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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

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

STIA stormwater outfalls only for the period of July, 1995 through June 1996.

This report does not cover the Industrial Waste System (IWS). Permit-required

data that describe the storms sampled in the period appear in Appendix A. All

analytical data are summarized in figures in the ensuing report and are tabulated

in Appendix B.

The Port of Seattle complied with all stormwater monitoring requirements specified

in the STIA airport NPDES permit. The Port sampled more storms this year than

in the previous year (July 1994 through June 1995) in order to comply with the

Stipulated Agreement (Brasher, et. al., 1995).

The results show that stormwater runoff from STIA subbasins that drain the

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

is also a distinct dichotomy between stormwater quality from these four airfield
outfalls and the terminal and "landside" outfalls.

Many analytes were consistently not detected, or were found at levels well below

receiving water criteria (Washington State Water Quality Standards, WAC 173-

201A). The Port recommends changing the oil and grease (FOG) analysis

method from 413.1 to 413.2 for results that are more representative, precise, and

comparable with total petroleum hydrocarbon (TPH) results.

The Port's Stormwater Pollution Prevention Plan (SWPPP) has achieved

measurable results, reducing bacteria and ammonia at SDE4, and reducing

petroleum products in the Taxi Yard runoff.

Runway deicing chemical application resulted in stormwater pollutants below any

_ toxic levels, although no standards exist. BODs and ammonia were similar to

concentrations measured last year. Little of the urea applied to the North and

]
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South Satellite areas during deicing decomposed to ammonia before exiting the
STIA outfalls. Concentrations of ammonia were less than 30% of the acute

criterion. The majority of urea and potassium acetate chemicals present in STIA

stormwaterwashed off in the first inch of rainfall after deicing. Significantly, less
than the 6-month, 24-hour storm (1.3 inches) washed off more than 90% of the

total runway pollutant load caused by the deicers.

Aircraft deicing glycols in STIAstormwater appeared well below toxic levels even
during the periods of heaviest application where more than 500 aircraft were

deiced using over 23,000 gallons of glycol deicer and anti-icer. Glycols were

undetected in 75% of all samples (118 total) analyzed over the past two years.
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Introduction

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

pursuant to Special Condition S.9 of the NPDES permit.

Figure 1 shows the individual stormwater drainage basins and the STIA

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

storm system, white or blank areas near the terminals and gates drain to the

Industrial Waste System (IWS).. The IWS drains runoff to the Industrial Waste

Treatment Plant (IWTP). Monitoring data from the IWTP are not included in this

report.

Sources of Reported Data

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

_ stormwater outfalls only and include:

• Quarterly and annual monitoring required by the NPDES permit;

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

• Stormwater Receiving Environment Study (Condition S.8 of the STIA

NPDES permit), a.k.a. "Stream Effects Study" (SES), and

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

Note that only data from regular NPDES monitoring, and from the Stipulated

Agreement have been submitted to Ecology in the monthly discharge monitoring

reports (DMRs), and only for those storms and sampling routines that fully

complied with permit requirements. Data from the SES and runway deicing

washoff study appear on a formal basis for the first time in this report.

.Requirements for the Annual Report

Special Condition S.9 of the permit states:

3
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"On or before August 1 of each year of this permit cycle, the Permittee shall

submit a report to the Department summarizing the stormwater monitoring results

obtained during the preceding twelve (12) month period from July 1 through June
30. The report shall present the analytical data, the Port's conclusions as to what

is being learned from the data, and any new initiatives to be undertaken as part of
the Stormwater Pollution Prevention Plan required in condition $10."

Further, the permit requires in Special Condition $3C that: "The permittee ...

submit the following data for the storm event used: date, duration, the number of

dry hours preceding the storm event, total rainfall during the storm event (!nches),
maximum flow rate during the rain event (gallons per minute), and the total flow

from the rain event". This hydraulic and hydrologic information is provided in
Appendix A.

4
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Backqround

Stormwater Monitoring Proqram

The Port conducts a comprehensive stormwater monitoring program that fulfills a

considerable array of significant and unique requirements contained in:

° Quarterly and annual monitoring required by NPDES permit condition $3;

° Stormwater Receiving Environment Monitoring Plan (SES), NPDES permit

condition $8;

° The Stipulated Agreement (Brasher et. al., 1995), and

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

Stormwater discharge monitoring is just one portion of the complete monitoring

program required by the NPDES permit. The comprehensive Stream Effects

Study (SES) portion evaluates the effects that STIA stormwater discharges have

upon the two receiving streams, Miller and Des Moines Creeks. The SES fulfills

the permit special condition $8 for the Stormwater Receiving Environment

Monitoring Plan, where monitoring is expected to be completed by June 1996.

Keeping these requirements in mind, a particular outfall may require monitoring for

more than one objective on any given storm event, and that these objectives rank

according to their rigor in what defines a target "storm". That is, NPDES target

storms are the most strict in definition, therefore, quarterly outfall storm samples

usually take the highest precedent. Figure 2 displays the field log employed to

_.._ keep track of the multiple objectives and results for a particular monitoring location

during a targeted storm event.

6
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This stormwater monitoring program has been in place since 1993, first to develop

background, and then under the NPDES permit number WA-002465-1, issued

June 30, 1994. The Port conducts the specific monitoring activities as described

in the Procedures Manual (Port of Seattle, 1995a). Several consultants carried

out monitoring until December, 1995, after which the Port hired a staff member to

conduct the monitoring. The Port submitted the first annual report on August 30,

1995 (Port of Seattle, 1995b).

Sampling locations

The Port monitors stormwater at 11 locations, one for each subbasin within the

boundary of the Stormwater Pollution Prevention Plan (SWPPP, Port of Seattle,

1995c). Subbasin names are coded according to location: EY = engineering

yard, TY = taxi yard, SDS1 = storm drain South number 1, SDW3 = storm drain

West number 3, etc. Figure 1 shows the location of the ouffalls and monitoring

locations. Note that the NPDES permit refers to outfalls by number, however, this

report refers to subbasins and there outfalls by location. See Table 1.

Table 10utfall Nomenclature Cross Reference

Port Principal

nomenclature Activity

SDE4 landside

SDS1 terminal

SDS2 open space
SDS3 airfield

SDN1 landside

SDN2 airfield

SDN3 airfield

SDS4 airfield

SDW3 airfield

EY landside

TY landside
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The subbasins fall into three general categories: "landside", terminal, and airfield.

Subbasins SDS3, SDS4, SDW3, SDN2, and SDN3 drain the airfield, officially

designated the Aircraft Movement Area (AMA), containing the airport runways and

taxiways. The SDS1 subbasin drains certain areas of the aircraft side of the

terminal. The remaining subbasins (SDE4, SDN1, EY, and TY) are associated

with the landside activities of the airport such as passenger vehicle areas.

However, SDS2 drains mainly open space, and is monitored once annually, not

falling into any convenient category. Therefore, this report groups subbasins in

the airfield, and compares them to the terminal and landside outfalls as a group, a

useful distinction indicated by the data.

Note that four monitoring locations (subbasins SDE4, SDN1, EY and TY) are

significantly upstream from the point where the discharge actually "daylights" at

the final outfall. Runoff contributions from other, non-STIA sources enter these

storm drains and therefore necessitate monitoring at the first location, often a

manhole, upstream of the off-site inputs. Table A2 in Appendix A outlines the
characteristics of the 11 subbasins. The Port numbers all manholes and inlets

tributary to a particular outfall.

The Port selected sampling locations in a manner that minimizes the sampling of

runoff from areas outside the Port's SWPPP boundary. The Port achieved this

objective for subbasins SDS3, SDN2, SDN3, SDS4, and SDW3. In contrast, non-

Port off-site stormwater enters upstream from the sampling points for subbasins

SDE4, SDS1, SDS2, and SDNI:

• The total area draining to SDE4 (outfall 002) contains a relatively small

area (in proportion to the total SDE4 subbasin area) of commercial property

and public roadway along the International Boulevard corridor within the

City of SeaTac's jurisdiction and not the Port's.

• In addition to the SDS1 subbasin, the total area draining to the sampling

point of outfall 003 contains about two acres of public road (South 188th
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Street). This is about 5% of the total drainage area. Roadway runoff could

upwardly bias monitoring results for metals and petroleum products.

• In addition to the SDS2 subbasin, the area draining to outfall 004 includes

off-site drainage from commercial property along 16thAvenue South as well

as 16thAvenue South itself (about 4 acres). This inclusion of off-site

parking and roadway stormwater cannot be avoided. The first point of

accumulated runoff from the total SDS2 subbasin lies downstream of the

off-site stormwater inputs from the gravel parking areas along 16th Avenue

South.. Because the majority of SDS2 is vegetated, stormwater from the

Port's area drains more slowly than the adjacent roadway's runoff. As a

consequence, the offsite runoff may upwardly bias the Port's sample.

results for total suspended solids (TSS), turbidity, and petroleum products.

• The sampling point for subbasin SDN1 (Outfall 006) is in manhole SDN1-

27 on the shoulder of SR518. This pipe carries accumulated airfield,

highway and other runoff to the final discharge outfall near Lake Reba.

This sampling point receives runoff from about 3.5 acres of the SR518

highway and nearby grassed areas. Total Port property in SDN1 is about

14 acres. Inclusion of the offsite runoff from SR518 elevates certain

pollutant concentrations detected at this location. Until recently, excessive

depths in upstream manholes precluded the effective sampling of exclusive

Port stormwater..

Storm Definition

Special Condition $3C of the permit specifies that: "All samples (stormwater)

shall be collected from the discharge resulting from a storm event greater than

0.25 inches and at least 48 hours from the previously measurable (greater than

0.1 inch rainfall) storm event. Exceptions to these requirements may be made

with approval of the Department for those periods in which no suitable storm event
Occurs".

10
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Sampling procedures and constituents

The Procedures Manual (Port of Seattle, 1995a) describes all relevant sampling,

programming and handling necessary to comply with requirements of the permit.
The reader is referred to this document for details beyond those presentedbelow.

Sampling frequency and pollutant analytes

The Port samples storms quarterly at seven of nine permitted outfalls. At the

remaining two permitted outfalls, one storm is sampled per year. Table 2 lists

required pollutant analytes, methods and detection. Other situations may
necessitate additional pollutant analyses depending upon the nature of the

situation. For example, the Port analyzes total Kjeldahl nitrogen (TKN) and

acetate during certain airfield deicing/washoff periods.
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Table 2 Pollutant Analytes, Methods and Detection Limits

)H 150.1 0.10 X X X

FOG (Oil and i
413.1 1.0 1 X X XGrease) E

TPH (total petroleum 418.1 t j

hydrocarbons)4 mod i 1.0 l X X i
, _ i

Fecalcoliforms 9221 E i 2 i
.... } _ X X !

TSS (total I i
i

• i t

suspended solids) 160.2 _I 0.50 il X X X ;t X

180.1 j 0.10 i X X ! X
• iBOD_ 405.1 i 4.0 I X X X} j i

Total Ammonia 350.2S { 0.010 i X X

Total Glycols' GC FIB i 5 i X i X2 ; i
Total Recoverable i i i

200 i varies, see i X l "-
Priority Pollutant ! } I
Metals6 i Table 4 i t' i ii t
Surfactants 425.1 i 0.10

I

i X X i
1. Methodrefers to EPA-600/4-79-020,March1979. Fecalcoliformmethodrefersto 18theditionof
StandardMethodsfor the Examinationof WaterandWastewater,or as revised.
2. IncludesSDE4,SDS1,SDS3,SDS4,SDN1,SDN2,SDN3
3. SDN1,SDN2,SDN3,L. RebaoutletForStipulatedAgreement
4. WashingtonDepartmentof EcologymethodWTPH-418.1Modified.
5. Analyzedby GasChromatograph,FlameIonizationDetector.
6. Metalsanalyzedby atomicabsorption(AA)furnace,unlessquantifiableby ICP,Mercuryanalyzedby Cold
Vapormethod.

12
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Sampling procedure and protocols

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

stormwater monitoring program. Model 4150, 4230, or 3230 flowmeters measure

discharge and trigger Model 3700 automatic samplers. Samplers collect a one-

gallon first-flush "grab" sample taken immediately when enabled, and then collect

a 3-gallon flow-weighted composite sample during the storm discharge

hydrograph. Fecal coliforms, pH, FOG, and TPH are analyzed from the grab

sample, while remaining pollutants are analyzed from the composite sample.

The Port employs a staff person and an assistant to monitor stormwater. Safety

reasons preclude manual grab sampling below grade in the confined spaces of

manholes at SDE4, SDN2, SDN1, and the Taxi Yard. The Port utilizes automatic

samplers to take all samples. Samplers use Teflon sample tubing and glass

containers at all locations to minimize losses of FOG and TPH in the sampling

apparatus. The WDOE has reviewed the Port's sampling procedures (Port of

Seattle, 1995a).

13
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Results and Discussion

This section separates the presentation and discussion of results into two parts:

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

reportingyear, July 1995 through June 1996, are compared to the data for the last

two years to July, 1994 because many SWPPP activities and BMPs have been
implemented since the last report.

This Report discusses differences in stormwater data for the airfield, "landside",.
and terminal outfall categories when a distinction is merited:

• the airfield subbasins are: SDS3, SDS4, SDW3, SDN2, and SDN3,

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

• the terminal subbasin is SDSI.

