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I EXECUTIVE SUMMARY

This Annual Stormwater MonitoringReport has been prepared pursuant to

Special ConditionS2.E of the NPDES permit for the Port of Seattle's Seattle-

Tacoma Intemational Airport (STIA). The Port took a total of 39 grab and 38

composite stormwatersamples in the past year, bringingthe 6-year totals to over

350 samplesfor each type. A total of 20 storms were sampled. The Port

compliedwith all samplingand reportingrequirements.

In summary, STIA stormwaterquality, especially airfieldrunoffcontinues to have

constituentconcentrationslower than comparable regional studies. Moreover,

resultscontinue to demonstrate that typical concentrations in airfield ouffall

dischargesare much lower than from the landside subbasinoutfalls. This

difference is most likelyclueto higher vehicular use in the landside areas and a

higher degree of biofiltrationpresent in the airfield subbasins. Nonetheless,

overall STIA resultsare generally lower than results from other studies for

roadways and commercial areas.

Final roundsof source tracing revealed sources of toxicitypresent in the SDN1

samples, where most whole effluent toxicity(WET) samples tested in 1998-99

did not meet Ecologyperformance standards. Forensicsampling and analysis

techniques, namely metals chelation, indicatedthat zinc was the most likely

toxicant, and was associated with runoff from two cargo buildingswith galvanized

metal rooftops. The Port is investigatinghow to remedy this situation, potentially

throughthe use of media filtrationtreatment. Samples from the three other

principalouffalls passed Ecology's performance standards.

The ongoingsource tracing in SDE4 has not revealed any significant sources of

fecal contamination associated with baseflow, dry-weather discharges or storm

runoff. SDE4 discharges have exhibited sporadically elevated fecal coliform

levels. In additionto the conventional methods used to date, this year, the
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source-tracing project also used the microbial source tracing (MST) technique

developed at the Universityof Washington. This MST method isolates E. coil

bacteria DNA in the samples and compares it to isolatesfrom specific sources

already characterized in the regional database. The Port plans to issue a

separate report for this study at the conclusion of the project.

The Port eliminated several potential sources of contaminants in SDS1 and

SDN1 runoff byre-routing drainage to the NVS. Several samples and

observations in the past year showed sporadic, limited contamination associated

with aircraftand ground service equipment (GSE) servicing. These BMPs are a

direct result of the stormwater monitoringprogram.

Two short periods of winter weather triggered runway and other ground surface

deicing at STIA in the past year. The Port monitored stormwater discharges

during these events to characterize the presence, magnitude and duration of

ground deicing chemicals in runoff. Key locations in receiving waters were

continuouslymonitored for dissolved oxygen (DO) and other parameters before,

during and after these events. The data did not indicate a distinct effect on DO in

the receivingwaters that could be discerned from the highly variable background

conditionsestablished through3 months of monitoring prior to the events. The

Port is preparing a report on this study, the second in two years.

Because of increasing interests in assessing aquatic effects of STIA discharges,

the Port plans to study relocating several sampling locations for certain

subbasins. Doing so increases the potential for samples to better reflect the

influence of all factors prior to discharge to the respective receiving streams.

Because most current sampling locations are in-pipe or well above the receiving

waters, it may not be appropriate to compare STIA stormwater data to

Washington State water quality standards. Nonetheless, toxicity testing in the

past 2 years has shown no indicationsof toxicity present in samples from the

three key outfalis that serve 67% of the total STIA storm drainage.
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2 INTRODUCTION

The STIA stormwatermonitoringprogram has been in place since 1993 pursuant

to the National PollutantDischarge Elimination System (NPDES) permit. The

firstpermit was renewed and reissued on February 20, 1998, becoming effective

March 1, 1998 (permit numberWA-002465-1.) In early 1999, a major permit

modificationissuedby Ecology reduced samplingfrequency based upon a permit

appeal settlement (WDOE 1999.) The Port will begin the next permit renewal

process in 2001.

The Port conductsthe requiredmonitoringactivitiesaccordingto the specific

guidelines and criteriaof the Ecology-approvedProcedure Manual for

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

results from the sixth year of samplingconducted in the 12-month period July

1999 throughJune 2000, the conclusions,and potential new initiativesto be

undertaken. Results summarized in this report include data already submittedto

Ecology in Discharge MonitoringReports (DMRs) plus additional results from

other samples unrelated to DMR reporting. The Port has previouslysubmitted

five Annual Reports (1995, 1996, 1997a, 1998a, 1999b)

This report satisfies Special ConditionS2.E of the National Pollutant Discharge

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

International Airport (STIA). Special ConditionS2.E of the permit states: "On or

before October I of each year, the Permittee shall submita report to the

Department summarizing the results of the stormwater monitoringconducted

pursuant to Special ConditionS2.B or S3.E of this permit duringthe preceding

twelve (12) month period from July I through June 30. The report shall present

the analytical data, the Port's conclusions as to what is being learned from the

data, and any new initiativesto be undertaken as part of the Stormwater Pollution

Prevention Plan for Airport Operations required in Special Condition$12."
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Additionally, Special ConditionS2B of the permit requires that: "The permittee

shall include the followingdata for each storm event in the Annual Stormwater

MonitoringSummary Report...: date, duration, the number of dry hours

preceding the storm event, total rainfallduring the stormevent (inches),

maximum flow rate during the rain event (gallons per minute), and the total flow

from the rain event (gallons). The permittee shall also include a monthly

summary of dally rainfall...'. All of the information required under Special

ConditionS2B appears in Appendix A.
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3 BACKGROUND

3.1 Sea-Tac International Airport

Seattle-Tacoma InternationalAirport (STIA) liesabout mid-way between the

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

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

The highlyurbanized cities of SeaTac, Des Moines, and Burien surround the

airport.

STIA storm drainage discharges through 14 individualoutfalls, four that drain to

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

SeaTac system. These ouffalisdrain a total of 963 acres which contain about

44% impervioussurfaces. Only 17% of this total area (165 acres) drains to Miller

Creek, while the remaining 798 acres drains to Des Moines Creek. Another 370

acres, mostlythe impervious surfaces of terminal gate and ramp areas, drain to

the IndustrialWaste System (IWS) and the Industrial Waste Treatment Plant

(IWTP.) Three large lagoons detain and equalize runoff flowing to the IWTP

which removes suspended solidsand petroleum productsusing the dissolved air

flotationunit process. The IWTP discharges directlyto Puget Sound via a

separate ouffall that combineswith the Midway sewage treatment plant. IWTP

samplingresultsare not included in nor requiredto be addressed in this report.

The Port is examining future stormwater management needs in the Preliminary

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

Master Plan Update. Issues addressed in this plan include the potential retrofitof

existingdevelopment to meet state and local guidelinesfor stormwater quantity

and qualityBMPs (POS, 2000).

5
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3.2 STIA Storm Drainage Subbasins

The NPDES permit refers to outfalls by number;,however, this report refers to

subbasins and their ouffalisby location names (see Table 1). The Port codes

STIA storm drainage subbasinnames accordingto location,for example, "SDSI"

means "storm drain south number 1". In addition, the Port identifies all manholes

according to an alphanumeric scheme, some of which are referred to in this

report. For convenience and consistency, many of these locationswere

renamed and renumbered in 1999, though physical monitoringlocations have not

been moved. Drainage area estimates are included in Appendix A. Figure 1

shows the individualstorrnwaterdrainage subbasins and the STIA stormwater

management boundaries.

STIA stormwater subbasinsfall intothe general categories listed in Table 1.

These categories group subbasins together that have similar land use and other

characteristics. These categories include "landside," =airfield,"and other non-

specific, low-activity areas. Previous reports showed that concentrations of TPH,

TSS and other constituents were different for the iandside and airfield categories

(POS, 1996, 1997a.)

Ouffalls SDS3, SDS4, SDN3, and SDN4 drain the principal subbasins of the

airfield. These four ouffalls drain a total of 626 acres (45% impervious) of the

Aircraft Movement Area (AMA), which includes the airport runways, taxiways,

and other open space of the "airfield." These four airfield subbasins represent

approximately65 percent of the total STIA storm drainage area. Previously an

airfield outfall, SDN2 now discharges to the IndustrialWaste System (IWS) via

two pump stationsconstructed as BMPs in 1997.

Four subbasins (SDE4, SDN1, EY, and "rY) compose the 165 acres (60%

impervious) of "landside" areas of the airport, primarily draining public roads,

parking, passenger vehicle areas and rooftops. Although 11 percent of the total

impervious area of SDE4 drains portions of Taxiways A and B, the "landside"

6
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designation is appropriate because roads, parking, and other vehicle areas on

the landside of the airport dominate the total impervious area of SDE4.

Table 10utfall Nomenclature

Outfall # Port Category Creek Proximity to receiving water

Name

002 SDE4 landside Des Molnes Combinesw/BowLake & Cityflows

beforedaylightingin EastBranch

003 SDS1 none Des Momes Directouffellto EastBranch

004 SDS2 none Des Moines Flowsthroughswale,NW Pondsthen
intoW. Branch

005 SDS3 airfield Des Moines Flowsthroughswale, NW Ponclsthen
intl'}w RrnnP_h

006 SDN1 lanasiOe Miller Flowsthrough1000' channel

and Lake Reba detentionPond

007 SDN2 Drainsto IWS_ Miller Same as SDN1
008 SDN3 aiffmld Miller Same as SDN1

009 SDS4 airfield Des Moines Directoutfallnearconfluenceof East
and West Branches

010 SDST' none Des Moines Combinesw/Citystreetscommercial

area, via swale & NW Ponds

011 SDN4 airfield Miller Same as SDN1

012 EY landsiOe Gilliam Via Citydrainsto stream
013 TY landside Gilliam Via Citydrainsto stream

014 SDS6_ none Des Moines Same as SDS7

015 SDS5_ none Des Moines Same as SDS7

Tablenotes:

1. Twopumpstationsdivertall runofffromthe formerSDN2 subbasinto the IWS. Dischargesto

SDN2 onlyoccurwhen rainfallintensityexceedsthe 0.20 inchesperhourdesignforthese pump

stations.Thesetwo pumpstationswere constructedin 1997 as SWPPP BMPs.

2. Outfalls010, 014 and015 were previouslynamed"SDW3", "B"and "D", respectively

In previous reports, the SDS1 subbasin was included in the "terminal" category.

However, several stormwater BMPs were undertaken in 1996-97 near the

terminal, removing 1.5 acres of ramp areas from SDS1. Other BMPs

disconnected yet more ramp area that occasionally drained to SDS1 when

7
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intense rainfall surcharged certain structures. As a result, SDS1 now drains

mostly rooftops, plus a minor area of ramp. Therefore, the "terminal" category is

no longer appropriatefor $DS1. In addition, recently expanded drainage from

South 188th Street was added to SDS1 in 1998-99, increasing the total offsite

(non-Port) area to 5.1 acres, nearly 50% of the total SDS1 area? Four other

outfalis (SDS2, SDW3, B, and D) drain 110 acres, mostly open spaces (11%

impervious) in the southwest portion of STIA.

3.3 Sampling locations

The Port monitorsstormwater discharges at 14 locations, one for each subbasin

withinthe boundary of the permit. Figure 1 shows the location of the outfalls and

monitoring locations.

