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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. This report collects and
analyzes stormwater data collected in the past 4 quarters. Water quality data
from STIA’s stormwater discharges is compared to relevant regional and national
data on both a concentration and unit load basis. Because many capital BMPs
were instituted during the current data collection period, improvements in water
quality will be discussed in more detail in the next annual report.

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) which 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:

e Quarterly and annual monitoring required by the NPDES permit;
e Sampling specified by the Stipulated Agreement (Brasher, et. al., 1995);

o Stormwater Receiving Environment Study (SRES, Condition S.8 of the
STIA NPDES pemmit), and ‘

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

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

Aircraft Movement Area (mainly runways, taxiways)
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discharge monitoring report
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ground support equipment
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Seattle-Tacoma International Airport
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Executive Summary

This report is provided to the Department of Ecology as required in Special
Condition S9 of the NPDES Permit (WA-002465-1) for the Seattle-Tacoma
Interational Airport (STIA). The report presents and reviews data collected from
STIA stormwater outtalls only for the period of July 1996 through May 1997. This
report does not cover the airport’s 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. In early 1997, the Port completed and
concluded all sampling required by the Stipulated Agreement (Brasher, et. al.,
1995). A permit modification in August 1996 added sampling requirements for
three additional outfalls, SDN4 (011), B (013), and D (015). The Port completed
three consecutive quarters of monitoring for outfalls B and D and will reduce future
monitoring to an annual basis as allowed by the NPDES permit.

Consistent with the previous Annual Report (POS, 1996a), the current results
continue to show very positive results for STIA stormwater runoff. Runoff from the
airfield (runways and taxiways) is cleaner than comparable regional areas and
landuses. Copious data show that most metals, petroleum hydrocarbons and
glycols were consistently not detected. This is true particularly for the 8 airfield
outfalls where discharges are cleaner than the terminal and “landside” outfalls.
Several public roadways drain to the landside and terminal outfalls, and
consequently, bias the STIA results for metals, petroleum hydrocarbons, and
other vehicle-based pollutants.

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

hydrocarbons and glycols were consistently not detected. This is true particularly
for the 8 airfield outfalls.
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In samples taken at the outfall before stormwater mixes with the receiving waters,
data for total copper appear at concentrations above toxic criteria for the receiving
waters (WAC 173-201A). A direct comparison, however, is not appropriate °
without allowing for the inevitable mixing of the stormwater discharge with the
receiving water. A wealth of regional data show that copper in urban stormwater
in the Puget Sound region regularly exceeds these criteria without mixing in the
receiving water. The most conservative total copper concentrations used to
compare to STIA results in this report, were actually receiving water (instream)
data. These results for a Bellevue stream’s stormflow samples exceeded the
acute total copper criterion by a factor of two (Bellevue, 1996). Even baseflow
samples in other urban creeks in the Seattle metropolitan area exceed the acute
total copper criterion.

Fecal coliforms continued to show occasionally elevated levels in runoff from
subbasins SDE4, SDS1, and SDS4. However, recent BMPs and other projects
may eliminate some potential sources. The Port believes wild animals or birds to
be a possible, yet unmanageable source. Ongoing investigations aim to continue
vigilance and take appropriate actions where necessary.

Estimates of stormwater unit-loads show that the Port discharges considerably
less than typical roadways and commercial areas on an annual basis. Suspended
sediment and metals unit loads were more than 2 orders of magnitude (100X) less
than for commercial areas. Copper, lead and zinc unit loads were 10 to 100 times
less than from commercial areas.

In the past year, the Port completed 5 capital BMPs at a total of more than $450K
designed to reduce or eliminate pollutants in STIA stormwater. Each BMP
reroutes drainage from the SDS to the IWS. Three aircraft service areas were
completely eliminated from storm drains SDS1 and SDE4. Another aircraft
cargo/service area in SDN2 was connected to a pump station designed to operate
during the wet season. These four areas were previously sources of aircraft
deicing glycols found in stormwater. In addition, the Port's maintenance shop yard
drainage was re-routed to the IWS. Data collected in the next winter season
should show dramatically reduced glycols in SDN2 and SDE4 discharges, and
elimination of glycols in SDS1 discharges.

