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1 EXECUTIVE SUMMARY

ThisAnnualStormwaterMonitoringReport hasbeen preparedpursuantto

SpecialConditionS2.E of the NPDES permitfor the Port of Seattle'sSeattle-

Tacoma IntemationalAirport(STIA). This reportcovers requiredstormwater

samplingfor the 14 outfall,_listedin permitconditionS2.B. The Port tooka total

of 61 graband59 compositestormwatersamplesfrom a total of 22 stormevents

inthe pastyear, bringingthe 7-year totalsto over400 samplesand 168 storm

events. The Portcompliedwithall samplingandreportingrequirementsinthe

NPDES permit.

Insummary,STIA stormwaterquality,especiallyairfieldrunoff,continuesto have

constituentconcentrationslowerthanthose reportedin comparable regional

studies. Resultscontinueto demonstratethat mostconstituentconcentrationsin

STIA airfieldouffalldischargesare muchlowerthanthose fromthe landside

ouffalls. Thisdifferenceis most likelydueto highervehicularuse inthe iandside

areas anda higherdegree of biofiltrationpresentin the airfield subbasins.

Nonetheless,overallSTIA resultsare generallylower than resultsfrom other

studiesfor roadwaysand commercialareas.

The Portis continuingto investigatemanagementoptionsfor the zinc inrunoff

associatedwithtwocargobuildingswithgalvanizedmetalrooftops.Thisworkis

a followup to wholeeffluenttoxicity(WET) testingfindingsreportedin 2000.

Recentworkhas focusedon stormwatertreatmentalternativeswhere several

mediahave beentested incontrolledlaboratoryexperiments,including

commerciallyavailableCSF® deciduousleaf compostproducedby Stormwater

Management(PortlandOR) and speciallymodifiedsoybeanhullsdeveloped by

the U.S. Departmentof Agriculture.Boththe leaf compostandthe soybeanhulls

are agriculturalwasteproductsthat can berecycledas water-treatmentmedia.
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Currentimplementationconceptsmay includedeployingthemediain

commerciallyavailableStormfilterTM cartridgesinbelow-grade,pre-castvaults;or

incartridgesadaptedfor above-gradedownspouts.These optionsamountto a

new stormwaterBMP optionthat appears morecost.effectivethan re-roofingor

paintingto eliminatezinc sources.Futureonsitestudiesmay includelong-term

• performancemonitoringand an evaluationof the costsforoperationand _,.

maintenance.

A fecal coliformsourcetracingstudycorroboratedpreviouswork,demonstrating

an absenceof crossconnectionsfor sanitarysewagewith STIA stormdrainage.

Baseflowin theseveralouffallstested was oftenabsent,andwhen presenthad

lowto non-detectablefecal coliformswith no indicationsof humansources. The

studyusedthe microbialsourcetracing(MST) techniquedevelopedat the

Universityof Washington. The MST methodisolatesE. coli bacteria DNA inthe

samplesand comparesit to isolatesfrom specificsourcesalreadycharacterized

inthe regionaldatabaseand severalsite-specificsourcescharacterizedinthe

study. The Port issueda separatereport for thisstudy(Herrera,2001).

The SDE4 dischargesthat formed the impetusfor thisstudyhave exhibited

sporadicallyelevatedfecal coliformlevelsthat the studyindicatedwere

associatedprimarilywithanimalwastes, principallynuisancebirdpopulations

(e.g. pigeons). This studyalso showedthat fecal coliformsources,notablysome

attributableto humans,were present in runoffandbaseflowsupgradientfrom

STIA (BowLake), even insampleswithlow fecal coliformconcentrations.

Human sourcesfound inairportrunoffwere limitedto isolatedsamplesfrom

SDE4 and SDS3 runoff,where many sampleshad low fecal coliform

concentrations.Aircraft lavatorywastewater-specificsourceswere implicatedin

lessthan 10% of all SDS3 samplesand noneof the SDE4 samples. Because

the data suggestthese humansourcesmay be associatedwithaircraft lavatory

waste transferoperations,the Port willcontinueto investigatethis issue.

2
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_ The Portremoveda potentialsourceof glycolsandotherconstituentsin SDS1

runoffby re-routinga portionof theSDS1 drainageto the industrialwastesystem

(IWS) inSeptember2000. Several samplesandobservationsinthe pastyear

showedthatglycolswere at muchlowerconcentrationsthan inpastyears. Prior

to the re-routing,therewere episodicindicationsof certainconstituents(glycols

and soaps)associatedwithaircraftandgroundserviceequipment(GSE)

servicingnearthe SouthSatellite. This BMP isa directresultof thestormwater

monitoringprogram.

In thepastyear, twoshort periodsof winterweather in February2001 triggered

runwayandothergroundsurfacedeicingat STIA. Glycoland BODs

• concentrationswere similarto winterweathersamplingin pastyears. According

to the Port'sSWPPP, the sixto eightinchesof snowfallfrom thesecondevent

was plowedandmovedto the snowstorageareas (BMPs),where snowmelt
drainsto the IWS.

Accordingto the provisionsof the recently issuedWater Quality Certification(401

permit)for theMaster Plan Update,the Portwillbe developinga workplanto

assessand developappropriatesite-specificwater qualityindicators. Thiswork

willdeterminethe appropriatemonitoringlocationsand waterqualitymeasures

that best relateairportrunoffto the localreceivingstreams(Miller,Walkerand

Des MoinesCreeks). The Port plansto workwithEcologyindevelopingthisplan

in thenear future. Also,the Portwillbe submittingNPDES permitrenewal

applicationmaterialsby the end of 2001.

3
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2 INTRODUCTION

The STIA stormwater monitoring program has been in place since 1993 pursuant

to the National Pollutant Discharge Elimination System (NPDES) permit. The

first permit was issued June 30, 1994, and was renewed and reissued on

February 2a, 1998, becoming effective March 1, 1998 (permit number WA-

002465-1 .) In early 1999, a major permit modification issued by Ecology reduced

sampling frequency based upon a permit appeal settlement (WDOE 1999.) A

second major modification was issued in mid 2001, though it did not change any

of the routine (non-construction) stormwater monitoring requirements. The Port

will begin the next permit renewal process this year where the application is due

by December 31st."

The Port conducts the requiredmonitoring activities according to the specific

guidelines and criteria of the Ecology-approved Procedure Manual for

Stormwater Monitoring (POS 1999a). This report summarizes and discusses

results from the seventh year of sampling conducted in the 12-month period July

2000 through June 2001, the conclusions, and potential new initiatives to be

undertaken. Results summarized in this report include data already submitted to

Ecology in Discharge Monitoring Reports (DMRs) plus additional results from

other samples unrelated to DMR reporting. The Port has previously submitted

six Annual Reports (POS 1995, 1996a, 1997a, 1998a, 1999b, 2000a). The

Annual Stormwater Monitoring Reports and associated DMRs do not apply to

construction or IWTP monitoring.

This report satisfies Special Condition S2.E of the National Pollutant Discharge

Elimination System (NPDES) permit for the Port of Seattle's (Port) Sea-Tac

International Airport (STIA). Special Condition S2.E of the permit states: "On or

before October 1 of each year, the Permittee shall submit a report to the

Department summarizing the results of the stormwater monitoring conducted

pursuant to Special Condition S2.B or S3.E of this permit during the preceding
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twelve (12) monthperiod from July 1 throughJune 30. The reportshall present

the analyticaldata, the Port'sconclusionsas to what is being learned fromthe ..

data, andany new initiativesto be undertakenas part of the StormwaterPollution

PreventionPlan forAirportOperationsrequiredin SpecialCondition$12."

Additionally,Special ConditionS2B of the permitrequiresthat: "The permittee

shallincludethe followingdata for each storm event inthe AnnualStormwater

MonitoringSummaryReport...: date, duration,the numberof dry hours

precedingthe stormevent, total rainfallduringthe storm event (inches),

maximumflow rateduringthe rain event (gallonsper minute),and the totalflow

from the rainevent(gallons). The permittee shallalsoincludea monthly

summaryof dailyrainfall..."All of the informationrequiredunderSpecial

ConditionS2B appears inAppendixA.

k
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3 BACKGROUND

• 3.1 Sea-Tac International Airport

Seattle-Tacoma International Airport (STIA) lies about mid-way between the

cities of Seattle and Tacoma, Washington. The airport was built in the 1940s and

has expanded throughout the years to become the 18mbusiest airport in the U.S.

The highly urbanized cities of SeaTac, Des Moines, and Burien surround the

airport.

STIA storm drainage discharges through 14 individual ouffalls, four that drain to

Miller Creek, eight that drain to Des Moines Creek, and two that drain to a City of

SeaTac system. Together, these 14 ouffalls drain a total area of about 970 acres

of which about 56% are impervious surfaces. Only 17% of this total area (165

acres) drains to Miller Creek, while the remaining area of about 800 acres drains

to Des Moines Creek. An area of about 370 acres, mostly the impervious

surfaces of terminal gate and ramp areas, drains to the Industrial Waste System

(IWS) and the IndustrialWaste Treatment Plant (IWTP.) Three large lagoons

detain and equalize runoff flowing to the IW'I'P, which removes suspended solids

and petroleum products using the dissolved air flotation process. The IWTP

discharges directly to Puget Sound via a separate ouffall that combines with the

Midway sewage treatment plant. IWTP (and construction project) monitoring

results are not included in nor required to be addressed in this report.

The Port has determined future stormwater management needs in the

Comprehensive Stormwater Management plan (CSMP), which is part of the

Master Plan Update (MPU). Issues addressed in this plan include retrofitting

existing development to meet state and local guidelines for stormwater quantity

and quality BMPs (Parametrix, 2001 ). The CSMP has been approved and

adopted for implementation by the Port's Water Quality Certification (401 permit)

for the MPU.
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3.2 STIA Storm Drainage Subbasins "

The NPDES permitrefersto ouffallsby number; however,this reportrefers to

subbasinsandtheiroutfallsbylocationnames(see Table 1). The Portcodes

STIA stormdrainagesubbasinnames accordingto location,forexample, uSDS1"

means=stormdrainsouthnumber1". In addition,the Port identifiesall manholes

accordingto an alphanumericscheme, someof whichare referredto inthis

report. For convenienceandconsistency,manyof these locationswere

renamedandrenumberedin 1999, thoughphysicalmonitoringlocationshave not

beenmoved. Drainagearea estimatesare includedin AppendixA. Figure1

showsthe individualstormwaterdrainagesubbasinsandthe STIA stormwater

managementboundaries.

STIA stormwatersubbasinsfall intothe generalcategories listedin Table 1.

These categoriesgroupsubbasinstogetherthat have similarlanduse and other

characteristics.Thesecategoriesinclude"iandside,""airfield,"and othernon-

specific,low-activityareas. Previousreportsshowedthat concentrationsof TPH,

TSS and otherconstituentswere differentfor the landsideand airfield categories

(POS 1996a, 1997a.)

Outfalls SDS3, SDS4, SDN3, and SDN4 drainthe principal subbasinsof the

airfield. These fourouffallsdraina totalof 626 acres (45% impervious)of the

AircraftMovementArea (AMA), which includesthe airport runways,taxiways,

andother open spaceof the "airfield." These four airfield subbasinsrepresent

approximately65 percentof the total STIA stormdrainage area. Previouslyan

airfieldouffall,SDN2 nowdischargesto the IndustrialWaste System(IWS) via

twopumpstationsconstructedas BMPs in 1997.

Four subbasins(SDE4, SDN1, EY, and TY) composethe 165 acres(abouttwo-

thirdsimpervious)of "landside"areas of the airport,primarilydrainingpublic

roads,parking,passengervehicle areas and rooftops. SDE4 alone comprises

8
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about 149 acres, or 90% of this total landside area drainage. Although 11

percent of the total impervious area of SDE4 drains portions of Taxiways A and

B, the "landside" designation is appropriate because roads, parking, and other

vehicle areas on the landside of the airport are the predominant impervious areas

of SDE4.

Table 1 Nomenclature for Outfalls listed in NPDES Permit Condition S2B
L,

Outfall # Port Category Creek Proximity to receiving water

Name

002 SDE4 landside Des Moines Combinesw/Bow Lake & City flows

beforedaylightingin EastBranch

003 SDS1 none Des Moines Direct ouffallto East Branch

004 $DS2 none Des Moines Flowsthroughswale,NW Ponds then

intoW. Branch
005 SDS3 airfield Des Moines Flowsthroughswale, NW Pondsthen

intn W P,r_nP.h

006 SDN1 landside Miller Flowsthrough 1000'+ naturalchannel

and Lake Reba detentionPond

- 007 SDN2 Drainsto IWS1 Miller Same as SDN1

008 SDN3 airfield Miller Same as SDN1

009 SDS4 airfietd Des Moines Directouffallnearconfluenceof East

and West Branches
010 SDS7= none Des Moines Combinesw/City streetscommercial

area, via swale & NW Ponds

011 SDN4 airfield Miller Same as SDN1

012 EY landside Gilliam Via Citydrainsto stream

013 TY tandside Gilliam Via Citydrainsto stream

014 SDS6= none Des Moines Same as SDS7

015 SDS5L none Des Moines Same as SDS7

Table notes:

1. Two pump stationsdivertall runofffromthe former SDN2 subbasinto the IWS. Dischargesto

SDN2 onlyoccurwhen rainfall intensityexceeds the 0.20 inchesper hourdesignfor these pump

stations• These two pump stationswere constructedin 1997 as SWPPP BMPs.

2. Ouffalls010, 014 and 015 were previouslynamed"SDW3", "B" and "D', respectively

9
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Inearlier reports,the SDS1 subbasinwas includedinthe "terminal"category,

whichis no longerappropriate. SeveralstormwaterBMPs undertakenin 1996-

97, and 2000 have removedall knownrampareasfrom SDS1 (the only

=industrialactivity"in SDS1 was the total of about2.5 acres removedfrom SDS1

• at was associatedwithaircraftramp areas nearthe B-Concourseand South

Satellite).Other BMPsdisconnectedramp areasthat occasionallydrain=.dto

SDS1 when intenserainfallsurchargedcertainstructures. As a result,SDS1

nowdrainsonlythree hangarrooftops(about8 acres), employeeparking(about

5 acres), and no rampareas. The added employeeparkingareasfor the new

NorthwestAidineshangarhave detentionvaultsfor the runoff. In addition,

expandeddrainagefrom South 188th Streetwasadded to SDS1 in 1998-99,

addingabout 1 acre of offsite(non-Port)area to the totalSDS1 area.1 Four other

outfalls(SDS2, SDS5, SDS6 and SDS7) draina totalof about 110 acres, mostly

open spaces(about11% impervious)inthe southwesternportionof STIA.

3.3 Sampling locations

The Portmonitorsstormwaterdischargesat 14 locations,one for each subbasin

withintheboundaryof the permit. Figure1 showsthe locationof the outfallsand

monitoringlocations.

Fourmonitoringlocations(subbasinsSDE4, SDN1, EY, and TY) are in-pipe,

substantially upstream from the final discharge point where the outfall actually

"daylights". Runoff contributions from other, non-STIA sources that are outside

the Port's jurisdiction enter these storm drains and therefore necessitate

monitoring at the first location, often a manhole, upstream of the majority of

offsite inputs. Table 2 lists these offsite influences. However, offsite runoff is

inextricable for sampling stations for SDE4, SDSl, SDS2, and SDS3.

' In 1998-99 the Cityof SeaTac added drainage area to SDS1 through the wideningof about 800 linear feet of S. 188th

Street, adding curb, gutter, pipingand a number of storm drain inlets. This sect=onof roadway previously drained

sheetw_seoff the shoulder to grassed ditches. Prior to these improvements, only one inletdrained a much smaller portion

of this publicroadway that is outside the Port's junsd_cbon.

10
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Consideringthat theoffsite area for outfalls SDS1 and SDS2 is primarily

roadways, the runoff contributed by non-Port entities is substantial and may

influence the Port's monitoring results.

To removebiasesfromhighway SR518 runoff,in 1997 the samplinglocationfor

SDN1 was movedupstreamto itscurrentlocation.Therefore, outfallSDN1 has

twodatasets,onefor the period priorto January1997 that includesresults

influencedby SR518 runoff,andthe otherfor the "SDNlup" location(more-

representativeof Port property)for the ensuingperiod. Past reportshaveshown

howtheSR518 runoffbiasedthe Port'ssamplingresultsupward(POS 2000a,

1998a).

It is importantto notethat because of theirdistancefrom receivingwaters,

certaincurrentsamplinglocationsdo not integrateall possiblefactorsthat could

influencewaterqualitypriorto dischargingto thestreams. Onlytwoof STIA's

currentoutfalls(SDS1 and SDS4) dischargedirectlyto the receivingwaters.

Thesetwo ouffallsare sampledat these "daylight",or end-of-pipelocations.

In contrast,becauseof factorsin additionto those mentionedabove,all other

outfallsare sampledat pointswell removedfromthe bioticcommunity(see Table

1). As a result,thesamplingresultsdo notreflectthecomplexinteractionswith

chemical,physical,andbiologicalelementsthat can enhancewater qualityprior

to whereSTIA stormwateractuallyentersreceivingwaters.

For example, drainage from all four Miller Creek outfalls (SDN1, SDN2, SDN3,

and SDN4) passesthroughadditionalpipingand surfaceconveyance,andthen

passesthroughLake Reba priorto enteringMillerCreek. Lake Reba2is a

: Lake Reba. somebmes referredto as "little Lake Reba" esthe perennial pool (w_thseveral feet of live storage) that

recewes runofffrom the aiq)ort an0 other areas. The Lake Reba facilitywas builtby Me Port in 1973, is adjacent to Miller

Creek and drams to this creek_a an outlet controlstructurethat was renovated in 1998. Lake Reba lies withinthe

footDnntof the larger Miller Creek Detention Facihty (MCDF), which is an instreern detention facility (builtbyKing County

11
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constructedstormwaterdetentionpondthat alsoservesa water qualityfunction

(WDOE 1997). The potentialinfluencesof these importantfactorsare not

accountedfor inthe currentsamplingschemerequiredby the permit. These

issuesshouldbe addressedinthe NPDES permit renewal.