Stratified Data Set for Stormwater Dischar,qes

Because stormwater discharge data represent different and distinct conditions, a
stratified analysis approach is appropriate. These strata are:

1. Discharges from storms meeting the NPDES definition, including:

a) regular quarterly monitoring,

b) extra full-suite NPDES samples for the Stipulated Agreement,

c) Miller Creek outfall samples for the Stipulated Agreement, and

d) eventsmonitored by the SES _

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

3. Airfield deicing events (runways, taxiways, and ramps)

4. Stipulated agreement sampling at the Miller Creek outfalls _--

14
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Stratum 1 includes samples taken for at least four different objectives (la, lb, lc,

and ld). Sampling for each of these objectives took place on the same basis: a

flow-weighted composite sample. Because these samples share this common

basis, they are analyzed together, comprising equally representative samples from

NPDES target storms.

Note that samples falling into la-lc sub-strata were all taken by the same protocol

(automatic sampler), whereas SES samples (ld) were taken automatically but

were manually flow-weight composited, and usually over a longer duration of the

hydrograph. Further note that sub-strata la-lc comprise the data set submitted to

Ecology in the monthly DMRs. Note also that several samples in Stratum 1 were

taken shortly after an airport deicing event sequence. Because metals were.

analyzed only in samples taken from NPDES storm discharges, they already fall
into a distinct stratum under la and lb, above. Thus, metals are discussed only

once under Stratum 1.

All results in this Stratum 1 data closely represent "event -mean concentrations" or

EMCs, obtained, by definition, from a flow-weighted composite sample taken over

the duration of the discharge hydrograph. Because sampling over the entire event

hydrograph is neither required by the permit, nor practical, the Port's data

represent anaverage over the actual duration sampled. The Port samples a

minimum of three hours, or the entire event, whichever is least. These data

therefore approximate an average value of a particular pollutant occurring in the

runoff from a particular subbasin over the duration sampled, or sample mean

concentration (SMC). The City of Bellevue also made this distinction in their

recent report (Bellevue, 1996).

The main premise, therefore, is that SMCs are comparable storm-to-storm, and.

site-to-site. In addition, SMCs are more representative than traditional manual

grab samples despite the difficulty in sample collection. All data reported in

stratum 1 are SMCs, except where all pH, fecal coliform, FOG, and TPH data are

from grab samples as required by the permit.

Stratum 2 contains data for a variety of samples where glycols were analyzed to

- investigate the impact of aircraft deicing operations. These include data in strata

15
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1,3 and 4 whenever glycol was analyzed. This stratum therefore aggregates all
glycol data.

Stratum 3 contains data taken during two runway deicing events, representing

pollutants washed-off through the storm drains over the course of up to the first

1.75 inches rainfall after the runway deicing took place. These data are also

included in stratum 2 and to a limited degree stratum 4. These airport deicing
events require their own special data set because they cause atypical stormwater

quality conditions, occurring on the average twice per year at STIA. These events
include deicing chemical applications to the runways and taxiways, as well as

terminal areas. Note that roadway sanding usually takes place during these
•freezing conditions. Monitoring takes place over several days on a time-

composite basis which is completely different from Stratum 1.

Therefore, airport deicing monitoring results must be considered in their own

distinct stratum because they do not represent SMCs, nor typical pollutant

Ioadingsexperienced throughout the remainder of the year. The deicing

chemicals applied to the stormwater subbasins certainly do not result in "typical"

runoff quality at STIA. Monitoring done under the runway deicing washoff study -
provides data for "pollutagraphs" and "loadagraphs" which depict pollutant

concentration and load variation over the course of the runoff. These metrics help
to identify when the majority of pollutant load washes off as a function of rainfall.

Stratum 4 includes only samples taken for the Stipulated Agreement at the Miller
Creek outfalls. These samples were generally flow-weighted composites, yet

some were discrete samples, or time-composites depending upon the situation.

Several samples share data with the runway washoff data set of Stratum 3. Note
that this stratum also contains sub-stratum lc.

Stormwater Data Reduction

The following subsectionspresent and discuss data obtained as part of the

intensive stormwater monitoring program. Stormwater quality data are compared

to one another on a sub-basin basis and are compared to certain reference values

for the current year and the past two years. Because objective criteria for _

]6
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stormwater quality do not yet exist, STIA stormwater will be compared to other

generally accepted reference comparators. These comparators are:

• Stormwater discharge data from a comprehensive regional study, the City

of Bellevue Urban Runoff study (BURP, 1984),

• Stormwater discharge data from the U.S. EPA's National Urban Runoff

Program (NURP, 1983),

• Stormwater discharge data from Sturtevant Creek, a commercial/industrial

subbasin monitored by the City of Bellevue (Bellevue, 1996), and

• Receiving water quality standards for Washington State class AA waters as -

specified by the WDOE in WAC 173-201A.

Table 3 shows the comparator values. The "best" comparison was selected as

the more conservative of either of the two City of Bellevue studies, because they

- were comprehensive, local studies.

However, caution must be exercised in comparing stormwater quality data

because the WA State water quality standards for pH, temperature, dissolved

oxygen, turbidity, ammonia and certain toxic metal parameters apply to the

receiving waters. That is, they apply only to the condition of the receiving water.

itself, not at the end of the pipe. The future comprehensive SES will evaluate

receiving water effects.

]?
AR 027790



r_

Table 3 Stormwater Quafity Comparators 1

Note: Best Comparative Values Shaded

Study WDOE Criteria3

Pollutant units NURP, BURP, Metro, Bellevue, Federal (acute)

1983 1984 1982 19962 Hi_lhway

pH std units _ 7.2 - 7.8 6.5 - 8.5

,FOG mg/I 2.5 I 7.8 _" - 30 no criteria

TPH mg/I _ no criteria

I

Fecal mpn per 1000to 980 I 50
Icoliforms 100 ml 21000

BOD5 mg/I 9 _ no criteria

TSS mg/I 100 _ 82.3 220 no criteria
I

Turb mg/I 19 I _ based on background

NH34 mg/I _ 0.58 6.8 - 32.6s

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

Surf mg/I _MDLL _ no criteria .... •

Cd pg/I 0.7 If" 1.7Cr pg/I 7 311

Cu pg/I 34 20 S_ _ 43 8.9

Pb pg/l 144 170 210 _ 550 30

Zn IJg/I 160 120 110 _ W 380 64

As IJg/I _ 360

Ni ijg/I _ 787

log- metals at

statistic reported: median means, mean normal median hardness = 50

median median
1. Blankspace meansno data available, reported,or applicable
2. Bellevue, 1996 data for "SturtevantCreek, downstream"site
3. WDOE criteriaare for class AA receivingwaters,see WAC 173-201A
4. Ammoniavaluesand criteria expressedas totalammonia,not as ammonia-nitrogen
5. Ammoniacriteriafor pH 6.5 to 8.5 andtemperatures5° to 20°C, salmonidspresent
6. For Turb, Cr, Cu, Pb, and Zn, BURP 1984 data wasmean of grab samples,thereforeBellevue,1996 data

are bettercomparatorsbecausethey representmedian
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Data Interpretation: censored data

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

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

"<MDL", indicating that the result is below the detection limit for the analytical

method specified. Many resort to a simple assumption to convert these censored

data to values suitable for mathematical reduction. Others go on to prove an

underlying distribution and actually estimate what the censored values should be

based upon probability. This approach is beyond the scope of the Annual Report,

where instead, when any pollutants were not detected, one-half the detection limit

was assumed to be the concentration present. This approach is a common

practice.

Such is the case for the majority of STIA metals data. Subsequent figures list the

number of data points and the number below the detection limit that were replaced

with a value equal to one-half the MDL. High-censored data, or data reported by

_ the analytical laboratory as "greater than" are replaced with the value given, for

example, >92 is replaced with 92. This procedure affects only BOD5 data where

several BOD5 results were high-censored due to incomplete incubation. This

phenomena happens when a sample receives insufficient dilution to prevent

oxygen depletion before the end of the 5-day BOD incubation period. All

censored data values are highlighted in the Appendices.

Data Interpretation: estimators of central tendency

Stormwater discharge data typically fall into what is known as a "log-normal"

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

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

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

.... 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

underestimate typical values considerably, biasing conclusions. Figure 3 illustrates

this principal, where both data sets have the same arithmetic mean, but the

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

frequency

pollutant concentration

Figure 3 Comparing Median values for data with same Mean

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). However, this

approach is beyond the scope of the STIA Annual Report, where we instead

assume the log-normal distribution. Median data for STIA stormwater are

compared, where possible, to the median values in the comparative studies.

"Box" Plots

Box plots efficiently illustrate the central tendency, spread, and skew that a data

set might have. The bold line within a box represents the median value, while the

bottom and top of a box show the 25th and 75th percentile, respectively. In other

words, half the data fall within the box, or, one could say, 50% of the time the da.ta

fall within values highlighted by the box. The smaller the box, the less variable,

and hence more predictable, the data. If the median is not in the center of the

box, it shows that the data are skewed, further highlighting the log-normal

possibility. SPSS software was used to generate the box plots appearing below

(SPSS, 1993).
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The size of the box shows the variability, and the "whiskers" show the largest

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

'_[ypical" 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 and highlight two different management possibilities. SPSS reports

two types of outliers: those more than 1.5 box-lengths from the 75th percentile as

"o", and those more than 3.0 boxlengths as "*", each captioned with the date of

occurrence (SPSS, 1993).

Stratum 1: all NPDES "Storms"

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

NPDES Storms, for each parameter. The tables in Appendix B present the raw

data for all Stratum 1 data. Figure 4 through Figure 25 compare results for each

subbasin, one to another, using box plots. Comparing outfalls over time and to

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 dashed

lines 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,

and the number of low-censored (<MDL) results replaced with values equal to

one-half the particular MDL. All data are from flow-weighted composite samples

except FOG, TPH and fecal coliform data are from grab samples as required by

the permit.

FOG and TPH in grab samples

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

both are discussed concurrently. Note that TPH is a subset of FOG, so that all

TPH values should be less than or equal to the FOG results. That is, any

petroleum hydrocarbons showing up in the TPH analysis should also show up in

the FOG procedure. However, as discussed later, TPH exceeded FOG in seven

samples. Minor differences could be attributable to the variation in the analytical

procedures. Differences of more than about 1 mg/I suggest that the analytical

- method is probably at fault and should be changed as recommended

subsequently.
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Oil and grease (FOG) and total petroleum hydrocarbons (TPH) are a particular

interest at airports. The results discussed below demonstrate that the STIA
concentrations of both pollutants are consistently less than in stormwater from

commercial and residential land uses. The City of Redmond (Redmond, 1990)

found FOG in discharges from 120 storms (composite samples) ranging from

about 2 to 546 mg/I, with a mean of about 30 mg/I. In contrast, STIA runoff over

the past two years ranged from non-detectable to 22 mg/I, with an overall median

of 1.9 mg/I, about fifteen times less than in the Redmond study. FOG was
detected in less than 73% of all STIA stormwater samples.

FOG tends to be greater than the comparative value of 3.7 mg/I only in discharges
from the landside SDE4, SDN1, and TY subbasins where it was consistently

detected. Figure 4 shows that these three landside subbasins had median values

near or slightly above the most conservative reference value of 3.7 mg/I found in
the Bellevue, 1996 study. The box plots show that FOG median values from all

other STIA subbasins were well below 3.7 mg/I, and for more than 75% of the

data. Therefore, only FOG in STIA runoff from the landside and terminal outfalls

is comparable to typical regional values. _--

This first distinction is clear: petroleum-based pollutants from airfield subbasins

(SDS3, SDS4, SDN2 and SDN3) are well below the regional comparators. In

contrast, only landside and terminal operations produce petroleum-based

pollutants comparable to regional commercial/industrial areas. Figure 6 and

Figure 7 show that TPH results for SDE4 and SDS1 also support this distinction.
These data establish that the IWS effectively isolates aviation-related fuel spills

and drips from the storm drains.

In general, the data show that both TPH and FOG were found in stormwater from
terminal and landside subbasins with paved vehicle driving surfaces. Figure4 and

Figure 5 show 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, because FOG was detected in only 50% of the samples at the EY.

The single TPH value of 6.6 mg/I for SDW3 was from an August 17, 1995 storm.
This TPH value was coupled with 2.9 mg/I FOG, illustrating an instance whel'ethe -
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TPH results were greater than the FOG, a result not theoretically possible as

discussed subsequently. These results suggest that lighter fuel fractions (e.g.

gasolineconstituents)boiled-offduringFOGanalysis. A backwateris typically
present at this outfalrs sampling point and could have biased results upward if it

contained petroleum products in runoff from the adjacent 188th Street. Two other

samples taken earlier in 1995 do not show detectable TPH, and, FOG was near or

below the 1.0 mg/I MDL. Therefore, future sampling should take place upstream

of any backwater present at this outfall.

SDN1 discharges showed higher FOG and TPH than other subbasins. Because

about 3.5 acres of the heavily traveled SR518 drain to the SDN1 monitoring

location, the Port believes this data is significantly biased by offsite runoff for both

FOG and TPH results. In 1994, SR518 had six times the annual average daily

traffic (AADT) compared to the portion of Air Cargo Road drained principally by

this outfall (compare 56,750 AADT for SR518 to 9,450 AADT for Air Cargo Road).

Other data discussed below support this premise.

FOG from the TY has dropped considerably since last year (note the drop in both

median value and 75th percentile). This improvement is probably due to using oil-

absorbent media in the catch basin insert "socks" (FOSS "Streamguard" units),

and increased vigilance by the STITA Taxi Association, which leases this site.

