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EXECUTIVE SUMMARY

The purpose of this research project is to evaluate the wseiodisinlet
protection deices (IPDs) during soil disturbing activities'he evaluathg measurments
includeflooding potential anthereduction in sediment and other pollutants present in
roadways and swales from entering the storm drainage system. Curb (Type 5) and ground

leveldrop (Type C) inletsvereused as typicdbr FDOT applications.

Uncontrolled erosion and sediment from land development activities can result in
costly damage to aquatic areas and to both private and publi¢llandgston et al. 1988).
The transportfosediment during runoff eventanlead to blocked stormwater conveyance
systems, plugged culverts, filled navigable chanireljsacted wetlandsmpaired fish

spawning, clogged gills of fish and invertebrates, and suppressed aquatic life

Inlet protectim is considered to be one part of a Stormwater Pollution Prevention
Plan(SWPPPused to control sedimeatteringinto a stormwater conveyance system
and intowater bodes Inlet protectioris often necessamground stormwater letsand
culverts that acept runoff from disturbed areaStéate of Florida, 2007)Sediment and
nutrients generated and transported during construction actmitistbe controlled to
meet effluent discharge standards. The effluent concentration |esiviimg point of
dischargemust not exceethe turbidity value 029 Nephelometric Turbidity Units
(NTUs) above background leveils most Floridavater bodiesand must not exceed
existing background turbidity the Keys or in impaired water bodies (Florida
Department of Environnmgal Protection, 1995Ponding is an issue thatayoccurwith

IPDs, as sediments accumulate during use of the deMiary IPDs arecommercially
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availableand should be evaluated to deternpodutant removakffectiveness and the

potential of localizedlooding, or ponding

Various product typesere evaluateth order to determine what types of

measures and standards can reasonably be used to set minimum requirements for product

removal efficiencies and flooding potential. Seven curb inlet and sixidiet protection

deviceswereevaluatedand te products listedcandomly and genericallgsfollows:

Curb Inlets

1.

Product A is a plastic corrugated pipe wrapped in a geofiber fabric acting as a

sock with two sand bags holding it in place.

. Product Bconsigs ofrecycled synthetic fibers armdhermaterial designed

with multiple 2 inchorifice (holes) for water bypass minimize ponding The

product is heldn placeby its ownweight.

Product C is a woven, polypropylene material wrapped around PVC and
Styrdoam, and consists ainoverflow weirto minimizeponding. The

product is held in place by wedges between the pavement and inlet top.

Product W is made of wood chips held together by a mesh net, with no

overflow prevention. The product is haefdplaceby itsownweight.

Product S contains a lightweight plastic material wrapped with awomen
geotextileandsand bags attached to each end to hold it down.

Product Econtaingtire chips wrapped in a woveeotextile and consists of an

overflow weir to mimmize ponding. It is helth placeby itsown weight

Product G is a woven geotextile with eaternalrigid plastic frame. It is held
in placeby weights on the backside.

Vi
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Drop Inlets

1. ProductDM is a noAwoven geotextile that wraps round and securedédo th

grate.

2. ProductDH is a noawoven geotextile that is secured under the grate. An

overflow opening is included in the design.
3. ProductDW is a wood chip wattle that goes around the perimeter of the inlet.

4. ProductDB is a recycled synthetic fiber staked @nd the outside perimeter

of the inlet.

5. ProductDE is a log of wood chunks wrapped in a woven geotextile. It

encircleshe drop inlet.

6. ProductDU is a noawoven geotextile that is placed over the grate. The
product is secured by magnets located at eactecor

Three experimental rain evemtgreperformedat the UCF Stormwater
Management Research and Testing (SMARTtatoryon each product. Théird rain
eventwasconsidered a clog tesdince heavy loading of sedimembuld have
accumulated in front dahe producbver time Water quality samplesere analyzeand

performance observatiomgererecorded.

The testing performed on the curb and drop inlets were full szialill
simulations. Awatershedunoff sheet flow replicatiomwas created. Theimuated rain
devicepositionedapproximately 300 gallons of water onto the watershed area8dver
minuteduration to simulate a 0.5 inch rain evgrbducing a peak dischargeaijout
0.20cubic feet per secondff). The average intensity of rainfall w8s7 inches per hour

to produce the peak discharge

vii
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TheexperimentaBO0 by 30 fed watershed had consistenamountand typeof
sediment placed on it prior to each tést3 fine-sandexisting at the SMART ladratory
was used during testinlhe generatedunoff for the curb inletransportedhe sediment
and other particlewards the inletvith pavement slopes of 1:1 and 60fhe drop inlet
had a gradual estimated 20:1 slopé&ater samples we collected upstream and
downstream of the inlet, to measwaterquality parameterdefore and after the IPD.
The change in watdevel in the inlet over time vganeasurd to estimataheflow rate
throughthe product. The watershedndtions for the drop inlet test weprepared

similarly to the curb inlet test

From the field evaluation, the following agenerarecommendations.