Accordingto the provisionsof the recentlyissuedWater QualityCertificationfor

the Master Plan Update ('401" permitnumber1996-4-0235 (amended-1) dated

9/21/01), the Portwillbe developinga workplanto assessand develop

appropriatesite-specificwater qualityindicators.Thisworkwilldeterminethe

appropriatemonitoringlocationsand water qualitymeasuresthat best relate

airportrunoffto the localreceivingstreams (Miller,Walker and Des Moines

Creeks). The Port plansto workwithEcologyin developingthis plan inthe near
future.

3.4 Storm sampling procedures and analytes

The Port'sProcedureManualforStormwaterMonito.ring(POS 1999a) describes

thecriteria forsamplingstorm events,and describesall relevantsampling,

programming,and handlingnecessaryto complywithrequirementsof the permit.

Table4 listsrequiredsamplingfrequencies,constituentanalytes,methods,and

detectionlimits. The Port reportsdata on DMRs onlywhere resultsfrom storms

and samplesmeet representativenesscriteriaof the manual. In additionto data

providedin the DMRs, resultsfrom samplesnot meetingthese criteriaor those

takenfor otherpurposesare also includedin this report. Usingautomatic

samplers,the Port generallytakes a grabsamplethen a flow-weighted

compositesampleduringrainstormsof 0.20 inchesor greaterthat are preceded

by lessthan 0.1inchof rainfallinthe previous24 hours.

in 1992) that does not have an assocJatedpen'nanent I_OOl(no dead storage). Under high flow conditions,the backwaters

formed by the live storage of the MCDF (the ultimate foo_nnt) may inundate Lake Reba.

12

AR 017125



Table 2 Offsite Influences Affecting STIA Monitoring Locations'

Ouffall Total Area Offsite Area Percent
Comment

(manhole)2 (ac) (ac) Offsita

SDE4 Offsitearea of SR99, maybe greaterthan
149 0.6 <1%

(SDE4-65) 0.6 acre

SDS1 Offsitearea of S. 188th St. includesarea
14.4 0.85 6%

(outfall) added by City in Fall 1998

SDS2 Offsite 16_ Ave S., S. 188_ St, and
13.2 2.9+ >21%

(outfall) possiblenon-Portcommercialarea.

SDS3
462 3 <1% Approximateoffsitearea of S. 188thSt.

(ouffall)

Former SDN1 locationin_udes publicroad
SDN1

24+ 9.9+ >40% runoff. Runoff from add'149 ac non-POS

(SDN1-56) area entersbelow,pnor to enteringL. Reba

SDNlup Air Cargo Road is about 50% of SDN1
13.8 0 0%

(SDN1-41) area.

Tablenotes

1. AllareaestimatesareasofSeptember2001andsub_c_tochange.

2. Thoughmanholenumberdesignal_onswerechangedin1999,samplinglocationsremainedthesameas inprevtous

years.

13
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Table 3 Analytes, Methods and Detection Limits

Applicable Subbasins/Outfalla

SDE4, SDSI0 SDS2,
Detection

SDS3, EY,TY, SDS1, SDN3, SDS4,
Analyte Method_') limit (MDL)

SDN1, SDN2 SDN2 SDS6, SDS6,
mg/I

SDN4 SDS7

pHleJ 150.1 0.1 X X X X

FOG (Oiland

Grease) 413.1 1.0 (f) (f) (f) (f)

418.1

TPH (IR) rood(=) 1.0 (f) (f) (f) (f)

NWTPH-
TPH (GC) 0.15 X X X X

Dx

Fecal coliforms
9221 E 2

(MPN) X nla nla X

TSS (total
160.2 0.5 .......

suspendedsolids) X X X X

Turbidity 180.1 0.1 X nla X X

BODs 405.1 4 X nla X nla

Total Glycols_c) GC FID 4 X nla X X

Total Recoverable Cu: 2 pg/I

copper,lead, zinc(d) 200 Pb: 2 pg/I X n/a n/a nla

Zn: 5 pg/I

(a) MetnoOrefertoEPA-600/4-79-020,Marc_1979.Fecalcohforrnmemo0refersto18theclibonofStan_larcl

Methodsfort_eExaminationofWaterantiWastewater(APHA,1995),orasrevised.
(b) WashingtonStateDeDartmentofEcologymethodWTPH-418.1Modified.

(c) AnalyzedbyGasChromatograph,FlameIonizatzonDetector.MDLis2 mg/Ieacl_forpropyleneandethylene
gycols.

(d) Lea0andcopperDyatomica0sorption(AA)furnace,zincby ICP.
(e) pHisnotrequiredbypen'nit,but*suseclasareferenceparameter
(f) FOGandTPH(IR)memodsreplacedbyNWTPH-DxMarch1,1998.

14
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..... 4 SAMPLING RESULTS

4.1 General

This chapter presents and discusses data separately for results from grab

samples, composite samples, and deicing event (glycol) samples. These types

of samples employ differenLprotocols that represent different temporal periods of

the particular storrnwater discharge event (i.e., grab samples versus composite

samples) and should be evaluated separately.

The required hydraulic and hydrologic data are included in Appendix A. Samples

were validated according to the representativeness criteria described in the

Port's Procedure Manual for Stormwater Monitoring (Port 1999a). Appendix B

tabulates and summarizes analytical results for each ouffali. Data previously

submitted to Ecology in the monthly DMRs represent samples collected strictly

from those storms and sampling routines that fully met the criteria of the

Procedure Manual. In addition to this DMR data, this report summarizes all other

data collected at the storm drain ouffalls covered under condition S2B of the

NPDES permit (Table 1).

4.2 Data Presentation Methods

Because the NPDES permit does not specify discharge limits for stormwater, this

report compares the Port's data to others' stormwater data listed as reference

comparators in Table 4. Most reference comparators discussed in this report

were the lowest results from two City of Bellevue studies. These comprehensive,

local studies had similar sampling protocols to the Port's. However, the samples

in the 1995 Bellevue study were taken at instream stations and therefore reflect

stormflows in receiving waters, as opposed to direct outfall discharges.

Nonetheless, contrasting STIA ouffal/discharges to this instream comparator

results in more conservative conclusions. This report uses the Portland NPDES

data for copper because it better represents commercial and industrial ouffall
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dischargesbefore mixingwithreceivingwaters. Again, the readershould

considerthe natureof the STIA samplinglocationsdiscussedin Section3.3. ....

Comparatordata andouffallsamplingresultsappearon box plotsthat illustrate

the centraltendency,spread,andskew of the stormwaterdata (Figures2

through9). The boldlinewithina boxrepresentsthe medianvalue, whilethe

bottomandtop of a boxshowthe 25th and 75th percentiles,respectively. In

otherwords,the interquartilerange(central50 percent)of the data fall within

valueshighlightedbythe box. SPSS softwarewas usedto generate the box

plots(SPSS 1999).

When summarizingdata to comparetypicalvalues, outliersusuallyrepresent

unusualconditionsor anomalies,atypical of what couldbe expectedunderusual

circumstancesgivenhistoricaldata. In a boxplot,the "whiskers"showthe

largestvaluesthat are not consideredoutliers.SPSS boxplotsshowtwotypesof

outliers:those more than 1.5 box-lengthsfrom the 75th percentileplottedwiththe

symbol"o', andthosemorethan 3.0 boxlengthswith a star symbol('*'). In most

cases, the boxplotsshowthe outliers,but in somecasesthe scalesselected

preventplottingall outliers. Outliershave also been definedas those valuesin a

particularouffall'sdataset that are morethan 3 standarddeviationsfrom the

mean (99.7% of the data fall withinthis rangebydefinitionina normal

distribution).All data are tabulatedinAppendixB and C.

4.3 Storm events sampled

Consistentwithpermitrequirements,the 2000-2001 samplingseasonbegan on

July 1,2000 andended June 30, 2001. Duringthis 12-monthperiod,about25

inchesof rainfell at STIA, whichis about13 inches(35%) belowthe 60+ year

averageand verydifferentthanthe pasttwo seasons,especiallythe 1998-99

period,influencedby thevery wet La Ninaweatherpattern. See Figure2.
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In the 12 monthsendingJune 2001, the Portsampled22 rainfallevents. Rainfall

duringtheseeventsranged from0.23 to 1.28 inches. Dry weatherpreceding

theseeventsaveraged4 days,withz minimumof about oneday to a maximum

of nearlyone-month(8/18/00 event). AppendixA summarizesdailyrainfalland

stormssampled.
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In the past year's sample events there was a single summer storm event

(8/18/00) that produced higher than typical constituent concentrations at one

ouffall (copper at SDS3, see Section 4.5.3). In previous years, thunderstorms or

other periods of intense rainfall after protracted dry periods of a month or more

caused elevated levels of certain constituents (POS 1999b). These

meteorological factors resulted in the unusual combination of a lengthy

accumulation period and high scour from the intense rainfall. Patterns like these

have been most evident in the late summer and early fall months, particularly in

1998. The 3 highest copper results for SDS3 were from storms sampled in the

month of August (8/2/96, 8/16/98 and 8/18/00). These factors are important to

take into account when considering how representative a particular sample result

is given the naturaily occurring, and perhaps infrequent seasonal influences.

Monthly Rainfall at STIA
(National Weather _rvice)

• 7 45
, actual

6 4o

a_rage 35 d
"= 5 _ CUre --.

30 "_
-_ _ a_j cure "E

4 25_.E
E 3 20_

2
I 5

0 0

Jul- Aug- Sep- Oct- Nov- Dec- Jan- Feb-.Mar- ,_or- May- Jun-
00 00 00 00 00 00 01 01 01 01 01 01

Figure 2 Rainfall Summary
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4.4 Grab Sample Results

The followingdiscussionincludesresultsfrom61 grab samplescollectedinthe

pastyear, bringingthe 7-year totalto 431 totalgrab samples. Grab samplesare

analyzedonlyfor TPH andfecal coliformbacteriaper currentpermit

requirements. Previousversionsof the permit required FOG. andTPH analysis

by methodsnowoutdated(413.1 and418.1, respectively). Bothof these

parameterswere replacedby NWTPH-Dx bythe permit revisionof February,

1998, thoughhistoricaldata for FOG andTPH are includedinAppendixB.

4.4.1 Total PetroleumHydrocarbons(3"PH)

The resultsfromthe currentyear presentedin Figure2 continueto demonstrate

that concentrationsof petroleum-typeconstituentsin STIA stormwaterare

consistentlylessthan instormwaterfromotherurban areas. The overallresults

indicatethe following:

• STIA stormwateroverallcontinuesto have less petroleum-typeconstituents

than typicalurban runoff. Duringthe past4 years,witha medianof 0.26 mg/I,

morethan 95 percentof the220 STIA resultswere less than the Bellevue,

1995 median(instreamsamples)of 3.7 milligramsper liter (mg/I). Onlytwo of

61 samplesinthe pastyear exceededthe Bellevuemedian. On thewhole,

TPH was notdetected in 79 (36%) of a totalof 220 samplestaken since

March 1998.

• Airfield stormwater (SDS3, SDS4, SDN3, and SDN4) continuesto containfar

lessTPH than runofffrom the landsidesubbasins(SDE4, SDN1, andTY.) To

date, medianairfieldTPH is 0.08 mg/I comparedto the 1.1 to 2.4 mg/I median

levelsfor the landsideoutfalls. TPH was not detectedin 63 (72%) of the 88

airfieldoutfallsamplesinthe past fouryears. All buttwo TPH resultsfrom

these 88 airfieldoutfall sampleswere less than 0.5 mg/I,whichis one half the
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detection limit of the previous TPH (IR) method of 1.0 mg/I. Current results

are similar to these overall patterns.

• New maxima occurred at two airfield outfalls in the May 14, 2001 storm

samples (2.75 and 1.59 at SDS3 and SDN4, respectively). See Figure 3.

Interestingly, from this same event, TPH results for both landside outfall

samples (SDE4 and SDN1)were non-detectable. Typically, the situation for

these pairs of ouffalls is opposite: landside ouffall TPH>>airfield TPH, as

explained above. Relative to the extensive sampling historyfor their

respective ouffalls, the results for SDS3 and SDN4 samples are anomalies,

pronounced statistical outliers according to both definitions (SPSS and _+3

Standard deviations). Instead, the SDS3 and SDN4 TPH results for the

5/14/01 event would be more typical of SDE4 and SDN1, falling well within

historical interquartile ranges (middle 50% of the data) for these two landside

outfalls, respectively. Chain of custody records and laboratory data were not

in error, though the results suggest that the labels on the sample bottles may

have been interchanged in error. There were no incidents reported on or

near this sampling date that might have caused the elevated TPH in the

airfield samples.

• Because most of the TPH detected in landside runoff is motor oil, it is likely

attributable to lubricants from cars and trucks (there are no passenger vehicle

roads in the 4 airfield subbasins). Diesel oil fractions are rarely detected while

motor oil has represented the majority of the TPI-I at the landside ouffalls

(SDE4, SDN1, and TY.) Diesel fractions were not detected in current year

TPH data therefore a boxplot is unnecessary.

• The IWS effectively isolates aviation-related fuel spills and drips from the

storm drains. For all outfalls, measurements of diesel fractions3 are typically

3 The diesel range resultsfor TPH by method NWTPH-Dx would represent let fuels(e.g. JP4, JP5. etc) w'nichhave

complexm_xturesof C10-C16 hyOrocarOons,overlappingw_ththe C8-C24 hyOrocarbonrange found mdiesel fuel.
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belowdetectionlimits(92% of the 220 samples),with a historicalmaximumof

0.8 mg/l. Consideringthat subbasinsSDE4 and SDS3 are contiguouswith

aircraftservice(IWS) areas where fuelingtakes place, sample resultsfor

these two outfallsshowlow incidenceof TPH, especiallydieselfractions

(consistentlynon-detectedinSDS3 and SDE4 samples). Up to 90% of the 39

samplesfrom SDE4 hadTPH lessthan the 3.7 mg/I comparativevaluefor

urbanareas. More than 70% of the totalof 40 SDS3 sampleshad non-
detectableTPH.

CurrentYearTPH

Principal STIA Stormwater Outfalls

..................
E 2,

..Z

E o

N= 10 10 11 _

SDE4 SDNlup SDN4 SDS3

OUTFALL

ref line at 3.7 is Bellevue (1995) instream me¢lian

Figure 3 TPH for current year

4.4.2 Fecal Coliforms

Overall,the medianvalue for fecal coliformsin 289 samplesto date is 30 per 100

ml, withmorethan twothirdsof the resultsless than 200 per 100 ml. Relativeto

the comparativevalues(Table 4), these overallresultsindicatethat STIA

stormwatercontainsfewer fecal coliformsthan typicalurban stormwater. More

than 80 percentof the 127 airfieldsubbasinsamplestaken to date showedfecal

coliformslessthan the Bellevue(1995) comparativevalue of 201 per 100 ml (see
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_- Figure 4). Current year results from a total of 56 samples from ten outfalls

continue this pattern, where 88 percent were less than the Bellevue comparative

Value. See Figure 4 for current year data.

Current Year Fecal Coliforms

PrincipalSTIAStormwaterOutfaUs

20001

-001

200,

LI.

SDE4 SDN 1up SDN4 SDS3

OUTFALL

ref line at 201 is Bellevue (1995) instream median

Figure 4 Fecal coliforms for current year

There are numerous sources of fecal coliforms including fecal matter from birds

and mammals. Urban stormwater often contains fecal coliforms at sporadically

elevated levels. Human sources, such as septage or sanitary sewage are not

always implicated as contaminants. Importantly, all fecal coliform test methods

often overestimate true fecal coliform concentrations, plus they are susceptible to

interference from non-pathogenic coliform bacteria including k/ebsie/la species

(U.S. EPA, 1986). Fecal coliforms are a presumptive indicator, meaning that if

present, pathogens are presumed present as well, which may not always be the

case.
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To removethese sourcesof uncertaintyandto betterserve publichealth,the

U.S. EPA stated in 1986 that E. coli andenterococcus-basedmethodsand

standardsshouldbe used bythestates (U.S. EPA, 1986) as a meansof

measuringthe presenceof pathogens. Ecologyis consideringthese changesin

the triennialreviewof water qualitystandardsprocess(WDOE, 1998, 2000b).

A methodcalledthe MicrobialSourceTracing(MST) techniquematches

"fingerprints"isolatedfrom E. co/i bacteriaDNA withthose previously

characterizedfrom knownhumanandanimalsources. ProfessorMansour

Samadpourof the Universityof Washington'sSchoolof EnvironmentalHealth

developedthistechniquewhichhas beenused ina numberof surfacewater

studiesin theregionand nationally(Farag et al. 2000, NVRC 2000, Hen'era

1999, KCDNR 1997, Trialet al 1993).

Usingthe MST technique,the limitedsamplingfor the Des MoinesCreek Basin

Plan showedthat someof the fecal contaminationinthe lowerwatershedwas

attributableto unseweredresidentialareas (septage)andthat animalsources

existedas well (KCDNR, 1997).. Humansourceswere less prevalentupstream

nearer the airport,wheredog and avian sourcestogethercomprisedup to 34%

of the results. This studyhad limitedstatisticalpower dueto the limitednumber

of samples,plusa numberof the isolateswere unmatchedwith knownsources.

