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Sectionl INTRODUCTION

101. PURPOSEAND INTENT

The Florida Airports StormwaterBest ManagementPracticesManual is intendedfor useby
consultantsregulatorsand airport sponsorschargedwith design,permitting and operationof

airside stormwatermanagementacilities. The documentis directly referencedn the General
Permitfor Construction Operation Maintenanceand Alteration Abandonmenbr Removalof

Airport Airside SurfaceWater ManagemenSystems Chapter62-330.449,F.A.C., and focuses
primarily on airport stormwaterquality. It setsforth the proceduresand criteria for those
facilities eligible for the generalpermit. It is applicableto most,but notall airsidefacilities, and

its usemustconsiderthesite specificconditions. The information in this BMP Manual, including

data and procedures, may also be used for projects that are not covered in the Airside General
Permit, but are eligible for either an Individual Environmental Resource Permit (ERP) or a
Conceptual ERP. In thesases the BMP data and procedures are not presumptive criteria, but
rather serve as a design aid for those projects that do not qualify for the General Permit. This can
include projects that encompass landside areas, projects that have combinedrairEiddsade

flows, or other norairside land uses. It can also be used for Airport Master Drainage Planning for
the airport as a whole and the recommended Conceptual ERP associated with that effort. This BMP
manual is a stanrdlone document. However, conmpan documents, the Technical Report For The
Florida Statewide Airport Stormwater Study; the Application Assessment For The Florida
Statewide Airport Stormwater Study; the Technical Report on the Wildlife/Bird Monitoring of the
FAA Pond at Naples MunicipaAirport and the Technical Report on the Water Management
Performance of the FAA Pond at Naples Municipal Airport provide additional reference material
that may be  consulted. These documents may be accessed at
http://www.dot.state.us/aviation/stormwater.shivihen used as a design aid for air side and
landside or airport master drainage planning information from the 2012 Florida Runoff EMC
Database or later version should be consulted facayputrient concentrations from landside or
nortairside sources. The 2012 version of this FDEP furnished spreadsheet may be obtained on the
FDOT website referenced above. Federal Aviation Administration (FAA) Advisory Circular (AC)
150/53205C Airport Drainage, or the latest version or change, must also be consulted for airside
specific drainage design in stormwater quantity management guidance. This document is available
on the FAA website dittp://www.faa.gownder he Regulatory and Policies tab and the Advisory
Circulars suktab.

The goalsof airside stormwatermanagemenare two-fold. From a regulatoryperspectivethe
stormwatermanagemensystemmust meetstatutoryand rule requirementsntendedto protect
water quality, limit or preventflooding, and preserveor maintain healthyecosystemsFrom a
public transportationperspectivethe stormwatermanagemensystemmust be consistentwith

safeand efficient air transportationUltimately, from all perspectivesthe public is the intended
beneficiaryof bothstormwatemanagemerdandtransportatiorsystemefforts.

This manualwasassemblethecausaircraftandairportoperationdiffer significantlyfrom other
regulateddevelopmentAirport safety may be directly affectedby the choice of stormwater
managemensystem. Surfacewater or wetlandsin proximity to the airside can and sometimes
do becomesafetyhazards, particularly theyarewildlife attractants.Also, the airsideoperating
environmentand proceduregesultin lower pollutantloadingsthan mostotherurbanland uses.
Temporaryflooding in extremeeventsis allowableon the airside. Theseissuesdictatetargeted
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stormwatermanagemenpractices. Information on the airport environmentis includedin the
following subsectiorior familiarizationpurposes.

Information in this manualis intendedfor design of individual airside facilities or master
planningairport airside stormwatemmanagemensystemsReferencesn Appendix A shouldbe
consultedor furtherinformationon airsidestormwatemanagement.

102. INTRODUCTION TO THE AIRPORT ENVIRONMENT

In its basicconfigurationan airport consistsof airside and landsideareas.Airside includesall
areascommonly allocatedfor aircraft operationsor servicing. Theyare often separatedy a
fenceor otherbarrierfrom landsideareasto limit accessGroundvehicletraffic doesoccuron
the airside. It is normally associatedvith servicing aircraft and routine inspections,and it is
generallyconfinedto aprons/ramps.
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Typically the airsideincludessignificantopenspace/grasareasservingto separateunwaysand
taxiwaysfrom eachother. Elementsof theairportairsideare:

91 Oneor morerunwaysfor aircraftlandingandtakeoff operations. Theseare usually
paved putmaybeturf for facilities servinglight airplanes.

91 Oneor moretaxiwaysallowing aircraftto move betweenthe runway(s)and parking
areas

9T Oneor moreaprongalsocalledii r a mforaicchaftto park.

Figure1021, excerptedrom the Airport FacilitiesDirectory,illustratesa Floridaairport serving
bothlight generabviationandcommerciajet operations.

Landsideareasarethosewhereaircraftdo not operateln the mostbasicform, thelandsideareais

a roadway for accessand an automobile parking lot adjacentto the airside.However, the
landsidemay includea numberof alternateuses.Airports often own largetractsof landthatare
not usedfor aviation purposesA goal and requirementfor airportsis that they be as self

supportingas possible.Consequentlycommercialandindustrial parksare often constructecbn

norraeronauticalairportownedland. Someairportsalsohaveshoppingcentersyecreatiorareas,
and professionabkportsfacilities locatedon their property. Thesehave characteristicsypical of

other, similar developmenin Florida. However,they are subjectto the samehazardcontrols
that apply to aviation use areasownedby the airport. The rentsthey pay help supportairport
operation, maintenanceand capital improvementprograms.Figure 1022 shows an Airport

Layout Plan (ALP) illustrating variousairside and landsideland use,and the relationsto each
otherataFloridagenerahviation/limitedcommerciakerviceairport.

Expansionand improvementprojectsundertakernby airports that typically require stormwater
managemergermitsincludethefollowing:

91 Runwaysjncludingnewrunwaysandrunwayextensions

91 Taxiways,includingnewtaxiways taxiwayextensionsndtaxiwaywidening
91 Aprons/Ramps

New HangarBuildings
Terminalsjncludingnewterminalsandterminalexpansions
PerimeteAccess/SafetiRoads

Automobileparkinglots

Access Roads

E EEE

Theabovelist is not all-inclusive,but is meantto outline primary categorief projectsdoneby
airports. Fuel farms and aircraft washracks may require stormwatermanagemenpermits, but
are more commonly regulatedthrough industrial wastewaterpermits.Private developersand
corporations often do other landside development. Landside developmentis outside the
stormwatemanagemergcopeof this manual but notedsafetyconsiderationsnaystill apply.
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A final item of importancein the generalairportdiscussions accessontrol. Airport securityis

continually tightening in the wake of the events Septemberll, 2001. The Transportation
SecurityAdministration(TSA) now regulatesairsidesecurityandaccess.TSA briefingsindicate
aviationremainsa weaponandtargetof choicefor terrorattack. Consequentlyairsideaccesss

beingmadef h a r loyeesign. This directly impactspermit conditionsregardingobservation
and inspectionof facilities, particularly at commercial service airports. It may also impact
designof somestormwatemrmanagementacilities to precludethesebecominga i s o dntrydo

theairside.

103. LIMITATIONS

The General Permit for Construction, Operation, Maintenance, Alteration, Abandonment or
Removal of Airport Airside Surface Water Management SystéPhaipter 62330.449, F.A.C.

(Airside General Permit) addresses only the airside airport stormwater management. This Best
Management Practices Manual must be used for the General Permit anceisceafan the rule.
However, as noted previously, the procedures and data in this BMP may be used as a design aid
for projects that do not qualify for the General Permit. This includes projects where airside runoff
cO-mingles with landside runoff or foitrctly airport landside developments, neither of which
qualify for the General Permit. It can also be similarly used for Airport Master Drainage Planning
and Conceptual Environmental Resource Permitting as a design aid. As noted in Section 101, when
usedin applications beyond the General Permit, other references must be consulted for the
necessary information. In all cases it is important to consider the twin needs for aircraft safety and
stormwater management.

The Best ManagementPractices(BMPSs) in this Manual must be evaluatedand applied with

soundengineeringudgment. Knowledge of the Conditionsof Issuancefor an Environmental
ResourcePermitis a prerequisite. The manualpresumesuse by registeredprofessionalsand
technical professionalswith a backgroundthat includes hydrology, hydraulics, water quality,

geotechnical, transportationand environmental subjects. Of course, applicability of any
procedureis specific to the particularairport andits site and operatingcharacteristicslUse of

thesetoolsis atthesolediscretionandresponsibilityof theusers.