Note however that there was an FOG outlier of 19 mg/I on October 16, 1995. This

value was probably due to a defective early design of the FOSS "Streamguard"

insert that allowed the oil absorbent media to float out of the unit during higher

runoff (Minton, personal communication). The Port replaced the older designs

with improved units.
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FOG in STIA Stormwater

J uly 1995 through June 1996
20 _5-¢_'r4
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15results (28%) < IVE;Lreplacedwith value= 1/2 Ivt3L

corrpare to reference line at 3.7 rm_ (rmcl=_ Belevue, 1996)

Figure 4 FOG compared in Box Plot for 1995-1996

FOG in STIA Stormwater
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Figure 5 FOG compared in Box Plot for 1994-1996
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TPH in STIA Stormwater

July 1995 through June 1996

....................
o ""_t_&_ _ ""q_J_l__

SCE-4 SDN1 _ SDN3 SDS1 813S2 .__eC83__ SD$4

Outfall

28results(59%)< IVOLreplacedwithvalue=1/2M3_

cotrpareto 3.7rrg4refernce_e (rn_iar¢Bellevue,1996)

Figure 6 TPH compared in Box Plot for 1995-1996

note:TPHof6.6 mg/IwasgreaterthanFOGof2.9mg/IintheSDW3sample(8/17/95).

TPH in STIA Stormwater
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Figure 7 TPH compared in Box Plot for 1994-1996

25
AR 027798



Suspended Solids and Turbidity

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

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

proportional to one another. However, high turbidity coupled with low TSS could
indicate finer suspended material such as colloidal clays and fine silts from soil

erosion, though none of the results in this report indicate this. One could conclude
then that the coarser, more settleable fractions probably composed most of the

TSS experienced in STIA runoff.

Figure 8 through Figure 11 show that both medianTSS and turbidity values for all
subbasins were below reference values of 50 mg/I and 29 NTUs, respectively. In

fact, the 75th percentile for nearly all subbasins was below these median
reference values shown by the dashed lines. Therefore, the data show that

suspended material in STIA runoff is much lower than comparable regional urban
industrial/commercial sites.

The few aberrations were most likely related to winter weather. Both SDE4 and

SDN1 showed higher turbidity values during the February 3, 1996 storm. This

storm followed roughly a week of freezing conditions and roadway sanding within
the SDE4 and SDN1 subbasins at STIA. See Figure 10

SDW3 was sampled on two back-t0 back storm events, May 10 and May 11,
1995. The first storm of 0.12" produced TSS and turbidity Values much higher (88

mg/I and 310 NTU, respectively) than the 0.20" storm on May 11, 1995 (20 mg/I
TSS, and 25 NTU). The higher values, even though not from an NPDES target

storm, were reported on the May 1995 DMRs for outfall 010. However, the results
from the May 11storm were more representative because the 0.20" rainfall was

closer to the target storm. Nonetheless, the Port believes that the 310 NTU

turbidity resultwas due to construction activity underway at that time.

The Port believes that the gravel shoulder of 16th Ave South contributes
sediments to the SDS2 outfall samples. Many vehicles park on this shoulder on a

daily basis disturbing the gravel-surfaced shoulder on the east side of this road.
Turbid runoff was observed draining in rills and gullies along this shoulder during

several recent storm events.
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Note that SDN2 showed two outlying values, both on June 23, 1996. Both

samples were taken from the same storm, but one for the quarterly requirement,

and the other for the SES. Only one of these two should be considered, because

they represent duplicate samples. The difference between the two is largely due

to the duration of sampling over the event's hydrograph. In any case, both TSS

values are less than the most conservative comparator of Table 3.

At the TY, the Port believes that the TSS value of 480 mg/I on October 16, 1995

was caused by a design flaw in the catch basin insert that had been installed. The

original design allowed high intensity storms to easily wash-out sediment trapped

during earlier, smaller events. The monitoring consultant observed this effect

while retrieving samples during the October 16, 1995 storm. Therefore, the TSS

value of 480 mg/I is not representative and should be disregarded, especially

because seven other samples in the last two years indicate both a mean and

median of less than 20 mg/I. Turbidity is not analyzed regularly for the TY

subbasin. The Port installed improved inserts in the TY catch basin in early 1996.

In summary, the airfield outfalls SDS3, SDS4, SDN2, and SDN3 produced less

than the comparative values for either TSS or turbidity. And overall, STIA runoff

had less suspended material and turbidity than comparable regional areas.
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TSS in STIA Stormwater

July 1995 through June 1996
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Figure 8 TSS compared in Box Plot for 1995-1996

TSS in STIA Stormwater
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Figure 9 TSS compared in Box Plot for 1994-1996
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Turbidity in STIA StorrTwater

July 1995 through June 1996
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_ Figure 10 Turbidity compared in Box Plot for 1995-1996
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Figure 11 Turbidity compared in Box Plot for 1994-1996
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Ammonia

The ammonia reported is expressed as total ammonia, the sum of both ionized

(NH4 �”unionized (NH3) forms: not ammonia-nitrogen. This section presents

and discusses ammonia data from NPDES storms only. Note that the February 3,

1996 results at SDE4 were related to the urea application at the North and South

Satellites during a January 29, 1996 airport deicing operation. Urea is no longer

used on the airfield.

This report compares STIA total ammonia values to total ammonia comparative

values and the Ecology acute toxicity criteria; see Table 3. Acute ammonia

toxicity ranges from 6.8 to 32.6 mg/l. A range is given because ammonia toxicity

depends upon both pH and temperature. Ammonia becomes more toxic as pH

and temperature both rise, liberating molecular ammonia. The molecular,

unionized NH3 is the toxic fraction. Therefore, the lower ranges represent worst-

case possibilities at pH 8 and a temperature of 20°C. STIA stormwater is

generally in circumneutral pH ranges, rarely if ever above pH 8. Sample

temperatures are not measured during discharge, however ambient air

temperatures average about 15°C or less during typical storm events. The

Ecology criterion applies to the receiving waters, not to the end-of pipe STIA data..

In the current period, Figure 12 shows one occasion, February 3, 1996, at the

SDE4 and SDN1 outfalls, where ammonia exhibited higher concentrations. Both

of these were well below the most conservative acute criterion of 6.8 mg/I.

Because these results appeared in the first runoff following a freezing period; the

two values are probably related to the urea deicer applied to the North Satellite

terminal area on January 29, 1996. Though the North Satellite is served by the

IWS, the urea could have been tracked to the adjacent SDE4 subbasin. Many

service vehicles frequently drive through the North Satellite area and into the

adjacent SDE4 subbasin. Note that Port Airfield Maintenance no longer use urea

on the runways and taxiways. Runoff water quality during airfield deicing events is
discussed later.

All ammonia concentrations at all subbasins were well below acute toxicity criteria.

Other than SDE4 and SDN1, virtually 100% of the ammonia data for STIA
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subbasins were below the most conservative comparative value of 0.17 mg/I.

(BURP, 1984). See Figure 12 and Table 3.

Though well below any toxicity concern, SDN1 shows higher ammonia than all

other subbasins other than SDE4. An investigation into possible causes is

underway.

Comparing Figure 12 to Figure 13 shows that ammonia in runoff from SDE4

decreased markedly from last year to this year's monitoring period. The range

dropped and tightened by one-half from about 1.5 to 0.6 mg/I for the 75th

percentile. This indicates that the BMPs are effective.

In summary, STIA runoff during typical storms produces ammonia concentrations

that are a small fraction of the most conservative acute toxicity standard for

receiving waters. Airfield outfalls produce ammonia concentrations less than

comparable regional areas during typical storms.
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Ammoniain STIA Stormwater

July 1995 through June 1996 f
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Figure 12 Ammonia compared in Box Plot for 1995-1996
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Figure 13 Ammonia compared in Box Plot for 1994-1996
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BODs

This analyte describes indirectly what mass of oxygen could be depleted in the

receiving waters by bacterial action over a period of 5 days. Principal sources of

BODs at STIA include aircraft deicing glycols, acetate-based runway deicers, and

perhaps detergents.

Once again, Figure 12 show that airfield outfalls differ from the terminal (SDS1)

and "landside" outfalls SDE4 and SDNI. Overall, the airfield outfalls (SDN2,

SDN3, SDS3, SDS4 and SDW3) produced median BOD5 values less than or

approximately equal to the comparator value of 6.6 mg/I (BURP, 1984), which in

fact is just barely above the MDL of 4 mg/I. In contrast, the terminal (SDS1) and

landside SDE4 and SDN1 outfalls had median BOD5 values in the current period

about twice or more than those of the airfield.

Several outliers occurred, and are likely related to aircraft deicing events. SDE4

and SDS1 both showed outlying BOD5 values higher than others, and both during

periods where considerable aircraft deicing took place (February 15, 1995 and

February 3, 1996). See Figure 14 and Figure 15..
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BOD5 in STIA Stormwater

July 1995 through June 1996
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Figure 14 BODs compared in box plot for 1995-1996
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Figure 15 BODs compared in box plot for 1994-1996
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Fecal coliforms in Grab Samples

Data for fecal coliforms represent instantaneous values, rather than SMCs,

because fecal coliforms are analyzed only in grab samples taken during the first

30 minutes of the discharge (per the NPDES permit). Sample bottles are neither

autoclaved nor sealed during automatic sampling as described in the Port's

Procedures Manual (Port of Seattle, 1995a). Ecology has reviewed the Port's

Procedures Manual. For the current reporting period, seven of the nine subbasins

exhibited fecal coliform median values well below the most conservative

comparator of 201 per 100 ml (Bellevue, 1996). The SDS4 subbasin had median

values of near 400 per 100 ml. A single sample from the SDW3 subbasin showed

fecal coliforms at 30,000 per 100 ml, too high to appear even as an outlier value
on

Figure 16.

Because there are no sanitary sewer lines, septic tanks, nor aircraft waste transfer

activities in either the SDS4 or SDW3 subbasins, the presence of these higher

levels of fecal coliforms suggests wild animal sources. In a recent study, 78% of

fecal coliforms detected were traced to animals (King County, 1995) as opposed
to human sources.

The SDS4 subbasin had three of five samples with fecal coliforms of 350 to >1600

per 100 ml this year. Recently, Port monitoring staff found a pipe just above the

water surface of the "duck pond" on the Tyee golf course. This drain pipe

connects directly to the SDS4 pipe about 200 yards above the outfall. This pond

could easily have overflowed into the pipe, discharging water contaminated with

waterfowl excrement during the three "hits" experienced because all three fecal

coliform samples were taken during very wet weather. This pipe is now

disconnected and terminated. In addition, the duck pond no longer exists as it

was filled this summer by the runway 34R Safety Area project.

The Port believes that the SDW3 sample was unrepresentative because it was

collected in the backwater and the abundant vegetation (which wild animals could

inhabit) at the SDW3 outfall structure. As discussed under the FOG and TPH

section, the SDW3 sampling station will be moved upstream to a point above the

backwater. Comparing Figure 16 to Figure 17 shows a marked improvement for
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fecal coliforms at SDE4. Again, as discussed under the ammonia section, the

Port believes the improvement is attributed to isolating drainage from the

autoclave and two solid waste compactors dumpsters in the service tunnel, the

direct result of a SWPPP action. Elevated fecal coliforms were attributed to these

sources in the last annual report and SWPPP action recommended (Port of

Seattle, 1995b).

4

/
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Fecal Coliforms in STIA Stormwater

July 1995 through June 1996
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Figure 16 Fecal coliforms compared in Box Plot for 1995-1996

Fecal Coliforms in STIA Stormwater
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Figure 17 Fecal cofiforms compared in Box Plot for 1994-1996
1

1 SDW3 sample of 30,000 per 100 ml is not representative as it was collected in the backwater and abundant
vegetation at the outfall structure. Sample bottles are neither autoclaved nor sealed during automatic
sampling.
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Surfactants

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

surfactant comparator values readily available in the literature. Values above

approximately 5 times the detection limit, or about 0.5 mg/I would tend to indicate

a positive presence of surfactants. Using this criterion, the STIA outfall data show

that surfactants appeared infrequently at only 4 of the 9 outfalls tested. Five

outfalls never had surfactants appear above even 0.25 mg/l. Once again, the

airfield outfalls represent four of these five subbasins showing the absence of
surfactants.

Figure 18 shows that median values for surfactants at all outfalls did not appear

much above the detection limit. In fact, 35% of all samples were below the

detection limits. The 75th percentile for all subbasins was well below 0.5 mg/I

and only 7 of a total of 85 values in the last two years appeared significantly above

the detection limits at values that would tend to positively indicate the presence of
surfactants.

In the current period, surfactants were less than 0.5 ppm at 5 of the 9 outfalls

tested (SDN2, SDN3, SDS3, SDS4, and TY). Comparing Figure 18 to Figure 19

shows improvements at the TY and SDS1 subbasins. Other subbasins showed

no differences over the two years.

In summary, surfactants were only present at the terminal and landside outfalls,

and very rarely so. Little evidence exists, if at all, to indicate the positive presence

of surfactants in runoff from the five airfield subbasins.
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Surfactants in STIA Stormwater

July 1995 throughJune 1996
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Figure 18 Surfactants compared in Box Plot for 1995-1996
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Metals

As mentioned above, there is no need to break the metals data set into different

strata: metals were analyzed only in samples from NPDES storms. The

consistency of the composite sampling method permits this analysis, because

sample results should be equally representative of average concentrations in each

storm event sampled. All metals data are for total recoverable metals. Ecology

criteria for acute toxicity apply only to dissolved metals, except for total

recoverable arsenic, chromium, mercury, and selenium. Ecology criteria apply to

only the receiving waters, not stormwater runoff at the outfall. The Port monitors

total recoverable priority pollutant metals as required by the NPDES permit. The

permit does not require dissolved metals analysis, though the Port has conducted

limited analyses for dissolved copper, lead, and zinc (Port of Seattle, 1995b).

Table 4 shows that of the 13 priority pollutant metals analyzed in 70 samples

since July 1995, only four were detected regularly: arsenic, copper, lead, and zinc.

