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I EXECUTIVESUMMARY

I This Annual Stormwater Monitoring Report has been prepared pursuant to Special

Condition S2.E of the National Pollutant Discharge Elimination System (NPDES) permit

I for the Port of Seattle's (Port) Seattle-Tacoma InternationalAirport (STIA). Special

Condition S2.E of the permit states: "On or before October 11of each year, the

I Permittee shallsubmit a report to the Department summarizing the results of the

stormwater monitoring conducted pursuant to Special Condition S2.B or S3.E of this

i permit during the preceding twelve (12) month period from July t through June 30. The

report shall present the analytical data, the Port's conclusions as to what is being

i learned from the data, and any new initiatives to be undertaken as part of the

Stormwater Pollution Prevention Plan (SWPPP) for Airport Operations required in

I Special Condition $12." Special Condition 2SB atso requires inclusion of specific-storm

p! events and hydraulic information.
The required hydraulic and hydrologic data are in_uded in Appendix A. Analytical

i esults are tabulated and summarized for each ouffall in Appendix B. Field quality
controt data are presented in Appendix C.

I
The Port's stormwater data are compared to other generally accepted reference

I comparators. Box plots are used to present the sampling data. Box plots provided in
numerous figures illustrate the central tendency, spread, and skew of the data.

I
In summary, STIA stormwater quality is better than regionally comparable runoff quality.

I Resultscontinueto demonstratethat stormwaterquality at the airfieldouffallsunder
typical conditionsis consistentlybetterthan regionalcommercialand industrialareas.

Results also show that there are differences in stormwaterquality between landsideand airfield subbasins. However, the data tend to indicate that runoff from non-Port

public roadways unfavorably biases STIA stormwater,especially in the landsideoutfall
A request for submittal extension until November 30, 1998 was granted to the Port by Washington

I StateDepartmentof Ecology(Ecology}.

I November1998 . ES-1 976079.23

__l I
AR 022399



i
samples. Nonetheless, overall ST1Aresults are generallylower than resutts for L,

Iroadways and commercial areas.

Monitoring in the past year indicates improvements in stormwater quality after best J

management practices (BMPs) were implemented, especially those BMPs that rerouted IF_

drainage from the storm drain system to the IWS. BMPs implemented over the past

year and performance data are discussed in Section 4.

i
Evaluation of the storrnwater discharges at STIA is an ongoing process. A key factor in

attaining improved water quality is implementation of BMPs. BMPs are evaluated as
part of the SWPPP and are part of the NPDES permitrequirement. Based on the data

and conclusions presented in this report, as well as otherknowledge regarding STIA -
activities, the following potential new initiatives have been identified.

i
1. Evaluate monitoring requirements in the permit and request modifications as

appropriate, based on the effectiveness of BMPsor other changes at STIA. i

2. Continue to investigate possible sources of fecal coliforms in SDE4 discharges.
!

3. Explore rerouting of drainage from several minor SDS3 drain inlets beneath the

overhangs of the C Concourse that could be responsible for isolated elevated j
"11

BOD5 concentrations in SDS3.
tt

4. Continue to monitor glycols in SDS1 discharges to redly the effectiveness of I

two capital BMPs designed to reduce and eliminate glycols and other pollutants ._
!by rerouting drainage to the IWS or seating minor }niets.

5. Require contractors to implement source control and BMP related to - I
construction activities.

6. Continue to evaluate tenant activities. |

7. Revise and update the SWPPP ona regular basis, t

(
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t 1.0 INTRODUCTION

This Annual StormwaterMonitoringReport has been prepared pursuant to Special

Condition S2.E of the National Pollutant Discharge Elimination System (NPDES) permit

I for the Port of Seattle's (Port) Sea-Tac International Airport (ST1A). Special Condition

S2.E of the permit states: "On or before October 1_ of each year, the Perrnittee shall

I submit a report to the Department summarizing the results of the stormwater monitoring

conducted pursuant to Spedal Condition S2.B or S3.Eof this permit during the

I preceding twelve (12) month period from July I throughJune 30. The report shall

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

l data, and any new initiatives to be undertaken as part of the Stormwater Pollution

Prevention Plan for Airport Operations required in Special Condition $12."

1 -
Additionally, the permit requires in Special Condition S2B that: 'q'he perrnittee shall

include the following data for each stormevent in the Annual Stormwater Monitoring

Summary Report...: date, duration, the number of dry hours preceding the storm event,

I total rainfall during the storm event (inches), maximumflow rate during the rain event
(gallons per minute), and the total flow from the rain event (gallons). The Permittee

i - shall also include a monthlysummary of daily rainfall...".

i This reportsummarizes and discussesthe required data, the conclusions, and potentialnew initiatives to be undertaken. Some of these initiativeshave also been identified in

I the STIA StorrnwaterPollution PreventionPlan (SWPPP).

I This report consists of the followingsec_ons:

i • Chapter 2 presentsthe methods used to complywith reportingrequirements• includingbackgroundinformationon the samplingrequirementsand subbasin

descriptions

1A requestforsubmittalextensionuntilNovember30, 1998wasgrantedto thePortby

I WashingtonStateDepartmentof Ecology(Ecology). '_

l Novarnber 199B - 1-1 g7607_ _
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!

• Chapter 3 presents the sampling results including a discussion of the data I

• Chapter 4 presents a summary BMPperformance I

• Chapter 5 provides conclusions based on the data I

• Chapter 6 includes a discussion of potential new initiatives at STIA !
• Chapter'7 contains documents ciled and used in the preparation of this report. I

i
i
i

!
I
I
I

I
"4, i

o I
November1998 1-2 976079.23 i
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I

I_t 2.0 METHODS

I 2.1 GENERAL

I The fol]ow]ng descriloesthe methods used to gather information required in this report.

The STIA stormwatermonitoringprogram has been in place since 1993 pursuant to the

NPDES permit. The permit was renewed in early 1998 and rep!a.cedwith permit

number WA-002465-1, issued February 20, 1998, and effective March 1, 1998. The

I Port conducted the required monitoring activities according to the specific guidelines

i and criteria of the Procedure Manual for Stormwater Monitoring (Port 1998a).

The new permit effective t March 1998 changed the sampling frequencies and

I parameters. Table 1 outlines the changes to the sampling program.

P
2.2 DESCRIPTION AND CATEGORIES OF SUBBASINS

I
Subbasin names are coded according to location: EY= engineering yard, TY = taxi

I SDS1 storm drain South number SDW3 = storm drain West number 3, etc.yard, 1,

The NPDES permit refers to ouffails by number, however, this report refers to

I subbasinsand their ouffallsby location (see Table 2). The Port identifies all manholes
according to an alphanumeric scheme, some of which are referred to in this report.

I
Figure I shows the individual stormwater drainage subbasins and the STIA stormwater

I management boundaries. STIA stormwatersubbasinshave been classified into the
general categories listed in Table 2. These categories group subbasins together that

I have similar land use and other characteristics. These categories include "landside,"
"airfield," and other non-specific, low-activity areas. Airfield subbasins SDS3, SDS4,

_/ SDN3, and SDN4 drain the Aircraft Movement Area (AMA), which includesthe airport: runways, taxiways, and open space. Airfield subbasins represent approximately 65

I °
II November1998 2-1 976079.23
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percent of the totai ST[A storm drainage area. Drainage area calculations are included i
W

at the end of the hydraulic and hydrologic estimates included in Appendix A.

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

However, several stormwater diversion projects were undertaken near the terminal as a

best management practice (BMP). SDS1 now drains mostly rooftops, minor ramp g

areas, and the currently expanding drainage from South 1BBthStreet.z Therefore, it II
falls into neither category.

i
The remaining subbasins (SDE4, SDN1, EY, and1"0 are associated with the activities W

on the "[andside" of the airport, primarily public roads, parking, and passenger vehicle

areas. Although 11 percent of the total impervious area of SDE4 drains portions of I
Taxiways A and B, the "landside" designation is appropnate because roads, parking,

and other vehicle areas make up more than 50 percent of the total impervious area. I

Ouffa]l SDN2 now discharges to the Industrial Waste System (IWS) via two pump

stations constructed as BMPs in 1997,
I

I
2.3 SAMPLING LOCATIONS

I
The Port monitors stormwater discharges at 14 locations, one for each subbasinwithin

the boundary of the permit. Figure 1 shows the locationof the ouffalls and monitoring |
!]ocations.

Four monitoring locations (subbasins SDE4, SDN1, EY,and TY) are upstreamfrom the I

final discharge point. Runoff contributions from other, non-STlA sources enter these i
Istorm drains and therefore necessitate monitoring at the first }ocation, often a manhole,

upstream of the majority of offsite inputs. Table 3 lists these offsite influences. I
IEliminating all offsite runoff is not possible for sampling stations in SDE4, SDS1, SDS2,

and SDS3.

2Drainagefrom recentS. 188thStreet improvements,outsidethePort'sjurisdiction,is 1

increasingthe SD_,I drainagearea. I

November1998 2-2 976079.23 I
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2.4 STORM SAMPLING PROCEDURES AND ANALYTES

The Port's Procedure Manual for StormwaterMonitoring (Port 1998a) describes the

cdteria for samplingstormevents,and describesall relevantsampling, programming;

and handlingnecessaryto complywith requirementsof the permit. Table 4 lists

requiredsampling frequencies,pollutantanalytes,methods,and detection limits.

)
L.
i
I
I
I

m c:_

m ".......... ""° - _-_ 976079.23
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3.0 SAMPLING RESULTS

3.1 GENERAL

I Data are discussed separately for resultsfrom grab samples, composite samples, and

deicing event (glycol)samples because of the differencesin sampling protocols (i.e.,grab samplesversuscompositesamples)and becausesomerainfallevents sampled

did notmeet the "storm"standards. Followingthese discussionsis a summaryof data

J relating to BMP performance.

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

results were validated according to the representativeness standards described in the

1 -Port's ProcedureManual for Stormwater Monitoring (Port 1998a), Analytical results are

tabulated and summarized for each ouffallin Appendix B. Field quality control data are

presented in Appendix C. It should be noted that data previouslysubmitted to Ecology

in the monthly discharge monitoring reports (DMRs) represent samples collected from

I stdctly those stormsand sampling routines that fully met the standards of the
Procedure Manual. This report sumrnadzes all data collected at storm drain ouffatls.

t '
I 3,1.1 Method of Data Presentation and Comparisons

J This reportcomparesthe Port's stormwaterdata to other generallyaccepted reference
comparators listed in Table 5. In general, the reference cornparator was selected as

the more conservativeof two City of Bellevuestudies becausethey were

comprehensive,local studies,and had similarsamplingprotocols.