Wildlife managemenandcontrol are not elementf this documentalthoughreducingstanding
water attractantsis a goal of the stormwatermanagemenstrategiespresentedUsers should
referto the Advisory Circulars150/520018, 150/520633, 150/420036, FAA Rule49 CFR 139.
and to the USDA/FAA Wildlife Hazard Managementat Airports Manual for that guidance.
AppendicesH, K and L presentadditionalinformation on wildlife hazards.The importanceof
consideringwildlife hazardsand attractantswhen selecting airport stormwater management
strategiesto the safety of the travelling public is emphasizedin the documentsin these
appendices.

The airport airsidestormwaterdatapresenteds from the Florida StatewideAirport Stormwater
Study, jointly fundedby the Federal AviationAdministration(FAA) and theFlorida Department
of TransportatiofFDOT). This projectincludedstormwatemonitoringat 13 airportsin Florida
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to characterizeheir runoff from airsideactivities. Thetechnicaldetailsof the studyareincluded
in the Technical Reportfor the Florida StatewideAirport StormwaterStudy Thesedataand
publication were subjectto review by the Florida Departmentof EnvironmentalProtection
(FDEP), South Florida Water ManagementDistrict (SFWMD), SouthwestFlorida Water
ManagementDistrict (SWFWMD), SuwanneeRiver Water ManagementDistrict (SRWMD),
and the St. J o h RRives Water ManagementDistrict (SJRWMD) during collection and
reduction. Thesesameagenciesalongwith the NorthwestFlorida Water ManagemenbDistrict
(NWFWMD), theFAA, the FDOT andthe public havebeenaffordedthe opportunityto comment
on this BMP Manual and the draft generalpermit setforth in Chapter62-330.449,F.A.C.

104. ADDITIONAL PERMIT INFORMATION
This documents directedtowardsthe watermanagemendesign foran EnvironmentaResource
Permit. However,other permitswill be requiredfor most new airside constructionprojects.In
mostcasesnew projectswill requirea Generic Permit for Stormwater Dischargefrom Large
and Small Construction Activities (CGP) from the Florida Departmentof Environmental
Protection. This is done under Rule 62-621.300(4) FAC as part of the National Pollution
DischargeEliminationSystem. It is requiredfor projectsthat:
1. Contribute stormwaterdischargesto surfacewaters of the State or into a municipal
separatstormsewersystemand
2. Disturbs on or more acresof land including clearing, excavatingand grading.If the
specificprojectis lessthan1 acrebut part of a largerplan of commonwork thatwill in
aggregatelisturbmorethanoneacrea CGPis alsorequired.

Refer to the Florida Departmentof EnvironmentalProtectionNPDES StormwaterSection at
www.dep.state.fl.us/water/stormwater/npdes

As notedin previoussections,this manualdoesnot addressactivities in wetlands. However,
additionalto the EnvironmentalResourcePermitrequirementdor wetlands theseare regulated
by the U.S. Army Corpsof Engineers.Wetlandimpactswill also be anissuein the National
EnvironmentaPolicy Act evaluationdor airsideprojectswherefederalfundsareinvolved.

Permitsmay alsobe requiredby countiescitiesand speciatlistrictsandthesemayimposeother
waterguantitymanagementriteriabasedn specificissueswithin thosejurisdictions.
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Section2 AIRPORT STORMWATER QUALITY CHARACTERISTICS

201. POLLUTANTS

Airside stormwaterquality was screenedor a seriesof constituentghat might exceedFlorida
water quality standardsas establishedin Chapter 62-302, F.A.C. By definition, these
constituentonstitutepotentialpollutants. The detailedresultsaresummarizedinddiscussedn
the Technical Report for the Florida StatewideAirport StormwaterStudy Briefly, only two
metalstraceableo airportoperationsarelikely to presentat concentrationshat may causewater
quality issueswithout treatment. Theseareleadandcopper.Two others,cadmiumandzinc, will
occasionallybe found at concentrationghat will violate statewater quality standardsprior to
treatment.Total Recoverabld’etroleumHydrocarbonsare below statelevelsfor oil andgreases
in all but the air carrierterminalapronenvironmentandare not likely to causeor contributeto
violationsof waterquality standardsn receivingwaters.

Stormwaterproblemsare primarily causedby the stormwateroadingthatis dischargedrom a
site. Additionally, water quality problems in receiving waters typically result from the
cumulative pollutant loading from all land usesand dischargeswithin a watershednot from a
singledischarge Consistentwith Stateand Federalemphasion managingnutrientsas both the
surrogatefor and primary water constituentcausingwater quality degradation,this manual
focusenreducingNitrogenandPhosphoruadsin stormwatedischarge$rom airports.

202. EVENT MEAN CONCENTRATION

Thefollowing tablepresentgthe EventMean Concentration§EMC) of Total Nitrogenand Total
Phosphorudor usein calculating stormwaterloadings from airside pavementNote that the
airsideEMC valuesapply atthe edgeof pavement no flow overunpavedsurfaceis reflectedin
thesevalues.If concernsarise over other constituentsduring the designand permitting of a
stormwatemanagemersystemunderChapter62-330.449 F.A.C, the Technical Reportfor the
StatewideAirport StormwaterStudymaybeconsultedor otherconstituenEMC values.

Table 2021 Airside and Natural Nutrient Event Mean Concentration
(antilog meanlog) mg/L

Airside Type or Feature Total Nitrogen (TN Total Phosphorus(TP
GeneralAviation Apron 0.335 0.051
Airline TerminalApron 0.398 0.057
T-HangarApron 0.551 1.836
Ari CargoApron 0.259 0.053
GeneralAviation Runway 0.365 0.081
Air CarrierRunway 0.401 0.049
Taxiways 0.569 0.11
NaturalVegetativeCommunity 0.93 0.10

Nutrient constituentscan be sorbed, converted or filtered with overland flow. At low
concentrationsgypical of airportrunoff the EMC mayremainunchangear increaseasthe runoff
flows acrosgrassedreas.
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Section3 SITE CHARACTERISTICS AND PROPERTIES

301. GENERAL

Site characteristicsneededto analyze stormwatermanagemenstrategiesare associatedwith
establishingrainfall-runoff relations. Appendix C providesa checklistthat may prove useful
while collecting site specific data. Referencedisted in Appendix A will also be valuable
sourcef dataandof the properapplicationof thedata.

Typical valuesprovidedin this sectionare not intendedas recommendedalues. They do not
andshouldnot supersed¢hosemeasuredy a well designedand executedield andlaboratory
test program,interpretedby an experiencedegisteredprofessional. They are guidancevalues
that can baised ifthefield andlaboratory testingire toolimited or inconclusiveto establishsite
specificcharacteristicsor whenthe difficulty of testingsomeparameters requiresrelationwith

indexpropertiedbeused.

302. SOIL PROPERTIES

Establishinginfiltration and groundwater conditionsis a necessaryrerequisiteto stormwater
guantitydeterminationswhich areneededor stormwatetoadingevaluationsaswell as drainage
design.This sectionbriefly reviewsthe soil propertiegshatmaybe neededo estimateinfiltration
andgroundwaterconditions Whenevaluatingsoil propertiedor stormwatequantity and quality
calculationscaremustbetakento differentiatebetweerconditionsthatexiston the site andthose
thatwill bebuilt onthe site. The obviousexampleis whena site will befilled. Thefill soil may
havevery different propertiesthanthe soils at the site surface.However,less obvious changes
will also affect the soil propertiesrelative to infiltration and ground water movement. Chief
amongtheseon mostairport airsidesis the compactionprocess.Soils are typically compacted
beneatrandadjacento pavementandin safetyoverrunareago increasetheir supportcapacity.
This can reduceporosity, reducepermeabilityand increasesuctionamongother effects. These
possible changesrequire judgment when establishinga field and laboratorytestprogramto
characterizaite conditionsfor surfaceandgroundwatercalculations.

303. INFILTRATION RATES

Infiltration ratesfor site soils will vary dependingon soil type/mineralogy,moisture content,
capillarity/ suction, and porosity among other factors. It will also vary with rainfall rate.
Infiltration rate is not the sameas soil permeabilityor hydraulic conductivity, which is more
directly a property of the soil matrix. However, field testsfor infiltration rate can provide a
usefultool to estimatesomeof the properties,and can provide a boundaryrate that infiltration
ratesbasedon equationshouldconvergeto. The doublering infiltrometertest(formerly ASTM
D3385,recentlyrepealed)s themostcommonmethodof establishindield infiltration rate.