The Port recentlycompleteda studyusingthe MST techniqueto identifypotential

fecal coliformsourcesin airport runoff(Herrera, 2001). This studyfoundthat

morethan 90% of the sampleresultsfrom STIA runoffand instreamsamples

aboveand below STIA were associatedwithanimals,while humansaccounted

for less than 10%. Humansourceswere implicatedonly infrequentlyin storm

runoffand notfound in baseflowsfrom STIA. The studyalso showedthat

upstreamsourcesof fecal contaminationexisted, includinghumansourcesnot

attributableto the airport. Several sourcesof avian fecal matter were foundat

STIA, includinga pigeoncolonyon the rooftopof ConcourseA (removedduring
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concourse demolition in February 2001 ). The study indicated birds, particularly

pigeons were a significant source of fecal coliforms for SDE4 and the other

locations sampled. See Section 4.7.2 for more details.

In past reports, the Port showed that sporadically elevated fecal coliform counts

occurred mostly in the landside subbasin SDE4. Of the ten current year fecal

coliform results for SDE4, only two samples showed elevated results, while

others ranged from non-detectable to 500 per 100 ml, well within the typical

range for STIA and other regional stormwater (see Table 4). The Port's MST

study corroborated work discussed in previous annual reports showing an

absence of cross-connections with sanitary sewer lines. Baseflow samples were

not contaminated (generally non-detectable fecal coliforms, and an absence of

human "fingerprints") and indicated that there was no continuous source of fecal

coliform bacteria, whether arising from human, animal or other sources.

Elevated fecal coliform results for SDN1 and SDN4 samples from the June 27,

2001 storm were unique. Relative to the extensive sampling history, these

samples are statistical outliers according to both definitions (SPSS and +3

standard deviations). Typical fecal coliform concentrations for these two

subbasins have been very low with many non-detectable. The MST study found

only avian sources in storm samples from these two outfalls, while baseflow

discharges were absent as is the usual case. Thus, the elevated results in the

two SDN1 and SDN4 samples in the past year were most likely caused by avian

influences, with no indications of sanitary cross connections.

4.5 Composite Sample Results

In the past year, the Port took a total of 59 flow-weighted composite samples,

bringing the six-year total to 412 for all ouffalls. The discussion of these

composite sample results are segregated from grab samples because grab

samples represent instantaneous values. Composite sample results, especially

those from samples that comprise the entire hydrograph, represent an average
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value or event-meanconcentration(EMC) over a longertime period. All

compositesampledata reportedbelowmet the representativenesscriteriaof the

ProcedureManual. Non-representativecompositedata not reportedbeloware in

• AppendixD.

4.5.1 SuspendedSolidsandTurbidity

STIA outfallscontinueto dischargetypicallylesstotal suspendedsolids(TSS)

andturbiditythan urbanareas. Inthe seven-yearsamplinghistoryat STIA, more

than 80 percentof the 386 TSS samplesand 336 turbiditysampleswere below

the comparativevaluesof 50 mg/I,and 29 NTUs, respectively.As shownin

Figure5 and Figure6, the majorityof resultsfor the pastyear continueto be

consistentlylow.

The four airfieldouffalls(SDS3, SDS4, SDN3, and SDN4) continueto produce

lessTSS andturbiditythan the two principallandsidesubbasins(SDE4 and

SDN1). In the pastsevenyears, 86 percentof the 146 TSS resultsfromthe

airfieldouffallswere less than one-halfthe regionalcomparativemedianvalueof

50 mg/l. Becausetheseairfield outfallsrepresentabout61 percentof the total

SDS area, thedata showthat the majorityof STIA runoffis much lowerin

suspendedmaterialthan runofffrom comparableregionalurbanareas.

In the pastyear, 3 samplesexhibitedhigherthantypicalTSS and turbidity;two at

SDN4 and 1 at the taxi yard (TY). Allthree TSS results(366, 331, and 660 mg/I)

were new maxima for the respectiveoutfalls(SDN4 and TY). The SDN1 turbidity

resultsof 170 and 198 NTU were new maximafor that outfall. No other

constituentmaximawere associatedwiththese SDN1 results,thoughlead and

zincwere relativelyhighcomparedto historicaldata (see Section4.5.3.2).
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BMPswere added in SDN1 in January 2001 (flexiblecatch basininserts)after

the firstoccurrence.SubsequentTSS andturbiditydroppedinthe next five SDN1

samplesuntilthe 6/27/01 sampleevent indicatednew peaks. Visual

observationssuggestedthatthe sourceof sedimentwas associatedwithtwo

factors:1) trucktrafficon air cargoroad,and 2) sedimentmobilizedby vehicle

trafficturningaroundina smallunpavedshoulderarea on the southsideof S.

154thSt about100m west of the SDN1 samplingstation. The embankment

constructionareas have a completerangeof BMPsonsiteto minimizetracking,

includingtruckwheelwashesand roadwaysweeping.

The Port's constructionerosionand sedimentcontrolprogramprovideseffective

erosionand sedimentcontrols. The stormwaterbatchtreatmentsystemused

overthe past threeseasonsfor the thirdrunwayembankmentprojecthas been

highlyeffective. Dischargesfromthissystemalways metwater qualitystandards

forturbidityinMillerCreek,and infact,were typicallymuchcleanerthan

backgroundconditionsinthe creekupstreamfrom the project(Tobiasonet al.,

2000).

The elevated TSS of 660 mg/I in the 1/28/01 Taxi Yard samplemay have been

associatedwithlimitedconstructioninthe area (electricalductbankstation)

and/or inappropriatesedimentdisposalonsite. A smallpileof sedimentand

otherdebriswas observednear the dumpsterat the taxifacility. Staffwere

notifiedandthe sedimentwas removedshortlythereafter.

4.5.2 BiochemicalOxyqen Demand (BOD,_.)

Resultsfor the pastyearcontinueto indicateoveralllow levelsof BOD5in STIA

stormwater. In 42 samplesanalyzed inthe pastyear, the medianBODswas 7.7

rag/I,justabove the6.6 mg/I regionalurbancomparator(BURP, 1984, see Table

4). See Figure7. Overall, 54% of the 335 samplesto date were less thanthe
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regional comparator. Elevated results have usually only been associated with

major deicing periods.

Principal sources of elevated BODs concentrations in the past were associated

primarily with infrequent and short-lived winter weather episodes and ground

surface deicing. During these events, acetate-based ground surface deicing

chemicals are the primary sources of BODs. The Port discontinued the use of

urea and glycol-based ground surface deicers in 1996. There have been only a

few isolated indicationsof.limited BODs contributions to stormwater from aircraft

deicing glycols. Two elevated BODs results in the past year, 84.3 and 137 mg/I

at SDS3 on November 23, 2000 and January 28, 2001 appeared to be

associated with glycols (84.3 and 122 mg/I total glycols respectively). Direct

sources of glycols have been eliminated from the storm drains through numerous

BMPs (POS, 1998c). In September 2000, the Port rerouted drainage to the IWS

from an SDS1 area of about 0.1 acre near the South Satellite that can receive

infrequent aircraft deicing/anti-icing fluids (ADAFs) when and if applied to aircraft

at gates $3 and $4. See Section 4.7.2.

In the past year, two limited periods of winter weather occurred: February 8-9,

and February 16-17, 2001. In time-composites taken during these two events,

BOD5 ranged from 53 mg/I (SDE4) to 756 mg/I (SDS3). Because these samples

were time-composites they do not appear on the figure below. Section 4.6

discusses these in more detail. Snowfall from the more substantial second event

required plowing and storage in the three snowmelt BMP areas. During both of

these events, there were no discharges from ouffall SDN2, which could drain the

north snowmelt BMP area in the event of an IWS pump station bypass4.

• The entire clra_nagearea of ouffall SDN2 was re-routed tO_e IWS in 1997 as a result of two BMPs.
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Figure 7 BODsfor CurrentYear

4.5.3 Metals

All data reportedbeloware for total recoverablemetals. It is importantto note ......

thatWashington State Water Quality Standards (WAC 173-201A) apply to the

receiving waters, not to the discharges from a particular outfall. See the "

discussion in Section 3.3 concerning the STIA monitoring locations relative to the

receiving streams.

The WashingtonStatewater qualitystandardsfor copper, lead, and zinc are

basedon toxicityassociatedwiththe dissolvedfractionof the metal. Becauseof

complexwater chemistry,onlya portionof thedissolvedfractionis actually

bioavailable(Hall et al., 1997). Thus, directcomparisonsof dissolvedmetals

withstandardsmay resultin "falsepositives"where a sampleis notactuallytoxic.

Resultsfordissolvedcopperand zinc analyzed in WET testingand source

tracingstudies(POS, 2000b) atthe Port's principalouffallshave shownthat

dissolvedfractionswere often substantiallyless than the 96% to 98% ratios
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applied by default in the water quality standards (Ecology's and EPA's). The

comparisons offered below are based on the total recoverable metal using the

non-specific ratios (partitioning coefficients) provided in the water quality

standards and Ecology's TSDCALC8 workbook. The application of site-specific

coefficients for these calculations would be more appropriate.

4.5.3.1 Copper

Overall, in 312 samples in the past six years, the median copper value for all

ouffalls sampled is 0.024 mg/l. Airfield and landside ouffall data in this case are

similar, with medians ranging from 0.020 to 0.031 mg/l. See Figure.8. Nearly

80% of all STIA copper data to date (312 samples) are less than the 0.040-mg/I

median from the City of Portland's sampling results (City of Portland, 1993.)

These comparisons are more representative of outfall discharges than the

Bellevue, 1995 median of 0.01 mg/I that was for instream stormwater samples.

However, note that the comparators listed in Table 4 show that urban runoff

typically exceeds receiving water standards for copper when compared directly

and without mixing.

In samples from the minor subbasins SDS2, SDS5, SDS6, and SDS7 not

associated with landside or airfield activity, median copper ranges from 0.005 to

0.013 mg/l, where all data has been substantially less than the two comparators

cited here. Nearly half of the copper data for these four outfalls has been below

the receiving water standard of 0.010 mgll. Passenger vehicle roads and/or

parking is very limited to non-existent in these four subbasins.

Copper results from the past year exhibited no new maxima, though an SDS3

result of 0.111 from the August 18, 2000 sample ranked third in the total of 58

samples to date. In past years, some samples associated with certain seasons

and/or weather patterns have resulted in elevated copper. The top three SDS3
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copperresultsall occurredinsamplesfrom stormsinthe monthof Augustafter

extendeddry periodsof 2 weeksto 33 days (in 1996, 1998, and 2000). Though

the lengthof the dry antecedentperiodmay be significantin itseffecton copper,

theremay be other importantdeterminantssuchas rainfallintensity.

Current Year TR Copper

Principal STIA Stormwater Ouffalls
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Figure 8 Total RecoverableCopper for Current Year

4.5.3.2 Lead and zinc

Samplesfrom airfieldoutfallscontinueto containless lead and zinc

concentrationsthan typicalurbansources. Inthe seven-yearpermitsampling

history,the vast majorityof the 312 resultsfor lead and zinc in all STIA outfalls

were belowthe median for comparableregionaldata forcommercialareas. For

the four airfield outfalls,whichcomprisemore than 65% of the total SDS, nearly

all (more than 97%) of the 145 sampleresultsto date for lead and zinc were less

thanthe comparators.
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These comparisons have added significance given that the commercial/industrial

comparators cited (see Table 4) are very conservative data. Plus, these

Bellevue (1995) lead and zinc comparators reflect instream sample

concentrations after ouffall discharges were mixed with receiving waters. Thus,

metals in the vast majority of STIA stormwater, especially airfield runoff, are

generally far lower than those measured in other local and regional studies.

Current results continue these patterns, See Figure 9 and Figure 10.

Much of the airfield outfall lead and zinc data are below water quality standards.

All but one of 145 lead results in the past seven years are below the standard of

0.039 mg/I calculated at a hardness of 56 mg/I (Table 4.) In fact, lead was not

detected in 50% of these 145 total samples. Airfield zinc was similar in that more

than 85% of the 145 results are less than the standard of 0.072 mg/I at 56 mg/I

hardness5. See Figure 9 and Figure 10.

Importantly, lead and zinc concentrations measured in airfield outfall samples

were far lower than those in the landside outfall samples were. The overall

median lead and zinc values for principal airfield outfalls SDS3 and SDN4 (0.041

and 0.021 mg/I respectively) were three to ten times/ess than for the landside

ouffalls SDE4 and SDN1 (0.134 and 0.192 mg/I, respectively). See Figure 9 and

Figure 10. This difference is likely associated with a higher degree of passenger

and service vehicle usage in the landside areas.

The lead result of 0.035 mg/I from the SDN1 sample of 12/14/00 was associated

with elevated TSS and turbidity in the sample. These TSS and turbidity results

were new maxima for SDN1, representing outliers most likely associated with

truck traffic. See Section 4.5.1. Though not an overall outlier, this lead result

ranked third overall in the 37-sample history for SDN1, and was near the

s In two storms in 1999, har0ness values in seven Millerand Des Moines Creek instream composvtesamples ranged from

41 to 74 mgvlw_tha median of 56 mg/I
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historical maximum of 0.048 mg/I of January 13, 1999. Though not unusual, the

zinc result in this sample was in the 78u_percentile for all SDN1 data.

CurrentYear Lead

Principal STIA Stormwater Outfalls
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Figure 9 Total Recoverable Lead for Current Year

The landside subbasins experience considerable vehicle traffic where tire wear is

a likely source of zinc (EPA 1993). Roads and parking areas constitute more

than 50 percent of the impervious surfaces draining to SDE4 and SDN1. The

lower results for the airfield outfall samples are most likely attributable to the fact

that airfield runoff flows through grass areas prior to draining to the piping

system. Certain portions of landside subbasins SDE4 and SDN1 will be

assessed for appropriate BMP retrofits, such as biofiltration, according to the

recent CSMP (Parametdx 2001 ).

Zinc associated with runoff from galvanized roofing material appears to effect

only outfall SDN1. Unlike SDE4, where several metal-roofed cargo buildings

make up a few •percent of the total impervious area in the subbasin, three similar

36

AR 017148



cargo buildings comprise nearly 30% of the total impervious area drained by

SDN1 (at the sampling station). Five WET tests in 1998-99 did not indicate

toxicity in the SDE4 samples, while significant toxicity was found in multiple

SDN1 samples. Source-tracing indicated that the SDN1 toxicity was attributable

to zinc (POS 2000b; Tobiason and Logan 2000). However, the SDN1 sampling

point tested is more than ½ mile upgradient from Lake Reba (a detention facility)

and its outfall to Miller Creek. Several instream samples below the Lake Reba

outfall have shown much less zinc than the SDN1 data and have not indicated

toxicity (POS, 1997c, Parametrix 199g).

Despite the benefits provided by the Reba detention facility, the Port has

been collaborating with other researchers in investigating several options for

mitigatingthe zinc in the SDN1 (rooftop) runoff. Because re-roofing or painting

costs appear high, runoff treatment by media filtration appears as a potential cost

effective solution. According to the manufacturer of the roofing material, painting

it would cause product warranty problems. Therefore, there are more issues to

consider than cost alone.

Stormwater treatment media tested recently in controlled laboratory

experiments include commercially available CSF® deciduous leaf compost

produced by Stormwater Management Incl (Portland, Ore.) and specially-

modified soybean hulls developed by the U.S. Department of Agriculture

Agricultural Research Service Southern Regional Research Center (New

Orleans, La.). Both the leaf compost and the soybean hulls are agricultural waste

products that can be recycled as water-treatment media. Other media tested

proved less suitable or even generated some degree of toxicity.

Implementation concepts include deploying the media in commercially available

StormfilterTM cartridges in below-grade, pre-cast vaults; or in cartridges adapted

for above,grade downspouts. These options amount to a new stormwater BMP

option that appears much more cost-effective than re-roofing or painting to
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eliminate zinc sources. Further studies will characterize the long-term

performance and operations and maintenance costs for these options for dealing

with metal rooftop runoff. In addition, in the coming year, the Port will begin

evaluating other rooftop runoff according to the provisions of the CSMP

(Parametrix 2001 ).
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Figure 10 Total Recoverable Zinc for Current Year

4.6 Deicing Event Samples

The permit requires sampling and analysis for glycols during "deicing events".

The Port conducts this sampling according to the Ecology-approved Procedure

Manual (POS, 1999a.)The glycol data discussed below encompass mostly

composite samples collected during periods of aircraft deicing, representing

average values during a storm event discharge. Some of the data are from grab

samples as required for outfalls SDS1 and SDN2. The two major deicing events
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of 2001 (February 8 and 16t") were sampled on a time-composite basis because

the weather and associated deicing activities persisted for several days.

4.6.1 Backqround.

In 1995-1997, as recommended by the SWPPP, the Port implemented seven

BMPs that rerouted drainage to the IWS from certain areas in four SDS

subbasins: SDE4, SDS1, SDS3, and SDN2 (POS 1998c). Several limited areas

within these subbasins were subject to aircraft servicing, including periodic ADAF

(glycol) application. Two of these BMPs use multiple pump stations that have

performed as intended over the past four-plus years.

Two of these pump stations divert runoff to the IWS from the entire SDN2

subbasin. In the past year, there were only three storms that resulted in

bypasses from these pump stations to the SDN2 outfall (October 9, 2000,

January 4, 2001 and June 11, 2001). Two of these were sampled according to

permit requirements and no unusual results were found. All bypasses were of

very short duration compared to the length of the rainfall event and the period

flows were pumped to the IWS. As intended in the station design, these

bypasses to SDN2 represented only a fraction of the peak flows of the

hydrograph. None of these bypasses occurred during a major deicing period or

when snowmelt was present.

