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Executive Summary

The IRL is divided into two nutrient limiting zones. Phytoplankton has a
higher mean abundance in restricted areas with little water turnover. The IRL is
divided into two nutrient limiting zones, northern and southeportions. The
northern zone, from Ponce Inlet to Melbourne, is limited by Phosphorus. The
southern zone, Melbourne to Martin County, is limited by Nitrogen. Anoxic
conditions from Eutrophic waters can cause mass mortalities of fish,
invertebrates, and aqu& vegetation. Nutrients, Nitrogen and Phosphorus, are
positively charged particles that bind to soil. If baffle box debris removal is
neglected, nutrient and fecal coliform bacteria leaching will occur. Tree canopy
cover influences the quantity of partitate matter (PM) from leaf litter, and roads
with curbed inlets retain more PM than nawrbed streets Vacuum assisted
street sweepers and regenerativeair sweepers both utilize vacuums, but
regenerativeair sweepers utilize pressured air blasts onto graent to make
finer grain PM more accessible to vacuum. Mechanical street sweepers have a
lifespan of five years and vacuum assisted street sweepave la life span of
eight years andare more efficient at nutrient and PM removal than mechanical
street sweepers. Roads within residential land use have been shown to have
1439 mg of TN and 425.8 mg of TP per kg of PM. Priorititiegt sweeping
should bebased on land use and seasomands, fall and early spring months
when concentrations of PM from leditter are highest on road surfacewill
maximize cost effectiveness for reductions of PM loading througleestr
sweeping Therewere a total of 3000 curbed miles of residential roads that were
within the MCE generated high priority areas throughout iRl region. The
concentration of high priority areas within Brevard County, St. Lucie County, and
Martin County suggest that these counties would benefit strongest from the
implementation of a rigorous street sweeping regimen. The finding from this
report estimated that if all 3000 curbed miles of roagdere swept once a month
8,280 pounds of TN, 2,520 pounds of TP, and 5,83%446ds of PM would be
removed from road surfaces, actively preventing these pollutants from
contaminating the IRL.



1.Introduction

1.1ProjectPurpose

The intent of this report is to prdde a storm wateroutfall best maintenance
plan (BMP) for the India River Lagoon (IRLJhis report evaluated costs and
pollutant mitigation efficiencies of current BMPs utilized throughout the IRL
region. This report identifiedtieet sweeping as thenost cost effective approach
for mitigating nutrient enrichment. A Multiple Criterion Evalieam model was
applied to determineareas that would beneftrongestthrough street sweeping.

1.2 Study Area

The IRL is located along the centrastecoast of Floriddts northern boundary
is located within Volusia County, and its southern boundary is found within
Martin County. Its center mass is found within Brevard, Indian River, and St. Lucie
counties. Spatial and temporal patterns of nutrient content and limitation
suggest that patterns of external nutrient loadinglay a significant role in
phytoplankton dynamics. The IRL is vulnerable to fluctuations in water quality
due to its low levels of flushing capability, and has portions which are confined by
land resultingin the reduction of tidal flow. Phytoplankton has a higher mean
abundance in restricted areas with little water turnover. The IRL is divided into
two nutrient limiting zones. The northern zone wurfrom Ponce Inlet to
Melbourne and the southern zone rismfrom Melbourne to Martin County. The
northern zoneof the IRLhas been fand to be limited by Phosphorusnd the
southern zone to be limited by Nitrogen (Phlips, E.J., et. al. 2002). Algal growth is
constrained by its limiting nutrient; blooms becomessle when the limiting
nutrient becomes readily available for uptake by the algae



1.3 Overview of Ecological Concerns

Eutrophic conditions increase tharbidity of water, effectivelyreducing the
amount of available light needed for the submerged aquatic vegetation,
seagrasses, to photosynthesize. The reduction or complete loss in the ability to
photosynthesize will stress and cause mortality of seagrass which provides critical
habitat and ecosystem function. Seagrass benefits its environment by rggttli
sediments, oxygenating wateand by reducing dissolved aquatic nutrient
concentrations to support its biological processes. Eutrophic conditions
ultimately lead to anoxic (oxygen deyped) states from the metabolic process of
consumption by microorganisms on the newly deposited organic material from
deceased algae and seagrass. Anoxic conditions resulting from eutrophic waters
can cause mass mortalities of fish and invertebrates.

1.4 Nutrient Relationship with StoriwWater

Storm water runoff serves as a medium for nutrient transport and delivery into
aguatic systems. Nutrients, Nitrogen and Phosphorus, are positively charged
particles that form bonds with the negatively charged ghayticles found in soil.
Particle size has been shown to determine the affinity at which nutrients will most
frequently form bonds with. Particle sizes betweenIf® pm was showto have
the highest levels ofdial Nitrogen (TN), and particle sizes betwek75 um was
shown to hae the highest concentration ofotal Phosphorus (TP) (Miguntanna,
et. al. 2010). These small particles are distributed onto road surfaces through
wind and rain eventsA previous study on storm water found an average of 147
kg of PM per curb mile of road surfaces in FL; PM recovered from residential land
covers had an average TN of 1439 mg per kg of PM and an average TP of 425.8 mg
per kg d PM (Berretta, Christianet. al. 2011). Residential propertystrongly
contributes to nutrient deposition on road surfaces and subsequent nutrient
enrichmentfrom storm water runoff.