The GreerAmpt equation discussedin Section 404 estimatesinfiltration considering soil
propertiesrainfall ratesandaccumulatedainfall volume. It requiresestimate®r determinations
of soil porosity, effective porosity, saturation,moisture deficit, saturatedvertical permeability
andsoil suction.
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304. PERMEABILITY/HYDRAULIC CONDUCTIVITY
Permeability,usedinterchangeablywith hydraulic conductivity in this manual, expressegshe
relative easeof movementof a given fluid, in this casewater, through a soil matrix. It is
reportedin units of velocity, andis expressedby the coefficientk in the experimentallyderived
Darcyequation.

The following equationis D a r clgwdandis the basicrelation usedto estimategroundwater
flow.

Q=kiA
Where: Q =flow rate
k = permeability

i = hydraulicgradientah/L (changen hydraulichead/lengttof flow throughsoil)
A = crosssectionalrea

Permeabilitymay be establishedn-situ by meansof field tests.The basic time lag method
establishedy the U.S. Army Corpsof EngineergReference25) presentoptionsfor isolating
vertical and horizontal components.Appendix D provides the formulations developedby
Hvorslevfor the USACOEto estimatepermeabilityusingfield tests.Cautionswith field testing
includetheeffectof compactiorduringconstruction.

A supplemenbr alternateto field testsis the laboratorypermeabilitytest. If compactionrchanges
are not likely, undisturbedsamplestaken with Shelby tube (ASTM D158708) or Hvorslev

sampler(in very sandysoils) canbe usedfor laboratorytesting. When future compactionis an

issue,or whenfill soils are beingimportedto the projectsite, bulk samplesof the soil canbe

laboratory compacted and tested for permeability in the laboratory. Determinations of

compactegborosityandevensoil suctioncanbe doneatthe sametime.

Soil permeability can also be estimatedbasedon grain size characteristic§determinedper
ASTM 691304), or soil classificationdeterminedrom eitherlaboratory(ASTM D2487-10) or
visual ((ASTM D 248809a) classification. Typical values of permeability based on soil
classificationare presentedelowin Table304-1. Appendix E presenthartsof typical values
of permeability basedon soil gradation,along with estimatesof soil suction, and porosity.
Figure3.4in Reference2l is particularlyusefulin sandsof varying density,and canbe usedto
estimateahe effectsof compactioron permeabilityfor aspecificsoil.

Table 3041 Typical Rangeof Permeability of Natural soil (after Reference21)

Soil Classification Rangeof Permeability, k (ft/day)
Clean,uniformgradedgravel(GP) 500- 2500+
Well gradedgravel(GW) 140- 850
Uniformly gradedSand(SP) 15-500
Well Gradedsand(SW) 2-250
Silty Sand(SM) 2-15
ClayeySand(SC) 0.27 2.5
Silt (SC) 0.1-0.2
Low PlasticityClay (CL) .0.0000%L 0.2
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305. POROSITY

Soil is athreephasesystem,composeddf soil, waterandair. The block diagramthat follows as
Figure 305-1 illustratesthe relationbetween theomponentsPorosityis theratio of the volume
of the voids containingair or waterto the total volume of the soil. It is generallyexpresse@sa
percentag®r adecimalratio. Effective porosityis adifferentconceptandrecognizeghatsome
water will be boundto soil particles. Only thosevoids that, when filled with water will free
drain under gravity, form effective porosity. This is also describedasi Fi | P a b b gni

Appendix F.

vvvvvv
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s <
QE

Water

Weight of Water,
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Weight of Solid,

Tad WEdgt, W

Figure 305-1 Soil ComponentsBlock Diagram

The saturationis the volume of the voidsfilled with watercomparedo the volumeof the voids,
expresseds a percentageThe maximumvolume of water that can be infiltrated during any
eventis the differencebetweerthe moisturecontentat the startof a rain event,andthe moisture

contenthatrepresent400%saturation.Thedifferenceis the MoistureDeficit, Mq4 of thesoil.

Thesoil propertiescanbe evaluateaseddnfield andlaboratorytesting,butaremorecommonly

estimatedbasedon the soil type or gradation. Table 305-1 following providestypical valuesof

porosity.

Table 3051 Typical Valuesof Porosity and Effective Porosity expressedasa Decimal Ratio

Soil Textural Classification
Sand

LoamySand
Sandyloam
Loam

Silt Loam
Sandyclayloam
ClayLoam
Silty clayloam
Sandyclay

Silty clay

Clay

0.417
0.401
0.412
0.434
0.486
0.330
0.309
0.432
0.321
0.423
0.385
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Moisture contentbasedon weight (Ww/Ws) is easilydeterminedby simple laboratorytestsand
shouldbe part of eachinvestigation.However, GreerAmpt formulationsuse moisturecontent
base on volume, expressedas Vw/V in the block diagram nomenclature When using soil
information from a geotechnicalexploration, this difference must be understood,and the
appropriatanoisturecontentusedin theanalyses.

Appendix E presentshartsof typical values opermeabilitypasedon soil gradationalong with
estimate®f soil suction,andpermeability.

306. SOIL SUCTION

Soil suction,expressedn units of length,is generallydenotedby the symboly . The parameter
is essentiallythe capilliarity of the soils, and increasesas the grain size of the soil decreases.
Typical valuesareprovidedin Table306-1 following.

Table 306-1 Typical Valuesof Soil Suction (Referencel)

Soil Textural Classification Typical Wetting Front Suctiony
(inches)

Sand 2.0
LoamySand 2.4
Sandyloam 4.3
Loam 3.5
Silt Loam 6.6
Sandyclayloam 8.6
ClayLoam 8.2
Silty clayloam 10.7
Sandyclay 9.4
Silty clay 11.5
Clay 12.5

Appendix E presentshartsof typical values opermeabilitybasedon soil gradationalong with
estimate®f soil suction,andporosity.

Field and laboratorytestsof soil suctionfor the surficial soils, mostassociatedvith infiltration

ratescanalsobe made.Tensiometergan be usedto measurehe soil suctionat a specific point
in time. However,they are bestinstalledand measurementsf soil suctionmadeover a period
of time to establisha typical or seasonatondition. Laboratorytestscan establishsoil suction
relationsat variouscompactionlevels and moisturecontents.In both caseghough,soil suction
testsare relatively uncommonand likely to be prohibitively expensiveand time consuming.
Usingtypical valuesis thereforerecommended.

307. GROUND WATER

Groundwater levels on the site are clearly importantin evaluatingthe infiltration capacity. If
underdrainsare usedto modify groundwater levels, the drawdownflows mustbe estimatedo
establisithenutrientcontributionfrom thedrawdown.
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SeasonaHigh Ground Water Table (SHGWT) estimatesare crucial in designingstormwater
treatmentsystemsandthey are nearlyalwaysestimatedas part of a site geotechnicastudy. The

estimatesshould considerthe effect of pastfilling and drainageon a site, and shouldgenerally
not be basedon the unalteredsite seasonahigh water levels reportedin NRCS Soil Surveys,
unlessthe siteis, in fact unmodified. This is rarely the casefor airfield projects,mostof which

are done on sites that have servedas airports sincethe 1 9 4 0TBesNRCS estimatesmay,

however,be usefulin determiningthe s i tpedeselopmenstormwaterdoadingsbeforeit was
anairport. Along with the seasonahigh estimatesseasonalow andannualmediangroundwater
estimatesshould be establishedor the site. Unlike the SHGWT, it should be noted that soll

indicators(i.e. color, redoximorphicfeaturesdepthof root zone,etc.)do not typically providea

basisfor accurateSeasonalow GroundwateiTable(SLGWT) estimates.

The estimatedSHGWT shall be usedfor single evenimodelingfor flood managemenandevent
guantity managemenpurposesin the absenceof compelling, documentablaeasonto use an

alternative. The groundwaterelevationusedto computeaverageannualinfiltration and runoff

will be dependenton the modeling approachselectedin harmony with the physical site

conditions.Nutrient loading calculationsmade using continuoussimulationsusing Seasonal
High GroundWaterelevationswill tendto overestimatehe runoff volumesandnutrientloadson

an average annual basis. Use of SLGWT elevationswill do the opposite, and tend to

underestimateunoff volumesand nutrientloadson an averageannualbasis.A medianannual
elevationwill provideabetterapproximatiorof physicalreality.