Appendix A summarizes daily rainfall on a monthlybasis graphically and intabular

form. In addition, the storm event information, including total rainfall, maximum flow

t rate, and total flowis included in Appendix A. Inthe past 13 months endingJune 1998,

| November 1998 3-1 Q7Rn7a OQ
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rainfall meeting "storm" standards_ occurred on29 occasions. One month, July I997,

had no rainfall that qualified as a storm. The Port sampled 18 (62 percent) of these

"storms," plus three other rainfall events ("non-storms") that did not meet the 0.20-inch

minimum rainfall. To meet permit sampling requirements,it was necessary to sampte a

high proportion of all "storms." Despite incomplete, and therefore non-representative

composite samples that resulted in these cases, the grab samples can still provide

useful information.

"Non-storm" grab samples were collected on the same basis as grab samples taken

from true "storms"; usuatly within minutes of the onset of runoff. Therefore, given the

consistent sampling protocol, all grab sample results can be aggregated regardless of

total rainfall.

Box plots (Figures 2 through 23) are used to present the samp}ingdata. Box plots

" illustrate the central tendency, spread, and skew of the data. The bold line within a box

the median value, while the bottom and top of a box show the 25th and 75th Irepresents

percentiles, respectively. In other words, 50 percent of the time the data fall within

values highlighted by the box. SPSS software was used to generate the box plots j
(SPSS 1993).

I
"}'hesize of the box shows the variability, and the "whiskers"show the largest values

that are not considered statistical outtiers. When summarizingdata to compare typical Ill
IF

values, outliers usually represent unusual conditions, atypical of what one could expect

on a day-to-day basis. SPSS reports two types of outliers: those more than 1.5 box- II
f

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

captioned with the date of occurrence (SPSS 1993). General box plots showing III
Iiidifference between runoff quality for each of the three subbasin activity types (airfield,

terminal, and landside) may have smaller scales than the box plots showing the data of Ih
!Ieach outfaU. The general box plots show the overall difference between the subbasin

!
_ A"storm"eventtsdefinedashavingtotalrainfallofatleast0.20inch,separatedbymorethan12

hoursofdryweatherfrompastorsubsequentevents,andprececledbya pedodof48hourswith 111
nomorethan0,10inchrainfallfromdiscreteevents. |

AR 022407
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categories while the outfall box plots have increased scales as appropriate to show

outlying values,

Although outliers and anomalies exist in the data, the following discussion of the data

I focuseson the median values of the sampling resultsand the observed trends.

I 3.2 GRAB SAMPLE RESULTS

I The followingdiscussion includes results from all grab samplescollected in the past

year. The entire data set for grab sample results comprises224 samples from "storms',

I plus8 resultsfrom samplesof other rainfall events that did not reach the minimum
rainfa]l standard of 0.20 inches.

: 3.2.1 Fats, Oils, and Grease (FOG) and Total Petroleum Hydrocarbon (TPH)

I The renewed NPDES permit changed several analyticalparameters. The TPH method
was changed from an infrared absorbance (IR) method0NTPH 418.1) to a gas-

I chromatographic (GC) method(NWTPH-Dx.) Becausethe new TPH method became
effective 9 months into the current reporting cycle, data from both methods are

I presentedin this section.

The results from the currentyear presented in Figures2 and 3 continue to demonstrate

thatconcentrationsof petroleum-typepollutantsinSTIA stormwaterare consistently

lessthan in stormwaterfrom other urbanareas. The followingbulleted itemspresent a

discussionof these results.

I
- STIA stormwateroverall continuesto have lesspetroleum-typepollutantsthan

typical urban runoff. During the past year, more than 95 percent of.STIA results

)t were less than the Bellevue 1996 median of 3.7 rail]grams per liter {me/I), and
.,/'

I only a single sample exceeded thisvalue. The overall STIA median was

I November 1g_8 3-3 976079.23
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i'
0.5 mg/l forTPH (IR), and 0.7 mg/I for TPH (GC). Overall, TPH was not Ii
detected above I mg/l Jnthe majority of samples [65 percent of a total of •

54 samples analyzed for TPH(IR)]. i
m

• Airfielcrstormwater (SDS3, SDS4, SD_I3, andSDN4) contains far less FOG and

TPH concentrations than runoff from the landside subbasins (SDE4, SDN1, and U

TY.) TPH was not detected in 73 (92 percent) of the 79 airfield ouffall samples
IE.

collected in the past four years. I

• Most of the TPH detected in tandside runoff is likely attributable to cars and i_

trucks. Figure 4 shows ',hat motor oil represents the majodty of the TPH at

these outfal]s (SDE4, SDN1, and "I'Y.) i

• The IWS effectivelyisolates aviation-related fuel spills and drips from the storm .li
drains. Detectable TPH concentrations are infrequent and tow in stormwater

) from SDS subbasins, which are contiguous with aircraft service (IWS) areas. Ill

• In the box plots, "SDNI" refers to samples collected at manhole SDN1-27. ill
u

"SDNlup" refers to samples collected from manhole SDN1-22, upstream of

offsite runoff from 9.9 acres of public roads.4 Moving the SDN1 sampling iii
U

station to a point above the influences of offsite runoff (non-Port, public

roadway) decreased FOG and TPH concentration results in SDN1 ouffall data ill
Iand removed a high bias imparted to previous samples. This is shown

graphically in Figure 5. I

• FOG and TPH concentrations detected in SDS1 samples seem to be li

decreasing. Figure 6 shows a decrease in the ranges and median of FOG and II

TPH concentrations for samples collected after completion of two 13MPs ii

(discussed in Section 4) that rerouted storrnwater in aircraft services area. I I

t
4 With Ecology's concurrence, in October 1996 the Port changed the sampling Io_tion for

SDN1 from manhole $DN1-27 to manhole SDN1-22, upgradient from public road runoff. I

November 1998 3-4 976079.23
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i_" 3.2.2 Fecal Coliforms

Overall, the medianvalue for fecal coliformsin 187 samplesto date was 30 per 100 ml,

I with 75 percent of the results lessthan 230 per 100ml. These results indicate that

STIA stormwatercontainsfewer fecal cotiformsthantypical urban storrnwater. More

I than 75 of the airfieldsubbasin samplesshowedfecal coJiformslessthan the

I comparativevalueof 201 per 100 ml.

Small animalsand birdsinhabit many of the respeclJvedrainage areas and are

I believed to be the sources of theseinfrequentfindings. Urban stormwateroften

I contains fecal coliforms in elevated numbers, and sanitarysewage is not alwaysimplicated.

In past reports,thePort showed that fecal coliformswere found pdncipally in the

)) landside subbasinSDE4. Currentresultsfor 5 of 10 SDE4 samples showedelevated
resultsgreaterthanor equal to 500 per 100 mL However,four samplesshowedfecal

coliformslessthan thiscomparator. The 10thsampleis not representativedue to

I holding time being exceeded by 9+ hours. The Pod is conducting a source tracing
study intended to identify potential sources of contaminat[on. Preliminary results,

i included in Section4.6, do not indicate sanitarysewage'as a sourcein storm or
baseflows. Uncontaminatedbaseflowsamples indicatethat there is no continuous

i sourceof fecal coliformbacteria. Investigationsare ongoing and resultswill be
presented in subsequentAnnual StormwaterMonitoringReports.

I

3.3 COMPOSITE SAMPLE RESULTS

I Results from compositesamplesare segregated from grab samples which represent_ onlyinstantaneousvalues. Compositesampleresults, especiallythose fromsamples

that c.ompdsethe entirehydrograph, representan average value overa longertime

t pedod.

! -
II Novernhar 1.q_,R - "_.._ C1"7,_t370"J"_
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3.3.1 Suspended Solids and Turbidity

STIA ouffalls continue to discharge typically less total suspended solids (TSS) and I[,=
IIturbidity than urban areas. In the 4 year sampling history at STIA, more than

85 percent of the 230 TSS samples and 191 turbiditysampleswere below the II=
Icomparative values of 50 rag/I,and 29 NTUs, respectively.As shown in Figures 8 and 9

resultsfor the past year continueto be consistentlylow. Because of this consistency an

with past findings, onlycurrent year data are shownin the box plots. II

The airfield ouffal]scontinue to produce lessTSS and turbidity than the landside i

subbasins(SDE4, SDN1 and TY). Resultsfrom all but two of 36 samples from the

principal airfield subbasins (SDS3, SDN3, and SDN4)were less than one-half the i

regional comparative median values. Because these airfield ouffa]ls represent about

... 61 percent of the total SDS area, the majority of STIArunoff is much lower in

suspended material than runoff from comparable regionalurban areas. Vehicle

roadways and parking lotspredominate in the ]andsidesubbasinsand are surmised to t
be a principal source of suspended material.

1
3.3.2 Biochemical Oxygen Demand (BODe) I

At STIA, principal sources of BOD_have been aircraftdeicing glycolsand ground li
!11

(runway, taxiway, and roadway) deicing chemicals. Results for the past year continue :_.

to indicate overall low levels of BODein STIA storrnwater, The median of 5.4 mg/I from i

39 samples collected in the past year was belowthe 6.6 mg/I regional urban II,:q

comparator (Bura 1984, see Table 5). Airfield outfalls(SDS3, SDS4, SDN3, and I

SDN4) continuedto be generally lower in BODeconcentrationsthan landside ouffalls |,V

SDE4 and SDN1. These observations are visiblein overall data collected in the past4

years'(see Figures 10 and 11). These figures showthat data from the past year are .;;._!

lower than previous results, notably for SDSI, '..]1
"o

• ,,_:_
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Principalsources of BOD5concentrationsJnthe pastwere associated primarily with

major winter weather episodes and the accompanying deicing events. Acetate-based

ground surface deicers were the primary sources of BODe,with isolated indications of

aircraft deicing glycols. All known direct sources of glycols have been eliminated from

the storm drains.

In the past year, only two limited periodsof winter weather (January 3, 1998 and

January 9-13, 1998) occurred where the Port applied chemicals to ground surfaces

(primarily runways and taxiways.) Compared to pastyears, snowfall and chemical

usage, including aircraft glycols,was far less (Port 1998b, Port 1997c.) During the

January 12, 1998 event, BODeresults ranged from non-detectable to 213 mg/I at the

five out'fallssampled. Because glycol concentrationswere either very low or not

detected in these samples, the elevated BODsconcentrationswere attributable to the

acetate-based runway (ground) deicing chemicals.

It is important to note that the entire drainage area of outfall SDN2 was re-routed to the

IWS in 1997 as a result of two BMPs, discussed in Section4 of this report. These

BMPs in SDN2 (two pump stations) eliminated drainage from areas that had been

previous sourcesof BODeresulting from aircraft and ground deicing materials. As a

direct result of these BMPs, the vast majority of the runoff from SDN2 for the past year

was pumped to the tWS, No discharges to the SDS were recorded during the

11-13 January snow event.

