
J
J

1 Annual Stormwater Monitoring Report
]
J for

].
J Seattle-Tacoma International Airport

for the period July 1, 1996 through May 31, 1997

]
Port of Seattle

-I I"
1 September 29, 1997

1
| prepared by Scott Tobiason

i Port of Seattle Environmental Services

I
I RECEIVED

FEB 88 2OOZ

I DEPTOFECOLOGY

AFt033510

I Exhibit-2090



J

I
Introduction

,1
This report is submitted to the Washington Department of Ecology (WDOE)n

I j_ pursuant to Special Condition S.9 of the NPDES permit. This report collects and
analyzes stormwater data collected in the past 4 quarters. Water quality data

J from STIA's stormwater discharges is compared to relevant regional and national
data on both a concentrationand unit load basis. Because many capital BMPs

J were institutedduring the current data collection period, improvements in water
quality will be discussed in more detail in the next annual report.

j J Figure 1 shows the individualstormwater drainage basins and the STIA

n

Stormwater Management Boundary. Note that only colored subbasins drain to theB

J storm system, white or blank areas near the terminals and gates drain to the
Industrial Waste System (IWS) which drains runoff to the IndustrialWaste

pl. Treatment Plant (IWTP). Monitoringdata from the IW'I'P are not included in this -_
report.

J Sources of Reported Data

J Data reported and analyzed in this annual report are limitedto discharges from
stormwater ouffalls only and include:

J • Quarterly and annual monitoring required by the NPDES permit;

I • Sampling specified by the Stipulated Agreement (Brasher, et. al., 1995);I!

j • Stormwater Receiving Environment Study (SRES, Condition S.8 of theSTIA NPDES permit), and

J runway deicing study described in last year's annual report.
The washoff

I Note that data previouslysubmitted to Ecology in the monthly discharge
II monitoring reports (DMRs), was data for only those storms and sampling routines

Iil AR 033511
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| Glossary

,!
=1 AMA AircraftMovementArea (mainlyrunways,taxiways)

AOA AirportOperationsArea (includesAMA, ramps,etc.)

I- BMP bestmanagementpractice
BODs 5-daybiochemicaloxygendemand

I BTEX benzene, toluene,ethylbenzene,andxylenes
t, DMR dischargemonitoringreport

i FOG fats,oilsandgreasem GSE groundsupportequipment
IWS industrialwastesystem(includingthe piping)B

!1 IWTP industrialwastetreatmentplant
LCs0 concentrationprovinglethalto 50% of test poulation

II MDL methoddetectionlimit
41B

NPDES National Pollutant Discharge EliminationSystem

J NTU nephelometricturbidityunitppb partsperbillion,same as pg/Ior ppm/1000

11 ppm partspermillion,same as mg/I
,i SRES StormwaterReceivingEnvironmentStudy,Permitcondition$8

SRP solublereactivephosphorus

J STIA Seattle-TacomaInternationalAirport
SWPPP StormwaterPollutionPreventionPlan

! TDP total dissolvedphosphorus
TPH totalpetroleumhydrocarbons

J TSS total suspendedsolids,WAC WashingtonAdministrativeCode

J
,!
-j

J .v AR 033517



I

L.

I

(this page intentionallyblank) !

=

i

l

J

,j
.J
]
]

_]
vi

AR 033518 ]



!

| Executive Summary

This report is provided to the Department of Ecology as required in Special!

Condition $9 of the NPDES Permit (WA-002465-1) for the Seattle-Tacoma

I International Airport (STIA). The report presents and reviews data collected fromL

STIA stormwater outfallsonly for the period of July 1996 through May 1997. This

I report does not cover the airport's IndustrialWaste System (IWS). Permit-
D required data that describe the storms sampled in the period appear in Appendix

I A. All analytical data are summarized in figures inthe ensuing report and aret tabulated in Appendix B.

I The Port of Seattle complied with all stormwater monitoring requirements specifiedI

in the STIA airport NPDES permit. In early 1997, the Port completed and

concluded all sampling required by the Stipulated Agreement (Brasher, et. al.,P

1995). A permit modificationin August 1996 added sampling requirements for

I three additional outfalls, SDN4 (011), B (013), and D (015). The Port completed
three consecutive quarters of monitoringfor outfalisB and D and will reduce future

J monitoring to an annual basis as allowed by the NPDES permit.

i Consistent with the previousAnnual Report (POS, 1996a), the current resultscontinue to show very positive results for STIA stormwater runoff. Runoff from theD"

airfield (runways and taxiways) is cleaner than comparable regional areas and

J Copious most metals, petroleum hydrocarbons and
landuses. data show that

glycolswere consistentlynot detected. This is true particularlyfor the 8 airfield

I outfalls where discharges are cleaner than the terminal and "landside" outfalls.
= Several public roadways drain to the landside and terminal outfalls, and

J consequently, bias the STIA results for metals, petroleum hydrocarbons, andother vehicle-based pollutants.

=! As mentioned in the previous Annual Report (POS, 1996a), 9 metals, petroleum

hydrocarbonsand glycols were consistently not detected. This is true particularly

=Jl for the 8 airfield outfalls.

J 1 AR 033519
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In samplestaken at the outfallbeforestormwatermixeswith the receivingwaters, _ _
data for totalcopperappearat concentrationsabovetoxiccriteriafor the receiving =

waters(WAC 173-201A). A directcomparison,however,is not appropriate"
withoutallowingforthe inevitablemixingof the stormwaterdischargewiththe

m

II

receivingwater. A wealthof regionaldatashowthatcopperin urbanstormwater
inthe PugetSoundregionregularlyexceedsthesecriteriawithoutmixinginthe

receivingwater. The mostconservativetotalcopperconcentrationsusedto =
compareto STIA resultsinthis report,were actuallyreceivingwater (instream) _

data. These resultsfora Bellevuestream'sstormflowsamplesexceededthe =
acutetotalcoppercriterionby a factorof two (Bellevue,1996). Even baseflow _
samples in other urban creeks in the Seattlemetropolitanarea exceedthe acute •

totalcoppercriterion.

Fecalcoliformscontinuedto showoccasionallyelevatedlevelsin runofffrom •
subbasinsSDE4, SDS1, andSDS4. However, recentBMPsandotherprojects
mayeliminatesomepotentialsources.The Portbelieveswildanimalsor birdsto i

be a possible,yet unmanageablesource. Ongoinginvestigationsaimto continue ,.
vigilanceandtake appropriateactionswhere necessary.

Estimatesof stormwaterunit-loadsshowthatthe Portdischargesconsiderably mI
lessthan typicalroadwaysandcommercialareason an annualbasis. Suspended J
sedimentandmetalsunitloadswere morethan2 ordersof magnitude(100X) less lira

than forcommercialareas. Copper,leadand zincunitloadswere 10 to 100 times 1
lessthanfromcommercialareas.

Inthe pastyear,the Port completed5 capitalBMPsat a total of morethan$450K

designedto reduceoreliminatepollutantsinSTIA stormwater. Each BMP
reroutesdrainagefromthe SDS to the IWS. Three aircraftserviceareaswere J
completelyeliminatedfromstormdrainsSDS1 and SDE4. Anotheraircraft
cargo/servicearea in SDN2 was connectedto a pumpstationdesignedto operate
duringthe wet season. These four areaswerepreviouslysourcesof aircraft

deicingglycolsfoundinstormwater. In addition,the Port'smaintenanceshopyard
drainagewas re-routedto the IWS. Data collectedinthe next winterseason

shouldshowdramaticallyreducedglycolsin SDN2 and SDE4 discharges,and =1
eliminationof glycolsinSDS1 discharges. J

2 AR 033520
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Through recent stormwater monitoring, the Port discovered and eliminated several

J inappropriate stormdrain connections. Washwater from a food service loadingdock drain elevated BODsand surfactants in SDN1 baseflow and runoff. Overflow

discharges from IWS pump station #283 in the terminal parking area caused
J elevated BODs and surfactants in SDE4 baseflow and runoff. The Port has

eliminated both of these inappropriate connections from the storm drains.

J Automatic landscape irrigationsprinklerscaused mysterious, but innocuous early
morning discharges in SDN1 during dry weather.

1
With Ecology permission, the Port moved the sampling station for SDN1 so that it

I is now above offsite inputsfrom more than 3 acres of SR 518 and public,t roadways. Upstream and downstream samples show that these roadways have

been responsible for elevated FOG and TPH that biased samples at the previousl
.11 SDN1 sampling location.

J The Port completed the Stormwater Receiving Environment Study (SRES) in June
of 1997 (POS, 1997a). Because that report discusses mostly instream

I stormwater issues, no further discussionappears in this annual report.

isl Two snowfall episodes occurred in late 1996. An extreme winter-weathersequence over more than a week during the Christmas holiday period resulted in

j extensive runway and aircraft deicing. Snowfall of more than 16 inches, plus morethan 5 inches rainfall on the accumulated snow caused many regional runoff

problems. Certain amountsof the Port's plowed snow contained aircraft and

J runway from select outfallsduring the two
deicers. The Port monitored runoff

winter-weather periods.

Ill Elevated BODs was attributable to glycols and runway deicers in snowmelt

J monitored at the north storage area within the SDN2 subbasin. It took only about4 days for BODs concentrationsto drop below 1000 mg/I in the snowmelt.

i_ Concentrations of both BODsand glycols dropped below 100 mg/I about one weekafter the snow was originallyplowed and began melting. Even though the
snowpile remained for three months, glycols from the snowmelt remained at low

i_ levels below 100 mg/I after the first week. By the end of November this year, the
Port will constructthree snow storage facilities that drain snowmelt to the IWS.

3 AR 033521



I

l

I

Aircraft deicing was very intense during the two winter-weather periods, with _. J

nearly 600 aircraft deiced during the 4-day Decemberepisode. The number of '1
aircraft deiced in each episode was similar to the two 1995-96 winter events, but .J
due to the severityof the weather, airlines applied nearly as much glycol during "t

these twoperiodsas they reportedduringthe previousyear. As a result,glycols |
andBODsconcentrationswere higherinthe severeDecemberevent.

Duringthese twoseverewinterweatherepisodes,runwaysandtaxiwayswere

deiced multipletimes. Deicingchemicalapplicationresultedin stormwater "1
pollutantsgenerallybelowanytoxiclevels,althoughno standardsexist. No urea J
was appliedandthe data reflectlowammoniaconcentrationsexcept those "l
attributableto the limitedureausedto keeproadwaysandstockpilesfrom J
freezing. Concentrationsof ammoniawere morethanan orderof magnitude "!

(10X) lessthanthe receivingwatertoxiccriterion.Morethan80% of the BODs J
attributableto acetate-baseddeicerswashedoff inthe first inchof rainfallafter

deicing. Lessthanthe 6-month,24-hourstorm(1.3 inches)washed off morethan 1
,,jr

90% of the total runwaypollutantloadcausedbythe deicers. These washoff

functionsagreewithconclusionsreachedinlast year'sAnnual StormwaterReport. _._.]

AircraftdeicingglycolsinSTIA stormwaterappearedonlyinsubbasinswhere •
aircraftwere deiced or glycols dripped or sheared-off during taxi and takeoff. J
Glycol shear from aircraft is not regulated in stormwater. Glycols continue to be "11

rarely present: they were undetected in 73% of all 163 samplesanalyzedoverthe J
pastthreeyears. Glycolswere neverdetectedat SDN4, anddetectedonlyonce

1ira

in morethan25 samplesfromthe SDN1 andSDN3 outfalls,with eachdetection /
barely1 mg/Iabovethe detectionlimit. Monitoringover the nextwinterseasonwill Jshowthe effectivenessof threemajorcapitalBMPscompletedin 1996-97 that
eliminateor reduceglycolsinstormwaterinsubbasinsSDE4, SDS1 andSDN2.

J
l
J

4
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J
Introduction,

,l
This report is submitted to the Washington Department of Ecology (WDOE)

_.J_ pursuant to Special Condition S.9 of the NPDES permit. This report collects and

IB

analyzes stormwater data collected in the past 4 quarters. Water quality data

J from STIA's stormwater discharges is compared to relevant regional and national
L data on both a concentrationand unit load basis, Because many capital BMPs

j were institutedduring the current data collection period, improvements in waterquality will be discussedin more detail in the next annual report.

iJ Figure 1 shows the individualstormwater drainage basins and the STIA
Stormwater Management Boundary. Note that only colored subbasins drain to thei

i]_ storm system, white or blank areas near the terminals and gates drain to the
IndustrialWaste System (IWS) which drains runoff to the IndustrialWaste

| Treatment Plant (IWTP). Monitoringdata from the IWTP are not included in this
i

report.

J Sources of Reported Data

iJ and in this annual limited to from
Data reported analyzed report are discharges

storrnwaterouffalls only and include:

J • Quarterly and annual monitoring required by the NPDES permit;

J • Sampling specified by Stipulated Agreement (Brasher, 995);
the et. al., 1

j • Stormwater Receiving Environment Study (SRES, Condition S.8 of theSTIA NPDES permit), and

J • The deicing washoff study described in last year's annual
runway report.

I Note that data previously submitted to Ecology in the monthly discharge
I monitoring reports (DMRs), was data for only those storms and sampling routines

J 5 AR 033523
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that fully met the criteria of the Port's ProceduresManual (POS, 1997b). In _

addition to the DMR data, this report contains additional data from other samples, ql
I

Recluirements for the Annual Report.. 1

Special ConditionS.9 of the permitstates: I1_
=

"On or beforeAugust1 of eachyear of thispermitcycle,the Permitteeshall

submita reporttothe Departmentsummarizingthe stormwatermonitoringresults at
obtainedduringthe precedingtwelve(12) monthperiodfromJuly 1 throughJune /

30. The reportshallpresentthe analyticaldata, the Port'sconclusionsas to what

is beingleamedfromthe data, andany newinitiativesto be undertakenas part of |
the StormwaterPollutionPreventionPlanrequiredincondition$10.= Ecology

authorizedthe 11-monthreportingperiod(andan OctoberI submittaldate) for 1
this reportbecauseitcomprisesfour completequarters,two of whichare under

the "new"quartersystem(POS, 1997c, 1997f). =_

Further,the permitrequiresin SpecialCondition$3C that: "The permittee...
submitthe followingdataforthe stormeventused: date, duration,the numberof ....tla
dryhoursprecedingthe stormevent,total rainfallduringthe stormevent (inches),
maximumflowrateduringthe rainevent (gallonsper minute),and the totalflow _[

from the rainevent". This hydraulicand hydrologicinformationis providedin

AppendixA.

r-'

6 AR 033524
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J
J
J Background

J
Stormwater Monitorin,q Pro,qram

J The Port conducts a comprehensive stormwater monitoringprogram that fulfills a

J considerable array of substantialand unique requirements contained in:
• Quarterly and annual monitoringrequired by NPDES permit condition$3;

J ,, the runway deicingwashoffstudy described in last previous annual reports,

J and
,, other special studies.

J
| The stormwater monitoring program has been in place since 1993 pursuant to the
J NPDES permit number WA-002465-1, issued June 30, 1994. The Port conducts

j specific monitoring activitiesdescribed in the Procedures Manual (POS, 1997b).The Port submitted the first and second annual reports on August 30, 1995 (POS,
1995a), and November 18, 1996 (POS, 1996a). In 1996, the Port concluded

J additional monitoringthat was part of the SRES and the Stipulated Agreement.

J Subbasin categories

J Table 1 shows that STIA stormwater subbasins fall into three general categories:"landside", terminal, and airfield. Subbasins SDS3, SDS4, SDW3, SDN2-SDN4,

j B and D drain the airfield, officiallydesignated the Aircraft Movement Area (AMA),containingthe airportrunways, taxiways, and open space.

J The SDS1 "terminal" subbasin, which was dramatically reduced from 40 to 6 acres
in the past year by two capital BMPs, now drains mostly rooftops on the aircraft

J side of the terminal. However, because the majority of data for SDS1 predates
these BMPs, thissubbasin will continue to be treated as "terminal" for this report.

I
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] Figure 33 November 1996 Event Pollutagraph for SDN2

j
J
J
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J

J Table 10utfall Nomenclature Cross Reference

J • _PoN Principal
nomenclature Activity

J SDE4 landside

J SDS1 terminal! SDS2 open space
SDS3 airfield

J SDN1 landside
SDN2 airfield

J SDN3 airfield
SDS4 airfield

tJ SDW3 airfieldSDN4 airfield

J EY landsideTY landside

• B airfield
| D airfield

i_ The Port selected sampling locations in a manner that minimizes the sampling of
runofffrom areas outside the Port's SWPPP boundary. The Port achieved this

i_ objective for subbasins SDN2, SDN3, SDS4, SDW3, B and D. In contrast, non-
Port off-site stormwater enters upstream from the sampling points for subbasins

III SDE4, SDS1, SDS2, SDS3, and SDNI:

• The total area draining to SDE4 (outfall 002) contains a limited non-Port

I_ area of commercial propertyand public roadway along the International

j Boulevard corridor producing runoff from the City of SeaTac.
• In addition to the Port's SDS1 subbasin, a portion of South 188th Street

i_ drains to the outfall sampling point. Because two recent BMPs reduced the
Port's SDS1 area dramatically from 40 to 6 acres, runoff from South 188th

I1_ Street is now a more dominant fraction of the total. This non-Port runoff
could upwardly bias monitoring resultsfor vehicle-source pollutantssuch as

i_ 11 AR 033528
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metals and petroleum products. Trends will be identified in subsequent J

lilt

annual reports.

• J

• In addition to the Port's SDS2 subbasin, non-Port commercial property

along 16thAvenue South, 1,200 linear feet of 16_ Avenue South roadway 1

itself plus at least 300 linear feet of westbound South 188th St. also drain to

the sampling point. Therefore, non-Port runoff comes from at least 1.3 ]
ml

acres of City of SeaTac public roads and parking (10% of the subbasin

area). The sampling point cannot be relocated to exclude this non-Port /
runoff because the first point of accumulated Port runoff from the entire

=ql

basin lies downstream of the non-Port stormwater inputs. Furthermore, /

because the non-Port runofforiginates from impervious surfaces, it will

reach the sampling point before the Port's runoff. There is dense, regular Ji
non-Port vehicle parking activity along the gravel shoulders of 16th Avenue

South. As a consequence, the offsite runoffmay upwardly bias the Port's J
sample results for total suspended solids(TSS), turbidity, and petroleum

products. - ]

• The outfall and sampling point for subbasin SDS3 is downstream from 1
J2,000 linear feet (approximately 3 acres) of South 188th Street that also

drains to the Port's SDS3 outfall. Though this City of SeaTac roadway 3
,Jdrainage area is less than 1% of the total Port SDS3 subbasin, it could

upwardly bias sample results attributable to vehicle-source pollutants. 1
,J

Because this non-Port drainage area is highly impervious and immediately

upstream from the sampling point, grab samples for FOG and TPH taken ]
,.i"

early in a storm hydrograph could reflect this bias.

• Until December 1996, the sampling point for subbasin SDN1 (Outfall 006) J

was in manhole SDN1-27 on the shoulder of SR 518. This sampling point 1

Jreceives runoff from at least 3 acres of public roads including SR 518,

South 154th Street, 24th Avenue South, plus abandoned stormdrains along =l
JSouth 154th Street that carry groundwater baseflow. Total Port property in

2,21
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._ J SDN1 is about 14 acres. Paired upstream/downstream samples in the

j current reporting period show that the offsite runoff from SR518 elevatesFOG and TPH concentrations sampled in SDN1-27. As a result, with

J Ecology permission, the Port moved the sampling location to manhole
SDN1-22 which eliminates the offsite runoff. Ecology concurred with

J moving the monitoringlocation.

Storm Sampling procedures and analytes

J
The Porttargets stormsof at least 0.20" preceded by 48 hours with no rainfall

J events than 0.10". The Port's Procedures Manual describesgreater (POS, 1997b)

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

J programming and handling necessary to comply with requirements of the permit.The reader is referredto this document for additional sampling details.