Obtainingthe groundwaterelevationto useis a critical componenbf the processMost airport
sites are disturbedland, often fill, and often artificially drained.In thesecasesthe SHGWT
from NRCS sourceswill not apply. It may or may not be possibleto establishthe typical high
andlow groundwater elevationsbasedon the indicationstypically notedwithin the soil profile
onundisturbedites. Optionsavailableinclude,butarenotlimited to:

0 Using groundwaterrangesreportedby NRCS for undisturbedsoil seriesin the airport
vicinity, and correctingthesefor changesat the airport including ditching, filling and
similar manrmadesite alterationsNRCS groundwaterangescan be obtainedfrom the
Official Soil SeriesDescriptiondOSD)websitesasfollows:
http://soils.usda.gov/technical/classification/osd/index.html
https://soilseries.sc.egov.usda.gov/osdname.asp
In additionthe OSD web site can be accessedhroughthe NRCS Web Soil Surveyas
follows: http://websoilsurvey.nrcs.usda.gov/app/

It shouldbe notedthattheseNRCS groundwaterangeestimatesaretypically limited to
the roughly the first 80 inches (2 meters) below the undisturbed/ historic ground
elevations.

A cautionarynote is that the soil types must be similar with respectto geohydrologic
properties.Thatis, the airport cannotbe constructedf clay fill on underlyingsandsand
thecomparativesitesconsistsolelyof sands.

91 Using information obtainedfrom wells that are locatedwithin the surficial aquiferand
thathavebeenmonitoredfor a periodof 10 yearsor morethatarelocatedin the general
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vicinity of the airport. If the wells are water supply, the drawdown curve must be
consideredelative to the well and site locations. The datacan supply guidanceon the
rangechangedetweenrhigh, low andmediangroundwaterlevelsalso,which canbe site
adapted.

91 Groundwaterand surfacewaterinteractionmodelingusingthe site geometriessurficial
soil infiltration and lateral ground water movementparametersand the annualrainfall
hyetograph.In this approachthe surfacewater modelis usedwith a trial groundwater
elevation and the infiltration volumes on a monthly basis extracted. The monthly
infiltrations are appliedto a finite differencegroundwater modelandthe groundwater
elevationsi high, medianand low estimated.The medianis then usedagainin the
surfacewater model for new infiltration volumes. The processis doneiteratively until
thewaterbalancecloseso within 10%.

91 Using a modelthat directly couplesthe surfaceand groundwater modelssimilar to the
above.

Whenusing modeldatawith site geometric rainfall and soil parametersa reality checkcanbe
madeagainstpoint observationdor reasonablenesd-or example,if a reportedground water
elevationnearthe end of the wet seasonn a wet yearis lower than the model resultsfor the
groundwaterelevationin anormalyeari the modeldoesnot adequatelyapproximateeality and
must be adjusted.Comparisonswith surfacewater observationson a point basiscan also be
made andcanprovidevaluableguidancgor modelcalibration.

Whichever method and ground water elevationis chosenfor annualloading calculation, the
valueof therelativeanswewill dependon consistenuse. Thatis, if SHGWT s usedin existing
site evaluationst shouldalso be usedin proposedsite evaluation,modified, of course,for the
sitechangesheprojectwill induce.

308. TOPOGRAPHY

Topographicinformation is a given for airport design projects. The caution in stormwater
managemenis the shift in datumfrom NGVD 1929to NAVD 1988. Airports, as a matter of

policy, usethe 1988 NAVD for all mappingand design. However, flood studies,waterlevels
reportedfor gagedwaterbodies,andsimilarinformationthatmaybe collectedis often referenced
to 1929 NGVD. The effect on designcan be substantial,since the difference can amountto

morethan1 foot (0.3 meters) andis variableby locationin thestate.

309. SLOPESAND GRADING

Airports have defined grading criteria associatedvith safe and efficient operationof aircratft.
Theseare providedin FAA AC 150/530013 (latest version).Within Florida, the minimum
slopes for airfield grading are often used. These are beneficial to airport stormwater
managemerdsillustratedin thefollowing chart,Figure309-1.
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Figure 3091 PeakRunoff Sensitivity Resultsfor Impervious Areas

Figure 3091 is derived from computersimulationsusing the public domain software EPA
SWMM. It illustratesthe runoff changesthat result from nothing more than flattening side
slopesalong pavementedges. BMP recommendationsvithin this manualconsiderthis result
andthe benefitsit confersin waterquality managementt alsoillustratesthe effect of the time
stepof the rainfall datain computationsdiscussedurther and quantifiedin the discussionof
hyetograph$or continuoussimulations.

A cautionarynotewhendefining basinswith nearlyflat longitudinaland/ortransverseslopesis

in order for thosenodelingexistingsystemsThe datacollection phaseof the StatewideAirport

StormwaterStudyfound that drainagebasinswith nearlyflat slopeswill changeirrespectiveof

the topographicelevationsthat apparentlydefine them. Wind effectsin thunderstormsvere a

commonlyobservedcauseof the drainagepatternshifts. High grassand sedimentuildup along
a single edgeof somepavementsalso causedobservedchangedo actualbasinboundariesas
opposedo limits basedsolely on pavementlevationdata.In caseshe effectsmeasuredvere
substantialjncreasingcontributingareason the downwindside or on the side oppositebuilt up

edgeshy over 10%. Visual observatiorof flow pathsduring severalrain eventsmay be needed
to reasonablyepresentheactualbasinlimits on someexistingpavement.
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Section4 RAINFALL AND RUNOFF RELATIONS

401. EVENT vs.CONTINUOUS SIMULATION

Most designersaandregulatorsare familiar with the eventbasedanalysisanddesignusedto size
conveyancesystemsgstablishflood protectioncriteria and size detentionsystemsor flow rate
attenuation.Eventbaseddesignestablishesnaximumrainfall amountsor intensitiesthatmaybe
expectedin an areausing statistical analysesof past rainfall events.The rainfall is usually
expressedn termsof the expectedrecurrencanterval of a storm, for example,a 5-year storm.
The eventdurationsmay rangefrom 10 minutesto 3 days,or in somecasesrom 8 minutesto
10-days.The rainfall hyetographdistribution is predefinedwithin rules of the various water
managementdistricts or by FDOT within its variously defined regions. The five water
management districeendthe FDOT establishdesign eventfor ratecontrolandflood protection.
FDOT proceduresare appropriatewhen discharginginto FDOT stormwaterconveyanceand
right-of-way.

FAA guidanceis to useeventbaseddesignto size drainageinlets and pipesto conveywater
away from airside pavement.FAA AC 150/53205C, paragraph2-2.4.2 recommends 5-year
recurrencenterval stormfor airside pavementyith inlet surcharges leghan4 incheson aprons
wherepersonneWill operateor passengerandcrewwalk across.

Stormwaterquality analysisand designis basedon the annualbehaviorof the system,not the
behaviorin an extremeeventsuchasthoseusedfor designof conveyanceandflood protection.
Continuoussimulationrequiresrainfall informationthat represents typical year, derivedfrom

severalyears of historical data.Table 401-1 on the following page provides nonparametric
statisticsfor daily rainfall eventsat a seriesof representative-lorida airports. Appendix G

presentsannual rainfalls in greater detail graphically. The annual rainfall totals shown in

Appendix G or in Table 401-1 may be usedto normalizeor as a checkupon the 15-minute
hyetographsdescribedin Section 402 that are used for continuoussimulation surfacewater
models. The annualvolume of rainfall in the modelsshould closely approximatethe average
annualrainfall of Appendix G.

Table 401-1 also presentsthe typical seasonaldistribution of rainfall at the listed airports.
Contrastingthe rainfall characteristicen the tablewith the 10-yearand 25-year,24-hour design
eventrainfalls establishedoy FDOT, includedin the tablesfinal two rows for convenience,
clearly showsthe difference betweendesigneventand typical rainfall. Additional discussion
andrecommendationfor rainfall hyetographgor stormwaterquality calculationss includedin
thenextsectionof thisdocument.