Four monitoring locations(subbasins SDE4, SDN1, EY, and TY) are upstream

from the final discharge point where the outfall actually "daylights'. Runoff

contributionsfrom other, non-STIA sources that are outside the Port's jurisdiction

enter these stormdrains 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, offsiterunoff is inextricable for sampling stations for

SDE4, SDS1, SDS2, and SDS3. Considering that the offsite area for ouffalls

SDS1 and SDS2 is primarily roadways, the contributionfrom non-Port entities is

substantial,

To remove unfavorablebiases from highway SR518 runoff, the sampling location

for SDN1 was moved upstream to its current location in 1997. Therefore, outfall

SDN1 has two datasets, one for the period prior to January 1997 that includes

results influencedby SR518 runoff, and the other for the more-representative

In 1998-99 the Cltyof SeaTlm xdOedOmnage arm to SDS1 throughthe wicleningof about !100linear hint of S. 188_

Street, addingcurb,gutter,plplngim¢1= numberof xtorm¢lmininlets. This lecUon of roadwxy pmvloualy¢lrained

sheetwiseoff the =houlclerto gnmm¢l ¢litches. Phor to thle imwovernents, onlyone iNet OrliinedI much _ poRion

of thlspublicmao'waythat tl outldClefire Porr$ )urmdJcbon.

8
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location at "SDNlup" for the ensuing period. See the discussionfor Figure 11

and Figure 12 in Section 4.5.3.

It is importantto note that because of their distance from receiving waters,

certaincurrent samplinglocations do not integrate all possible factors that could

influencewater quality prior to dischargingto the streams. Only two of STIA's

current ouffaUs(SDS1 and SDS4) discharge directly to the receiving waters.

These two ouffallsare sampled at these =daylight',or end-of-pipe locations.

In contrast,because of factors in additionto those mentioned above, all other

outfallsare sampled at pointswell-removedfrom the bioticcommunity. See

Table 1, As a result, the samplingresults do not reflect the complex, interactions

withchemical, physical, and biologicalelements that can enhance water quality

priorto where STIA stormwater actually enters receiving waters.

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

and SDN4) passes through additionalpipingand more than 1000 linear feet of

open, natural channels, and the Lake Reba detention pond prior to entering Miller

Creek. The potential influences of these factors, especially considering that the

detentionpond is a constructed BMP, are not accounted for in the current

samplingscheme required by the permit. These issues should be addressed in

the NPDES permit renewal.

3.4 Storm sampling procedures and analytes

The Port's Procedure Manual for Stormwater Monitoring (POS 1999a) describes

the criteria for sampling storm events, and describes all relevant sampling,

programming,and handling necessary to comply with requirements of the permit.

Table 4 lists required sampling frequencies, constituentanalytes, methods, and

detectionlimits. The Port reports data on DMRs only where results from storms

and samples meet representativeness criteria of the manual. In additionto data

providedin the DMRs, resultsfrom samples not meeting these criteria or those

9
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_akenfor other purposesare also included in this report. Using automatic

samplers, the Port generally takes a grab sample then a flow-weighted

composite sample duringrainstormsof 0.20 inchesor greater that are preceded

by less than 0.1inch of rainfall in the previous24 hours.

Table 2 Offsite Influences Affecting STIA Monitoring Locations'

" Total

Ouffall Area Offsite Area Percent Comment

(manhole) 2 (ac) (ac) Offslte

SDE4 Offsite area of SR99, may be greater

(SDE4-65) 149 0.6 <1% Itmn 0.6 acre

SDS1 Offsiteareaof S. 188thSL inclucles

(outfall) 10.7 5.1 47% sins ad0ed by City in Fall 1998

SDS2 Offsite 16th Ave S., S. 188th St, and

(outfall) 13.2 2.9+ >21% possible non-Port commercial area.

SDS3 < Approximate offsite aru of S, 188th

(outfall) 462 3 1% St.

Former SDN1 k:cabon inoludes public

SDN1 road runoff. Runoff from additional 49

(manhole 24+ 9.9+ >40% acres of non-POS area enters below

SDN1-56) this point prior to entering Lake Reba

SDNlup Air Cargo Road is about 50% of SDN1.

(SDN1-41) 13.8 0 0%

Table notes

1. All area estimates are as of 27 October 1998 and subject to change.

2. Though manhole number designations were changed in 1999, sampling locations remained

the same as in previous years.

10
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Table 3 Analytes, Methods and Detection Limits

Applicable Subbasins

Detection SDE4, EY SDS1, ' SDSI, SDS2,

limit SDS3, TY, SDN2 SDN3, SDS4,

Analyte Method(') (MDL) SDN1, SDN2 SDS5, SDS6,

mg/I SDN4 SDS7

pH_e_ 150.1 0.1 X X X X

FOG (Oil and
413.1 1.0 (f) (f) (f) (f)

Grease)

TPH (IR) 418.1rood(=) 1.0 (f) (f) (f) (f)

TPH (GC) NWTPH-Dx 0.15 X X X X

Fecal coliforms 9221 E 2 X nla nla X

(MPN)

TSS (total 160.2 0.5 X X X X

suspended

solids)

Turbidity 180.1 0.1 X n/a X X

BODs 405.1 4 X nla X n/a

Total Glycols_cJ GC FID 4 X nla X X

Total
200 Cu: 2 pg/I X nla nla nla

Recoverable
Pb: 2 pg/I

copper, lead,
Zn: 5 pg/Izinc(d)

(=) Methodrefersto EPA-600/4-79-020, March 1979. Fecal coliformmetho0 referz to 18_ editlt_ of StanOer0

Methodsfor the Exwninat_n of Water and Wlmtewater (APHA, 1995), or as re_sed.

(b) WashingtonState Deparm_mt of EcologymethodWTPI-t-418.1 Modified.

(c) An_ byGas Ch_, Flame Ion=abortDetector

(d) Leaeandco_ by=tomemccat_ (AA)M_me.zincbyICP.
(e) pH is not required by pemtlt,but is ulmd as mrofeftmce parlmeter

(f) FOG and"rPH (IR) rneltm_ replac_KIbyNW'I'PH.Dx March 1. 1998.

11
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4 SAMPLING RESULTS

4.1 General

This chapterpresentsand discussesdata separately for results from grab

samples, compositesamples,and deicingevent (glycol)samples. These types

of samplesemploydifferentprotocols that represent different temporal periods of

the particularstormwaterdischargeevent (i.e., grab samples versus composite

samples)and shouldbe addressed separately.

The requiredhydraulicand hydrologicdata are includedin Appendix A. Samples

were validatedaccordingto the representativenesscriteria described in the

Port'sProcedure Manual for Stormwatar Monitoring(Port 1999a). Appendix B

tabulates and summarizes analytical results for each outfall. Data previously

submittedto Ecologyin the monthlyDMRS represent samples collected strictly

from thosestormsand samplingroutinesthat fully met the criteria of the

Procedure Manual. In additionto this DMR data, thisreport summarizes all other

data collectedat the storm drain outfalls covered under the NPDES permit

(Table 1).

4.2 Data Presentation Methods

This report compares the Pod's stormwater data to others'stormwater data listed

as reference comparators in Table 4. Most reference comparators discussedin

thisreportwere the lowestresults from two City of Bellevue studies. These

comprehensive,local studies had similarsampling protocolsto the Pod's.

However, the samples in the 1995 Bellevue studywere taken at instream

stationsand therefore reflect receivingwater conditionsduring stormflows, as

opposed to just outfalldischarges. Nonetheless, contrasting STIA outfall

dischargesto this instream comparator results in more conservative conclusions.

This reportuses the Portland NPDES data for copper because it better

representscommercial and industrialoutfalldischarges before mixing with

15

AR 045685



receivingwaters. Again, the reader shouldconsiderthe nature of the STIA

samplinglocationsdiscussedin Section3.3.

Comparatordata and outfallsamplingresultsappear on box plotsthat illustrate

the central tendency,spread, and skew of the Port'sdata (Figures 2 through 9).

The bold line withina box representsthe medianvalue, while the bottom and top

of a box show the 25th and 75th percentiles, respectively. In other words, the

interquartilerange (central 50 percent) of the data fall within values highlighted

by the box. SPSS software was used to generate the box plots (SPSS 1999).

When summarizingdata to compare typical values, outliersusually represent

unusualconditions,atypicalof what couldbe expected under usual

circumstances. In a boxplot, the "whiskers"show the largest values that are not

consideredoutliers.SPSS box plots show two types of ouUiers:those more than

1.5 box-lengthsfrom the 75th percentileplotted withthe symbol "o', and those

more than 3.0 boxlengthswith a star symbol ("). In most cases, the boxpiots

show the outliers, but insome cases the scales selected prevent plotting all

outliers.All data are tabulated in Appendix B.

4.3 Storm events sampled

The 1999-2000 sampling season began on July 1, 1999 and ended June 30,

2000. During this 12 month period, 36.8 inchesof rein fell at STIA, which is 4%

belowthe 60+ year average. The 9.6 inchesof rainfall in November 1999 was

about 50% more than the average of 6 inches. Unlike the 1998-99 period,

influencedby the very wet La Nina weather pattern, rainfall in the past year was

muchmore typical and no new records were set. See Figure 2.

In the 12 months ending June 2000, the Port sampled 19 rainfall events. Rainfall

duringthese events ranged from 0.1 to 1.76 inches. These events were

preceded by less than a day to up to 2 weeks of dry weather. There were no

16
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qualifying sample events in the month of September 1999. Appendix A

summarizes daily rainfall and storms sampled.

Table 4 Stormwater Quality Comparators"

Study

Constituent Units NURP, BURP, Metro, Bellevue, Highway Portland WA State Standard I')

1983 1984 1982 1995 (=) Runoff= ) NPDES (=_

1981 1993

pH std units 5.2 - 7.4 7.2 - 7.8 6.5 - 8.5

TPH mg/I __ 6.5 no standard

Fecal mpn per 1000 to 980 ii_!"_/:'i'_ 50

coliforms 100 ml 21000

BaD5 mg/I 9 _ 20 no standard

TSS mg/I 100 _ 82.3 106 119 no standard

Turn mg/I _.-._._v19 _ based on background
glycols mg/I not analyzed in any of these studies no standard

Cu (TR)('_ pg/I 34 20 10.4 43 _._1_:_ 10.3 _')

Pb (TR)('J pg/I 144 170 210 _ 466_=_ 25 39_)

Zn (TR)('j pg/I 160 120 110 __ 638 376 72(')

statisticreported: median meant=), mean log- mean median metals standards(tJat

median normal hardness =56 mg/I

median

(a) ComparativeValuesin0ol(:LBlankSl_Ce means no ¢leta available, reporte¢l,or epplcaDle.

(b) Bellevue,1995 data amfor Instraamsamplesfromthe "SturtevantCreek,clownstmam"site.

(c) Highwayrunofffroman 15locationinSelffie wlffl 57,000 ADT, 43 to 54 stormsamples in 1980-81 (Chui, Mar, and Homer,

1982). Becausethisstudywas conducteclpriorto the phase-outof leaOeclgasoline,lead resultswere higherthan other later studies.