J Sampling frequency and pollutant analytes

- /[ The Port samples stormsquarterly at 10 of 14 permitted outfalls. Sampling at two

of these outfalls (B and D) will be reduced to an annual basis as allowed by the

J NPDES permit condition $3.4 footnote c. At two other permitted outfalls, SDS2
and SDW3, one storm is sampled per year. Table 2 lists required pollutant

J analytes, methods and detection.

i_ Sampling procedure and protocols

The Port uses ISCO automatic samplers paired with ISCO flowmeters for the

J stormwater monitoring program. Model 4150, 4230, or 3230 flowmeters measure
discharge and trigger Model 3700 automatic samplers. Samplers first collect a

J one-gallon grab sample taken after the "enable" conditions and
are satisfied, then

continue to collect a 3-gallon flow-weighted composite sample during the storm

i_ discharge hydrograph. Fecal coliforms, pH, FOG, and TPH are analyzed from the
grab sample, while remaining pollutantsare analyzed from the composite sample.

J The Port employs staff to monitor stormwater. Safety reasons preclude manual

grab sampling below grade in the confined spaces of manholes at SDE4, SDN2,
J

i_ 13 AR 033530
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I

SDN1, and the Taxi Yard. The Port utilizes automatic samplers to take all

samples. SamplersuseTeflonsampletubingand glasscontainersat all locations =

to minimizelossesof FOG and TPH in the samplingapparatus. The WDOE has iL
reviewedand approvedthe Port'sProceduresManual (POS, 1997b). l

I

I
t....

Table 2 Pollutant Analytes, Methods and Detection Limits ,.

LSubbasins (refer to Table 1_

Analyte Method _ Detection Airfield EY SDS2 Miller Creek

limit (mgfl) ouffatls2 TY SDW3 Outfatls3

im

L
}H 150.1 0.10 X X X -.

/

FOG (Oiland L413.1 1.0 X X X
Grease)

TPH (totalpetroleum 418.1 II

hydrocarbons)4 mod 1.0 X X
I..

Fecal coliforms 9221 E 2 X X I-1
L_'

TSS (total

suspendedsolids) 160.2 0.50 X X X X p.l=_
Turbidity 180.1 0.10 X X X -

BOD_ 405.1 4.0 X X X !_
LITotalAmmonia 350.2S 0.010 X* X

TotalGlycolss GC FID 5 X* X iml

UTotalRecoverable
200 vadas,see X*

PriorityPollutant

Table 7 I1Metalse
L

Suffactants 425.1 0.10 X* X
1. Method refers to EPA-600/4-79-020, March 1979. Fecal coliform method refers to 18th edition of iml
Standard Methods for the Examination of Water and Wastewater, or as revised. U2. Includes SDE4, SDS1, SDS3, SDS4, SDN1, SDN2, SDN3, and SDN4

3. SDN1, SDN2, SDN3, L. Reba outlet For Stipulated Agreement ml
4. Washington Department of Ecology method WTPH-418.1 Modified. LI5. Analyzed by Gas Chromatograph, Flame Ionization Detector.
6. Total recoverable metals analyzed by atomic absorption (AA) _umace, unless quantifiable by ICP, Mercury
analyzed by Cold Vapor method. ,t I
* except outtalls B and D. ** Total recoverable copper, lead and zinc only for outfalts Band D. Lb

L1
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= Results and Discussion

• This sectionseparates the presentationand discussionof results into two parts:

stormwater monitoring data and SWPPP activities. The data for the current

• reportingyear, July 1996 through May 1997 are compared to the data for the
entire three-year period (to July 1994). The data are compared on the basis of

concentration,annual loading, and unit loading among the outfall categories.

These metrics are also compared to relevant regionaland national data.
I

I_ This Report discusses differences in stormwater data for the airfield, "landside",

i_ and terminal outfall categories when a distinctionis merited:
• the airfield subbasins are: SDS3, SDS4, SDW3, SDN2, SDN3, SDN4, B

J and D,

j • the landside subbasins are: SDE4, SDN1, EY, and TY, and

• the terminal subbasin is SDSi.

Stratified Data Set for Stormwater Discharqes

Because stormwater discharge data represent different and distinctconditions,a

I1_ stratified analysis approach is appropriate. These strata are:

j 1. Discharges from storms and samples that meet criteria of the ProceduresManual (POS, 1997b), including:

J a) regular quarterly monitoring,
NPDES

j b) extra full-suite NPDES samples for the Stipulated Agreement,
c) certain Miller Creek ouffall samples for the Stipulated Agreement, and

J d) certain events monitored by the SRES

- _iI 2. Samples analyzed for glycols during aircraft anti-icing and deicing operations

i_ 15 AR 033532
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3. Other monitoringnotrequiredby the NPDES permit:
I•

a) Runway deicing events (runways, taxiways, and ramps inside the AOA) . "
lip

b) Stipulatedagreementsamplingatthe MillerCreekoutfalls ,,

c) Specialinvestigations ,,
m=

Stratum 1: NPDES samples

Stratum 1 includes samples takenforat leastfour differentobjectives(la, lb, lc, i
=,

and ld). Samplingforeachof theseobjectivestookplaceon a similarbasis:a

flow-weightedcompositesampletakenduringa stormthatmet criteria. Because
thesesamplessharethiscommonbasis,they are examinedtogether.

==¢,_
i 1

Resultsfromflow-weightedcompositesamplesapproximatean averagevalue of L_

a particularpollutantduringthe portionof the hydrographsampled. Resultsfrom ;'1
compositesamplesare relativelycomparablestorm-to-storm,andsite-to-site. In Ls
addition,compositesgivemorerepresentativeresultsthandiscretegrabsamples "!

despitethe difficultyincompositesampling. _I|

Becausesamplingoverthe entire eventhydrographis neitherrequiredby the
permit,norpractical,mostof the Pod'sdata in Stratum1 representa "sample _,,'

meanconcentration"or SMC. The SMC may be differentfroman event-mean
concentration(EMC) representedintum by compositesamplestakenoverthe t.'
entire durationof the hydrograph.The Cityof Bellevuealso madethisdistinction _,

L'in their recent report(Bellevue,1996). Alldata reportedin stratum1 represent
SMCs, withthe exceptionof pH, fecal coliform,FOG, andTPH datawhichare

from grabsamplesas requiredbythe permit. I!
lip

Stratum 2: Glycols

Stratum2 dataare froma varietyof sampleswhere glycolswere analyzed. Per t"_
the ProceduresManual(POS, 1997b) thesesamplesmay be eitherflow-weighted LL
compositeortime-compositesamples.These sampleswere fromstormeventsin ,'1'

Ustrata 1, 3 and 4 whenever glycolwasanalyzed. Thisstratumtherefore

aggregatesallglycoldata. Multipletime-seriessamplestakenduringrunway ......._

1-6 AR 033533 _-},
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• deicingeventsare aggregatedintoaverageglycolvaluesforeach eventat a
particularoutfall.

Stratum 3: Other monitoringnot required by the NPDE$ permit

- Stratum3 segregatesdata from

1. monitoringduringrunwaydeicingevents(the '_,vashoffstudy"),

2. StipulatedAgreementmonitoringdata,
3. snowmeltmontioringstudy,

=
4. specialinvestigations,and

Bj 5. Qualitycontrolfieldsamples.

Washoff study

Forthe pastthreeseasons,the washoffstudyhasbeen monitoringwaterquality

all duringwinter-weatherrunway-deicing.Thesesamples
fromtwooutfalls

monitoredrunoffduringandafterperiodsof deicingchemicalapplicationto the

] runways,taxiways,andterminalareas insidethe AOA. The monitoringscheme
providesdata for "pollutagraphs"and "loadagraphs"whichdepictvariationin BODs

j concentrationand loadoverthe courseof the runoff. Thesemetricsidentifywhenthe majorityof the BODsloadwashesoff as a functionof accumulatedrainfall,or

"washofffunction".Thismonitoringprojectandsamplingisnotrequiredby the
J NPDES permit.

J Monitoring placeoverseveraldaysona time-compositebasiswhichistook

differentfrom Stratum1. Becausethey causeatypicalstormwaterquality

J occurringonthe averagetwiceperyear at STIA, dataanalysisfor deicingrunway
eventsrequiresa specialstratum.Somesamplesinthe otherstratawerealso

J taken duringa runwaydeicingeventand includedhereasapplicable.

J Miller Creeksamples for the Stipulated Agreement

J This groupof stormwaterdata includesa summaryof samplestaken at the Miller
Creekoutfallsfor the StipulatedAgreement.These sampleswere generallyflow-

.... J weightedcomposites,yetsomewere discretesamples,or time-composites

J 17 AR 033534
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depending uponthe situation. The StipulatedAgreementdid not require particular _ J
samplingandstormcriteria. Severalsamplessharedata withotherstrata. -_

i

Stormwater Data Reduction

The followingsubsectionspresentanddiscussdata obtainedas part of the "1!

intensivestormwatermonitoringprogram. Stormwaterqualitydata are compared ,,=

to oneanotherona sub-basinbasisandare comparedto certainreferencevalues -'i
for the currentyear and the entire3 year NPDES permitsamplinghistory. !

lib

Becauseobjectivecriteriaforstormwaterqualitydo notyetexist,STIA stormwater "1
willbe comparedto othergenerallyacceptedreferencecomparators These /
comparatorsare:

• Stormwaterdischargedata froma comprehensiveregionalstudy,the City w

of BellevueUrbanRunoffstudy(BURP, 1984), _1
IF

lib

• Stormwaterdischargedata fromthe U.S. EPA's NationalUrban Runoff "1
Program(NURP, 1983), ....!|

• InstreamstormwaterdischargedatafromSturtevantCreek (downstream !_
site),a commercial/industrialsubbasinmonitoredby the Cityof Bellevue

(Bellevue,1996), and t7
im

• Receiving water quality standards for Washington State classAA watersas .%

specifiedbythe WDOE inWAC 173-201A. L_

Table3 showsthe comparatorvalues. The "best"comparisonwas selectedas t7
b,"the moreconservativeof eitherof the twoCityof Bellevuestudies,becausethey

werecomprehensive,localstudiesandhadsimilarsamplingprotocols. In 1"7
general,usingthisvery conservativeapproachwillhelpestablishthat the Port's L,'

stormwateris notunusual,and is actually"cleaner"thanotherurbanrunoff, ll

Cautionmustbe exercisedincomparingstormwaterqualitydata becausethe WA :'t

Statewaterqualitystandardsfor pH, temperature,dissolvedoxygen,turbidity, L|
ammoniaandcertaintoxicmetalparametersapplystrictlyto the receivingwaters.

These criteriaapplyonlyto the conditionof the receivingwater itself,notat the -.|\ J



t
Ii

end of the pipe. Dilution factors are allowed and must be computed before

BI applying any standards to stormwater data,

IBI Because many make the direct comparison without dilutionanyway, note that allfecal coliform, copper, lead, and zinc comparators exceed the acute criteria. Even

though the acute metals criteria inTable 3 were calculated at a rather low

i_ hardness of 28 mg/I, the copper lead and zinc comparators stillexceed criteria at
a hardness of up to 40 to 100 mg/I, which is not unusual for westem Washington.

IBI Toxicitydecreases with increasing hardness. These comparator and WA State
criteriavalues are for total recoverable metals.

J
J
,J

I

J
J
J
J
J
,I
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Table 3 Stormwater Quality Comparators 1 ..... -
I

Note: Best Com Values Shaded -_

Stud, f , WA State Criteria 3 "_
Pollutant units NURP, BURP, Metro, Bellevue, Highway (acute)

1983 1984 1982 1996= Runoff "

-IpH std units 7.2 - 7.8 6.5 - 8.5

TPHFOG mg/l=mg/,i .... 2.5 7.8 [i 30s nocriteriano criteria

!Fecal mpn per 1000 to 980 50

coliforms 100 ml 21000 l

BOD.s mg/I 9 i no criteria L t

TSS mg/I.. 100 _ 82.3 1069 no criteria

based on background L_
Turb mg/I _ 0.58NH34 mg/I I 6.8 - 32.6 s

glycols mg/I not analyzed in any of these studies no criteria I|

".Surf mg/I no criteria

Cd (TR) 7 IJg/I 0.7 _ 0"937 _ _/

!Cr ('I'R)_ IJg/I 7 6127 --

Cu (TR)7 pg/I 34 20 439 5.37

Pb (TR);' ilJg/I 144 170 210 466 _ 167

Zn (TR)7 IJg/I 160 120 110 6389 407 I_
L'AS (TR) 7 pg/I 360 z

Ni _R) _ pg/I , 7.3 4837 |=_
L.'log- metals

statisticreported: median mean 6, mean normal mean criteria7 at .ml
I Lmedian median hardness = 28 mg/I

1. Blankspacemeansnodataavailable,reported,orapplicable
2. Bellevue,1996datafor"SturtevantCreek,downstream"site J_
3. CritedaareforclassAAreceivingwaters,seeWAC173-201A L4. Ammoniavaluesandcriterionexpressedas totalammonia,notas ammonia-nitrogen
5. AmmoniacriterionforpH6.5to 8.0andtemperatures5° to 20°C
6. ForTurb,Cr,Cu,Pb,andZn,BURP1984datawasmeanofgrabsamples,thereforeBellevue,1996data _--]

arebettercomparatorsbecausetheyrepresentmedian U
7. Total recoverablemetals.WAStateacutecriteriaexpressedastotalrecoverable,calculatedat28 mg/I

hardnessusingWDOEs"TSDCALC6.XLW_spreadsheet.Thehardnessvalueisthe10thpercentilefor mqr
thereceivingwaters(source:StormwaterReceivingEnvironmentMonitoringReport,POS,1997) U8. Highwayrunoffin England(seeBoothandHomer,1995)

9. Highwayrunofffroman15locationinSeattlewith57,000ADT,43to54 stormsamplesin1980-81(Chui,
Mar,andHomer,1982). __
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Data Interpretation: censored data

i Many studies encounter what is termed "censored data", or results reported as

below or above some value. Most analytical laboratories report these results as

i "<MDL", indicatingthat the result is below the detection limitfor the analytical

method specified. Many resortto a simple assumptionto convert these censored

II data to values suitable for mathematical reduction. Others go on to prove an
• underlying distributionand actually estimate what the censored values should be

based upon probability. This approach is beyond the scope of the Annual Report.n
For purposes of this report, when any pollutants were not detected, one-half the
detection limitwas assumed to be the concentration present. This approach is a

II common practice. All censored data values are highlighted in the Appendices.

el Data Interpretation: estimators of central tendency

r
Ii Stormwater discharge data typicallyfall into what is known as a "log-normal"

distribution. Most data fall in the higheror lower ranges, rather than in "the

_ middle"as in the bell-shaped curve of a "normal" distribution. Median values
J

therefore are a better representation of central tendency, or typical value, than are

i_ simple arithmetic means.

The median is that value where half of the data fall on either side. An arithmetic

mean, or average value, for log-normally distributed data could over or under

estimate typical values considerably,which could bias conclusions. Figure 2

illustrates this where both data sets have the same arithmetic mean, butprincipal,

the skewed (log-normal) data set has a median value much less than the mean

i_ value.

it

.1
i_ 21 AR 033538



I

I

Ill

t

lib

|

IB

7
frequency

m

I

7

pollutantconcentration P

Figure 2 Median and mean values for data with different distributions i
m

7
Most studies assume log-normal distributions,though few actually go on to =.

confirm this assumption statistically. The City of Bellevue did so in their recent
report of several years' worth of stormwater data (Bellevue, 1996). TSS and .... !

BODs for STIA outfalls were found to be log-normally distributed using the . =_
regression method described in Supplement S-6 to Statistical Guidance for t

Ecology Site Managers (WDOE, 1990). Therefore, median data for STIA ="

" stormwater are compared, where possible, to the median values in the F
It

comparative studies. =-

1"
"Box" Plots __

Box plots efficiently illustratethe central tendency, spread, and skew that a data FImm

set might have. The bold line within a box represents the median value, while the m,_
bottom and top of a box show the 25th and 75th percentile, respectively. In other |

words, 50% of the time the data fall within values highlighted by the box. If the

median is not in the center of the box, it shows that the data are skewed, further i-

n

highlighting the log-normal possibility. SPSS software was used to generate the "

box plots appearing below (SPSS, 1993). f=
iBm

The size of the box shows the variability, and the '_vhiskers"show the largest .-

values that are not considered outliers. When summarizing data to compare _._w

22
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"typical" values, outliers usually represent unusual conditions, atypical of what one

could expect on a day-to-day basis.. Thus, the box plots show two separate

= circumstances. SPSS reportstwo types of outliers:those more than 1.5 box-

lengths from the 75th percentile as "o", and those more than 3.0 boxlengths as "*"

l each captioned with the date of occurrence (SPSS, 1993).

I General box plots showingdifference between runoffquality for each of the three
subbasin activitytypes (airfield, terminal, and landside) may have smaller scales

than the box plots showing the data for each outfall. The general box plots show=
the overall difference between the subbasin categories while the outfall boxplots

have increased scales as appropriate to show any outlyingvalues.
=

Loading Estimates

=

To add more information about STIA's stormwater discharges, thisyear's report

| presents an estimate of unit Ioadings for total suspended solids (TSS) and three
principalmetals. Loading estimates are not a permit requirement, but provide

J

j another degree of sophisticationuseful in assessing water quality beyond
concentrationdata alone. Throughout this report, the STIA unit loading estimates

i_ willbe compared to unit loads published for other typical urban land uses.Loading estimates are by no means exact and should be viewed only as general

i_ order-of magnitude estimates.

The unit load is a rate term that estimates the annual amount of a pollutant

ill generated or exported per unit of subbasin drainage area. Unit loads can be
compared amongst sites and over geographical areas. Unit loads reflect the

general extent of activity, land disturbance, or other factors important in
characterizingthe water quality of a particular drainage area.

Each loading estimate presented inTable 4 is based upon the sampling historyfor

each STIA subbasin, encompassing up to three years and 14 to 23 stormsamples. Each estimate is based in turn upon an estimate of total annual runoff

for a particular subbasin. Loading estimates use the method of Marsalek (1990),

_1_ which is summarized in Appendix C. The ranges given reflect the 90% confidence
interval.
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Table 4 Unit Load Estimates and Comparisons
I

UnitLoad,kg/ha-p" Corn_arativeUnitLoads=Tkg/ha-yr 1

TIAoutlalfaI Singl,,.familyRes.
I

TSS 14 21 30 281 50_ 723 242 805 1369 6(] 20( 340 m

BODs 12 15 19 no na na_ no no na no na na =_
TotalCopper 0.04 0.05 0.06 0.0_ 0.06 0.091 1.1 2.1 3.2 0.03 0.18 0.27 w

TotalLead 0.01 0.03 0.08 0.49 0.78 1.1i 1.6 3.1 4.7 0.03 0.06 0.0_ !
TotalZinc 0.13 0.20 0.32 0.18 0.31 0.45 1.7 3.3 4.g 0.07 0.13 0.2C m

1. 12 outfalls:SDE4, SDS1-SDS4, SDW3, B, D, SDN1-SDN4 _
2. from Booth and Homer, 1995. ==

Stratum 1: all NPDES "Storms" _,

The following sections and figures present and discuss results within Stratum 1, all _k ,

NPDES Storms, for each parameter. The tables in Appendix B present the raw ...._
data for all Stratum 1 data. Figure 5 through Figure 31 compare results for each

subbasin, one to another, using box plots. Comparing outfallsovertime andto

others using these box plots is expected to show several distinctions:
improvement over time and differences between airfield, terminal and "landside"

outfalls. Note the reference median parameter concentrations depicted by dashedlines in these figures (BURP, 1984, or Bellevue, 1996). Each figure also shows

the method detection limit (MDL), the number "N" of data points for each outfall, r
and the number of low-censored (<MDL) results replaced with values equal to

one-half the particularMDL. Alldataare fromflow-weightedcompositesamplesexcept FOG, TPH and fecal coliform data are from grab samples as required by

the permit. [



!