Continuoussimulationcomputationsand estimategequirerainfall i runoff relationsthat reflect
the highly variableintensitiesand volumesthat Table 401-1 implies. They mustalso consider
changesn soil moistureandrecovery,evaporatioreffectsandsimilar thathappen fothetypical

annual rain distributions. A following section on Rational Method Runoff Coefficient (C),

Natural ResourceConservationService (NRCS 1 formerly Soil ConservationService{SCS})

Curve Number (CN) and the GreerAmpt equationdescribesthe differencesand provide the
recommendedpproacHor airsidestormwatemanagement.
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Table 401-1 Daily Rainfall Characteristics at SelectFlorida Airports and Comparisonwith PublishedDesignStorm Events
RSW  GNV JAX MIA MCO PNS  TLH TPA PBI

ModalRainfall(inches)| 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
MedianRainfall(inches)| 0.24 0.19 0.2 0.18 0.19 0.3 0.24 0.19 0.17
PercenRainlessthan0.5inches| 67% 73% 71% 72% 71% 62% 66% 71% 72%
80thPercentileRainfall (inches)| 0.83 0.68 0.72 0.70 0.73 0.98 0.87 0.72 0.66
90thPercentileRainfall (inches)| 1.33 1.10 1.23 1.22 1.17 1.55 1.44 1.16 1.20
95thPercentildinches)| 1.83 1.52 1.81 1.74 1.55 2.41 2.04 1.56 1.70
AveragelntervalBetweernRainEvents
duringtheRainySeasordunel - | 22 25 26 21 24 29 27 26 23
SeptembeB0  (Hours)
Percenof RainduringtheRainy 0 0 0 0 0 0 0 0 0
Seasordunel -SeptembeBd 65% 48% 51% 54% 52% 41% 45% 58% 47%
AverageAnnualRainfall, 19?iiﬁ§§ 55 49 54 62 57 67 61 46 62
Design Rainfall (inches) forl0-year,
24-hour Event (ref ) 6.5 7 7.5 8 8 9.5 8.5 8 9
Design Rainfall (inches) foR25-year,
24-hour Event (ref ) 7.8 8 8.5 9 8.5 10.5 9.5 9.5 10

DatasourcesameascompanionTechnicalReportandis basedn 19841 1999daily rainfall records

RSWi s locatedin FortMyers
GNV is locatedin Gainesville
JAX is located inJacksonville
MIA is locatedin Miami

MCO is locatedn Orlando

PNSis located inPensacola

TLH is locatedin Tallahassee
TPA islocated inTampa

PBI is locatedin WestPalmBeach
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402. HYETOGRAPHS

Hyetographsusedfor continuoussimulation must, as a minimum, include the entire defined
rainy season|f oneis establishedor the region.A better simulation can be done using the
historical rainfall recordsof nearbyweatherstations,and this is the recommendedpproach.
Daily rainfall values,without further reductioninto smallertime intervals, are generally not
suitablefor continuoussimulationcomputermodels,but may not be usefulfor handcalculation
dependingnthelossandinfiltration methodused.

Table402-1 following illustratesthe differencein runoff ratesand volumesestimatedoasedon
5-minute, 15-minute and 30-minute incrementrainfall hyetographsThe table is derived from
computersimulationsusingthe publicdomainsoftwareEPA SWMM.

Table 402-1 Comparison of Time StepEffect on Calculated Runoff

15-minute 30-minute
ImperviousAreaPeakRunoff Rate baseline 30% less 43% less
ImperviousAreaRunoffVolume baseline 0.1% less 0.1% less
OverlandFlow PeakRunoff Rate baseline 13% less 33% less
OverlandFlow RunoffVolume baseline 10% less 24% less

Two methodsare availableto establishhyetographg syntheticgeneratiorand historical record.
Combinationsof the two are also possible,and often neededto provide a sufficiently detailed
recordif computeranalysisis used.Therecommendetime incrementfor therainfall recordis 5-

minutesor 15-minutesdependingon the availabledataset. The computederror betweenthe 5-

minute and the 15-minute dataare well within other modelinguncertaintiesIncrementsof 30-

minutesand larger, while usable,beginto divergefrom the 5-minuteinformation at levels that
requiremorecarewheninterpretingresults.

Figure402-1 following illustratesa 5-minuterainfall recordfor OrlandolnternationalAirport for
a20monthperiod.
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Figure 402-1 Recorded5-minute Rainfall Recordfor Orlando International Airport

403. EVAPORATION AND EVAPOTRANSPIRATION

Evaporationand evapotranspiratiore neededin most continuoussimulationssincetheseare
often major componentsin the recoveryof soil storage.The simulationsdo not needthese
parametersiefinedto the sameintervalsas the rainfall hyetographssincethey predominantly
influence the soil storagerecovery,not the immediaterunoff establishedby rainfall i runoff
relations. An evapotranspirationdata set is shown in Figure 403-1. Evaporation and
evapotranspirationrecords can be obtained from: Florida Automated Weather Network,
(FAWN), http://fawn.ifas.ufl.edl.
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Figure 403-1 Plot of Daily Evapotranspiration Measuredin Central Florida
404. Cvs. CNvs.GREEN-AMPT

Eventbasedwater conveyancerate control, or flood protectiondesignis generallydoneusing
the NRCS Curve Numberto relatethe runoff to rainfall. On specificairsideareasandfor short
duration, high intensity convectivestorms,the RationalMethod s often usedto sizeinlets and
pipes.Thesemethodswithin the site limits they derivefrom, canprovide good estimatef the
peakrunoff ratesand volumesduring more intensestormsand when appliedwith experienced
judgment.However,they can dramaticallymis-estimatethe runoff on an annualizedbasis.The
datafrom the Florida StatewideAirport Stormwaterstudyfound RationalMethodC variedfrom
0.01to 1.00for direct pavementunoff dependingon stormvolumeandintensity,with a median
that average®.7. Generally,the lower the stormintensity and the lower the total rain volume
the lower the measuredialue of C. Comparingtheserangeswith the typically acceptedanges
of C for pavement0.95to 1.00,it is evidentthat C for continuoussimulationmodelingis likely
to substantiallyoverestimateunoff andloads

Curve Number,CN, was also backfigured from measuredainfall-runoff relationsfoundin the
Statewide Airport Stormwater Study. Using a pavementexample as before, calculated CN
rangedfrom 72to 95. Thetypically acceptedCN for pavements Floridain 95. Lower intensity
and volume rains yield lower CN. Using CN for continuoussimulation modelingis likely to
substantiallyoverestimateunoff andloads.
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Figure 4041 following illustrates the measuredrunoff for pavementand overland flow

comparedwith the runoff estimatedusing Green Ampt equation for one year of recorded
information. Actual measuredunoff was 3.61 inches; GreenAmpt equationpredictedrunoff

was3.65inches. Notethaton anygiveneventthe estimatecandmeasuredialueswill differ, but
overallagreemenis excellent.

25
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Actual Runoff
—— GreerAmptPredictedRunoff

| Total Runoff = 3.61 inches
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Figure 404-1 Comparison of Actual and GreenrAmpt Predicted Runoff

TheGreenAmpt equationis discussedh referenced and6. Its basicformis:
f=Ks(1-Mgy / LgM

Where: f = infiltration rate
Ks = saturatedverticalhydraulicconductivity
Mg = initial moisturedeficit further defined as the saturatedmoisture content
minustheinitial moisturecontent
= soil suction
and, L =depthto theinfiltrating wettingfront which varieswith infiltration volume

It is iteratively solved,and is availablein severalsoftware packagesjncluding EPA SWMM
usedin the Application Assessmentor the StatewideAirport StormwaterStudy. The equation
alsolendsitself to spreadsheetolution, whereiterative calculationscan be rapidly performed.
The parametershatgo into the equationcanbe directly measuredor surrogateneasuresuchas
gradationand soil classificationcan be usedto estimatethe parametersvith guidanceprovided
in thismanualandreferencedistedin Appendix A.
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Section5 STORMWATER QUALITY CALCULATIONS

501. RUNOFF LOAD AND CONCENTRATION

Basic stormwaterquality calculationsusing Event Mean Concentrationsare straightforward.
Theload (units of weight) is the EMC (units of weight per volume) multiplied by the volume of
runoff, with appropriateunit conversions.Conversely,concentrationcan be calculatedas the
loaddivided by thevolumeof runoff, againwith appropriateunit weightconversions.

Airside pavementEMC values for nutrients, at the pavementedge with no overland flow
consideredare given in Table 202-1. The distinction that theseare direct pavementEMC is
importantin modelingor handcomputations As discussedn the sectionon BMP efficiencies
following, overlandflow altersthe EMC, generallywithin a distanceof 25 feetbasedon the data
collectedin the Florida StatewideAirport StormwaterStudy. If the basindefinition includes,as
is typical, both pavementand a sectionof overlandflow, the EMC changesdueto the overland
flow mustbereflectedin thecomputation.

502. GROUNDWATER CONTRIBUTIONS

If dewateringis neededfor either pavementstructureprotectionor for site improvementfor

stormwatemanagementhe groundwaterdischarged fronthe sitewill have nutrientsthat must
be accountedfor in stormwaterloading calculations.Underdrainsplaced immediately at the

outsideedgeof pavementwill likely havelower nutrientconcentrationsbut may have higher
metal concentrationsand possibly PAH in particulate phase.Consequentlyunderdrainsfor

airsidepavemenshouldbe movedeither25 feet awayoutsidethe pavemenedgeor beneaththe

pavement.Notethatartificially loweringthe groundwatertablemaybe precludedn someareas
of the stateand by some jurisdictional agenciesfor managementind resourceconservation
reasons Also, if underdraingreused GeneraPermit62-330.449doesnotapply.