(d) CRyof Portland 1993 NPDES Part 2 MunicipalADplicadon. Medianof 10 samples from12"industrial*outfell.

(e) Standardsamfor O,essAA waters,=meWAC 173-201A.

(f) Total recoverablemetals, WA Stateacute standardsexprosaad=Istotal recoverable,calculetad at56 mg/I hardnessusing

Ecology's"TSDCALCa.XLW*sprmlOsheeLThishardnessvalue isthe medianof seveninatreamsamples collectedin Millerand Des

MoinesCreeksin 1999.

(g) ForTurb, Cu,Pb, andZn, BURP 1984 datawas mean of grabsamgles,therefore Bellevue,1995 claraare morerepresentative

oomparatorsbecausetheyrepresentmedianofcompositesamples.

Unlike the 1998-99 season, in the past year there was only a single summer

storm event associated with higher than typical constituent concentrations. In

17
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previousyears, thunderstormsproducingintense rainfallafter protracted dry

periodsof a month or more caused elevated levels of certainconstituents.

These meteorologicalfactorsresultedin _e unusual combinationof a lengthy

accumulationperiodand a high scourfrom the intense rainfall. Several fall 1998

stormsfollowedthis pattern, These factors are important to take into account

when consideringhowrepresentative a particularsample result is given the

naturally occurring,and perhapsinfrequent seasonal influences.

Monthly Rainfall at STIA

12 45
_= actual

10 _ average 40 d

d 8 • cum 35-
i--_--svgcure 30 _-

6 2S'_
"_ 20 ._

2 lo =
5

0 , 0

Jul- Aug-Sep- Oct- Nov-Dec- Jan- Feb- Mar- Apt- May- Jun-
9g 99 99 99 99 99 00 00 00 00 00 00

Figure 2 Rainfall Summary

4.4 Grab Sample Results

The followingdiscussionincludesresultsfrom 39 grab samples collected inthe

past year, bringingthe 6-year totalto 399 total grab samples.
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4.4.1 Total PetroleumHydrocarbons(TPH)

The resultsfrom the currentyear presented in Figure 2 continue to demonstrate

that concentrationsof petroleum-typeconstituentsin STIA stormwater are

consistentlylessthan instormwater from other urban areas.

The TPH method was changed from an infraredabsorbance (IR) method (WTPH

418.1 )to a gas-chromatographic(GC) method (NWTPH-Dx.) in 1998. Only

results from the new method are discussedbelow. A previousAnnual Report

(POS, 1998a) demonstratedthat data from the old and new methodsare

comparable: The resultsindicate the following:

• STIA stormwateroverall continuesto have less petroleum-type constituents

than typical urbanrunoff. Duringthe past 3 years, more than 95 percent of

the 161 STIA resultswere less than the Bellevue, 1995 median (instream

samples) of 3.7 milligramsper liter (mg/I). All 39 samples in the past year

were belowthe Bellevue median. The overall STIA TPH median dropped from

0.4 to 0.3 mg/I because of lowresults in the past year. On the whole, TPH

was not detectedin 58 (36%) of a total of 161 samples taken since March

1998.

• Airfieldstormwater(SDS3, SDS4, SDN3, and SDN4) continuesto contain far

less TPH than runofffrom the landside subbasins(SDE4, SDN1, and TY.) To

date, median airfield "I'PH is 0.08 mg/I compared to the 1.0 to 2.5 mg/I median

levels for the four landside ouffalls. TPH was not detected in 43 (67 percent)

of the 64 airfieldoutfall samples analyzed bythe new method in the past

three years. The maximumTPH value of these 64 airfield ouffall samples

was 0.5 rag/I, whichis one haft the detection limitof the previousTPH (IR)

method of 1.0 mg/I. Current resultsare similar, with no new maxima. See

Figure 3.
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• Because most of the TPH detected in iandsiderunoff is motoroil, it is likely

attributableto cars and trucks. Figure 2 and the tabular data in Appendix B

showthat motor oil represents the majorityof the TPH at these outfalls

(SDE4, SDN1, and TY.)

• The IWS effectivelyisolates aviation-relatedfuel spillsand drips from the

stormdrains. For all ouffalis, measurements of diesel fractions,which would

represent certainconstituentsof aviation fuel (JP4, JP5, etc.) are typically

below detectionlimits (90% of the 161 samples), with a historicalmaximum of

0.8 mg/l. Consideringthat subbasins SDE4 and SDS3 are contiguouswith

aircraftservice (IWS) areas where fuelingtakes place, sample results for

these two ouffallsshow low incidenceof TPH. Up to 90% of the 30 samples

from SDE4 had TPH less than the 3.7 mg/! comparative value for urban

areas. More than 60% of the total of 30 SDS3 samples had non-detectable

TPH.

TPH-Dx in STIA Stormwater

Current Year Results (July 1999-June 2000)
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Figure 3 TPH for current year
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4.4.2 Fecal Coliform.s.

Overall, the median value for fecal coliformsin 302 samples to date is 42 per 100

ml, with morethan two thirdsof the results less than 200 per 100 ml. Relative to

the comparativevalues (Table 4), these overall results indicate that STIA

stormwatercontainsfewer fecal coliforms than typical urbanstormwater. More

than 81 percentof the 126 airfieldsubbasin samples taken to date showed fecal

colif0rmslessthan the Bellevue (1995) comparativevalue of 201 per 100 ml (see

Figure 4). Currentyear resultsfrom a total of 32 samples from six ouffalls

continuethis pattern,where 81 percent were less than the comparative value.

Feral GoliformsinIiTIA 8tormwster
c,m_ v.ernero(.kdy_-Jm*00)

2OO0
11C0
1O00

SDr=4 SDNluI: 8DN3 SDN4 SDS1 SDS3

Outfilll

rldmm_ bnl lit201rl00 ml mBeile_e (19M) mNmn
i

13mm_m,( MDL(2) rlmmcedw_ vlue - I/2 MDL (1)

Figure 4 Fecal Coliforms for Current year

There are numerous sources of fecal coliformsincludingfecal waste productsof

birdsand all mammals. Urban stormwateroften containsfecal coliformsat

sporadicallyelevated levels. Human sources, such as septage or sanitary

sewage are not always implicated as contaminants. Importantly,all fecal

coliformtestmethodsoften overestimate true fecal numbers, plus they are

susceptibleto interferencefrom non-pathogeniccoliform bacteria including

Klebsisllaspecies (U.S. EPA, 1986). Fecal coliforms are a presumptive
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indicator,meaning that if present, pathogens are presumed present as well,

which may not alwaysbe the case.

To remove these sources of uncertaintyand to better serve public health, the

U.S. EPA stated in 1986 that E. coil and enterococcus-basedmethods and

standardsshouldbe used bythe states (U.S. EPA, 1986) as a means of

measuringthe presence of pathogens. Ecologyis considering these changes in

the triennial reviewof water qualitystandardsprocess (WDOE, 1998, 2000b).

A method called the MicrobialSource Tracing (MST) technique matches

=fingerprints"isolatedfrom E. Coil bacteria DNA with those previously

characterized from known human and-animalsources. The University of

Washington'sSchool of Environmental Health developed thistechnique which

has been used in several surface water studiesin the region. Using the MST

technique,the limitedsamplingfor the Des Moines Creek Basin Plan showed

that some of the fecal contamination in the lower watershed was attributable to

human septage and that animal sourcesexist as well (KCDNR, 1997). Human

sources were less prevalent upstream nearer the airport, where dog and avian

sources togethercomprised up to 34% of the results. This study had limited

statisticalpower due to limitednumber of samples, plus a number of the isolates

were unmatchedwith known sources. The Port is usingthe MST technique to

identifypotentialsources inairport runoff. See Section4.7.3.

In past reports, the Port showed that sporadicallyelevated numbers of fecal

coliformswere found principallyin the landside subbasinSDE4. Of the six

current year resultsfor SDE4, only two samples showed elevated results, while

the remainingfour were less than 200 per 100 ml, well withinthe typical range for

STIA and otherregional stormwater(see Table 4). Nonetheless, the Port is

continuingthe sourcetracing study intendedto identifypotentialsources of

contamination. Preliminaryresults, includedin Section 4.7.3, do not indicate

sanitarysewage as a source in stormor baseflows. Uncontaminated baseflow
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samples indicatethat there is no continuoussourceof fecal coliformbacteria,

whether arisingfrom human, animal or other sources. Investigationsare

targeted for completionbythe end of the year.

4.5 Composite Sample Results

In the past year, the Port took a total of 38 flow-weighted compositesamples,

bringingthe six-year totalto 354 for all outfalis. The discussionof these

- compositesample resultsare segregated from grab samples because grab

samples represent only instantaneousvalues. Composite sample results,

especially those from samples that comprisethe entire hydrograph, represent an

average value or event-mean concentration(EMc) existingover a longer time

period. There were no non-representative compositesample results for the past

year. All compositesamples analyzed met representativeness cdteria of the

Procedure Manual.

4.5.1 SuspendedSolids and Turbidity

STIA outfallscontinue to dischargetypicallyless total suspended solids (TSS)

and turbiditythan urban areas. In the six-year samplinghistory at STIA, more

than 80 percentof the 327 TSS samples and 281 turbiditysamples were below

the comparativevalues of 50 mg/I, and 29 NTUs, respectively. As shown in

Figure 5 and Figure 6, the majorityof resultsfor the past year continue to be

consistentlylow.

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

less TSS and turbiditythan the two principaliandside subbasins (SDE4 and

SDN1). In the past sixyears, 86 percentof the 121 TSS results from the airfield

ouffallswere less than one-half the regionalcomparative median value. Because

these airfield ouffalisrepresent about 61 percent of the total SDS area, the data

show that the majority of STIA runoff is much lower in suspended material than

runoff from comparable regional urban areas.
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TSS in STIA Stormwater

Curnmt Year Data (July 99-Jmm 00)
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Figure 5 TSS for Current Year

Turbidity in STIA Stormwater
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Figure 6 Turbidityfor Current Year
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Unlikethe previousreportingperiod, inthe past year, there was only one storm

event associatedwith higher than typicalTSS and turbidity,which occurred at

SDN4 on July17, 1999. This one-time occurrencewas due to vehicle activity

disturbinga small area of soilson a nearby Port constructionproject. The

erosioncontrolBMPs already in place were adjustedto better prevent

recurrence. The next storm sample at SDN4 did not exhibitunusual TSS or

turbidity.

The Port'sconstructionerosion and sediment control program provideseffective

erosionand sedimentcontrols. The stormwater batch treatment system used

overthe past two seasonsfor the third runwayembankment project was highly

effective. Dischargesfrom this system always met water quality standardsfor

turbidity in MillerCreek, and infact, were typicallymuch cleaner than background

conditionsin the creek upstreamfrom the project (Tobiasonet al., 2000).

4.5.2 BiochemicalOxyqen Demand (BOD_

Resultsfor the past year continue to indicate overall low levels of BODs in STIA

stormwater. In 32 samples analyzed in the past year, the median BODs was 5.6

mg/I, and 57 percent of all samples were below the 6.6 mg/I regionalurban

comparator(BURP, 1984, see Table 4). The 95t_percentile of the samples

associatedwith routine,non-grounddeicingoperations was 22 mg/I. See Figure7.