2 AR 033520
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Through recent stormwater monitoring, the Port discovered and eliminated several
inappropriate stormdrain connections. Washwater from a food service loading
dock drain elevated BODs and surfactants in SDN1 baseflow and runoff. Overflow
discharges from IWS pump station #283 in the terminal parking area caused
elevated BODs and surfactants in SDE4 baseflow and runoff. The Port has
eliminated both of these inappropriate connections from the storm drains.
Automatic landscape irrigation sprinklers caused mysterious, but innocuous early
morning discharges in SDN1 during dry weather.

With Ecology permission, the Port moved the sampling station for SDN1 so that it
is now above offsite inputs from more than 3 acres of SR 518 and phblic
roadways. Upstream and downstream samples show that these roadways have
been responsible for elevated FOG and TPH that biased samples at the previous
SDN1 sampling location.

The Port completed the Stormwater Receiving Environment Study (SRES) in June
of 1997 (POS, 1997a). Because that report discusses mostly instream
stormwater issues, no further discussion appears in this annual report.

Two snowfall episodes occurred in late 1996. An extreme winter-weather
sequence over more than a week during the Christmas holiday period resulted in
extensive runway and aircraft deicing. Snowfall of more than 16 inches, plus more
than 5 inches rainfall on the accumulated snow caused many regional runoff
problems. Certain amounts of the Port's plowed snow contained aircraft and
runway deicers. The Port monitored runoff from select outfalls during the two
winter-weather periods.

Elevated BOD;s was attributable to glycols and runway deicers in snowmelt
monitored at the north storage area within the SDN2 subbasin. It took only about
4 days for BODs concentrations to drop below 1000 mg/l in the snowmelt.
Concentrations of both BODs and glycols dropped below 100 mg/l about one week
after the snow was originally plowed and began melting. Even though the
snowpile remained for three months, glycols from the snowmelt remained at low
levels below 100 mg/l after the first week. By the end of November this year, the
Port will construct three snow storage facilities that drain snowmelt to the IWS.

3 AR 033521




Aircraft deicing was very intense during the two winter-weather periods, with
nearly 600 aircraft deiced during the 4-day December episode. The number of
aircraft deiced in each episode was similar to the two 1995-96 winter events, but
due to the severity of the weather, airlines applied nearly as much glycol during
these two periods as they reported during the previous year. As'a result, glycols
and BODs concentrations were higher in the severe December event.

During these two severe winter weather episodes, runways and taxiways were
deiced multiple times. Deicing chemical application resulted in stormwater
pollutants generally below any toxic levels, although no standards exist. No urea
was applied and the data reflect low ammonia concentrations except those
attributable to the limited urea used to keep roadway sand stockpiles from
freezing. Concentrations of ammonia were more than an order of magnitude
(10X) less than the receiving water toxic criterion. More than 80% of the BODs
attributable to acetate-based deicers washed off in the first inch of rainfall after
deicing. 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. These washoff
functions agree with conclusions reached in last year's Annual Stormwater Report.

Aircraft deicing glycols in STIA stormwater appeared only in subbasins where
aircraft were deiced or glycols dripped or sheared-off during taxi and takeoff.
Glycol shear from aircraft is not regulated in stormwater. Glycols continue to be
rarely present: they were undetected in 73% of all 163 samples analyzed over the
past three years. Glycols were never detected at SDN4, and detected only once
in more than 25 samples from the SDN1 and SDN3 outfalls, with each detection
barely 1 mg/l above the detection limit. Monitoring over the next winter season will
show the effectiveness of three major capital BMPs completed in 1996-97 that
eliminate or reduce glycols in stormwater in subbasins SDE4, SDS1 and SDN2.
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Introduction

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

j pursuant to Special Condition S.9 of the NPDES permit. This report collects and
' analyzes stormwater data collected in the past 4 quarters. Water quality data
j from STIA’s stormwater discharges is compared to relevant regional and national

‘ data on both a concentration and unit load basis. Because many capital BMPs

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

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) which drains runoff to the Industrial Waste
Treatment Plant (IWTP). Monitoring data from the IWTP are not included in this

/

report.