2. Outfall Best Mangement and Maintenance Practices

Numerous best management practices are currently employed by the IRL
counties in order to address nutrient loading meet total maximum daily load
(TMDL3 limits setby the Florida Department of Environmental Protection (FDEP)
(ECFRPC 201%)reation of ounty specific best maintenance plans for existing
BMP infrastructure and practices will optimize nutrient mitigation performance.
This section will analyze cune best management practicesB¢P and
infrastructure.

2.1 BaffleBoxes

Baffle boxes are frequently used as a BMP for improving water quality.
They are designed to reducaquatic pollution from nutrients, heavy metals,
particulate matter PM), and suspended solidBaffle boxes operate by utilizing
chambers divided by bafflebarriers,in which storm water influentmust flow
over. The chambers within the box slow water flageally,the largePM settles
within the first chamberand smallerPM settles within the second chamber and
the remaining effluent flows out of the baffleox over the second baffle void of
PM (USEPAOW2001)

Baffle boxes come in a variety of sizes depending on anticipated storm
water influent flows, but they are divided into two types. Type 1 baffle boxes
operate as described above. Type 2 leafioxes imfement screensabove the
baffle barriers within the box. The screens are designed to providdéeu
filtration to removelarge PM, such as leaves and grass clippings that heote
settled on the bottom of the chambers.

Baffle box site selection depends on a variety of parameters. Most baffle
boxes currently in use were placed in confined drainage basins where other
upstream BMPs, such as retention ponds and biwakes, could notbe
implemented, as well asreas containing tree canopy coverage o0&&% and
curbed streets Tree canopy cover inknces the quantity oPM from leaf litter,
and roads with curbed inlets retain m®PM thannon-curbedstreets.



Figurel: Type 2 baffle bowith the filtration screen from Sun Tree Tech.

2.12Baffle Box Effectiveness

A study in Sarasota FL, for the FloriDaepartment of Environmental
Protection, examined the effectiveness tf baffle boxes for nutrient, suspended
solids (S$)phosphorous, and fecal coliform removal. Type 1 and type 2 baffle
boxes were found tgerform poorly at reducing nutrientSSand fecal coliform
pollution. However, type 2 did shoan increasen the reduction of pollutants
over type 1(Deitche, M. Scottet. al. 2010) The study addressed the reasoning
behind the inefficiencies of the baffle boxes.

The screensn type 2 baffle boxegapture leaflitter and suspendhem
above the storm water influent. Screens inundate with PMubsequently
reducingwater flow within the box. Whin the screen, water can po&br days
after rain events. Though PM @aptured withn the screen, nutrients leacimto
the effluent chamber of the baffle box. This was determined by clear water within
the screencontainingPM and turbid water in the effluent chambeteaf itter
was also found irthe chambers, showing the ineffitiey of screened baffle
boxes.The increase in fecal coliform bacteria is the result of the biological decay
of PM captured within the screens amttambers. The decaying process reduces



the dissolved oxygen levels promoting the growth of fecal coliform bacteria and
nutrient leaching.Tablel1 represents removal efficiencider type 1 and type 2
baffle boxes.

Baffle Box Suspended Nitrogen Mass Phosphorous Fecal
Solid Remova Removal Mass Remova Coliform
Effiaency Efficiency Efficiency Removal
(EMC) Efficiency
(EMC)
Type 1 Average -13.1% 0.50% 2.3% -46.85%
Type 2 Average 21.8% 19.05% 15.50% -117.95%

Tablel: Average EM@nd total mass removal efficiencies of type 1 and type 2
baffle boxes from four baffle boxes (Deitche, M. Scott; et. al. 2010).

2.13Baffle Box Maintenance

Baffle Boxes require frequent maintenance to maintain optimal
performance. Type 1 baffle boxesgrére less maintenance than type 2 because
the screens found within type® baffle boxesfrequently inundatewith PM.
Maintenance for baffle boxes are site dependent, and require individual
maintenance schedules based on the frequency in which screenshamlbers
become inundated withPM (Deitche, M. Scottet. al. 2010). Crews are
responsible for visual inspection of baffle boxes to determine individual
maintenance schedules for each baffle bard the removal of PM in screens by
hand It is expected that duringall and winter months, when street leaf litter
peaks, baffle boxes will inundate with PM more frequettign duringspringand
summer months. If baffle box debris removal is neglected, nutrient and fecal
coliform bacteria laching will occur.