Principalsourcesof elevated BODsconcentrationsin the past were associated

primarilywithinfrequent and short-lived winter weather episodes and ground

surface deicing. Duringthese events, acetate-based ground surface deicing

chemicalsare the primarysources of BODs. The Port discontinuedthe use of

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

few isolatedindicationsof limited BOD5contributions to stormwaterfrom aircraft

deicingglycols. The Port has rerouted drainagefrom a limitedarea near the

South Satellitethat can receive infrequent aircraft deicing/anti-icingfluids
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(ADAFs) when and if applied to aircraft at gates S3 and $4. See Section 4.7.3.

All other knowndirectsourcesof glycolshave been eliminated from the storm

drains through numerousBMPs (POS, 1998c).

In the past year, two limitedperiodsof winterweather occurred:January 11-12,

2000 and January 18-19, 2000. Section4.6 discusses these in more detail. The

minorsnowfallfrom the firstevent did not requireplowingor storage of snow in

the snowmelt BMP areas. There was no snowfallassociated with the second

event. Duringboth of these events, there were no dischargesfrom outfall SDN2,

which could drain the northsnowmelt BMP area inthe event of an IWS pump

stationbypass2. Compared to past years, snowfall and chemical usage,

includingaircraft glycols,was far less (POS 1998b, POS 1997b.) One sample

taken duringthe firstevent had an elevated BOD5 concentrationof 646 mg/l.

Bothevents were monitoredat key receivingstream stations as part of the

second-yearDissolvedOxygen Study(in press).

BOD5 in STIA Stormwater

Cummt Year Dam (Jwly _ 00)
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Figure 7 BOBs for Current Year

=The entre (_ainlgo area of outfall SDN2 was re-muted to the IWS in 1997 as a result of two BMPs.
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4.5.3 Metals

All data reported below are for total recoverable metals. It is importantto note

that WashingtonState Water Quality Standards (WAC 173-201A) apply to the

receivingwaters, not to the dischargesfrom a particularouffall. See the

discussionin Section3.3 concerning the STIA monitoringlocationsrelative to the

receivingstreams.

_ The Washington State water qualitystandards for copper, lead, and zinc are

based on the dissolvedfractionof the metal. Because of complex water

chemistry,only a portionof the dissolvedfraction is actually bioavailable (Hall et

al., 1997). Thus, directcomparisonsof dissolvedmetals withstandards may

resultin "falsepositives"where a sample is not actually toxic. Limited results for

dissolvedmetalsanalyzed in sourcetracing studiesappear in Appendix F. The

comparisons offered below are based on the total recoverable metal usingthe

non-specificpartitioningcoefficients providedin the water qualitystandards and

Ecology'sTSDCALC8 workbook. The applicationof site-specific coefficients for

these calculationswouldbe more appropriate.

4.5.3.1 Copper

Overall, in 257 samples in the past sixyears, the median copper value for all

outfallsis 0.025 mg/l. Airfieldand landside outfalldata in thiscase are similar,

withmedians ranging from 0.014 to 0.031 mg/l. See Figure 8. Generally, STIA

data are less than the 0.040 mg/I median for copper from the City of Portland's

samplingresults(City of Portland, 1993.) This comparison is more

representativeof ouffalldischargesthan the Bellevue, 1995 median of 0.01 mg/I

which was for instream stormwatersamples. However, note that the

comparators listedin Table 4 show that urbanrunoff typically exceeds standards

for copper.
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TR Copper in $TiA Stormwater
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Figure 8 Total Recoverable Copperfor CurrentYear

4.5.3.2 Lead and zinc

Samples from airfieldoutfalls continueto contain less lead and zinc

concentrationsthan typicalurban sources. Inthe six-year permit sampling

history,over 75 percentof the 257 results for copper, lead and zinc in all STIA

ouffallswere belowthe median for comparable regional data for commercial

areas. For the four airfieldoutfalls, which comprise more than 65% of the total

SDS, nearly all (morethan 97%) of the 120 sample resultsto date for lead and

zinc were less than the comparators.

These comparisonshave added significance giventhat the commercial/industrial

comparatorscited (see Table 4) are the most conservativedata available. Plus,

the lead and zinc comparators reflect instream sample concentrationsafter

ouffalldischargeswere mixed with receivingwaters. Thus, metals in the vast

majorityof STIA stormwater,especiallyairfield runoff,are far lowerthan those
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measured in otherlocaland regionalstudies. Current resultscontinue these

patterns, See Figure 9 and Figure 10.

Much of the airfieldoutfall lead and zinc data are below water qualitystandards.

All but one of 120 lead results in the past sixyears are below the standard of

0.039 mg/I calculatedat a hardness of 56 mg/I (Table 4.) Infact, lead was not

detected in49% of these 120 total samples. Airfield zinc was similar in that more

than 85% of the 120 resultsare less than the standard of 0.072 mg/I at 56 mg/I
m

hardness3. See Figure 9 and Figure 10.

It shouldalso be notedthat lead and zinc concentrationsmeasured in airfield

ouffallsamples were far lowerthan those inthe landside ouffallsamples were.

The overallmedian lead and zinc values for principalairfield outfalls SDS3 and

SDN4 were nearly5 times less than for the landside outfalls SDE4 and SDN1.

See Figure 9 and Figure 10. This difference is likelydue to the amount of

passenger and'servicevehicle usage inthe landside areas.

TR load in IrrlA Stonnwater
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Figure 9 Total Recoverable Lead for Current Year

a In two storms in 1999, hardness values in seven Miller and Des Moines Creek instream composite samples ranged fTom

41 to 74 rng/I wittt mmedimn of 56 mg/I.
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The landsidesubbasinsexperience considerablevehicle trafficwhere tire wear is

a likelysource of zinc (EPA 1993). Roads and parkingareas constitute more

than 50 percent of the impervioussurfacesdrainingto SDE4 and SDN1. The

lowerresultsfor the airfieldoutfallsamples are mostlikelyattributable to the fact

that airf'_idrunoffflows through grass areas prior to drainingto the piping

system. Certain portionsof landside subbasinsSDE4 and SDN1 will be

assessed for appropriate BMP retrofits,such as biofiltration,accordingto the

recent CSMP (POS, 2000).

TR Zinc in STIA 8tormwater
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Figure 10 Total Recoverable Zinc for Current Year

4.5.3.3 outliers

There were no copper, lead or zinc outliers that were associatedwith elevated

TSS and/or turbidityas was discussedin last year's Annual Report. However,

there was a new maximumcopper value from the SDS1 sample of July 2, 1999,

which is above the scale in the figure below. This copper result is believed
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attributableto an inappropriateconnectionnear the South Satellite that drains to

SDS1. The Port implementeda BMP for this situation in September 2000,

reroutingthe drainage to the IWS. See Section4.7.3.

4.5.3.4 Comparison of SDN1 sampling Stations

Copper and zinc in SDN1 samples from the currentstation continue to show

lower medianvalues than samples from the previousstationsampled until the

- end of 1996. This differenceis atldbutable to removingthe bias imparted by SR

518 runoffthat was inextricablycombined in samplesfrom the previous location4.

See Figure 11 and Figure 12. Therefore, the current station,"SDN1 up"continues

to provideresultsthat are more representativeof STIA runoff. Characterization

of SDN1 runoff shouldtherefore be limitedto the data beginningin 1997 that

excludesthe high bias imparted by runoff from non-Port entities. Data for the two

stations have been segregated and discussedseparately in this report and the

past three Annual Reports(POS 1999b, 1998a, 1997a.).

Comparison of 8DN1 Monitoring I.oc4_ons

aDNlup is cun_nt NPDFJ location

4 In October1996, 5_ePortchangedthe samplinglocationforSDN1 from manholeSDN1.27 (nowSDN1-56) to mantmle

SDN1-22 (nowSDN1-41), upgra_nt from 10.5 acresof IX_¢ road runoff. Ecologyapprovedthis action. Past annual
reportscoral=ereclarafrombothlocations.
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Note that despiteremovingthe bias from non-POS road runoff,SDN1 exhibits

higherzinc concentrationsthan other outfalls. The Port has tTacedthe source of

thiszinc to galvanizedmetal rooftops and is investigatingseveral BMPs. See

Section4.7.3.

It is importantto notethat the SDN1 dataset for either locationrepresents in-pipe

water qualityand not ina receivingenvironmentwith a bioticcommunity. The

samplinglocation,for reasons mentioned in Section 3.4, is several thousand

linear feet above the final dischargeto Miller Creelc Considerable chemical,

physicaland biologicalfactors exist between the samplingpointsand thisfinal

discharge point. These includeopen, natural channels and the Lake Reba

detentionpond system commonto the other three north-endoutfalis(SDN2,

SDN3, and SDN4) See the discussionof outfall monitoringlocationsin Section

3.3
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4.6 Deicing Event Samples

The permit requiressamplingand analysis for glycolsduring"deicing events'.

The Port conductsthissamplingaccordingto the Ecology-approved Procedure

Manual (POS, 1999a.)The glycoldata discussedbelow encompass mostly

compositesamples collectedduring periodsof aircraftdeicing, representing

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

_ samples as requiredfor outfalis SDS1 and SDN2.

4.6.1 Backqround.

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

BMPs that rerouteddrainage to the IWS from certain areas in four SDS

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

withinthese subbasinswere subject to aircraft servicing, includingperiodicADAF

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

performedas intendedover the past three years.

Two of these pumpstations divert runofffrom the entire SDN2 subbasinto the

IWS. In the past year, there were only two storms (December 15, 1999 and May

10, 2000) that resulted in bypasses from these pump stationsto the SDN2

ouffall. Bothbypasses were of very short durationcompared to the lengthof the

rainfallevent. As intended in the station design,these bypasses to SDN2

representedonlya fractionof the peak flows of the hydrograph.

The Port's Annual Glycol Reports (POS 2000a) detail ADAF (glycol) application

at STIA. These reportssummarize data reported bythe airlinesfor the volumes

of bothethylene and propyleneglycolapplied and number of aircraft treated each

day. The Federal AviationAdministration(FAA) authorizesonly ethylene and

propyleneglycolsfor aircraft deicing and anti-icing. Port tenants perform all

glycolapplicationat STIA (applied byairlines or their groundservice providers).
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Importantly,to ensure publicsafety, aircraftpilotsmake the ultimate decision on

whether to apply glycolsor not.

4.6.2 Results

Glycolshave been present infrequently,usuallylimited to the rare, one to two

day winter weather episodes, amountingto just a few days annually. In the past

year, glycolswere analyzed in a total of 33 samples from six ouffalls. The

majorityof sampleswere collected at the regularsampling locations(SDE4,

SDS3, and SDN4.) Total glycolconcentrationsranged from non-detectable to a

maximum of 801 mg/I in an SDS1 grab sample. Twenty four of these 33 results

(73 percent) were below the detection limit of 2 mg/l. The total number of aircraft

deiced in the dry period before samplingevents ranged from 3 to 261, with a

median of 31. Data appear in Figure 13 and are summarized in tabular form in

Appendix C. These results continueto indicatethat glycolsare typically absent

in STIA stormwaterdischarges.