The remaining 9 metals were absent or below detection limits in 67% or more of

the samples. Beryllium (Be), cadmium (Cd), mercury (Hg), and silver (Ag) went

undetected in 90% or more of the samples. Similarly, antimony (Sb), chromium

(Cr), nickel (Ni), selenium (Se), and thallium (TI), were undetected in at least two

thirds of the samples, and when detected were less than 10% of the acute criteria.

Arsenic data showed a maximum value of 5 ppb, and a median of the detected

values of 2 ppb, both just above the MDL of 1 ppb. The acute toxicity criterion for

total recoverable arsenic is 360 ppb (at 50 mg/I hardness), nearly 2 orders of

magnitude greater than the maximum arsenic value detected. Accordingly, box-

plot evaluations are limited to three metals, copper, lead, and zinc presented in

Figure 20 through Figure 25.
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Figure 20 through Figure 25 show box plots of total recoverable copper, lead, and
zinc in discharges from each outfall.

Copper: Figure 20 and Figure 21

Little relative change between the two periods is evident upon comparing the two

figures. The highest median copper came from the terminal (SDS1) and largest

landside outfall (SDE4)with overall median values of 0.062 and 0.042 mg/I,
respectively. Comparing box widths, both figures show that SDS1 exhibited much

more variability than SDE4. The SDN1 subbasin also had higher copper values,
probably the result of the SR 518 freeway drainage.

Note that copper concentrations from the four airfield (AMA) subbasins were
typically lower than the terminal and landside data. The SDS3 outfall however

produced the third highest median copper value, just above that from SDNI.

Nearly all copper results were above the comparative median value of 0.010 mg/I
(Bellevue, 1996). -

Lead: Figure 22 and Figure 23

Figure 22 and Figure 23 show that lead values were typically less than the

regional comparator median of 0.026 mg/I (Bellevue, 1996). The two exceptions
are the lead concentrations from the major landside subbasin SDE4, and SDS1

terminal subbasin. The only outfall with median lead above the comparator, SDE4

exhibited median SMCs of about 0.025 mg/I for the current and overall periods.

The SDS1 outfall produced an outlying value of 0.09 mg/I on April 15ththis year.
Other than SDE4 and a single value at SDS1, 38 of 42 (90%) lead SMCs from all

outfalls were below the regional comparator, which also puts them below the

acute criterion of 0.030 mg/I for dissolved lead. Typically, the SES has found

dissolved lead to be about 25% of total recoverable lead (Minton, personal

communication). Again, a clear distinction is apparent: airfield subbasins produce

less lead than a comparable commercial/industrial area in the Puget Sound
region.
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Because SDE4 contains heavily used vehicle parking surfaces and roadways,

leaded gasoline could be a source of the higher lead found in that outfall. Even

thoughmoat vehJole8 bum unleaded gasoline today, there may be enough still

contributing to lead output in exhaust. The City of Bellevue found that although

lead levels in urban stormwater dropped dramatically from 0.17 to 0.01 mg/I from

1984 to 1996 in relation to the ban on leaded fuels, lead did not disappear in

entirety (BURP, 1984, ,Bellevue, 1996).

Zinc: Figure 24 and Figure 25

Figure 24 and Figure 25 show total zinc for the current and past reporting periods,

respectively. Note that zinc was consistently detected in all samples. Three of the

seven subbasins showed median zinc values above the comparative value of

0.161 mg/l. These three subbasins, the terminal (SDS1) and landside subbasins,

SDE4, SDN1 experience considerable vehicle traffic where tire wear can be a

significant source of zinc (EPA, 1993). Therefore, the terminal and landside

outfalls generate more zinc than the airfield outfalls.
.L

SDN1 discharges showed the highest zinc, which is probably the result of offsite

roadway runoff from SR518, where vehicle traffic is 9 times greater than on the

portion of Air Cargo Road within the SDN1 subbasin.. Notice that the narrow box

widths in both figures show the consistency in zinc SMCs from SDNI. SDN1 also

had an outlying zinc SMC of 1.03 mg/I during one of the first storms of the wet

season on September 14, 1994.

in summary, airfield outfalls produce less zinc than a comparative

commercial/industrial subbasin. The Port believes that vehicle traffic (tire wear)

accounts for higher zinc SMCs in the terminal and landside outfalls, especially at

SDN1 which receives considerable offsite roadway runoff from SR 518.
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Total Copper in STIA Stormwater

July 1995 through June 1996
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Figure 20 Copper compared in Box Plot for 1995-1996
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Figure 21 Copper compared in Box Plot for 1994-1996
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Total Lead in STIA Stormwater

July 1995 throughJune 1996
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TotalZinc in STIAStormwater

July 1995 throughJune 1996
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Stratum 2: Aircraft Deicinq

The Annual Glycol Report (Port of Seattle, 1996a) details the history of glycol

application airport-wide. The Report identifies both ethylene and propylene glycol

volumes applied and number of aircraft treated each day and for each airline.

Only Alaska and Horizon airlines applied ethylene glycol-based anti-icers. All

other airlines applied only propylene-glycol based treatments. The Port analyzes

both types of glycol and sums the two results as "total glycols" which are also

referred to as "glycols". The MDL is 5 mg/I for each glycol type, and therefore 10

mg/I for total glycols.

The glycol data discussed below encompass mostly composite samples taken

during periods of aircraft deicing, representing average values during a storm

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

samples from the multi-day aircraft deicing sequences during the period January

18 through February 4, 1996. These data appear summarized in Table 5 and in

Figures 26 and 27 as well as in Appendix B.

During the past year, the Port detected glycols in only 21% of the samples.

Glycols were either below the detection limit or at relatively low values at most

outfalls. In general, these concentrations were so low as to suggest that there is

no impact on either Miller or Des Moines Creeks. However, definitive conclusions

must await the completion of the SES which monitors outfalls and the streams

concurrently. The SES will determine the levels of glycols in the streams. The

Port is therefore waiting for the completion of the SES before drawing conclusions

about whether modifications to the SWPPP are required.

An exception to the above statement is that somewhat higher concentrations

(above 50 to 100 mg/I) were observed infrequently at outfalls SDN2, SDS3, and

,. SDSI. The Port believes that these rare occurrences are associated with cold

weather periods and the attendant extensive aircraft deicing. Results for SDN2

and SDS3 show only limited periods where glycols exceeded the 50 to 100 mg/I

concentration, but only during these cold weather periods. The Port is currently.

evaluating its operations to determine the sources of these limited aberrations,

- although the SES may determine that such concentrations have no adverse "

impact on either Miller or Des Moines Creeks.

4?
AR 027820



At SDS1, a glycol concentration of 6,200 mg/Iwas observed on the day of "

heaviest aircraft deicing, January 28, 1996. While this result was much higher
than other values, it was from a baseflow grab sample rather than a stormwater

composite sample. Regardless, the Port SWPPP hasalready identified the glycol
source area within the SDSl subbasin responsible for this high value. As stated

in the SWPPP, the Port will be connecting this area to the IWS. This work will be

completed by June 30, 1997 as required by the SWPPP

Table 5 Glycol Data Summary

total number

_ of samplesl _ mean glyc°l_(mg/I)

1 __ 11.7_

12 _ 11_16 _ 458

17 i 20_,0
20 1

22

1. Includes SMCs, grab samples and average of time-composite samples from July 1994 to June

1996.

2. Includes results where one-half the MDL was substituted when results reported as less than the

MDL.

3. This result was from a baseflow grab sample, not a composite. See discussion.
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Total Glycols in STIA Stormwater

July 1995 through June 1996
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Figure 27 Total Glycol Box Plot for All Data

note: Glycolsnever detectedin 24 samplesfromSDN3, and in only1 of 22 samplesat

SDN1. Per theSWPPP, SDS1 glycolsource area will be divertedto the IWS by June
1997.
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Stratum 3: Airfield Deicinq Operations

Background

Because a variety of airport deicing activitytakes place when freezing conditions

exist, monitoring results are combined into one category here, stratum 3, for

discussion. These include deicing and anti-icing the runways and taxiways, ramps

(aircraft terminal gate areas), airport vehicle drivelanes, and passenger vehicle

roadways near the terminal. Generally in 1996, potassium acetate (PA)

compound was applied only to the runways and taxiways, while urea was applied

to the ramp and terminal areas drained by the IWS. Sand may be applied to

passenger vehicle routes including the access roads and terminal drive. Glycols
are not applied to any traveled surfaces. Glycols measured and reported under

this section of the report are strictly from aircraft deicing that took place at the
gates.

In terms of stormwater quality, these activitiesrnanifest themselves in pollutants _

such as BOD5(from PA and aircraft glycols), total Kjeldahl nitrogen (TKN) and
ammonia (from urea), and TSS and turbidity (from sand). TKN is the sum of

organic nitrogen (such as urea), and the ammonia form of nitrogen. Ammonia
resultswhen the organic nitrogen in urea decomposes.

1996 Airfield Deicing Summary

During the current reporting period, the STIA runways and taxiways and other

surfaces were deiced on two occasions. The first period of chemical application
covered a period of two days on January 18 and 19, 1996, and the second

continued for four days from January 27 through January 30, 1996. The Airfield

crew applied both PA and urea compounds during both periods (Port of Seattle,
1996). Table 6 summarizes application dates and chemical quantities. Note that

roughly twice the volume of deicing compounds was applied in the second event.

Sand was also applied to the "landside" roadways including the terminal access

and Air Cargo roads during the second event.
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Table 6 Runway Deicing Events and Chemicals Applied

1250 gal 1250 both N

4150 both M, N, P

1250 gal 5400 gal 2 days 2 days

3650 both drivelanes

7500 both A, B, N, M

1550 gal N. Satellite
2300 16L B

75O0 Ib N & S

solid Satellites

2750 both A, B

1550 gal 13,450 gal 4 days 3 days 3 days
7500 Ib

solid

During the period monitored for both events, aircraft deicing was the heaviest of

any other periods during the past year. Table 7 summarizes data from the

Annual Glycol Report (Port of Seattle, 1996) for aircraft deicing and glycol

application, and monitoring during these two events. Glycols are discussed in a

prior section of this report.
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Table 7 Sampling and Aircraft Deicing during Runway Deicing periods __

n rllB
17-Jan 0.06 110 4,671

18-Jan 2 0.07 75 2,653

19-Jan T T 184 11,401 7 samples: 5 samples SDN3, SDE4,

began 00:45 began 12:00 SDS4, SDS1

20-Jan 0.78 71 2,376 4 samples 2 samples SDN3, SDE4,
. began 14:00 SDS4, SDS1

21-Jan "" 0.62 138 6,213 2 samples 3 samples

22-Jan 0.12 76 3,062 3 samples 3 samples

23-Jan 0.10 72 2,463

24-Jan 0.14 73 2,393

25-Jan 0.06 173 7,977

26-Jan 0.03 141 6,068

27-Jan 0.04 165 6,697

28-Jan 0.34 254 12,810 grab SDS1 grab

29-Jan 2 0.04 129 6,364

30-Jan 1 0 27 843 grab

31-Jan 1 0 1 27

1-Feb 0 5 2221 grab SDS4 grab

2-Feb 0 7 242

3-Feb 0.25 18 6571 grab began 17:14 SDE4, SDS4

4-Feb 0.31 31 13681 2 samples 3 samples SDN3, SDE4,

SDS4, SDS1,

SDW3

5-Feb 0.93 9 328 3 samples 3 samples SDS4

6-Feb 0.29 19 610 3 samples 2 samples
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Monitoring Results

Stormwater discharges were monitored at the SDN2 and SDS3 outfalls over a

period of the first 1.75" total rainfall immediately following each of the two runway

deicing events. Other outfalls were also monitored, but on a different basis,

including SDW3, SDE4, SDS4, SDS1, and SDN3. The SES also intensively

monitored instream sites on both creeks during both events. The Port sampled

baseflow before any runoff, then took 3 to 6 time-composite samples each day

over the course of runoff monitoring, including snowmelt and rainfall. Sample

aliquots were taken every 15 to 20 minutes and composited over a four to eight

hour period.

The following analyses and discussion are limited to SDS3 as the discharge

record is more complete for this outfall. SDS3 also drains the vast majority of

runway surfaces treated by deicing chemicals. In the first event, 3 baseflow

samples were taken in the five days before first runoff, followed by 8 time-

composite samples during the rainfall period. The second event had a distinct

snowmelt period where 5 time composites were taken, followed by 11 time

composites over the rainfall period.

Pollutant concentrations varied widely over the course of discharges from the

SDS3 outfalls. Figure 28 through Figure 31 show peak concentrations appeared

during the first portion of runoff, generally in the first one half inch. These early

peaks followed by much lower concentrations, especially during continued heavy

rainfall/runoff illustrate the first-flush effect. Furthermore, pollutant load

calculations show a highly correlated relationship between pollutant washoff and

total rainfall accumulated. Appendix B contains the raw and reduced data for both

washoff events at the SDS3 outfall. The following discussion summarizes this
data for SDS3.

•Urea and nitrogen in runway washoff

Figure 28 and Figure 29 show that the urea applied washed off mainly in the

organic form. Only a fraction of the urea decomposed into ammonia. Ammonia

concentrations were well below the acute toxicity criterion. Because the main

water quality consequence of urea is the toxicity of its decomposition product,
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ammonia, the data suggest that toxic effects in the receiving waters should be
non-existent.

It should be noted that urea is usually only applied to areas draining to the IWS.