3.3.3 Ammonia

The currentpermit deleted ammoniafrom the list of required sample analytes. The

principal sourceof ammonia in past stormwater sampleswas the urea applied as a

runway d.eicer. The Port completely discontinued the use of urea by the end of 1996.

In the past year, ammoniaconcentrationsin20 samplesfrom seven STIA ouffalls

continuedto be well belowany acute toxicitystandard(_e Figure 12). Because of the
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consistency with past findings, only current year data are shown on Figure 12. More pthan 75 percent of all data were below the regional cornparator of 0.17 mg/i. In

addition, ammonia was not detected in 35 percent of the samples. The maximum value

detected was 0.24 mg/l at SDE4 on 16 December 1997. The current data show that P

ammonia concentration has decreased to background levels airpod-wide, p

3,3.4 Surfactants P

The current permit deleLedsurfactants from the list of required sample analytes, p

Results from samples collected in the first eight months of the past year are included in

Appendix B. t

In the past year, 99 percent of the 20 sample results were less than 1 mg/], and more I
than 70 percent were less than 0.2 mg/l. The maximum surfactant detected was

0.95 rag/1. Surfactant concentrations continue to be belowlevels of concern. This I
information is consistent with past reports. Because of the consistency with past

findings, only current year data are shown in Figure 13. 1

3.3.5 Metals

!
This reportpresents total recoverable metals data for stormwater discharges from STIA I

outfallsas required Jnthe NPDES permit.The discussionbelow focuses on copper, I

lead, and zinc;, The remaining metals resultsare summarized in tabular form in I

Append]x B.

Washington State Water Quality Standards 0/MAC173-201A) apply to the receiving

waters, not to the discharges from a particular ouffall. Stormwater discharges are

diluted in receiving waters. Therefore, it is inappropriate to compare outfall sample

results directly with Ecology or the U.S. Environmental Protection Agency (EPA)

standards.

.......... 3--8 976079"23
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I The Washington water quality standards for copper, lead, and zinc are based on the

dissolved fraction of the metal. The dissolved fraction is generally used to determine

I potential toxicity, an approximation of what is actually available (i.e., the bioavailable

fraction for uptake by aquatic organisms).

I
I 3.3.5.1 General Results. General results are discussed below; more detailed

discussion follows under the bullets of the three predominant metals: copper, lead, and

I zinc. in addition, a summary of other metal data is provided as a final bullet.

I Although copper concentrations detected in STIA outfalls exceed associated with
typical urban sources, the concentrations are less than those associated with

I Interstate 5 runoff.

Airfield ouffalls continue to contain less lead and zinc concentrations than typical urban

sources. In the four-year permit sampling history, over 95 percent of the resultsfor

I lead and zinc in airfield ouffaliswere below the median for comparable regional data for
commercial areas. In addition, the entire data set for lead and zinc in 73 samples from

I airfield outfalls was less than the mean concentrations for highway runoffs. This is
significant given that the commercial/industrial comparatorscited (seeTable 5) are

I conservative and reflect instream sample concentrations after outfall discharges mixedwith receiving waters.

I tt should also be noted that lead and zinc concentrations detected in STIA airfield

i outfalls were far lower in lead and zinc than the landside ouffal]s. This is likely due to• e amount of passenger vehicle usage in the tandsideareas, much of which is beyond

the Port's jurisdiction. Finally, in the past four years, 98 percent of all lead results from

I the airfield ouffallswere less than the acute standard.

_, s The1980-81highwaystudymedianvalueforleadis0.47mg/I(Chui,HomerandMar,
_) 1982.)Sincethisstudy,thesourcesofleadinstormwaterdischargesnationwidehavedecreased

I considerablydue thephase-out gasoline.
to of leaded

I November1998 3-9 976079.23
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• Copper. Copper concentrations in ST]A stormwatercontinue to be lowest in |
1

discharges from two of the airfietd ouffalls, SDN3 and SDS4. Copper

concentrations have declined significantly in SOS1 runoff since the rerouting of i

the storm drainage.to the IWS in June 1997.As shown in Figures 14 and 15, I

the iandside ouffalls SDE4 and SDN1 displayhigher copper as well as do the t
airfield outfalls SDS3 and SDN4. However, these figures also show that the

majority of STIA copper data were lower than in runoff from Interstate 5 (see

Tabte 5). In addition, copper in urban runoff commonly exceeds the receiving I

water standards as demonstrated by severa}regional studies. Copper

concentrations detected in landside outfall samples is likely related to the heavy !

vehicle activity within SDE4 and SDN1.

i
Unlike the other airfield outfalls, subbasin SDS3 has elevated copper

concentrations, i

• Lead. Lead concentrations continue to be lowest in the airfield subbasins as t

shown in Figures 16 and 17. Overall, more than 75 percent of STIA lead data

was lower than comparable regional data, shown by the upper reference line in t
Figure 16. In addition, more than 80 percent of the lead concentrations in STIA

samples were we)! below the acute toxicity standard of 0.D16mg/I for total lead. i

This standard is calculated at 28 rag/1total hardness, a conservative va{ue that

represents the 10th percentile recorded for the SRES (Port 1997b.) 11
!

Landside subbasins SDE4 and SDN1 tended to contain higher concentrations.

of lead than other outfalls (see Figure 18). The Port believes that vehicle

activity in these subbasins is a potential source of lead. Much of this non-

industrial vehicle activity takes place on public roadways that drain to the Port's

ouffalls and monitoring locations.

]
• Zinc. At all outfalls, zinc concentrationsobserved at STIA during the past four

years of monitoring were considerably fower than the comparative value for

highways ({),638rag/I), and current data continuewith these patterns as shown

in Figure 19.

November1gO8 3-10 976079.23
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_) Zinc concentrationscontinueto be lowestin the airfield subbasinsas indicated

by the reference line in Figure 18. The majority (97 percent) of zinc data for the

I four airfield outfallswas lower than the median (0.161 mg/I) from the City of

Bellevue's 1996 study. Total zinc concentrationsfor landside ouffalls SDE4 and

I SDN1 were higher than those of the airfield ouffalls (see Figure 18). The

landside subbasins experience considerablevehicle traffic where tire wear is a

I likely source of zinc (EPA 1993). Roads andparking areas constitute more than

50 percent of the impervious surfaces drainingto SDE4 and $DN1.

I
In October 1996, the Port changed the sampling location for SDN1 from

I manhole SDN1-27 to manhole SDN1-22, upgradient from public road runoff.
The changing of SDN1 sampling station resulted in generally lower zinc

. concentrations (see Figure 18). This differenceindicates that runoff from

p i; Highway SR518 elevatedzinc concentrationsinsamples collected at the
downgradient location. This apparent differencein SDNI data suggests that

" data collected pdor to altedngthe location should be considered to contain a

I high bias.

I In terms of potential toxicity, STIA monitoring results indicate that over
63 percent of the data from the four airfield outfalls was less than the toxic

i standard for total zinc calculated to be 0.04 mg/i using a highly conservative
hardness value. In contract, the Bellevue 1996 study showed 61 percent of the

178 zinc samples taken exceeded the EPA standard. Given that all
comparative regional zinc data in Table 5 are median values, most regionaldata

I would also exceed the standard.

All zinc results for landside outfalls SDE4 andSDN1 exceeded this standard.

i Again, comparing STIA ouffall results directly to any water quality standard for

surface water is extremely conservative since no account is made for mixing or

) the mitigating effects of the receiving water. The Port considers that roadway
y

runoff is responsible for the elevated zinc values in the landside ouffalls.
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Finally,zinc concentrations have decreased considerably for outfall SDS1 il
I

discharges in the period since the Port rerouted 1.8 acres of aircraft service

area to the IWS. j

• Other Metals. Table 6 shows a summary of results for other metals analyzed in I=
Irecently collected samples. These data are from samples collected between

June 1997 and March 1998. Analysis requirements for these metals were I;.
deleted in the new NPDES permit. The vast majority of results for these other in_

metals were non-detectable. Although nickel was detected, the 95" percentile ,=-

of 0.017 mg/l was nearly 30 times less than the acute toxic standard for total t

recoverable nickel.

|
I

3.3.6 Deicing Event Samples _ll

3.3.6.1 Back.qround. The Port's Annual Glycol Reports (Port 1996, 1997c, 1998b) I
detail the history of glycol application airport-wide. These reports surnmadze data

reported by the airlines for the volumes of both ethylene and propylene glycol applied I
and number of aircraft treated each day. The Federal Aviation Administration (FAA)

authorizes only ethylene and propylene glycols for aircraft deicing and anti-icing. Port I
41

tenants perform all glycol application at STIA (applied by aidines or their ground service

providers). However, to ensure public safety, aircraft pitots make the ultimate decision |
on whether to apply glycols or not.

As of June 1997, all ramp areas where aircraft are routinely deiced drain to the IWS.

Prior to this date, drainage from several aircraft serviceareas of limited extent flowed to
I

the SDS. As a result, the Port completed necessarySWPPP actions by implementing

seven BMPs that rerouted this drainage to the IWS from the four affected SDS

subbasins (SDE4, SDS1, SDS3, and SDN2.)

l

;_ |
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The glycoldata discussedbelow encompass mostlycompositesamples collected

during periodsof aircraft deicing,representingaveragevalues duringa stormevent

discharge.

L
3.3.6.2 Results. Overall, the 1997-1998 deicingseasonwas much less severe than in

the past two seasons. In contrast to the past, only a few inches of snow fell, which

melted rapidly, during the single snow event of 12 January 1998. Little or no snow was

l plowed from aircraft service areas. As a result, about30 percent fewer aircraft were

deiced than in previous years, using from 65 to 81 percent less glycol than in the

previous 12 month periods (Port 1998b.) ,

Comparing current year data to past years shows considerably lower glycol

i concentrations in STIA discharges (see Figure 20 through Figure 22). The 1998 data

- show much lower glycol concentrations due to: (1) lessdeicing activity as a result of

recent warmer and drierweather patterns, and (2) multiple BMPs instituted to remove

- aircraft.service areas from the storm drainage system.

i
In the past year, glycols were analyzed in 30 stormwatersamples from seven ouffalls.

I The majority of samples were collectedat the monthly sampling locations($DE4,

SDS3, and SDN4.) Total glycol concentrations ranged from non-detectable to a

maximumof 32 rag/l. The majodty of these results (83 percent) were below the

detection limits. Glycols were not detected during nine of the 11 "routine" aircraft

I deicingevents sampled,with a maximum concentrationof 32 mg/I detected in the
8 March 1998 sample from SDS3.