In the past year, two limited periodsof winter weather occurred:January 11-12,

2000 and January 18-19, 2000. Duringthe firstevent, the minor snowfall of 2 to

3 inchesdid not require plowingbecause it melted rapidly with the ensuing

rainfall. The second event had no snow but was associatedwith heavy frost

formation on groundsurfaces during clear nightskies. In bothevents,

deicing/anti-icingchemicalswere applied to groundsurfaces during brief periods

of 24 hoursor less.

These were the only periods inthe winter of 1999-2000 when the Port applied

chemicalsto ground surfaces (primarily runways and taxiways.) Storms following

bothevents were sampled at various ouffalls. In additionto this NPDES

sampling,bothof these events were also monitoredfor the Dissolved Oxygen
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Study(POS, in press.) There were no dischargesfrom outfallSDN2 during

either of these eventss.

Snowfalland chemical usage in the past year, includingaircraftglycols, was less

than in previousyears. During the January 11-12 event, glycolresults were 12

mg/I, 801 mg/I and 364 mg/I at outfalls SDE4, SDS1, and SDS3, respectively.

The SDS1 resultwas from a grab sample while the others were flow-weighted

compositesamples.

Last year's annual report identifieda clogged IWS drain inletthat may overflowto

SDS3. Because of the proximityto certain gates of the C-Concourse, these

overflowscould be a potentialsource of glycols found sporadically in SDS3

samples. The Port correctedthis problem thisyear and the IWS drain inlet now

functionsproperly.

An elevated glycol result of 801 mg/I in the SDS1 sample of January 12, 2000

was associatedwithsubstantialaircraft deicing that took place nearby. Several

small area drainsnear gates $3 and $4 at the South Satellite receive limited

runofffrom a small area between the nearby IWS flush guttersand the building.

Only the forwardsections of larger aircraft may overhang thisarea, resultingin

the potentialfor ADAFs to enter the drains and SDS1 system. See Section4.7.3.

Though it is not certainthat ADAFs were appliedspecificallyto aircraft at the $3

and $4 gates, it is likelythat the glycolresult of 801 mg/I was attdbutableto at

leastone of the 15 aircraft deiced at the South Satellite on January 11-12, 2000.

The Port has implementedan appropriate BMP byreroutingthisdrainage to the

• IWS (September 2000).

sThe entiredrainagearea of outfallSDN2 was re-routedtothe IWS in 1997 as a resultof twoBMP$.
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Glycols in $TIA $tormwator
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Figure 13 Glycol results for Current Year

The Port has completed all samplingrequirements of Special Condition $2B4 for

deicingevents at outfalisSDS1 (003) and SDN2 (007). This permit condition

was added when the current permit became effective on March 1, 1998.

Previous annual reports have discussedhow the data signifythat the BMPs have

been effective and the intent of this monitoringrequirement is satisfied. As

allowed for in Special Condition$2B4, the Port has requested Ecology's

approval to cease this monitoring (POS, 1999e, POS, 2000b).

4.7 Other Results

The followingresultswere obtainedfrom samples taken for purposes other than

to satisfypermit conditionS2B.
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4.7.1 Field QualityControl Samples

The Port routinelycollectsduplicateand equipment blank samples during

NPDES samplingevents accordingto the Procedure Manual. Appendix E

summarizesthese results. The field equipment blanks taken in the past year

indicatethat samplingtechniques and equipment do not contribute a high bias to

sample results reported,notably for metals. These resultssupportthe efficacy of

the Port's "clean"samplingmethodsthat were developed for stormwater

_ monitoring,in particularfor the WET testing sourcetracing (POS, 1999d).

4.7.2 WET samples

As requiredby permit condition $10, The Port completed two roundsof whole

effluenttoxicity(WET) testing at the four principal outfalls(SDE4, SDS3, SDN1

and SDN4) inthe previousyear (1998-99). The final report summarizingthese

WET testingresultswas submittedto Ecology in May 2000 (POS, 2000c).

WET testingbioassaysused the two required aquatic test species: Daphnia

pu/ex (a daphnidor waterflea), and Pimephales promelas (fathead minnow.)

Results did not indicatetoxic conditionsin the stormwaterdischargessampled at

ouffallsSDE4, SDS3, and SDN4. Furthermore these resultsmet the

performancestandardsfor WET accordingto Ecology guidelinese. In contrast,

resultsfrom outfall SDN1 exhibitedtoxicity,where most samples did not meet the

performance standards. Final testingof SDN1 runoff in late 1999 showed that

the toxicitywas attributableto metals, most likelyzinc, leaching from galvanized

metal rooftops.The final WET testing report discussesthe source tracing data

that lead to thisconclusion. Appendix D contains the source tracing data for

SDN1 samplescollected in later 1999. The Port is currentlyinvestigatinghow to

remedy thissource of zinc.

o Performancestandardsforacute WET tests:the overage survivalin 100% effluentmust be at least 80%, and no single

samplemusthave lessthan65% sunnval(WAC 173-205)
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4.7.3 SourceTracinq Studies

Because certainsamplingresultshave indicatedthe possibilityof contamination,

the Port has conducted source tracingstudies aimed at identifyingand

characterizingpotentialcontaminantsources.Through past efforts, the Port has

already discoveredand eliminated several other sources of stormwater

contaminationin subbasinsSDE4, SDN1, and SDS4 that are discussed in

previousAnnual Reports7.

As discussedin the WET testing sectionabove, during the past year, the Port

investigatedand foundthe likelysource of toxicityexhibited in SDN1 samples.

These resultsfrom SDN1 are includedin Appendix D, and were elaborated

further inthe final WET characterizationreport submittedto Ecologyin May

2000. Other sourcetracing investigationsare summarized below.

4.7.3.1 SDE4 Source Tracing

The Port began studyingfecal coliformsin SDE4 dischargesin 1998 and

continuesto investigate causes of sporadicelevated resultsusingseveral

forensic techniques. The discussionsbelowfocus on results from storm

samples, baseflowsamples, microbialsourcetracing, measures of

contamination,and potentialsource characterization.Sample results from the

past year are summarized in Appendix F

4.7.3.1.1 Stormflow samples

To date, the median of the 46 NPDES stormevent grab samples from SDE4 is

280 per 100 ml, which is similarto median values at other STIA outfalls. See

Appendix B. Consistentwith past annual reports,source-tracingfindings

summarized below do not implicatesanitary sewage or other domestic

TSee POS 1997, 1998. Inappropriate¢onnac_onstothe mom,tdrainswere foundand eliminatedinsubbuins SDE4,
SDN1, and SDS4.
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wastewater as a cause of sporadicelevated numbers of fecal coliforms. Many

other studieshave shownthat fecal coliformsin stormwatercan be highly

variable withfrequent highlyelevated numbers. The BURP (1984) studyfound a

fecal coliformmedian of 980 per 100 ml in 326 instream stormwatersamples.

Fecal coliformswere often several thousand or more in the 200 stormwater

samples taken at instreamand ouffaUlocationsduringthe comprehensive

Bellevue (1995) study, which concluded that the high concentrations were

probablydue to animalwastes. Again, the fecal coliformtest is subject to

interferencefrom non-pathogenicbacteria. See the discussionbelow.

In the routineNPDES stormwater grab samples taken at SDE4 the Port has also

analyzed certainchemical indicatorsof potentialcontamination. See Appendix

E. Fecal coliformswere low (<50/100 ml) intwo samples where fluoride

concentrationssuggestedthe presence of domesticwater. Concentrations of

ammoniaand surfactantswere also lowin these samples, in addition, the

ammonia to potassiumratioswere also well below the 0.9 value generally

indicativeof wastewater8. These particularindicators have shown that the only

sporadicallyhighfecal coliformsfound inthese samples were not associatedwith

the presenceof wastewater. Consistentwith conclusionsin last year's annual

report, these findingspoint towardthe absence of sanitary sewage draining into
the SDE4 system.

4.7.3.1.2 Basefiow samples

Two roundsof baseflowsampling showed very lowcounts in SDE4 samples,

indicatingthe general absence of baseflow contamination. Importantly,these

findingsdemonstrate, as did last year's baseflowresults, that there were no

continuousdischarges of contamination. Thus, these resultseliminate the

possibilityof directcrossconnectionswith the sanitary sewer. This conclusionis

See Lalor, Pltt,=rid Fmld,(1993)
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furthersupportedby the sporadicnature of the elevated results in stormsamples

whichalso indicatea direct crossconnectionwith sanitary is unlikely.

No obvious inappropriatedrainage connectionswere found after reviewing site

plans and inspectingfield conditionsfor a numberof SDE4 manholes in August

1998. Sanitary sewer lines run parallelto SDE4 drain lines in several areas, but

in mostcases the sewer lines are below the stormdrain lines. Thus, the

potentialfor sanitary sewer leakage into SDE4 is limited. The field review

identifieda minorsource of wash water from the rental car wash attributableto

track-outbyvehicles. This source was corrected by an asphalt berrn added by

POS maintenance as a BMP in early 1999, divertingthe runoff to the lWS.

Another inappropriateconnection with rental car wash effluent was found and

corrected in 1997. It is unlikelythat these sources were associatedwith the

elevated fecal coliform numbers.

4.7.3.1.3 Microbia/ source tracing (MST")

The Port conducted seven roundsof microbialsourcetracing (MST) routines in

the first6 monthsof 2000 and plans to complete the remaining half of the MST

studybythe end of the year. This MST technique uses a special method of RNA

fingerprintingdeveloped by Professor MansourSamadpour of the Universityof

Washington'sSchool of EnvironmentalHealth. Several other local and regional

studies used thistechnique and attributedsome of the fecal contamination in

surface waters to multiple sources, includingdomesticanimals and septage (Trial

et al., 1993, King County 1995, Herrera, 1999). Ecologyrecognizes the MST

method as =...an excellent method for determiningsome of the sources of fecal

contaminationin a watershed" (Sargeant, 1999.)

Usingthe MST technique, King County (1997) attributedup to 64% of the results

in the lowerDes Moines Creek basinto human septage. In upstream samples

taken nearer the airport, human septage sources comprised 10% or less of the
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results, while avian and dog sourcestogether represented up to 34%. However,

the two roundsof MST analysis inthis King County studyprovide limited

statisticalpower and resulted in 36% to 59% unmatched results, which may also

be due to the limitednumber of "fingerprints"available in the database at that

time. Nonetheless,the study indicatedthat human sourceswere prevalent in

lower basinareas suggestingthat aging septic systems shouldbe addressed.

Samplingand MST work at STIA also aims to characterize potentialsources

present inSDS3 runoffand in Des Moines Creek near South 200thStreet. This

instream locationwas also sampled during the limited MST work done for the

Des Moines Creek Basin Plan (King County 1997). The Port's resultsto date

show very lowcounts in SDS3 runoff, which are consistentwith the 6-years'

samplingsummarizedin Section 4.4.2. Four baseflowsamples at SDS3 showed

non-detectablefecal coliforms. Instream resultshave varied more, with less than

100 per 100 ml infour baseflow samples, but up to 2000 or more intwo of six

stormsamples. The MST technique will characterize potentialsources indicated

for samplesfrom these stations. The Port plans to issue a separate report at the

conclusionof this study.