An exception in event 1 took place where a mixedtruckload of urea and PA were

applied to the runways and taxiways. Hence, Figure 28 for event 1 shows higher

TKN and ammonia concentrations in SDS3 runoff. Note that in either case, the

maximum ammonia concentration did not exceed 1.5 mg/I in any of the 11 to 16

time-composite samples taken over the duration of either event's washoff period
at the SDS3 outfall. These maximum ammonia values were less than one fifth of

what occurred during the December 5-9, 1995 runway deicing event where
ammonia was present at 7 to 8 mg/I for up to two days in SDS3 runoff (Port of

Seattle, 1995b). These data show an improvement over the past year attributed

to reduced and/or discontinued urea application on the runways and taxiways.
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Figure 28 Nitrogen Forms in Event 1 Runway Washoff

Figure 29 Nitrogen forms in Event 2 Runway Washoff
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Figure 30 Event 1 SDS3 Pollutagraph

Figure 31 Event 2 SDS3 Pollutagraph
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BODs in runway washoff

BODs in runway deicing washoff aggregates the oxygen-demanding effects of

both aircraft deicing glycols and PA. Oxygen demand due to the aircraft glycols

should be a small fraction of the total BOD5 because the PA is applied to the

runways/taxiways on a much higher mass-loading basis than would be attributable

to glycol dripping/shearing off aircraft.. Glycols, PA, and mixtures of both have

about the same ultimate BODs of about 1 gram BOD5/gram. Subsequent loading

analysis for event 1 showed about 2,200 pounds of glycol washed off compared to

an acetate load in excess of 17,360 pounds. See Table 8 Runway Deicing

Pollutant Washoff Summary.

Though the data do not extend through the end of the monitoring period, they do

exist for the peak concentration. The mirrored peaks in BOD5 support this idea.-

Acetate concentrations were below the 1000 to 10,000 mg/I range of toxic levels

found in comparable calcium magnesium acetate roadway deicer.

BOD5 ranged from about 20 to 480 mg/I in samples where glycol and acetate were

both detected. In event 2, BOD5 results for five samples were incomplete due to

oxygen depletion before the end of the analysis period, with the consequence that

BOD5 could only be reported as in excess of a certain amount. Because glycol

and acetate concentrations were similar between the two events, the incomplete

BOD5 values in event 2 should be similar to those of event 1. To simplify data

reduction, the true value was assumed to be the value reported as greater than,

i.e. >230 mg/I was assumed to be 230 mg/l. Next season's washoff monitoring

should aim to ensure all BOD5 analysis goes to completion by doing multiple

dilutions in the laboratory.

BOD5 also followed a first flush effect, and mirrored acetate and glycol

concentration closely. See Figure 30. This relationship was not quite as clear

during event 2 (Figure 31), yet generally still held true.

Washoff functions

Analyzing pollutant load over the course of the discharge hydrograph leads to a

strong correlation between percent washed-off and total rainfall accumulation.
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These results apply directly only to the SDS3 subbasin at this time because the

SDN2 subbasin had faulty hydraulic data. It can be inferred however that SDN2

behaved similarly. These results begin to identify the management opportunities

for capturing and treating the pollutant loads.

Figure 32 and Figure 33 show that about 80 to 90 percent of the total pollutant

load was washed-off by less than one inch of accumulated precipitation. Note that

these relationships between washoff and rainfall were best described by second

or third order polynomials regressed with correlation coefficients (R2) of 0.93 to

0.96. A correlation coefficient of 1.0 means that the regression equation is a

perfect fit of the data.

These figures show that rainfall less than the 6-month, 24-hour storm (1.3" total

rainfall) washed-off the bulk of chemicals applied during the deicing/anti-icing

periods. In fact, the 1-month, 24-hour storm (0.65") washed-off 80% of the BOD5

in both events and from 60 to 90% of the TKN. These curves also strongly

illustrate the "first flush" principal where the majority of the pollutant load is

washed off in a fraction of the total precipitation. Therefore, the first 0.6 to 1.0

inch precipitation after a major runway deicing event washes off the vast majority

of deicing chemicals applied. The corollary is also the Pareto effect, where ever

diminishing pollutant loads were washed off by increasing rainfall.

Pollutant loads were estimated as the product of pollutant concentration and

discharge volume between samples. Total runoff volumes gaged at the SDS3

weir were 77 and 84 percent respectively of the total rainfall depth for event 1 and
2 over the 430 acres of SDS3. These ratios are in fact the measured runoff

coefficients, C,, 0.77 and 0.84. The difference between the two probably was due

to the variable source area phenomenon because roughly half the SDS3 subbasin

is covered by grass that can produce more runoff as it becomes saturated. In

addition, these runoff coefficients show a high degree of accuracy in the SDS3

discharge gaging.

Table 8 summarizes the two events in terms of chemicals applied, pollutant load

washed-off, etc. Note the disproportionality between chemicals applied and

pollutant loads for event 1 and event 2. Event 1 experienced one eighth the urea

application as event 2, yet event 1 saw twice the TKN load washed off. This is -_
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probably due to the fact that a mixed load of both urea and PA were applied to the

runways and taxiways during event 1. In contrast, the urea applied during event 2

was applied as a solid only around the North and South Satellites, drained by the

IWS. The washoff function curves for TKN in the second event reflect a slower

(less steeply sloped) washoff than event 1, probably due to this fact that the urea

was applied in solid form in event 2.

BOD5 loads appear at first to be about the same for both events. Note however

that 5 samples during event 2 had BOD5 analyzed as ">230 mg/l', which

significantly impacts the event 2 load estimate. Due to the uncertainty in

estimating an anticipated BOD5 value, insufficient sample dilutions were used in

the analytical laboratory, resulting in these values reported as "greater than". This

uncertainty does not sway the hypothesis of a first flush, however, nor does it

negatively change the washoff function curve. Instead, substituting higher

estimates of the true values for the ">230 mg/r' results only strengthens the

argument, and causes the washoff function to become more conservative.

Because event 2 experienced 3 times the PA application as event 1, it is likely

that the event 2 BOD5 load is higher than estimated. Since aircraft deicing was

similar between the two events, SDS3 probably experienced a higher BOD5 Ioacl

due to the higher PA application in the second event than in the first.

Unfortunately this direct comparison is not yet possible between TKN and urea

the chemical stoichiometry is unknown at this time. Similarly, BOD5 relates to

both the PA and glycol, so it is difficult at best to discern any relationships here
also.

Summary

In summary, BOD5 and TKN washed off the STIA runways and taxiways in a

predictable manner, accompanying a first-flush effect demonstrated at the SDS3

outfall. Aircraft deicing glycols also washed off in a first flush manner, though their

continuing application on aircraft over the period complicates realization of any

washoff function. Little of the urea applied decomposed to ammonia by the time it

discharged from STIA outfalls. The ammonia present was far below the acute

toxicity criterion.
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The first half-inch of runoff (about 0.6" rainfall) washed off about 70% of the total
BODsand 60% of the total TKN mass. The next half inch washed off another 10

to 20% of the total monitored. This means that it took far less than the 6-month,

24-hour storm to wash off the vast majority of deicing chemicals manifested as

pollutants. Overall, it appears that the 1-month, 24-hr storm (0.65" rainfall)
washes off 70% to 80% of the total..

Table 8 Runway Deicing Pollutant Washoff Summary

2Acetateloadestimate is incompletefor bothevents,and isat least massshown. Acetatewasanalyzed
onlyduringthefirst 0.43" rainfallin event1, andfirst0.25" rainfall inevent 2.

3The BOD loadestimatedfor event 2 is notcomparableto event 1. Oxygenin fivesamplesdepletedbefore
the end of the BOD test, so five resutlswere reportedas ">230 mg/l', complicatingloadingestimates.
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Figure 32 BOD5washoff functions

Figure 33 TKN washoff functions
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Stratum 4: Stipulated Aqreement Sampling

Background

As requiredby the Stipulated Agreement (Brasher et. al., 1995), the Port of

Seattlemustsampleat least 16eventsover a minimum4 monthperiod at the

MillerCreekoutfalls(SDN1, SDN2, SDN3, andLakeReba outlet). Pollutant

analytesare limitedto TSS, turbidity,BOD5,glycols,andammonia. In addition,

two additionalsamplingeventsof all eleven(11) permittedoutfalls(the full listof
permit-requiredpollutantanalytes)are required.

The Port completed all requiredsamples for the MillerCreek outfalls as of

September1996. Severalof the additionalNPDES sampleswillbe completedby
the end of 1996. ResultsfromtheseadditionalNPDES samplesare includedin

stratum1 as discussedinthatsectionof this report. Inthissection,the report
presentsand discussesonlythe MillerCreekoutfallsampleresults. Raw data

andsummarystatisticsappearin AppendixB.

Result_s

The MillerCreek outfalldata shownothingunusualinthe results,and the dataare

consistentwith resultspreviouslypublishedinthe Portof Seattle'sprevious

AnnualStorTnwaterMonitorinqSummaryReport(Port of Seattle, 1995b). When

the stipulatedsettlementdataare comparedto regionalwater qualityand
stormwaterdata:

• the concentrations of total suspended solids (TSS) in discharges from
all four outfallswere muchlowerthanconcentrationsof TSS foundin

the city of Bellevue'sstorTnwaterduringthe NationalUrban Runoff

Programstudy(NURP) sponsoredby EPA. Dischargesfrom Miller
Creek outfallswere typicallyone-fifthof the NURP concentrations.

• the median turbidityconcentrationswerewithinthe range of values
reported inthe BellevueNURP data.
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• the median of BODs concentrations from all four outfalls were equal to

the median of BOD5 concentrations found in the NURP study.

• ammonia was not detected in 16% of all samples. When ammonia was

detected, the concentrations were well-below the acute criteria for

receiving waters. The median concentrations were 3 percent or less
than the most conservative acute criteria.

• total glycols were undetected in more than 80% of the samples. Glycols

were never detected in discharges from SDN1 and SDN3. Glycols were

only detected from SDN2 and Lake Reba. Only half of the SDN2

samples had any detectable glycol and one-quarter of the Lake Reba

samples had detectable glycol. The concentrations of glycol in the Lake

Reba samples were always lower than those from SDN2.

• when glycols were detected at these outfalls, the concentrations were

far less than the rainbow trout 96 hour LC50 (concentrations of glycol.L

that prove lethal to 50% of test organisms during a continuous 4 day

exposure). The highest concentration of total glycols (ethylene and

propylene) found in all of the first half of the samples was 99 mg/I. The

rainbow trout 96 hour LCs0 is greater than 18,500 mg/I for ethylene

glycol and 42,476 mg/I for propylene glycol. Therefore the

concentrations of ethylene glycol were 0.2% of LC5o,and the

concentrations of propylene glycol were 0.1% of LCs0. There are no

water quality standards for glycols.

• there may have been a sampling error with the baseflow sample of

SDN1 on April 5, 1996, where the ammonia concentration is higher than

that of all other samples. Because the flow in the pipe was very small,

the sampler may have collected decaying organic material in the bottom

of the pipe and therefore not be representative of typical stormwater

discharged from this outfall. In the second half of the samples, there

will be other baseflow samples from this outfall for comparison.

• although glycols were relatively low in the discharge from SDN2 on

February 4,1996, we believe the elevated concentration of BOD5 was
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the result of runway de-icing materials applied in the preceding period

as explained in the annual stormwater monitoring report.

Analytes for Petroleum Products in Stormwater Discharqes

Results for TPH and FOG indicate at least 7 occasions where TPH was analyzed

as greater than FOG. Generally, FOG is typically a higher value than TPH

because various organic lipids and other organic compounds are included as well

as the petroleum hydrocarbons in the FOG analysis: FOG is a method-defined

analyte (APHA, 1989). In contrast, the TPH analysis includes only the petroleum

hydrocarbons, excluding lipids, vegetable matter, etc. Therefore, because TPH is

a subset of FOG, values of TPH greater than FOG by about 1 mg/I are suspect.-

TPH exceeded FOG by more than 1 mg/I in 5 of these 7 samples, ranging from

1.2 to 3.7 mg/l. See Table 9.

Table 9 TPH greater than FOG results 1

FOG, difference, mg/I -

2.8 1.1

2.8 0.55

2.6 2.5

7.3 0.2

4 1.2

3.4 1.9

2.9 3.7

1. differencesgreaterthan1 mg/Isuggestusingan IRanalyticalmethodfor FOG

The cause is most likely due to the analytical method required by the permit,

Analyzed by gravimetric means (EPA 413.1), the lighter, more volatile fuels of the

FOG extracted by the Freon-113 solvent are easily lost during Freon boil-off

(APHA, 1989). In contrast, little if any of the light fuels are lost by the TPH

(method WTPH 418.1) because it employs an infrared (IR) measurement, rather

than a gravimetric method. These findings suggest that both FOG and TPH

should be analyzed from the same sample extract, and both by the IR method. . _
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• Gasoline, diesel, and jet fuel are target constituents at STIA, and many

of the shorter hydrocarbon chain compounds contained in these

complex fuel mixtures, specifically those that volatilize below 70 ° C, can

be lost in the gravimetric FOG analysis.

• Furthermore, the IR method for FOG has an order of magnitude better

detection limit. Analyzing the same sample extract for both FOG and

TPH by IR saves $30 per sample for about $1000 annually.

• EPA supports a change from a Freon-113 to a n-hexane solvent used in

the FOG and TPH analysis (EPA, 1996).

Complications caused by samplin.q locations

_ As discussed under Background, several sampling locations include runoff from

non-STIA sources. Data suggest that the offsite runoff biases results, causing

higher concentrations of several pollutants than is representative of STIA runoff.

The Port plans to adjust sampling locations where possible.

Subbasin SDN1, outfall 006

As discussed earlier, the sampling point for subbasin SDN1 (manhole SDN1-27,

outfall 006) receives non-STIA runoff from about 3.5 acres of SR518 and nearby

grassed areas. Total Port property within SDN1 is about 14 acres, or 82% of the

area now draining to the monitodng location. Zinc, TPH and FOG are significantly

greater in samples here than in other STIA subbasins. As a result, the Port

believes that zinc, TPH, and FOG from this site are considerably high-biased by

roadway runoff from SR518.