The Port's Annual Glycol Reports (POS, 2001, 2000c, 1999c, 1998b, 1997b,

1996b) detail ADAF (glycol) application at STIA. These reports summarize data

reported by the airlines for the volumes of both ethylene and propylene glycol

applied and number of aircraft treated each day. The Federal Aviation

Administration (FAA) authorizes only specially formulated ethylene and

propylene glycols for aircraft deicing and anti-icing. Port tenants perform all

glycol application at STIA (applied by airlines or their ground service providers).

Importantly, to ensure public safety, aircraft pilots make the ultimate decision on

whether to apply glycols or not.
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Duringthewintersof 1998-99 and 1999,2000, the Port investigatedthe possible

effectsof grounddeicingchemicals(acetates)on receiving-waterdissolved

oxygen(DO). As indicatedbyconductivityand/or tracerconstituentsof the

potassiumacetate, sodiumacetate and calcium-magnesiumacetatechemicals,

thesetwo studiesshowedthat the deicingmaterialstravel rapidlythroughthe

streams(CosmopolitanEngineering,1999; POS, 2000d). Thoughextended

detentionperiodsfor the affectedrunoffoccurredin NorthwestPonds,and Lake

Reba to a lesserdegree, itwas not possibleto attributeoxygendepletionto the

chemicals. The studiesdocumentedverydynamicand oftenextreme DO

fluctuationsexistedin backgroundconditionsfor the ponds,weeksand months

beforeany grounddeicingchemicalswere used.

Priorto theseground-deicingevents,runoffglycolconcentrationsattributableto

aircraftdeicingwere either absentor at low levels insufficientto have causedany

of the observedoxygendeficitsobservedinthe ponds. Runoffdata duringthese

majordeicingevents indicatedBODsattributableto glycolswas a smallfraction

of the totalgiventhe acetate-basedchemicalsusedconcurrently.Moreover,the

data indicatedthat the IWS effectivelycapturesthe majority of the total volumeof

glycolsappliedto aircraft.

4.6.2 CurrentResults

Glycolshave been present infrequently,usually limitedto the rare,one to two

day winterweatherepisodes,amountingtojust a few days annually. Inthe past

year, glycolswere analyzed in a totalof 58 samplesfrom five outfalls6. The

majorityof sampleswere collectedat the regularsamplinglocations(SDE4,

6 Multiple time-composites were taken at SDE4, SOS3 and SDN4 dunng the 4-day deicing period of February 16-19,

2001. Results inAppendix C include each of these time.senes samples plus an overall single sample compnsed of equal

volume aliquots from each time-senes composite. Thus, the overall brae-composite of up to 6 sub-samples is considered

to represent the entire event. BOD5 and glycol concentrationsin the overall composite used in the data summaries

closely agree w_tnmathematJsalaverages of the individualtime-series samples.
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SDS3, and SDN4.) A total of 18 of these samples were time-composite series

taken during the 4-day period of February 16-19, 2001. Total glycol

concentrations ranged from non-detectable to a maximum of 548 mg/I in an

SDS3 sample. Fourteen of the 27 samples representing individualevents were

below the detection limit of 2 mg/l. Glycols were typically detected only during

periods of winter weather and considerable aircraft deicing activity.

The total number of aircraft deiced in the dry period before sampling events

ranged from 1 to 414, with a median of 148. Data appear in Figure 11 and are

summarized in tabular form in Appendix C. These results continue to indicate

that glycols are typically absent in STIA stormwater discharges except during

periods of major winter weather.

In the past year, two limited periods of winter weather occurred: February 8-9,

and February 16-19, 2000. During the first event, the minor snowfall of 2 to 3

inches did not require plowing because it melted rapidly with the ensuing rainfall.

The second event had up to 8 inches of snow that was plowed from the airfield

and moved to the three snow storage areas. There were no discharges from

outfall SDN2 during either of these events7. In both events, deicing/anti-icing

chemicals were applied to ground surfaces during periods of a few hours.

These were the only periods in the winter of 2000-2001 when the Port applied

chemicals to ground surfaces (primarily runways and taxiways.) Storms following

both events were sampled at various outfalls. Glycols and BOD were generally

higher during the first event. Note that the BOD measured in these samples

aggregates multiple constituents (acetate-based ground-surface deicing agents,

plus lesser contributions from glycols and other potential sources). In composite

samples from the first event, glycols were 41 mg/I at SDE4, 7 mg/I at SDS1,426

mg/I at SDS3 and 144 mg/I at SDN4. Glycols in time-composites during the

7The enUre0ramage area of ouffall SDN2 was re-routed to the IWS in 1997 as a resultof twoBMP$.
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secondevents rangedfrom 6 to 48 mg/I at SDE4, 12 to 167 mg/I at SDS3, and

<4 to 33 mg/I at SDN4.

The 1999 Annual Reportidentifieda cloggedIWS draininletthat may have

overflowedto SDS3. Becauseof the proximityto certaingates of the C-

Concourse,theseoverflowscouldhave beena potentialsourceof glycolsfound

sporadicallyin pastSDS3 samples. The Port correctedthisproblemlastyear

and the IWS draininletnow functionsproperly.

Drainagereroutesin September2000 nearthe SouthSatelliteappear to be

effectiveinabatingglycolsin SDS1 discharges. Comparedto pastyears'

samples,glycolsin5 SDS1 samplesinthe pastyear were much lower, ranging

from 5 to 49 mg/I. Priorto thisBMP, an elevated glycolresultof 801 mg/I inthe

SDS1 sampleof January12, 2000 was associatedwith substantialaircraft

deicingthattook place at the SouthSatellite.

Severalsmall area drainsunder the SouthSatelliteroofoverhangnear gates $3

and$4 receivelimitedrunofffrom a smallarea betweenthe nearby IWS flush •

guttersandthe building. Onlythe forwardsectionsof largeraircraft may

overhangthisarea, resultingin the potentialforADAFs to enter the associated

drains. See Section4.7.2. These drainswere reconnectedfrom SDS1 to the

IWS duringthe Northwesthangarand NorthDuctbankconstructionprojectsin

September2000. The SDS1 samplingthispastyearcoincidedwith oneto six

aircraftdeicedbythe airlinethat is most likelyto have usedthe affectedarea

duringorjust priorto the samplingeventss.

8 Most time-composites in the senes sampled for the February 16-19 event represented periods of about 12-hours of

disct_arge.Glycolsand BODs inthe overall compos0tesfor these seriesclosely approximated averages of the individual

samples.

Accordingto Port recorcls(POS, 2001 ), Northwest Airlines deiced a total of 58 aircJ'aftin the winter sampling peno¢l

coincidingwtrn this report. A total of at least 16 aircraft of these aircraft were cleicedon or _e day before SDS1 was

samplecl. See Appendix C.
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Figure 11 Glycol results for Current Year

The Port has exceeded minimum sampling requirements of Special Condition

$2B4 for deicing events at ouffalls SDS1 (003) and SDN2 (007). This permit

condition was added when the current permit became effective on March 1,

1998. Previous annual reports have discussed how the data signify that the

BMPs have been effective and the intent of this monitoring requirement is

satisfied. As allowed for in Special Condition $2B4, the Port has requested

Ecology's approval to cease this monitoring (POS, 1999d, POS, 2000e). The

SDS1 samples discussed above were taken to further demonstrate BMP

effectiveness.

4.7 Other Results

The following results were obtained from samples taken for purposes other than

to satisfy permit condition S2B.
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4.7.1 FieldQualityControlSamples

The Portroutinelycollectsduplicateandequipmentblanksamplesduring

NPDES samplingeventsaccordingto the ProcedureManual. AppendixD

summarizesthese results. The fieldequipmentblankstakenin thepast year

indicatethat samplingtechniquesandequipmentdo not contributea highbiasto

sampleresultsreported,notablyfor metals. These resultssupportthe efficacyof

the Port's"clean"samplingmethodsthat were developedfor stormwater

monitoring,in particularfor the WET testingsourcetracing(POS, 1999e).

4.7.2 SourceTracinqStudies

Becausesomesamplingresultshave indicatedelevated levelsfor certain

constituents,the Port has conductedsource-tracingstudiesaimedat identifying

and characterizingpotentialinappropriatesources.Throughpastefforts,the Port

has alreadydiscoveredand eliminatedseveralothersourcesof stormwater

contaminationinsubbasinsSDE4, SDN1, and SDS4 that arediscussedin

previousAnnualReports1°.

As discussedinthe metalssectionabove, the Portinvestigatedand foundthe

likelysourceof toxicityexhibitedin SDN1 samples. These resultsfromSDN1

were includedinlast year's report (in AppendixD) andwere elaboratedfurtherin

the finalWET characterizationreportsubmittedto EcologyinMay 2000 (POS,

2000b). Other sourcetracinginvestigationsare summarizedbelow.

4.7.2.1 SDE4 Source Tracing

The Port beganstudyingfecal coliforms in SDE4 discharges in 1998 and

completed the series of investigations in early 2001 (Herrera, 2001). This work

used several special forensic techniques aimed to identify potential sources of

,oSee POS 1997, 1998. InaDI3ropnateconnections to the stotmclramswere found and eliminated in subbastns SDE4,
SDN1, and SDS4.
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the sporadic elevated results. Past Annual Report's have discussed findings that

corroborate the most recent and final portion of this investigation. Multiple data

over several years using state of the art techniques have demonstrated an

absence of sanitary sewer cross connections. The most recent work found that

animals, primarily birds accounted for more than 90% of the fecal coliforms in

samples from several ouffalls.

4.7.2.1.1 Fecal coliform history

To date, the median of the 47 NPDES storm event grab samples from SDE4 is

220 per 100 ml, which is about 100 to 200 units higher than median values at

other STIA ouffaUs. See Appendix B. Results to date for SDS3 and other

outfalls show very low counts, which are consistent with the 7-years' sampling

summarized in Section 4.4.2. Baseflow samples.at SDS3 have shown non-

detectable fecal coliforms.

Many other studies have shown that fecal coliforms in stormwater can be highly

variable with frequent highly elevated numbers. The BURP (1984) study found a

fecal coliform median of 980 per 100 ml in 326 instream stormwater samples.

Fecal coliforms had a mean concentration of 4,500 MPN/100 mL in the 200

stormwater samples for 11 stations in suburban catchments during the

comprehensive Bellevue (1995) study, which concluded that the high

concentrations were probably due to animal wastes.

Work in 1998-99 showed that concentrations of certain chemical constituents in

SDE4 storm and baseflow samples (e.g. ammonia, surfactants, fluoride,

potassium) have been below levels that might indicate cross connections with

sanitary wastewater (POS, 1999b, 2000a). These particular indicators have

shown an absence of wastewater that might be linked with the sporadically high

fecal colif0rms, demonstrating an absence of direct cross connections with

sanitary sewage.
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4.7.2.1.2 Microbial source tracing (MST) technique

The Portconductedmultiplestormand baseflowroundsof microbialsource

tracing(MST) samplingroutinesin 2000. ThisMST techniqueusesa special

methodof RNA fingerprintingdeveloped byProfessorMansourSamadpourof

the Universityof Washington'sSchoolof EnvironmentalHealth. Several other

localand regionalstudiesusedthis techniqueand have been able to attribute

fecal contaminationin surfacewaters to multiplespecificsources,including

domesticanimalsand septage(Trial et al. 1993, KingCounty 1995, Herrera

1999). Ecologyrecognizesthe MST methodas "...an excellentmethodfor

determiningsomeof the sourcesof fecal contaminationin a watershed"

(Sargeant, 1999.)

Using the MST technique, KingCounty (1997) attributedup to 64% of the results

inthe lowerDes MoinesCreek basinto unseweredresidentialareas (leaking

septictanks). In upstreamsamplestaken nearer the airport,humansources

comprised10% or lessof the results,whileavianand dog sourcestogether ....

representedup to 34%. However,the tworoundsof MST analysisin thisKing

Countystudyprovidedlimitedstatisticalpowerand resultedin 36% to 59%

unmatchedresults,whichmay also be due to the limitednumberof "fingerprints"

availableinthe databaseat that time. Nonetheless,thestudyindicatedthat

humansourceswere prevalentinlowerbasinareas (Cityof Des Moines)

suggestingthat aging septicsystemsshouldbe addressed.

4.7.2.1.3 Summary of Port's (2001) MST Study Results

The followingare excerpts from the Port's MST study report (Herrera 2001):

• Duringstorm flow, mean fecal coliformbacteriaconcentrationsincreased

downstreamwithinthe SDE4 subbasin(165, 538, and 945 organisms/100mL

at the upstream,midstreamand outfalllocations,respectively),andwere
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higherat the SDE4 outfallthanat the other STIA outfalls(rangefrom3 to 83

organisms/100mL). These resultsare similarto the six-yearNPDES

monitoringresultsandfurthersuggestthatfecal sourceswere most

concentratedinthe vicinityof the mainterminalarea locatedinthe southeast

portionof STIA.

• Baseflow was rarelypresentat theSTIA ouffallsand exhibitedlow mean

fecal coliformbacteriaconcentrations(rangedfrom3 to 4 organisms/100mL)

whenpresent. These findingscorroboratepreviousSTIA studiesand indicate

thatdrainagefrom STIA was notcontaminatedduringdryconditionsby

sanitarysewer cross-connectionsor leaks.

• Overall,the vast majority(92 percent)of the fecal coliformbacteria foundin

thestorrnwaterandstream samplesoriginatedfrom non-humansources(58

percentbirdsand34 percentnon-humanmammalsfor allsamples). Birds

werethe mostprevalentsourceobservedduringbothstormflow(57 percent)

andbase flow(67 percent). Sourcepercentagesdidnotvarysubstantially

amongthe stormwaterand streamstations.

• A largequantity(approximately1 cubicyard)of pigeonfeceswas foundon

theroofof ConcourseA (located inthemain terminalarea) andwas removed

duringconcoursedemolitionin February2001. Substantialaccumulationsof

birdfeceswere notpresenton the manyotherrooftopsthatwere inspected.

The removalof pigeonfeces fromConcourseA may reducefecal coliform

bacteriaconcentrationsat the SDE4ouffall inthe future. Construction

practicesat STIA shouldminimizetheamountof potentialbirdhabitatto

reducestormwatercontamination(and increaseaircraftsafety).

• Bacteriafrom humansourcesaccountedfor lessthan 10 percentof the total

isolatesobtainedfromeach monitoringstationduringstormflow. Human

sourcesaccountedfor 9 percentat the SDE4 ouffall,6 percentat theSDS3
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out/all,9 percentat the Bow Lake outlet(upstream)station,and6 percentat

the Des MoinesCreek(downstream)stationduringstormflow. Human "

sourceswere not consistentlyobservedat any station,and were rarely

observedat bothupstreamand downstreamstationsduringa singlestorm

event. These resultssuggestthat humansourceswere a smallcontribution

to the fecal coliformbacteriapresentat the stormwaterand streamstations, -

and therewas no continuoussourceof bacteriafrom humansourcesduring
the monitoredstorm events.

• Humansourceswere not detectedat the SDE4 upstreamstation,SDN1

out/all,SDN4 ouffall,and the NorthwestPondsinlet (upstream)stationduring

storm or baseflow. Thus, humansourceswere not observedinthe

northernmostsubbasinsof STIA that drainto MillerCreek, or inthe

residential/commercialarea west of STIA that drainsto thewest forkof Des

MoinesCreek.
°-_

• During baseflow, humansourceswere notobservedat the STIA outfallsand

were onlyobservedat the Bow Lake outlet(upstream)station(20 percentof

baseflow isolates)andthe Des MoinesCreek (downstream)station(7

percentof baseflow isolates). These resultssuggestthat humansourcesof

bacteriapresentin Des MoinesCreekduringdry periodslikelyoriginatedfrom
Bow Lake and notSTIA ouffalls.

• Onlythree of the 49 E. coil isolatesthatoriginatedfrom a humansourcewere

uniquematchesto isolatesobtainedfrom aircraftwastewatersamples.

These three isolateswere observedat the airfieldoutfall(SDS3) and

downstreamin Des MoinesCreek duringone stormevent(May 9, 2000).

These findingssuggestthat aircraftwastewatertransferoperationsmay be a

sourceof the minorand infrequenthuman fecal contaminationin runofffrom

the airfield. Aircraftwastewatertransfer operationsshouldbe reviewedon a
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regularbasisto determineifexistingpracticesare adequatelypreventingthe

potentialcontaminationof runofffrom STIA.

• Depositsof humanfeces were observedon the banksof Des MoinesCreek

intheTyee Golf Course. Thisobservationsuggeststhat unsanitarytoilet

practicesmay have contributedto the minorhumanfecalcontamination

observedindrainagefrom withinandoutsideSTIA.

• Thisstudyalso collectedsamplesof localmunicipalsanitarywastewater

(MWW) generatedbySTIA, andaircraftlavatorywastewater(AWW), known

as "biffy"waste. E. coil from thesesampleswere geneticallytypedto

augmentthedatabasewithlocalhumansources. Samplesof MWW and

AWW taken duringthe studyhave shownvery highfecal coliformcounts

rangingfrom39,000 to 48,000,000 per 100 ml (membrane filtermethod;

APHA, 1995). Importantly,the presenceof highcountsinthe AVVWsamples

• indicatedthatthe toiletchemicaladded bythe airlineshas limitedsanitizing

- effects. Thisaspect shouldbe consideredinspillresponse.