_ !
FOG and TPH in grab samples

II Method biases indicated in results

I Because FOG and TPH both relate largely to anthropogenic petroleum pollutants,

both are discussed concurrently. TPH is a subset of FOG therefore, all TPH

l values should be less than or equal to the FOG results. Thus, any petroleum
hydrocarbons showingup in the TPH analysis should also show up in the FOG

procedure. However, TPH exceeded FOG in 18 samples. Minor differences
II

could be attributableto loss of volatile fractions during solvent boil-off inthe

gravimetric-based FOG analytical method. Differences between TPH and FOG of

il more than about 1 mg/I show that results from the two methods are not

comparable due to this method bias. Eleven of the 18 samples had a difference
Ii between TPH and FOG of more than 1 mg/I.

i_ Substantial portionsof gasoline through #2 fuel oil (diesel) are lost in the FOG
- gravimetric method process (APHA, 1995). In contrast, TPH (method 418.1) is

- J analyzed by infrared absorbance without solventboil-off. The TPH method should
not produce a low-biased, or "false negative" resultpossible with the FOG method.

j Therefore, TPH is a more reliable indicator of anthropogenic petroleum pollutants,specifically the fuels and lubricantsthat might be present in STIA stormwater.

Because the FOG gravimetric method 413.1 is not equivalent to the infrared FOG

IJ method 413.2 (per 40CFR Part 136.3), the Port could not substitute the more
reliable FOG method.

In addition, FOG resultsare subject to interferences from other organic

ii hydrocarbons such as chlorophylland the biological lipidsfound in animal and
vegetable fats and oils (APHA, 1995). Instances where the FOG results are

J higher than the TPH results indicate these interferences. These interferences actto high-bias resultscreating non-representative data and =false positives" if one is

i_ concemed primarilywith anthropogenic hydrocarbons. Future samples will beanalyzed by approved methods less susceptible to such bias.

J
-j
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Also illustratingmethodbiases are unusualFOG resultsfrom three samples taken I

on March5, 19971 It is highlyunlikelythatthe SDE4 and SDN3 outfallseach ,il
.... t

experiencedinthe samestorman FOG valuethatwas nearly10 timesthe i
historicalmaximum.These elevatedvalueswereattributedto absorptionof water II
duringsampledryingandoperatorerror(AquaticResearch,1997). Standard

Methods(APHA, 1995) acknowledgesthatthe FOG methodis sensitiveto this

typeof interference. In addition,TPH resultsforthesesamplesweremuchless _l
than the FOG results.The SDN3 030597 sampleTPH resultwas non-detected, i

Inthesecasesthe largedifferencebetweenFOG andTPH results1) corroborates
the laboratoryerror,2) indicatesthe possibleFOG interferences,and,3) shows t

ij

that petroleumproductswere absentor at very lowconcentrations.
I"

STIA general results _1_

The resultsdiscussedbelowdemonstratethatthe STIA concentrationsof both

pollutantsare consistentlylessthan in stormwaterfrom commercialand _I
residentiallanduses. Furthermore,airfieldstormwaterhad far lessFOG and TPH l"

thanthe terminaland landsidesubbasins. Resultsfromthe pastyear continueto _1_
indicatethe followingconclusionsstatedinthe 1996 AnnualReport(POS, 1996a). --

II

1. FOG inSTIA runoffover the pastthreeyears rangedfrom non-detectableto -__=_

i

21 mg/I, withan overallmedianof 1.4 mg/I,about fifteentimes lessthan the 30 BB

mg/Imean ina City of Redmondstudy(Redmond,1990). Seventyfive percent _"_.
of allSTIA FOG (160 samples)was lessthan2.9 mg/I,less thanthe 3.7 mg/I

/

median reportedby Bellevue,1996. _=_
t"2. FOG andTPH were notdetectedin 40% and61% of allSTIA stormwater

samples,respectively.This meansthat morethan half the sampleshad no iBII
!'detectabletracesof petroleumhydrocarbons.TPH was neverdetectedat

outfallsSDS2, SDN4, and B. TPH was also absentinmore than80% of the _11
16 to 18 samplesat airfieldoutfallsSDS3, SDS4, and SDN3. TPH was absent

in 56% of the 16 samplesat airfieldoutfallSDN2. m
3. Ingeneral,Figure3 and Figure4 showthatthe highestTPH and FOG came

A

fromterminaland landsidesubbasins. Thesesubbasinshave largeareas of

1FOG resultsforthese sampleswere rejectedandthe outfallsre-sampledat the nextavailablestormevent. lib
Becausethe problemwas rectifiedinthe subsequentmonth,these elevatedFOG resultsforoutfalls _-- "1

SDE4, SDN3, andTY were reportedonthe March 1997 DMRs. _,..4/..
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paved vehicle driving surfaces unlike the,airfield subbasins. Only FOG and

J TPH data from the landside and terminal areas tend to approach the
comparative value of 3.7 mg/I. Because 4 out of 5 results for TPH at subbasin

j D were at or below the MDL, the higher FOG values (shown by comparing Fogin Figure 6 to TPH in Figure 8) can be attributedto non-petroleum

J interferences as discussedabove.4. Nearly 75 percent of the TPH data for both SDE4 and SDS1 are below the

comparator value of 3.7 mg/I. These two subbasins border aircraft service

J areas in contiguous IWS areas. These data establish that the IWS effectively
isolates aviation-related fuel spills and drips from the storm drains.

I

J Trends and outliers

,J Comparing current year data to the three-year historyshows stable or decreasing

median values and ranges of both FOG and TPH. The BMPs that recentlyI

,j removed aircraft and GSE service areas from subbasins SDS1, SDE4, and SDN2

will result in further decreases apparent in future data.

-I
As discussed in the last Annual Report (POS, 1996a), Figure 5 and Figure 6 show

J that the EY had FOG outliers (June 4, 1995, and July 26, 1995). These higher
! FOG values could be attributable to an occasional leaky vehicle in the area,

j because FOG was detected in only57% of the 14 samples at the EY. Currentdata support the trend of low or non-detectable FOG at the EY.

J Note that SDE4 had both FOG and TPH outliers on February 3, 1996 and January
16, 1997. In June 1997, a 10" overflow pipe from an IWS pump station was found

J to be connected to manhole SDE3-91, part of the SDE4 stormdrain. Occasional
overflows are thoughtto be the source of both elevated FOG, TPH, and

iJ surfactants in baseflows and storm discharges. The overflow pipe waspermanently plugged in mid June 1997.

J As discussed in the last Annual Report (POS, 1996a) an outlyingTPH value of 6.6

mg/I for SDW3 was from an August 17, 1995 storm. This TPH value exceeded

El the 2.9 mg/I FOG result by a factor greater than three, illustratingthe bias

discussedabove. These results suggest that lighter fuel fractions (e.g. gasoline

I constituents)boiled-off during FOG analysis. This outfall typically has a
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backwaterthat formswiththe S. 188thStreet ditch. Fuelsin runofffrom the

heavilytraveledS. 188thStreetcouldhave biasedresultsupwardin the samples =,

taken inthisbackwater. Two othersamplestakenearlierin 1995 do notshow

detectableTPH, and, FOG was nearor belowthe 1.0 mg/IMDL. Severalcleaning j=
attemptsto removeaccumulatedsedimentsanddebrisin late summer1996 were

unsuccessfulat removingthe backwater. Therefore,1996 sampleswere taken in

manholeSDW3-24 upstreamof the backwaterat thisoutfall. Three subsequent r
TPH sampleswereat orbelowthe MDL.

m

1
Dualupstream/downstreamsamplesshowedthatpublicroadsgenerateFOG and ,.

TPH that havebiasedpreviousSTIAresultsfor SDNI. See Table 5. Because p
thesenon-Portareasweresuspectedto biasSTIA data,the Port requested

approvalfor movingthe monitoringlocationfromSDN1-27 upstreamto SDN1-22 tm
in September1996 (POS, 1996b). Sampleswerecollectedat bothlocationsfor |
comparison.In the Springof 1997, the Port verified2that at least3 acresof public

P
roadway including portions of SR 518, S. 154thStreet, severalabandoned j
roadwaystormdrains,andthe 24th Ave SIS. 154thSt. intersectiondrainto the -"

originalSDN1-27 monitoringlocation. Intersectionscan be sourcesof petroleum _
productsfrom idlingandacceleratingvehicles. In 1994, SR 518 hadsixtimes3the _'

annualaveragedailytraffic(AADT) comparedto the portionof AirCargo Road - I,=,
that comprisesa morethan50% of SDN1 drainage. Therefore,the Port attributes I_,
the relativelyhighFOG andTPH inSDN1 dischargesshowninthe lastAnnual M
Report (POS, 1996a) to thesenon-STIAsources. I _

Table 5 SDN1 upstream FOG and TPH

FOG TPH
date rain, In. up* down*!up* down*

10/4/96 0.59 <1.0 3.8 0.5 3.0 =_

J11/3/96 0.14 <1.0 2.5 0.39 1,3

1/16/97 1.15+<1.0 n/a 2.1 3,6 "5
" upstream point is manhole SDN1-22, downstream is manhole J

SDN1-27
"I

2 Verified 4114/97 by dye testing inlets along SR518, 24th Ave S., and S. 154th St. Earlier remote television J

inspection in February 1997 did not reveal connections due to equipment limitations caused by complex ==1
pipe configurations and vertical relief in several manholes. J3 Compare 56,750 AADT for SR518 to 9,450 AADT for Air Cargo Road. l _-
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Median FOG from the TY continuesto remain below the comparative value of 3.7

• mg/l. This improvement is probably due to using oil-absorbent media inthe catch

, basin insert "socks" ("Streamguard" units), and increased vigilance by the STITA

• Taxi Association, which leases this site. On March 5, 1997, there was a an FOG

outlierof 18 mg/I similar to that of 19 mg/I on October 16, 1995. The 1995 value

was probably due to a defective early design of the "Streamguard" insert(POS,

1996a). The Port replaced the older designswith improved units. The March 5,

1997 outlier was part of a sample batch that was subject to laboratory error

discussed above. However, because an elevated TSS result of 188 mg/I

accompanied this sample, the catch basin insert may have failed, also contributing
W to the elevated FOG value.

,

,.J Comparing FOG resultswith TY catch basin insert maintenance records in Table

6 shows that the inserts continue to perform well over periods up to 3 1/2months.

Table 6 Taxi Yard Catch Basin Insert Performance
I

storm date last maint FOG TSS comment

replaced interval 122-Mar 3/11/96 11 3.9 3 new bags installed

.... 4/16/96 3/11/96 36 3.7_ 30 3 new bags installed

IBi 4/22/96 4/18/96 4 2 23 2 new bags installed
• 7/3/96 4/18/96 76 1.4 28 2 new bags installed

7/17/96 4/18/96 90 1.9 13 J2new bags installed
8/2/96 4/18/96 106 1.6 33 2 new bags installed

iJ 10/4/96 9/3/96 31 1.4 17 4 new bags installed
2/11197 12/18/96 55 5.1 29 4 new bags installed

iJ 3/5/97 2/15/97! 18 182 1882 4 new bags installedmean 51.1 2.6 24.7

1. number of cla,rs between replacement
2. excluded from calculation because of potential laboratory error or malfunction of insert.
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- | Suspended Solids and Turbidity

= STIA general results

• Both total suspended solids (TSS) and turbidity(Turb) are measures of

suspended material. In stormwater runoff,TSS and turbidity generally appear

• proportionalto one another. Turbidity generally indicates finer suspended material
such as colloidalclays and fine silts.

In general, Figure 9 and Figure 12 show that airfield subbasins produced less TSS

and turbidity than either the landside or terminal subbasins. Both median TSS

i= and turbidity values for all subbasins were below the comparative values of 50

mg/I and 29 NTUs, respectively. The 75th percentile for all grouped subbasins

B was below these median reference values as shown by the dashed lines on these

figures. Therefore, this concentration-based data confirms that suspended

material in STIA runoff is much lowerthan in comparable regional urban areas.

Furthermore, unit loading estimates for TSS indicate that STIA runoff overall is
J

more than an order of magnitude (IOX) less than typical roads, commercial areas,

and even single-family residentialareas. The 90% confidence interval for the

l/ STIA estimates does not even come close to overlapping that for single-family

residential areas. See the annual and unit load estimates presented in Table 4.

lull Trends and outliers
Comparing currentyear data to the three-year historyshows stable or decreasing

median values and of bothTSS and IN
ranges turbidity. the past year, there were

only two aberrations in TSS data, the outlyingvalues shown on Figure 10 for

i_ outfalls SDE4 and TY.

i_ The SDE4 TSS outlier on January 16, 1997 was probably due to the largeamounts of roadway sand applied during the freezing conditions in the prior

weeks. The Port applies sand to ensure public safety. This is similar to the TSS

J and turbidity outliers for SDE4 and SDN1 in the February 3, 1996 storm that
followed roadway sanding. See Figure 10 through Figure 14.

-J
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On March 5, 1997 there was a TSS outlier of 188 mg/I at the taxi yard (TY). The ==

Port utilizes flexible catch basin inserts as a BMP in the TY. This value may have -

been due to malfunction of an insert where one of the fabric comers slipped into g

the inlet, spilling accumulated sediments. The Port frequently inspects and "1
replaces these inserts as necessary. Table 6 shows that the Port's maintenance

intervals are adequate and that the inserts continue to reduce TSS below 30 mg/I

over periods as long as 3 months.

Subbasin B showed elevated TSS and turbidity in a December 4, 1996 sample. A 7

minor constructionproject in near the perimeter road was responsible for the

elevated results. Appropriate perimeter BMPs were already in place during this "!
stormevent. A gap in the filter fabric fence was fixed immediately and wood chip

mulch applied as a cover practice to prevent further erosion. Because this sample

was one of 4 taken in the first year at this outfall, the elevated results skewed the

data. The low positionof the median line in the relatively large box in Figure 10

and Figure 13 indicate this skew. Subsequent samples showed TSS and turbidity t
similar to other airfield subbasins and near the comparative values. Therefore,

m

the elevated values are not representative of typical runoff, though they indicated 1
the need to repair several BMPs already in place. ,,t

"11

As stated in last year's Annual Report, current data show that the gravel shoulder J

of 16th Ave South continues to contribute sediments and turbidity to the SDS2 "11
1samples. Current data show turbid|ty values of 19 to 39 NTUs. Though the

median of these values is less than the comparative value of 29.4, the data are

skewed by non-Port runoff. Many vehicles park on this shoulder on a daily basis |
disturbing the gravel-surfaced shoulder on the east side of this road. Turbid runoff m

was observed draining in rillsand gullies along this shoulder during the past year's
|

storm events. The Port has no jurisdictionof these public roadways. I=

1
Insummary, the main airfield outfalls SDS3, SDS4, SDN2, SDN3 and SDN4 m

produced less than the comparative values for either TSS or turbidity. STIA runoff "11
had less suspended material and turbidity than comparable regional areas. /

IB
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TSS in STIA Stormwater
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Figure 11 TSS compared in box plot for permit history
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Turbidity in STIA Stormwater
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Figure 13 Turbidity compared in box plot for current year
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Ammonia --
|

The ammonia reported is expressed as total ammonia, the sum of bothionized
(NH4+)andunionized(NH3)forms:notammonia-nitrogen. The principalsourceof

,=,

ammonia in past stormwater samples was the urea applied as a runway deicer. In

1996, ureausewas limitedto a smallquantityusedto preventroadwaydeicing

sandstockpilesfromfreezing. Thesestockpileswerestoredaway fromstorm ='
drainsinsidemaintenancebuildings.Urea itselfwas notappliedas a deicerinthe _

1996-97 winter. The Portcompletelydiscontinuedthe use of ureaby the end of •
1996andsuccessfullysoldall remainingsuppliesto otherindustrialusers. _

STIA general results

iNN

This reportcomparesSTIA total ammonia valuesto total ammonia comparative
valuesandthe Ecologyacutetoxicitycriterion;see Table 3. Acutetotalammonia

toxicityrangesfrom 6.8 to 32.6 mg/Iover rangesof pH from 6.5 to 8.0 and "_
temperatureof 5° to 20°C. Ammoniatoxicitydependsupon bothpH and

temperature. It is importantto notethatthe Ecologycriterionappliesto the
receivingwaters,notto the end-ofpipedischarge. All ammoniaconcentrationsat _- J

allSTIA subbasinswerewellbelowanyacute toxicitycriterion.Therefore,there is II
notoxicitycausedbyammoniainSTIA stormwater.

Withthe exceptionof SDN1, virtually100% of the ammoniadata for STIA

subbasinswerebelowthe mostconservativecomparativevalue of 0.17 mg/I
(BURP, 1984). See Figure15. Totalammoniawas notdetectedin 28% of all

samplesinthe currentyear and17% forthe three-yearpermithistory. ==

I

Trends and Outhers

ComparingFigure15 withFigure16 showsthat inthe currentperiodtherewere

nooutlyingammoniavalues. Previouselevatedammoniawas attributableto the ==
ureausedfor runwaydeicing.As statedabove,the Port's stormwaterqualitydata |
showa substantialdeclineinammoniainsamplestaken duringor shortlyafter

winterrunwaydeicingevents.

38 AR 033555 .,=
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Though well below anytoxicityconcern,SDN1 has shownhigherammoniathan

othersubbasins.An investigationin 1996-97 identifiedthe causewas an
• inappropriateconnectionat a foodservicefacility. Baseflowsamplingand dye

testsinApril1997 showedthatthe facility'sloadingdockdrainconnectedto
• manholeSDN1-25. Soapsanddisinfectantsusedto cleanthe foodservicetrucks

were the sourceof elevatedBODs,andsurfactantsfoundin baseflowand storm

• samples. These cleanerswerealsoprobablythe sourceof ammoniaas well. The
drainhas beenpluggedanddrainagereroutedto the sanitarysewer. The Port

believesthissourceto bethe causeof previouselevatedammoniavalues

recordedat the originalSDN1 subbasinmonitoringpoint,manholeSDN1-27,
whichis downstreamof the facility.

Insummary,STIA runoffduringtypicalstormsproducesammoniaconcentrations
• thatare a smallfractionof the mostconservativeacutetoxicitystandardfor

receivingwaters. Airfieldouffallsproduceammoniaconcentrationslessthan
u comparableregionalareasduringtypicalstorms.

|

U

J
J
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Ammonia in STIAStormwater - J
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• BOD5

• STIA General results

., Figure 17 shows that airfield outfalls discharged less BODsthan terminal and

"landside" outfalls. Overall, the airfield outfalls produced median BODs values

less than or approximatelyequal to the comparator value of 6.6 mg/I (BURP,

1984), which is just barely above the MDL of 4 mg/I. BODs was not detected in

41% of the samples taken inthe past year. Aircraft deicingglycols are the

• principalsource of elevated BODs in certain outfalls. The Port has recently

completed three capital BMPs that willeliminate glycols from stormwater

• discharges in subbasins SDS1 and SDN2.

= Excludingfrom the data set the 4 elevated BODs values caused by glycols shows

that 55% of the data are below the 6.6 mg/I comparator, and over 88% are less

t than 20 mg/I. Therefore, other than the known sources, there is no evidence to,=
indicate that BODs is a concern overall or at a particular outfall for causes other

J than those discussed herein.

_j Trends and outliers
f--

SDS1 and SDN2 showed elevated BODs values similar to several outliers shown

iJ inthe previous report. Compare Figure 18 to Figure 19. One elevated value each

at these outfalls in the current period was from a January 16, 1997 sample.

iJ Glycolswere samples 33 and 51 mg/I. The Port
detected in both with values of

has recently completed three capital BMPs that eliminate these glycolsource

J areas. In addition,the Port will constructthree snow storage areas by November
1997. Monitoringduringthe next year will show that these BMPs effectively

J eliminate BODscaused by aircraft deicing glycols.

j As discussed under ammonia, the Port eliminated a source of BOD5 in SDN1caused by an inappropriateconnection. The Port believes thiswas the source of

the higher median shown in Figure 18 and the outlyingvalue of 194 mg/I on

J 9/14/94 shown on Figure 19.