Turbidity, sediment, and nutrients before and after and&bbe

measured accurately

e All the IPDs performed taeducethe amountf sediment and nutrients

entering the storm sewer water bodyalthoughto differing degrees

e Each IPD evaluated has its own unigetof removal rates under the

loading and runoff evaluation conditions.

e Turbidity, total solidsand nutrient reduction can be part of a mass loading

reduction program in watershed.

e A regularly scheduled inspection and/or cleaningrafD is requiredin
order toincrease the effectiveness and product life, while also decreasing

the risk of ponding on roadways.

e For drop inlets, a treatment system consisting of a proghstteaam of the
inlet to attenuatdlow and a product beneath the grate that can filter the
water is a more efficiergollutant removasystemand lasts longefThe
grate capture unit will have to be maintaimedre frequently than the

upstream one

viii
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e Cautionshould always be taken in tdeploymenbf these systems so that
upgream flooding does not caugaesafehigh waterconditions.
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CHAPTER 1 INTRODUCTION

1.1PURPOSE

The purposef thiswork is toreport onthe effectivenes®f aninlet protection
device(IPD) to reduce sedimeiaind other pollutantgresent irroadways ad swales
before runoff watersrger the storm drainage systeGurb (Type 5) and ground level

drop (Type C) inletsvere used as typical of FDOT applications.

1.2BACKGROUND
1.2.1 Stormwater Pollution Prevention Plan (SWPPP)

Uncontrolled erosion and sediment from land development activities can result in
costly damage to aquatic areas and to both private and publiq(lavidgjston et al,
1988). The transport of large volumes sgdimentduring rain events leads to blocked
stomwater conveyance systems, plugged culverts, filled navigable channels, impaired
fish spawning, cloggedills of fish and invertebrates, and supgsedaquatic life.The
sources of stormwater discharges regulated undéddtienal Pollutant Discharge
Elimination SystemNPDES Stormwater Prograrare construction activities, industrial

activities, and municipal separate storm sewer systems (MS4).

Stormwater runoff from construction activitiean have significant impact on
surfacewater quality by contributing sediment and other pollutants to water baxlies
wetlands The NPDES Stormwater Program regulates construction activities that disturb
oneor more acres of land and discharge stormwater to surface waters of thaf State
Floridaor into a municipal separate storm sewer system (M3 .regulatory definition

of a MS4 is fia conveyance or system ,of

conyve
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municipal streets, catch basins, curbs, gutters, ditches, wctestichannels, or storm

drain® (State of Florila 2007%.

A proper Stormwater PollutioRreventiorPlan (SWPPP)Must identify the
location, relative timing, and specifications for all eoostontrol, sedimentontrol, and
stabilization measures that are required as part of the project construction. The plan must
provide for compliance with the terms and schedule of implementing the proposed
project, beginning with the initiation of consttion activities. The plan may be
submitted as a separate document, or may be contained as part of the plans and

specifications of the construction documents.

A key component of the SWPPP is an effective sediment and erosion control plan
which isessentiafor controlling stormwater pollution during construction. Erosion and
sediment control plans range from very simple for small, sipigdesgoroject to canplex
for large, multiplephaseprojects Whenunforeseen circumstances such as extreme rainfall
evens or construction delayxcur, existingerosion and sedimentation controiayno
longer provide reasonahtellection of solids and associated pollutants. Thus they may need
to be replaced so as to provide protection of receiving wateesSWPPP shoulae
updatedas needetb reflect the additional erosion and sediment control measures

implemented on site (Florida Department of Environmental Protection, 2009).

Inlet protection is casidered to be ongart of aSWPPPused tacontrolthe
releasingof sedment intoa stormwater system or a water bodiyiet protection should
be considered aund stormwater intakes andlverts that acqe runoff from disturbed

areas Htate oflowa, 2008 State of Florida, 20Q07Sediment and nutrients generated and
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transpoted during construction activitiese required tte controlled to meetffluent
discharge standard3.he effluent concentration leavisglischarge pointust not
exceed 2Nephelometric Turbidity UnitsNTU) above background levels and must not
exceedbackground levels theFloridaKeys or in impaired watdsodies (Florida
Department of Environmental Protection, 1998rious tyes ofIPDs are on the arket
andweretested to determine effectiveis@s sediment and nutrient remowabng with

thelPD cloggingpotential.