4.7.2.1.4 Measures of contamination

Anotherpartof the MST studyexaminesthepotentialrelationshipsamong
severalindicatorsof bacterialcontamination.Mostfecal coliformbacteriaare not

pathogenic,butare usedto indicatepotentialcontaminationfrommammalian,

avian,and humanfecal waste products.Washingtonstatewater quality

standards(WAC 173-201A) are basedon fecal coliforms. Importantly,thismetric

doesnotdistinguishactual sources,whetherhuman,animal,or interference

(false positives)from othernon-pathogeniccoliformbacteriasuchas Klebsiella

species. Forexample,recentstudiesinColoradoshowedthat Klebsiella

significantlyinterferedwithfecal coliformresults,causingthe potentialfor false

exceedancesof permitcriteriafor a WWTP and implyinghigherthan necessary

disinfectantusage (Elmundet al., 1999).
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For manyyears,variousproponents,includingEPA, have suggestedthat other

metricswhichcorrelatebetterwithactual measuresof disease are more

appropriate(U.S. EPA, 1986). In 1986, the U.S. EPA statedthat E. coli and

enterococci-basedstandardswouldservepublichealthbetterthan fecal

coliformsand that statesshouldchangestandards,effluentlimitsand test

methodsaccordingly(U.S. EPA, 1986). The U.S. EPAissued an implementation

guidancedocumentthisyear (U.S. EPA, 2000). Ecology'striennialreviewof

waterqualitystandards,currentlyin progress,generallyconcurswith EPA, and

as of May 2000 Ecologyis consideringE. coli and Enterococcusas alternative

standards(WDOE, 1998, 2000).

The Port'sMST studyfoundthat 62 percent(1,420) of the2,305 total fecal

coliformbacteriacoloniesisolatedtested positiveforE. coli. The highest

percentageofE. coli (77 percent)was observedin samplesfrom Des Moines

Creek. As mentionedabove,E. coli concentrationsare typicallyless thanfecal

coliformbacteria concentrationsbecauseof the presenceof otherbacteria (e.g.,

Klebsiella, Enterobacter, and Serratia) that alsotestpositivefor fecal coliform

bacteria. Enterococcusanalysesin one roundof samplingdone in May, 2000,

were similarto fecal coliformcounts. Some of thesesamplescorrelatedwell, but

notably,the samplesfromthe routineSDE4 monitoringlocationhad muchlower

enterococcusnumbersthanfecal coliforms(POS 2000a).

4.80uffall Inspections

AppendixE summarizesthe visualobservationsmade at outfallsduringthe past

year. The numberof instancesexceeds theminimumof 3 wet season

inspectionsrequiredbythe permit and reflectedin the SWPPP (POS 1998c.)

Mostouffallswere visitedmorethan 10 timesand the fourprincipaloutfallswere

visitedmorethan 30 times inthe pastyear duringroutinemonitoringequipment

deploymentand maintenance. Visual indicationsof potentialsedimentproblems

were limitedprimarilyto outfallsSDN1, SDE4 where TSS andturbidityresults
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have beendiscussedeadier inthis report. Severalobservationsof limited

amountsof foam at the SDS3 ouffalldidnot appearto be associatedwiththe

presenceof soapsand/orglycols11. Ths annual dry-weatherinspectionwas

conductedduringSeptember2000. Visual observationsrecordedduringthese

inspectionsdidnot indicateproblemsassociatedwithbaseflowsor otherdry-
weatherflow.

" Foam was present at ouffall during SDS3 grab sample collectionfor 11/8/00 stormevent. In this sample, pH=7.4,

TPH<0.1 lmg/l, fecal ¢oliforms=2/100ml, surfactants<0.025 mgA,TDP = 0,179 rag/I, SRP = 0.163 mg/l, and BODs= 14.1.
None of these results appearea to indicatethe presence of soaps and/orwashwater.
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5 CONCLUSIONS

Stormsampleresultsfromthe pastyear continueto supporttheconclusions

reachedinpreviousannual reportsthat STIA stormwatercomparesfavorablyto

othercomparableregionaldata, evenwithinstreamstormwaterdata.

Constituentsandconcentrationsof concern at STIA have beengenerally

associatedwithspecificactivitiesor locations,andusuallynotroutinerunoff.

The Porthas implementedvariousBMPsto addressspecificfindingsof the

stormwatermonitoringprogram. The datagenerallyindicatethatthese BMPs

have beeneffective. Still,the Portcontinuesto investigateotherissuesto

resolveproblemsindicatedbythedata.

Samplinglocationsfor certainoutfallsare in-pipeor arewell abovethe final

dischargepointto receivingwaters. Becausethese locationsdo notaccountfor

the influenceof otherfactors priorto discharge,namelydetention,it is not

appropriateto comparetheSTIA data to water qualitystandards.

In additionto completingall requiredroutinestormwatersampling,the Port

accomplishedthe followingpro-activemeasuresinthe pastyear.

1. Completedfecal coliformsource-tracingin SDE4 and otherareas. ThisMST

studyreport indicatedfecal coliformswere attributableto animals,mainly

birds,andthat cross-connectionswithsewerswere absent.

2. Continuingto investigatetoxicity(zinc)abatementfor metalrooftoprunoffin

SDNI. These investigationshave usedstateof the sciencetechniquesto

evaluateemergingBMPs as potentialsolutions.More rooftoprunoff

evaluationsare expectedin thecomingyear.

3. Confirmedthatdrainagere-routesfromSDS1 to IWS reducedglycol

concentrationsin SDS1 discharges.

4. Adoptedthe Ecology-approvedComprehensiveStormwaterManagement

Plan (CSMP) for the STIA Master Plan Update.
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The pastyear's monitoringeffortsleadto thesesuggestions:

1. Investigatethe potentialfor linksbetweensurfacedrainage(sheet flow) inthe

IWS and SDS3 drainageareas near the mainterminal. The GSE "drivelanes"

inthisvicinitymay be withinthe apparentSDS3 boundary. The areasjust to

the east of thesedrivelanes(rampsfor ConcoursesB and C) are drainedby

the IWS, andare contiguouswithSDS3. Thiseffortshoulddetermineif there

is a potentialfor significantflowsfrom associatedIWS areas to enterthe

SDS3 system.

2. Continueto evaluatestormwatertreatmenttechnologies(media.filtration)to "

determineif theyare a technicallyand cost effectiveBMP to considerfor

managingmetalsin roofrunoff.

. P

p.

. .
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APPENDIX A STORM EVENT HYDROLOGIC AND HYDRAULIC DATA

Table 1

Monthly Summary of Daily Rainfall at STIA
source: NWS rain at STIA

1 0.04 0 0' 0.02! 0 0.04 0 0.06 0.23 0.19 0.01 0.18
2 0.06 0 0.041 0 0 0.18 0 0.29 0 0.29 0 0.48
3 0.02 0 0.021 0 0 0 0.36 0.16 0 0 0 0.01
4 0 0 01 0 0.15 0.03 0.6 0.38 0 0 0.08 0
5 0 0 0 0 0.04 0 0.21 0 0 0.2 0.01 0.05
6 0 0 0.01 0 0.14 0 0 0.01 0 0.06 0 0.02
7 0 0 0.07 0 0 0 0 0 0.07 0 0 0
8 0 0 0.07 0 0.85 0.02 0.05 0.27 0.13 0 0 0.1
9 0 0 0.17 0.45 0.1 0.66 0.03 '0 0.04 0 0 0.04

10 0 0 0.2.6 0.01 0 0 0 0 0 0.78 0 0.0g
11 0 0 0.01 0 0 0 0 0 0 0 0 0.87

12 0 0 0 0 0 0 0 0 0 0.06 0.01 0.06
13 0 0 0 0.06 0 0 0.06 0 0.13 0 0.05 0
14 0 0i '0 0 0 0.26 0.01 0 0 0 0.54 0
15 0 0_ 0 0 0 0 0, 0.17 0.32 0 0.56 0
16 0 0 _ 0 0.62 0 0.'74 0 0.44 0 0.24 0.01 0
17 0 01 0 0.32 0 0 0.081 0.06 0.01 0.23 0 0
18 0 0.28 0.01 0 0 0 0.16, 0.07 0.58 0.1 0 0
19 0 0 0.04 0.49 0 0 0.04 0 0.01 0 0 0
20 0 0 0.04 0.79 0 0.06 0.01i 0 0 0 0 0r

21 0 0 0 0 0 0.08 0.76 '0.13 0 0 0 0 ........
22 0.11 0 0 0 0 0.27 0 0 0 0.05 0 0
23 0 0 0 0 0.38 0.24 0: 0 0 0.03 0.04 0

24 0 0.001 0 0 0.01 0 0.07 0 0.2 0 0 0.1625 ! 0 0 0 0.17 0.04 0' 0 0.26 0 0 0
2-3 0 0.01 0 0 0.99 0.06 0 0 0.16 0 0 0.01

27 0 0 0 . 0.13 0 0.01 0 0 0.41 ' 0.03 0 0.61

28) 0 0 0 0.07 0 0 0.16 0J 0.02 0.13 0t2 0
29 I 0 0.03 0.08 0 0.25 0.1 0.09 I 0 0.18 0 0
301 0 oi 0.26 0 0.05 0.06 001 ! '007 0_7 0 0
._l ? _1 ol o.o:i ol ?.28 ol _ _.o9' _l oi

tota,t, 523 0.33( 106 29713131 :7 2041 . 731314i 143! . 68
NWg :5.'9 !.1! 1 I ..... 3:5 '_=11 :._61 "44.79 3.481 6.35 592 =., . ._ ' t -- . . I

t , i ,actu..] 3.23 0.56 1.541 4.611 7.74 10.27 12.97 _5.011 !7 74 20.88t _I* 24"c
d _,'- 3.68l 7161 13.21 _a !31

12-montntatai 2499

12-mont_ NWS avg 384
_eua,":.ur 35: ._

6g

AR 017176

" •



i! il |

;; i!

"E_

CI 6

O-- t_

10

m m Q

m, 2 2 m,

aa,i 0 0 i_ a='i

S i_ ," J= m ,I

w I:= "0 "0 --_J
I _e _; ¢) • E,

E ill "o._ ' _i:
Ill i U U I. ! :

0 o _=;' "- "8 _; i' ,:ca _., 8 _ _, __,
_m ' , :

i i! il

.... ,: lil gi gl!il g i I I iII i i I i I!i li
m _ lia lia , ill I&ll MJ MJ ui ,. til Ill LI,I W Lkl W iI Lkl LIIj itl [.U LIJ iii IIW Lkl

= -, _.:_,_,,_,...,,_,_,,_,,,,.,iI_,_,,,_,,,_,.,,,, !z::: :O. 0. 11, 0. (i. C:O. r, 0,, 0 ,O. O. O, O. Q, O. iiO, ,-,

2 ; , '

.__oi,io,oooo:o o ]

ID "--

E ,

= = o8 _);_-o 8o_oooo ooo=.o o,,, _° i _'__ -_'=

• . , "_ "_. + . _"_ t,_ 0 _ . _ _ _.
,,_ oO 0 _ E E
_. _ -_-I_

_I _ 0',0 0 CD 0 t_ 0

" __ _"i1_
._ ,, .-'._

_ Oo oo ° o .,o Oo --_

i
, -- 0,,,,; OOOoO O0o 0o0 000,,,,;00 O0 0

_

ol _ 7

'°

AR 017177 ..



il _ ol;o i_ , =

° r,d ;_

a,}

o ° , _l!_.-,_-_i!__l_i-_._o o° ":=--ii "!,e- i i

" !i il

®|._ ._ _ _'__!I_°_i_!_ •> _ "_ii • " ._i_-_,_-:,-',-" .-'i_ ._'.:_i_._.: _'
uJ _ i_ li !!

,i • m

oQ _-'c_,a_,'_m_.m_c:5_n mc_,_',':,-'_" _: cn _ _" _ _ "-"m

_" ,.,oo°ooo°°o°°°°o°ooo°o°o,_,,_ _

_ 000
.,oo °°o°o °°°°ooo:°°°°°o °° ..... ,_ _ 0 _l

14.1_sol _.-" ,..,',.__:_.,'.,,_,_,," _"_ _,-_.._.,, _,_ _ _. ,-__.- _

_ _ ,, ,,

AR 017178



AR 017179



APPENDIX B TABULAR NPDES SAMPLE DATA SUMMARIES

B_

AR 017180



(thispage intentionallyblank)

° .

s

AR 017181



AR 017182





AR 017184





0

B ; - ' , -

• L

_ vvvvvvvvvvv vvvvvvvvvvvvvvvvvvvvv

_ _ __ _._ _'__'__=_°°°;__o,ov _ _ _ _vv _ v v'ov vvvv_vvv vvv

m ,

Z Z Z Z Z Z Z _ Z _ Z Z _ Z Z Z Z _ Z Z

__. , , °o ° o °,°_o°

° °°° ° 11 ° °°°° _o°_

° ° ° " °°;°_° °°°° !_

)) ) ° _, !

, ooooooo_ ooo:oog t:t_:__!g_
=°°' ....

AR 017186



,I=I:: _ 0 nl , .I¢ ; o--i_ Q

.= , • _ , ,__. .j

r"

r-- ,v _.S " :

'-°'°'II ' °°°_i 0:o _, ......................... ___ _ ? o o ?
..I-,- Iolo I_ _I ' o = o o_lo.r'Io_= = ol o = = o

'I" I;;:I)" I v v, v v I v o v v

71=.e'lo!o:_ ol : ' . ' _ ' _ o o.v °51" I V'v''' _ __ ............................. "-_'_'-- ,o . •
' I_-I I v v v v - -- o.o _ o o _=.:'.o.o.o =

I I ' ' .._ .... v.v. v v..v__..:. __ :v: .... v,.:_.: v . v: v_ v ___:_
0 '0 0 I0 0 . _ 0 _'0 0

,.. _ I I .. : ,_J , ._.... ;............

(U I I _, I I-'" , ""

W_ I_'1 i I : I ! i i I I :. ! i ! I _ _ ! ' ' : : ,5

l ,_, _II I l,l,l I,I,I : I_ i i_ |, I_ I._ Ik]i LU i_l _ILl _I_ ' I,U q[ [,IJ lU IJLI I_,] _ I,,_ ' 'q,, l,r_; IJLI lJ,l; [LI IJJ IJLI, l.lJ [JLI, UJ I . .
0 "" : ', , I _ Ie_ ; _ I_ I ' , _"" i

I] I'"" iXl.=.,,, i., ....0. ...[
' ' ; _ ' _ , I , _ _ I ' ' ! ' ' : • _ 't,s I; I- = . :01 .o -.,,, o,0 o,= o = = ®., 0,o = ,-,o = ,0 = o = =I

v _nl,._Cl--.--'o '-I : o,- : o. : or',- o "1
m_l; 10 0,° I: °,=;, '.° : _0 ° ° 01
;_II 10 .i. iol'. ; ' . . i .. ' : : '= : _ : = o:o,-I
m i_ll: I • 0,0 ', I', I , l ! : , , Ol
f"l 0¢1_" l ,o o : I' . : : ' : , OI

z;_I.TI$1= ='o i_l , i I I ' I _ .... 0,o o ,
=I_. I,r e,c) :_.I m ,_' _ m'_,e_;l_..,_ m e_ '.--" _- _ _'li_'l_ ''m'm 'I' _ !_ _"n'_l
o"=a'': '- ;_I: - -: i -" _.- - :_. ®:,-..-,..-..-:o:_ ......... . ,
,,I a I . : I , ! , ' . _ , I

I,-I_'- Io,o,o ,ol:oiol o!o,o,_ o !o 0 o - o,.,_: 'O ;o ',_'oJo_OI
=1 I i ' i I; . i ! I [ ' ', I I ! I _ ! = ; I _ ! , : : I

is,, -,_ - _ ......... | ..... _ ,. '_ ,_ i_ ._:_ - I= _ ,_ : 3 - ®

' i '----- miil

l _ll_ s "_"_I|il | | III,I,I l,z ,= l:_llll_ll,_lll,l,l I_ ,I I,S _.I ,_

II :_,11' ' .... °'
,1_o I= 0,o il,_-.= 0,i1 -,=,z:_,= = _,. =,=,_,s,. o o - = 0,ol._i,,, i_ _ _ ,__i!,.,,:_t,.,:.:_ ,,,,,,_ _ _i..=_ ,,o ..,,_ _ __,w_,.,,:_ ,_ ,,: ___,_1 • -o,_

_U') _1 / ' I : , * , i ' /
--_ _ _,._i _,,-_ _'_ • '_P, _lP . i _r , ,_1., , ,IF., :q. q. ml. _ qlr ,q" ql' _ "1' _1' _1' ._r q" _1' I _1' _ qPo= I_,,o /,_._ ,,, _I_,,,.,o,.3,,,, ,_,,_,,_ ,,,,_,_ ,,, ,o ,,, ,,, __,__,,, _ ,,, ,0 _ -_,",__I

_-,, I _- Ir','_ 0 CII l_Irs rS,_l r,, _I0 e_'l_l_ rs r_:O _ _i_:_ C) _ 0 _ _ _I_I

I'_ / I'_ _"" "I'"'' '_:'"'' _' " " " "'' _ .... ,,, ,,, ,,, ,,, ,,,,,0 '_I I'_I_:

AR 017187



I = '= i

!! i ! o ._ u _ _-_:_: . . __
m mmm illmm m m

i

,'_ _._ _ _ •
i

r A ' A r

)_ i o .o - o ,v ;o v :o v o v

),) o.,_ ,o,
v 'v v i v_v,v v_0 o o _° v 0 v '0, v o v

_,) &'l tn.