-j
AR 033558
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Figure 17 BODs compared by subbasin activity 1
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BOD5 in STIA Stormwater

• All Data (July 1994 to May 1997)
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Figure 19 BODs compared in box plot for permit history

J Fecal coliforms in grab samples

IBI Data for fecal coliformsrepresentinstantaneousvalues, rather than SMCs or any
othertypeof average. Fecalcoliformsare analyzedonlyingrabsamples.

i_ Automaticsamplerbottles neitherautoclaved sealed
are nor duringautomatic

samplingwhichis appropriateprotocolin accordancewiththe Pod'sProcedures

iJ Manual(POS, 1997b). Ecologyhasreviewedandapprovedthe Pod'sProceduresManual.

IJ STIA general results

J Figure20 showsthatfecalcoliformsare foundprincipallyinthe terminaland

landsidesubbasins.Becausemorethan75 % of the airfieldsubbasinsamples
showedfecalcoliformslessthan the comparativevalue"of 201 per 100 ml, the

Portconsidersthatthe airfieldsubbasinsare notsignificantsourcesof fecal

J coliform.In the past,elevatedfecalcoliformsappeared inSDS2 (the"other"
subbasincategory). BecausenoPortsanitarysewers,septicsystemsor other

possiblesourcesare locatedinthe SDS2 area, the historicelevatedvaluesarepresumedto be fromanimalsources.

43 AR 033560



m

I

-- i

Fecal Coliforms in STIA Stormwater
AllData (July 1994 to May 1997) "J
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23 results(1"P/o)< MDL replaced_th _lue = 1/2 MDL (_qaries1 to 9)

compareto referenceline at 201 per 100 ml (geomean Bellevue, 1996)

Trends and outllers

Four samplestaken inthe currentperiodindicatedfar lessfecal coliformsthan in
pastyearsat bothSDS2 andSDW3. Two of thesesampleswere taken for the

StipulatedAgreement.Comparethe dramaticdecreaseinthe boxplotsshownin

Figure21 andFigure22. In addition,a baseflowandan equipmentblankQC
sampletakenat SDS2 inthe currentperiod4 showedverylowfecalcoliforms(13 IIBI

and 2 per 100 ml, respectively). These results suggest that either the previous 1=a
sourcehasvanishedor errorswere presentinpastsamplesat bothSDS2 and

SDW3. The samplingpointfor SDW3 was movedupstreampriorto the current 1
,Jyear's samples,becausecontaminantsinnon-Portrunoffinthe backwaterthat

existsat the outfallcouldbiasresults, 1
,,=!

Fecal coliformresultsfor SDE4 remainedelevatedinthe currentyear. This I

Jcontinuingtrendshowsthat eitherthe previouslysuspectedsource(autoclave

4The baseflowsamplewastaken manuallyon December 19, 1996 inan autoclavedbottle.An equipment -- 11
blankwastaken onJanuary16, 1997. i_/ ,J'
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- q' dumpster drains in the service tunnel) was not the sole cause. The Port will

continue to investigate possiblesources and implement an appropriate BMP as

• soon as practicable.

,, Three of the samplesfrom SDS4 showed elevated fecal coliform levels above 500

per 100 ml in the current year. Last year, the source of elevated fecal coliforms

' was believed to be the drainage from the former "duckpond" on the Tyee golf,.=

• course s. Because there are no sanitary sewer lines, septic tanks, or aircraft waste

J transfer activities in the SDS4 subbasin, the continuingpresence of these higher
levels of fecal coliformssuggests wild animal sources. In a recent urban stream

j study, 78% of fecal coliforms detected weretraced to animals (King County, 1995)as opposed to human sources. The Port will continue to monitor fecal coliformsin

•| the SDS4 subbasin.

In the current period, 2 of 5 samples from SDS1 had fecal coliform counts of 1600

J or higher, samples predated the latest capital BMP that removed
Both of these

aircraft service areas. Consequently, two samples taken after completion of the

! BMP showed a dramatic drop in fecal coliform counts. The Port will continue to
!

investigate possible sources of fecal coliforms in the SDS1 subbasin.

J In summary, fecal coliformsare not present at levels of concern in samples from 9

of 12 outfalls. Elevated fecal coliforms are found occasionally in samples from the
J SDE4, SDS1, and SDS4 outfalls. Dramatic decreases in results for the SDS2 and

SDW3 outfallssuggest the absence of previous sources or the presence of past

J sampling errors. The Port will continueto investigate potential sources and take
appropriate BMP actions as required.

J
J

f

J
J

-J
s The "duck pond' was filled in the summer of 1996 during construCtion of the runway 34R safety area project.
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Fecal Coliforms in STIA Stormwater --
II
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21 Fecal coliforms compared in box plot for current period
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]
6SDW3 sampleof30,000 per 100ml is not representativeas it was collectedinthe backwaterand abundant •

vegetationat the outfallstructure. Samplebottlesare neitherautoclavednorsealed duringautomatic Jsampling. _ _1
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- Surfactants

. Surfactants tend to indicate the presence of detergents. There are no suitable

surfactant comparator values readily available inthe literature. Surfactants in raw

domestic wastewater range from about 1 to 20 mg/I and are generally below 0.1==

mg/I in natural waters (APHA, 1995). Values above approximately 4 times the

detection limit, or about 0.4 mg/I would tend to indicate a positive presence of

" surfactants in STIA runoff. The test method is an aggregate of anionic surfactants

that react with methylene blue, or methylene blue active substances (MBAS).I

-- Because MBAS includesfar more substances than anthropogenic detergents, the

method is subject to positiveand negative interferences (APHA, 1995).J
STIA general results

J
Comparing resultsto a value of 4 times the MDL, Figure 23 shows that surfactants

| did not appear at the airfield ouffalls,where they were not even detected in 57% of
li

the 64 samples. Surfactants appeared infrequently at the landside and terminal

| outfalls. Over 35% of all samples were below the detection limits. Therefore,
J surfactants generally do not appear to be a problem at STIA.

J Trends and outliers

J Figure Figure 25 show no increases in surfactants at any outfall over the
24 and

past year. Several positive trends are apparent. Surfactants continue to be

J below levels of concem at the TY, attributableto the covered car wash
constructedtwo years ago. The range at SDS1 has dropped, indicatingthat the

j recent capital BMPs are having positive effects already.

j As mentioned earlier under FOG and TPH, in June 1997 the Port discovered a 10"overflow pipe from an IWS pump station that was connected to manhole SDE3-

91, part of the SDE4 stormdrain. Occasional overflows were the source of both

J FOG, TPH, and surfactants in baseflows and storm discharges. The
elevated

overflow pipe was permanently plugged in mid June 1997. It is presumed that

J continuing monitoring will show a concomitant reduction in surfactants.
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I

As discussedunder ammonia and BOD5,the Port eliminateda source of __

surfactants in SDN1 caused by an inappropriate connection. The Port believes a

this was the source of the outlying values shown on Figure 25.

I
Insummary,surfactantswereonlyrarelypresentat the terminal and landside i
outfalls. Severalsurfactantsourceswere identifiedand permanentlyeliminatedin

l
1997. Data indicatesthat nosurfactantsare presentin runofffromthe five airfield
subbasins.

|

Surfactants in STIA Stormwater
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Surfactants in STIA Stormwater
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Metals I

J

All metalsdata are for total recoverablemetalsin outfalldischarges. Ecology q
criteriaapplyto onlythe receivingwatersafter the dischargemixeswiththe

receivingwaters,notstormwaterrunoffat the ouffall. The Portmonitorstotal

recoverableprioritypollutantmetalsas requiredby the NPDES permit. The permit

doesnot requiredissolvedmetalsanalysis,thoughthe Porthas conductedlimited r=i
analysesfor dissolvedcopper,lead,andzinc (POS, 1995b).

(=
$

Comparing metals results to criteria (

WashingtonStatewaterqualitycriteria(WAC 173-201) apply to the receiving
waters,notto the dischargesfroma particularoutfallitself. Often, stormwater m

dischargedataare comparedto thesecriteriaeven thoughvaluesabovethe
criteriaare notan appropriateindicatorof an "exceedance". Stormwater

dischargesare almostcertainlydilutedinany receivingwater, andnotallowingfor

m

suchdilutionmaycausearbitraryconclusions. I

Thewaterqualitystandardsfor copper,lead andzincare basedon the dissolved

formof the metal. The dissolvedform of a metalapproximateswhataquaticlife --p
respondto, andthereforegenerallydeterminesacutetoxicity. As stormwater !
discharges mixwithreceivingwaters,the overallchemistryof the mixture m
determinesthe dissolvedand particulatemetalsfractions.The ratioof dissolved
to totalmetalsdependsprincipallyuponpH, temperature,and hardness(calcium

t

carbonate concentration). The availabilityof "bindingsites" (affordedby the
n

electronegativeattractionsof suspendedsolids,dissolvedandparticulateorganic !

carbon,sulfides,etc.) and the competitionfor these bindingsiteswith othermetals IB
alsodeterminesthe dissolvedfractionof a particularmetal. What is especially

complexis thatthe dissolvedmetal itselftakes on manyforms,someof which iB
maynotactuallycauseacutetoxicity. !

Forexample,dissolvedcoppercomprisesthe ionicform (Cu2.) andmany r
dissolvedorganicand inorganiccomplexes.The highlybioavailableionicform is

toxicto aquaticlifeat lowconcentrationswhilecomplexedcopperis basicallynon- rm

n

toxic(Hall, 1997.) Furthermore,the ionicform is highlyreactiveand readilyforms
IN
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lie

" non-toxic complexes. Therefore, it is inaccurate to assume that all dissolved

copper is toxic. Ecologyacknowledges this fact inthe permit fact sheet.
eel

Without analysis for the dissolved metal, which involves filtration of the sampleI

I

, immediately after collection,only estimates of the dissolved fraction are possible,

even if site-specific "translatorvalues" are available. Because 1) site-specific

J translators are not available for Miller and Des Moinesyet Creeks, 2) applying

criteria directly to the stormwater outfall does not allow for the inevitable dilution,

J and 3) dissolved metal chemistryand evaluation of associated toxicities is highly
intricate, the criteria listed inTable 7 must be viewed only as a general guideline

j and not regulatory criteria. On the other hand, when data for a particular outfallare consistentlyless than these "criteria", itshows very conservatively that there

should be littleconcern for potential toxicity,even in undiluteddischarges.

J
J STIA general results

| General results are discussedbelow, while more detailed discussion follows under
.i

the headings of the three predominant metals: copper, lead, and zinc.

J most metals not detected

J Table 7 shows that of the 13 priority pollutant metals analyzed in more than 105

samples during the permithistory airport-wide, only four were detected regularly:

J copper, Eight were absent or below detection
arsenic, lead, and zinc. metals

limits in 71% or more of the samples: antimony (Sb), beryllium (Be), cadmium

J (Cd), chromium (Cr), mercury (Hg), silver (Ag), selenium (Se), and thallium (TI).
Nickel was undetected in more than 50% of 111 samples. The 95th percentile for

j each of these 9 metals was less than 10% of the acute criteria. Therefore, asdemonstrated in the last annual report, continued monitoringfor these 9 metals is
not justified.

J
Consistent with the last annual report, arsenic data showed a maximum value of 5BI

iJ ppb, and a median value of 2 ppb, both just above the MDL of 1 ppb. The acute

toxicitycriterion for total recoverable arsenic is 360 ppb (at 50 mg/I hardness),
- | nearly 2 orders of magnitude (100X) greater than the maximum arsenic value

8
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detected. Therefore, as demonstratedinthe last annualreport,continued ,,'

monitoringfor arsenicis notjustified. Accordingly,box-plotevaluationsare limited

to threemetals,copper,lead,andzincpresentedinFigure26 throughFigure31. !
ll

airfield outfalls discharge less metalsthan landside and terminal "1
I

Overall,copper,lead andzincwere lowestinthe airfieldouffalls,whilethe 7
terminaland landsideouffallsexhibitedhigherconcentrations.Morethan95 1

percentof the airfieldouffallsamplesfor leadandzincwere belowcomparable "1
regionaldata for commercialareasandallwere far lessthan for highways.This is ,-

/

a clearand importantdistinctiongiventhatthe commerciaVindustrialcomparators ,7
used(Bellevue,1996) are highlyconservativebecausetheyreflectinstream ,j
concentrations afterouffalldischargesweredilutedinthe receivingwaters. "t

Therefore,airfieldoutfallsdischargefar lessleadand zinc than typicalurban LIi

sources.
,'1

Over 75% of the samplesfromthe landsideandterminaloutfallsshowedlead LI

concentrationsbelowthe regional(commerciaVindustrial)comparatorof 0.026 t"i
/

mg/l. However,the landsideandterminaloutfallsshowedhigherzinclevelsthan

the regionalcomparator.ThisBellevue,1996 comparatorrepresentsinstream - 1"7
concentrationsafter the stormwaterwas dilutedinthe receivingwaters. LJ
Nonetheless,the majorityof landsideandterminalzincwas far lessthan the .'-I

comparativevalueof 0.638 mg/Ifor highways. L_

STIA metals Ioadings are less than other urban land uses 0

Overallannualunitloadingratesfor copper,lead andzincare each lowerthan |-1
Ufromtypicalroadwaysand residentialareas,andone to two ordersof magnitude

(10X to 100X) lessthanfromcommercialareas. Zincunitloadsare somewhat i1
Ucomparable to residentialunitloads. See Table 4. However,the Port strongly

believesthatvehicleactivityon publicroadswithinthe landsideandterminal .'1
outfallareasskewsthe metalsconcentrationstowardsvaluescharacteristicof I I

Ill

highways,whichare notrepresentativeof the STIA portionof the runoff.

Therefore,theoverallmedianand95th percentilesummarizedinTable 7 is II
skewedby thisbias. These overallstatisticsare not representativeof the airfield

Ii"

outfal,group, i_.i
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Because no trends are apparent,only box-plots showing results for the three-year
•, sampling historyappear in discussionsof each metal below. These box plots

show data for grouped and individual outfalls.I

I
l/

Copper

J
Copper in urbanstormwaterfrequentlyexceedsacutecriteria. In the Bellevue,

__ 1996study, morethan70% of the 154 copperresultsinstormsamples(most
were instreamsamples)exceededthe EPAacutecriterion.Furthermore,14% of

j the Bellevuebaseflowsamples,againmostinstream,exceededtheacutecriterion.Therefore,it is notunusualforstormwaterdischargesandeven

j receivingwaterbaseflowsto exceedthe criterionforcopper.

In urbanstormwater,the majorsourcesof copperare automobilebrake linings,

J clutches, (Bellevue, 996; Woodward-ClydeConsultants,1993). Unlikelead,etc. 1

thereare no knownprogramsto phaseoutthe useof copperinautomobiles.

J Withouta cost-effectivetechnologyto removedilutecopperconcentrationsin
stormwater,improvementofcopper-impairedstormwaterqualityawaitseither

j technologicalor culturalchangesin transportation.

As hasbeenshownwithotherpollutants,STIAstormwatercopperresultswere
J lowestinthe airfieldsubbasins.The landsideand terminalsubbasinsare the

principalsourcesof copperat STIA. These are the areas of greatestvehicle

J activity, activityon publicroadshigh-biasescopper
The Portbelievesthatvehicle

data for the landsideoutfallsand terminaloutfalls. Becausea largearea of

J aircraftservicearea was removedfromSDS1 thisyear by two capitalBMPs;',
copperdata for the terminaloutfall(SDS1) may decrease. On the otherhand,

j non-PortrunofffromS. 188thStreet may becomemoredominantand sustainhighercopper(plusotherpollutants)resultsmeasuredat thisoutfall.

J Even though STIAcopperresultsmay appear to "exceed"the copper criterion,

overall results are less than other urban land uses. The upper reference line in

J Figure26 showsthatthe majorityof STIA copperdata were lowerthan in runoff
from Interstate 5, a local highway. Overall STIA unit load estimates for copper

-1
7 Drainage from 34 acres of the SDS1 subbasin was re-routed to the IWS by 2 capital BMPs. See Table 14.
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(values for both medianand range)are lessthan from roadwaysand residential ,
areas, andare 10 to 100 timeslessthan fromcommercialareas. See the unit

loadestimatespresentedinTable 4.
m

i

CopperresultsfromSDS3 are higherthan fromthe otherairfieldoutfalls.

Becausethe majorityof aircraftlandingstake placeinthe SDS3 subbasin,the "=
b,=

Portbelievesaircraftbrakewear to be a possiblesourceof copper. A single

elevatedcopperresultof 0.139 mg/I inthe firstsamplefromthe SDN4 outfall m

causeda largerboxin Figure27. Becauseof flowmonitoringdifficultiesat the
SDN4 physicaloutfall,the monitoringlocationwas movedto an upstream ==

manhole. Threesubsequentsamplesfromthismanholeshowcopperresultsnear "3
the airfieldmedianof 0.025 mg/l. /

Ill

In summary, copper from STIA ouffallsis lessthanotherurbanland uses ;7
includingcommercialareas, roadwaysand residentialareas. Copperin urban ='

stormwaterrunoffandurban streamscommonlyexceedsthe receivingwater ,-]
criterionas demonstratedby severalregionalstudies. STIA airfieldoutfalls I,=

/

generate less copper than landside and terminal outfalls,whichthe Portbelieves i" ]
are negativelyinfluencedby non-Portpublicroadrunoff. - I,

/

,-1

°,

J
,-J
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Total Copper in STIA Stormwater -
J

All Data ( July 1994 through May 1997 ) :
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Figure 26 Total copper compared by subbaain activity
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- J Lead

J As was the case with copper, STIA stormwater lead resultswere lowest in the

airfieldsubbasins. The landsideand terminal subbasins had slightlyhigher

J median lead values, though the difference is not as pronounced as with copper.
The upper reference line in Figure 28 shows that overall, morethan 75% of all

J were lower than the median of the City of Bellevue's 1996 study.
STIA lead data

Relative to the highway runoffcomparator (0.466 mg/I in the 1982 study, see

J Table 3), the lower Bellevue median reflects the dramatic drop in lead
concentrationsattributableto the phase-out of leaded gasoline. Therefore, STIA

j runoffoverall contains considerably less lead than local urban areas, and reflectsthe phase-out of leaded gasoline as well. In addition, because the airfield outfall

group had more than 97% of all for the airfield outfalls were less than the Bellevue

J comparator (0.026 mg/l) which establishes that airfield outfalls are not significant
sources of lead.

J
Furthermore, more than 75% of all STIA lead samples were below the acute

| toxicity criterionof 0.016 mg/I for total lead. This criterion is calculated at 28 mg/I8
total hardness, a highly conservative value which represents the 10th percentile

j recorded for the SRES (POS, 1997a.) More than 90% of all STIA data is lessthan the acute criterion of 0.026 mg/I (which matches the Bellevue comparator)

j calculated at a hardness of 44 mg/I, which is well within the range measured bythe SRES. Therefore, lead from STIA outfalls is well below even the most

conservative estimate of the toxic criterion for the receiving waters.

J
The only potential exceptions are landside subbasins SDE4 and SDN1, and the

J SDS1 terminal subbasin. See Figure 29. The Port believes that vehicle activity in
these subbasins is a potential source of lead. Much of this non-industrialvehicle

j activitytakes place on public roadways that drain to the Port's SDS and
monitoringlocations. Therefore, the public roadways may add a high-bias to the

STIA results. Future monitoringmay confirm the non-Port bias.J
STIA unit load estimates for lead are one to two orders of magnitude (10 to 100X)

J from roads and commercial areas. The median and 90% confidence
less than

interval of lead unit load estimates is somewhat comparable to those from single-

- J family residential areas. See the unit load estimates
presented in Table 4.
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In summary,thevast majorityof lead inSTIA stormwateris lessthana regional

instreamcomparativevalueof 0.026 mg/I,and lessthan the mostconservative

toxiccriterionof 0.016 mg/I for lead in receivingwaters. Airfieldoutfallsdischarge

far lesslead than landsideandterminaloutfallswhichthe Portbelievesmay be
influencedby non-Portpublicroadrunoff. Nonetheless,STIA outfallsdischarge
far lessleadthan roadsandcommercialareas.