Martin County (Nolte, Greg. 2016performs routine topical inspection of
their baffle boxes for halfrahour each; this inspectioremoves any debris within
screens and costs $48 per box. Each box iscéeanedannuallywith a vactor
truck to remove PM from sump®r $130.00, and screens are replaced annually



for $590.00.This totals$760.00 of annual maintenance cogisr box Costs for
installation vary depending on numerous variables. Martin Cquaxtgording to

the Engineering Deptment, has paid $13,000 H T =nnn FT2NJ nQEy Q
$1800bnm=Znnn F2NJ pQEma®n 23 FF4 Sadtitéa v b
and $80,0005100,000F 2 NJ M n Q E m ¢, &xcladingFifstalidtiorocpsis S &

2.2 Street Sweeping

Street sweeping is a common BMP utilized to reduce nutrient loading into
waterways. There are three types of street sweeping vehicles comnusely by
municipalities: mechanical, vacuuassisted sweepers, and regenerataie
sweepers Mechanical sweepersitiize a broom and conveyor belt system to
capture PM found on roads. Vacuum assisted street sweepers and regenerative
air sweepers both utilize vacuums, bukegenerativeair sweepers utilize
pressurized air blasts onto pavement to make finer gielvi mae accessible to
vacuum(Urban Drainage and Flood Control District, 2010he PM collected by
street sweeping requires proper disposallandfills or approved dump sites

2.21Street Sweeping Effectiveness

Land use type camffect PM concentrations, specifically PM bound to
nutrients. The Lhiversity of Florida quantified nutrient removal of various storm
water BMPs for the Florida Stormwater AssociatiBducational Foundation
(FSAEF)the results show the effélweness of street sweepg at removd of
phosphorous and nitrogen fromoads withinvarious land use typesesidential,
commercia] and highway.Total Nitrogen (TN) and Total Phosphorous (TP)
removal values were calculated in mg of TN or TP per kigyd®M captured by
street sveepers shown in @ble 2 TP removal values were highest from highway
land use: 622.0 mg/kg of PMNTremoval values were highegsibm residential
land use: 1439.0 mg/kg &M (Berretta, Christiargt. al.2011)
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Mean TP mg/kg ol Mean TN mg/kg of

=\ PM
Commercial 482.6 789.1
Residential 425.8 1439.0
Highway 622.0 826.6

Table2: Nutrient removal values from street sweeping based on surrounding
land use (Berretta, Christiaat. al.2011). Values expressed in units of mg of
TN or TP removed per kg of PM collected from street sweeping.

2.22 Street Sweeping Maintenance

Street sweeping maintenance can optimize nutrient loading reduction and
storm water outfall preservation by addressing physical and temporal
parameters: land useandseasonal rain patterns

Street sweeping roadswithin residential land usg will target reducing
nitrogen loading, since fertilizers, applied to lawase common sources of
nitrogen. Nutrients that are not utilized by lawns leach into dwal, where they
bind to fine grainclayparticles Storm water runoff and wind can transport these
smal particles of solllt is critical to street sweep residential areas with drainage
basin feeding into the IRb remove PM pollutants

Seasonal weather patterns also influence optimal street sweeping
maintenance schedulingThere is a relationship betweerain events and
pollutant concentrationsThe frst flush phenomenon is the initial period of storm
water runoff during which the concentration of pollutants is substantially higher
than during later stagesntensity of rain eventslsoincreases pollnt loadirg
(Lee, J.Het. al.2002. Antecedent dry periods, the amount of time between two
rain events, affects pollutanttoncentrations on roadsthe length of the
antecedent dry period has a positive feedback loop witbreased pollutants
(Soller Jeffreyiet. al.2005) Utilizing locakeasonal patternsf rain intensity and
antecedent dry periods wilgenerate stronger maintenance plans for street
sweeping. Prioritizing roads based on land use and seasonal rain events will
maximize coseffectiveness folPM loading reduction
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Mechanical street sweepers have a lifespan of five years before they
become decommissioned, and vacuum assisted street sweepers have a lifespan of
eight years(EPA1999). The City of Lakelarfd &onstruction and Maintenance
Departmentreported vacuum assisted street sweepersst %5,000$180000,
which reduced to an average cost $83.8 per curkmile' swept the estimated
cost includesnaintenance, fuel, and employee salary (EPA 19898 seaverages
representcost values from 1998requiring inflation adjustment. Table3 below
shows cost adjustment for2016 inflation according to the Bureau of labor
{GFrGAEGA0AaQ 02y &adzYSNJ LINAOS AYRSE KA&GZ2N

Sweeper Truck Cost Cost/curbedmile Cost/mile

$109,010$261,625 $49.13 $98.26

Table3: Costs for vacuum assisted street sweeping operation costs adjusted for
2016 inflation rates.