I
I
I

I
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4.0 PERFORMANCEOF BESTMANAGEMENTPRACTICES

i 4.1 GENERAL

i The following sectionsdescribe how recent stormwatermonitoring data supportthe positiveperformanceof many best managementpractices(BMPs)implemented in the past twoyears.

I ConclusionsregardingBMP performance are presentedbelow. Listsof completedoverallBMPsand completedcapitalBMPs are includedinAppendix D, Table D1 and Table D2,

I respectively. These tables are also included in the SWPPP.

I 4.2 SDN2 BMPs

| -Recent flow data show that the two pumpstations'in the former SDN2 area are effective. The

_l_i entire drainage area of SDN2 was effectivelyreroutedtothe IWS by late 1997. Two BMPs arelikelyresponsiblefor this change:

I 1. The North Cargo Pump Station, completed and online in July 1997, removing
39.8 acres of taxiways, hardstands, and Cargoarea 2.

!
2. The North Snowmelt Pump Station, completedand online in late 1997, removing

I drainage from the remaining 6.6 acresof SDN2, a small fraction of which is used to
store snow plowed from nearby areas.

I
The Port has elected to operate these two pumpstations continuously, well beyond the sole

I needto removesourcesof glycolsand BODsfrom SDN2. These BMPS were origini_lly
intendedto operate only in winterweather duringcargoaircraft deicing,andwhen snowwas

I plowed and meltingin the storage area. Becauseof continuousoperation, the majorityof
runoffisprevented from dischargingat SDN2.

i_ Continuousflow monitoringdata at these pump stationsand the SDN2 ouffallshow that only a

I singlebypassoccurredbetween 1 March and 30 June 1998. This was the only occasionthat

II November 1998 4-1 976079.23
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storrnwater discharged from SDN2. The bypass occurredwhen rainfall exceeded the design

rate of about 0.22 inches/hour. The bypass was less than an hour in duration, representing the III
ul

peak of the hydrograph. Because no aircraft.deicing occurred in the SDN2 subbasin during or

immediately before this bypass, sampling was not required per permit condition $2.4. Ill
D

|
4.3 SDS1 BMPs _"

In the past two years, the Port rerouted drainage from stormdrains to the IWS from two aircraft J

service areas totaling 35 acres in SDSI. The objective was not only to reduce glycols, but also I

to remove other potential pollutants that may be presentin drainage from aircraft service _.

areas. The effects of reducing glycols are discussed in Section. 3.3.6. Ime

The first area rerouted drained about 1.8 acres of ramp near gate B12. Previous stormwater

samples collected at the SDS1 outfall contained glycolsat elevated concentrations during cold I

-- weather. As a result, the Port rerouted drainage from inletsSDS1-98 and SDSl-99 to the IWS

via a structural reroute from manhole SDS1-IO0 to manhole IWS-190B,

I

The second area rerouted, about 16.8 acres, drained mostly ramp areas near the A and B R

concourses. This area previously drained to SDS1 only when higher peak flows surcharged

manhole structure 1WS-510(designated SDS1-110 prior to the reroute). Monitoring data in the I
IWS510 outlet to SDS1 showed the resulting bypasses to SDS1 were of relatively short

duration directty tied to periods of intense rainfall. The datashowed that these bypasses I
occurred when rainfall exceeded about 0.2 inches/hour. Otherwise, all drainage from this

second area normally discharges to the IWS. I

Because of the unpredictability of these high-flow bypasses from IWS-5t0 to SDS1, there _Ii
|

were few opportunities to collect samples explicitly for purposesof comparing data for

conditions before and after this BMP was implemented. As a result only three of 20 storms |
Imonitored in the past 4-year period took place during these bypasses, Therefore, insufficient

data is available to evaluate the effect this latter BMP had upon SDS1 discharges. |
q
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In recent samples, glycolswere not detected in four of five samplescollectedat SDS1.

i Importantly,glycolswere not detected in samples from the January 12 snowevent wheresixaircraftwere deiced inthe area previouslydrainingto SDSI. A minor amount of propylene

glycol (6.1 rag/l)was detectedin the 8 March 1998 sample. The Port is investigatingremoving

i the remaining ramp area of approximately 1 acre.

Figure D1 OnAppendix D) illustrates that prior to the drainage rerouting, glycols in SDS1

discharges were associated with deicing events involving a singleaircraft. Sampling after the

BMPs were imp}emented (F_gureD1) shows that no glycols were detected for the two deicing

events where more than 10 aircraft were deiced in the vicinity of the former SDS1 drainage

l area. Comparisonof these two figuresto past informationshows the improvemenL

Comparing data from the five storm samples collected subsequent to the firstBMP discussed

I above, with the results of the I5 samplescollected priorto thisBMP shows a decrease in other
pollutants,especially metals (see Table 7 and the Box Plot in Figure D3, Apl_endix D). "

I
. , Future samples from ongoing monitoring at SDS1 should help to determine the presence and

degree of reduction in these parameters. Next year's data set should allow more statistical

analysis for significance testing of these differences.

1
4.4 SDE4 BMPs

l Between 1994 and 1997, the Port completedfour BMPs in the SDE4 subbasin, rerouting
drainage to the IWS from a total of over 17 acres. In orderof completion, these BMPs include

I reroutesfromSDE4 to the IWS for the following:

I 1. A flush gutter near gates D6-D9, removingapproximately5.3 acres of aircraftservice area.

I 2. A flush gutternear Air Cargo 4, removingapproximately4.4 acres _)faircraft service

area.
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3. A new pumpstation for flush gutter drainage near the North Satellite, removing 6.6

acres of ramp located intermediate betweengates Nll-N16 and the taxTways. I

4. The North snowrnelt pump station, _ernoving0.75 acres of snow storage area. I

Because of these multiple changes on different dates, it is difficult to split the SDE4 data into I
I"before" and "after" conditions. The net effect of these BMPs was about a 10 percent

reduction in the total SDE4 subbasin area, and about a 13 percent reduction in impervious M

surface area. Removing these areas from SDE4 eliminated the remaining known aircraft I

service areas from the SDS. Similar to SDS1, the recenlweather pattern has not yielded =¢

conditions sufficient to discern effects attributable to the many BMPs implemented in past I

years. However in the past year, glycols were detected inonly one of a total of 8 samples

collected. Glycol concentrations in this sample, collected during the only winter weather pedod I

in the past year, were very low (11.1 mg/].) Though aircraft and runway deicing occurred

during this event, it is not comparable to those of_pastyears. I

4.5 TAXI YARD BMPs

|
Data support favorable effects of various BMPs implementedat the Taxi Yard (TY). These

BMPs include the use of oil-absorbent media in the catch basin insert "socks" ("Streamguard"
units), and increased vigilance by the STITA Taxi Association, which leases this site.

I
Recent data conUnueto show low indicators of petroleum products in discharges. The median

concentrationfor FOG in recent samples continuesto remain below the comparative value of i

3.7 mg/i. The TPH results from the first two samples collected pursuant to the current permit

show very low values of just over 1 ppm. Data for TSS continue to be less than one half the

BURP median of 50 mg/].

The Port also built a car wash facility in the TY. The facility drains to the sanitary sewer and

effectively separates vehicle washing from the storm drain system,

November1998 4-4 976079,23
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_] 4.6 SUBBASIN SDE4: POLLUTANT SOURCE TRACINGAs stated in the report (Section3.2.2), fecal coliformsoccasionallyexceed levelstypicalof

i stormwater. The Portbegan a sourcetracing effortearly in 1998 to identify the potential•sources. Initialstormsamplesdid not indicatedistinctsources,and do not indicategross

contaminationfromsanitary sewage. Two baseflowsamples,one eachcollectedduringthe

I' wet and dry season,were not contaminated, and had very low to non-detectable results.

Table 7 summarizesthe datafor these initialsamples. ManholeSDE4-47 is the NPDES

I sampling "ouffall" location for SDE4. Other locations listedin the table are upgradient of this

I location.

According to the literature,suffactants, fluoride, ammonia and potassium are suitable

I indicators of potential contamination. Resultscanbe comparedto ranges indicating various

sourcesof contamination. Ratios of ammoniato potassiumof 0.9 and greater can be used to

I indicate the of sanitary wastewater (Laior, Field, 1993.) Except for one ,
presence Pitt and

occasion, results in Tabie 8 show these ratios at far less than 0.9. Fluoride concentrations

I_ the presence domestic samples,yet other parameters
indicate of water in baseflow show that

these baseflows are not contaminated with fecal coliforms,ammonia, or surfactants.

I
The source tracingeffort is currentlyfocusing more detailon the SDE4 drainage system by

I ampling up to 12 different progressivelyupgradientlocationssequentially. These sampling
locationsisolatedrainagesub-areas,

!
I 4.7 RUNWAY SKID MARK MATERIAL REMOVAL

I To maintain properbraking frictionfor aircraft,the Portperiodicallyremoves accumulated
material from skidmarks depositedby landingaircraft. About biannually,this materialis

i pressure washed from the runways, collected,and disposedas solidwaste. About 7 cubic
yards (5 m3)of solidsare removedannually. The wastewas analyzedusing toxicity

i characteristic leaching procedure (TCLP) for metals to ensure that it is properly disposed in

) accordance with applicableregulations.

¢>
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Table 9 showsthe resultsfrom recentcompositesamplesof thisparticulatewaste material,

and estimatestotal annualmass removedfor copperandzinc. Because iead was not

detected, no estimates are provided. In termsof total mass,these estimates show that this

processremoves about 68 pounds(31 kg) of zinc, and 12 pounds (5.5 kg) of copper annual]y.

Consideringonlythe leachable fractions,much less is removed. Nonetheless, thispractice

amountsto a BMP for metalsabatement, taking placeprimarilyin SDS3 and to a lesser extent

in SDN3 and SDS4.

4.8 OTHER BMPs

Other operationalandsourcecontrolBMPs are used atSTIA including:employee, contractor,

and tenant trainingin stormwaterpollutionprevention,implementationof a Spill Prevention,

Controland CountermeasurePlan, implementationof IntegratedPest Management BMPs,

pavementsweepingand pedodicrunwayrubberremoval,inspectionsfor illidt connectionsand

designationof the stormwatermanagementteam. The effectsof these activitiesare difficult to

quantifybut are likelyto have an impacton storrnwaterpollutionprevention.

"t
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'_i 5.0 CONCLUSIONS

I Overall, STIA storrnwater quality is betterthan regionally comparabledata. Results

I continueto demonstratethat stormwaterqualityat theairfield outfallsunder typical
conditionsis consistentlybetter than regionalcommercialand industrialareas. Results

I also showthat there are differences in stormwaterquality between Iandside and airfield
subbasins. However, the data tend to indicate that runoff from non-Port public

I roadways unfavorably biases ST1Astormwater,especially in the landside outfatlsamples. Nonetheless, overall STIA results are generally lower than results for

i roadways and commercialareas.