Total Lead in STIA Stormwater
All Data ( July 1994 through May 1997)

"12t

• .10 _DF4"l_U 1:4

"K'SDS1

.08 -I_DS4 i

_) "NSDS4 OSDE4

n" 0.00,

P- -.02
N= _; _ ;'s

airfield landside terminal

area12 results < MDL (0.001 mg/I) reptacedwith_lue = 1/2 MDL

compareto referenceline at 0.026 (median:Bellevue,1996) ._

Figure 28 Total lead compared by subbaein activity
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Total Leadin STIAStormwater
II All Data ( July 1994 through May 1997)
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Figure 29 Lead compared in Box Plot for 1994-1996

- J Zinc

i_ Once STIA stormwater results lowest in the airfieldagain, sampling were

subbasins. The landside and terminal subbasins had higher median zinc values.

ii See Figure 30. Landside outfalls displayed a median and range of total zinc
nearly five times higher than those of the airfield outfalls. The terminal (SDS1)

i_ and landside subbasins, SDE4 and SDN1 experience considerable vehicle trafficwhere tire wear is an importantsource of zinc (EPA, 1993). Even though these

landside and terminal outfallsare the principle sources of zinc, the Port believes!

II that non-industrial, non-Port roadways high-bias the STIA results.

The upper reference line in Figure 30 shows that more than 97% of all airfield zinc
data were lower than the median (0.161 mg/I) from the City of Bellevue's 1996

J study. Again, this is the most conservative comparator and represents instream
I samples not undilutedouffall discharges. Because airfield zinc is even lower than

ij this instream comparative value, the Port has clearly demonstrated that airfieldrunoff contains far less zinc than comparable regional areas. Nonetheless, the

Port believes that samples from SDN3 show a potential high-bias because unlike
/
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otherairfieldoutfalls,the SDN3 outfall iszinc-galvanizedcorrugatedmetal pipe _..

(CMP). Nevertheless,nearly100%of the resultsfrom SDN3 were lowerthan the •

regionalcomparator. t_

[]

Even though the majorityof landsideoutfallzincexceeded the Bellevue

comparator,94% were lessthan the highwaycomparatorof 0.638 mg/l. Unit ¢"in
loadingestimatesshowthatoverall,STIAgenerateszincsomewhatcomparable I

to roadwaysand far lessthancommercialareas. See Table 4. Again,the Port _..

considersthatnon-industrial,non-Portpublicroadwaysskewthe STIA landside I
outfalldatatowardtypicalroadwayzincIoadings.

u

In termsof potentialtoxicity,inthe Bellevue,1996study,61% of the 178 zinc L,
samplesexceededEPA criterion. In fact, all comparativeregionalzincvalues (in ==

Table 3) wouldalsoexceedthe Criterion.However,STIA resultsindicatethat 50% i
of airfieldoutfallresultswere less than the toxiccriterion(calculatedas 0.04 mg/I

Im

at a highly conservativehardness,see Table 7). When the criterionis calculated 17
to be 0.057 mg/Iat a morereasonablehardnessof 44 mg/I,more than70% of _"

airfieldzinc resultsare lessthanthe toxiccriterion. I=_
!

Incontrast,all landsideoutfallzinc resultsexceededthe criterion. Again, - ,_
comparingSTIA outfallresultsdirectlyto any zinccriterionis notappropriate _..

,I

withoutallowingfor dilutionandthe otherconsiderationsnoted above. m

Nonetheless,the Portconsidersthat roadwayrunoffis responsiblefor elevated 1|
)_.

zinc resultsinthe landsideoutfalls. BecauseseveralBMPsdramaticallyreduced

the servicearea for SDS1 (the"terminal"outfall),the unfavorablebiasof zinc from I-3
publicroadrunoff(S. 188thSt.) may becomemoredominantinsamplestaken

afterMay 1997, i_

SDN1 dischargesdisplayedthe highestzincconcentrations.See Figure31. Two q
samplestaken in manholeSDN1-22 ("SDNlup"), upstreamof SR 518 and other /
public road runoff, showed lesszincthan the overallSDN1 median. These q

samplessuggestthatthe publicroad runoffelevateszinc insamplesfrom SDN1- !
27, the historicmonitoringlocationwhere 14 sampleshave been taken to date.

Vehicletrafficis 9 timesgreateron SR 518 comparedto the portionof Air Cargo

Roadwithinthe SDN1 subbasin. However, three paired upstream/downstream

samplesinthe two manholesshowedsimilarzincat bothstations. See the .1_
6O
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section of this report entitled "Subbasin SDN1: testing public roadway bias and

j pollutant source tracing". The Port is continuingto investigate whether the sourceof zinc in SDN1 is public roads (Air Cargo Road), or from a potential STIA source.

Other than Air Cargo Road, air cargo buildingrooftopscomprise the balance of

i_ the SDN1 subbasin draining to manhole SDN1-22. In any case, rooftops are not

industrial activity.

In summary, based upon both concentration data and load estimates, airfield

j outfallsproduce less zinc than typical roads and commercial areas. The majority
of zinc in airfield runoff is below even the most conservative toxic criterion even

j though thisdirect comparison is not appropriate. Overall, STIA outfall zinc is lessthan roadways, and comparable to single-family residential runoff. The Port

believes that vehicle traffic (tire wear) accounts for higher zinc in the terminal and

i_ landside outfalls, especially at SDE4 and SDN1, which receive considerable

offsite runoff from public roads.

J
J
J
J
J
J
J
J
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Total Zinc in STIA Stormwater
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Figure 30 Total zinc compared by subbasin activity
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_ -J Glycols From Aircraft Deicinq and Anti-icing

J The Annual Glycol Report (POS, 1996b, 1997d) details the history of glycol

application airport-wide. This report summarizes data reported by the airlines for

J the volumes of both ethylene and propylene glycol applied
and number of aircraft

treated each day. The FAA authorizes only ethylene and propylene glycols for

J aircraft deicing and anti-icing. All glycol application is performed by Port tenants
(directlyby airlines or their groundservice providers). To ensure public safety,

j aircraft pilotsmake the ultimate decision on whether to apply glycols or not. ThePort analyzes both types of glycoland sums the two results as "total glycols"

which are also referred to as "glycols". The MDL is 5 mg/I for each glycol type,

J and therefore 10 mg/I for total glycolswhen neither constituent is detected.

J Note that all ramp areas where aircraft are routinely deiced drain to the IWS. In
the past year, the Port completed 4 capital BMPs where drainage from aircraft

J service areas was rerouted from the SDS to the IWS (see Table 14). The Port
anticipates that data from the next year's monitoring cycle willconfirm elimination

j of aircraft deicingglycols in stormwater discharges. Because the Port completed- the capital BMP in SDS1 and SDN2 near the end of the current data gathering

j cycle, changes will become apparent through ongoing monitoring.
The glycol data discussedbelow encompass mostly composite samples taken

,]_ during periods of aircraft deicing, representing average values during a

I1=

storm

event discharge, or in baseflow. The data set also includes storm and baseflow

I samples from the multi-day aircraft deicingsequences during the four severe
_" winter-weather periods in the past two years. These data are summarized in

J Appendix B.

|j STIA General results
Overall, glycolswere either below the detection limit or at relatively low values at

|

,__ most outfalls. Glycols were not detected in 73% of the 162 samples taken during

the past three years. See Table 8 and Figure 32. These samples comprise all

J events includingstorms, baseflows, and intense aircraft deicing during severe
winter weather. During the 4 months of June through September in the past two

-- I years, airlinesapplied less than 1% of the total glycol used annually. Overall,
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glycolswere neverdetectedat SDN4, and detectedonly once in the 26 and 27 _J

samplesfromSDN3 andSDN1, respectively.On thissingleoccasionat SDN3 q
andSDN1, glycolconcentrationswerebarely1 mg/Iabovethe detectionlimite. J

IB

The Port'sSRES showednotoxicityinsamplesfrom Millerand Des Moines -_
Creeksduringseveralseverewinterweatherperiodsgandthe attendantaircraft

..J

and runwaydeicing(POS, 1997a). Onlytwoouffallsamplesshowedverylimited 1
moderatetoxicity(an ECs0t° was>_72%of the sample),and toxicitywas not J

consistentamongeachof the triplicatesamples. Nonetheless,the Port has =1
alreadycompletedcapitalBMPsthatwilleliminateor dramaticallyreduceglycols J
in subbasins SDN2 and SDS1. The Port will construct three snow storage areas '=1
that reroutedrainagefromthe SDS to the IWS for snowmeltthat may contain J
glycols.These BMPsnotonlyaddressglycol,butalso reducethissourceof

BODs. _._

trends and outliers

Routineaircraftdeicing,suchas frequentlyrequiredfor MD80 aircraft,may take
place throughoutthe yearduringnon-winterweatherperiods(no snowor ice). In -- j,
addition to many samples taken inthe pastduringtheseroutineweatherperiods .....=I
thisyear'sresultscontinueto showthat glycolsdonot reach5 outfalls(SDN1, J
SDN3, SDN4, SDS3 and SDS4). See Table9. Thereare noaircraftservice ==

locatedinthese5 subbasins. |areas
..r

Samples inthe pastyear showingthat glycolsreachedSDS1 duringroutineand 1
winterweathercontinuedto indicatea directassociationwith aircraftdeicingat the _r

B-concoursegates. A samplefromSDS1 on November20, 1996 showedan =1
elevatedresult11of 2859 mg/I, probablydue to glycolsdirectlyenteringdrain inlet J
SDS1-98 or SDS1-99 neargate B12. As a result,the Port re-routeddrainage •
fromthe SDS to the IWS fortheseassociatedaircraftserviceareas in May this J

pastyear. _1

eResult of 6.1 mg/I forSDN1 sampletaken2/16/95. Resultof6.2 mg/Ifor SDN3 sample taken3/5/97. qll
0December10, 1995, January20, 1996, November24 1996, and December30, 1996. J10ECsoisthe effectiveconcentrationof the samplethat causeda 50% reductionin lightoutputin

bioluminescentbacteriausingthe Microtoxmethod.
11This resultfroma 6-hourtime compositesamplewas reportedonthe November 1996 DMRs.... II_

J
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One of the 4 routine samples in the last year at SDN2 indicated the presence of

- glycols. Several time-series compositesamples taken during the severe winter

weather inNovember and December 1996 exhibited elevated glycol

_ concentrationsof 1,925 and 3,635 mg/I, respectivelyTM. In these cases, the glycols

could be attributableto either direct aircraft deicing in the North Cargo area, or

due to glycols dripping from otheraircraft duringtaxi and hold before takeoff. In

June this year, the Port completed constructionof a pump station that will divert

the majority of discharges from SDN2 to the IWS during the wet seasonTM.

During the severe winter weather periods, glycols were present in stormwater from

•= outfalls SDE4, SDS1, SDS3, SDS4, and SDN2. These rare occurrences reflect

extensive aircraft deicing directlyassociated with multi-day periods of snowfall or

.= sub-freezing temperatures. Glycol resultswere highest in SDS1 and SDN2 outfall

discharges. The Port believes that glycolsin subbasins SDE4, SDS3 and SDS4

are the result of glycol drippingfrom aircraftduring taxi and hold and from shearul

duringtakeoff. Ecology has indicatedthat glycol shear is not regulated. Certain

amounts of glycols from outfall SDN2 may also be attributable to these indirect

sources. As discussed above, the Port has eliminated direct sources of glycols in

i SDE4, SDS1, and SDN2 due to glycol applicationat the gates.
i,m

t As discussed under the snowmelt chapter below, by November thisyear, the Port
will constructthree snow-storage areas that drain to the IWS. These BMPs will

divert runoff from the SDS to the IWS and will further reduce glycolsdraining from

the SDE4 and SDN2
subbasins.

J In summary, the Port has determined sources of glycols and completed a number
of BMPs that reduce or eliminate glycols in stormwater discharges. Because the

J many routine-weather samples indicate an absence of glycols, and the winter-weather samples show glycolsfar below levels of concern, the Port believes that

continuedglycol monitoringfor 5 outfalls is not justified (SDN 1, SDN3, SDN4,SDS3, SDS4). Furthermore, glycolsare not used directly in these drainage areas

J 1=These resultsfrom6-hourtimecompositesampleswere reportedonthe DMRs forthese months. The
Decembereventwasparticularlysevereand notrepresentativeof typicalwintersnowstorms

l 13The pumpstationisdesignedto divertflow rates upto the peak flow rate for the 6-month, 24-hourstorm
eventforthissubbasin.

J
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because there are no aircraftserviceareas locatedinthese5 subbasins.

Drainage fromaircraftserviceareas previouslyconnectedto the SDS has been

divertedto the IWS. The Portanticipatesa dramaticreductionin glycolsduring "_

winterweathersamplesatthe remainingouffalls. Continuedmonitoringat these3 lib

outfallswilldemonstratethe effectivenessof the BMPscompletedin the past

year.
l1

Table 8 Overall Glycol Data Summary for Permit History

total # percent non- maximum !I

detected
21 57% 92

1

27 96% 6.1
=l=

27 63% 684
26 96% 6.2

2 100% 5 "_
J23 48% 62203

23 65% 115
!13 77% 31 _-

162 73% _- "1

1. IncludesSMCs,grabsamplesandaverageof time-compositesamplesfromJuly94throughMay1997. 1
2. Includesresultswhereone-halfthe MDLwassubstitutedwhenresultsreportedas<MDL. =._
3. Thisresultwasfromabasellowgrabsample,nota composite.Thesourcewaseliminatedin May1997. See

discussion. 7

'7
I

J
J
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" Table 9 Glycols during routine and winter-weather periods

15 6

= 24 3

22 5

." 22 4

2 0

w 15 8
.- 19 4

7 6
m

1. Takenthroughoutthecalendaryearduringnon-winterweatherperiods(nosnoworice).
2. Takenonlydudngseverewinterweather(snowfce)periods.
3. notdetected(<methoddetectionlimit).

,,,, 4. Notsignificantbecauseres_ iswithin20%oftheMDL.
5. Thisresultwasfromabaseflowgrabsample,notacomposite.ThesourcewaseliminatedinMay1997.Seediscussion.

" Total Glycols in STIA Stormwater
All Data (July 1994-May 1997)

700

I •

400

J s_4 SDN1 S_ SD_ S_,_ SDS_ SDS3 SDS4 SOW3

ouffall

J 118results(73=/=)<MDL (10 rag/I)replacedwith value-=-1/2MDL

j Figure 32 Total Glycol Box Plot for All Data

,1
-j
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Results From Other Monitoring Not Required by
•- the NPDES Permit
F

m This section presents and discusses the results of otherstormwater monitoring

conductedby the Port. These monitoringtasks were not explicitly required by the

m Port's NPDES permit. The Port carried out this additionalmonitoring generally to
gain informationabout the design and effectiveness of stormwater BMPs or other
SWPPP actions.

18

Airfield Deicin,q Operations: Stormwater Quality and BODs_,Washoff
m

To ensure publicsafety and as mandated by the FAA, the Port applies chemicals

m to, and removes snow from airport ground surfaces. The Port has been studying
the effects of these activities on stormwater quality over the past three winter

seasons. The monitoringobjective is to determine if there is a 'l=irstflush" of

pollutants in subsequent runoff and what amount of rainfall '_vashes off" the

= _ majorityof BODs. The Port has been undertaking this '_vashoffstudy" to
determine if and to what degree stormwater BMPs are appropriate.

f

== Background

Because a variety of airport deicingactivity takes place when freezing conditions

exist, specificmonitoring results are segregated for discussion in this section.These events includedeicing and anti-icingthe ground surfaces of the runways

and taxiways, ramps (aircraft terminal gate areas), airport vehicle drivelanes, and

_ passenger vehicle roadways near the terminal. Deicing chemicals include
potassiumacetate (PA), calcium magnesium acetate (CMA), and urea.

J In past years urea was applied only to areas drained by the IWS. The Port

discontinuedusing urea in 1996. Sand is typically applied to passenger vehicleroutes includingthe access roads and terminal drive, and occasionally to airfield
surfaces. Glycolsare not used as ground-surface deicers Oranti-icers.

;1
In terms of stormwater quality, runway deicing activities manifest in pollutants

1 such as BODs(from PA, CMA, and aircraft glycols), total Kjeldahl nitrogen (TKN)
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andammonia(fromurea),andTSS andturbidity(fromsand). TKN isthe sumof __ •
organicnitrogen(suchas urea),andthe ammoniaformof nitrogen. Ammonia

formsduringthe decompositionof the organicnitrogenin urea. BB

ii

BOD5in runway deicingwashoffaggregatesthe oxygen-demandingeffectsof
•1

both aircraft deicingglycolsand the acetate-basedgrounddeicers. Glycols,PA,
and mixturesof bothhaveaboutthe sameultimateBOD5of about1 gram

BODs/gram.By inference,the massof glycoldripping/shearingoff aircraftshould

be far lessthan the amountof PA andCMA appliedto the runways/taxiways.
Consequently,BODsdue to the aircraftglycolsshouldbe a fractionof the total ,.

BODsobserved. BecauseCMA is usuallyappliedas a solid,the majorityof BOD5

associatedwithit shouldappear laterthan that attributableto the liquid-phasePA.

I
Glycolsmeasuredbythisstudyare strictlythe resultof aircraftdeicingthat took

IN

placeat the gates. Becauseglycolscan alsocontributeBOD5duringwashoff

monitoring,theywereanalyzedto discemtheir relativecontributionto the BOD5
measured. Allglycolresultsare summarizedanddiscussedin a previouschapter "

a

of this report.
AN

Event summaries "

BII

In the past year, the STIA runways and taxiways and other surfaces were deiced 1
extensivelyontwooccasions.The firstepisodetookplaceover twodayson 1

W

November19-20, 1996, and the ,secondcontinuedfor four daysfrom December
,awl

26-29, 1996. The AirfieldcrewappliedPA and CMA duringbothperiods(POS, ']
1997d). Becausethe Decembereventwas extremelysevereforthe PugetSound

area (16 inchesof snow),the Portappliednearly9 timesmore PA inthis second ,
J

eventthan the first. Sandwas also appliedto the landsideand airfieldroadways =,

duringthe secondevent. Urea was notapplieddirectly,yeta limitedamountwas , "_
usedinthe sandto preventstockpilesfromfreezing. The Port hassincesold ==
remainingureaandsaltsuppliesto otherinterests.

i

Aircraftdeicingwas veryintenseduringthese two periods,withnearly600 aircraft '=1

deicedduringthe 4-day Decemberevent. The numberof aircraftdeiced ineach |
eventwas similarto the two 1995-96 winterevents,but due to the severityof the

roll

/

weather,airlinesusedmorethan twicethe glycolscomparedto lastyear. During \v_
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the two events in January 1996 airlines applied 8% to 15% of the total annual

glycol used. In contrast, airlinesreported 13% to 31% of the total glycols used

• duringthe two events this year. Consequently, airlines applied nearly as much

glycolduring these two periods as they did duringthe entire past year. Glycols

• are discussed in a priorsection of this report.

Rainfall began withina day or two of the snowfall. Monitoringproceeded at the

SDN2 and SDS3 ouffallsduring the subsequent week during the first 2 and 4

inches of rainfall for the November and December events, respectively. Therefore

results from thisyear are comparable to past data only to the extent that the

duration and sampling were similar. Because of the extreme weather, pollutant

• concentrationswere higher this year than in past samples, especially in the

extreme December event. The December event is certainly not representative of

• typical winter weather. Nonetheless, the data are sufficientto achieve the

• objectives of _thewashoff study.

BI

Methods

' The Port undertook rigoroussampling and flow monitoringto provide adequate

data to estimate incremental BOD5 mass loads and attendant washoff functions.
IB

Immediately followingchemical application, the Port sampled baseflows, then took

- four 6-hour time-composite samples each day over the course of the ensuing

snowmelt and rainfall. Automatic samplers took aliquots every 15 minutes and

t composited samples in washed one-gallon glass jars. Multiple samplers were.=
programmed to sample at each outfall over several days. Doing so allowed staff

/ to retrieve samples when drivingconditionswere safer.