Storm sewers which apaced in serviceefore thecontributingdrainage area is
stabilzed can convey large amountssefliment to natural drainage wag®rm sewers
and surface water bodida case of extreme sediment loadiagtorm sewer may clog or
losea major portion of its capacity. To avoid these problems, it is necessary to prevent
sediment from entering tleystem at the inletI.here areseveral types of inlet filters and

traps which have different applicatiodspendhg upon site conditions and type of inlet.

1.2.2 The National Pollutant Discharge Elimination System (NPDES)

The followingprovides information fromNPDESused to guide the conduct of the

researchelative toregulations currentlpeing used

Title 40--Protection of Environment
CHAPTER F-ENVIRONMENTAL PROTECTION AGENCY
PART 122-EPA ADMINISTERED PERMIT PROGRAMS:
THE NATIONAL POLLUTANT DISCHARGE ELIMINATION
SYSTEM

122.26 Storm water discharges (applicable to State NPDES programs, see
123.25).
E) Charaderization plan Informationand a proposedpgram to meet the

requirement®f paragraph (d)(2)(iii) ofhis section. Such description shall
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include:the location of outfalls or fieldcreening pointappropriate for
representative data collection undaragraph(d)(2)(iii)(A) of this section,
a descriptiorof why the outfall or fieldscreening point is representative, the
seasons durg which sampling is intended,description of the sampling
equipment. The proposed locationoaitfalls or field screemg points for
such sampling should reflect watgrality concerns (sgearagraph
(d)(1)(iv)(C) of this section) to the exteptacticable.

(v) Management programs. (A) A descriptiofithe existing maagement
progams to control pollutants frothe municipal separate storm sewer
system The description shall provideformaion on existing structural and
soure@ controls, including operatiand maitenance measures for
structural controlshat ae currently beingmplemened. Such controls may
include,butare not limited to: Procedurés control pollution resulting
from construction activities; floodplaimanagemet controls; wetland
protectionmeasires; best management practit@snew subdiisions; and
emergencpill reponse programs. The descriptimay address controls
establishedinder Stateules and regulations.

Characterization dataWhenfiquantita i ve dat adédé for a poll ut a
required under paragraiptt)(a)(iii)(A)(3) of this paragraph, thegpplicant
must collect a sample of effluemt accorénce with 40 CFR.22.21(g)(7)
and analyze it for the pollutaimt accordance with analyticatiehods
approved under 40 CFR pd®6. When b analytical method is approved
theapplicant may use any suitalfeethodbut must provide a descriptiard
the methd. The applicaninust provide information characterizitige
qudity and quantity of dischargesvered in the permit application,
including:

(A) Quanttative data from representativeatfalls designated by the
Director(based on information receivedpart 1 of the apptation, the
Directorshalldesignate between five and teutfalls or field screening
points agepresentativef the commercial, residentiahdindustrial land

use activitieof the drainage area contributitgthesystem or, where ther

4
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are lesghan five outfdls covered in the applicatiothe Director shall
designate all outfalls) developed as follows:

(1) Foreach outfall or field screeningpint desgnated under this
subparagraplsamples shall be collected sibrm water dischaes from
threestomm events occurring at least om@nth apart in @ordance with the
requirements at § 122.21(g)(7) (the Directay allow exemptions to
samplingthree stormevents when climatic conditiorseate good cause for
such exemptions);

(2) A narative descriptiorshall beprovided of the date and durationtbe
storm ever(s) sampled, rainfall estimate§the storm event which
generatedhe sampled discharge and theation between the storm event
sampledand theend of the previouseasurablégreater than 0.1 inch

rainfall) storm event.

These regulationselp guidethis researchasthe research teasampled at least
three storm evea to collect data on the effectivenesgath IPD The dates and storm
duration with rainfall volumessed br evaluatiorwere noted. All runoff events were
from rainfall greater than 0.1 inch of rainfall. In addition, the location of the inlets and

IPDswere noted.

