection Based on Site-Scale

Soil Properties: Phase |
uP|: Kelly Kibler, UCF
sFollow-up to BDV24-977-20

and FDEP NSO001 (2016-2020)

mRecall - BAM did not remov

Percent removal

e

nitrogen from stormwater as

effectively as unaltered site
soils.

FDOT\\

e

95%
90%
85%
80%
75%
70%
65%
60%

Blanket Filter Results

1 ft soil, 3 ft BAM
m 3 ft soil

NOx NH3 TN
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BDV24-977-43 - Objectives

mQuantify the nutrient removal/retention potential

m|solate the material properties

sCompare nutrient remediation of BAM

“'A A'A

Organic cl
matter con:eynt
FDOT\)
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BDV24-977-43 — Site Selection

N
Non-Confining Layer Soils Hawtho_rn Formation Soils BAM "
(Orange County) (Marion County and (commercia
Alachua County) vendor)
S
Organic Sandy loam Sandy Silty Silty Silty CTS (5% clay,
Low clay, Low clay, Low clay, Mid clay Mid clay Highest clay 10% tire crumb,
High OMC Mid OMC Low OMC Mid OMC Mid OMC Low OMC and 85% sand)
6 BAM
1 2 .3 R4 RS O’Leno Environmental
Bayhead Cypress Pine W a\l’d W ay'fd State Conservation
Swamp Dome Flatwoods aysiae ayside Park Solutions, LLC
FDOTi}
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BDV24-977-43 - Testing

mSoils Characterization
=16 parameters

mDenitrifying Enzyme Activity
(DEA) — N Removal

=Potentially Mineralizable M bﬂ
Nitrogen (PMN) — N Release - e
=Column Study mngf o
m|_eachate
m Hydraulic performance f

FDO I 25 0 5 10 1516 19 20 22 27 32

" Time (days)
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BDV24-977-43 - Findings

= Solls with combination of OMC
and clay may be most effective

at remediating nutrients SAND

Soil 3, 95% sand

mSoils with mixture of moderate
OMC and clay (Soils 2, 4, 5)
removed/sequestered nutrients
more effectively

Soils 2, 4,
Moderate clay and OMC

oM
=P sequestration was most Soil 1, 93% OMC

effective in soils with higher pH
and metal content (Solls 1, 4, 5)

CLAY

Soil 6, 14% clay

FDOT\)
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BDV24-977-43 - Recommendations

mNative soils are an important tool in stormwater nutrient
remediation

mUnderstanding the soil remediation potential can justify
potential water quality benefits of using BAM.

FDOT\)
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Future Research

=Design of Stormwater BMPs for Surface and Groundwater
Protection Based on Site-Scale Soil Properties: Phase 2

= Continuation of Dr. Kibler research

m Evaluate nutrient efficiency range of natural soils based on in-situ
composition under natural hydrologic conditions

m|nvestigate nutrient efficiency range of FDOT Specification’s 987 Soil
Layer Materials

=Develop guidelines based on native soil's composition to make site-
specific recommendations of whether BAM would be beneficial or not

FDOT\)
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Future Research

sEvent Mean Concentration updates for Transportation

» Differentiate EMCs based on land cover to demonstrate nutrient loadings are not directly
proportlonal to runoff generatlon

waoags [E8 7 | ensveet

I-4 (SR 400) Orange County
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Future Research

sEvent Mean Concentration updates for Transportation
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Pre-development Post-development Increase
Annual Runoff (ac-ft) 2.89 9.11 215%

Loading for TN (lbs./yr.) 10.78 33.93 215%
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FDOT\)
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Future Research

sEvent Mean Concentration updates for Transportation

= Aviation Research Findings support hypothesis (Total Nitrogen)

H Development B Natural Agriculture B Aviation Pavement Only

* Sources:
Proposed 2023 New Stormwater Rule EMC Values by land use

FDOT 2013 Airport Pollutant Study (red)
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Future Research

sEvent Mean Concentration updates for Transportation

= Aviation Research Findings support hypothesis (Total Phosphorus)

m Natural mDevelopment Agriculture  ®"Aviation Pavement Only"

Sources:
Proposed 2023 New Stormwater Rule EMC Values by land use
FDOT 2013 Airport Pollutant Study (red)
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Future Research

sEvent Mean Concentration updates for Transportation

m Status - Pending management approval and research funding allocation.

FDOT\)
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Conclusions

mTo substantially improve watershed, targeted nutrient removal
Investments at high load sources

= FDOT has invested in septic-to-sewer projects, estuary circulation for sea grass
habitat enhancements, etc.

sMeasured nutrient concentrations from rural roadways are below
Springshed BMARP target Nitrate concentrations

mSoils have a range of natural nutrient cycling efficiencies
= Current research to develop guidance

sBAM may not be appropriate in all cases
= Significant taxpayer investment should result in significant load reductions
= BAM could be used if efficiency is significantly higher compared to the native soils
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Questions

Contact:

Jennifer Green, P.E., CPM

State Drainage Engineer — Roadway Design Office
850-414-4351

lennifer.green@dot.state.fl.us

Kelly Kibler
Associate Professor — Water Resources Engineering
407-823-4150
Kelly.kibler@ucf.edu
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