' e_ , 0_0: v i

0 0 :0

' _ ! ii

_,_ a i • ie _ _a.a a:a_a ,a,a,a , Nz,- z . ,,,, ,,,, __%_'m

,_ ._ _._)ll% l_li_,_ ; _F,_;I

).S o',-,m o o o o o im o- .ira o i_', ° __ © oo o o , o o! o,o ,

,_._-

(n u_ u_O _ (nO u)_ m m m m m (n

AR 017188



• ,,,, i * m •

' ' _'oo _

. ' Oo "0 o o

i vO,vo, v.v _,v,_ _,_.:._. o o - _ - _ -I o

I : I 'ol ojo, : _; ; io i _|_ i ,

, I I I : ' : ' _ ie,,I,e,l! _ _ _

• E ,_| _',_:_:_'._:_ _:_,_ _,_,__ _:_ _ ,#'|_ _
".,.....,_ ., ,. . _,=.... ,. . .,"_ . _ , ,..,"' "" ...._ , ' " i !_ _ . _ _ i,_ i _ |

i , i _ _ ' ...... 'o !Slo:o i_ll _ 'o I

0 ' _o; to ; o,o ,o o io' 0 o

,0 0i_ 0;0 ; !

i i ° : ' ....

i

: !,. c_
O,O,_'¢D_O,O;O O, ,0! ,_'_' '0 _10 0

_._ ..... , .

' -- 1 _ m m I m ' Z ' Z Z Z ' Z Z ' Z I _

___ _,_,_ _ _ u_ _ z,z,z,z'¢,z z z.z,z z iZ- E E= z - - - _-:-

! , i _ _'_ I _ _ :_ ,_._ -._-'

AR 017189



i ii

:11,,,,,,,,,,, ..._ { .... : -r

i i ,_:I!I i i , ,
ii i i i

i ; , ' I

_:_ !©,©,=,,_. _,o =,,=1 o o o,=.o:o,-_,o.:";- _>_ ' I=_ _'==Cl OIO q ' _" O,
I_ l ; i

i o.o,_
v,_ !Y°vv _ °v_iY v° _ =v , =vY'°_°° °'°_°°! vl V V, v v V: v

o.o o o o o ," l_i;o l'_i!_ ,_ iN 0'o o _ ,t" i.'i N _ -- .--', ,

I
. : ,- ...:v= ; ;,,i

g _ .....

, i_ i in , l= , in ; _ , ii + i_ , in ,lli iiI i i; i ill ; .i ' • i i"- i i,,,; " II _, _; lii Ill_ l= _ Ill, _ . i,,,,.-, lii i..,,.

, li4 ill , uJ_lll,ui, lil Lhl

i==! 1.! ':_" =,=,:_ i_!li!, '!i!l_l!! !'_"_i==,l,l_l'=_=:
"Q 1 "> _ ',_'g, _, '_: :iilli_ It _ iilli_ ,_f;-l;_ill:_',i',l_ i'l II _,

-. o o,o . o _ _>, ,=, oo_ <><:,:__.o=,,_>i1o o II'o c, o o o ; io N' ' :° NI ' _ :
o, O; ¢:i , ¢; _ ICl' ; ,0, 0 o: ' iO

'0'0 0 0 0 0 0,0:0:0 0 0 0 0_0 0_0 0,0:0 0
i _ ! ' i

• 00:OllO 0,0 ¢i0'0 0 0 0'0!(_'0 01¢) ¢_ 0 0 0,0 "0

, _

g-
=1"1 oo<>o,<>_.,o,<><.=,o.o,<.,<.,o_oooo,oo_ ,o ._:

i i i i i:i_i i i'!',1'!:1:!:!;i!i:! 1i i_i i:i'iii:,i'!;l,l"! "_
m: llO ;m', i m Ill : m " m mrm,_i¢i i_ i01mimimlm ' I ', ' ' E- , , , , i , _ ,

COO to _ ,_ CO,IO to _ _:0 i,o'i3 ._;(3 _It0:Q ,_ _ Q'O'iOICO',O col_liD:i31cO',i,9 _._
'-':- :. _ _<.<,,.,<.<,.:.<.,o.=<,.,<:<.,o_<. i!i,!:l!iiil!illili_lii|<.<., .._<,>,,. ,n =; ,.. ,= o> = o - - _, _._ . - _, ,_,,.)[,.),,,., © ..... i_O-- Q,n

O,O o O O O iO O O'-- -- _1_3o _f If o o 1t o o o II ........ I; E ; i ; E:; E,;.E'_ _ _ _ ; E ]z z z z z z:z z z'z'z

U)'" t#l _ (/3 it) (/') ll_ I#) I/) (/) I/') (/) (#_ I/_ (/) 1 (_ t.J} , (_ I/) i (/) I g_ I (/) I _ I_ I _1 I/) I ¢1) ' _ = li_ _'Z'_

,7-- ' "" " =o....._- .._..,,__ (l_ _) (#) (/1) _ (#) _'(t_ I#) I_ li_ I#) _ li_ I_l _,l#'l Iris(/) _l_(#) (/)'l/);_)i(_l it) "--

i,i. n" _

AR 017190



' io I i• _ 'S ¸ _i _.I'_

^ ':: I

00IO 0 _ 0'0 0 0 _ 0 0 0_0_0 !

_O0000_w_NN_V _

V V , : V V V 0 _ 0,0;0

! ' : _ ' " "1 , " , '- :v v,v - - ;v,_v

_ _i_ _ '_'_i_:_'_l_ _'_l_i_I_!i_ _'_ _ _i_'_r_:_'_ 0 _ _ _i_:_

ii,:;it ,I_ [;I, :;.',,t!ll

O'_lO0'O'_i_O!O;O O!O;_i_,O" 0 ! '0 0'0 0 _ 0 0 0:0 0 0 0

0 0;0'0_0,0 O:OiO o'olO,ol_!o : ..........

Z jl o o o,0,o,o, roo o o o o o , , : , : i I

0 0 0 0 O'O;OlO OlOtO'O'OlO 0 'OlOlO! Ol 0 _10_'0:0!0

l,lll:l,l,s,s SiSiSlS SIS,S S ill_i!tilil:lil_l:lll_l,t.l I _i

i titit;t:_ititt t _ t _ _ _i_ _ _ tltititltlt lilil I 1!1 I |_I' l ' !8 " "ll -:" ; I !II _ I 1 ' ";"
.tl!:l.l...l_l_.t<_,te.,t.tl,la.=_l,=!.!,!_ 1 Sl.,.l.l_l!!

I N:2:2
:,: : Z_Z ,:': ,Z 'Z :Z : Z :'Z Z ' ':': _ Z I_jl

AR 017191



z,_'=._.==.._.=__=..__'=._?"=.._=[=...._ ,,

I , i i, I i I
! '-- ! ' t .... !

i+- ,_
_' _ -_ .- ....... :_,_v'-_'_ :_ o___°° ° oII O' V, V I V V i I : V_ V O V V V V V

8 ,,,= -'= :'=. '-);- ,-°" ° -° -° ,-° -'-,-"
_ _ _'_v _I_N'v:_ _ v v ,v

i i i i i i I iiiiiii

-_ _,'l_ : _ .

,,,:..- . ...... _-

"' j '.: : _ - ° _ |
.0 _ ¢n

== ,,,
= ==

_,_ _ _

o= o _, o_ o oooo -=

5'3 IJ) ._ _ _ g_ _ ,g_ _ _ 03 {/} _3 {/},f/) _ tJ} _ t/3,_/) IJ')
f/}{/1_

(.,,) _ tY _,i

AR 017192



m

l

v I 5" , p _, =

-- ! . n,.

...... T 7-- f ..... I

i© _ _ _ v _ v v _ v v - v v v :. _ _ _ _ . _ i

oo--ooo oo ooooooooov v o o v v v v v v v . v v v v v v v

v v v @ v v v v v v o v ' v v L V V V V

V V 0 0 V V V V V V o v v v v v v v

_ _ ,n ,n ,n ,n ,n ,n ,n ,n ,n ,r,,n ,n ,n, ,n _n
I 0 0 0 0 0 _0 0 0 0 0 0 0 0 • 0 0 0 0

v v v v v v v v , v y v v v v v v v

v v i v v ! v • v , v '

' o, o o o, o ; ' o o : o o' o; i i ' o " o o

_j_ I,U _,1 I,,I,I la,I.Ul U,I U_ U,I L,U.U,I,&,I,I UJ U.I,UJI_ _ U,I,U,I,laJ L,U _I.I,U U,I uJ I,,_U,I !,,U UJ U.I

, ) ! : , I I _ i ' I I _ !_, !e_,_ _ , , ,

_, o o o .o o o o iO O 'o o _ O, o o

)._ _, o _ o o,o_OiOl ; : ' ' , i ; o o'o 0 o,o

Z '_ o F l : l 0 0 0 0 : 0 0

-- o'o ' _!o o; 0 _:o1'0 _0_!o oio, o'o o'o_0 0'o o _ o

' ' I' I

I
• ! i _ I I "

_ _ _m,_m _ _ _ _ _'1 • w __ __ _' '_';'_.,,_., q' _'_1",_' ,I, _. ',i' _''Wl'_'l'_l"
_-_ _ _ _ _r:z'.z _ _ _ _ z ;z z _= _= _-: z z'z z ,= z z.z z z:z,z_z

e_ _ _" _m_ _ ' -- _ , e,,,.,_ ,o _ _' m !_.',_l_mi

AR 017193



llll- j=
, ill

il i 7 °
i ii_1 I':,,i' , i,! !i I , I $ q i *

i II I, I

i i Jlli"i ii
. ! i i i f ; ' t i ! i i I , ,

i_lsi ! ! _ _i_i I I ! , ,, i ; i i , i ' ' '

!_i '0;0:0 0 0 i_ 'el " _l oI'_''-_"!1_ 0 ;o

i=_Jll_l I o t Itlo,o tll i ; ;I _.ilTil llli!ltl lillil!l I

¢_ ..... l l V V ' i V 'O i V V i V 0 0 0 _ _ _ li_

I

III i , i

))) ....<l,.i i _ I o o o o o ' l _ _ o; oi ' o
1+I,it I.t ltl t;z z,z.z zil+i!,l,l,l,l.z.z I z I ;I li l ,,..,

l ! ; _ ', ', _ _ , , ! t l I . : / "i_ l_-

-_ )1........ ___.._..+ ...... ._ ........ _ °"_il .i uJ lIJ:w lIJ 1. uJ -I ul _u uJ,w uJ ill ill u_,ui _u,ui,_u ui Ill ul
(/) . ,l!l Z l'Z'l Z Z'Z Z'Z I'Z Z Z'Z Z Z Z Z'Z Z'l'Z'l'Z

L-(._ ° ° ° g ° II'° _ _ II_:_:° ° ° _>°:° ° ° ° : ; _> ° ° °'°
(iOiI <_ o, o,o, ° . o o .... o o o

,,,:)_, I° ooooooo_oo_oooooooooo_o-o o

z 1i1: - " ° ° ° ° " - ;
, _o.o _oo oooooo .

.!l.... _ i:I

o,_ ....._.,_ !!l_:,_:_),,__l_,i= -_:_i _ ,o;!51__1 -_-_-_ : : _ _ - : _ _ _ _ i ;- -- " " ° _ ili o i )
ii ° i i) ))))))))!))i)))ii)i)i)i i>,_,>,,>,=oi_

i c_

AR 017194





e

- |:)

_ vvvv_v'vv,v

_.,._N N '

__ _ _ o ° _°

mo'_mm '

i

_z zzz _ _z z_z_ _
_z " _:_'_:_

'0_00000
_ _ .

z _- o o o o o o o

_'_0 0 O0 0 000 00_0

®'mm = ®®®m m ._ N

- _

I_ I _ '_ Z
, _ i _ _ _ _ _

AR 017196



o.

L_

I
"7.

j,

I

k .

AR 017197



_D
C

AR 017198 -



t,,,m

"o

<

P,,I



=
m

"0

,?.

"0

" is

i
"o

_-" ,m

o i r. ._o U.

i

E_ I i ! I

(n @
ti I_ °'

OS

""_2 *2''''°':°'*_!°°°°°
• ' 0 0

,., ,._ ,_,,., ,:i ,:: =. _i °_ _ ,_ ,.,,:: ®.

AR 017200





0 -----

1:3

U_

m
U

• a i

; ;

i_ _* = "' o I : o' o,, . i _ i 0 I ¢_1 o' , o, oi; °, qr I i _*;i E " o ol o, o: .....°! o!

th " " -, o o ._:_ _ ,0 o o.o_o " _ "_ :" o,o o_o, oI "

_, • o...= o- =,
iii
_ , E

Z .................... _ ' _ _0
.... _

.__:_>_"_ = .-_, _ _ _-_ _____ .
o*'=o 88 88

z z z z z _

Z Z ,Z
o _ o ro

o:E _ =2

=_I.U

AR 017202





AR 017204



-- , ; • a,. ai..b, m m m m m IO

-- -- ,,,i. m m:mim,_,,,_m m m.m .i. m m Om_ m

m o _=_I",', ......
""" ; i ' _ i i |:|_. _i_i_!_!_!_ _i _! _!_',_i_i_ _i_!_ I ' i

_.,, I _" - - -

(/) , .

; _ o , . : : "0

_- _ = o: o. --- o,o,o o o o o o o ° o o o o o o o oi °'°:°. (,_

. . -- '_o o. o, o o o ¢3 :o IO,O, o¢:, : _,_j t• o o_, o_°i o, o _:!o,o,o,o.-_._ o o,_ oigig, o_,_ _,,o o' i 0
I i I

• . . . m _um , 0

mira ; ' Je

, _ ^ ^ ^ , ^ .' ; &_
I = 81 8 _l ^i. ^, ;^:^i" ^ ' ...... '_

^ * ^ ^ '^ : "i

" ^ 8; 8_8!81_ " " ^' '^'^ _ ^ ^'^ '" " " _ _ o

o_oo, o - _ _o;0 o olo ooo;ooooooo
- _,_,.o _ _ o,o,o,o,o,_,,., o,- 8 .... I I .... J.

_;;_;3! l 5j:,IGII:jj,_I _ o _=,o, o o;= o:o,o o,o o "
r

o o_o_oi ^ ^ o o'oiolo '^

_ _ . .,-.-- _.;__ _ ..............

0 0 OI '0 0 0 0 0 0 0 0 01_,

o _o.o, o' I ot ioi.o .o,o!o ^ ' ^:ol. ,.._ ' ' ,:,.. o. ' ........ _--,

" -" " ! :I
= _ ..•"4 _,t

AFI017206



_ _ : + _ _ _i * ! ! i t

,,.. '_' ) u

J _ C
m _ m'

o_c,_oio,o_o o,olo,o_o,o,,, " 1 i°l i _ ' i _ _,,olo o 01 '

, o;o.:,o,olololo _lo olor: , :o,¢_;o •, , , , _ i t ! i !oo

° °° ° °!:::_'_1 i '
V V V , v . ; _ i

,._ v.v vi ._

, ' _ i : ' 'v;v'v v v,v : , ! :

m _ . , ; v I :

: , , v ,)

, UJ I ,IU I I I ILl I UJ I LU

0 "

0 ; o o _ o _ o,o o o ..,,o o,o_o;o:o o _, o ©_o_o _,o,g I io

¢/) ) o,o o.o o o o

Z °°°° °°°

o _ ... o o " _ o ' " °i o o °° ' ' "0,0 0 0 "0 0 _0_0 (tJ

, -_.
, 1,1_ in, in I._dln _n

| ii:i i i:i;|i|_||:| ' , _:_::_!|ii_i i!|i|i _,_
, : -e-. t_

.....ooo...... ) _
g - o ;S _,o o _,-,o,_,_ .... o_- o.o,o o o _ .io o_ -_o_o

U'J _/) (/) _ , f4') (;9 _ U) U) U) f,O g') rae) t/) f,_ _J l/},,(/)ll/) _ _ ge/ '

U_

AR 017206





r i

" i i +
_:_I_ _ om_ +mjomr_i_I r§ om++I_z++m!;+i_o_om :o_

_o o_Q 00',OiOlO o,o 0 ,'O,O_O, Io, 010 ofotofolo o o ,° iO ,
o

0 0 _ (_ 0 o 0 0 to Oio' o 0 o o oto o o o'o o o
o+o v,= v v v,vrvrv v v v v, v v v v;v vlv v v+v v

o'_,_jo o _ o o o o olo ,o,o,o I1o- _l_g_t_ olo !o ,o

•',..,. IIJ

,,-+'°_'uui "_!"" "_°=_v"":_',",=,=" "" " '"+" " " "' ............ " .......

I

, I : I I + , f I

I

_ :+++i+i+;+i+t+++ ,_++._:_++_,_+++++++++_T+++_,_+ :,+ _"' (_ : I.LI ; I_J 0') ILIJ I LM I _J ' U'J : 0') ', _,1 i I_1 + t,_l ;" (_ + 0'_ , II,I ; I.l+J: tu : _ + I,I.I , I_ + I_ ' 1,1.1 Jl_J I,IJ

..+ ++++,+,+++,+++++++++++,+
LAJIIAJ.LUlLU iI.U+ _;I,IJIIl,I tIJ UJ I_JJ II :I_ItI_I+I_JII_IIM,III_JiUJJMJILUlUklilIJtI_JII_I'I,M ;tu ILLI I

OI +1_ ] :0'_' : : + : I t I 0+,,, I _, , +0.+ _, _: _: I, IP. I_+;++'+:t++++,_+++,=.,+.+.. -+...++t.++..+:++,+=._+:n_t+
II I I l

' e+,,., I,_i :_+ 'I,_+ _ 0 ' 01+ ql. _ .I_., e,,-+ _ _I I,_ CI q. ,

++,+,+oo,o.:o._ooo_+oo.oo+_.+++o
Ltl .+_ o o o o I

_. _.+oooo_o.ooooo,o,oo .oo_ooo,.oooo oo, _
8_

. . _ - ,- - __,

+ *: + + +' =+ : i:+ , i.
-+ ,++_,++_,,..,+ _ .+,.: _:,_+::_,--+_ .+__ ++..,++,, +

_ = ' -- : _ I ; ' O I 0 : + 0 O 0 -- -- . .... O O I + , _ -- -- O L 0 I 0 + 0 + O. O. , 8.J
t °°°"° '°°"°+°°°°°°°°'°°°°°°°°°+°'°°°°°"°°_ +_

U'J O'J + ................. e,'l ..... + e"_ _'_ , e"_ i e'l 's_ _1.