4.7.3.1.4 Measures of contamination

Another partof this studyexamines the potential relationshipsamong several

indicatorsof bacterialcontamination. Most fecal coliformbacteria are not

pathogenic,but are used to indicate contaminationfrom mammalian, avian, and

humanfecal waste products. Washington state water qualitystandards (WAC

173-201A) are based on fecal coliforTns. Importantly,this metricdoes not

distinguishactualsources, whether human, animal, or interference (false

positives)from other non-pathogeniccoliform bacteria such as Klebsiella

sepcies. For example, recent studiesin Colorado showed that Klebsiella

significantlyinterferedwith fecal coliform results, causing the potential for false
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exceedances of permit criteriafor a WVVTP and implyinghigher than necessary

disinfectantusage (Elmund et al., 1999).

For many years, various proponents, includingEPA, have suggested that other

metricswhichcorrelate better with actual measures of disease are more

appropriate(U.S. EPA, 1986). In 1986, the U.S. EPA stated that E. coil and

enterococci-basedstandards wouldserve public health better than fecal

coliformsand that states should change standards, effluent limitsand test

methods accordingly(U.S. EPA, 1986). The U.S. EPA issued an implementation

guidancedocumentthis year (U.S. EPA, 2000). Ecology'striennial review of

water qualitystandards, currently in progress, generallyconcurs with EPA, and

as of May 2000 Ecologyis considering E. coli and Enterococcusas alternative

standards (WDOE, 1998, 2000).

The Port's study has not yet examined E. coli numbers, but has analyzed

enterococcusin one round of sampling done in May, 2000, the results of which

appear inFigure 14. Some of these samples correlated well, but notably, the

samples from the routineSDE4 monitoringlocation had much lower

enterococcusnumbers than fecal coliforms.

4.7.3.1.5 Local source characterization

Another aspect of the Port's MST studyexamines and characterizes specific

potentialsourcesof fecal contaminationthat could contributeto SDE4. The

regionalE. coil database already contains thousands of genetic "fingerprints"that

are uniquefor humans and various species of mammals and birds. The Port's

studyhas already collected 16 local fecal material samples (mostly from birds)

that have been genetically typed and used to build the database with local

populationsof E. coli to increase the chance for matchingwith E. coli from STIA
stormwater.

42

AR 045712



Duringsourcesampling,a large colony of pigeonswas discovered roostingon

the rooftopsof the A-concourse. The guano depositshere indicate that this

colonyhas inhabitedthe area for a considerable time. Because this colony is

near aircraftgates, these birdsare being trapped and removed to eliminate the

safety ha:,ardposed for aircraftoperations. The guano depositswill be removed

when the entire A-concourse is demolished and removed this fall in preparation

for new concourse construction.

This studyalso collected samples of local municipalwastewater (MWW)

generated bySTIA and aircraftwastewater (AWW), knownas "biffy"waste. E.

co/i fromthese samples have been genetically typed to buildthe database with

localhumansources. Samples of MWW and AWW taken to date have shown

very highfecal coliform counts ranging from 39,000 to 48,000,000 per 100 ml

(membrane filtermethod; APHA, 1995). Importantly,the presence of high counts

in the AWW samples indicates that the toiletchemical added by the airlines has

limitedsanitizingeffects. This aspect shouldbe considered in spillresponse.
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Figure 14 indicator correlation
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4.7.3.2 Observations for SDS1 discharges

Several SDS1 stomwvatersamples and observationsin 1999 indicated limited,

but not severe contaminationfrom unusual sources. In additionto the two events

mentioned inthe last annual report,foam was again observed below the outfall

duringinitialrunofffrom stormssampled on July 2 and September 23, 1999.

Inconsistentanalyticalresultsand generally low levels of certain indicatorssignify

sporadic,low-level contamination,most likelyfrom washwater. Table 5 below

summarizes stormwatersamplingresults from last year and the current year.

Baseflowwas generally low or absent and did not exhibit foam. Dry-weather

dischargeswere not observed.

Fluorideconcentrationsnear 0.1 mg/l indicated that the stormwater runoff

contained lessthan about 10% domesticwater_ (potentiallywash water). In

addition,the ammoniato potassium ratios were also well below the 0.9 value

generally indicative of wastewater1°. But, the surfactants and phosphate results

indicated detergents/soapsto a limiteddegree.

Neither the Julyor Septemberevent samples showed significantsurfactants,

thoughthe Julysamples showed a higher percentage of polyphosphates that

couldbe attributableto soaps and/or detergents11. The sporadic indicationsin

these analytical resultsmay be because the slug of contaminantshad passed

before the samples were collected,while the foam persisted. Foam was not

observed duringvisits to the SDS1 ouffallon 19 other occasions in the past year,

includingstorms and dry weather (see Appendix G).

_.ocel dommlJcwateris tmate0 wtthfluoricleto a nominaltargetof 1 mg/I concentration(SPU, 1999)
,oSee Lalor, Pitt,andReid, 1993

"The differencebetweentotal dissolv_ lYnosl0norus(TDP) and solublereactivephosprmrus(SRP) canbe atlltbutaDteto

ttm presenceof po_phatee, = commonand significantcomponentof synthetic(:letergents(Sawyer and McCarty,
1978).
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Nonetheless,certainvisual observationsand the analyticalresults, especially the

March 12, 1999 sample, indicate the presence of detergentsand/or soaps. The

July2 composite sample also showed the highesthistoricalvalue for copper at

SDS1 and the zinc concentrationwas near the 75mpercentile. These results

denotethat the contaminantswere only discharged sporadically in limited

quantitiesduring stormfiowsand were not due to dry-weather discharges of

processwater.

Dye and flowtracing performed on October 13, 1999 confirmed that a number of

small area drains under the overhang of the South Satellite connect to the SDS1

system. Most of these inlets are sheltered from runoffor blow in. However,

several inletsnear gates $3 and SA receive runoff from a limited ramp area that

is between the nearby IWS flushgutter and these small area drains. Aircraft

and/or GSE servicing near these gates is believed responsiblefor the 1999 foam

observationsand the elevated glycolsfound in the January 12, 2000 sample at

SDS1 (801 mg/I, see Section 4.6.2). It is highlyunlikelythat runoff from South

188thStreet was associatedwith these observationsbecause no vehicle washing

or other commercial operationsexist in this additional drainage area of SDS1

downstreamof Port property. The Port recently eliminated these sources of

potentialstormwatercontaminationinSDS1 by reroutingthe drainage from the

South Satellite area drainsto the IWS.

4.7.3.3 Observations in SDS3 discharge on November 6, 1999

The runoffat outfall SDS3 from the November 6, 1999 storm event produced

considerablegreenishfoam belowthe outfall. Field investigationsthat day

revealed that this anomaly was attributableto the hydromulchthat had been

applied the previousday to an area of about 20 acres of the recently completed

taxiway constructionproject in the SDS3 subbasin. Because this hydromulch

had notfully cured, the rainfallwashed some of the conventionalgreen dye and

tacldier used in the mix intothe SDS3 system. The results from this sample did

not indicateunusual levelsof BODs, TSS or other constituentsmeasured (see
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AppendixB). Normally,the Port applies hydromuichas an erosioncontrol BMP

sothat it has sufficienttime to cure, achievingfull effectiveness prior to

forecasted rainfall. The Port has discontinuedthe use of the particular

hydromulchproductand now uses a faster curing mix.

4.7.3.4 Inappropriate connection in SDN1

During the sourcetracing studyconducted relativeto the WET testingresults, the

Port alsofoundan inappropriateconnectionto the stormdraininthe SDN1

subbasin. A slotdrain serving several loading docks E9-E13 along the east side

of the number2 AFCO (previously"Avia') buildingconnectsto manhole SDN1-

19 via a 6" PVC pipe. This drain was temporarily pluggedimmediately after

findingit. A permanent plugwas installed recently. Drainage from the

surroundingarea now flows to the adjacent slot drain, which was verified as

already connectedto the IWS.

4.80utfall Inspections

Appendix G summarizesthe visual observations made at outfalls during the past

year. The numberof instancesexceeds the minimum of 3 wet season

inspectionsrequiredby the permit and reflected in the SWPPP (POS 1998c.)

Most outfallswere visited more than 20 times in the past year duringroutine

monitoringequipment deploymentand maintenance, indications of potential

problemswere limitedto 3 occasions at outfalls SDS1 and SDS3 as discussed

earlier inthis report. The annual dry-weather inspectionwas conducted during

September 1999. Visual observationsrecorded during these inspectionsdid not

indicateproblemsassociatedwith baseflows or other dry-weather flow.
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5 CONCLUSIONS

Stormsample resultsfrom the past year continueto supportthe conclusions

reached in previousannual reports that STIA stormwatercompares favorably to

othercomparable regionaldata, even with instream stormwater data.

Constituentsand concentrationsof concem at STIA have been generally

associatedwithspecificactivitiesor locations,and usuallynot routinerunoff.

The Porthas implementedvarious BMPs to address specificfindings of the

stormwatermonitoringprogram. The data generally indicatethat these BMPs

have been effective. Still,the Port continuesto investigate other issues to

resolveproblemsindicatedbythe data.

Samplinglocationsfor certainoutfallsare in-pipe or are well above the final

dischargepointto receivingwaters. Because these locations do not account for

the influenceof otherfactors prior to discharge, namely detention, it is not

appropriate to compare the STIA data to water qualitystandards. Addressingthe

suggestionsbelow may lead to more appropriate locationsfor assessing the

relevance of STIA dischargeswith respect to water quality standards.

In additionto completingall requiredroutine stormwatersampling, the Port

accomplishedthe followingpro-activemeasures in the past year.

1. Corrected an inappropriatedrainage connection from a loading dock drain to

the SDN1 stormdrainagesystem.

2. Corrected a clogged IWS drain inlet that may overflowto the SDS3 storm

drainage system.

3. Confirmedthe likelysourceof toxicityexhibited in SDN1 WET tests.

4. Discoveredthe sourceof infrequentcontamination in SDS1 samples. This

drainage from several area drains under the South Satellite overhangs near

gates $3 and $4 was re-routedto the IWS in September 2000.
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5. Completedthe firsthaft of the SDE4 MST fecal coliformsource tracing

project.

6. Completeda secondyear of receivingwater and outfall monitoringto assess

dissolvedoxygenduringrunway deicingevents

The past year's monitoringeffortslead to these suggestions:

1. Complete the investigationof possible sources of fecal coliformsin SDE4

discharges,

2. Studyhow the Port couldconsolidate samplinglocations. Instead of four

locationsfor ouffallsSDN1-SDN4, sample at a single pointat the Lake Reba

detentionfacilityoutletthat integratesdischargesfrom all four outfalls. This

locationwouldbe more representative of dischargeswhere they enter the

receivingwaters. This locationalso accountsfor the stormwater's contact

with naturalchannels and detention priorto ultimate dischargeto Miller

Creek. These factors are not represented inthe currentsampling locations.

Examine the benefitsprovidedand risks engendered by sampling at this new

location. Considera similar approach for several Des Moines Creek ouffalls

(SDS5-SDS7).