Samples were analyzed for BOD5, glycols, TKN, ammonia, and calcium,
magnesium and potassium ions. Because BODsaggregates the effect of glycols

and acetates, the ions were analyzed to differentiate the relative BOD5 from theglycols, PA, and CMA. The potassium ion (K œthe PA, and the calcium

(Ca2 ˜magnesium (Mg2 œthe CMA.

,J
Pollutant loads were estimated as the product of pollutant concentration and

,_ discharge volume between samples. These incremental loads established an
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Ill

estimate of the ratesof pollutantwashoffover time andover subsequentrainfall. - J

Discharge volumes at SDN2 were logged by an ISCO 4150 area-velocity flow "1
meter installed in the round concrete discharge pipe. An ISCO 4230 flow meter J
logged discharges from the calibrated weir at the SDS3 ouffall. These are the '5
regularNPDES monitoringlocationsforeach of these outfalls. Rainfallwas |
loggedby an ISCO tippingbucketraingage set to recordhundredthsof an inchin

fiveminuteintervals. J

General results ._

Ingeneral, concentrationspeaked inthe firsttwodays, then dropped rapidlyto '1
very lowlevelswiththe onsetof the firstrainfall. See Figure33 and Figure34. J
Concentrations dropped to approximate background levels after the first4 to 5 =11
daysandone to oneanda half inchesof rainfallafter chemicalapplication. J
Continuing low concentrations of the ionsindicatingPA andCMA showedthat

Im

subsequentminorincreasesin BODsweredue to additionalglycolsinthe runoff. /
See the noteon Figure33.

,.J

Similar to the results reportedinthe lastannualreport,thisyear's monitoring

showedthat a large fractionof the BODswashedoff inthe first 1 inchof rainfall. A -- =11
muchsmallermasswas washedoff inthe next 1.5to 3.5 inchesof rainfall. J
Becausethe effectsof aircraftglycolsare inextricablycommingledinthese BODs =11
washoffcalculations,it iscertainthat the BODsattributableonly to the runway 3
deicingchemicals(as opposedto the aircraftdeicingglycols)washed-offwith Im

even lesstotalrainfall. J

Limitedconcentrationsof TKN and ammoniawere found in samples from both 1
_J,SDN2 and SDS3. These low level nitrogen analytes corroborate the limited

amountof ureausedto preventsandstockpilesfromfreezing. BothTKN and 1
ammoniaconcentrationswere far lessthan in pastyears. Ammoniawas generally 4
notdetected,and atmostmorethan an orderof magnitude(10X) belowthe "11

receivingwatercriterion. TKN displayedsimilarwashoffdynamicsas lastyear, J
butbecausethe Portnolongerusesurea, it is no longera focusof thisstudyand 91B

is not discussedfurther. J

AR 033589
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J Figure 33 November 1996 Event Pollutagraph for SDN2

1
J
J
J
J
J
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Figure 34 December 1996Event Pollutagraph for SDN2 ]

Washoff functions 1
Ill

These results apply directly only to the SDN2 subbasin becauseof incomplete 7

flowmonitoringdata at SDS3. However,becausethe shapesof the pollutagraphs q

!for SDS3 are similar to those from SDN2, and because these two subbasins were

sampled over the same period, the washoff functions should be similar. These ==.

identifya strongrelationshipbetween rainfallandpollutantwashoff -_results

subsequentto runwaydeicing.
|

BODewashedoff washighlycorrelatedto total rainfall. Figure35 showsthat

about80 to 90 percentof the totalBODeloadwaswashed-offby less thanone =1
inchof accumulatedprecipitation.The relationshipbetween washoffand rainfall !
was best described by logarithmicfunctionsthathadcorrelationcoefficients (R 2) mI

of 0.93 to 0.97. A correlation coefficient of 1.0 means that the regression equation !
is a perfectfit of the data.

These figuresshowthat rainfalllessthan the 6-month,24-hourstorm(1.3" total

rainfallforthe STIAarea) washed-offthe majorityof chemicalsappliedduringthe
deicing/anti-icingperiods. Infact, as littleas the 1-month,24-hourstorm(0.65") r

washed-offcloseto 70% of the BODein bothevents. These curvesalso strongly =1
illustratethe =firstflush"principalwhere the majorityof the BODe loadis washed

off bythe initialrainfall.Therefore,consistentwithlastyear'sAnnual Report,the _11
first0.6 to 1.0 inchprecipitationafter a majorrunwaydeicingeventwashed off the
vastmajorityof deicingchemicalsapplied. The corollaryis also the Paretoeffect, .R

whereeverdiminishingamountswere washedoff by additionalrainfall.

Becauseof the generalagreementbetweenresultsof the washoffstudyforthis 1
I"

year and last year, continued monitoring is not recommended. However,

monitoring should continue at SDN2 dudng winter weather and snowfall to satisfy
otherobjectives,namelyto verifythe effectivenessof the pumpstationand

snowmeRarea BMPs. 1

1
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- • Summary

- Overall, it appears that the 1-month, 24-hr storm (0.65" rainfall) washes off m6re

than 75% of the total BODs attributable to the PA and CMA deicing chemicals.

• Consistent with last years findings, the resultsfrom thisyear's washoff study
- conclude:

1. a marked first-flush effect is present for BODs and indicators of PA and CMA,

2. concentration data and robust mass load estimates demonstrate the first-flush
" effect,

3. incremental loading estimates establisha coherent _Nashoff function",

• 4. the washoff function indicatesthat rainfall less than the 6-month, 24-hour

'- rainfall event (1.3") subsequentto runway deicing washes off the majorityof
u deicingchemicals,

5. no further monitoringis necessary at SDS3,
I

6. monitoring at SDN2 should continue so that effects of the new pump station==
BMP can be ascertained,

_ ,j 7. despite the severity of the December event, washoff functions exhibited
similar dynamics to last year's,

i 8. the limited urea used in sand applied resulted in much lower TKN

"_ concentrations andfar less total mass than last year, and

9. ammonia resulting from the limited urea was generally not detected.J
J
J
J
J
J
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J
iJ Stipulated A_clreementSampling

J As a result of the Stipulated Settlement Agreement (Brasher et. al., 1995), the

..j Port of Seattle agreed to sample 16 events over a minimum 4 monthperiod at theMillerCreek outfalls (SDN1, SDN2, SDN3, and Lake Reba outlet). Pollutant

analytes were limited to TSS, turbidity, BODs, glycols,and ammonia. In addition,

/ the Agreement required two additional sampling events of all eleven (11)
permitted ouffalls (the full list of permit-required pollutantanalytes). These

J requirements more than tripledthe Pod's sampling activity in the past two years.

/ The Port completed all required samples for the Miller Creek outfalls as of October
J 1996 (summarized in Appendix B). All additional samples from permitted outfall

were completed by February 1997. Resultsfrom these additional samples were

J submittedto Ecologyon monthlyDMRs when applicable, and are included

throughout this report. The Port provided all data to the Appellants as required,

J and submitted a final letter on March 31, 1997 of alldocumenting completion

agreed sampling (POS, 1997e). The data showed nothing unusual in the results,

| which are consistent with findingspreviouslypublished inthe Port of Seattle's
J

Annual Stormwater Monitoring Reports (POS, 1995a and 1996a). There

/ Appellants did not present comments on any of the data.

The additional data provided by these samples allowed the Port to further

J substantiate it's positionthat Sea-Tac airport generates far less stormwater
pollutionthan other urban land uses.

/

-'J Special Investigations

.] Followingare discussionsof special monitoring and investigationsthat the Port

conducted in the past year. These investigationsand corrective actions, where/
,J necessary, constituteswPPP activities intended to reduce and eliminate

stormwater pollution.

,J
Subbasin SDNI: testing public roadway bias and pollutant source tracing

,J
This section discusses the details of the 1996-97 source tracing effort in subbasin

_ | SDN1. Results and conclusions have been summarized in the priorsections that
J
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discusseach pollutant. Previousstormwaterdata indicateda possibleconcernfor - •

certainelevatedpollutantsin SDN1 discharges.Withconcurrencefrom Ecology

in August1996, the Portbegana studyto determineifpublicroadwayrunoff

biasesPort samplestaken inmanholeSDN1-27. The resultsindicatethat the

roadways,aswellas an inappropriateconnectionhave biasedresults. These )
resultsjustifymovingthe samplingstationfrom manholeSDN1-27 to SDN1-22

whichis abovethe dischargeof the publicroadrunoff. 7
.J

Dye tests in April 1997 confirmed that more than3 acresof publicroads(SR 518, "]
S. 154thSt., and24th Ave.S.) drainto manholeSDN1-25. Stormsamplesabove .,/

and below this manhole showed elevated FOG and TPH attributable to the public "1
Jroad runoff. Therefore,all NPDES samplestaken inmanholeSDN1-27, the

originalpermit-compliancesamplinglocation,reflecta high-biascausedby the '1

non-Portrunoff,provingthe hypothesispresentedinthe lastannualreport. Table J
summarizesthese results.The Port is continuingto investigatepossiblesources

BII

of lower pH,andelevatedzincthat continuein resultsat the SDN1-22 manhole. J

Elevatedammonia,BODsandfluoridefound inSDN1-27 baseflowsinJuly 1996, "!
Jplus the presence of dry-weatherdischargesmotivateda secondaspectof the

study. Bysamplingbaseflowsat three "key manholes",the Portdiscoveredthat a -- "I
foodservicefacilityhad an inappropriateconnectionto manholeSDN1-25. J
Baseflow samples in manhole SDN1-25 indicatedelevatedammonia,surfactants "1

and BODs compared to samples from manholeSDN1-22 locatedabovethe _J
m

facility.
"!

However, investigationsanddye testsinthe 30-footdeep manholeSDN1-25 J

showedthatthe majorityof the basefloworiginatedfroma drainageswale inside "I
the cloverleafexit fromSR 518 to S. 154thSt. Nonetheless,minutebaseflow J
from a pipe draining the food service facility contained the elevatedconcentrations "1
of BODs,surfactants,andphosphatesresponsibleforcontaminatingthe largerand .,J
relativelycleanerbaseflowcomingfromthe drainageswale. Curiously,the non- 1

Port baseflowfromthe drainageswalehad muchhigherfecal coliforms,andabout J
twicethe ammonia. Table 11 summarizesthe baseflowsamplingresults.

.J
The Portalsousedthe servicesof MidwaySewerDistrict'sremotelyoperated

mobiletelevisioncamerato inspectover1000 feet of SDN1 pipingin February - l
i d'
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= 1997. However,the inspectiondidnotrevealany suspectconnections.

, Limitationsposedbymanholeconfigurationsandverticalreliefdid notallowa
I_ completeinspectionof manholesSDN1-22andSDN1-25. Later,physical,

confined,spaceentriesintothese20 to 30 footdeep structuresrevealedthe

i_ connectionswarrantingthe investigationsabove.

i_ showeda possibleconnectionto theSDN1 systemfromthe foodFacilitydrawings

serviceloadingdocktrenchdrain. Whenthe facilityoperatorwashedthe insideof

i_ foodservicetrucks,contaminatedwaterdrainedto the trenchdrain. Dyetestsin
April1997 confirmedthatthisconnectionexisted.The Porttook immediateaction

i_ withthe facilityoperator,requiringeliminationof the connection.The Portwillcontinueto monitorthe facilityto confirmthattheconnectioniseliminated.

I_ Insummary,the Port'sstudyconcludedthatmanholeSDN1-22 is a more
representativesamplinglocationthateliminatesearlierbiasesfrom public

i_ runoff.SDN1 taken October and 16, 1997roadway samples on 4, 1996, January

andreportedonthe respectiveDMRs reflectthe unbiasedSDN1-22 location.Due

_ j to equipmentproblems,sampleswereunsuccessfulat SDN1-22 in April1996,
andas a result,resultsfrom manholeSDN1-27were reportedonthe April1996

i_ DMRs. These resultsshowedsurfactantspresentat 0.6 mg/Ibut otherresultswerenormal. The Port eliminatedthe inappropriateconnectionfromthe food
servicefacility(responsiblefor elevatedBOD5,ammoniaandsurfactants)inMay

I_ 1997.

J pollutant source tracing
Subbasin SDE4:

J Inthe springof 1997, the Port discovereda repeating"signature"on hydrographs
of continuousflowmonitoringdata forsubbasinSDE4. Smalldischargesoccurred

j periodicallyandweremostevidentduringperiodsof dry-weather.An automaticsampleronstandbyforstorm a sampleserendipitouslytooka grabsampleof one
of thesepulsesonApril10, 1997.

,t
j
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The foam and fragrance in this SDE4 dry-weather flow grab sample suggested the

BJ presence of soapy vehicle washwater. Field kitanalysis showed surfactants

greater than 1.3 mg/I and enough fluoride to suggest the pulse had a domestic

I_ water source. Another foamy, fragrant discharge on June 2, 1997 was confirmed

during a confined-space entry at the monitoringlocation (20 foot-deep manhole

i_ SDE4-47) while maintenance.performing equipment

i_ On June 3, 1997 the Port traced the discharge upstream to its origin in manhole
SDE3-91, a structuretributary to the SDE4 drainage network. A 6" PVC pipe

i_ connected from this manhole to the nearby IWS-283 pump station. An equipmentmalfunction in the pump station caused overflows to discharge to the SDE3-91

i_ manhole. The Port immediately plugged the overflow pipe and took appropriatepreventive maintenance actions The IWS-283 pump station handles washwater

from the rental car wash after the water has gone through initialpretreatment in a

BI sand filter.

- J The Port believes this problem caused the elevated results for FOG (9 mg/I), TPH
_== (10 mg/I), and surfactants (1.28 mg/I) reportedon the January 1997 DMRs.

j_ Previous sectionsdiscussedthat these resultswere outlyingvalues and not typicalof the many samples collected at SDE4 to date.

_J Snowmelt: BOD5caused by glycols in snowpiles

i_ period, the Port monitoredsnowmelt during and after the
In the 1996-97 Winter

two major snowstormsof November 19-20, 1996 and December 26-29, 1996.

ill The December event was a rare, extreme occurrence of 16 to 18 inches of heavy
snowfall followed by heavy rainfall of more than 5 inches in the next 5 days. The

i_ Port plowed and moved several thousand cubicyards of snow to four snow
storage areas. Though this December event is not representative of nominal

III snowfall, it nonetheless provided an opportunity to investigate the dynamics ofsnowmelt contaminated with glycolsand ground deicers. In both events,

temperatures remained above freezing throughout the monitoring period, allowing

_11 a continuoussnowmelt cycle.
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Preliminarysamplingwithglycolanalysiskits14during and after the November
event showedthat glycolsof >300 mg/Iemanatedfrom the snowpilefor the first 4 =

days. Glycolconcentrationsthenbeganto dropbelow100 mg/Iwithinthe first

week of the meltcycle. The Portthendeployedand setupautomaticsampling a
equipmentdownstreamof the snowpileto monitorthe Decemberevent.

ii
Sampling during and after the Decembereventwasconcurrentwith runway
washoffmonitoringat SDN2. Monitoringat SDN2 bothaboveandbelowthe north

snowpileshowedclearresults.Samplesand loadingestimatesindicatedthe =i
durationand magnitudeof BODsinsnowmeltattributableto glycols,the potassium

acetate (PA) andcalciummagnesiumacetate(CMA) to a lesserextent. More
limitedsamplingat SDE4 did notindicateasclear results. I

Baseduponcomprehensiveup/downtime-seriescomposites,and loading
estimates,the samplingof the northsnowpileduringthe meltcycleafter the

Decembereventconfirmedthe following:

1. the northsnowpilewasa sourceof BOD5dueto glycols(BODsand glycols
were bothat higherconcentrationsdownstreamof the pile), ._

/

2. the northsnowpilealsowasa sourceof nitrogen(predominantlyTKN and very .... =_
littleammonia)fromsmallamountsof ureaappliedwithdeicingsand. The J
Port addedthe ureato the sandstockpilesto preventthem fromfreezingand ==
hinderingmechanicalapplication.The amountof urea usedwas far lessthan J

,....J
in previous years. TKN from ureadroppeddramaticallyafter 4 days intothe

meltcycle, ._3. 90% of glycolsand correspondingBODsemergedfromthe snowpileinthe first

4 daysof the meltcycle(basedonconcentrationsand massloadestimates), =J
4. glycolsand BODsdroppeddramaticallyafter 4 days, J
5. the north snowpilecontainedlimitedamountsof PA andCMA deicers,but far Ill

lesscomparedto the BODsdue to the glycols(data showedthatthe snowpile J
runoffactually diluted PA and CMA coming from above it),

J
14HACH glycolkit resultsgiveconcentrationrangesonly and nota specificglycolvalue. The kitdetects

eithertype of glycol. -.... 1
_P
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"- 6. glycols in the snowmelt dropped below 100 mg/I after 6 days of melt cycle,

remained below 100 mg/I during the next 5 days of sampling, and dropped

--J below detection in days 9-11 of the melt cycle,

7. BODs displayed an initialdrop below 100 mg/I after 7 days, but then began to
I

rise again in day 8. The rise in BODswas not caused by additional glycols

because they remained below detection in days 9-11,

! 8. this rise in BODs in days 8-11 was due to CMA solid melting, because both

calcium and magnesium ionsalso rose in concentrationwhile the potassium

ion (indicatingPA) decreased, and
9. turbidityincreased below the snowpile as a resultof equipment activity

disturbingthe gravel-surfaced snow storage area.

i Therefore, monitoringshowed a multiphase melt cycle: BODs from glycols in the
J snowpile appeared rapidly in first few days followed by a drop for short period,

then rose a secondtime due to the dissolvingsolid CMA deicer. The gravel-

J" surfaced snow storage area contributed turbidity and solids.

| In summary, plowed snow can contain glycols and other deicers that manifest as
J

BODs. The BODs due to liquid-phase deicers such as glycolsand PA appears

j from snowpiles in the first few days of the melt and/or rain cycle. BODs from solid-phase deicers such as CMA may show up later inthe melt cycle. Because these

conclusionsare based upon sampling that took place during an extreme event,

J nominal snowmelt events should behave similarly,but display lower overall BODs

and glycolconcentrations. The Port will complete capital constructionof three

J snow storage areas by November 1997. Runoff from these three areas will be
diverted to the IWS by local pump stations.

J

/... Field QC samples

Table 12 shows data for field quality control samples. These data demonstrate/

,J the adequacy and strong level of confidence of the Port's sampling protocols and
results. Because the majority of data were near or below analyte detection limits

J in field blanks,the resultsconfirm that little or no Contaminationoccurred in the
automatic sampling process. Furthermore, duplicate samples taken by the

| automatic samplers display little relative percent difference (RPD) between a
J
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particularsampleand it'sduplicate.The majorityof duplicateanalyteshadan __
RPD of lessthan 10%. Onlya limitednumberof casesexhibitedmorethan the

20% RPD criterioncommonlyusedto discemsignificantdifferences.Such

differenceswouldaccountfor the variabilityof the compositionof the discharge

andthe precisionof the samplingtechnique. !

J

I
J
J
1
J
J
J
l
1
l
.1
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Summary of biases caused by non-Port runoff

As discussedunderBackground,severalsamplinglocationsincluderunofffrom
non-STIAsources. Data discussedpreviouslyinthisreportconfirmthat offsite

runoffbiasesresults,causinghigherconcentrationsof severalpollutantsand =i
biasingSTIA results.The Port has alreadymovedtwosamplinglocations,and "J

withEcology'sconcurrence,may adjustothersif conditionswarrant. ¶
I

....J

SDN1 • publicroads • Provenhighbiasfor • moved from manhole 'I
• foodservice FOG andTPH. SDN1-27 to manhole J

facility • BODs,surfactantsfrom SDN1-22 al

facility • Eliminated /
inappropriate

connectionSDE4 • publicroads • probablehighbias for • understudy

• IWS pump veh.icle-source • eliminated '1
station pollutants inappropriate - ._/

overflow • provensurfactantsfrom connectionfrom -- "11
• other? pumpstationoverflow overflowpipe J

SDSl • publicroads • probablymore • understudy I

(S. 188thSt.) dominantafterMay |
1997 '--'

SDS3 • publicroads • probablehigh-biasfrom • understudy 1
(S. 188thSt.) vehicle-source _2

pollutantsin grab '1
samples J

SDS2 • publicroads • probablehigh-biasfrom • subbasinto have no .'51
(16thAve.S., vehicle-source "industrial"activityby J
S. 188thSt.) pollutantsandTSS. end of 1997. No further

action. __
SDW3 • publicroads • provenhighbiasfor • movedfromoutfall

(S. 188thSt.), FOG and bacteria backwaterto manhole _1

animals /fecal coliforms) SDW3-24
L.P

86
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_J

j Stormwater Pollution Prevention Plan (SWPPP) Actions

Table 13 presentsa summary of best management practice (BMP) activities

J described in the Stormwater Pollutionprevention Plan (SWPPP, POS, 1995b).
Summaries of wet and dry season inspectionsare included in Appendix C.