Figure2: Avacuum assisted street sweeper from New Providence New
WSNBES&8Qa tdzofAO 22NJa 5SLINIYSYydo

! Curbed miles represent one side of a road; total cost per mile will require doubling the cost for
curbed mile.
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2.3 Catch Basins

A catch basin is a storm water inlet that has a concogtsteelsump thatis
below the influent and effluent storm water pipe. The sump is designed to
capturePM, preventing its dispersal intstorm water outfalk associatd with the
catch basinCity of Oakland Park{Catch basins are critical components of storm

water infragructure.

RUNOFF
INFLOW THROUGH GRATE

geoep l Clcan debns
from gatc

A4 . [ replace broken
or missing cibow

INFLOW G $ OUTLET TO STREAM

QUTLET TRAP

l.‘

clean when , 13
~ '!lc'\ o h
173 of basin

volume

Figure 3: Catch basin, Doetsch Environmental Services, with a sump below the
inlet and outlet storm water pipes.
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2.31Catch Basikffectiveness

A catch basin can retain large quantities of PM within its sump depending
on its size and volume of storm water influent. Ideally, PM settles below the
water line trapping nutrientsResearch from the University of FL tbe Florida
Stormwater Associatio Educational FoundatiofFSAEF quantified nutrient
captureand removal for catch basins occurringvarying land uses: Commercial,
Residential, and Highwaynits were expressed as mg of TP or TN per kg of
removed PM. Catch basins alongighways were most effective aitrogen and
phosphorous removal, 1926.3 nkg of PM and 566.6 mg/kg of Pkéllowed by
catch basins within residential areas, and then catch basins within commercial
areas(Berretta, Christianet. al.2011) Table4 belov compares mean TN and TP
concentrations.

Land Use Mean TP mg/kg ol Mean TN mg/kg ol
PM PM

Residential 559.2 1803.9

Highway 566.6 1926.3

Table4: Nutrient removal values from catch basins based on surrounding land use
(Berretta, Christianet. al.2011). Values expressed in units of mg of TN or TP
removed per kg of PM.
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2.32Catch BasiMaintenance

Catch basif @ffectiveness at mitigating ndent loading is determinandn the
frequency of maintenanceand site selection Sumps frequently become
inundated withPM and require maintenance from vacuum trucks to remove the
PM. Like baffle boxes, catch basins would benefit from individual maintenance
scheduling based on storm water influent volume and PM deposition. The
Oregon Department of Environmental Quality sesigthe removal of PMrom
sumps once a month, or if PM accumulatdsove one third to the waterline
(Oregon Department of Environmental Qualitypwever, if a catch basin receives
low levels of PM deposition annueleaning will suffice. Maintenance creweed
to address which basins would benefit from an increased vacuum cleaning
regimen. According to Volusia County Road and Bridgepartment, basin
cleaningcosts amaverage of $94.0@ clean out one catch bas{iMaroney, Sean.
2016)

3. BMP Cost and Ectiveness Comparison

A best maintenance plan for storm water outfalls within the IRL needs to
provide a coseffective nutrient loadingmitigation strategy inorder to satisfy
total maximum daily loads(TMDL) set by the FDERRL counties stated that
inadequate funding was the strongesinpediment for implementing basin
management action plans to meet TMDL requiremdBESFRPC 2015)

This report provide a cost effective maintenancelan to reduce nutrient
and PMloading into the IRlthrough streetsweeping.Storm water outfalls will
also be maintained by removing PM off streets before it becomes deposited into
storm water infrastructureRates of TN and TP removal were compared in order
to determine street sweeping as the preferred best maintenapactice. Table
5 below compiles a cost comparison of TN and TP per pound removal for baffle
boxes, catch basins, and street sweeping BMPs.

15



BMP Mean TN Mean TP

($/lb.) ($/1b.)
Desoto Baffle Boxes: Brevard Coun 13,944 120,364
(Satellite Beacl2015)
Catch Basin (FSAEF) 1,016 1,656
Street Sweeping(Satellite Beach 2015) 79 175

Table5: BMP cost comparison for baffle boxes, catch basin, and street sweeping

3.1 Baffle Box

Findings in thiseport suggest that the environmental benefits baffle boxes
provide donot justify the costs associated with the maintewa, initial purchase
and installation To recover 1 Ib. of P and TNit is necessary to purchase and
annually maintaint.4 type 2 béle boxes and 1.8 type 2 baffle box@3eitche, M.
Scott;et. al.2010) Brevard Countyad an average cost of $B44/Ib. of TN and
$120,364/Ib for baffle boxes on Desoto Avenue (Satellite Beach Utility 2014).

Budget funds set aside for baffle boxes should ®nsidered for
reallocation towards increasedstreet sweepingregimens toprovide a greater
impact on nutrient loading reductionwhile effectively reducing®M deposition
into storm water infrastructure.

16



3.2 Street Sweeping

The report for FSAEF found an average of 1439 mg of TN and 425.8 mg of
TP perkg of PMper mile, recovered by street sweeping within residential land
uses throughout FL and averaged 147 kg of PM recovered per mile swept
(Berretta, Christian; et. al. 2011)Jsing these values, a dakdown of removal
rates was performed to quantify nutrient removal per mile from street sweeping
residential land usesCost analyses waseated from using the data from Table 3
and shown on Table.6rhisshowsvacuum assisted street sweepers are more
efficient at nutrient and PM removal than the mechanical street sweepers
frequently contracted out to municipalities in the IRL region.