+-_oooo :o+o,o.ooooo_'oo_'oo,ooooo,o,oo+o o m +++P++

AR 017208



'0,0 OlO OlO ¢_ 0 0:0 0

._._!_ '°'°°: °°°:°'°°° _ ° °° °'° ° °'° ° °'°,lJ) (J) ¢/_ {/) (iS (11 I/) 1_ '(/_ (/_,¢/) (_,{J),_,(/J:{_ 1._ (n_(/)_(/) (/

&
m

i '!:
° " _ '_ ' _" !010.0, oi_ 0,0 1 i

,©",_,u_ i . ; i i ; _1,_ I

_, @

_ i _ . iNS@"

_ ClOS,_ _ i i_._ _ 0 ¢_'_'_

i _ _ n.l_
,. ,,'; ^ ^: ^_ ^ ^!^ -1_.m: _ _ _i _ _, I_ ,_i_ _:_ _ . ,=:^ ;^= '

.. ' i i _ ; i^! i i i ,_• ' ^ _ ^' :^ i_! ^'^ : "
^., :. i: ........ _ i i^ !^i

o! ilitil °' °'o _1_ _o o o,o

= : k_"o_.

_ , , i AR 017209 P=



AR017210





AR 017212





, r _

_ i_i I_ _ _ _

m 0I I

• °!°i , ° _=:°I °_=,° o _ = = ° = o_o,=,=!_

° o . , OOvO
, I

_m V iv! t ; V v , ,

_00 _ * ' 0_010 ' iO ' I¢_i_ I :01 O: 0_0,0

v:v,v ,v_v' i v v v_v)v.

V . V : V ' V' V ! VIV _ !V : V V_V V

m V iV,V _ --

,,_ ---

i_ • _ i , ''lC_r ], ¢_i ,l : ;e,l:r ,c_ ,. c_
m

S := _ . , . . , i, ._o

' _lg ILl rig LM ILl: iiI_l_]o,_! _ _! w,_,w_wlw ,,,,w•- _=,_.i__ _1_,- i_|_= _, ,=,-,,._!==.= :,,, fP ._)101_)!I_!_ "'" '
0

E (_ . •

(,,,) _ o_o o o, ,0 o o ,o.o o ,o o, .o_ 'o
(/) _ ; ! : - .0.o o o ,=, _ O

_ : ._.

Z i , . o i

o s.

• -- -_Z

"l'!';--!--",--_ _(......... ;--1 ..... ; i ', i I_ _

q_

" i ,. ,..;,.;,.1,o "- ,,,

"-'_" : .... . -a_
_B _ _)_,_ _) ) -;-!-_ _ _ _ _ _ _ __";i_I_ _''-"",,_", o " ,",_ _ o o !o:_ ,', c_+oO=J O_ _,_ 09 U') U_ ¢/) U') U7 _ (;9 Or) U') 0')

,_,_;_,______ _ ° _,_:_,i,_i_
' _ _ _ _ ' I_.r_

AR 017214



I
01 (/) (/) r,n,o_;(,'l f.n (lJ (_ _ (/_ rJ) (/1 G'_ (_ u) ¢n (/)l(n_(_ ¢n (n_(/) u_ _ (._ (n r_ ul

O O C2 I_:O,O O O_O,O_O,_'O O O:C2:O:l_lO,O O.OIO'O O O O _ CI
Z Z Z Z Z'Z Z Z:Z Z Z_Z,Z Z Z,ZIZ_Z Z;Z Z Z Z:Z, Z Z Z Z Z E_

c '0, O O ' O O O O O O O O O I=
"* = -;=l'i o,_ - -:= = o o o o o o .... i- ; ,

¢) ¢:;0;010 0 0 0 0 _ O O O _ O O _iO ¢3 _,_,0 d 0 0 010 ¢_*0; _1
I
I_'_

, , , ! ' ! ! i i

ooooooooooooooooooooooo !iiiW_ .... 0 0
0 01010 0 ' 0 . ¢=1 I0 ¢_ll_iiO 0 d 0 0 0 0_0 OiO OiO'O 0 0:0

, Io ; I 1o _"'0 o o o! 0 'o o;o' '

i I , i ! i ; ' ! I ! ; _.101

[I
mll_lll_lm I11 m mllqiqllql_llqR_lll[ffl_mlflq_m Iqll:ml_l_ [1_I m I_)r_'rnll_ mini _ rnl_l

ffl_flt m ¢11 _ m.111,(/_ _ e/I'm ¢/),(/_'01):m IIPl:m re,if1 01 ffi!(/) rn_ nl,f11 ffi fflifll

eie ele!e;e_eie e e e eieie[eieie _;ele!_eie,e; e_eie-io=ie;

i ) . ' [ i.. _ ,

i_AI ^ : ^ ' ^ _A ^:^,^i^ ^l _1_ I_ I I['O' I_ _!^ !^! ^ ^ ! Ka

A _ I l ! ! . i t i I

O A ;m' A _ A [ A ! A ! A A l_al'AIA , IMI +I_) , FOII_['_,A , A : A _1 _i ,

_,._!^ cl; ',A ^ A ^,^ _,^ : ^ _" _'1 _ *.;_;^ ^ A f_ ' :,i.' .
_l_,_l_.lIDli_i,_: ?,li*?_i.l.i. _. --l_,_l ! 0 ] 0 1 [ 0 I 0 J (.*I i _ll, l ,_b i _li*l I%), 0 :

o_ololo_O o o,oioloiO[otoi.Ol.O;o OI.oto!.O_OlO 0 .o 0 olo:otot el')0 OlO 0!0 0 I ' I 0 010101 0 0 0 0 OlO I * I 0

A : A ! A ^i^ AJA A ^IA A [A A A A A A A A A A A ! A A i A
o'_loiolo o OlO o o o ololo o o o o o o o _ oJo o _ o o o
8',I'8_8_SISISlSlS SIS StSiSI_!SISISlS S S!_ 8 S 8 _8_SlS

_,,,,o =_i¢,:_,i:l_, o o oi,,_,,to o o oio ol,,io I.;o, .o;oio,oio
8 /

= imi I:;

o" ° ;||

AR 017215



: -_;s E

_ =

_ _ _ o
OlO 0 I 0 0

_ o_

• 0 qO 0
v

i•

_I' "

._._ . o
m v

m ilmm

z Z 'Z!Z,Z Z'Z Z

f_l _ o o o o o o o o o --

Z o o o o o o o o o,o ._

' i
_/) _'_ o o o o o' o o _ o o o 0 0 o, O, 0 o - o _ o

[

_'_ _.

AR 017216





E
8

_: o:o o o.o,=.o. .:,o.= :lo.o o.' i i _,_

._._o _;oo,o_o,oo°=__ °,°o,o,oo°= o,°, °_°°,
' , ©' ® : "_: i ' _'l ©

E ® _' , ' +_i i- : i I':_ ! _ ',=1 ;- I i _ ! .... :{ ;0

z _ _>_ _>_ _ _>__j __' -- -- _ .-

_o

' _

0_
_U,J

AR 017218



m

=.

es
.<

°i!  o!!ioi',, :_ _,_1_ _,_e _ _.i_, _ _i _ °'

I _ ' I " ,I, (,1,

=_ "l ' 't/) _ ' ,I i : ' : I ' i i i _ i r -

.. o,_'_ ° _ ;.i " : "_" e o_

, {3 . , i', i ,, j

_. ,. o ,_ o_ ._



AR 017220



o.o..
.c_ .-....



/k_ 0"_7222





APPENDIX C TABULAR DEICING EVENT SAMPLE DATA SUMMARIES

AR 017224



(thispage intentionallyblank)

p-,

° o

• o

AR 017225



- o

J ; ; 0

Is_

, i ; i v_v,v_ ,v,v, , ' ' t i

in,ln,lc) l'l _ in iI o lll_l),_,-- ,inivl,_r Im ;Vl VlV' V vlv _ _i _ V Vi ,,I_. I V ' V : _ Vi '_I" V V V V V V V V

_ ,-_.. ,n,_:_,m,_nvv v vlv _°'u_'_v ;_ _" _= _'_''_v v v o,-- v_:_ie_ m in ,_ _u_ i e_, e_ _,_,, o4, e_, o. o,i vl v v v v v v v v v v

('i'll "" "" I_ =_'= i '_ '"=_ "''"''" '= "
I

imlll

-- i,; :o, ,! o:o , . ' '
l

ill ' '

ill _:_)'_ '-")' _ Rit)

Oi

"- _I _ '

•- _

, o o:-; .o o o o o o - : _ _ o o - o,o,o o _;5 _,_

z_

= (/:I I U) i i#) r-,

if)

I

: i : -_

i: ;_i'_ i! , ', |+ - li! ! i ill ,i_s

X l
II. Ill ,1'_: r', i , I

i.,i

AR 017226



®'_ ill ' _'11,, _ _ + , . l" "i

_-li ) r i i _2 _2I_ =

, . ,i i + ' |I !li | i
!i i ' ' It_IIi I_,

--- l!_i 1711111!11

. ,.. ! I!i| i i,

":i i l i I i i I I i" '[
(_l N;i"4i N,(*i i i _,

'I I i
v v v i v i v v v _ v v v v+ v v v v , v v v v v v v

' ' ' _ _ i )! i . i ': i i i ,

%" ,,. _:_,.'_,_ _'_'.I_..,.:: .... .._ _i:.'_,_. .... . N,.,.I.,_ . _ --0 V V V V V V ! V ' M V V'I V V ! V l V l V V V V ! V I I V i V V : V i V i v V " .

0 i ........ r . ; q ; : , _I L_

I : i , , i i I I i ; i mlmml m

!i Ill _! I _! _ll_!iji_t!_! _l!l I _!llll!l i jll!l!_!fill!l!l':j I j

r
,,i =° ' i !i !i!: ': >"

" l lll If'i'll i "'""'- _- : _ i ' .ilil !! .II _-_. .__iiit:) , i i Lil:l,l I i

Illlliil.li.I ,1. ll(_l i lllT(#l'_liGl) m m m lill'llm, Ull .

mimll _)!l!!i:i!_l!f:- !) !' m --

ill i_ _ii',ll_l i_il!_l',_l_l'_ll,_'+i:ll= _ill:_.li.=',_ _l'll_ll_i_l Ill i_

l_i - i 1 i , i I

em _ _ _ • _ .' " " _ " _ "
,0 0 0 0,0 0'0 0_0,0 0 0 0 0 0 0'0'0;0 0 iOiO)O I

'_ o._ : m m; m,o,m o o o o,O m, o ::O.m,o :m :o

i ! : O'_ _ rl#l' ) i i i (ill, _ll I i(#') Ill e 0.

,= = !i!l i = = !_it !_:IiI, I I =:= = = = ='= = = = -_l ""

" itll 11'1.t --'_-_..... l,lil:I lillll!l! its. .........

ul'ulllll ll_/l_li;i_l_.l ;
a a_a ;_ a,a a,a o o ,",.,',:,",:a ,',;a,,',:a a_ _ ' Ii

Ill Ill

a,a,a ,','o.a a a a a a!a ,", ,', a,a a ,", a a a a
ii0 ill _ (ill ll0,t#) (10 _ I#l li_ I#i (#) (#) (#) Vi I#) _ _ (i'l I#) I#)

AR 017227



AR 017228



AR 017229



I r,i !_"_ .![ "_ 'Jv I -._ .i. ' _"

..... _ I , , "r I

P.* l_l m 0_0 0 OlOlOlO 010 0 t') m _ 0 0 0 _ '

: iv:,, V l V , V V I V I V [ V : V ] i -- V i V ! V l " V V

_" : l v v v v,v v v"vlv v _ _ _ _ _ v'v v !_ _ -- V V

V V!V'V V'V V ' V I V IV l_ I_ P_P _ V _ V ] V I " I P : P V _ V , _•,,.,..z I

_l_l;llD qr_ t lao _ i o l_l lid Ill _r 417 ¢_ o qr l._

U| / _ _ ! I !
j_ , ' : _' _ _ __' _',_

1; i i i , _ , i : i j _ _ ] i i

I i! i 1 i i _l ili ! i I i _ i i! i i' _l*i i * _ li _*

. , ,• I t'_" O' l .'_l: I , ill : I]LI [U I .

,z ,z _z',z_z.zz.z;z ziz z _ : _ _ Z 2 _ *_ _ ,z z z

/

!i .... ...... ; ' _ _

_) _ ._,._ _ _ 'r
.... , la I0 O, I 0 ' I 0 0 ; 0 , 0 : 0 i _ L _ i 01 q*_

'm uJ uJ,_ _ -';wl -,_,'_ .uJ: ;_'_ ". ,_,_ uJ _l uJiUj I

i,,I_ ][ I[._

#._1"_ ! "__[':':''''_[_i[[_'[I["sI_-_!'' ' "' ' . I':' ' _'11 Iiil_-i -'

,-,-!_,_ _I_._ _,_,_, _ _ _ _ _ _ _:_ _'_ _ _ _ _,_l_l_l_

' _'_ _ _ _;,-_ ,_.l_W _ _ _""__"_ _ _

lU.n,

AR 017230



I i e ++!i ii+ i _- zi,! -- , _.-i ! _ _ i'_ I v : I ) ! r : . ; '

,_ r-_i+ J +. :w + : : : . .
u

,,+
_ ! J| i : i . : T

i 1 I ..-

-!v,, )v vlv vt -'-i-"I- _ ,t tv v _v ","t+- v vl=
,: ' ...... 1 ,,+', ,', 1 _ ; ' I 1 i i i !' I r ; ' :) ; ! u_' * ,

i., _ '_+ I P'4 ! Cb I _'_1t 1_4 @ql _ _ i I_I t qP +CM_ Pd r Pd I _I , ql" I 0 I _ , _ , _ I _iI + _iI i 4Pill I_ +I_1 10 . _ _ _ _ : I_11

v I vIv v v' v+v --++m:_+-- _ ,v+v v .v +-- e_,,_, v v P"
' r ' t , I ' : ,_i i : I. ) t I ' i i

v -. v,v)v v ,, v -:v ,,-, v v +v v v v .v vl v v v v -i : , 1 , I ,

m .... ; i , + , , , _ ,__ , , _ +

1 ; 1 t ' ! ( I" , i

I ! I ! i I _ I i i.!, i , ' i I

N |ll "_|i _||ili||i|||!|ii,__ llilli_il
I I I i II I r

; ,.,+;+!,+I.+.,+ "+l+_+'"+'+m+ "+"+','+i'+!'+i"+:"+"+ _,_"+"+."++i"+_"+

,,+,I.+,,.+l++,.l ,"+,i+t,,+l.+l+++:+++.+,,,++,,+,+.+.+,,,+!+,,,+, .+l,,+,,+l++,,,+,.+++ ++
+ i:i_+ _i_Iml++m!m+m++l+Im;+mm++Immitli++ + mm+mi++mm_m ....
'_ --_ Z IZ ZIZ IZ!Z,Z Z,Z,Z Z,ZIZ_Z Z ZlZ Z ,Z;Z,Z ZlZ Z Z!Z

I/)

S
_I + + i : + , : , : ' • ; : , + : + , ,
I_ _ ' © '_ _el m,m m m.i_ ++©._... m ,...ira-- . . _. +'+it'm++ m --

",, _ : ' I0 iO 0'0'0'0 0:0 0 _'0 0'0 0 0:0:0 ,0 0,0;+!0'0, 0
in

o)

_ o o +o+o,o =,° o:.- o o,- o,- o o o o o o o :°.o,o!o+o,o+oio

,T..i

+UJiUJ, ,,. tuIuj W.I,U m + w W t. t. ,. t. t. t. t. _ _J u,i,_ tu m,l,Ll U,I &ILl _ --_.

0 z,z,z ,ziz!o z,z:zlz:z o!z z z!z z',z zz_z z ;,z.z z!z z'zlz_z = __

.:++++._,:!.- _ _,_ . .- _--_,..-,P+ P,;_--_ .== = :- _,_li-,=..-+.- _
; , i , i _ I _ _ m

;++ ; +._: + I _'_' I ++ i i i I

- + ++ ++ _..+.+m ++ __BI

,.....,,+. .... i :=.. +.+.,+: _-+++,.+ +++ + +L_)IIf/).U) 'I_+{/) t/J mO'J_(/)ml/) U'):O'Jrl/)!(/) 0')10'),{/) 0')' I"I
_,_:+" 0,I_ I0 ''e":+"!O 0 "" 0 IO'C_IIO C_,O
"i _ :" _i" '"+"+'_"_"''," *" "_" "; *", _

'+_' +__l+,:,+++.+,+++,+,+,+,+,+,,++,,,+++,+.+,,+,, i_:P,, Ip+:p+ _'+_i _+,t_
ii

+. +_+

AR 017231



' i "0

i!.,.., l . ,

! I i i: , i!i,!i!!i l!!il!i !t =,i ,_ !I!i

!1 " "
i" . _ - ! I + ' } _.

0 ,:, _ ,,, v ,_ ,_ 'v_,_ :v .v v_ ivl--

--,. ' ! -- -- i-- _ I i_l' li'l : Itl i _I tll!_ ,_r l,,'lm

' 7_TT-- .... illl- ' ! I
i- i ' i I "' i ' , I _ i I i

o, -,..-_,>.,>.n ij iJ ij >' lJ iJ il i.i.