The trade names of the IBWere deliberately not mentioned so as to minimize
comparison of matels. There have not been significant unifostandards for IPD
evaluationthereforeit was more important to develop techniquasieasuremerdand
to offer methods for evaluation and testing. The results adhvidieationsshow that the

IPD productshave theimunique levels of solids capture, pollutant remoflaly rate,
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installation proceduresind maintenance requirementseTuser will have to determine

which IPD isappropriatdor a particular inlet protectiolocation

1.2.3 Inlet Protection Practices

The absence of an IPD leads to the plugging and clogging of inlets and inlet
throats Figurel shows an impaired curb inlet. Inlet protection devices protect inlets from

large debris and small sediment particles alike.

(M. Goolsby, 2009)
Figure 1: Lack of inlet protection

The curb inlet irfFigure2 has a serious risk of discharging polluted runoff. Any
contribution from the portable toilet could contain high amountsitfents and other
biological pollutants. The overfilled dumpster on site also contains sediments and other
pollutants that could plug the inlet or impact the ecosystem when entering the stormwater

conveyance system.
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(M. Goolsby, 2009)

Figure 2: Absence ofinlet protection on residential construction

The image irFigure3 demonstrates incorrect drop inlet protection. If one looks
closely through the grate, there is a collapsedwioven geotextile. Theystem is not
secured to the inlet; therefore it quickly failed with an open area and does not provide any

sediment control protection for the inlet.

(M. Goolsby, 2010)
Figure 3: Improper drop inlet protection
7
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Figure4 shows an improper use of a curb IPD. The turbid runoff flows directly
into the inlet because the device was not installed correctly to reduce the amount of

sediment reaching the storm sewer.

(M. Goolsby, 2010)

Figure 4: Improper curb inlet protection practice

Heavy sediment loading that has no erosion or sediment control around it, as
shown inFigure5, can result in large volumes of sediment particles reaching the inlet.
IPDs are not dégned to retain or contain such large amounts of sediment. Therefore, it is
essential to prevent this erosion and sediment transport from occurring prior to reaching

the IPD.
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(M. Goolsby, 2010)
Figure 5: Improper aggregate stoage

The implementation of an IPD alone cannot effectively handle the amount of
sediment being transportedfigure6. A Proper erosion and sediment control plan in a

SWPPP can significantly limit the amount of sediment andipoii reaching the inlet.

(M. Goolsby, 2010)
Figure 6: No source ontrol adjacentto inlet
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1.3WATER QUALITY IMPACTS
1.31 Sediment Loadinglmpact to Water Bodies

Once suspended in water, soil particles may become a majorpaétgant.
Whenincreases imotal solidsoccurin water,plant and animal life changes may occur
and sometimes elimination of a species occurs in the area affedigtdlisplids.
Necessaryjife functions suclas photosynthesis, respiration, growthy agproductiorare
impacted by the presence of suspended partiSiase construction projects can be one
source ofoil particles thatontribute sedimentt® | o rs stréaam8, lakes, canals, and
shorelines, it is important to understand how to congdinsent both during and
following land disturbance activities. As construction activities disturb land, erosion
occurs during rainfall or wind events. For examp{@onstruction areas can produce 10
to 20 times more solil particles Idsanfrom lands whes vegetation exists. Reservoirs,
harbors, and canals can clog with silt. Loss of recreational ardagildiife habitat
reduces the beneficial water uses for hunsmscan harm plants and anintglState of

Florida Erosion & Sediment Contr,d2007.

1.3.2 Nutrients, Pesticides, and Heavy Metals

Sediment loading from construction areas may also increase the amount of
nutrients in water. Nutrients, more specifically phosphorus and nitcatesftencome
from fertilizers used at construction sites toiaithe establishment of vegetation. When
runoff waters carry sediment downstream into water, plants that live in water use the
nutrients to increase the biomass, which robs the water of oygecarkill aquatic
organisms, including fish. In addition taitrients, herbicides and pesticides may also

exist in construction site soitg upstream drainage basivghen runoff events occur,

10
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these harmful chemicals are also carried with the sedimfeddstionally, improper
application of pesticides can alssué in the direct contamination of water. It is

estimated that over half of the trace metals carried in runoff waters are attached to
sediments (Caltrans, 1996). Sources of these metals found at construction sites include
galvanized metal, paint, and wopreservativesNearly all metals can be toxic to plants,
animals, and fisin certain concentrationgn addition, metals can accumulate in the

tissues of plants, animals, and fish and have the potential to contaminate drinking water.