,.l Sources of Reported Data

, l Data reported and analyzed in this annual report are limited to discharges from
stormwater outfalls only and include:

'I * Quarterly and annual monitoring required by the NPDES permit;

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

e Stormwater Receiving Environment Study (SRES, Condition S.8 of the
l‘l STIA NPDES permit), and
'l » The runway deicing washoff study described in last year's annual repon.

l Note that data previously submitted to Ecology in the monthly discharge
monitoring reports (DMRs), was data for only those storms and sampling routines
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that fully met the criteria of the Port's Procedures Manual (POS, 1997b). In
addition to the DMR data, this report contains additional data from other samples.

Requirements for the Annual Report

Special Condition S.9 of the pemmit states:

"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 leamed from the data, and any new initiatives to be undertaken as part of
the Stormwater Pollution Prevention Plan required in condition S10." Ecology
authorized the 11-month reporting period (and an October 1 submittal date) for
this report because it comprises four complete quarters, two of which are under
the “new” quarter system (POS, 1997c, 1997f).

Further, the permit requires in Special Condition S3C 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 (inches)
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.
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Background

Stormwater Monitoring Program

The Port conducts a comprehensive stormwater monitoring program that fulfills a
considerable array of substantial and unique requirements contained in:

* Quarterly and annual monitoring required by NPDES permit condition S3;

* the runway deicing washoff study described in last previous annual reports,
and

e other special studies.

The stormwater monitoring program has been in place since 1993 pursuant to the
NPDES permit number WA-002465-1, issued June 30, 1994. The Port conducts
specific monitoring activities described in the Procedures Manual (POS, 1997b).
The Port submitted the first and second annual reports on August 30, 1995 (POS,
1995a), and November 18, 1996 (POS, 1996a). In 1996, the Port concluded
additional monitoring that was part of the SRES and the Stipulated Agreement.

Subbasin categories

Table 1 shows that STIA stormwater subbasins fall into three general categories:
“landside”, terminal, and airfield. Subbasins SDS3, SDS4, SDW3, SDN2-SDN4,
B and D drain the airfield, officially designated the Aircraft Movement Area (AMA),
containing the airport runways, taxiways, and open space.

The SDS1 “terminal” subbasin, which was dramatically reduced from 40 to 6 acres

in the past year by two capital BMPs, now drains mostly rooftops on the aircraft

side of the terminal. However, because the majority of data for SDS1 predates
these BMPs, this subbasin will continue to be treated as “terminal” for this report.
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Table 1 Outfall Nomenclature Cross Reference

“PoR Principal
i nomenclature Activity
SDE4 landside
SDSH1 terminal
SDS2 open space
SDS3 airfield
SDN1 landside
SDN2 airfield
SDN3 airfield
SDS4 airfield
SDw3 airfield
SDN4 airfield
EY landside
TY landside
B airfield
D airfield

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 SDN2, SDN3, SDS4, SDW3, B and D. In contrast, non-
Port off-site stormwater enters upstream from the sampling points for subbasins
SDE4, SDS1, SDS2, SDS3, and SDN1:

e The total area draining to SDE4 (outfall 002) contains a limited non-Port
area of commercial property and public roadway along the International
Boulevard corridor producing runoff from the City of SeaTac.

e In addition to the Port's SDS1 subbasin, a portion of South 188th Street
drains to the outfall sampling point. Because two recent BMPs reduced the
Port's SDS1 area dramatically from 40 to 6 acres, runoff from South 188th
Street is now a more dominant fraction of the total. This non-Port runoff
cohld upwardly bias monitoring results for vehicle-source pollutants such as

11 AR 033528



metals and petroleum products. Trends will be identified in subsequént
annual reports.