,-,, i_,, _1!!''1 il " <
!" } II!!if _ I i ;It! ._ i i i -':>

" t i i,i',! i! !! t ,. !! t! l i '_ "__. • ...l i "

i

' 1,- .ilu I U) , in

.=_v, _i o.o _:- o o..o ,o .o o o o o

:o 0 :o o o o o 0:o o o, o __
o'o

"'"" , _ _ia = ii= ,_:= = _ ,_ _ :Z ,Z:Z

! i,i,i !,o .... ii ,-- fill:',- Itlt -_

:.: °:':- i -":7-i!i _ il _ :':I1'<> :" °'°:°'° °'°tll_ , Ill I$) I (1) I ill if) , lil'l _ _ _ Itl_ (#l ' II#l:,',_ ,', ,',,,',l,',!,',>l,',i_
g_ ¢/3 ;it_ _ I ea Ill :f,_rl_(.3

ol lln _ltl In,ln,_l,vi _ I#l"" <,><,> <,>,<,><,> I I I l .I.I ,,.-, ,., ,., ,..,,.,,,., ,.,I,., It
,It

AR 017232



i , , + • : i i !

+++" ')+++ +ii
. ,+ • . ++.,

.,, . ; i _,_p i ' ! ;

I..+_!, . ,+_+ I I ! I _i _ ! i_

st ]_f_i_J__'_::v+:V" °+vv_v"°°'"°°'°v:v v,v°'°v,v°'°vv °'° °°'°+° r'+"
,,+,,++._,,, ,. r,, , +,v++,+vv ,v+:.

_l _ iv VlV_V V v V V v V,VlV' (V V+V v,v'vlv V v v'v'v V V"

_, ,°'°_°°'°+'°° ',!+:-,++i:,+,+,+,

d _

I! ;_i,_:,+iJ+i,+:llJ_,J_ .... _ ', ' ,,, , , , _ I I_+) + `' ' ','++. ;,,+:+++,+++,,,,+ -<,
il . + + + i , : _ + i + + + . + i : +,"

+,+l+p;'+++:+++i++++++"++
,.,,® ,,,.,,.,m+<,<.<,<,,.,+,.,,,< P:.zi_mP .P+_, iP

+, . +:. + ..... ,
F ; i+++lmm _+_ .... ,,.o, .#J+ _ ._ _,_,,++,- 8 !_1 ,,_,m+ i "'+

"i I_. ' :'+ " + '' '
.__/_ ! , i_:_ : : :' , ::i l .=_

ii+............ '+++
) rc;e'l° °':" °" ° ° ":° ° ° ° °" °° ° '° / .+:"='='

' ll) + l/) t 0') * t_) I It) _ t._) _ U) 1O) l/). ; ; 6_ t (/) 0') _ I/) _'_'
titJ,+++'J _ _ _, ,..:I.I.I l.IJ Ill:+ ,+,(/),_),(t)'l/)it/) ,U)" ""'"'+"'"'"'"" +++"'+"'"""''" I .+mP+ _+_+_+P,_+_'._,_ " s. m s " "_o +.,.,,,L.,a: S,,:,,,'..,, ,., ,, . o.+o.,o.. ,+IP P;+I+'P +_
z _'.;_ _5+z_z:z o z'z z +5 ,o,z z;o:z z ,z _ _.z .z zlz_z;z o;z,z rm

, i i i1_.: i io ,_t _r_ in , _rl _ in I +m+ln.ln+

a I+g_

#_: +<+.-.+.+..+ ,+,+,+--+°° :°°°°°°°° ooooooooo.o,oo mo:o,ooo I ,..m_ m,V) (/) (/) (/) (/) t,/) !/) 0') V) _ _ t_ _ t,_ _) t,t) r,_ U) _) (t) I_ _) ;_J ¢/) I/) r_ O) ,U)

+.+ +

AR 017233



oi

B i i _
<_ ' !i I --

: , r i r i !' I.. ! ' !-. _>

i i!itt mi
vlvl , ;

vFv ,v'v'v '_v v v v,v v,vr_,v _ v I v _ m

o:, i i i . :v v

o"- ,,,,_.....v v vv v v v , v.v _'_'":'v, '"vi_!"'_'v_'_;_v,r--c,,,_ ®'_ ......v v v v- i ! ! •
0 i.O

_ i_='._ ""--° .o Z " '_ " _-'="'_"'i '=' -:-° ..... ,.:lil ':-_ II 'II ® .° - "", ""I A _ _ v v , v
(_ i

I
Imllm m m i

_1' ..... _,o o _ l_i_ o!©)_ : l i'D Ii , r ; e'l _ _ i f ": '

)i _i>' ol_,,. >,>,>,,o i_,!(_1 z.z _.l_°i_° I ! . I i :ZiZ I

,-, i iiiili, i; ii:i i,I i ,_: ii) :), i =

"_ Z

II
) _ ' .... I 1 l l I

(,) olo,o_o,o vl

i_l _f 0 o o 0 o o o o " '' ' "
I 0 0 0 0 0 _ _ 0

_!_!!_ ! !!!! I:_ !! =_ _ !_! I_>Z

" UilUi'lil'_ _ _', _i i . ul )o ) -_:_:i:_ _:,) :I '___ """ ":<_' _= '<_ ' _' _' "=_-

,, +,.. ,...,,.. .,,-- ,,-- --- _=i
flifl:t:fl.._ ;i i,i'i_ :i I _ "_ i _ 41 _" _ "_' ! :!1 I 1 1 i!'l tl ii t 1

Ill _ l ) 1 ) ' ' ( i I . i i i : z_ fill), "

. <,, _® ,._

...... _<., ,,.<,

AR 017234



_--' ' ! i i _, -:-:---' ,_ -' - -- --I "°

: I ; z ;z I=.-,z ,= I, ') !; :

i .: ........... i® ,:I _ !_)'- v;_ v v v I Iv';Tv ;:;

:_ V, V+ V V I V , V V , V _ .ID I V

. ........ i._,_ ,--_--_- _-_",_" "_'_ ._'--_:_- "_
v v,v vlv v v !v;_ ,_ ,iN !_;v v v _v :v ;v iv v;vlv v_v

, , i i : _ | , ; : I

: , i , . ; i I, : i i _

-4

' ' r_l 9.
_._'. i_!._:._i-_! ; _ .. :_'i8 , i_ I ._ I_) : ,_ =

I I I '

_ '_ 0 _ '_ I ' t (

° , / ,,
e_ _ _ _ _r ¢_ ¢_ :_ _, -- -- '_ © _ ._n _ ¢_ ,_. l _ o;oi--',_

e_ _,=" o "= - ®_0° o ....o o.o ._ _. -" ---® "_ -- "- " I°'.... "'°

1 : I ' !l,J i,iI i i I i
.__ _) _),_) _'_ (/)__ .__:_ :._ _)_ ,.! _ _) _ I'_:=._I_)'_)

_mlu')'V) v),u) u) m 'u) (n '_ _ u')'u') u')lr, n im '_ ,in i_ /,U')l_ _lm,_

":_ __ _ _:,_,£,_;i" " "£ ""__ | ="' _"/ "''=._',, I'""'_=;= ;_ ,o = o.=;_,_,= -.Iii =,=,== i I =,I ° '° °
E_

......... _"" z,| ,I,| I11,I ii,it;z,zll

Z Z Z. _"0 Z_ ZO: Z
0 O= O_-,OIZ OOl;'O_ _ ,, ,,",,. r,, , ,,'-, 0

Ir_ _"_ " _ _' _"_ " '_ _ _ _'"_ z z z ',z z z z,z,ziz z

U_ U) _) U) U) (/) r_ _) U) _ U) ¢J)'U) U);U7 (/) 'U') _9 ,U) U) IGe),u);f/)_(/)

AR 017235



• w

AR 017236



in i= I ! 'T' , , , _ ' _ : ' '_

• . .... i _ I

, _ i

i " T ,T' T I" ,,,_l v v : vlv T ,, ,,,,,,v_ _,,,- ..
V

INtN i t I

- ri_l"t I_lil_l,i'.,l_Nll'_l i,,,.._l'_lll'_l rl _ I_l,l.til_l i_l c,,i I,,,lll'_l'.ol I"_iID, _0 _ [IDllli

v v _+,, ,v,v, ..... IN v,v v ,, vIv i i ........ _ - I !=' iiv,v,vlv.vlv I " !v,v;i_ i vlv v v[v v v,viv v v o I i°

<.,i. - - _ r-i-:v i,,, v _! v.v T T! , _ v'''''''' =' I i i_-llP : i i ' :
I i illmii

"Ill =!_ ''i"'">'"_='_'._: '''''_" ' - " l_s i.:_ _:_ i_

0, _'; ill _lilil!lil_ilij!_i_,lll,,l,l_li_,i_,'l l_1 _,:lil,llj ,>_j
,. <Ii ', _ ' , I ! ! : i , i i ,, ; '

-" J ii lilii_tli II l'l_l:l l _,_,l lilll ]i I i I _! _ ..
I -- I I III ' _l_l'l';l I'I !_)''a'_ll ' _i_lll w _,_,,._;,.,I , iinllnlla,ln;in _'!,_ iu.l (') ',_ _ .......

1 _ _ , ! ,.,,._, I I i ! , ; ,...,,,., _.!I !I i_11+i 1_11ii;!I:: !i l, i_.:t't'!..,.:.,'-'i_l!ll,i _:'_0
qmm

i
=l ° i : , : 1
i,) ! ;=' : =

II III ' _._. l®i,=,; '® , =_ "o
i,)

JlJ_!!JJ!_ _!!!:!!i!___!!_ , _!! ! I _l#1tU') :(t_ i I#),U) , i U).lti I/);Iti I#)_(t) Vi'Vi If) I
• (/) I (/) , (#_ I (_) I (/) Oil ' (/) (/) _ ; (/) ' (lr) (#') (_ , (#_l I (/') _ _ (#) I (ir_ (_) _ t (#') : fJ'r_ (/) {#') (/) _ _ i GI) ' (1) if,/) Z

= _:= i .I =' z z,= = = z = =,z z -

• I , i_ . l-"

.-_° ___._oo__.=_._._o_o"_'_o._o___,__ =_;________=:_.__._:=__! ,_-"-_" -- i___._,
_-_ , : : ii!. _ _,i_ ,_ _t_> l °,° IIU) (#),it) Ul

, : r'_ "li

_ e_ _ '_ _l.i..ll: U .... .

AR 017237



' !
w v

il- o
I

i-ra
l,u LU , I,U t_1

Z Z Z.Z Z

?

_ ,el _1, i,_ i....-°° i ;.___, ° =_
_) _ ® ,- ,_ ,, _,_

_..-_ _ o ° ° ° _

_ _"
_- Z _ Z Z Z Z Z Z Z E Z "0 =

- !

_J" _ - o ,,,_, _ _ _ ,- _ _
._ o _ _ _ ! _o

.... ? . ,_

AR 017238



p-,

,,..._
t

_....

. °

AR 017239



m

e,

t'_ I J i _ , , , ; i I P , _ , 1 , i ' i I i ' ; ' :

(D i ' i . : : , :

' ' i _ rl " i i ) i ' ! iO_ ; :, ; i. I • i , i _ ' _ ' ' i ;

r , ! ! ' " : i

._ _ _ _ _ _ ' _ _ _ _ _ :, _ ; _ +, 0 _, _ _ _ _ ' _ _ _ : _ l _ _ _ ' : I _ _ I _ ' _ _ __' _ _ _ _ _ _i _ i I_ __ ' _ : _

C_ .....

• I:: m

Z Z Z Z Z Z _E_

AR 017240



._x

m
"0

f,
• s"

m

._ i

0
A

_ : _ I I i _ ; : i I J i ! : , E I I _ I ; ' ; : ;i i i

; " , ! P _ : ! I t

-,. _, _ _

e_ Q Q E

i
ffl

$



0

z

0

o

= i
= E

.°_

E _ ., i i

® _ _ _ _ _'_ _ _- _ _:_i "' ! "_' _" _i"*_,_

•-
cIl

_--_

o= _J_.

_=_
u.> ii

AR 017242





e-.
"_ "0

c:

0

--' o:._, =,=':=' ,.i _o,_ o._'
al "i i

=' N:N:""'" - _ N

i

Z Z _

I: go

r-r_ o_-.

Al_017244



1. ""
,t:
,.J

I

AR 017245



APPENDIX D OTHER SAMPLE DATA

AR 017246



(I,,4

AR 017247

v



APPENDIX E OUTFALL INSPECTION SUMMARY

AR 017248 :



I_u _.....

AR 017249



AR 017250



Q.

• • Z, • • •

Z

3 _

o _ o?
CO

= =_ __
"O ¢11

_ | -

--
® _ _ _ _--_

z _; -_
• .-_._

®} ®_o-_ _.o

_.__ _E
E_ _E m

®_=_=_ .-
_-

_.._ ._ _-

_:__ z_

AR 017251



.

q..

+ .. + + +co X: c _ E _'

• ¢ o _._

i

•u o_ •

6_= ;: _ +_+++
|

+.+i_°°+_,
g..__ " z._,-

N

+' +1+11- ° +"+++°°

AR 017252



EL

w w!

A
fh

I °"

c o :g_

® : 1 ..

.,4 _

E=m
I' # 11 '_ O_

AR 017253



ill

OI

_00aO

8

<,, _o'-:= ._, _e

=u, Ei
.._i__

i

S ig e
= s>_ o

10: vi vii = _o . _o0

3.!

_ 8_
m .._

rJ_ -3 ,--

g_ II g

-- >_
r',,

I i • • I I _. i
._=_

_ _E _._
I'- ill "0 _-

Iff f#l _ _l_ __ 0 ll o "

l ": ":
'3 ®_. o'_ -_" '<

.... - -- _-.----__ _:_ _l.u -

"1_ 0 ,, ,i II : _d _ 7 ll_m_lO ....

AR 017254



! F! !

o.

E_

i °

v_

r,/) r_ 'n Z (_

AR 017255



ao

Jn

,.o
-- E

o _

..:llt

ql t's

ZI w .a a ._

" _ • • Ii Z X j

i1 -

- ®_ .2_ _

R i!

AR 017256



I I • •

• •

o " |
¢ o
0 _

ID 0

I..,,,.r_. ,,.,,
¢nOoD p,_

AR 017257 "--'"



H r_

:l • :E

• • =E • •

C=

!. "0

:EQZ < --

i
Ir- ,,,,,,_, §r_OMZ_

AR 017258


	EXH0006017110
	EXH0006017111
	EXH0006017112
	EXH0006017113
	EXH0006017114
	EXH0006017115
	EXH0006017116
	EXH0006017117
	EXH0006017118
	EXH0006017119
	EXH0006017120
	EXH0006017121
	EXH0006017122
	EXH0006017123
	EXH0006017124
	EXH0006017125
	EXH0006017126
	EXH0006017127
	EXH0006017128
	EXH0006017129
	EXH0006017130
	EXH0006017131
	EXH0006017132
	EXH0006017133
	EXH0006017134
	EXH0006017135
	EXH0006017136
	EXH0006017137
	EXH0006017138
	EXH0006017139
	EXH0006017140
	EXH0006017141
	EXH0006017142
	EXH0006017143
	EXH0006017144
	EXH0006017145
	EXH0006017146
	EXH0006017147
	EXH0006017148
	EXH0006017149
	EXH0006017150
	EXH0006017151
	EXH0006017152
	EXH0006017153
	EXH0006017154
	EXH0006017155
	EXH0006017156
	EXH0006017157
	EXH0006017158
	EXH0006017159
	EXH0006017160
	EXH0006017161
	EXH0006017162
	EXH0006017163
	EXH0006017164
	EXH0006017165
	EXH0006017166
	EXH0006017167
	EXH0006017168
	EXH0006017169
	EXH0006017170
	EXH0006017171
	EXH0006017172
	EXH0006017173
	EXH0006017174
	EXH0006017175
	EXH0006017176
	EXH0006017177
	EXH0006017178
	EXH0006017179
	EXH0006017180
	EXH0006017181
	EXH0006017182
	EXH0006017183
	EXH0006017184
	EXH0006017185
	EXH0006017186
	EXH0006017187
	EXH0006017188
	EXH0006017189
	EXH0006017190
	EXH0006017191
	EXH0006017192
	EXH0006017193
	EXH0006017194
	EXH0006017195
	EXH0006017196
	EXH0006017197
	EXH0006017198
	EXH0006017199
	EXH0006017200
	EXH0006017201
	EXH0006017202
	EXH0006017203
	EXH0006017204
	EXH0006017205
	EXH0006017206
	EXH0006017207
	EXH0006017208
	EXH0006017209
	EXH0006017210
	EXH0006017211
	EXH0006017212
	EXH0006017213
	EXH0006017214
	EXH0006017215
	EXH0006017216
	EXH0006017217
	EXH0006017218
	EXH0006017219
	EXH0006017220
	EXH0006017221
	EXH0006017222
	EXH0006017223
	EXH0006017224
	EXH0006017225
	EXH0006017226
	EXH0006017227
	EXH0006017228
	EXH0006017229
	EXH0006017230
	EXH0006017231
	EXH0006017232
	EXH0006017233
	EXH0006017234
	EXH0006017235
	EXH0006017236
	EXH0006017237
	EXH0006017238
	EXH0006017239
	EXH0006017240
	EXH0006017241
	EXH0006017242
	EXH0006017243
	EXH0006017244
	EXH0006017245
	EXH0006017246
	EXH0006017247
	EXH0006017248
	EXH0006017249
	EXH0006017250
	EXH0006017251
	EXH0006017252
	EXH0006017253
	EXH0006017254
	EXH0006017255
	EXH0006017256
	EXH0006017257
	EXH0006017258