Nutrients mg/kg lbs./curb  Curb Costs/lb.
mile miles/Ib.

TN 1439 0.23 4.35 $21372

TP 426 0.07 14.29 $702.08

Table 6 Nutrient removal rates calculated from values obtained through the
FSAEF report on storm water maintenasce from Table 3 cost values.

Street sweeping has been identified to provide the most cost effective
approach to reduce nutrient loadinesidential ad mwmmercial land usesyhich
significantly contributeto nutrient loading, permeate throughout all five IRL
counties.Since lack ofunding is the strongest inhibitootmeeting TMDLSs within
BMAPSs, individuaktreet sweepingmaintenance plas for the IRLprovide a
practicalsolution to address TMDL requirements for IRL counties.

17



4. Generalized Best Maintenance Schedule

4.1 Baffle Bxesand Catch Basins

Baffle boxes and catch basins will require frequent visual inspections and
screen cleaning. Each box will require annual or biannual sump cleaning by
vacuum trucks depending on the individual baffle box and catch basins
characteristicsIf tree canopy coverage exceeds 4Q@dfisdictions shouldexpect
to perform increased maintenance on baffle boxes and catch basimemove
leaf litter from sumps and screensBelow, Table 7 depicts a maintenance
schedule to be applietb existing catch basins and baffle boxes.

Cursory Sump Screen
Inspection Cleaning Replacement

with  Vac
Truck

Baffle Box Weekly Fall and N/A
Typel Spring

Baffle Box Weekly Fall and Annually
Type 2 Springs

Catch Basin Weekly Fall and N/A
until PM Spring
deposition
IS
understood

Table7: Maintenance schedule for baffle boxes and catch basins.
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4.2 Street Sweeping

Street Sweeping will require a maintenance schedule based upon seasonal
variables Winter andspring nonths will requireextensivestreet sweeping due to
the long antecedent dry periods experienced during these morisspart of this
report, street sweeping routes werecreated for each cauty by clipping
residential roads to MCHEenerated high priority areaslhis analysis identified
roads thatbenefit best from a street sweeping regimen to meet TMDLs for the
IRL. Routes receival a priority ranking based on expected nutrient load
reductions.Roads within high priority were giverstanations of TN, TP, and PM
removal and costs for the IRL region and each of the five counties within the study
area: Volusia, Brevard, Indian River, St. Lucie, and Martin County.

5. Methodology

5.1 Data Collection
The original roadshapefile wasobtained through Florida Department of
Transportation.Outfall data for the IRL was obtained through the East Central
Florida Regional Planning Council shapefile databBEseFloridaGAP land cover
raster was obtained througthe Unites States Geologicalrvey online download
site.

52 GIS
All shpefile and raster data setwere projected in NAD 1983 HARN State
Plane Florida East FIPS 0901 (US Fadtyaster data sets were giveasolutions
of 100 feet.

All county boundary shapefiles were merged to create a study area
boundary shapefile. The original road shapefias clippedo the IRL boundary
shapefile A new field was added to the clipped road shapefile and was populated
with road length in milesThe GAP land cover raster was reclassed into natural
areas (1), agriculture (2), fresh water (3), salt water (4), medium intensity
development (5), low intensity development (6), high intensity development (7),
and developed open space (8)The newly reclased land cover raster was
converted into polygons andhén clipped to the IRL countieshapefile. The
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saltwater shapefile was created by extracting the saltwater from the GAP land
cover vector shapefile.

The Euclidean Distance tool was performed on th#abl saltwater, and
road shapefiledo generate rasterEuclideandistance data sets which would be
used in the Multiple Criterion EvaluatigMCE)IDRISI modelThe retassed land
cover data for the IRL study area was further reclasgsedssign Landscape
Development Intensityindexes (LD) to individual land classes based from
previous LDI coefficien{8rown,et. al.2004) andvere mutiplied by 100

Land Class Land Class Value LDI Index
Natural Undeveloped 1 100
Areas

Agriculture 2 360
Fresh Water 3 100
Salt Water 4 100
Medium Intensity 5 900
Developed

Low Intensity 6 800
Developed

High Intensity 7 900
Developed

Developed Open Space 8 183

Table8: LDI Values for IRL Land Cover
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5.23IDRISI prprocessing

In order to processlata sets in IDRIShe extentsmust be identical to all
files, requiring extensive ggarocessing within ArcMap.

All raster data setwerereclassed to a value of tpnverted to vector files
and individudl clippedto the IRLcountiesshapefile.A boundary file was formed
by using the intersect tool for each of the clipped vector shapefiles. All original
raster data were converted into vector polygons and clipped to the border
shapefile.The clippedvector files were thenanverted into raster data sets with
identical extents.The raster data sets were then convertedo ASCIl format,
which allowedhem to be used within IDRISI software.