Nutrientloadin ground watemwas notmeasured durinthe Statewiddirport StormwaterStudy.
Table502-1 containsthe valuesto be usedwhen calculatinggroundwaternutrientloadingsand
weresuppliedoy FDEP.

Table 502-1. Median Nutrient Concentrationsin Ground Water by County

CoNTY NTRATEWNITRITE | TOTAL PHOSHORUS
asN mg/L

ALACHUA 0.16 0.0625
BAKER 0.02 0.03
BAY 0.025 0.004
BRADFORD 0.05 0.105
BREVARD 0.02 0.05
BROWARD 0.02 0.07
CALHOUN 0.42 0.004
CHARLOTTE 0.02 0.04
CITRUS 0.27 0.07
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COUNTY NTRATE+NITRITE | TOTAL PHOSHORUS
asN mg/L

CLAY 0.02 0.021
COLLIER 0.02 0.022
COLUMBIA 0.02 0.05
DADE 0.022 0.02
DESOTO 0.02 0.26
DIXIE *0.02 *0.10
DUVAL 0.06 0.019
ESCAMBIA 0.17 0.01
FLAGLER 0.02 0.18
FRANKLIN 0.02 *0.10
GADSDEN 0.082 0.012
GILCHRIST 0.02 0.091
GLADES 0.012 0.035
GULF 0.02 *0.10
HAMILTON 2.6 1.1
HARDEE 0.02 0.46
HENDRY 0.02 0.07
HERNANDO 0.056 0.033
HIGHLANDS 0.02 0.043
HILLSBOROUGH 0.02 0.02
HOLMES 0.06 *0.10
INDIAN RIVER 0.02 0.35
JACKSON 4 0.018
JEFFERSON 1.6 0.01
LAFAYETTE 5.8 0.337
LAKE 0.05 0.031
LEE 0.015 0.034
LEON 0.0395 0.03
LEVY 0.06 0.086
LIBERTY 0.017 0.014
MADISON 0.042 0.097
MANATEE 0.02 0.03
MARION 0.98 0.05
MARTIN 0.02 0.11
MONROE 0.012 0.01
NASSAU 0.008 0.12
OKALOOSA 0.113 0.004
OKEECHOBEE 0.007 0.18
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CoNTY NTRATE+NITRITE | TOTAL PHOSHORUS
asN mg/L

ORANGE 0.02 0.063
OSCEOLA 0.012 0.3
PALM BEACH 0.02 0.08
PASCO 0.004 0.0185
PINELLAS 0.02 0.15
POLK 0.79 0.0365
PUTNAM 0.011 0.049
SANTA ROSA 0.11 0.004
SARASOTA 0.02 0.195
SEMINOLE 0.02 0.19
ST.JOHNS 0.02 0.035
ST.LUCIE 0.006 0.04
SUMTER 0.04 0.05
SUWANNEE 3 0.1
TAYLOR 0.04 0.1
UNION 0.3 0.07
VOLUSIA 0.042 0.15
WAKULLA 0.015 0.19
WALTON 0.845 0.004
WASHINGTON 0.04 0.004
*DATA NOT REPORTED i OVERALL MEDIAN OF REPORTED DATA
FOR ALL COUNTIES USED.

503. BMP EFFICIENCIES

BMP effectivenessanbe measuredseitherreductionsin load and/orconcentrationHowever,
for thepurposef F | o r stainanatsregulatoryprogramthe focusis on annualaveragdoad
reduction.During the Florida StatewideAirport Stormwatestudyloadreductionsvere measured
for all parametersncludingnutrients. Concentratiomeductionsveremeasuredor all parameters
exceptnutrientsduringoverlandflow.

Load reductionscan occur via two primary methods.First, the stormwatervolume that is
dischargedfrom a site can be reduced.This typically is done by using infiltration BMPs in
which the stormwater soakito the ground. Giventhelow concentrations of nutrients airport
airside runoffjt is assumedhat 100%of the nutrient loadings removedwhenthe stormwateiis
retained on-site. Second,source control BMPs can be usedto reducethe concentrationof
pollutants that get into the stormwater.An exampleis using Floridafriendly fertilizers or
reusingor properlydisposingof aircraftfuel duringfuel sumping.
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In some cases, a third load reduction method occurs such as during overland flow.
Concentratiorchangeswith overlandflow reflect either a decreaser an increasein the EMC
duringoverlandflow. It is calculateds:

ConcentrationReduction (%) = [(PavementConcentrationi BMP Concentration)/Pavement
Concentrationk 100%

Dependingon the site, reducingconcentrationsluring overlandflow mayinvolve oneor moreor
thefollowing mechanismanfiltration, adsorptionparticulateentrapmente-suspensionr other.
Metalsconcentratiomeductionvariesfrom alow of about35%to a high of just morethan 65%.
Nutrients,however,exhibitedan increasan concentratiorof 5% for phosphorusip to 50%for
nitrogen. Understandinghe reasonfor the resultsand their significanceare critical to proper
applicationof the dataandgoodmodelingpractice.The decreaser increasemeasuredepresents
low levels of constituentsin the pavementrunoff that rapidly approachthe backgroundor
pristine site concentration.This must be usedwith care when establishingthe BMP induced
concentratiorchangesand can affect the choice of basinlimits for water quality computation.
The effectis most pronouncedn the first 25 feet of overlandflow, beyondthatthe observed
concentrationstend to stabilize Consult the Technical Report for the Statewide Airport
StormwaterStudy(Referencel4, Appendix A) for detailedinformation.

504. Preand PostDevelopmentLoad Calculations

The pre and postdevelopmentoad calculationsthat are the basisof this manualare predicated
on using continuoussimulation, numericalmodelingmethods.The US EPA SWMM software
packagethat was usedexclusivelyin doing the Application Assessmenis well suitedto this
analysis.Commerciakoftwareproductswith continuoussimulationcapabilitymayalsobe used.

The most difficult componentof the modelis to define the pre-developmentoad that would
resultfrom a naturalvegetativecommunity,if presentat the airport site. This difficulty stems
from establishinghe GreenAmpt parameterghe groundwaterelevationsandthe corresponding
rainfall-runoff relationthatwould prevailif theairportwerenot presentMost public use airports
in Floridawereconstructedn thel 9 4 0 @aslier@nd the sites and drainagesre extensively
alteredat that time. Generally,the site modificationswere a combinationof lowering extant
groundwaterlevelsthroughdrainageandraising site elevationswith earthfill. Removingmuck
and peattype soils andreplacingthesewith sandsfor betterstructuralsupportalso alteredthe
drainageproperties.In cases,the siteswere clearedbut not grubbed,and clean earthfill was
placeddirectly on the stumps,vegetation andsite soils. The net effectis that most airport sites
now exhibit soil and groundwater conditionsthat havelower runoff potentialthanthe original,
natural vegetative communities. Two approachesare recommendedo establishthe pre
developmenparameterfor anaturalvegetativecommunity. Theseare:

1. If historicalinformationor sitegeotechnicastudiesvith acombinationof boringsand
testpits candefinetheextentof thealterationstherainfall-runoff relationsestimated
basednthisinformationcanbeusedwith the EMC datafrom Table202-1.

2. If nearbyareasstill containnaturalvegetativecommunitiegshatcanbereasonably
inferredto berepresentativef regionalconditions therainfall-runoff relationsof these
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maybeusedwith the EMC datafrom Table202-1, to establisithe naturalvegetative
communityloadingfor anequivalentarea.

The parametersestablishingthe rainfall-runoff relationsfor the pre developmenicondition are
particularlyimportantto theanalysesand theneedto establishandagreeuponthemearlyin the
processequiresapre-applicationmeetingwith thejurisdictional\WWaterManagemenbistrict.

The recommendedmodeling techniqueto estimatethe pre-development,natural vegetative
communityloadfollows. Thediscussions genericsincethe specificmodelsoftwareor approach
mayvary projectto project.

1. Definebasindor theprojectsiteinitially by topographyandoutfall locations. Further
definebasinsby areasf differentprojectedgroundwaterelevationandsoilstypesif
necessarySincethepre-developmensiteis considerec naturalvegetateccommunity,
it will notbenecessarto furtherdefinebasinsby landuse.