Monitoringin_e pastyear indicatesimprovementsinstormwaterqualityafter BMPs

were implementedespeciallyas thoseBMPs that rerouteddrainagefrom the SDS to

the IWS. BMPsimplementedoverthe pastyear and performancedata were discussed

in Chapter 4.

I
I
!
I
I
!
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LW 6.0 PROPOSEDNEW INITIATIVES
|

I Evaluationof the stormwaterdischargesit STIA is an ongoingprocess. A key factor in

i attaining improvedwater quality isimplementationof BMPs. BMPsare evaluated aspart of the SWPPP and are part of the NPDES permitrequirement. Basedon the data

and conclusionspresenied in this report,as well as other knowledgeregardingSTIA

I activities,the following potential new initiativeshave been identified.

I 1. Evaluatemonitodng requirements in the permit and request modifications as

appropriate,based on the effectivenessof BMPsor otherchanges at STIA.

!
2. Continue to investigate possible sourcesof fecal coliforms in SDE4 discharges.

! _
3. Explore remuting of drainage from several minor SDS3 drain inlets beneath the

!

overhangs of the C Concourse that could be responsible for isolated elevated

BODsconcentrations in SDS3.

!
4. Continueto monitor glycolsin$DS1 dischargesto redly the effectivenessof

two capital BMPs designed to reduce and eliminate glycols and other pollutants
by rerouting drainage to the tWS or sealing minor inlets.

!
- 5. Requirecontractor to implement source controls and BMP related to

construction activities.

6. Continue to evaluate tenant activities.

!
7. Continue to revise and update the SWPPP on a regular basis.

I
!
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TABLE 1 SUMMARY OF SAMPLINGCHANGESUNDERNEW PERMIT

I
Change OuffallsAffected

I Increasesampling frequency from quarterly SDE4 (002),SDS3 (005), SDN1 (006),
to monthly SDN4 (011)

I Decrease sampling frequency from EY (012),TY (013)
quarterly to semi-annually

I Decreasesamplingfrequency from' SDS1 (003),SDS4 (009), SDN3 (00B)
quartedyto annually

i Delete parameters:NH3,surfactants,FOG all

Change TPH method'fromW'TPH418.1 to all

I NWTPH-Dx

Bypass samplingrequired (for N. Cargo SDN2 (007)

I and N. Snowmelt tWS Pump Stations)

J . D

1 November1998 ., 976079.23
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_t TABLE 2 OUTFALL NOMENCLATURE CROSS REFERENCE

I
Ouffail Number in Port

i Permit Nomenclature Category002 SDE4 landside

003 SDS1 none

I 004 SDS2 none005 SDS3 " ' airfie]d

006 SDN1 landside

'(307 SDN2 Drains to IWS

g

II

008 SDN3 airfield

i 009 SDS4 airfield010 SDW3 none

011 SDN4 airfield

I 012
EY landside

013 TY landside

l 014 B none015 D none

-_ , -..

.- ' November1998 "' 976079.23
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_l TABLE3 OFFSITEINFLUENCESIN STIAMONITORINGLOCATIONSc')
i

J i iJ ii i =l

Total Offsite

i Ouffall Area Area Percent(man,hole) (ac) (ac). Offsite Comment
SDE4 149 0.6 <1% Offsitearea of SR99.

i (SDE4-47)SDS1 :10.7 5.1 ' " 47% Offsite area of S. 188th SL

(outfa]l) includes area added by City in Fall
1997

I 13.2 21% 18t1_Ave S.i S. 188th St,SDS2 2.9+ o_site
(ouffall) and possiblenon-Port commercial

area.

I SDS3 462 3 <1% Approximate offsite of
area

(ouffall) S. 188th St.
SDN1 24+ 9.9+ :_40% ' F_ormerSDN1 locationincludes

l (manhole publicroadrunoff. Additional
SDN1-27) .... 49 acres enters belowthispoint.
SDNlup 13.8 0 0% Air cargo road,is about1/2 of

(SDN!-22) ........ SDN1.

Note:

(a), ,All area estimates are as of 27 October 1998 and subject to change.

l

!
!
I
!

°
t _t, "

me .........
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I

TABLE 4 POLLUTANTANALY'i'ES,METHODSAND DETECTIONLIMITS

I Subbasins ......

Analyte Method(a) 'D_te_io_ '" SDE4, EY ' SDSl, 'SOS1,

I limit (MDL) sos3, TY, SDN2 SDS2,SD_,SDNI, SOS4,SOW3,B,D
mg/i ....... sow SDN2

pH 150.1 0.10 X X X

I FOG (Oil anti ....Grease) 413.1 1.0 n/a n/a n/a nla= =__

-;'fh ilR) 418.1r,od_°_

1.0 n/a n/a n/a nfaTPH (GC) ...... _WTPH--Dx
0.15 X X X X

Fe_l coliforms ....9221 E 2 ' "_(........ X
i

. TSS (tolal
suspendedsolids) 160.2 0.50 X X X X

I Tud_idity 18o.1 o.lo x .... x x
%

BOOs 405. i 4.0 X X

Total Ammonia 350.2S 0.010 nla nla nla nla

I Total Glycols_) GC F]D ..... 4 ...... X X XTot'alRecoverable ....

p; copper,lead, zinc(°) 200 varies X
" Surfac_ants '425.1 .... 01i0 .... X.* . X ....

I (a) Method refers to EPA-600/4-79-020, March 1979. Fecalcoliformmethod refers to 18theditionof Standard Methodsfor the Examinationof Water andWastewater, or as revised.
(b) WashingtonState Departmentof Ecology methodWTPH-418.1 Modified.
(C) Analyzed by Gas Chromatograph,Flame IonizationDetector.

I (d) Lead by atomic absorption(AA) furnace, andzinc by ICP.
copper

I
I
I
I

-, °

I1,_:.17; ...... -
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_)1 TABLE 5 STORMWATERQUALITYCOMPARATORS(')

t i|,l ,, .......

Study
Pollutant Units NURP, I BURP, Metro, Bellevue, Hig'hway WA State Standard(_)

I 1983 1984 1982 1996(b) Runoff
ipH stdunits 5.2- 7.4 7.:_- 7.8 6.5" 8.5
FOG mg/I 2.5 7.8 3.7 30_d) no criteria

I ...... 3.7 no cdteriaIPH rag/!
--ecal mpn per 1000 to 980 201 50
coliforms 100 ml 21000

l BODe 'mg/I 9 6.6 "" no criteria
TSS ._m_911 100 50 ' 82.3 106(=) no criteria
Turb rag/1 19 29.4 based on background

i NH3 _') mg/! 0.17 0.58 -
6.'8 32.6_

glycols mg/I not ana/yzedin any of thesestudies no criteria

I Surf m_/! <MDL no cdtena"Col'(TR)(")'pg/1 .... .. 0.7 ";1 0.93("_"'
iCr (TR)_"_pgfl 7 ...6..9 612_")

l _u (TR)(")pg/t 34 20 10.4 43("_ 5.3(")Pb (l'R)(">pgJi J" 144 170 210 26.3 466(`) 16C")' "
"- Zn (TR)(")pg/i 160 120 110 161.4 638(_) .... 40(")

As (TR)_")pg/I " 13...... 360_")
N(_i'R)") tjg/I .... 11 -7.3 483("

log- metals

I statistic reported: median meanm, mean normal mean criteria(")atmedian median hardness = 28 mg/I

I Notes:

(a) ComparativeValuesinbold. Blankspacemeansnodataavailable,reported,or applicable.

Bellevue,1996datafor "SturtevantCreek,downstream"site.
(b)
(c) Standardsare for classAA receivingwaters,seeWAC173-201A.
(d) Highwayrunoffin England(seeBoothandHomer,1995).

I (e) Highwayrunofffroman15locationin Seattlewith57,000ADT,43 to54 stormsamplesin1980-81 (Chui,Mar,andHomer,1982).
(f) Ammoniavaluesandstandardsexpressedastotalammonia,notasammonia-nitrogen.
(g) AmmoniastandardsforpH6.5to 8.0andtemperatures5" to 20"C.

I Totalrecoverablemetals.WAStateacutestandardsexpressedastotalrecoverable,calculated(h)
at 28 mg/IhardnessusingEcology's"TSDCALC6.XLW"spreadsheet.Thehardnessvalueisthe
10thpercentileforthe receivingwaters(source:StormwaterReceivingEnvironmentMonitodng

I Report,Port,1997b). Hardnesscanvarybetweenseason.(i) ForTurb,Cr,Cu, Pb,andZn, BURP1984datawasmeanof grabsamples,thereforeBellevue,
1996dataarebettercomparatorsbecausetheyrepresentmedian.

. .¢_

_,..'; : -
• r . -

I ' "" November1998 _ 976079.23
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t

iI_f TABLE6 OTHER METALS(TOTALRECOVERABLE,MGll)

t I -sb A_,......t s. tCd I c, I._ .! 1Be t Av f.199B Data =at count t7 17 37J 38 171 17 17 17 17 17
median 0.002 0_009 0_0031 0_000.', 0.005! 0;0003 0.00"/ 0_0021 0_000== 0_003_

r 95_ 0_002 0.005 0.00110000 ¢. o oofil 0.0003 0_017 Qo04! 0.000== 0.00375t_ 0_0o2 o oo_ 0_003; ooo0: o.oo_l oo00 0.037 0.002 o.oooE 0.003
• 25_ 0.O0:_ 0.O0:_ O.0031 0.000: O.005! O.OOO' 0.003 O.OO2! O.OOOE O.0031

#non-detected 17 13 161 14 161 14 6 !4; 17 161

%non-detecte¢ 300% 76% 94% 78% 94%i 82% 3,5..% 82%1 100% 94%1
i ii

• acute,!@ 28, ppm 9 0.36 0.13! 0.000! 0,612 0,002 0.4-83 0,02! 0,000=_ 1.4_

Acute criteda derived from Ecology's worksheet "-rSDCALC6.xls".

a

[

= .' NovemberIgg8 976079.23
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TABLE7

DECREASESIN POLLUTANTSINSDSI STORMWATERAFTERBMPS

=l i |,. i,
Outfail SOS1 {003} TSS BOD5 Cu Pb Zn

Pre-BMP mean 22.4 26.8 0,062 0.020 0,178

! Pre*BMP median 17,0 16,5 0.042 0.013 0.188
samplesize 15 16 15 15 15

CV, % 4% 4% 60% 108% 38%
Post-BMP mean 11.2 5,0 0.023 0.010 .0,102

l Post-BMP median 9,0 S,5 0,022 0,005 0.082. samplesize 4 4 5 5 5
CV, % 10% 12% 45% ..... 98% 29%

I % change in mean -50% -81% -62% -50% -43%__ % chan_e in median ...... -47% 47% -48% -62% -56%
Changesassumeindependencebetweenconcentrationsfromconcurrentstorm events.