1.33 Hydrocarbons and Other Wastes Found in Runoff Waters

Other pollutants found in runoff from construction sites include hydrocarbon
compounds caused by leaks from heavy equipment, hydraulic line failures, hydrocarbon
spills during refueling, inappropriate disposal dided fluids, and so forthVhen runoff
occurs, these hydrocarbons can wash into the water, harming plant and animal life. Other
wastes from construction sites that can lead to unsightly and polluted water inchstie
water from concrete mixerpaints ad painting equipmentvastes from cleaning of
vehicles and equipmenwastes from trees and shrubs removed during land clearing
wood and paper from building product packagiimgd containers, such as paper,
aluminum, and metal canand snitary wastesAll of thesecan each add to the sediment

in runoff waterqState of Florida Erosion & Sediment Contr2007.

1.41PD PROCESS OF EVALUATION

In a SWPPP, thprimaryrole of the IPD is to prevent large objeatsd sediment
from entering and impairing thetormwater systemsvery IPD in the markets

designed teeffectively remove large objects; thereforgher performancparameters

11
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must be used to evaluate aseparate effective products from ineffectordess effective

products.

An ideal IPDrequires documentation oits practicality and effectiveness.
Practicality may be definkasthe produals conveniencen all areas of applicatiorA
userneedsa product that hassimpleandrelatively easynstalation. Along withthe
ease of installatigrpreference goes tanIPD thatis relatively light in weightpre and
postusesince t is moreeconomicafor companies toise lessnarpowerto install the
products A reduction intime and labor put into installation equals moapitalsavedby
the companyldeally, propermaintenance fothe productshould beat aminimumand
the product longevitghouldout-last the projectonstructiorduration or until thgroduct

is no longer needed (e.g. vegetation is established)

An essentiaproductevaluationcriterionis safety. Theproductshould beeasilyvisible to
bikers, pedestrians, and caiéso, the product should be somehow secured to the site to
prevent dislodgingvhich could causpotential hazards on roadwayssidewalks or

clog the stormwater sy&in An emergency bypass an effective measure applied to
products that wilpreventthe possibilityof ponding whichcanalsobeamajorroad

hazard. The sumationof simple installation and maintenantight in weight, and

public safetymeet the requamerts for the practicality of an effective IPDhe

utilization of recycled materiahs part of aPD is inherently desirable from an
environmental stewardship perspectivat onlyif the productlsodoeswhat it is

installed to do.

12
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In summary, arffectivelPD should pass war whilealsocapturingtotal solids
and associated pollutantdigh water flowthrough the devicesquires large opening size
in theproduct; however, capturirfge sedimentequires small opening siz8ince
particle retentions inversely proportional to water flow, the mdirge particles captured,
the lower the flowthrough the devicddeal effectivenessccurswhere he maximum
amount of particless retained while the water flow jast high enough to prevent

hazard suchas ponding.

1.41 Method for Measuring Product Effectiveness

To quantify the effectiveness of the produahoff experimeng wereperformed
to simulate the real field application of the inlet protection products. Water from a cistern
waspumped through aetwork of 2inch PVC piping onto the testsphalt pavemetield
to simulate sheet flowvith turbidity values in excess 500NTU. The volume of water
was 0.5 inchor 8.57 inches per hoacross the watersh@doducing a maximum flow
rate into the inlebf 0.18 cfs This volume is sufficient on most impervious areas to cause
runoff. The runoff that passes through theb or dropgnletsis channeled to the back of
the inlet and discharged into a 500 gallon tsdmplesverecollected upstrearand
downstream ofanIPD and then tested in tlelemistrylaboratory Volume
measurementserealso takeras a direct measure of runoff rate an@sess the

potential offlood protection Flow capacitief the productsverealso measured.

Laboratory testeverecondiucted m the water samplesllected from the
experimeral runoff conditionsWater quality analyes arenecessaryo investigate how
the product actuallgltersthe quality of the wateurbidity is a measure of water clarity

or a measure ofdw the magrial suspended in water decreases the passage of light

13
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throughthewater n t er ms of Nephel ome.tHghterbidityur bi di ty |
reduces dissolved oxygen (DO) in wabgrreducinghe amount of light penetrating the
water, whichinhibits photosyithesis and the production difsolvedoxygen