All raster data sets were imported into IDRISI. Each datafsEuclidean
distance functions (saltwater, outfall, and roads) and the LDI land cover data were
assigned matheamtical distance relationshigunctions using the Fuzzpol in
IDRISI.
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A linear monotonically increasing function was applied using Fuztydo

the LDI land class file. The first inflection point was set to the LDI value of 100, and
the last inflection point was set to 900 which was the highest LDI value. These
inflection points were chosen because natural and aquatic land covers have the
lowest probability of contributing to high levels of PM, N, and P on road surfaces.
The probability of PM, N, and P deposition on road surfaces rises along with the
increase of LDI values. Low density development land class (LDI: 800) and
medium through hig density developed land classes (LDI: 900) were given high
LDI indexes because nutrient pollution on road surfaces are highly correlated with
residential and developed land covers.

Figured: Land Cover Fuzzy Data Set

LDI: 900
|

LDI: 100

/
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A linear monotonically decreasing function was applied using the Fuzzy tool
to the Euclideandistanceroad file (road0) The output fuzzy file was in byte
format. The firstinflection point was set t® ft. The final inflection point was set
to 59,996 ft., the maximum distance from a roadthin the IRL study area
Though there is not a relationship between distance from roads and nutrient
deposition,these inflection valuesnd function type were assigned in order for
the MCE model to prioritizareas withclose proximity to roads.

Figure5: Euclidean Distance Road Fuzzy Data Set

0 ft.

59,996 ft,
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A linear monotonically decreasing function was applisohg the Fuzzy tool
to the EuclideardistanceSalt Water fileThe output fuzzy file was in byte format.
The first inflection point was set to O ft. and the final inflection point was set to
179,432 ft., the maximum distance from saltwater within the HRldy area.
Though there is not a direct relationship between nutrient depositonroad
surfacesand distance from salt watethere is a negative correlation between
potential nutrient depositionfrom storm waterinto the IRL and proximitio the
L w[wltér. As proximity to saltwater decreases the probability that nutrient
pollutants on road surfaces will be deposited into the IRL through storm water
increases.This decreasing function was used in order for the MCE model to
prioritize areas in close pxamity to salt water.

Figure6: Euclidean Distance Salt Water Fuzzy Data Set

0ft.

179,432 1,
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A linear monotonically decreasing function was applied using the Fuzzy tool
to the Euclidean distance Outfall filehe output fuzzy file was in byte formdthe
first inflection point was set to O ft. and the final inflection point was set to,168
71ft., the maximum distance from an outfallhis decreasing function was given
to the outfall data file. Though there ot a direct relationship between nutrient
deposition on road surfaces and distance fraatfalls, thereis a negative
correlation between potential nutrient deposition from storm water into the IRL
and proximity to outfalls. As proximity to outfaliecreasesthe probability that
nutrient pollutants on road surfaces will be deposited into the IRL through storm
water outfallsincreasesThis decreasing function was used in order for the MCE
model to prioritize areas in close proximity to outfalls.

Figure7: Euclidean Distance Outfall Fuzzy Data Set

0ft.

188,971 ft.
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5.24 Multiple Criterion Evaluation

A Multiple Criterion Evaluation model was run using IDRISI software and
the fuzzy files for outfalls, roads, salt water, and LDI land cover. The fuzzy files
were given a factor weighting to dictate individual importance for the MCE model.
The LDI land cover fuzzy file was assigned the highest weighting because land
cover has the stnogest effect on nutrienand PMdeposition onroad surfaces.

Fuzy Date Factor

set Weight

LDl Lanc 50%
Cover

Outfall 20%

Salt water 20%

Road 10%

Table9: MCE Weighting
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5.25 Street Sweeping Ro&lection

The MCBoutput wasconverted into ASCII format accessible by ArcMap.
The MCE data set was reclassed to create high prionggium prority, and low
priority street sweeping aread.he reclassed MCE raster file was cotecinto
vector polygon format, and further refined by selecting only polygons that were
greater than 100 acres. This was performed to focus on large contiguous high
priority areas that would benefit strongest from street sweeping.

MCE Values Reclassed &lue Priority Street Sweeping
Areas

30¢ 239 1 Low

240¢ 249 2 Medium

250- 255 3 High

Tablel0: MCE Reclassification
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New shapefile were created from selecting residential road types from IRL
road shapefile. This selection was performed to focaeet sweeping areas in
nutrient rich residential land covs, and also for practicality fgrotential street
sweeping. The residential road file was clipped to the high priogtyd medium
priority greater than 100 acr@olygonfiles. This provided mess of determining
total mileage of roads that are within high priority are#@dtribute fields were
added to both residential clipped road files to include pound3¥Nf TRPand total
PM per curb mile. This was done using the field calculatonbyiplying miles by
nutrient and PM values per mile fromalble 6.The clipped road file and the high
priority polygon file were clipped to Volusia County, Brevard County, Indian River
County, St. Lucie County, and Martin County boundary. filedal mileage of
residential roads and estimations of TN, TP, and total PM, witligh and
mediumpriority areas for each county weealculated.