2. TheEMC datafrom Table202-1 will beused andno BMP efficienciesareapplied.

3. Runthecontinuoussimulation,surfacevatermodelwith rainfall recordsdefinedon 15
minuteor smallerintervalsfor aoneyearperiod.

4. If necessaryrunagroundwatermodelor equationto helpvalidatetheinfiltration
volumes. Thesegenerallyusea daily or monthlyratebasednthevolumethesurface
watermodelindicatesvasinfiltrated. Theydo notusel5-minutedata. Thenecessitys
determinedy the proximity of the groundwaterto the groundsurface. If theestimated
SHGWTis closerthan2 feetto the groundsurface groundwatermodelingor longterm
physicaldatais usuallyneeded.If theresultsaresubstantiallydifferentthanusedin the
surfacewatermodel,anotheiiteration of surfaceandgroundwatermodelingis needed..

5. Reviewtheresultsfor reasonablenes®evisethemodelsasnecessary.

6. Establisnthepre-developmentargetioadsbasednthemodelandcalculation.

Post developmentGreen Ampt and groundwaterparametersare establishedas describedin
Section3. The recommendedontinuoussimulation surfacewater modelswill define rainfall
runoff relationsusing the information discussedn Sections3 and 4 preceding.The modelwill

alsousethe EMC datafrom Section2. The recommendedjenericmodelingtechniquefor the
postdevelopmenairside whendesignedollowing thecriteriaof Section6 is asfollows:

1. Definebasindor thedevelopedgrojectsite by topographyandoutfall locations,
projectedgroundwaterelevationssoilstypes,airsidepavementimits andlanduse. The
pavementreashouldincludethefirst 25feetof overlandflow within their defined
basingn thosemodelsthatpermitanimperviousoverperviousflow simulation.

2. DefinetheE M C foseachdifferentpavementypeassociateavith the project(air
carrierrunwayandtaxiway,for exampleusingTable202-1.

3. Definethe BMP efficienciesfor overlandflow, usingReferencel4, Appendix A, or
othertreatmentsappropriate.Thedefinition maybeloador concentratiorbased,
dependingntheselectednodel. In all casegheultimaterequirements dischargdoad
calculation. Whereconcentrationshangahroughthe BMP, andwheretheconstituent
loadis explicitly reducedL00%for all infiltration by themodel,aconcentratioBMP is
appropriateWhereload BMP changesnustbeimplicitly modeledjt will generallybe
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necessaryo usetheinfiltration volumesfrom Step4, consideringl00%of all infiltrated
waterto be 100%treated.

Runthecontinuoussimulation,surfacevatermodelwith rainfall recordsdefinedon 15-
minuteor smallerintervalsfor aoneyearperiod. If necessary,unagroundwatermodel
or equatiorto helpvalidatetheinfiltration volumes. Thesegenerallyuseadaily or
monthlyratebasednthevolumethesurfacewatermodelindicateswasinfiltrated. They
donotusel5-minutedata. Thenecessitys determinedy theproximity of the
groundwaterto thegroundsurface. If theestimated/SHGWT s closerthan?2 feetto the
groundsurface groundwatermodelingor longtermphysicaldatais usuallyneeded.If
theresultsaresubstantiallydifferentthanusedin the surfacewatermodel,another
iterationbeginningwith stepl shouldbedone.

Reviewtheresultsfor reasonableness.

Compardhepostdevelopmentoadto thetargetloadsbasedn themodeland
calculation. If thepostdevelopmenloadsexceedhetargetioads,adddesignfeaturego
reducethepostdevelopmentoad,andre-evaluate.

References Appendix A maybeconsultedor additionalinformation,alongwith specificuser
manualdor softwareproductsusedfor modeling. Also, atrainingsessioronthis BMP Manual,

includingthetheoreticakonceptsnvolved,washeldon March10,2011. A completerecording

of the presentationms availablefrom the FloridaDepartmenof TransportationCentralAviation

Office.
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Section6 BEST MANAGEMENT PRACTICES

601. OVERVIEW

BestManagemenPractices forirsidestormwatermanagement mushtisfyboth aviationsafety
and water quality and quantity managementriteria. Aviation safety requiresthat the Best
Management Practices avoid or minimize attracting hazardous wildlife. Water quality

managemenis bestsatisfiedwith no increaseof pollutantsabovepristine site levelsin waters
leaving a project site and enteringwatersof the state.Water quantity managemenis generally
ratebasedwith no increaseof calculateddischargesbove thosérom the preproject site during
a specifieddesignstorm. Structuraland ProceduraBestManagemenPracticepresentedn this

section are available tools for airside Best ManagementPractice stormwater design and

permittingfor Floridaairports.

602 MINIMUM LEVEL OF STORMWATER TREATMENT

Floridahasimplementedatechnologybasedstormwaterule whichis basednthreeprinciples:
9 Af per f og tmamthatsetdtiie minimumlevel of treatment
91 BMP designcriteriathatcanachievethe performancestandardeitheraloneor througha
BMP treatmentrain,and
91 A rebuttablepresumptiorthat a stormwatertreatmentsystemdesignedo the appropriate
BMP designcriteriawill notcauseor contributeto violationsof waterquality standards.

The performancestandarddor F | o r Btalmawatsrrules are setforth in Section62-40.432,
F.A.C. Theyinclude:

91 For constructioractivities,no violation of the turbidity waterquality criterionwhich s 29
NTUs abovebackgroundor mostwaters,but zero(0) N. T . abdvebackgroundn an
Outstandind-loridaWaterbodyOFW)

91 For stormwaterischargesa minimum of 80% averageannualremovalof pollutants that
causeor contributeto violationsof waterquality standards

91 For stormwaterdischargedo OutstandingFlorida Waters,a minimum of 95% average
annual removal of pollutants that causeor contribute to violations of water quality
standards.

91 For stormwaterdischargego verified impaired waters, the project must achievefi n e t
environmental i mp r o v ewhiel means the stormwater pollutant load after
developmeninustbelessthanthe stormwatepollutantloadbeforedevelopment.

For the purposesof this BMP manualand as set forth in Chapter62-330.449,F.A.C., the
performancetandardor airsideairportactivitiesshallbe:

Thenutrient loadafter developmenshallnot exceedhe nutrientloading fromnaturalvegetative
communities.

603. FLOOD CONTROL REQUIREMENTS

All projectsmustbe designedto preventadverseflood impacts. The five Water Management
Districts prescribespecificdesigneventsthat mustbe evaluatedand designcriteriathat apply to
meet the flood control requirements. Appendix J providesa listing of public airports by
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jurisdictional Water ManagementDistrict, and website information where the criteria are
published. Dischargesfrom the site will be limited by thesecriteria. Floodplainimpactsand
compensating/mitigatindesigncriteriaarealsoestablished.

The Florida Departmentof Transportationestablishedlood protectioncriteria for its various
roadwaysandtheir criteria apply to dischargeto their right of way anddrainagesystemsThese
may requirechecksof multiple designeventsup to a specifiedlevel to determinea controlling
discharge. FDOT criteria and methodologiesare available in manuals and handbooksat
http://www.dot.state.fl.us/rddesign/dr/Manualsandhandbooks.shtm

Additionally, Water Control Districts and local governmentmay have criteria for flood

protectionthat are more stringentthan Water ManagementDistrict criteria. Theseshould be

contactedor their specificrequirementsghat will influence projectlesign. Thenoststringentof

the Water ManagemenDistrict or local criteria must be met with respectto protectingareas
awayfrom theairsidefrom adversdlood impacts.

The Water ManagemenmDistrict and local criteria are intendedto protect offsite areasfrom
specifiedflood events put alsotypically addreson-site flooding. However,theflood protection
criteriaarenot appropriatgo airsidepavements.Specifically,FAA Advisory Circular 150/5320
5 apply to airside pavementThe circular allows temporaryflooding of airfield pavementto
specificdepthsfor stormswith a 5-yearrecurrencenterval. Jointusecivil-military airfields may
be designedor flooding undermore frequentevents,sometimeghosewith a 1-yearrecurrence
interval. Thisis thebasisfor infield pondingor evenpavementlooding asdesignfeaturesusedto
reducepeakflows leavingthesite.