J
J
J
J

-J

J

J
J

J
,J

J
J
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Conclusions and Recommendations
m

II

Stormwater Quality

u
Overall, STIA stormwater qualityiscleanerthanregionallycomparabledata.

Resultscontinueto demonstratethat stormwaterqualityatthe airfieldoutfalis

• undertypicalconditionsis consistentlycleanerthanregionalcommercialand
industrialareas. The dichotomybetweenairfieldoutfallswhenresultsare

• comparedto theterminaland landsideoutfallsindicatesthat landsideandterminal

outfallsare the principalpollutantsources.However,the datatendto indicatethat
runofffrom non-PortpublicroadwaysunfavorablybiasesSTIA stormwater,=
especiallyinthe landsideoutfallsamples. Nonetheless,overallSTIA unitloads

forTSS andmetalsare generallylowerthanroadwaysandcommercialareas.

As a directresultof stormwatermonitoringcompletedinthe pastyear, the Port

• foundandeliminatedinappropriateconnectionsto the SDE4 and SDN1 storm

, drains. Monitoringinthe upcomingyearshoulddemonstratethat fourmajor
• capitalBMPsconstructedinthe pastyear dramaticallyreduceand even eliminate

, glycolsinthe SDS1, SDN2, andSDE4 subbasinstormwater.

Subsequentto runwaydeicing/anti-icing,the one-month,24-hourstorm (0.65")

J washesofffrom70% to 80% of the of BODsattributableto grounddeicing
chemicals.Lessthanthe 6-month,24-hourstorm(1.3") washesoff the vast

J majorityof BODs.

Recommendations

Based onthe findingsof thisandpastreports,the followingkey recommendations

i=J are offeredto the Departmentof Ecologyandthe Port of Seattle AviationDivision:

iJ 1. Discontinuemonitoringin SDN1 becausethissubbasinhasno industrial
activities.However,if monitoringrequirementsremain,continueto sampleat

| manholeSDN1-22. This locationremovesthe biasinthe Port'ssamples
i,i causedby petroleumproductsinpublicroadrunofffromSR 518, S. 154thSt.,

g3 AR 033610
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JI

and 24th Ave. South. Verify that Air Cargo Road (another public roadway) is

another possiblebias for zinc and other metals, j

2. Discontinue monitoringat SDS2 as soon as the soil remediation project is Ii
completed. Public road runoffcommingles with Port runoffabove the sampling
location, and biases the Port's results.

3. Discontinue the FOG analysis by method from 413.1. Replace with method

NW3"PH-Dx which gives more representative results by reducing non- •

petroleum biases.

4. Reduce monitoringfrequency from quarterly to once annually for the five I

airfield ouffalls (SDS3, SDS4, SDN2, SDN3, and SDN4). This report continues n
to demonstrate that these subbasins discharge far less than other urban land i

i

uses. If this reduction is not feasible, continue quarterly monitoring at only one

or two of these 5 subbasins. Given the similarity in activity in each subbasin,
and the facts established by the Port's Annual Stormwater reports, these 5 l

subbasins are "substantiallyequivalent".
!

5. Investigate the bias that S. 188th St. May impose on SDS1 samples now that .... iI
runoff from this public road is a larger component of that sampled at the outfall. /
In the past year, the Port completed two capital BMPs that reduced the Port's m

SDS1 subbasin drainage area from 40 to 6 acres. -]

6. Continue to investigate possible sources of fecal coliforms in SDE4
r

discharges.
==

7. Monitor stormwater at SDN2 to verify the effectiveness of two capital BMPs 7

designed to reduce and eliminate glycols and BODs during winter weather. Jl
This sampling should be in addition to regular monitoring. !

8. Discontinue the "washoff study" monitoring during runway deicing events.
Sufficient data exists from the past two seasons to provide relevant guidance.

1
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- 9. Continue to monitor glycols in SDS1 discharges to verify the effectiveness of

two capital BMPs designed to reduce and eliminate glycols and other

•. pollutants by rerouting drainage to the IWS.

- 10. Discontinue monitoringfor glycols in airfield subbasins SDS3, SDS4, SDN3,
and SDN4, and in landside subbasin SDNI. All known direct sources of

- glycolshave been eliminated. Ecology acknowledges that glycol shear from
aircraft is not regulated. Amend the Port's Procedures Manual appropriately.

m

11. Discontinue formal glycolmonitoring in the three remaining subbasins.

J Perform only limited glycol monitoringto verify BMP effectiveness. Glycols arenot applied in subbasins SDS1, SDE4, and SDN2. The Port has completed

j several BMPs that eliminate aircraft service areas from these subbasins.Capital BMPs that divert snowmelt from snow storage areas in SDE4 and

SDN1 will be completed by November 1997.

J
J
J
J
,I

-,I
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Appendix A

Hydraulic and Hydrologic Estimations__P

This appendix presents hydraulicinformationrequired by the STIA NPDES permit.

- Paragraph 2 of section C of NPDES permit special condition$3 states "The

Permittee shall submit the followingdata for the storm event used: date, duration,

--J the number of dry hours precedingthe storm event, total rainfall duringthe storm

_j event (inches), maximum flow rate (gallons per minute), and the total flow from therain event (gallons)." This appendix contains these required data items. Daily
maximum runoffvolumes are reported monthlyon DMRs.

J
Table 15 outlines the stormsmonitored,the outfallssampled, and the storm date,

J total rainfall, duration, and 48-hour antecedent precipitation.

Runoff Volumes

i In 1995, the Port developed a WATERWORKS software-based model forhydraulicevaluation of the stormwater subbasins at STIA. Port Engineering,

amongst others, uses the model to evaluate the stormwater piping for various

J design storms. Runoff volumes generated by this model were used to develop!

linear equations for estimating runoffvolumes for each subbasin. These

equations are nested in the that estimates the maximumspreadsheet daily
!

discharge values submitted inthe monthlyDMRs. The Port has usedthis

I procedure since the fourth quarter of 1995. Table 16 presents total runoff
r volumes estimated for each storm event monitored.

• i The reader is referred to the Procedures Manual (POS, 1997b) and last year's
annual report (POS, 1996a, 1995a) for a discussion of the method usedto

J estimate runoffvolumes. Table 18 shows the areas estimated for each subbasin.
The areas of some subbasins will change as portions of SDS areas are connected

,! to the IWS as specified in the SWPPP.

I

Peak Discharges
IF

| Peak discharges presented inTable 17 are estimated by the "rational method" for
,J each storm event sampled in the preceding year. The peak rate of each storm

J AR 033620
103
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i,

depends uponthe time-of-concentration,or Tc, for the particularsubbasin and the
rainfalldistributionof the particularstorm. The WATERWORKS modeldeveloped _

the TcvaluespresentedinTable 18. The peakdischarge,Qp, is then estimated I

bythe rationalmethodusingthe followingequation.
=

Qp(gpm) = Cx I x A x 43560 ft3/acx 7.48 .qal/ft3
12 in/ftx 60 min/hr "

=,
where:

C = runoffcoefficient= (0.90(Aj) + 0.25(Ap))/A
where: ¶
A_= the imperviousarea inacres,and ..

Ap = the perviousarea in acres a

I = peak intensityin inches/hour

A = subbasinarea inacres _

The Port's ISCO raingage recordsrainfallat 5-minuteintervals,thusresolving _
rainfallrates,or "intensities"forperiodsasshortas 5-minutes. The rainfallrecord

I

for the stormof interestisexaminedto determinethe peak intensityfor the time

spanthat matchesthetime-of-concentration.The ISCO raingage allowsthe user

to aggregaterainfallformultiplesof the 5-minuterecordingintervalthat best

approachesthe timesof concentrationdesired. Thisbasin-specificintensityis =1
then translatedto an hourlypeak intensityusingthe followingequation:

I = ix 60/To -

where: I

i = maximumrainfalldepth(inches)of a time equalto the timeof
concentration

T¢= the timeof concentration,displayedinTable A3.
mB

For example, the Tcfor SDE-4 is 21 minutes; therefore, the rainfall record for the J
stormof interestis examinedto find the oneperiodof 20 minutesthat has the

greatestrainfalldepth

\ '_ I
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I

Table 18 Summary of Subbasin Hydrologic Characteristics
mW

T

i

J
002 22 90 112 0.77 21

' 003 0 6 6 .90 TBD

" 004 5 0 5 .25 60

j 005 222 202 424 0.56 78006 0 14 14 .90 10

007 7 29 36 .77 50

J 008 43 17 60 .43 55

009 32 25 57 0.54 50

J 010 14 10 24 52 38D

011 20 6 26 0.40 TBD

] 012 0 1.5 1.5 .90 5
J

013 0 2 2 .90 5

j .014 40 0 40 0.25 TBD015 35 2 37 0.29 TBD

J
J
J
J
J
J

- J
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Appendix B
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Summarized Analytical Data for all Storm Events Monitored
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'Geomean for pH oncl Fecols

By

IDE4 count 14 13 15 14 14 13 15 13 I'2 14 I
median* 6.9 3.1 2.8 230 41.5 20.0 11.7 0.30 5.0 0.1E J951t 7,7 12.2 9.2 2440 165 104 42.5 2.4 36.5 1.4

75th 7.3 5.7 3,9 1475 52.0 27,0 24.0 0.44 5.7 0.31
2rdh 6.5i 2.8 1.6 46.3 19.5 15.0 7.0 0,18 5.0 0.1 I

oi 2 2 (] 0 0 I 0 9 J
'Mmn.detected 0_ 15_ 13% O_ 0% 0% 7% 0% 75% 7_

J

AR 033630 j
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ii

median* 6.7, 1.6 0.5 37 17.0 13.5 16.5 0.02 5.0 0.41
951h 7.4 7.1 5.3 1600 56.5 37.4 82.3 0.25 178.4 0.8z

== 751h 7.2 3.1 2.6 200 31.0 24.0 31.9 0.14 29.0 0.5(;
251116.5 0.5 0.5 5 8.2 6.5 11.8 0.01 5.0 0.1

0 5 5 2 0 0 0 4 5 [
ll.nan-dete_le_ 0% 36% 33% 15% 0% 0% 0% 31% 56% 01_

" I5DS2 counl 8 8 8 8 7 7 7 1 I
meclan" 6.9 1.6 0.3 165 18 19 4.0 I

91Hh 7.3 3.8 0.5 2180 48 36 10.1 I
m 71gh 7.1 2.5 0.5 935 35 29 6.5

25. 6.7 0.5 0.1 20 16 12 2.5
0 3 8i 01 0 0 3

%_ 0% 38% 100_ 0_ 0% 0% 43%

- 1SD_ _ 15 16 171 17 17 161 17 16 9 16
median' 7.4 0.5 0.5 4 4.5 4.6 8.0 0.05 5.0 0.05

9rdl_ 8.1 4.3 0.5 424 "/).6 18.3 24.4 1.33 18.8 0.23

lli 75_ 7.4 1.3 0.5 13 16.0 9.9 11.4 0.12 5.0 0.06
25_ 7.2 0.5 0.3 I 2.3 2.8 5.0 0.02 5.0 0.04

0 11: 14 10 0 0 2 2 8 9
I 1_me_letect_ 0% 691_ 82% 59% 0% 0% 12% 13% 89% 56%

i SD,_II I counl 16 15 16 15 15 15 17 14 7 15
_° 7.3 1.2 0.5 133 11 6.5 5.C 0.05 5.0 0.05

J 981h 7.8 3.3 0.6 1600 31 13 16.4 0.85 5.0 0.20
751h 7.6 2.7 0.5 470 20 9.3 6.4 0.11 5.0 0.07

i 25_ 7.1 0.5 0.1 40 5.3 4.8 4.3 0.02 5.0 0.01
#non-dehmted 0i 7 14 I 0 0 I 0 7 10

%non_ O%J47% 88% 7% 0% 0% 6% 0% lOOSI 67%:

- , jSDW3 counl 8 8 7 8 8 8 8
median* 7.0 0.6 0.5 162 7.2 2.9 4.6

95_ 7.4 7.3 4.8 20095 76.8 210 12.1
I 78, 7.3 1.6 0.5 1175 29.0 21.3 6.2

li) 281h 6.7 0.5 0.2 41.8 5.1 2.2 3.5
#non-detected 0 5 5 I 0 0 2

%non-detected 0% 63% 71% 13% 0% 0% 25%

J B Icount 3 3 3 3 4 4 4 0l 0 C
meaian ° 6.8 0.5 0.1 6 30.0 37.5 2.6

95th 7.1 i i_id_ 0.5 27 82.9 99.5 5.3

J 75. 70i::i!_:s0.3 17 s0.557.5 3.925,! 6.7_ii_iQ_ 0.1 3 20.5 32.0 2.0
#non-detecte_ 0 3 3 0 0 0 3

_.o.-_ '_ 100%0_-'_..____ 78..___

J D I_ 5 s 5 53330 0 c
medlan" 6.9 3.9 0.I 50 38.0 35.0 3.0

95-7.111.8o.431438.o47.61o.5

J 75" 7.0 7.1 0.3 170 38.0 42.0 7.2
251h 6.8 1.2 0.1 38 36.0 30.( 2.5

#non*detected 0 2 4 0 0 0 4
%non-detected 0% 40% 80% 0% 0% 0% 13311

J SDNI** j count 17 14 16 15 23 22 24 23 14 16
median*f6.5 2.3 2.0 113 21.5 12.0 9.41 0.16 5.0 0.09

ij 981h 7.6 17.8 6.1 1900 65.6 30.0 38.1 0.84 5.0 0.82
751h 7.4 6.3 3.7 420 41.5 17.8 17.8 0.44 5.0 0.20
25, 6.2 0.7 0.5 29 14.0 7.2 4.8 0.06 5.0 0.05

;_-detected 0 4 3 I 0 2 2 14 5

%non*det_t_l 0% 29% 19% 0% 4% 0% 8% 9% 100% 31%,

J °°Incluaes SDNI up samloies

J AR 033631
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l

.... lJ

|DN2 j count 13 15 15 16 20 20 21 20 '14" I,_
median* 7.1 1.1 0.5 7.2 6.1 4.9 6.6 0.04 5.0 0.06

95th 7.8 4.1 2.2 262.5 17.8 II.2 86.0 1.77 41.2 0.22
751117.5 2'.i 0.5 15.3 9.2 7.7 12.3 0.23 14.2 0.16

El
251116.8 0.5 0.4 2.0 3.0 2.21 5.0 0.01 5.0 0.04

_.-_IKI 0 6 9 22 0 t 2 6 10 6 ="
%non-detected 0% 4O% 60% 13% 10% 0%1 I0% 3O% 7i% 40_

I =
SDN3 i _ 16 16 18 16 22 221 23 23 15 14

median" 7.0 0..8 0.4 15.8 10.5 9.(_ 4.0 0.01 5.0 0.06
9511'I7.7 3.0 0.5 1225 25.8 25.0 7.0 0.14 5.4 0.1
751h 7.3 2.0 0.5 65 15.8 16.0 5.0 0.04 5.0 0.1
2Slt_ 6.8 0.5 0.1 1.8 3.9 5.1 2.0 0.01 5.0 0.0 m

#non-detected 0 9 171 5 3 0 7 7 14 10
If,mon-delected! 0% 56% 941i 31% 14% 0% 30% 30% 93% 71%, ,= ,

- ] _:,_N4 _ 4 4 A 4 4 4 4 2 4 '='
medk:m" 7,1 0,9 0,11 5.8 7,5 2,8 10,3 0.10 '5.0 0,02

8.0 1.5 0.I 238.6 10.6 4.3 13.8 0.54 5.0 0.05
781h 7.5 1.3 0.1i 73.0 8.8 3.4 12.6 0.29 5.0 0.04

r Ulh 6.6 0,5 0.1 1.0 6.2 2.3 6.8 0.01 5.0 0.01 II
lln(:m-detected "'0 2 4 2 0 0 I I 2 2

Jllaxm-detecled 0% 50% 100_ 50%, 0% 0% 25% 25% '100% 50% ""

Ill

U

m

i

J

i

J
J
J
J

,.2J
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J
ij

-- J

j I sos,so,,o_ i _-_ ,.,N,,=_ _0.00= j0.0,2,._o.=o=__o__;o._,_._o._LLo_.oo=LTg_T)T_
l sES!)sos_071796GRAB i 17-,J_&-9_NPCES NO,_.... } ! _ i i..... ! ! :....................................................................................................

• [............s.o...s.._Ls...o_s..).._._................._L._-___s__.._..... :0.ooi_:o.om...o.a_m..o._.....
.s_s!_..s.L_._.___e.____m-_...s9__.,5,__..____ i _ i _ i ._.......................................

I___SP_.S!!SDSl|_R_ i 0_.._ _ _NC_-----I--,- _ i _ ; ! ..... T..........:..............................'..............:...............

J l _s_is_s_,_ i o4-oec-_:"NmeS_ _/,=m._o.mls;t0.mi::_0.0007,_'!o.m7_ !0.00,3.!o.ooo|__z_--T_._]_oL_._i611_iTi_-'
]__. SOSIlSO$1011697 ! 1b-.JO'_97! NPDE_." _i_T_LJ0.00089 _.1_0e;;);!0,_114!0.0273 _=!0t01_._._0.00_0...0!_ .L0:_-(),.1.).2

sos|isos|_3_7 |3-,,_:x.__ _6.iiiis_o.oo_|, !0_00_:!0.0_0_!0.0408m_0_.4._0....___-'0,..09..!._.i.9,._._..2__

j SDS_SDS2051095 i 09-Moy-9_ N|_3ES_ _ : ! : : :

S_QSF_iD_O_U _ i 11-M_-_ ,,,,NP_Si N_ ) i ) '! i i / .............................

............_0s.?!s.9.._._........................._..._.!_:..._...N...._.__............._i......4............!..............................L......................_.....................................i................'................L....._.......-.......

SDS2iSD$2112396GRAB ) 23-Nc_ N_ -ql_ "_ i....."_'--"---_ ........t................"_.............."................T...................T............................................. :_ i ! i i ! ! ,:
SDS2iSDS2120496 0_-9_ NPOE_ NOi

J i ! i : ; _ i i '
SD$21$DS212049.6GRAB,., i 04..Dec-9_ NI_)F_ NOi i : j ! i ) ;, ! ! ! i --
"S_SDS2 011697 GRAB .j I_97) STIPAGi

' $052!$DS2011797

SO_iSDS2._| |t? GRAB ! 11-_9_SIIPA_ _ J ) i """'i i i
ii,

,J

J
J SDS3_SDS308_x_6 GRAB NC)_ i _ i i i
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EYIEYco, 79b i 17-FeID-9_ NPDE5 _
EYIEY_I796GR.,m_ _ _ _ _ i i , i T _ - "t., "_........
E_EY042296 i 22.Apt-_, NPI_ NC _ _; i. ..... __ _ i

EY_EY070_96 _,$_k_ N#_._ _ : _ :
IE_EY u,u_..GPJ_ 03-.,,kJkq_ NPOE_ BICL. ! i i i

I I | ? _ ' _ ! ,' _ ," ' _.......,i........._!_ o2_ : 2_.o_-_ N_ES_ NO0 --1" _ _ : _
, m_,_,_ i_,_ N_ _ I i i _ i -'...............-_........._...........
! EV!EY [_I197 GRAB 1 11-Feb-9_ N_ NO I i ! i i i i i ! i !