All road and MCE vector shapefiles and rasters can be obtained through the
East Central Florida Regional Planning CauiitN, TP, and PM attributes for the
road shapefiles are expressed in pounds per curb mile.

2 Highways, state and county roads are often difficult, more expensive, and dangerous to street
sweep due to the frequency of traffand fast speed limits.
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6. Recommendedstreet Sweepindvaintenance

6.1 IRL Region

Multiple Criterion Evaluation Model: Street Sweeping Indian River
Lagoon.

(.)2. J{V

Street Sweeping

| - High Priority Areas > 100 Acres

7 3 5 3

Projection: NAD 1983 HARN State Plane Florida East FIPS 0901 Feet.

K é Sources: ArcGIS Online; ECFRPC; SJRWMD; FDOT; USGS; Valusia Courty:
X k , | St Lucie Courty: SWFWMD.

P o VYA TR

Figure 8: Mltiple Criterion Evaluation Model Output for Street Sweepling
Volusia County
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Based on the parameters of thmodel @distance from outfalls, salwater,
androads, andand cover typelhe MCE outpufor the IRL regiomas identified
71,410 acres of land cover which have the highest contribution of nutrient and
PMdeposition on road surface$here was a total of 1500 milé3000curb mileg
of residential roads that were within th&CE generated higlpriority areas
throughout the IRL region.There was a total of 2323 miles (4646 curb miles) of
roads within theMCE generatednedium priority areaslf all of the IRL roads
were swept twce a month, an estimated 16,560 pounds of BN)40 pounds of
TP, and 11,666,880unds of PM would be removed from road surfaces, actively
preventing these pollutants from contanating the IRL.

The concentration of high priority areas within Brevard County, St. Lucie
County, and Martin County suggest that these counties would benefit strongest
from the implementation of a rigorous street sweeping regimarbreakdown of
estimated nutrient removal, PM removal, and costs from street sweeping the
priority roads of the entie IRL region is shown below iable11.

Curb Street
Miles of Sweep

Priority ~ Frequency

Roads
IRL 18,000 Bimonthly 4140 1260 2,916,7D $884,30
IRL 36,000 1x month 8280 2520 5,833,440 $
1,768,68
IRL 72,000 2x month 16560 5040 11,666,880 $
3,537,3®
Tablell

Estimated nutrient removal, PM removal, and costs for the IRL regit
through streetsweepingefforts using data fromdables 3 and 6, for the
IRL region.
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6.2 Volusia County

Multiple Criterion Evaluation Model: Street Sweeping Volusia County.

Sources: ArcGIS Online; ECFRPC; SIRWMD; FDOT; USGS; Volusia '
County.

Figure9: Multiple Criterion Evaluation Model Output for Street Sweeping In
Volusia County
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6.21 Street Sveeping:Priority Roads

Ponce Inlet represents the nibern extent of IRL study area.ny roads
that were south of Ponce Inlet were included in the analysis for Volusia County.
Therewere 2792 acres of high priority areas, and 16,745 acres of medium priority
areas within Volusia CountyThere was a total of 73 miles (146 curb miles) of
residential roads that were within the MCE generated high priority areas, and a
total of 462 miles (924 curb miles) within the MCE generated medium priority
areas This reportestimated TN, TP, TPM loadductiors if priority roads were
swept once a montlof 402.96; 122.64; 283,89%bunds per year

6.22 Maintenance Schedule

Volusia County would benefit from implementing a frequent street
sweeping regimen in order to activelyork towards reducinqutrient and PM
enrichment of thelRL and decreasing PMouild up within the storm water
infrastructure, including outfalls associated with the IRlteet sweeping seasonal
prioritization should be during the fall and early spring ntis, when
concentrationsof PMfrom leaf litter are highest on road surfageemoval of PM
during these months aid in the prevention of organic material from clogging
storm water infrastructure, including outfalls. A breakdown ofestimated
nutrient removal, PM removaland costs from street sweeping the priorityads
is shown below indble 12

Curb Miles Street TN Remova TP Remova PM removal Cost per
of Priority Sweep (Ibs) per (Ibs) per (Ibs)peryear Year
Roads Frequency year year

876 Bimonthly  201.48 61.32 141,947 $43,037.88
1,752 1x month 402.96 122.64 283,894 $86,075.76
3,504 2x month 805.92 245.28 567,788 $172,151.52

Figurel0: Estimated nutrient removal, PM removal, and cost values, based
data found in Tables 3 and 6, for Volusia County Fl.
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6.3 Brevard County
Multiple Criterion Evaluation Model: Street Sweeping Brevard County.