B

..,o
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I
_i TABLE8SDE4 SOURCETRACINGRESULTS

I ...........

feeals, fecala. I
#ll00ml #/100ml K,._ Hard, I BoDS, ! Cond, surf.

Data event Ioc_llon IMF) IMPN| FI-,mg/I NH3, ntgA toga NH3/K..I- mgA i m_A p= mg/I
5-Jan rain SDE4-47 ., 420 0.22 0,0421 1.06 0.04 26.5; <32 56 n/a

I 5-Jan rain SDE4-43 80 006 O.l_ 0.629 0.15 34.2! <]2 5"7 n/a" _Jan ra_ SDE3-91 960 0.09 0.223; %54 0.14 38.6i <18 104 "nla
S-Janrain S_:4-31 1480 0,14 0.019_ 0:_ O.0e 14.1_ <32 33 nl=
5..Janr=in 5DE3-93 540 O.1: 0.027! 0JB4_ 0.03 21.8 <32 4OJ n/a

i ,,,9-Jan ba=e_ow SDE4..47 <l 0.7 0o_.7 1.1 0.02 49.1 <zl 104 0.05_
- 9-,.lanbaselow $DE4,A3 nafl_ no_c_ noffaw no|o_ rtoIBm_ nolow no_lW no|O'wl nolmp

_.Jml bal_sllOW $DE3-91 noS=_ no_o_ ..... no.flGw no'Icy, noflo'_ nollow nof¢_ nolow_ notk:_

!_ 9-Jan basellow SDE4.-31 <Z 1,0 0,005 0.81Br 0.01 34.4. 651 <0.02E.. 9-Janbase|ow SDE3-93 4 0A 0.005 Z3 0.0(3 71.8 ___t 162j 0.04_
...

15-Julrain SDE4-47 >1800 ".......L 14-Azqbaselow :SDE4-47 30 1.03 0.021 1.01 0.02 31.5 <$.0 "' 0.(_3_

.- 18-Sep rain SDE4-47 10600

..T---

• .,'_ . November 1998 976079.23
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TABLE 9

METALSIN AIRCRAFTTIRESKID MARK MATERIAL

REMOVEDFROM STIARUNWAYS

[:

Ctm PB Zn
sample

•esults TCLP1 (mgtl) 0.042 0.025 6.25TCLP2 (rag/l) n/a 0.05 n/a
-_ avg TCLP (mg/i) 0.042 0.0375 6.25

total (mg/kg) 1294! 934 73g0

_ _mole densilv (o/cc_ 0,8471lass
estimates kglm3 (]'CLP) 0.0007 0.0006 "0.11

kglm3 (total) 1.11 0.1 6.3

Ib/yd3(total) 1.9 0.1 I0.6relative fraction leached 0 o6% n,80% 169%
approxvolume removed**,m3 ,5

_," approx massremoved (I"CLP),kg 0,0041 0.003[ 0.53 -_nnrox m_ removmt (tnt_l__ko 0 401 31
.... • lead notdetected in bothTCLP analyses.

1. Sampled by ScottTobiason8/14198,analyzed byAquaticResearch, ]nc
2. Sampled by SarahOlson9110198,analyzedby PhilipEnvironmental

... ** estimateof totalsolidsvolume removedand

P

•.'• " • November19g8 - 976n7g _R
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i
FOGin STIA Stormwater

I" June 1997-June 1998

_-°_I 4.0 DUligeOmlmlmgUIQ_eDBiQIglmllla • BOgllm I mlilmmllllm m IgQgt IBllmDaota

3.01

(_ 0.0J
_ u_ -1.0 , . .

EY SDNll.._ SDN3 81381 SDS4
SDE4 SDN2 SDN4 SDS3 T'(

t Ouffall

24 results(77%)<MDL(1,0rng/l)replacedwithvalue= 1/2MDL

compareto Bellevue1996medianat3.7 mg/]

FIGURE 2 FoG FOR CURRENT YEAR

I

!

I

b)

|.,

i._ i.; November1998 ., 976079.23
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I TPH (IR)in STIAStormwater
June 1997-June1998

d 5.0

4o]t_____ __._,_

. 2.0

i __. 1.0 T_J -"r-- .........
oo _ _"' ....._-.,io]

SDE4 SDNlUp SDN2 SDN3 8DN4 SDS1 SDS3 SDS4 TY

Outfall

I 23 results(43%)<MDL( 0.25rag/I)refacedv_th_ue = 112MDL

cempareto referencelineat3.7 rng_[me, anBdlevue,1996)

I
..... FIGURE 3 TPH (IR) COMPARED IN BOX PLOT FOR CURRENT YEAR

i
|
I
-o

I
I
|

i '1"_"'_" '_ Novembnr1998 .. 978079.23
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i

of TPH in STIAComponents Stormwater

| June 1997- June 1998
(TPH.Dxis s_'nofmotoroilanddiesel)

' .......3 ZET ..

l 2 • "T " ' m.," mTP_x,m_
11 .. ._-,,_ _,_, --_ '"
O] .,_,___. __ "-_ ,.,,-.t,_,,,A,_.. --O:eogse, -- [_TPH-motoroil,rag/!

m -1] ..... .. .....'-" WTPH-diese,,mgfl
N= 111 777 8_ 8 S5 S 111 666 222

I EY SDE4 SDNlup SDN4 SDS1 SDS3 3Y
OutfaH

I diesel not detected in 16 (53%) ofsamples(MDL=O.025) --

p motor oilnot detectedin 8 (27%) ofsamples(MDL= 0.05")
FIGURE 4 TPH-DX COMPARED IN BOX PLOT FOR CURRENT YEAR

I
I
I
I
I
|

I .,c'.

•"}'-_i November199B . 976079.23
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| Differencesin SDN1data

I =vo.°,..o.ou_..o,o.d,.u_nces

_ ir-_, m_

i 8 -sj . . BPH OR),rr_N= 11 11 6 6

S[_11 SDNlup

I Out/all
100%ofFOG.,=MDLat SDNlup

SDNI extremeFOG= 21rngqon8/7195notshown-

FIGURE5 IMPROVEMENTSIN SDN1 DATAABOVE PUBLIC ROADS

I
i
I
i

I_;_!...._,_.._,,.b.,,.8 976079.23
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Changes in SDS1 Discharges
BMPs reflectedin1998 data

10

i _ 8,

| ,'
2'

I --o: -- mEOW, mgn

o° -2 . . U'_H 0R),rnoJ1
N= 4 4 5 5 5 5 3 3

I 1995 1996 1997 1998

year reported

!
FIGURE 6 CHANGESIN SDS1AFTER BMPS

I
i
I
I
I
I

|_,._'-.' November1998 ' 976079.23
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I

Fecalcoliformsin STIAStormwater
June 1997-June1998

I ] I

0 :.ols II
I _ "' "'.._"......m':'__'",,_":,',""

-500 ,..

_= 1"o 11 _ "_ _ _ _ ;SDE4 SDNlup SDN2 SDN3 SDN4 SDS1 SDS3 SDS4

i Outfall11results(21%)<MDLreplacedwithvatue= 1/2MDL

compareto referencelineat201per100ml(geomeanBellevJe,1996)

1_ FIGURE7 FECALCOLIFORMS

I
I
I
I
I
I

-" Nov_rlberlgg8 - gTRn7n _.q
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TSS in s-r]A Stormwater

June 1997-June1998
100 ,,

80 I , , ,

-F- ,_,-

°..__. ,m.............,..............®m_..-_ 20, .....

o, _ ..:%_i,, _ _
1.- -2O

EY SDE4 SDN1 $DN3 SDN4 'SDS1 SDS3 SDS4 TY

Ouffall

compareto 50 mg/i BURP median(referenceline)

outllers:SDE4---253,SDNI=104, SDS4=104

' FIGURE 8 TSS FOR CURRENT YEAR

:'";f_• * "rE .... " "

_i_'_._,._', November lgg8. ° " 976079.23
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l Turbidity in STIA Stormwater
June 1997-June 1998

t 100 " --1--
80 ._=to_JS oor_u

60 ........

' _ '°,--"==.E_-_---. ....._ .......... --
_ o
I-'- -20 _ . ,. . .

$DE4 SDN1 SDN3 SDN4 $DS1 SDS3 $D$4

Outfall

compare to ?..9,4BURP median (referenceline)

FIGURE 9 TURBIDITY FOR CURRENT YEAR

.:,_-

'. _'-'_,' November19_8 .976079,23
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- BODs in STIA Stormwater
All Data June 1994-June 1998

50

4_ i " ' ,.',k'-L,__' _;1_
o1_

"i
NO
_-I0 . . . . . .........

N= 4 3 22 25 10 21 _6 11 20 7 25 22 8
B SDE4 SDNlup SDN3 SDS1 SD83 SDW3

0 SDN1 SON2 SaN4 SDS2 S_4

Outfall

32 results(16%)<MDL(4.0 rng/I)replacedwithvalue= 112MDL
STIAmedianof6.4similarto6.6 mg/lBURPmedian(referenceline)

FIGURE 10 BODe FOR PERMIT HISTORY _

1Becauseof the scale.shown,8 outlyingvaluesfrom data taken in previousyears are notvisible, Six of
theseoccurredduringmajorwinter-weatherdeicingperiods,andwererelatedtogrounddeicing
chemicalsasexplainedinpastAnnualStormwaterReports.Oneotheroutlieron9113/94in
SDNlwasprobablyduetoaninappropriateconnection,sincecorrected,whichwasdiscussedin
the1997AnnualStorrrw,atetReport.

November1998 " 976079.23
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f

BeD5 in STIA Stormwater

l June 1997-June 1998

: 30 ii

u')" 10_ ,,.,, loom!

,'n -10
N: 7 7 _ _ ; _ _"'

SDE4 SDNlup SDN3 SDN4 $D$1 $DS3 SDS4
' Ouffali

7 results (18%) <MDL (4.0 mgll) replacedwith_alue= 1/2 MDL

compareto 6.6 mg/]RURP median (referenceline)

FIGURE11 BeD5 FORCURRENTPERIOD

,n

-._ ,'a,o

_,;,_.:,,,_::. November1998 976079.23
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I

I Ammonia in STIA Stormwater

June 1997-June 1998
l 1.0

m: .Bt
t

.g

-'_ 0.0' II. ........ ii, II ,

1 _o -.2
N= _ _ _ _. _ _ :_

SDE4 SDN1 SDN3 S_,_ SDSl S_3 SOS4

Outfall
7 resutts(35%)<MDL(0,01rag/I)replacedwithvalue= 1/2 MDL

FIGURE 12 AMMONIA FOR CURRENT YEAR

•_,,_k':.'-'-_:November1998 978079.23
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Surfactants in STIA Stormwater
+ June 1997-June 1998
_ 1.20, -.