JJ EYtEY 030_97 ! 064vlat*9_ NPDE_ NO' _ i i i i i i i !
EYIEY0_0_7 GRAB 05-Mo_-97i NM31_ NO _ _ J i
I_ TY09(_94 0_-Sep-94/ NPDF.5_ NO , , _ ....) , L _ i I _ , ' : ,TYITY101994 _ 19-Oct-94_,_ NRDE_ NC_
TY_IY030495 _ 04-Maf-9_ NPDE!_ NO , i

..a "" _ _ o_-.._,..,__ N_._ NO' i _ i i i [ ! '.......... "....... : _ " _ _ - _ _ +" _" - "...... , ......... .d.............. 4............ ._..............

-----___ _ _ _ .¢ : :. _- _ i .__

j _YllYUVU_PO i _ _ NOI I i i : i ! ! _ " "GRAB _ 2_..M_-q_.'STIP_ NO: t _ _ i _ _ _ _

_Yo_ _ _r,-_-__ _ NOi i I ! i _ [" ,'I--..... r............1........1..........,
_IY_|_ I_'9_ NPOI_ NO _ ! h --'-"_ _ -"

J _o,_',_ i_._ N_ k_ ! _ i i '
' ! ' " i i i _ i

...... t.--c-._...--._c------- : _._i-__.7 IILZ_' i-.__"_L : : - '. _.- _......._---._......L ..........4.............

_t_0_,_= i ,7:__A_ _ i i i ! _ -i...........!............!.........%........
J _7_8_ _7-._ s_ NO! , _ _ i i I i '._'r,,_,_,,_ _-,,_ s-,.,,,_ ,,,a ! i i i t i i _ ! i ! ! '

..........__-__G_ i=-____d. ____j_. i _ i i _ :: i _ _ _ i '....... ..____.._.G.__. _ 0_-Oct_.'_ NC------'-'-'_ ..... i I _'- i ............."...............T................_...........!................_..............i............

. _,_ i_ _ ___ "]" ..r_-'_-_.,..... 1........_ ............T.............._..........r..........

j T_,TY0_ 1197 GRAB 11-Feb_ NPDES_ NOJ " i i ' '_ _.... _.....
_TY0_7 _ n-r-_..97_ N_ NC ! ! '
TYTY030597GRAB -- _ _ _ ' _ : : ......................:............................. __._.7._._ _N.._.,_ NC i i _ ! _ _

..... _1_.._7 _ 06-MOr-_7 "N_T ...... _ ...... _........... T........ T....... ---_----F .... _..................;............... j .............._,.................................J.............. _...............
O e 04lg_7G"R'AB "i'9"_i_._7; N_ _ NC_,"-'''--'_' 'i i- - '_-- T---'"_ .........._"........_ .........:...............T............?...........¢ ...........i

J ,, BiB 120496 j 04-D_-_ NI_ NO! i i i I i0.0276 i_ItX'W_ ': : i i 004T "i
BIB 120496GRAB i 04-Dec-96{ h_ NO_ ! ! i i i ':..... i ', i i i "

....................._..B...0.1_L797-........ _. 1@..._ _._ _ 4. ] _. [ i0.0178 i0.0015 i ! i _ ]0._

..................E'...B_.o.!2._Z._,L_Z?=_?__. _ i i ; _! i ---]..........."_...................i.........r.............F................!................_...............
e_e 0128q7 27-Jon-9_ NP[:)F-S_ NO [ " _" T0.-"0"I_ io._'_ -'T "_ ..... '_......... T.......... r....... _'k"_ .....

UaUOV _ _ar-97! NPDE_ NC _ _ _nrlrv_ nl'lflf_ i i T }E"-'.O1"7"
DiD 120496 GRAB : 04-Dec-9_ Nn,.r=.l_ NC l ; i i i iJ .D_ID011797GRAB i 10-Jo_7 _ NC , , _ . i i i....... ! ! ; _ k ! i t i T

............ i_] ___0-.l'2",_'_f__ R'Xi i _. NPDF._ NO i ...... "_......... T........ i ....... _--'_._ ...............t ............... t .......... i................."_............ ! ........... _...............
+--_--+.----_ ,. ,_ ¢. ._ _................p._o_c)_j_7,i......... _'-_T--._ Nme_ _'8 i. i :0.0._7_no_8 i ' _ i o.mz

J DiD_I_7 ' !0-_--2 _-_i; i _ I i i Jn_

" i I 1-FeD-9_ NPOf._ NO , _ _ I

D_..D 0"21197 GRAB 1 11-Fe10-97_ NM._ i NO i i i i ; i I i i _ ' --"

_ ! _-_,_ N,...=_ .......J..........i..........i____L_.__..___.j..o.:_k...i...__ _ i ioo_
o_6___X_-...........T_--_ - -i,i_ .........i_ _ _ _ _ _ _ _ l............[................F............_.............._..............

...................1................................1.....ov.,
J Count 105! 105 105 112 105 120 120 105! III 105 112 105 12ChlghliQhtecl<MDL value = 112 MDL median* 0.002 0.002 0.001 0.001 0.005 0.030 0.005 0.0001! 0.005 0.002 0.002 0.001 0.072

llnecl-outclatanotrepresentative 96th 0.002 0.004 0.001 0.0020.014 0.116 0.045 0.000___o0.018 0.002 0.005 0.001 0.417
751h 0.002 0.0020.001 0.001 0.005 0.042 0.01310.0001 0.009 0.002 0.005 0.001 0.205

J 251h 0.001 0.0020.001 0.001 0.003 0,018 0.002 o_n00__l0.005 0.001 0.001 0.001 0.033#non-detected 77 47 90 80 76 0 12 78 59 77 98 83
%non-detected 73% 46% 86% 7111 72% 0% 10% 74% 63% 73% 88_ 79% 1%
•Geomean for p I

j By Subbos_

I
SDE4 count 13 13 13 151 13 15 151 13 15 13 15 13 15

mecllan" 0,002 0.002 0.001 0.001 0.005 0.033 o.o23I0.0001 0.00_ 0.001 0.002 0.001 0.204
95#110,004 0.003 0.001 0.002 0.021 0.091 0.10010.0001 0.019 0.002 0.00_ 0.001 0.486

j 751h 0.002 0.003 0.001 0.001i 0,007 0.054 0.039 0.0001 0.01210.002 0.032! 0.001 0.300
261hi0.001 0,002 0.001 0.001J 0.005 0,030 0.016 0.0001 0,005_0.001 0.0011 0.001 0.160

: _ 6 6 13 8 7 0 0 12 7! 12 15 12 0
%non-del'e_ted 46% 381i 100% 53% 54% 0% 0% 92% 47% 92% 100% 92% 0%

j i

J (1_ AR 033637
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I

$051 I court1 14 14 14 15 14 15 15 14 14 14 15' 14_ ',r
median' 0.002 0.002 0.001 0.001 0.005 0.042 0.0130.0001 0.005 0.002 0.002 0.001 0.Ii

95_ 0.002 0.004 0.001 0.012 0.016 0.118 0.058 0.0001 0.011 0.002 0.011 0.001 0.29_
75t_ 0.002 0.003 0.001 0.002 _0.007 0.00b 0.023 0.0001 0.005 0.002 0.005 0.001 0.244
28_ 0.002 0.001 0.001 0.[301 0.005 0.031 0.006i0.0001 0.003 0.001 0.001:0.031 0.109 *

#non-detecte¢ 10 7 14 7 10 0 0 12 10 14 18, 15 0
%r_n..de_¢tK 711 50% 1001 47% 711 0% 0% Bb% 711 1001 1031 1071 0%

I

SDS2 I counl u
medion'

96111
75111
251_ u

#non-detected
_mn-detected

I

SDS3 I COUld 16 16 16 17 16 17 17 16 17 16 17 16 17 m
medlon* 0.001 0.002 0,001 0,001 0.005 0,035 0.003 0,0001 0.005 0,001 0.002 0,001 0,054

9511110.002 0.003 0.002 0.002 0.007 0.17(] 0.014 0.0002 0.016 0.002 0.005 0.001 0.099
78_ 0.002 0.002 0.001 0.001 0.006 0.053 0.005 0.0001 0.005 0.002 0.002 0.001 0.069
2511110.001 0.002 0.001' 0.001 0.003 0.028 0.002 0.0001 0.005 0.001 0.002 0.001 0.037 m

13 6 16 14 13 0 0 14 11 14 17 13 0
%l_l.-detl_KI 811 38% 100_ 82% 811 0% 0% 88% 65% 88% 1001 811 0% "

I
" 0.002

|DS4 J count 15 15 15! 16 15 16 16 15 16 18 16 15 16 •
median" 0.002 0.001 0.001 0.005 0.024 0.001 0.0001 0.00_ 0.002 0.0021 0.001 0.020

951h 0.005 0.003 0.003 0.002 0.026 0.076 0.016 0.0004 0.046 0.002 0.005 0.001 0.092
751h 0.002 0.002 0.001 0.001 0.005 0.036 0.003 0.0001 0.009 0.002; 0.002 0.001 0.031
2,5_:0.001 0.002 0.001 0.001 0.003 0.020 0.001 0.0001 0.006 0.001 0.001 0.001 0.018

#non-detected 12 7 14 14 13 (] 3 12 8 12 16 12 0 •

"4.non-detecled 80% 47% 93% 88_ 87% 0% 191 80% 50% 80_ 1001 80% 0%
I

|DW3 I count
median" B

951h
78th
25111

#nan-detected •
1_mn-detecled

I

B [ _ 0 0 0 0 Ol 4 4 Ol 0 0 0 0 4
median" 0.016 0.002 0.031 m

I 9Slh 0.026 0.006 0.040

76th 0.02Q 0,003 0.036
25_ 0.013 0.001 0.025

(] I 0 ..
_n-detected 0%, 25% 0%

I

D ] counl 0 0 0 0 0 3 3 0 0 0 0 0 3
nN_ior,* 0.016 0.002 0.031

95_ 10.026 0.006 0.040_
71gh 0.020 0.003 0.036 ._
2.8lh 0.013 0.001 0.025

#non-detected 0 1 I
%non.detected 0% 33% 33% ==

SDNI*" coon 14 14 14 15 14 16 16 14 15 14 15 14 16
medk_" 0.0(_ 0.002 0.001 0.001 0.005 0.032 0.013 0.0001 0.00510.002 0.002 0.001 0.365

9M11 0.002 0.002 0.001 0.001 0.009 0.080 0.039 0.0002 0.011! 0.003 0.00_ 0.001 0.684
76_ 0.002 0.002 0.001 0.001 0.005 0.043 0.017 0.0001 0.008 0.002 0.00_ 0.001 0.441
25th 0.001 0.001 0.001 0.001 0.003 0.022! 0.009 0.0001 0.005 0.001 0.001!0.001 0.288

#non*deteclle¢l 12 11 14 12 10 0; 0 11 9 8 I_ 12 0 m
%non-detecte(:l 86% 79_ 100% 80_ 71% 0%! 0% 79% 60% 57% 100%_ 86% 0%
"'IncluOe$ SDN1

LZ0 AR 033638
IB



-I I_TNP_SD_a

i SDN2 I counl 151 15 15 15 15 15 15 15 15 15 "15_ 15 I_median" 0.0020.0020.0010.0010.0050.0250.0050.00010.0050.0020.00:0.0010.04_

J 0.0010.0060.056 0.0200.00070.0090.0020.0050.0010.081
O'.0039Slh 0.002 o.ooi

751ti 0.0020.0020.001 0.0010.0050.034 0.0110.000110.0050.002 0.0050.0010.07_
2SIh 0.0010.0020.0010.00110.0030.01410.0030.000110.0030.0010.0020.0010.02_

._Jr #non-detected 13 715 14 14 0I 0 139143% 12 16 15 C'%non-detectecll 87% 47_ 100% 93% 93% 0% 0% 87%i 80% I07_ 100% 0_

SDN3 I couN 14 14 14 15 14 15 15 14 15 14 15 14 15

j .. mecllan" ! 0.0010.002' 0.0010.0010.005 0.012 0.0010.00010.005 0.002 0.002 0.0010.06_
9§_ 0.0020.0040.0010.0010.0050.0360.0040.00010.0160.0020.0050.0010.16_
751h 0.0020.0020.001 0.0010.0050.0180.0020.00010.0080.0020.0020.0010.111
2§lh 0.0010.0020.0010.0000.003:0.0100.0010.00010.0050.001 _ 0.0010.0010.046

-j #non-detected 13 5 14 15 13 0 4 13 7 13 15 12 0
%non-detected 93% 36% 100%1100% 93% 0% 27% 93% 47% 93% 100% 86% 0%

I
SDN& I count 4 4 4 4 4 _ 4 4 4 4 4 4 4, 4

median*_ 0.0020.0020.001 0.0000.00_ 10.035 0.001i 0.03010.010 0.002 0.0010.0010.024

j 981ti 0.0020.0020.0030.0010.0080.124 0.0010.00030.0160.0020.0040.0010.0447511_0.0020.0020.0020.0000.0060.0620.0010.00010.0120.0020.0020.001 i0.031
251_ 0.002! 0.0020.001 0.0000.0050.0330.0010.00010.0090.0020.0010.0010.022

#_-detecte¢ 4 4 3 4 3 0 3 3 0 4 41 4 0

J %non-detect_ 100_1100% 75_ 100% 75% 0%. 75% 75% 0% 100% 100%1I00_ 0%

I
I

I
i

I
rJ

J ] t AR 033639
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-, AllGlycol Data

w

11-Nov-94iSDE4111394
18-Nov-941SDE4111894

== 19-Nov-94iSDE4111994
041095
042895

no!9.6
"-" SDE4081795 noI8

19-Jan-961SDE4012096 AVG
03-Feb-96!SDE4020396
03-FeD-96!SDE4020496 AVG 30

"= 22-Mar-96iSDE4032296
041696

.=j 20-Nov-96iSDE4 112196A99
15-Dec-961SDE4121596
19oDec-96_SDE4122196

I

1 26-Dec-96!SDE4010797 AVG
_I 26-Dec-961SDE4123196AVG t3

27-Jan-97iSDE4012797 noj49

,=_ 05-Mor-97!SDE4030697
16-Jan-971SDE4011697
19-Nov-941SDN1111994
05-Jan-95!SDNI010595

08-Feb-9_SDN1 020895
13-FeD-951SDNI021395
15-Feb-951SDN1021695
04-Mor-95_SDN1030595

J 0B-Mar-95!SDNI03099513-Mar-95_SDN1031595
04_!SDN1 040595 NPDES)

040795

03-FeD-96!SDN1 020496__SDNI 040596 GRAB
__j NI 041296
I__61SDNI 041696

J _i SDN1042296__SDNI 042596
_96iSDN1 051396
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04-Dec-g6iSDS4 120496 ISDS4
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- Appendix C

- Loadin R Estimates

. Loadingestimates provide another useful degree of sophistication in assessing

water quality beyond concentrationdata alone. Loading estimates are by no

means exact and should be viewed only as general order-of magnitude estimates.
=B

The loading estimates presented in this report are based upon the method of

" Marsalek (1990). This method uses statistics for a log-normal data distributionto

estimate a mean and range for a given confidence interval. The data set

- comprises 14 to 23 quarterly samples per outfall taken throughout the calendar

year in the three-year period June 1994 to May 1997. The data set is limited to 4-

_ 8 samples at outfalls SDW3 and SDS2 (only annual samples), and SDN4, B, and

D because sampling requirementswere added in late 1996.

m

An annual load estimate for a particular ouffall is the product of the log-mean
concentration and total annual runoffvolume. The total annual runoff is estimated

" by simple the runoff-coefficientaveraging method and assumes an annual rainfall

of 38.6" (30-year average per National Weather Service). This method estimates
- that 90% of the total rainfall resultsin runoff. Annual loads are then converted to

"unit loads" by dividingby subbasin area. Because annual load estimates are site-

_ specific, only unit loads can be compared amongst sites, regions, land-uses, etc.

Loading estimates can also be compared over time to show the effect of BMPs.

i

Two major capital BMPs reduced the SDS1 subbasin drainage area from 40 to 6

acres. Such a change in surface area, and consequent annual runoff will
dramatically influence load estimates. Because the majority of data for SDS1

j comprise results from samples taken prior to these two BMPs, loading estimates
presented in this report reflect historicalinformation. Any future estimates should

use sample data taken after the BMPs (May 1997), and should also be adjusted '-
..J for the reduced drainage area.

J
-j

j 128 AP, 033647 ._.



J

J Appendix D

j Outfall Inspection Results

J
J
J
J
J

_J
J
J
J
J
J
J
J

j 129 AR 033648



J



i i I
J !!J _

J -'i i

Z Z Z Z Z Z Z Z Z J Z

J I Z Z Z Z Z Z Z Z I

" = = = " " = :-_ii == :

__ _! _- _ ,_,,-ii

j _ _o_o


	EXH2090033510
	EXH2090033511
	EXH2090033512
	EXH2090033513
	EXH2090033514
	EXH2090033515
	EXH2090033516
	EXH2090033517
	EXH2090033518
	EXH2090033519
	EXH2090033520
	EXH2090033521
	EXH2090033522
	EXH2090033523
	EXH2090033524
	EXH2090033525
	EXH2090033526
	EXH2090033527
	EXH2090033528
	EXH2090033529
	EXH2090033530
	EXH2090033531
	EXH2090033532
	EXH2090033533
	EXH2090033534
	EXH2090033535
	EXH2090033536
	EXH2090033537
	EXH2090033538
	EXH2090033539
	EXH2090033540
	EXH2090033541
	EXH2090033542
	EXH2090033543
	EXH2090033544
	EXH2090033545
	EXH2090033546
	EXH2090033547
	EXH2090033548
	EXH2090033549
	EXH2090033550
	EXH2090033551
	EXH2090033552
	EXH2090033553
	EXH2090033554
	EXH2090033555
	EXH2090033556
	EXH2090033557
	EXH2090033558
	EXH2090033559
	EXH2090033560
	EXH2090033561
	EXH2090033562
	EXH2090033563
	EXH2090033564
	EXH2090033565
	EXH2090033566
	EXH2090033567
	EXH2090033568
	EXH2090033569
	EXH2090033570
	EXH2090033571
	EXH2090033572
	EXH2090033573
	EXH2090033574
	EXH2090033575
	EXH2090033576
	EXH2090033577
	EXH2090033578
	EXH2090033579
	EXH2090033580
	EXH2090033581
	EXH2090033582
	EXH2090033583
	EXH2090033584
	EXH2090033585
	EXH2090033586
	EXH2090033587
	EXH2090033588
	EXH2090033589
	EXH2090033590
	EXH2090033591
	EXH2090033592
	EXH2090033593
	EXH2090033594
	EXH2090033595
	EXH2090033596
	EXH2090033597
	EXH2090033598
	EXH2090033599
	EXH2090033600
	EXH2090033601
	EXH2090033602
	EXH2090033603
	EXH2090033604
	EXH2090033605
	EXH2090033606
	EXH2090033607
	EXH2090033608
	EXH2090033609
	EXH2090033610
	EXH2090033611
	EXH2090033612
	EXH2090033613
	EXH2090033614
	EXH2090033615
	EXH2090033616
	EXH2090033617
	EXH2090033618
	EXH2090033619
	EXH2090033620
	EXH2090033621
	EXH2090033622
	EXH2090033623
	EXH2090033624
	EXH2090033625
	EXH2090033626
	EXH2090033627
	EXH2090033628
	EXH2090033629
	EXH2090033630
	EXH2090033631
	EXH2090033632
	EXH2090033633
	EXH2090033634
	EXH2090033635
	EXH2090033636
	EXH2090033637
	EXH2090033638
	EXH2090033639
	EXH2090033640
	EXH2090033641
	EXH2090033642
	EXH2090033643
	EXH2090033644
	EXH2090033645
	EXH2090033646
	EXH2090033647
	EXH2090033648
	EXH2090033649
	EXH2090033650