604. REQUIRED SITE INFORMATION

Sucesiul designof retenton BMPsdepend greatlyuponknowingconditionsatthesite, especialy
information about the soil, geobgy, and water table conditions. Specific data and analyses
requiredfor the designof a retentionBMPs requiredin this manual,including details relatel to
safetyfactors, moundng analyses and requiredsoil testing,are set forth in Appendix F of this
Manual

605. STRUCTURAL BEST MANAGEMENT PRACTICES

The following StructuralBest ManagemenPracticesmay be usedalone,or as part of a BMP

treatment train that combines structural and/or Procedural BMPs to meet the minimum

stormwaterntreatmentrequirementdor airsideimprovements.in particular,this meansmeeting
the performancestandarddiscussedn Section602 above.OtherBMPs not listed in this manual
may be appropriatebut they were not specifically evaluatedas part of the Florida Statewide
Airport Stormwaterstudy.
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a. Qverland Flow

An overlandflow systemis BMP in which the runoff moves offthe runwayor taxiwayandsheet
flows over the adjacentgrassedarea allowing the stormwaterto infiltrate into the ground.
Overlandflow is the preferredBest Managemen®Practicefor runway and taxiway stormwater
managementlt may also be applicableto apronsdependingon specific site geometryand
conditions

1. Applicability
Favorable SiteConditions
91 Contributing pavementareais comparableto or lessthan the overlandflow area.
Runwaysandtaxiwayswith flows to both sidesof centerlinemosteasily satisfythis
condition.

91 Soilsonthe site aresandswith stabilizedinfiltration ratesgreaterthan3 inches/hour
andhorizontalhydraulicconductivitieggreateithan20 feet/day.
Topographypermitsflat (.5%-3%) transverselopes
SeasonalHigh Ground Water Table (SHGWT) elevationsare more than 3 feet
beneattthegroundsurfaceatthelowestpointof theinfield or overlandflow area.

|
|

UsableSite Conditions- mayrequiresite modificationincludingloweringthe watertable
with underdrainsNote thatartificially loweringthe groundwatertablemaybe precluded
in some areasof the state and by some jurisdictional agenciesfor managemenand
resourceonservatiomeasons.

91 Contributingpavemenareais notmorethan50 % largerthanthe overlandflow area.
91 Soils on the site are silty sands,or sandswith organics,with stabilizedinfiltration
rates greatethan 0.5inches/hour antiorizontalhydraulicconductivitiesgreater than
10feet/day

Topographypermitsflat to moderatg0.5%- 5%) transversalopes
SHGWTelevationsarebetweerl and3 feetbeneattthegroundsurface

Dischargeis availablefor underdrainsif neededand groundwater contributionsof
nutrientloaddo notincreaseotal nutrientloadingsignificantly

SR E

UnfavorableSite Conditions- requiresite modificationsuchasfilling with more pervious

soil or lowering the ground water table. Note that artificially lowering the ground

water table may be precludedin some areasof the state and by somejurisdictional

agenciedor managemenand resourceconservatiormreasonsWithout site modification,

wet detentionsystemsare likely needed.Use wet detentionsystemswith cautionand

follow FAA designrequirement$o minimizewildlife impacts.

91 Contributhg pavementareais more than 50% larger than the overlandflow area.
Apronsoftenfall in thiscategory.

91 Soilsaresilts andclayswith infiltration rateslessthan0.5inches/houandhydraulic
conductivitiedessthan2 feet/day

91 Topographyequiressteeptransversaslopeqg5%-25%)

91 SHGWT elevationsare at the ground surfaceat the lowest point of the infield or
overlandflow area.
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2. DesignCriteria

a

all
I

A2

Overlandflow distanceshall be 25 feet or greater.This is typically achievedon all
runway and taxiway infield areasandis neededo reducemetalsconcentrationgind
allow infiltration of thetreatmenvolumeto meettherequiredoadreductions.
Slopesshallbeasflat aspossiblewith .5%- 3.0%recommendeth thefirst 25 feetof
overlandflow.

Designinlets and conveyanceipesfor the 5-year postdevelopmenstormusingthe
RationalMethod. Pondingshouldbe lessthan4-inchesin apronareas. Thesecriteria
areexpresseth Advisory Circular150/53205C, Paragrapt2-2.4.2.

Evaluatethe pre- and postdevelopmenpeakflows from the projectusingthe design
stormeventspecifiedby thejurisdictionalwatermanagemenrdistrict. Thisis typically
a 10, 25, or 100year recurrenceinterval storm of 1 to 3 days duration. Verify
post project dischargeis lessthan pre-project dischargefor this eventand method.
Setinlets (at gradeor in theinfield, if neededand consistenwith airfield safety, upto
3inchesabovegradeto achieverequiredoadreductions).

Basedon the evaluationof annualnutrient loadsfor the predevelopmenand post
developmentconditions, establishthe designfeaturesto achievethe requiredload
reductions.

If SHGWT levels mustbe loweredusing underdrainsplace underdrainsat least25
feet from the edge of pavement(see Figure 6051). Underdrainsplaced directly
adjacentto pavement (see Figure 6052 should not be used for stormwater
managementr pavemenbaseprotection,sincethesemay transporthigher pollutant
loadsfrom the pavementedgedirectly to the stormwaterconveyance Underdrains
placedunderthe pavementare an option for pavementstructureor baseprotection,
and loads may be calculatedas describedfor those placed 25 feet away. Include
underdrainnutrientloadsin the postdevelopmentdischargeloading calculationsas
appropriate Note that artificially lowering the groundwatertable may be precluded
in someareasof the stateand by somejurisdictional agenciefor managemenand
resourceonservatiomeasons.

The overlandflow systemshall be appropriatelystabilizedto minimize or prevent
erosion.

Follow all Turf ManagemenProceduraBMPsdescribedn Section606.b.

Employ streetsweeping aircraft fuel sumpingcontrolsand otherappropriatesource
controlsasneedededucepollutantsthatcangetinto the stormwater.
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b. Dry Retention Basin
A dry retentionbasinis the preferredBestManagemenPracticefor aprons.lt is alsoapplicable

to runways and taxiways.A fretaition syd e nsda recessedareawithin the landscapehat is
designd to store and retain a defined quantiyy of runoff, allowing it to evaporateor percolate
through permeablesoils into the shallow ground water aquifer. This section disausss the
requirementdor retentionsystens, historically referredto asfi d reyentionb a s i whishdare
constructedor natural depressionalreas,often integratedinto a s i t landssapig, where the
bottom is typically flat, and turf, naural ground coversor other appropriatevegetaton, or other
methodsareusedto promoteinfiltration andstabilizethe basinslopesand helpmaintaininfiltration
rates.

Soil permeabilityandwatertable conditionsmustbe such thathe retentiorbasinscanpercolatehe
requiredtreatmentunoff volumewithin a specified timgollowing a storm event.After drawdown
hasbeencompletel, the basindoesnot hold any wate, thusthe systemis nomally iidr y Undike
detentionbasins, the treatmentvolume for retentionsystemsis not dischargedo surfacewates.
Like all infiltration BMPs, dry retentionsystemsare assumedo remove 100% of the nutrient
load for all of the runoff volumethatis fully retainedwithin the system.Lesserremovalsoccur
for thosestormsthatexceedhetreatmentolumeof the retentionbasinandbypasghe systento
bedischargeaffsite unlessheretentionbasinis designedasanoffline BMP.

1. Applicability

Favorable SiteConditions

91 Soilson the dry retentionsite are cleansandswith stabilizedinfiltration ratesgreater
than 6 inches/hourand horizontalhydraulic conductivitiesgreaterthan 30 feet/day.
These permeablesoils extend at least 20 feet beneaththe basin bottom before
encounteringnaquitardor aquiclude.

9 SHGWT elevationsare more than 6 feet beneaththe proposedbottom of the dry
retentionsite. This is to assureghat moundingdoesnot adverselyaffect the retention
systenmoperatiorandperformance.

9] Retentionsystemis locatedat least 25 feet from a swale or other stormwateror
surfacewater featureto minimize possibility of pollutant migration, but within 100
feet of sucha featureto help dissipateground water moundsbeneaththe system.
Figure605-3 illustratesthis separation.

Usable Site Conditions - may requiresite modificationincluding lowering the SHGWT
with underdrainson the exterior of the basin.Note that artificially lowering the ground
water table may be precludedin some areasof the state and by some jurisdictional
agenciesor managemerdandresourceonservatiomeasons.

91 Soils on the dry retentionbasinsite are silty with stabilizedinfiltration ratesgreater
than 3 inches/hourand horizontal hydraulic conductivitiesgreaterthan 20 feet/day.
Thesepermeablesoils extend20 feetbeneatlthe pondbottombeforeencounteringn
aqguitardor aquiclude.

9 SHGWT elevationsare between3 and6 feet beneattthe proposedoottomof the dry
retentiorbasin.
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