3. Test several stormwatertreatment technologies, includingmedia filtration,to

determine if they are a technicallyand cost effective BMP to considerfor

alleviatingroof runoffwater qualityproblems.

5O

AR 045720



6 REFERENCES

1. APHA, 1995. Standard Methodsfor the Examination of Water and

Wastewater. 19th Edition. American Public Health Association,WA DC,

1995.

2. Bellevue, 1995. Characterization and Source Control of Urban Stormwater

Quality. UtilitiesDepartment, City of Bellevue, Bellevue, WA March 1995.

_. 3. BURP, 1984 (Pitt, R. and Bissonnette,P, 1984). Bellevue Urban Runoff

Proqram, Summary Report. City of Bellevue, Storm and Surface Water

Utility,Bellevue, WA. June 25, 1984.

4. Chui, T.W., Mar, B.W., and Homer, R.R, 1982. PollutantLoadinq Model for

Hiqhway Runoff. Journal of the EnvironmentalEngineeringDivision,

Proceedingsof the American Society of Civil Engineers, Vol 108, No. EE6,

December, 1982.

5. Hall, John C, et al., 1997. Water Quality Criteriafor Copper. Water

EnvironmentTechnology, June 1997 (Vol. 9, No. 6).

6. Hen'era, et al., 1999. City of Blaine StormwaterManagement Program

Implementation:Fecal coliformBacteria Source Tracking Report. Prepared

for Cityof Blaine,Washington and Earth Tech Consultantsby Herrera

EnvironmentalConsultantsand Dr. Mansour Samadpour, University of

Washington. July 26, 1999.

7. Homer RoR.,and Homer C. R., 1996. Impactson AquaticEcosystems and

Organisms of Airplane and Airport Runway DeicingChemicals: A review of

the Scientificand Technical Literature. Prepared for the Port of Seattle.

September 1996.

8. King County, 1995. LittleSoos Creek MicrobialSourceTrackinq: A Survey.

Prepared by Dr. MansourSamadpour and Naomi Checkowitzof the

Universityof Washington for King County Deparlment of PublicWorks,

Surface Water Management Division. August, 1995

9. KCDNR, 1997. Des Moines Creek Basin Plan. Appendix B. King County

Department of Natural Resources. June 1997.

51

AR 045721



10.Lalor, M.M.; Pitt, R.E., and Field, R. 1993. Analysisof NPDES Storrnwater

Permit Field ScreeninqData to Identify Inappropriate Discharqe Sources in

Residentialand CommercialLand Use Areas..Water Environment

Federation,AC93-042-004. 66_ Annual Conference and Exposition,October

1993.

11. METRO, 1982 (Galvin,D. and Moore, R.). Toxicants in Urban Runoff,

METRO Toxicant Program, Report #2, U.S. EPA Grab #P-000161-01, Lacey,

WA, December, 1982.

12. NURP 1983. Results of the Nationwide Urban Runoff Pro,qram. Vol 1, final

Report. U.S. Environmental ProtectionAgency, Water Planning Division,WA

DC, December 1983

13. Portland,1993. City of Portland, Multnomah Drainage Region #1, Peninsula

Drainage Region #1, Peninsula Drainage Region #2, Part 2 NPDES

MunicipalStormwater Permit Application. May 1993.

14.POS, 1995. AnnualStormwater MonitorinqSummary Report: Water Quality

Data of the Discha_es from the Storm Drainaqe System. Sea-Tac

InternationalAirport,Seattle WA. Prepared by Resource Planning

Associatesfor the Port of Seattle, August 30, 1995

15.POS, 1996. Annu__!Stormwater MonitorinqReport for the period July 1, 1995

throuqh June 30, 1996. ScottTobiason, Port of Seattle, November 18, 1996.

16.POS, 1997a. AnnualStormwater MonitodnqReport for Seattle Tacoma

InternationalAirportfor the period July 1, 1996 throuqhMay 31, 1997. Scott

Tobiason, Portof Seattle, September 29, 1997.

17.POS, 1997b. Annual Glycol Report. Attached to Letter to WDOE (Lisa

Zinner) from Portof Seaffie (Michael Feldman), April 30, 1997

18.POS, 1997c. StormwaterReceiving EnvironmentMonitoring Report for

NPDES Permit No. WA-002465-1. Port of Seattle, June 1997.

19.POS, 1998a. Annual Stormwater MonitorinqReport for Seattle Tacoma

InternationalAirportfor the Peirod June 1, 1997 throuqh June 30, 1998. Port

of Seattle, November 1998.

52

AR 045722



20. POS, 1998b. Annual Glycol Report. Attachedto letter to WDOE (Lisa

Zinner) from Port of Seattle (Michael Feldman), May 22, 1998.

21. POS 1998c StorrnwaterpollutionPreventionPlan (SWPPP)for Seattle-

Tacoma InternationalAirport. November 1998.

22. POS, 1999a. Procedure Manual for Stormwater MonitorinQ. Sea-Tac

InternationalAirport, Seattle, WA. Revision6 April 22, 1999.

23. POS, 1999b. Annual Stormwater MonitorinqReport for Seattle Tacoma

InternationalAirportfor the Peirod June 1, 1998 throuqhJune 30, 1999. Port

of Seattle, September 1999.

24. POS, 1999c..Dissolved Oxygen ,DeicingStudy. Agency Review Draft by

CosmopolitanEngineeringGroup, August 1999.

25. POS 1999d. Adapting Clean SamplingTechniques for POS NPDES

Stormwaterand other Stormwater MonitoringProject Needs. Scott Tobiason,

Portof Seattle, Aviation EnvironmentalPrograms. Dratt 6/5199

26.POS 1999e. Letter to Ecology(Kevin Fitzpatrick)from Port of Seattle

(Michael Feidman). Dated September 30, 1999

27. POS 2000. PreliminaryComprehensive Stormwater Manaqement Plan for

Seattle-Tacoma InternationalAirport.

28.POS 2000a. Annual Glycol Report for Seattle-Tacoma International Airpo_:

29. POS 2000b. Letter to Ecology(Kevin Fitzpatrick)from Port of Seattle (Michael

Feldman). Dated May 16, 2000.

30. POS 2000c. StormwaterWhole EffluentToxicity (WET) Testin,qat Seattle-

Tacoma InternationalAirport:Final Repot1 May 2000.

31.Sargeant, D. 1999. Fecal Contamination Source Identification Methods in

SurfaceWater. Department of Ecology Report #99-345. See also

httpJIwww.ecy.wa.govlbiblio199345.html

32. Sawyer and McCarty, 1978. Chemistryfor EnvironmentalEn.qineerinq

Third Edition. McGraw-Hill, Inc. © 1978.

33.SPU, 1999. Water QualityAnalysis: 1999 AnnualAnalysis of Cedar & Tolt

Water Supplies

http:llwww.ci.seattle.wa.uslutillserviceslWaterQualitylanalysis.htm

53

AR 045723



3.4.SPSS, 1999. SPSS forWindows, Base System User's Guide. Release 9.0

SPSS Inc., Chicago IL, © 1999.

35.Tobiason, S.; Jenkins,D; Molash, E.; Rush, S. 2000. Polymer Use and

Testingfor Erosionand SedimentControl on ConstructionSites: Recent

Experiencein the PacificNorthwest. In Proceedingsof Conference31,

February21-25, 2000. InternationalErosionControlAssociation.

36.Trial et al., 1993. BacterialSourceTrackinq:Studies in an Urban Seattle

Watershed. PugetSound Notes, No. 30, April1993.

37.U.S. EPA, 1993. Storrnwaterdischarqespotentiallyaddressed by Phase II of

the NPDES pro,qram.Draft report to Congress. October 1993.

38.U.S. EPA, 1986. AmbientWater QualityCriteria for Bacteria - 1986. U.S.

EnvironmentalProtectionAgency. EPA-440/5-84-002.

39.U.S. EPA, 2000. ImplementationGuidancefor AmbientWater Quality Criteria

for Bacteria - 1986. U.S. EnvironmentalProtectionAgency. EPA-823-D-00-

001. DraftJanuary 2000.

40. WDOE 1999. NationalPollutantDischar,qeEliminationSystem permit No.

WA-002465-1, effectiveMarch 1, 1998. Modificationdate January 25, 1999

by WashingtonDepartmentof Ecology,Olympia, WA

41.WDOE, 1991. SupplementS-6 to StatisticalGuidance for EcologySite

Manaqers.

42. WDOE 1998. Setting Standardsfor the BacteriologicalQualityof

Washington'sSurface Waters. PreliminaryReview Draft DiscussionPaper.

Water QualityProgram,Olympia,WA. January 1998.

43. WDOE 2000. Setting Standardsfor the BacteriologicalQuality of

Washington'sSurface Waters. Preliminary Review Draft DiscussionPaper.

Water Quality Program,Olympia,WA. May 2000.

54

AR 045724



APPENDICES

55

AR 045725



(thispage intentionallyblank)

56

AR 045726



APPENDIX A STORM EVENT HYDROLOGIC AND HYDRAULIC DATA

Table t

MonthlySummaryof DailyRainfallat STIA
source: NWS rain POS rain 99

Jul- Auq- Sep- OCt- Nov- Dec- Jan- Feb- Mar- Apr-IMay-00! Jun,
1 0 0 0 0 0 0.23 0.27 1.34 0 0 0.16 C
2 0.3 0 0 0 0 0.34 0 0 0.37 0 0.02 C
3 0.021 0.21 0 0 0.06 0 0.27 0 0.34 0 0.24 C
4 0 0.06 0 0 0! 0.19 0.31 0 0.39 0 0.14 C
5 0 0.07 0.02 0 0.2g 0.151 0i 0.06 0 0.02 0.05 0.01
6 0 0.25 0 0.01 0.38 0.39 0.03 0 0 0.12 0 0.1
7 0 0.07 0 0.21 0 0 0.21 0.34 0 0 0 0.05
8i 0 0.01 0 0.65 0.26 0.3 0.31 0.74 0.04: 0 0.12 0.15
9 0 0 01 0.01 0.84 0.15 0.2 0.01 0.05i 0i 0.74 0.1

10 0 0 0 0 0.54 0.01 0.19 0 0.1 0 0.61 0.06
11 0 0 0 0.09 1.06 0.04 0.05 0 0.03 0 0 0.55
12 0 0 0 0.011 1.51 0.86 0.22 0J 0 0 0 0.56
13 0 0.02 0 0.02 0.3 0.12 0.1 0.01 0.46 0.35 0 0
14 0 0 0 0 0.01 0.14 0.29 0.5 0.03 0.14 0 0
15 0 0.17 0 0 0.08 1.4 0 0.01 0.04 0.13 0 0
16 0.51 0 0 0 0.47J 0.09 0.28 0 0.22 0 0 0
17 0.19 0 0 0 0.14 0.33! 0.01: 0 0.05 0 0 0
18 0 0 0.01 0 0 0i 0 0 0.18 0 0.4 0.01
19 0 0 0 0 0.28 0.08 0.08 0 0 0 0 0
20 0 0 0 0 0.8 0 0.15 0 0 0 0 0
211 0 0 0 0 0.09 0 0.19 0.19 0 0.1 0.09 0
22 0 0 0 0 0.17 0 0.02 0.61 0.44 0.01 0 0
23 0 0 0.07 0.03 0.02 0 0 0 0 0.1 0 0
24 0 0 0.08 0 0.32 0 0 0 0 0i 0 0.01
25 0 0i 0 0.14 1.03 0 0.1 0.27 0 0.34: 0 0
26 0 0 0 0 0.13 0 0 0.25 0 0 0.18 0
27 0 0 0 0.3 0.3 0 0 0.17 0.06 0.07 0.17 0
28 0 0 0 0.25 0 0 0 0.11 0.01 0.1 0.07 0
29 01 0.06 0 0.06 0.2 0 0 0.65 0.01 0 0.08 0
30 0 0 0 0.38 0.31 0 0.03 0 0 0 0.02 0.01
31 0 0 0 0.1 01 0 0.46 0 0 0 0.04 0