The Port drainage area of SDN1 includes roof tops, the northern half of Air Cargo

Road, and a small portion of an air cargo freight yard (less than 1% of the total

drainage area). There is no runoff from pavement where aviation industrial activity

occurs in this subbasin. Drainage from rooftops is generally less contaminated
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than street runoff, and certainly much less likely to contribute the higher zinc, TPH,

and FOG experienced.

The Port recently located the 18 foot deep SDN1-22 manhole, previously buried,
near the South 154th St and 24th Avenue South intersection. This manhole is

immediately at the final confluence of STIA subbasin SDN1 stormwater and is

suitable for monitoring. The Port plans to relocate the SDN1 subbasin sampling

location (outfall 006) to this new manhole in the near future. By taking dual

upstream and downstream samples for a limited period at the new and old
manholes, the Port hopes to show the magnitude that the SR518 runoff biases the

zinc, TPH, and FOG results.

Subbasin SDS2, outfall 004

Becausethe majorityof SDS2 isvegetated,stormwaterfrom thissubbasin
probablyreachesthe samplingpointwellafter the additionaldrainage fromthe

offsiteareaswithinand along16thAvenueSouth. As a consequence,it is likely

that the Port samples off-site runoff at this location. The off-site runoff reaches _ _

the sampler first, enabling the sampler which then begins it routine filling sample
bottles before the Port subbasin's water arrives. More information should be

gathered to assess any bias this factor has on the dilution or addition of pollutants

in SDS2 samples.

Stormwater Discharqe Hydraulic and Hydrologic Data

Appendix A presents hydraulic and hydrologicdata items required by the permit.

Storm Tarqetinq and General Monitorinq Success

STIA stormwatermonitoringwas muchmore intensethisyear comparedto last.

Two additionalsamplesbeyondthe permitobligationwere requiredby the

StipulatedAgreement(Brasheret. al., 1995) at each permittedoutfall,mosthave

been completed. In addition,a totalof 64 extra sampleswere also requiredatthe

three MillerCreekOutfalls(SDN1, SDN2, SDN3), plusLake Reba.
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A total of 15 storms were targeted for monitoring from January 1, 1996 through

June 30, 1996. Typically, sampling equipment was deployed, programmed and

setup at three to eight outfalls per storm targeted, for a total of 54 site-setup

occasions over the first half of 1996. Five of 15 storms targeted did not meet the

NPDES criteria, so a total of 8 samples (one sample each at sites targeted) were

discarded. Therefore, the methods used to target potential storms that would

ultimately meet NPDES criteria were reasonably successful.

Stormwater Pollution Prevention Plan (SWPPP) Actions

Table 10 presents a summary of best management practice (BMP) activities

described in the Stormwater Pollution prevention Plan (SWPPP). The Port

conducted a wet weather outfall survey, required by permit condition $10, section

C on April 26, 1996. See Appendix C for wet-weather inspection report results.
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Conclusions and Recommendations

Stormwater Quality

Overall,STIAstormwaterqualityiscleanerthanregionallycomparabledata. The
dichotomybetweenairfieldoutfallswhencomparedto the terminaland landside

outfalldataindicatea distinctdifferenceinstormwaterrunoffquality. Stormwater

qualityat the airfieldoutfallsundertypicalconditionsis cleanerthan regional
commercialand industrialareas.

Furthermore, the data show improvements in water quality as a result of the

Port's SWPPP actions at the Taxi Yard and SDE4 subbasins. Monitoring in the
upcoming year should demonstrate the success that several storm drain re-routes
have upon reducing glycols in the SDS1subbasin stormwater.

Aircraft Deicinq

- Aircraft deicing glycols in STIA stormwater appeared similar to lastyear's data,
and were well below toxic levels even during the periods of heaviest glycol

application. Glycols were undetected in 75% of all samples analyzed over the

past two years. Glycols have never been detected in 24 samples at the SDN3

outfall, and only in one of 22 samples (6.1 mg/I) at SDNI.

Runway Deicinq Pollutant Washoff

Airport runway deicing chemicals manifest themselves in STIA runoff as BODs.

The vast majority of any urea applied washes off in the organic nitrogen form, little
breaks down into ammonia. All data for ammonia indicate conditions far from

acute toxicity in the stormwater itself, even though this criterion applies to the

receiving waters. Potassium acetate used for the majority of runway deicing

shows up at concentrations below those suggesting any acute toxicity.

BOD5and TKN wash off the STIA runways and taxiways in a predictable manner,
accompanying the first-flush effect demonstrated at the SDS3 outfall.
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The one-month, 24-hour storm (0.65") washes off from 70% to 80% of the of

deicing chemicals manifested as pollutants applied to the runways and taxiways

during deicing. Less than the 6-month, 24-hour storm (1.3") washes off the vast

majority. Monitoring should continue in 1996-97 to further verify these conclusions

and recommend a specific design storm for a water quality management target.

Recommendations

Move Sampling Locations

Move the SDN1 subbasin sampling location from manhole SDN1-27 to SDN1-22.

Study magnitude of bias that the SR518 runoff has on zinc, TPH, and FOG.

Move the SDW3 (outfall 010) sampling location to the first manhole upstream,

preventing sampling in backwater at outfall.

Change FOG analysis method

Change FOG analysis method from 413.1 to 413.2

• As discussed above, the 7 occasions where TPH exceeded FOG values

show that FOG should be determined by the IR method (EPA 413.2),

rather than the current gravimetric method (EPA 413.1). Doing so

ensures more representative results, preventing loss of the lighter fuel

fractions lost during the gravimetric FOG analysis.
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Appendix A

Hydraulic and Hydrolo,qic Estimations

This appendix presents hydraulic information required by the STIA NPDES permit.
Paragraph 2 of section C of NPDES permit special condition $3 states "The

Permittee shall submit the following data for the storm event used: date, duration,

the number of dry hours preceding the storm event, total rainfall during the storm

event (inches), maximum flow rate (gallons per minute), and the total flow from the

rain event (gallons)." This appendix contains these required data items. Daily

maximum runoff volumes are reported monthly on DMRs.

Table 11 outlines the storms monitored, the outfalls sampled, and the storm date,
total rainfall, duration, and 48-hour antecedent precipitation.

Runoff Volumes

In 1995, the Port developed a WATERWORKS software-based model for

hydraulic evaluation of the stormwater subbasins at STIA. Port Engineering,
amongst others, uses the model to evaluate the stormwaterpiping for various

design storms. Runoff volumes generated by this model were used to develop
linear equations for estimating runoff volumes for each subbasin. These

equations are nested in the spreadsheet that estimates the maximum daily
discharge values submitted in the monthly DMRs. The Port has used this

procedure since the fourth quarter of 1995. Table 12presents total runoff
volumes estimated for each storm event monitored.

The reader is referred to the Procedures Manual (Port of Seattle, 1995b) and last
year's annual report (Port of Seattle, 1995c) for a discussion of the method used
to estimate runoff volumes. Table 14 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.

Peak Discharges

Peak discharges presented in Table 13 are estimated by the "rational method" for
each storm event sampled inthe preceding year. The peak rate of each storm
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_ depends upon the time-of-concentration, or Tc, for the particular subbasin and the

rainfall distribution of the particular storm. The WATERWORKS model developed

the Tc values presented in Table 14. The peak discharge, Qp, is then estimated

by the rational method using the following equation.

Qp (gpm) = Cx I x A x 43560 ft3/ac x 7.48 qal/ft 3
12 in/ft x 60 min/hr

where:

C = runoff coefficient = (0.90(Ai) + 0.25(An))/A
where :

A_ = the impervious area in acres, and

Ap = the pervious area in acres

I = peak intensity in inches/hour
A = subbasin area in acres

The Port's ISCO rain gage records rainfall at 5-minute intervals, thus resolving

rainfall rates, or "intensities" for periods as short as 5-minutes. The rainfall record

for the storm of interest is examined to determine the peak intensity for the time

span that matches the time-of-concentration. The ISCO rain gage allows the user

to aggregate rainfall for multiples of the 5-minute recording interval that best

approaches the times of concentration desired. This basin-specific intensity is

then translated to an hourly peak intensity using the following equation:

I = ix 60/Tc

where:

i = maximum rainfall depth (inches) of a time equal to the time of
concentration

To= the time of concentration, displayed in Table A3.

For example, the To for SDE-4 is 21 minutes; therefore, the rainfall record for the

storm of interest is examined to find the one period of 20 minutes that has the

greatest rainfall depth
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Table 14 Summary of Subbasin Hydrologic Characteristics

002 28 92 120 .75 21

003 0 40 40 .90 40

004 13 0 13 .25 60

005 221 209 430 .57 78

006 0 14 14 .90 10

007 7 27 34 .77 50

008 43 16 59 .43 55

009 26 18 44 .52 50

010 14 10 24 .52 38

012 0 1.5 1.5 .90 5

013 0 2 2 .9O 5
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Appendix B _

Summarized Analytical Data for all,Storm Events Monitored
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All NPDES data: 7/94 through 6/96 results lot NPDES storms/samples only
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.............i__;:__'/_T_i_' ......................i................"_6_ii..................i_ ..................i'i.........................._................_..........."T...............i...............i'_'_;""-"t............if!..................._:_.................]iYi_'"_ ....................
04-Apr-95_,SDN 1 040595 : SDN1 i 1995_ 1 2 i i i6 7(_ 5 0078 __

..........................06-AD -95_SDNIii"''"...................................................040795 ;i............................SDNI_i...........................1995"...................Ii_"............................Ii_"..............._..............7. _ "18...............""_i ;_i!._:.............:'":.........................................." ..... _ _: _ _:

;SDN1 101994 SDNI{ 1995_ li li 6.8!1.8

11-Jon-9$SDN2 011295 i SDNZ_ 199,_ I! 11 8.0i2.3 I

04-Mor-95_SDN2 030595 ! SON2i 1995_ li 2 i i2.4 i 2.1i_I0 021 36 'i_:i_;;-:_i__i_-_'i_ T _5_t.................._ .................ii......................_i................_.............T................i................._ ..........__:'......................._s :_-__4_:i ..................
06-Apr-95_SDN2 040795 ! SDN2 1995i Ii 2i :: "" i7.2 ! ..... 4.8' ........ _'5................

10-AIDr-g&SDN2 041295 i SDN2:: 1995_ 1 1 7.64 i52 i5'6 i ,49 i5 19

.....771...................____z: ..............i................_i_t.................._ .................ii........................._i................;_:_;_:c_i_:_-t .........._:_i:__.............i_..............._il ......................._:_ ......
SDN2 101394 SDN2 1995_ i I I _ _i_6 5 ! 8 I_2 86 n"4,( ' n 9 '

_ ...... _;_: .......
....... ':iSDN2...............................................11139,4 "::,........................................................SDN2 99_'_..................1_'_............................lie..............ti............._:_! _ _:_,_2_ '_ #!_ .............._................54_30{,....................._7...................................$0041. *:_........................" _' ,,_::_,_

......._--T__'--T---_---_---i! ...........qi--_,,_-T_ -?--__:_ .:._----
04-Mor-95_SDN3 030595 i SDN3i 1995, Ii 2i i ! ! _ 2 31 _ _:_

............_i__;:_'_6__- : ....................._......................SOi_'_3_...................._i__.................7,..........................___+.............t_...........................: _,..............__:_:_............_'_..,...................._......._"................_'_'*_f__@_ _:_...................

............!._..M_!:_..S...D..N_0_._..............S.__N.3__ !._ 11 7: . i ; _..... S 0.01S_
04-Apr-95,"SDN3 040595 i SDN3! 1_ ..................i"..................... "2........... i ..............T................i................._ ...........i'8_ ................ _3 ................._0"2"5"'" _ _ _ ...............

15 i 2S40 i8
ISDN3 090894 i SON3! 199_, 1 1 6.N1 1 _ 21i i $ I 2,200 ' F_'"

..................................i_i___...................i................__T.................._ ................i?.......................ii.............i............t_:__:£-t ..............z__

........ iS-FeD-9_SD$1 021_95 i SDSll 1_5 li li 6.6i3.4 5._ "="i6.7

............__:_i_n_ ....................t................._5_ii...................__................_t.........................it........................... i............_:':"-" t 16_............
_s'6-_ _ _ _ _ ii T _.4is._ ? _ _ _" i _8-.....

iSDS1 101994 _ SDSll 199_ 11 1 5.811.1 11 10 12 i013 _ 05 ---

........ I'i:Moy-95_SDS2 051196 :i SDS2i 199_ li i 7.4il 4 _iiiiiiii:i 7.8 6 1!780 ,4 i

....._ ' '.......................................__i_
10.-AIDr-9_SDS3 041295 SD,S3i 199_ li 1 i 7 3 _ !_

..................................i_i_i_i_;i........................................_5_T..................__.................i.......................i................_-_i_;_ _i_?_'........'-__'.............._ oo_1 ....................(i;:_...............
- is_s_1o139, i s_s_i 1_ li li i il, i"':!_
............................_._._.______"............![-Z[_ELZD_"7_EZY_2 E_:_-i........_
.... i'_ .... --_--_--" ....... ................'- : : -'--_ _i:_'_

- ay- 5SDS4 051295 ' SDS4:: 1995 I! I 7.6_1.8 _ 7.7 6 3 16 i4 _ .

__ SD34 091494 SDS4_ 199_ I I 7.1!3 _l_i_iii2.8 i 1.3.'132 i8 i0.233 ! 10.2

....SD...,_19].3.9..4 _ sDs41 199_ 1 ' l_: :, 7.0 1.2 i_
09-M Oy-95_SDW3 051095 ............i..............'SD"W3T.................i"_ ..................i"..........................il...............U K__4i'_'""'T -_ i'6[i'__ ..........?i_'..............i ................i.......................t...................