1.00: -,

.B0 q , .......... T

' + Wm.60,

+' _ ,40-

"_ ,.-.20 ..... .r.

SDE4 SDN1 SDN3 SDN4 SDS1 SDS3 SDS4

} Ouffall
1result(5%)<MDL(0,025mg/])replacedwithvalue=1/2ME)L

FIGURE13 SURFACTANTSFORCURRENTYEAR

+'& ,"

_+_'_-T,;,'."• +
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Copper in STIA Stormwater
f All data June 1994-June 1998

.15'

1 .10

, _.o,,,............_______.......____-_.,,,,.._:0 0.00'
n,"

-.05

B SDE4 SDNlup SDN3 SDS1 SDS4
D $DN1 SDN2 SDN4 $DS3

Outfall

compareto 0.04 mgtlmeanforHighway15(referenceline) _

compareto 0.01mg/ImedianforBdlevue,1996(lowerreferenceline)

FIGURE 14 TOTAL COPPER FOR PERMITHISTORY

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

_. _j November1998 976079.23
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I Copper in STIA Stormwater
June 1997-June 1998

.15,

g .o_, _ ...........
e_
e_ h--"r'-" /

C._ 0.00,
r_
I-- -.05

SDE4 SDN1 SDN3 SDN4 SDS1 SDS3 $DS4

Ouffall

' compareto 0,04 mg/I mean forHighway15(refu'enceline)

SDE4outlierof0.208mg/]on10/28/97notshow

- FIGURE 15 TOTAL COPPER FOR CURRENT YEAR

• "b-

, •_. Novemberlgg8 - 976079.23
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AR 022451



I III _ I I I IlI I _

I

I
Lead in STIA Stormwater

i All Data June 1994-- June 1998
,0_ ............................ -_0/041

.04 _-" ......... --'1--"

i __,o2"°3............_ ......"r'--_---,-'---'--=- ..............
• I Bill " 1 l, _ ? .... , ,,

r_" O.O0 i m .......... :,.. _.......... I .

I-- -.01H.. .T ._ 2"z £2' £o I_ _ ' _'I 2o z5 .
B _DE4 SDNlup ,._DN3 $DS1 SD:_4

D ,,qON1 $ ON2 $ON4 SIDS3

O Utrail
10 re=tilts (16%) '¢ MDL (0.1{)01 m0/I) ropl=cod with value = 1/2 MDL*

l compare lo 0.026 raDII BURP median (reference line)

FIGURE 16 TOTAL LEAD FOR PERMIT HISTORY 1=

l 1WithEcology'sconcurrence,inOctober1996thePortmove_thesamplinglocationfor$DN1frommanholeSDN1-27to manhole
SDN1-22,uporaolemfrompublicroadrunoff.Thepreviousdowngrscr_,ntic¢_k_ wasmoreconvenientfor_u'nplingaccess,
yet]n_zl_l runofffromthin newportareas.Thisrepotandthe1997AnnualStemwvatotReportshowconsldarably
lessFOG,TPH,andZincInsamplest_on atthelocat_n_gtadlerdofthisnor_.Port]_.

2 Becauseofthenolleshown,3 outlierlatSDE4arenotvka]_:theyare0.104mg/lon2/3/96,0.098mg/lon4/16/96,and0.076m9/Ion

j ._.,__ .. 1116_9v7.A slngleout_ratSDSl }aalsonotvist_ 0.098on4/15/96.

• r ,° .o"; -" t

":....." 976o79I -;_V,_._.:'.',, November1998 . ; 23
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Lead in STIA Stormwater

June 1997-June 1998
,05 ",

-041 _ .' .......

"O_l' nu / ieet'_ 0 mute Iooemlwwt mlog ml_looi _l_l wllli_li mOW

.......ol _---'-- _'_ "--I--,

I-" -,01

SDE4 SDNI SDN3 SDN4 SDS1 SDS3 SDS4

Outfall

5 results(13%}< MDL(0.001rag/I)replacedwith_lue = 1/2MDL

, compareto 0.028moJIBURPmedian(referenceline) _

FIGURE 17 TOTAL LEAD FOR CURRENT YEAR

.._ .¢,t, • .

"1"._.-_-:.-_.;7 -" ."
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I
Zinc in STIAStormwater

t All DataJune 1994-June1998

t ,60 ' ......50, tiTaN _ "'

•°' .........
,_0 ; ....

_ 0.00' nn , ,._. ".I"- -10 - "
N= 4 3 22 13 10 16 18 11 :20 25 19

B SI_4 Sl_lup SDN3 $1_1 SDS4

I D 8DNI SDN2 SDN4 SDS3

Outfall

cornl:mzeto0.16mg/iBURPmedian(re,fencellne) HighwayrefoffscaJe --
" MDL= (1005

FIGURE18 TOTAL ZINC FOR PERMITHISTORY

f
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I
i Zincin STIAStormwaterJune1997-June1998

• .50 |

I _._o_ ,,,_ mu ...........
_o_,,,_,.,,,,,,,,,,.,,,,.,, .,.,.,,,_.,.,.,..,.....,,,..,,

I i_ .10' -- mmmm. _'_13_ 0.00..... mmmm mmmm i

I-- -.10 ......

i SDE4 SDN1 SDN3 SDN4 SDS1 SDS3 SDS4

Outfall

I. comp_ to 0.16mg/iBUF_median(referenceline) Hghwayrefolfscale

_1_ Mll = 0.005FIGURE19 TOTALZINCFORCURRENTYEAR
p

, =.
., -o,. _° _.
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Current GlycolData
June 1997-June 1998

|

_.

!

¢9 O'
O_

.9° -lo

SDE4 SDNI SCN3 SDN4 SDS1 SDS3 SDS4

I outfall
glycols not detected in 87% (26) ofall (30) samples

I -
r- FIGURE 20 TOTAL GLYCOLS FOR CURRENT YEAR
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OverallGlycol Data
June 1994-June1998
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Overall Glycol Data
June 1994-June 1998

150 _11s'_

"_ 100, _ ol zrz_
-]eOlt'28/SB

0,
, --,o40

1995 19£6 1997 1998

i year reported

glycdsnotdetectedin 75% (145)ofall (194)samples
3 outliersin 1996not_isibleatscaleshown

FIGURE 22 TOTAL GLYCOLS BY REPORTING YEAR

, .._:_...._._Novemberlgga - . •. 97607923,
, ,_,_,_*_,';_ :,. .... .. ., . -.:...

AR 022458



Hydraulic and Hydrologic Estimations
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APPENDIX A

HYDRAULIC AND HYDROLOG'IC ESTIMATIONS

This appendixpresentshydraulicinformationrequiredbythe STIA NPDES

permit. Paragraph2 of SectionC of NPDES permitspecialcondition$3 states

%he Permitteeshallsubmitthe followingdata for the stormevent used:date,

durati_)n,the numberof dry hoursprecedingthe stormevent, total rainfallduring

the stormevent (inches),maximum flow rate (gallonsper minute),and the total

flow from the rain event(gallons)."Table A1 presentsa summaryof monitored

storm events. TablesA2 and A3 presentestimatesof runoffvolumesand peak

dischargerates. Dailyrunoffvalues are presentedinTable A4 and illustratedin

the attachedbar graphsshownas FigureA1.

Peak dischargespresentedinTable A3 are estimatedbythe "rationalmethod"for

each stormeventsampledin the precedingyear. The peak rate of eachstorm

depends uponthe time-of-concentration,orT=, for the particularsubbasinand

the rainfalldistributionof the particularstorm. The WATERWORKS modelwas

used to developthe T=valuespresentedinTable A5. A peak discharge,Qp,is

then estimatedbythe rationalmethodusingthe followingequation:

Qp(gpm) = Cx I x A x 43560 fta/acx 7.48 gal/ft3
12 in/ftx 60 min/hr

where:

C = runoffcoefficient= (0.90(Ai) + 0.25(Ap))/A

where"

A_ = the imperviousarea in acres,and

Ap= the perviousarea in acres

I = peak intensityin inches/hour

A = subbasinarea in acres

•The Port'srain gauge recordsrainfallat 5-minuteintervals,thereby resolving

rainfall rate.s,or=intensities"for periodsas shortas 5-minutes. The rainfallrecord

• for the stormof interestis examinedto determinethe peak intensityfor the time

:_:_=;:...::' November1998 A-1 976079.23
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b

span that matchesthe time-of-concentration.The rain gauge allowsthe user to

aggregate rainfallfor multiplesof the 5-minute recordingintervalthat best

approachesthe times of concentrationdesired. This basin-specificintensitywas

thentranslatedto an hourlypeak intensityusingthe followingequation:

I = i x 60/r'=

where:

i ='maximum rainfalldepth(inches)of a time equal to the timeof
concentration

T¢= the time of concentration,displayedin Table A5.

For example, the T¢for SDE-4 is 21 minutes;therefore, the rainfall recordfor the

stormof interestis examinedto find the oneperiodof20 minutesthat has the

greatestrainfalldepth.

i As additional information,Table A6 provideschanges in boundaries or percent of

impervioussurfaces.