1.02 0.92 0.18 2.26 9.59 4.82i 3.77 5.25 2.82 1.48 3.13 1.61
NWSav,q 0.79 1.1 1.79 3.48 6.05 5.92! 5.7 4.21 3.75 2.51 1.66 1._4

1.02 1.94 2.12 4.38 13.97 18.79 22.56 27.81 30.63 32.11 35.24 36.85
av.qcum 0.79 1.89 3.68 7.16 13.21 19.13 24.831 29.04 32.79 35.3 36.96 38.4

12-month 36.85
12-month NWS avg 38.4
Departurefrom avg -4%
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APPENDIX B TABULAR NPDES SAMPLE DATA SUMMARIES
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APPENDIX C TABULAR DEICING EVENT SAMPLE DATA SUMMARIES
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APPENDIX D WHOLE EFFLUENT TOXICITY SAMPLE DATA SUMMARIES
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APPENDIX E OTHER SAMPLE DATA
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APPENDIX F SOURCE TRACING SAMPLE DATA SUMMARIES
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SDE4sourcetracin_analysesin routineNPDES GrabImmDies

: firstflush_rab! 02-JuI-g91SDE4070299 _lrab g00 6.6t0.993 ;2.96 ,0.34 t0.175 10.527:101 28
!firstflush _lrabf16-Nov-gglSDE4 111699GRAB >1600 6.3
firstflushgmb!24-Nov-gglSDE4112499 GRAB 21 6.9:0.391 10.74 10.53 10.34910.352:92.0 34
firstflushQrab104-Dec-9916DE4120499 grab 50 6.810.388i0.987 ;0.3g ,0.617 10.100:79.4 32
firstflush_rab!13-Mar-O0!SDE4 031300 _Irab 170 : 6.7,
firstflush _rab: 13-Apr-001SDE4041300 GRAB 130 ' 6.7
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Table I. Stormwater data for the Sea-Tac Airport microbial source tracking study.

Fecal coliform Enterococcus No. of

Site Da_rl'ime Sample ID Event (CFU/100 mL) (_ (CFU/100 mL) Q Isolates

SDE4-065 4/12/00 11:10 $D_5041200-1 Base 1+2 8 E NA
SDF_-065 4/12/00 12:30 SDE4-065041200-2 Base 1+2 2 L NA
SDE4-996 4/12/00 10:05 SDE_996041200-1 Base 1+2 2 L NA
SDE4-996 4/12/00 12:10 SDE4-996041200-2 Base 1+2 2 L NA
SDS3-OUT 4/12/00 13:05 SDS3-OUT041200-1 Base 1+2 2 L NA
SDS3-OUT 4/12/00 14:25 SDS3-OUT041200-2 Base 1+2 2 L NA
DMC-200 4/12/00 11:32 DMC-200041200-1 Base ]+2 8 E NA
DMC-200 4/12/00 14:00 DMC-200041200-2 Base 1+2 6 E NA

SDE4-065 4/25/00 9:15 SD_-065042500-1 Stonnl+2 2,700 NA
SDE4-065 4/25/00 11:00 SDE4-065042500.2 Storm 1+2 160 E NA
SDE4-017 4/25/00 8:40 SDEA-017042500-1 Storm 1+2 290 NA
SDE4-017 4/25/00 11:30 SDE4-017042500.2 Storm 1+2 700 NA
SDE4-996 4/25/00 8:15 SDE4-996042500-I Storm 1+2 260 NA
SDE4-996 4/25/00 10:40 SDE4-996042500.2 Storm 1 �h�42NA
SDS3-OUT 4/25/00 10:15 SDS3-OUT042500-1 Storm 1+2 41 NA
SDS3-OUT 4/25/00 12:20 SDS3-OUT042500-2 Storm 1+2 19 NA
DMC-200 4/25/00 10:00 DMC-200042500-1 Storm 1+2 2,000 NA
DMC-200 4/25100 11:50 DMC-200042500-2 Storm 1+2 1,900 NA

SDE4-B 4/25/00 8:10 SDE4-996042500-B Storm 1+2 1 L NA NA

SDE4-065 5/8/00 0:00 SDF_-065050800-1 Storm 3 1,300 NA
SDE4-017 5/8/00 0:00 SDE4-017050800-I Storm 3 1,440 NA
SDE4-996 5/8/00 0:00 SDE4-996050800-I Storm 3 22 E NA
SDS3-OUT 5/8/00 0:00 SDS3-OUT050800-1 Storm 3 64 NA
DMC-200 5/8/00 0:00 DMC-200050800-1 Storm 3 560 NA

SDE4-B 5/8/00 0:00 SDE4*996050800-B Storm 3 2 L NA NA

SDE4-065 5/9/00 0:00 SDE_065050900-1 Storm 4+5 3,200 E 660
SDE_:4)65 5/9100 0:00 SD_5050900-2 Storm 4+5 5,200 760
SDE4-017 5/9/00 0:00 SDE_017050900-1 Storm 4+5 2,400 E 3,600 E

SDE4-017 5/9/00 0:00 SDE4-017050900-2 Storm 4+5 540 1, )60
SDE4-996 5/9100 0:00 SDE4-996050900-1 Storm 4+5 800 220 E

SDE4-996 5/9/00 0:00 SDE4-996050900-2 Storm 4+5 1,180 1,140
SDS3-OUT 5/9/00 0:00 SDS3-OUT050900-1 Storm 4+5 102 114

SDS3-OUT 5/9100 0:00 SDS3-OUT050900-2 Storm 4+5 38 72
DMC-200 5/9100 0:00 DMC-200050900.1 Storm 4+5 700 l l 0

DMC-200 5/9/00 0:00 DMC-200050900-2 Storm 4+5 700 1,480

SDE4-B 5/9/00 0:00 SDE4-996050900.B Storm 4+5 2 E 2 L NA

SDS3-OUT 5/15/000:00 SDS3-OUT051600-I Base3+4 2 E NA
SDS3-OUT 5115/00 0:00 SDS3-OUT051600-2 Base 3+4 2 E NA
DMC-200 5/15/00 0:00 DMC-200051600-1 Base 3+4 52 NA
DMC-200 5/15/00 0:00 DMC-200051600-2 Base 3+4 70 NA

SDE4-B 5/15/00 0:00 SDE4-996051600-B Base 3+4 1 L NA NA

SDE4-065 5/26/00 0:00 SDE4-065052600-1 Storm 6+7 520 NA

rz_uosrrmt_0AppendixF ]-]errera Environmental Consultants
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Table I. Stormwater data for the Sea-Tac Airport microbial source tracking study.

Fecalcoliform Enterococcus No. of

Site Date/Time Sam_,le 03 Event (CFUIIO0 mL) Q (CFU/100 mL) Q Isolates
SDE4-065 5/26/00 0:00 SDF.A-065052600-2 Storm 6-_7 1,060 NA
SDE4-OI 7 5/26/00 0:00 SDF.A-O17052600-1 Storm 6+7 320 E NA
SDE4-0] 7 5/26/00 0:00 SDE4-0] 7052600-2 Storm 6+7 660 NA
SDE4-996 5/26/00 0:00 SDE4-996052600-1 Storm 6+7 440 NA

SDE4-996 5/26/00 0:00 SDE4-996052600-2 Storm 6+7 100 I: NA
SDS3-OUT 5/26100 0:00 SDS3-OUT052600-1 Storm 6+7 90 NA

SDS3-OUT 5/26/00 0:00 SDS3-OUT052600.2 Storm 6+7 54 NA
DMC-200 5/26100 0:00 DMC.200052600-1 Storm 6+7 2,160 NA

DMC-200 5/26100 0:00 DMC,200052600-2 Storm 6+7 1,040 NA
SDE4-B 5/26/00 0:00 SDE4-996052600-B Storm 6+7 2 L NA NA

SDE4-065 6/6/00 0:00 SDE4-065052600-1 Storm 8+9 220 E NA
SDE4-065 6/6100 0:00 SDE4-065052600-2 Storm 8+9 2.200 E NA
SDE4-017 6161000:00 SDE4_17052600-1 Storm 8-,-9 600 NA

SDE4-017 6/6/00 0:00 SDE4--017052600.2 Storm 8+9 I0,000 NA
SDE4-996 616/00 0:00 SDE4-996052600-1 Storm 8+9 2 E NA
SDE4-996 6/6/00 0:00 SDE4-996052600-2 Storm 8+9 40 E NA
SDS3-OUT 6/6/00 0:00 SDS3-OUT052600-I Storm 8-_9 4 E NA
SDS3_OUT 6/6/00 0:00 SDS3-OUT052600-2 Storm 8+9 60 E NA
DMC-200 6/6/00 0:00 DMC-200052600-1 Storm 8-t-9 66 NA
DMC-200 6/6100 0:00 DMC-200052600-2 Storm 8+9 ]48 NA

SDE4-B 6/6/00 0:00 SDE4-996052600-B Storm 8+9 2 L NA NA

SDE4-065 6/I2/00 0:00 SDE4-065052600-1 Storm 10+11 2.800 E
SDE4-065 6/12/00 0:00 SDE4-065052600-2 Storm 10+11 1.600 E
SDE4-.0I 7 6/12/00 0:00 SDE4-017052600-1 Storm lO+l I 400 E
SDE4-017 6/12/00 0:00 SDE4-017052600-2 Storm lO+l I 3.800 E
SDE4-996 6/12/00 0:00 SDE4-996052600-1 Storm l 0+1 ] 1,400 E
SDE4-996 6/12/00 0:00 SDE4-996052600-2 Storm 10+I l 6,_

SDS3-OUT 6/12/00 0:00 SDS3-OUT052600-1 Storm 10+11 60
SDS3-OUT 6112/00 0:00 SDS3-OUT052600-2 Storm 10+11 $4

DMC-200 6112/00 0:00 DMC-200052600-1 Storm 10+I l 120 E
DMC-200 6/12/00 0:00 DMC-200052600-2 Storm 10+11 $20

SDE4-B 6/12/00 0:00 SDE4-996052600-B Storm 10-_-1] 2 L NA

NA "=notanalyzed
Qalifiers (Q):
L = less than indicated deteClaOn]im/t

E = estimated due to less than 20 colonies counted

r'z_eosmst_DOAl_qldixF Herrera Environmental Con_uJtan_
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APPENDIX G OUTFALL INSPECTION SUMMARY
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