MCE

- Priority Areas > 100 Acres

Projection: NAD 1983 HARN State Plane Florida East FIPS 0901
A% = "ok R NB S i Feet. Sources: ArcGIS Online; ECFRPC; SIRWMD; FDOT; USGS;
[ g SOl SVWEVWMD.
I .

Figure 11. Multiple rierion EvItion Model Output for Street Sweeping In
Brevard County
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6.31 Street Sweeping: Priority Roads

Brevard County had a total d823.18 miles (1,646.36 curb miles) of
residential roads within MCE generated high priority areas. There was a total of
38,452 acres of high priority areageater than 100 acrem Brevard County.

There was a total of 3,434r8iles(6,869.6curb miles) of residential roads within

the MCE generated medium priority areas. There was a total of 29,078.87 acres of
medium priority areas greater than 100 acr&ased on the results from the MCE

model, Brevard County has the higheshtdution of nutrient enrichment to the

IRL through storm water runoff from road surface&dreet sweeping Brevard

| 2dzy i@ Qa NRIFIRaxX 6AOKAY GKS a/ 9 3ISYSNI &S
enrichment mitigation efforts for the IRL due to thetndzNE 2 F GKS Lw[ Q
in this particular regionThe Banana Rivdéragoonand southernportions of the

Mosquito Lagoon are known for their poor flushing abilities (Lapointe, et. al.
2015. Nutrient and PM enrichment from storm water runoff from roadghin

this poorly flushed region can have a stronger potential to cause ecological
disturbances than nutrient enrichment from run off into other regions of the IRL

that cycle water effectively from tidal flow in and out of inlefBhis report
estimated TN TP, TPM load reductions of 4,543; 1,382; and 3,262 pounds per

year if Brevard 2 dzy (0 & Q tbadkiiele 20&ht Orge a month.
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6.32Maintenance Schedule

Street sweeping seasonal prioritization should be during the fall and early
spring monthswhen concentrations of PM from leaf litteare highest on road
surfaces, emoval of PM during these months aid in the prevention of organic
material from clogging storm water infrastructure, including outfallhere
should also be a prioritization of seksweeping roads that are associated with
the Banana RiverA breakdown of estimated nutrient removdM removaland
costs from street sweepingriority roadsin Brevards shown below in tablé3.

Curb Miles Street TNRemoval TP Remova PM removal Cost per
of Priority Sweep (Ibs) per (Ibs) per (Ibs) per Year

Roads Frequency vyear year year

9,878 Bimonthly  2,271.94 691.46 1,600,631  $ 485,306

19,756 1x month 4,543.88 1,382.92 3,201,262 $970,612

39,512 2x month 9,087.76 2,765.84 6,402,524.4¢8 $
1,941,224

Table 13: Estimated nutrient removal, PM removal, and cost values, based
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6.4 Indian RiveCounty

Multiple Criterion Evaluation Model: Street Sweeping Indian River
County.

MCE
- Priority Areas > 100 Acres

13 t
Projection: NAD 1983 HARN State Plane Florida East FIPS 0901

Feet. Sources: ArcGIS Online; ECFRPC; SIRWMD; FDOT; USGS;
SWFWMD.

Figure 122 Multiple Criterion Evaluation Model Output for Street
Sweeping In Indian River County
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6.41 Street Sweepind’riority Roads

There was a total of 76 milgd52 curb miles) of residential roads within
MCE generated high priority areaShere was a total of 3,921.45 acres of MCE
generated high priority areas within Indian River County. There was a total of 449
miles (898 curbed miles) of residential roads within MCE generated medium
priority areas. There was a total ¥,264.59 acresfanedium priority areasThe
MCE model found development on the western shores of the IRL in Indian River
County to have the highest contribution to nutriembd PMpollution. This report
estimated TN, P, TPM load reductions of 419.42; 127.68; and 295¢xfihds
LISNJ @ SFNJ AT LYRAFY WAGSNI / 2dzydeQa LINA 2N

6.42 Maintenance Schedule

Street sweeping seasonal prioritization should be during the fall and early
spring months, when concentrations of PM from leafelitare highst on road
surfaces, emovd of PM during these months aia the prevention of organic
material from clogging storm water infrastructure, including outfalla.
breakdown of estimated nutrient removal, PM removal, and costs from street
sweeping the priory roads in IndiamRiver County is shown below ialile 14.

Curb Miles Street TN Remova TP Remova PM Cost per
of Priority Sweep (Ibs) per year (Ibs) per removal Year
Roads Frequency year (Ibs) per
year
912 Bimonthly 209.76 63.84 147,780 $
44,806.56
1,824 1x month 419.52 127.68 295560 $
89,613.12
3,648 2x month  839.04 255.36 591,120 $
170,277.24

Tablel4: Estimated nutrient removal, PM removal, and cost values, basec
data found inTables 3 and 6, for Indian River County FI.
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6.5 St. Lucie County

Figurel3: Multiple Criterion Evaluation Model Output for Street Sweeping In St.
Lucie County

38