November1998 . A-2 976079.23
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TABLEA4

•1997-98RAINFALLAT SEA-TACAIRPORT

Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 De¢-97 Jan-98 Feb-9B Mar-98 Apt-98 May-98 Jun-98
in'|nclles"

......."i 0.01 0.01 0 ' 0.03 0,59 0 0: 0.58 0.08 0.59_ 0 0.01 0.01
2 0.01! 0 0 0 0.2 0 0! 0.01 0.1 0.17 0 0.01 0
3 o.25i- 0 0 0 0,59 0.16 0l 0.11 0.05 0,05 0.03 0.01 0
4 0 0 0 0 0.49 0 01 0.31 0.1 0 D 0 0.01
5 0 0.13 0 0 0 0.i5 0 0.95; 0.03 0 0 0 0

6 .... 0 0.02 0 0 0.2 0.22 0.01 0,37 0,01 0 0,01 0 .... 0
7: 0 0.21 0 0 0.11 0.7 0.14 0.3 0.01 0 0.1 0 0
8 0 0.5 0 0 0.69 0 0.01 0.01 0.I8 0.19 0 0.01 0.01
9 0 0.02 0 0 0.02 0 0.08 0 0 0.7 0.03 0.04 0.23

10 0 0,32 0 0.01 0.07 0! 0.06 0 0.17 0.15 0,09 0.01; 0.08
11 0.06 0.01 0 0.01 0 0i 0 0.01 0_33 0 0.14 "'- 0.01 0
12 0 0 0 0.01 0 0 0 0.22 0.5 0.01 0.02 0.01 0
13 0 01 0 0.3 ' 0.02 0 0 0.16 .0.18 0.01 0.01 0.02 . 0.01

14 0 • 0 0.04 0.1 0 0.01 0.8 0.1 0 0] 0.23 0.01
_i5 0 0 0 0.48 0 0 0.57 0.05 0.03 0.06 0! 0.01 0
16 0.02 0 0 0.8t 0.01 0.49 1.17 0.52 0.03 0.04 0 0 0

17 0.36 0 01 0.74 0.21 0.11 0.03..... 0,.1.B. 0.13 0.01 0 0.01 .... 0
18 0 0 0q 0.03 0 0.01 0 0.39 0.31 0 0.01 0.01 0

19 0.02 0 01 0 01 0.65 0.02 0.02 0.1 0 0.01 0.01 0

20 0.18 0 --6,071 0 0l 0.01 0.18 0.07 0.18 0 0 0.01 021 0.09i 0 0 0 0! 0.01 0 0.31 0.13 0.19 0.01 0.01 0
22 0.01; 0 0 0 0.02 0.21 0.08 0.19 0.03 0.79 0 0 0.01
23 0,02 0 0.08 Oi 0.01 0.46 0.02 0.88 Oj 0.43 0,5 0.01 0.07
24 0 0 0.12 0= 0 0.11 0! 01i7 0.01 0,25 0.08 0.65 0.45
25 0 0 0.07 0.37 0 0.01 0J 0.39 0.161 • 0.16; 0 0.14 0.01
26 0 0 0.41 0.44 0.08 0 0.04 0,011 0.011 0.011 0 0.37 0.01

27 0 0 0,25 0.01 0 0.01 0.03 . 0.01_ 0.05; 0.01 0 .... 0.52 0.0128 0.45 0 0.03 0.01 0.9 0.18 0.01 0.04 0.66 0 0 .... 0 0

29 t 0 0 0 0 1.:2 .0.35 0 0.23 0 .. 0 0.01 0
30 0.01 0 0 0.16 0 0.03 0 0.01 0.Q6 0 0.01 "0
311 0 0 0 0.1 0 0.12 0

max 0.45 0.5 0.41 0.81 1.2 0.7 1.17 0.95_ 0.66 0.78 .......0.5 0.65 0.45
1.49 1.22 "" 1.03 3.45 5.51 3.87 2.56 7.20 3.67 4.0 'i.04 2.13 0.92

avg'l 99% 161% 90% 184;.,_" 17"1"_/= 66%1 43% 134% 92°.4, 113% 45'% 125%1 61%
1.49 2.71 3.74 7.19 12.7 16.57! 19.13 26.33 30 34 35.04 37.17!newyear

%avg*l 99% 120% t10% 136% 149% 116% 94% 102% 101% 102% 99% 100%newyear
1.5 0,76 1,14 1.88 3,23 5.83 5.97 5.38 3.99 3.54 2.33 1.7 1,_

cure* 1.5 2.26 3.4 5.28 8.51 14.34 20.31 25.69 29.68 33.22 35...55 37.25 newyear
"storms" 4 0 1 2 2 5 2 4 1 3 1 2 2
sampled 3 0 t 0 1 3 1 2 0 2 1 2 2

ImonU_max"I , 3.e212_3914.591......_.951"'8.,98t 10.71t 11.851,12:.92t ....9.111 8.41 s.531, 4.7-8_-3.821
Imonthmin*] 0.131T j 0.011.T I 0.31t 0.7411.3710.58t 0.3.510.5710.331 0.1.21 0.13]

Na'donaiWeather Service(h_p:/l161,55.224.11srnith/climate/search.html)
29 possible"storm"events
18 Sampled events {inbold In table}
3 non-'storms" sampled (grabs only)

November1998 976079.23
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TABLE A4

1997-98 RAINFALL AT SEA-TAC_AIRPORT

Jun-97
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.- TABLE A4 '

1997-98 RAINFALL AT SEA-TAC AIRPORT

Dem97

1.0 - - ' ....... E4,S1,N1,N3,
0.8
0.6
0.4 ...... - - .

0.2_-_-.j_i__ .........-'I.

Jan-98

0.0 .¢. ¢t) tO I'_ O_ "¢- 03 tO _ O) .r- CO _ I".- 03

I Feb-98

!
1.2 ................

I "1.0 - _ ..... :----,-___

0.8 _ Nostormsamplestaken0.6

I °
I November1998 ,, 976079.23
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. TABLE A4
)

1997-98 RAINFALL AT SEA-TAC AIRPORT

Mar-98

Note: NewNPDESpermit in effect3/1/98:requiresmonthlysamplesat 4 outfalls

1.2 ..... . .... _o
1.0
0.8
0.6

0.4 ....

0,0 I _ J _ j l _ J j .I _ J i J _ J J J l l l J J. _ J J J _ A

',r- CO _ _ O_ ',r- 0'3 tO r,-. o_ _ 03 L.O I"'.- 03

!
Apr-98

- I Note:NewNPDESpermitin effect311/98:requiresmonthlysamplesat4 outfalls.

1.2 .......................... ,...... i

o.2 - .-

I ',e- 03 _ i_ 0"_ "¢'- 03 t,O I",. _ x-" ¢'_ LO l".-'v..- w,- _ .¢.- x"- Cq ¢'_ ¢'q _

I May-98

i Note:NewNPDESpermitineffect311198:requiresmonthlysamplesat 4 outfails.

1.2

.1.0

I 0,8

0,6 _

03 _ r,-- o') _ 03 t.o p.... o) _ _ t,o i',.,-
•¢- _ ,,t-. _ c,,,I c.,,I ¢_z 04 L"N

I °
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TABLE A4

1997-98 RAINFALL AT SEA-TAC AIRPORT

Jun-g8

Note: New NPDES permit in effect3/1/98: requiresmonthlysamples at 4 ouffalls.

1.2 ........... _ ........
1.0

0.8
0.6
0.4

0.2 10.0
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TABLE A5

i SUMMARY OF SUBBASINHYDROLOGICCHARACTERISTICS

Subbasin Ouffall Ap A_ Total Area C Tc

Number (acres) (acres) (ac) (min)

SDE-4 002 52 97 149 0.77 21

SDS-1 003 0 6 6 .90 TBD

i SDS-2 004 5 0 5 .25 60
SDS-3 005 222 202 424 0.56 78

I SDN-1 006 0 14 14 .90 10
SDN-2 007 7 29 36 .77 50

I SDN-3 008 43 17 60 .43 55SDS-4 009 32 25 57 0.54 50

SDW-3 010 14 10 24 .52 38

SDN-4 011 20 6 26 0.40 TBD

Eng Yard 012 0 1.5 1,5 .90 5

I Taxi Yard 013 0 2 2 .90 5
Subbasin B 014 40 0 40 0.25 TBD

I Subbasin D 015 35 2 " 37 0.29 TBD

I
|
!
!
I

I Novemberl!)ga 976079.23
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' Appendix B
Summarized AnalYtiCal Data for.

,. All Monitored Storm Events
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APPENDIXC

FIELDQUALITYCONTROLDATA

Table C1 presentsdata for field qualitycontrolsamples. These data demonstrate the

adequacy and level of confidenceof the Port'ssamplingprotocolsand results.

Because the majorityof field blankdatawere nearor belowanalyte detectionlimits,the

resultsconfirmthat little or nocontaminationoccurredin the automaticsampling

process. Furthermore,duplicatesamplescollectedby the automaticsamplersusually

displayedlittle relative percentdifference(RPD) betweena particularsample and its

duplicatesample. The majorityof duplicateanalyteshad an RPD of lessthan20

percent. Only a limitednumberof casesexhibitedmore than the 20 percentRPD

criterioncommonlyused to discernsignificantdifferences. Such differenceswould

accountfor the variabilityof the compositionof the dischargeandthe precisionof the -

samplingtechnique. Q

w

November1998 . C-1 976079.23
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APPENDIX D Page I of 2 _

_t'-"

TABLED2 ....

SUMMARYOFCOMPLETEDBMPs

STORM
DRAIN DATE COST

TYPE BMP SYSTEM COMPLETED e_,=d,ywlttab_.)

Source Terminateglycolusefor All 12/95 -
Control(SC) cjmunddeicin9

SC Store Chemicalsin IWS 12/95 -
Area

Treatment Connect snowstorageareas SDE4 By11/1/97
to lWS (008), -

SDN2

(00D.
Treatment connect PortMaintenance SDE4 8/96

Shop Yard to ]WS (002)
Treatment Connect LoadingDock SDE4 10/95 $25K

Dumpsterslotdrainto (002) --

sanitary .... _Treatment Connect NorthCargoArea SDN2 6/97 $188K )
(Area 114) to IWS via lift (007)
station

Treatment Connect CargoArea 4 (Area SDE;t 8/96 $13K
100) to lWS (002) '

Treatment ConnectNorthSatellite .... SDE4 10/95 $300K

(Area 106/107).to IWS (002)
SC Seal SDS inletnear Gate C8' SDS3 12/95' $10K

Coos)
.......SC Seal SDS inlet near Gate B5" SDS3 12/95 $10K

(005)
Treatment" Conne'ctSDS area between SDS1 5/97 $149K

the South Satelliteandthe (003)
B Concourseto the IWS

Treatment ConnectSDS area between SDS1 8196 $88K
the South Satelliteandthe (003)
NW Hangarto the IWS

Treatment Connect Area 112/311 SDE4 11t95 -

(D Concourse)to IWS ; (002)
Treatment Connect Area 314 SDS3 11/95 ' -

(C concourse) to IWS Coos)
SC RelocateHazardous 7/95 $4K

iMa.tedalssheds C..

November 1998 976079.23
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•APPENDIX D Page2 of2

TABLE D2

SUMMARY OF COMPLETED BMPs

STORM
' DRAIN DATE COST

TYPE BMP SYSTEM COMPLETED r_"_.......... =_,_1_
Treatment_ 'ConnectTaxiYardWash TY 7/95 $30K

Padto sanitarysewer (0t3) ,,.
SC Evaluatealtemative All 12/95 -

chemicalsforanti-icingand
deicin,_ ......

SC Storeanti-icingcl_emicalsin All 12/95 -
IWSareas

:i:reatment Connectairfield Si_w3 7/95 .... -
maintenancesediment , (010)
storageyardto lWS "

Treatment ConnectFederalExpress SDN1 7/97 Tenant
_ .. Ioadin_ldockarea.to IWS (006) - , ._ Proiect

November 199B 976079,23
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