.........-n--_-_;_s5_owfE...... _ ......_s_i..........i_ ........._..................n?....._-- ;_--F-2_--_,, .... _----t ...............!..............

................................._....L..._....._..._...........i................S.D..._.._...............!.._............JL..................J.i.............i........7.'°_i#_!iii::_i_!::_::_!s.7i 2.311.oooi5 _ :.
04-Mo -9_ TY 030495 i _T 99_ I_ 1:: i 6 9T5 7 _ .......Ti'_"'"-_................?......................_....................T...............__

^ ' n-9" .... : .i _ ; ! " " ' .u4-Ju _ tY U_J49_ :: TYi 1995{ I_ l:. i 5.5i7.6 22 i 04

......................_-_6__-z...... _ ...... _T _ _ _ _ _._..:_.si _6 _ : ! t ? _o.-:z......
17-Fel:>-9_ EY 02179b COMP i EYi 1996 1i li 2 i i i24 i _ l_i_i::_

..............Y:'#';i_'@°_'9"6"_i'_"_"_.............._......................_?...................i'_ .................ii..................iT.............T'"""Y"ii_ .............t.............._-........;"................................................._ ..........................
: ! , :. ' ! :__:;:::::::::_;:_: ' 1996 Report data this sect on !

A:_!:%_ _._ COM._.... ; ...ET._ 1_9_ 1_ 11 ?. _ i 39 se°T'°nI 0._
......=-_-___ o,,,_.......!....................."_................._ ...............?......................._']..........._!'"7:2_.............i..........T....... I-T ...................

:- 21-Ma_Y EY 052296 COMP EYi ...... 199(_ Ii 1{ 2 { ,28 i .081

21-May.-96_EY 05229b GRAB _ E_ 199_ Ii Ii I! 6.1ii ! i i i i i

..........._b__6;_6__6_i_ .........r.................._T...............i_ .............i?...................ii..........._i............T............._.........?_"-+........._.............._.................t.............i...................._i_:i_.....
............_._.."._;_._._._._......;... _i _ _ .....£.........._i........ i ..................._....................!.................i...........t ........

26-Juh95_EY 072695 EY_ 199_ li 1! i 6.8i4.1 i i56 i i i _ "_.............. i'0"2...........

i_o_-9_ _o;_,s EYI I_ Ii I _.s_ ii_ i i _ j i '_
03-Feio-96_SDE4 020496 COM P SDE41 199(_ Ii li 2 7.6i 210 lg0_ 74 2.5 i26 01

............"6_:'#;'i;'_5_':_'_'_'_i/....................._'6_:_i..............i'_ .......i"......................iT.............iT_.,_[ff.......Ti_:i_"T...........i..............i_ ............_....................i............t....................i................
22-Mor-96_SDE4 032296 COMP SDE4i 199_: I I 2 i 44 Ig_ _12 0164

............._-_"G:_"sS_'£'6_"_'_-'"i................_'_T................__ ..............i'!""7...............T............_!''_';i'T_-8"i'_'.'_""-i............T................i_6"................i..................._...............i".... _....................
15-ADr-96_SDE4 041696 COMP SDE4; 1(;x_, 11 li 2 _: i i53 i 111 "_,'_._--"-'_[]-i'28" 'i'23----"
15-ADr-96:SDE4041696 GRAB SDE4:_ lg9_ 1) li 1 6.4 2.8 13.35 i !17

AR 027856
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All NPDES data: 7/94 through 6/96 results for NPDES stom'_/samples only

2b-JuFg_SDE4072695 SDE4i IIjX_y 11 Ii " 6.9i5.7 i3.8 i41 3011II29 i0.44 i 11.5

25-Oct-95_SOE4102695 SDE41 1996_ li Ii 7.115.9 _14 i 27!300 [27 !0.18 i i0.I....................................................................................................................................................................................
1i 1!7.,!7.3i7. i i i !..... :i ......

31-Mar-9_$DN1033196GRAB SDNIi 1996_ li li 1 6.918 i4.1 i i i340 i i { !

............._5:_s_,__1_d_T...............__i...................i_;................._.........................._T............._............i.............T.............T__........_........_:IT...................._o:;__ ...............

.::..........=..:_:_.__,..]..._..c.o_.._..i..................s.E.,...!i................._._...................I........................_..........._2_..........._.............L...............i._..........i........._:_....................I._:L._..:!.°:_.E.._o.._._.......
22-Apr-gb_SDN1042296GRAB i SDNIi 1996_, Ii 11 I! 7.311 i0.25 !6 _

13-May-_SDN 1051396 SDNI; 199_," Ii 21 _ .... i _ ii4 15: i4.22 !0.027

2I-MOy-gb_'SDN1052296 SDNIi 1996_ Ii Ii _ '! ! i11 7.31 110.2 !0.164

23-Jun-9_SDNI062396A SDNIi 1996_ Ii 4! _ 6.3i i3 !22 _ i16 i0.63
23-Jun*9_SDNI 062396COMP SDNli 1996_ I! Ii i i36 8.31 _20 i0.b84

23-Jun-96_SDNI062396GRAB SDNIi 1996_ I i I! 5.5i2 i0.92 i !23 _ I

0b-Aug-95_SDN1080796 SDNIi 1996_ li I:: _ !5.6 156 16_42 _-7- I0.011
06.-Nov-95_SDN1110795 SDNI! 1996_ I_ I! I 6.7i16 _3.4 i15 14!26 !8 _0.52

17-Feb.-96_SDN2021796COMP SDN2i 1996_ li Ii _ 2i i6

17-FeI>-96_SDN2D21796GRAB SDN2i 199_ Ii I_ I! I
31-Mar-gb_SDN2033196GRAB SDN2i 1996_ I! Ii !16 i :

16-Apr-96_SDN2D41696COMP SDN2i 1996_ Ii 2! 2; !15 11i

22-Apr-96_SDN20422% COM P SDN2i 199_ Ii I! 2; i5.3 '_ 2.6_ i6.64

22-Apr-96_SDN2042296GRAB SDN21 1996_ Ii I! I! 150 !
13.-May-96_SDN2061396 SDN2i 199_ li 2i _ 16.6 5.3! !4.86 !0.O46

21.,.May-96_SDN2052296 SDN21 1996_ Ii li 2_ il0 2i i0.043
23-Jun-96_SDN2062396A SDN21 199_ I[ 4_ 2:! 6.81 11.3 i4B ! 24 _0.12

23-Jun-96_,SDN2062396COMP SDN2i ' 1996_ Ii I{ _ i i _33 18.3 !0.166

23-Jur_SDN2 C]62_6GRAB SDN21 199_ ' Ii Ii _0.46 i !2 i i
0b-Aug-95_SDN2080795 SDN2i 1996_ li Ii 5.1_15 Ib i0091 i0.2

15-Oct-9_SDN2 101695 SDN2i I{ I! 1.25 !0.021 i _0.1

13-JOn.-9_SDN3011496COMP SDN31 1996_ 11 Ii _3.8 _5 !0.011
13-Jon-96iSDN3011496GRAB SDN31 199_ 11 li ! i

03-FeI_SDN3 0t20496 SDN3! 19_,'_ I _0.14

31-Mor..9_._,SDN3033196GRAB SDN3! 199_,' Ii _ i i

31-Mor.-96_SDN304019bCOMP SC)N3i 199_ I_ Ii _ iii I_ 15 i0.013

15-Apr.-9_SDN3041696COMP SDN3! 1996_.; }i 1! !27 22_

15.-Apr*96_SDN3041696GRAB SDN3i I_)6_ li li _50 i i

2.2-Apr..#6_SDN3042296CaMP SDN3i 1q96_ I i Ii i15 9._ 16.56 ,,
22-A,10r-9_SDN3O4229bGRAB SDN3i 199_ I i 11 i i

13-Moy-9_SDN3051396 __ SDN3i 199_. Ii 2i 2! i16 18_
22-Moy-96_SDN3052296 SDN3i _ I_ 21 2i !16 5._:
23-Jun-96_SDN3062.39bA SDN3i 199_ " li 4 i _ _0.014 i

09-Jul-9_SDN307I095 SDN31 I_ Ii Ii 21 24!800 i7 _0.I
06-NOv-95_$DN3110795 SDN3i 1996_ Ii Ii 15 I_4

13-Jon-96_SDS1011396 GRAB SDSI! 1996_ 11 I{ 1.8 i

13..Jan-_:SDSI011496COMP SDSIi 199_ Ii I i 2 i3.2 4! _0.012
15.-Apr,96_:'SDSI 041696COMP SDS1i 19(_ Ii Ii 2i i !74 I_ _23.9

15-Apr-96_SDSI041bgbGRAB SDSI I(J_96_ Ii 1 I !0.32 i i4 i T i '

=-,_,-_S_lO_co_P. =Sli 1,_ 11 li _i i i i17 i _.3! t9.28 i..0..£_3_..o.i._..
.........."_:_:_!'_5_f'_"_'_ .........................._5_iT................."i_.............i'i....................f!...........ii-"'f.'_i:'_'-""!"0:_-"i...................._E................_.................T..........i .........

21-Mov.._S_SI_ i SOSli! _ li 4i 2i"-f:3_'_7._ _ i _ i !
_-_ug_9_ _--'_ T _ _ i! 11 _. 7.23.3 _28 i 8._ 13 0.14 i i0.9

..........."f_-TB:_'_iS_i'i'5_5"......................i................._5__T.............i"_...........-_........................ii..........i"'_'.'iTi':_"""_g"""t........._:_;_:_.............i"g...............TT:i'F-'I.....................TI_:_..............
_s.,:,-_s_ i s_ 1_ li ii_ i _.7_s_ i _ i8 i..o..o1._i,_ '.::

"i_:_;;-_-_ii___-T................_i................__........_ .............._T....._]_:__ .......-.........._, .................i...........
"J_'_a"_'_ c--b-_"F T S"D-_ 1_ 1; 11 2i : ii.6 2.II !8 i0.028

22-Mor-96 SDS30_2296COMP SDS_i 1996{ 1_ 1i " i4.1 2._ _8 t0.021

22-Mor-96_SDS303229bgrad SDS3i 1996_ 11 • l i _13 I

16-AI_-9_.'SDS3D41_) COM P SDS3! 199_ 11 li _20 b.b_ i6.36 10.0_
15,-AI_-9_SDS304169bGRAB SDS31 199_ I! Ii 1.2 i0.31 i i

21-MOy-96_SDS30522_6 SDS3i 1996{, Ii 4i 2i 8.9i _

26-Jul-95_SDS3072695 SDS3i 199_,,_ Ii 11 20 I,= i0.085 I0.2

15-OCt-95_SDS3101695 SDS3i 1996_ Ii I_ !0.12
13,-Jon-96_SDS4011496COMP SDS4i 199_, li li 2 i i20 _ _6 !0.02

I_-Jon-_SDS_ 011496GRA_ SDS4_ 199_ 1i li i44o _ i _ i

I_r_-_S_S_0_I_COMP S_S4i 1_9_: 11 li ?I !...........i , i_ 1_ !0.128

.........._:;__:___,,___-: ..............._i_i...............__ .............._T..............-iT......-_..........i..... _ _1_-!_:,__..............l_:,_.......fi_:__-___
22-AI:_'-9_SDS404229bGRAB i SDS4 199_ !._ 1 1L 7._ i i1,600 i i j,

::_:L_;__-__..................i............._T ..............._ ..........ii............_i........-_-_:__'s._--_........T............._8..........T.....i..................!.........I_
[_>-_- SDS41 1996_ 1 I i 7'6_.'2'7 ,_ 4.2 i 3.7116 i9 i0,018 ! i0.2 I

- 1_s_101_s' i SDS=i I_ Ii I! ! 7.__._ i _._ _0.0=91. _ -
...........•ig_;__5{__f_..............."......._B_.........i_......._ i_ _-f_T_._-%._i_......T-__ g..........T........................T_J

AR 027857
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All NPDESdata: 7/94 through 6/96 resultsfor NPDEsstorms/samples only

22-O-96_TY_COMP_r TY lqgb_ I 11 _ i 12 . 03

2..2-Mar-96_TY03229bGRAB i TYi 199_ 11 Ii Ii 6.93.9 i i30 i ! i i i i"

_:_.::_...=..._COM._ . _. _i LW.._: _ !._. _ _ _2_ _0.0_
22-Apr-%:IY042206GRAB i .............._;i............i'_...........I....................I"" "I_""-"7:3!'2..........;..................................:"""i.....................i...................................T......................_................
Ib-Aug-9_TY081795 i TY 199_ I I 6.823 20 i i i ' i i0 "'

°_o_i_°_.................i......................_T..................i_...............i.........................._j............................_t_....................................'...............i......................i....................T..............."......................T::................
15-Oct-951TY101695-I TY _w_ _ _ ¢.7_ I 1480 I I i I _I_._

....... _ ......... _ _ _ _ _ I;-_e do not mnclude,since =s duphcate
= I /

medlar 7.1 1.9 0.5 14.0 8.21 24.C 7.0 0.1 5.0 0.1

geomear 7.05 730 32 194i

key: I ma) 8.9 22 9 310 3000_ _ 275 1.5

event = storm type 1 I mir 5.5
1 NPDESstorm I detectec 97 70 25 111! 94 58 94 76 5 51

purpose = monitoringoio)ective non-detectec 0 26 57 67% 0 16 5 11 45 341 NPDE$monitoring I _onon deteatec 27% 70% 0% • 22% 5% 13% 90% 40%
2 Stipulated Agreement ! I I