(Environmental Protection Agency, 2006). The pH akédlinity of the watemwerealso
measure@sa referencestatistic eventhoughsignificantchangewvasnot expectedvhen
usinganyIPD. Testsfor nitrogen ad phosphorusiereperformed to measure the

removal ofnutrients.Phosphorus is the common limiting nutriémt growth organisms

in freshwater systemgVhen excess nitrogen and phosphorous are present in water
eutrophicatiorcanoccur, which maydevastat an ecosystem through severe reductions in
water quality, fish, and other animal populations. Wtal nitrogen and total phosphorus
testswere used to represent or approxintate percent removébr nutrients As a whole,

the water quality test anabswereused to measutée concentrationhanges from

upstream to downstreaby each IPD

1.4.2 Cloggingand Flow Rates

The clogging o&nIPD occurs when an excessive amount of sediment collects
inside and in front of the devieehile in use. The metho evaluate the clogging
potentialof the productsvasconducted durin@jeld testing At each minute interval, the
water level of the runoff on the product and the distance from the product that the
ponding occurs is measured and recorded. dEigeeeof ponding that occurs in front of

thedevicerepresents theeverity of clogging.

The dogging potentialvastested to ensure the material can perform its task even
after heavy loading cfediment. A sieve analysigasconducted t@valuateremoval

efficiencies for the produan relation to the particle siz&dditionally, asoil samplevas

14
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collectedfrom the sediment that was depositedront of the productiabeled as
upstream sample. Aownstreansoil samplevas alsacollected from the soil that sedd
in the inlet storage tank after it passes through the prddbeled aslownstream
sample. The difference in grain sizes that appear before and after pas$iig wik

helpfor thedetermirationof the removal efficiencyf anlIPD.

1.5PRODUCTS TO BE EVALUATED

Thefield simulatiors wereperformedon each IPDto establish a uniform set of
standards in an effort #valuate product effectiveness for pollution conamdl flooding
potential. The gratewaswrapped with a thic black noawoven geotextileuring all

evaluations to removanyinfluence the grate may have on the performance of each IPD

1.51 Curb Inlet Products

Product Ais a plastic corrugated pipe wrapped in a thin black 6 ounce geofiber

fabric acting as a sock with two sand bags holdingplace Eigure7).

Figure 7: Product A

15
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Product Bis a rolled up recycled synthetic fibers and recycled matéiigiife
8). This product is designed with 2 inch orificese foot on center as overflow

measures to help minimize ponding. The product is held down by heaiglfit.

Flgure 8: Product B

Product Gs a modular device made up of woven, polypropylene material
wrapped around PVC ar&tyrofoam Figure9). This product consists of an overflow

weir for the prevention of ponding. The product is held in place by Styrofoam wedges.

Figure 9: Product C

16
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Product Wis made of wood chips reetogether by a mesh net, as seehigure

10. There is no overflow prevention. The product is held down by itsvesdfht.

Figure 10: Product W

ProductSis a product that contains a lightweighagtic internal frame wrapped
with a nonwoven geotextileKigurell). This product is box shaped, with sand bags

attached to each end to hold it down.

Figure 11: Product S

17
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ProductE is tire chips wraped in a woven geotextilé-igure12). The design

consists of an overflow weir for safety. Itis held down by itswelght.

Figure 12: Product E

Product G is a woven geotextile with a rigid plastrame internally, shown in

Figurel3. Itis held together by weights on the backside.

Figure 13: Product G

18
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1.5.2 Drop Inlet Products

ProductDM is a nhorwoven geotextile that wraps around and is settoehe

grate as shown ifFigure14.

Figure 14: Product DM

ProductDH is a norwoven geotextile that is secured under the grate and is
designed to attenuate and filter runoff. An overflow openingdiided in the desigrsee

Figurels.

19
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Figure 15: Product DH

ProductDW is a wood chip wattle that goes around the perimeter of the aslet

shown inFigurel6.

Figure 16: Product DW

20
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ProductDB is made of recycled synthetic fibers and is staked around the outside

perimeter of the inlet with about 2.25 inch orifices on one foot spase#frigurel7.

Figure 17: Product DB

ProductDE is a log of wood chunks wrapped in a woven geotextile. It

encompasses the drop inlseeFigurel18.

21
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Figure 18: Product DE

ProductDU is a norwoven geotextile thasiplaced over the gratas shown in

Figurel9. The product is secured by magnets located at each corner.

Figure 19: Product DU

22
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ProductDE+DH: describegproducs DE and DH combined in serieseeFigure

20.

Figure 20: Product DE + DH

Threeexperimerdl rain eventareperformedwith each product. fAe lastrain
event is considereah obstructiontestsince heavy loading of sediment will have
accumulged in front of the product. Watquality samples anflooding performance

observationsirerecorded.
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