3 Runway Washoff monitoring ':_:_:_:._!: coun_ 60 53 47 641 48 4C 531 4g 31 484 SESmonitorin_l I i_ cletecte¢ 38 19 63 48 32! 48 44 2 31

type= sampletype I nondetectec 15 28 I 0 8 9_5 5 29 17I firstflushgrabsample , _ non detectec 28% 60% 2°/= 0% 20% 10% 94% 359

2 flow-wei_hted composite I I I I I I I I I I

AR 027858
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glycols Data Table for 1996 annual report Results from all samples where glycols analyzed

I Fyc_, pI number I

Repod volume airclalt tolal NO3.i-

POSID _ den Year sloml date elai___:l samaler stalt lime end |me _liycals _ _ BOLD5 acetate I'KN NH3 NO2

,DNI 010595 SDNi 1995 05.Jar>.951 _ . i:.'. _ <"! __i'_¢_'_i _11• \'_SDN3020895 SDN3 1995 08-Feb-91 " _" :!SDS_020895 SOS1 1995 0s.Feo._5 _
SOS30_0805 SDS3 1995 08-Fe_95

SDNI 021395 SDNI 1995 13..Fe¢>-95 :).095
SDN3021395 SON3 1995 13-Feb-95 _

SDSI 021395 =I 1995 13-Fei>95 _15 3.25

SDS4 021395 SDS4 1995 13-FED-95 _5 3.07

Z_NI021695 SDNI _W5 I_-_=-_ j _I___ _31 _._SDN3021_5 SON3 IW5 1_eb-_ _ _p_.= 1.2
SDSI 021695 SDSI 1995 15-Fei:)-95 1275 = i o.06

SONI _ SDN1 1_ 04-M=._5 _ _ii 4 _SDN2 030595 SDN2 log6 ONMor-95 136 ..... _ " " - 0.021 . '

-------, Ii ""
5DNI 030995 SDN1 1995 08..MOr.-9_= I i: " 0.35

SON3030995 SDN3 '1995 08-Mor-9_= I _ " ' _3 0.016
SDNI 031595 SDNI 1995 13..Mor-9_= ' !; 0.05SDN2031595 SDN2 1995 13-Mar-9_= I _.6

SDN3031595 SON3 1995 13-Mar-9_= " _5 0.018
SDNI 040595 SONI 1995 04-ADr-9.= 189 7 _ > _ .Ii5 0.078

;SDN3040595 SON3 1995 04-AD¢-9.= 189 7 _:: " :i 3 0.25 1
ISDNI 040795 SDNI 1995 06-A=-9_, 116 5 ' "ii40 _i
_DN2040795 SDN2 1095 06-Aor-_ 116 S
DE4041095 _OE4 1995 I_A.Dr-9,= 159 _8 0.42

19 19: " I30 "

DE4042895 SDE4 1995 28-Apt-9.= 54
E)SI 042895 SDS1 1995 28-A1_-91 54

SDS3042895 3DS3 1995 28-ADr-91 54

OS1050295 SDSI 1995 02-Mo,pg_ 126

,DS30_0295 SOS3 1995 02-May-95 126 _

ON2 111994 SDN2 1995 10

r
SDS1111994 SDS1 1995 .. ;_.
SDSI 111894 E)Sl 1995 . ...
_DS3112194 E)S3 l(;X_5 I 0.3 _0.12
_S3 090894 SDS3 1995

SDS3 111994 SDS3 1995 2
;DS4021695 SDS4 19_3 2.5 _ "

_5
SDS4 111994 SDS4 1995 _ "_7 1.3 D.39
SDE4 111394 SDE4 1995
SDE4 II 1894 SDE4 1995 ::26

SOE4111994 SDE4 1995 " ":: : '_i8 .
SDE4_ SDE4 1995 19.6 . , : _i_

SDS1 092995 SDSI 199b 29.Sep._ 104 41 __.._ 1

:s_s_o_5 s_,_ 1_, _s,_. lO_ ,twu._' __ I
:SDS3m3m5 SOS_ lW_ 29-S_, 10_ 41_LL_ __ l

i_ 10_11_4_b _DN23 119_6 i_J_or_ 3_ ;711TM_olNT?___N _5 0,011
SDS 011496 SDS1 1996 13-Jan-9< 909 31 "l'o_'m . __'::.18 0.012

_DS3011496 SDS3 1996 13-JOn-9< (;09 31 To_-nmn __!8 0.025 '

E)$40114(_, _ 1_ . 1_0.-_ _ ...z!lto_g ................................_J.'_ ..............., ............"......om:::_J......

lIDS10]20_:AMg : :i_i: i _ : : i]84MImONi 9/96 !_ ::: 1._20/_6_ 298 : ]_{:_i::::" :_[_3 : :: i]_0 :.i : 0.04 : ;O;]1:

]_ ::::::::::::::::::::::
psim25_ sos1 1_6 28-J=_-_ 1251¢ 2,9_N_ON I_0 1320 /5(_°

SDS3012806 SDS3 199_ 28-Jan-96 1281C 2,9 MINTON ;'3 28 145
DSI 013096 SDSI 1996 30.Jon-96 84_ 2; MINTON 291 71 1220 690 3.2 0.40.

SDS3013096 SDS3 1996 30-Jon*96 843. 2; :MINTON 115 96 19 210 0.5 0.03

SDSI020196 SDSI 1996 01*Fe_.96 22_ VIINTON 36 :15 23 170 0.9 0.61
Oe,-_02010b SDS3 1996 01..Fe1_96 22_ _N'rON 3,1 i18 13 130 0.5 0.06

o_1_ so,_ 1_ o1._,,_._ _ _._o. ____i, 0.3 o12
S_E_o2_ ........SDE_...... !'_, ......_ .........!_ ...............3![_n ..................................................................I_.............:..-.:!14..............._2 _ ' 2.s

S_l=_ I s_.l I i_ I _ . _. ._ _=_V .................................................................__i_iiiiiiil]iiiiiiiiiii:i.iiiii.:i.]:i iiiiii!i'_iiiiiiiiii:iiiiiiiii

..... 1996 03-F 1368 31 tni'dn_n 2/3/9622'40 2/3/9622" 44 18

_(_ I ._3 [. | ._F_ ..........!_ ...............311"i_ :..I...............................................!..............._4_,}5___ _ jim 0.5 }o.1_

_:_,v_ _:. _]__ ]_ _ _ i :: 2_ _4 _i'__ i_ : _ _ i !:. !i_ _.__:i_i_i]_:.ii_:::.ii0;_:i:.:
s_ .......I sos,I l._I _._ ....._,,,,,_N.1.................]...............................!2.!_.............I_..................:':2.............._ ..........................E_...........OL="I................

,SDN_021,90 'S_= .......,W_ i7_ .... 73l -'_'_ J L17.3 , ,L0..3. 11.... I0...........,......
iSDE4032296 _DE4 1996 22-Mar-96_ 92 = 10t::4ason 3F22/966:24_i _ _12 ' 0.64

ISDS3032296 SDS3 1996 22.,Ma_-9_ 921 loblason 1 3F22/969:07_ _ _i_8 I 0.021
SDN2032996 _N2 1996 29-M_r..gb 156! WUley 3/29/9615:30_ _ _,_110 ! . 0.32
ISDN30330_ sDN3 1_ Lx;z-Mor-_6 1561 W_ley 3/30/9613:00_ _ _5 I 0.D43
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glycols Data Table for 1996 annual report Results from all samples where glycols analyzed

R_:x_t volume aircraft total NO3_

POS ID Outloi Year _m clare cletcKI somDler stad' time end lime _lycol$ E.._Iycol BOD5 acetate TKN NH3 NO2

;SDN30.40196 SDN3 I 1996 I 31-Mor...gd 3271 1",W_LLE'/ I 4/1/969:00 4/1/9611:20_ _:Siiiiii_iii_,;i_::i:::; :_::_:_:;::_:5............................._ _g_;_ii__ I 0.o13
ISDN1 040596 SDN1 1996 ,i 05-Al:)r-9( ! 1: IW_LLEY ! 4/5/96 6:T5_...... _:_i_ii_i/i_;;:::ii_::::ii;ii_!:i:_ _ii_!_ Ii44 0.88

ISDN1 0,41696 E)N1 1996 1 1,','S-Apr.-9( WILLEY M15/0623:00 4/16/060:07i_ _,_j _. :_::::i_:_,,'._!>:.::_................_iii_ __::ii:;i __ _ _ .... 0.]03
ISDN3041606 SDN3 1996 15-ADr-gd 2 TOBIASON 4/1b1962:18 4/16/9614:00i_ _ " I _::_:___ _::_'ii_!lii:__,_I__ _::_::I__:::._i_.................. 0.04

:SDS1041696 SDSI 1996 15-ADr-9( ! rOBIASON 4/16/9622:56 4/16/9614:00_ _:"_ :::_:::_:_ _!_ iii23.9

_i:: i_:_:_:::__: 0.219

ISDS4041696 $DS4 199(5 15-Apt-g( IOBIASON 411b/960:11 411b/9614:001_ _I _!I_4.b4 0.128
,':DN20.41096 SDN2 1996 16-Ap{-9( WILLEY 4/15/_ 23:%'I 4/16/9_8:15i_i_ _I_:::_i_Ii:,_ii:::_:_ _i_iii_!iiii 0.044

!SDN2 041996 SDN2 1996 19-Apr.-g( WILL_ 4/19/96 15:301_I_ i_:_I:_:;!;i_:_:::

!SDN3041 g96 SDN3 1996 ]9..AIDrJ_ 5 WILLEY I 4119/9615:00i_ _i!::__@_ __;_i;_i!_!_::_i_ t_i_ii i!ii_ii o.o18
'SDN1 042296 SDN1 1996 22-ADr-9( 21TOBIASON 4/22/96 16:30 4/23/96 14:00!_ i_:_i_ i__!_:i_!i_!i_il _ii_ii8.8 " 0]84
ISDN2 042296 SON2 }996 22-Apr-9_ 2! TOBI,I_ON 4/22/96 16:3E. 4/23/96 14:00_ii _ _:_:ii,:_i:!_'_::i_i_:::_%_:_i I !iiiii:0._4 _t: !
ISDN3042296 SDN3 1096 22-Apr-9( 2 TOB_ASON 4/22/96 18:17 4/23/9614:00_:_ _:: _._!i_::_ _i_i_Ii!_!ii!i6.56 , 0.034 I

_DN20425q6 SDN2 1996 ', 25-Apr-9_i 5WlLLEY 4/25/9_17:00i_ _: _!_ii_:_.::ii_!_iilil _i2,14 I _!_;
_DN3042596 SDN3 19961 25-AI_-_ 5 WlLLEY 4125/9616:001_ _i! [ i_ili _I:::::_;_I{!_;_i':'_i_........
DN3 05070_ SDN3 l_x_ I 07-MCly-9{ I WILL_Y 5/7/96 16:00_ .............,:;: _i:!_ _ii i_ _i_iiii_i::i:!;i!il _i_

I " _i_iliiii_ili _ii::Z_ii!!_iI_:_ii i o.o71
EDN1051396 SDNI 1996 13-Moy-_ S WILLEY 5/13/9617:00 _ii:i i:::iii:_il!_ii_ i_::_i4.86 0.02670.045

SDN305139b SDN3 1996 13-MOy-g< 5 WILLE_ 5/1319616:30 _ i_!_ii_ 0.075
S_NI0S_ SON] ]_ 2]-MOV-_ 6_LL_ sr_/__4:oo_ _i!_!__il!!]°.2 O.le_

SDN1052.296 SDN1 1996 22-k,loy-9_ 3 WILLEY 5/21/9@14:00i_ _!iiii!_!ii::_._i!:i_2_ i_ ]2.4 I 0.52

SDN205229_ raN2 1996 22-Moy-96 3 WILLEY 5/22/% 1:44_ _iiil:iiiiii i_ _i _: !ii:i $.7 _ _=J'_;

SDN1062306 SONI 1996 23-Ju_96 1 WILLEY 6123/96 I(5:00i_ 0.684

2_:_:_ _:_:_8.3 0.166
I

All data extracted by "qryall_glycol" in ACCESS relational database I ]

shading codes: I _ =count 118 1181 118 99 7 21 90 7

_ _ _ _ _L_ _ _i_i_:. __ :_ _ _/ _ ,mean 71 12 59 38 369 3.0 0.3S 0.38
__:_ ...... _ tS median 5.0 2.5 2.5 7.0 369 1.4 0.07 0.33

Values in table are average of time composites taken over duration of runway w_shoff _vent geomean 8.3 4.1 3.9 11 A 185 1.5 • 0.06 0.33
max 6220 320 5900 690 800 21.0 5.0 0.73

rnin 5.0 2,51 2.5 0.5 5.0 0.3 0,01 0.11
_letected 29 28 24 88 7 21 77 7

non-datected 89 90 94 11 0 0 13 0

% non detecte( 75% 76% 80% 11% 0% 0% 14% 0%

ii:__i:.l_!:iilii_ii:;i_i_i_::........ count 72 72 72 64 7 _91 55 7
:_iiii_{lii;i_iii_:; mean 108 94 49 369 31 0.28 0.38

median S 2.51 2.51 81 369i 1.51 0.07 0.33

geornean 9.9 4.6 5.0 12.51 185 1.71 0.08 0.33

max 6220 320 5900 690 800 21 2.7 0.73
rain 5 2.5 2.5 0.5 5 0,3 0.01 0.11

detected 22 20 6229% 53 7 19 " 57 7

nondetected 50 52 50 11 0 C 8 0

% non detects( 69% 72% 17% 0% 0% 12% 0%

I Ii t I
:_,__i _ __,_l_N:i_ _ count 20 22 53 71 19 5 7

I _ mean 39 302 146 4101 3.6 0.4I I _ii_ median 311 171 141 130 460l 0,.301 0.33

AR 027862
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- Appendix C

Wet Weather Inspection Results
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