In addition to the Port's SDS2 subbasin, non-Port commercial property
along 16™ Avenue South, 1,200 linear feet of 16™ Avenue South roadway
itself plus at least 300 linear feet of westbound South 188th St. also drain to
the sampling point. Therefore, non-Port runoff comes from at least 1.3
acres of City of SeaTac public roads and parking (10% of the subbasin
area). The sampling point cannot be relocated to exclude this non-Port
runoff because the first point of accumulated Port runoff from the entire
basin lies downstream of the non-Port stormwater inputs. Furthermore,
because the non-Port runoff originates from impervious surfaces, it will
reach the sampling point before the Port's runbff. There is dense, regular
non-Port vehicle parking activity along the gravel shoulders of 16th Avenue
South. As a consequence, the offsite runoff may upwardly bias the Port's

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

The outfall and sampling point for subbasin SDS3 is downstream from
2,000 linear feet (approximately 3 acres) of South 188th Street that also
drains to the Port's SDS3 outfall. Though this City of SeaTac roadway
drainage area is less than 1% of the total Port SDS3 subbasm it could
upwardly bias sample results attributable to vehicle-source pollutants.
Because this non-Port drainage area is highly impervious and immediately
upstream from the sampling point, grab samples for FOG and TPH taken
early in a storm hydrograph could reflect this bias.

Until December 1996, the sampling point for subbasin SDN1 (Outfall 006)
was in manhole SDN1-27 on the shoulder of SR 518, This sampling point
receives runoff from at least 3 acres of public roads including SR 518,
South 154th Street, 24th Avenue South, plus abandoned stormdrains along
South 154th Street that carry groundwater baseflow. Total Port property in

12 AR 033529
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SDN1 is about 14 acres. Paired upstream/downstream samples in the
current reporting period show that the offsite runoff from SR518 elevates
FOG and TPH concentrations sampled in SDN1-27. As a result, with
Ecology permission, the Port moved the sampling location to manhole
SDN1-22 which eliminates the offsite runoff. Ecology concurred with

moving the monitoring location.

Storm Sémpling procedures and analytes

The Port targets storms of at least 0.20” preceded by 48 hours with no rainfall
events greater than 0.10”. The Port’s Procedures Manual (POS, 1997b) describes
the criteria for sample storm events, and describes all relevant sampling,
programming and handling necessary to comply with requirements of the permit.
The reader is referred to this document for additional sampling details.

Sampling frequency and poliutant analytes

The Port samples storms quarterly at 10 of 14 permitted outfalls. Sampling at two
of these outfalls (B and D) will be reduced to an annual basis as allowed by the
NPDES permit condition S3.4 footnote c. At two other permitted outfalls, SDS2
and SDW3, one storm is sampled per year. Table 2 lists required pollutant
analytes, methods and detection.

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 first collect a
one-gallon grab sample taken after the “enable” conditions are satisfied, and then
continue to 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 staff to monitor stormwater. Safety reasons preclude manual
grab sampling below grade in the confined spaces of manholes at SDE4, SDN2,
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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 and approved the Port's Procedures Manual (POS, 1997b).

Table 2 Pollutant Analytes, Methods and Detection Limits

Subbasins (refer to Table 1_

Analyte Method' Detection  Airfield EY SDS2  Miller Creek
limit (mg/l) outfalls®  TY sbDw3 Outfalls®

pH 150.1 0.10 X X X
FOG (Oil and
Grease) 413.1 1.0 X X X
TPH (total petroleum | 418.1
hydrocarbons)* mod 1.0 X X
Fecal coliforms 9221 E 2 X X
TSS (total |
suspended solids) 160.2 0.50 X X X X
Turbidity 180.1 0.10 X X X
BODs 405.1 4.0 X X X
Total Ammonia 350.2S8 0.010 xX* X
Total Glycols® GC FID 5 X* X
Total Recoverable
Priority Pollutant 200 varies, see | X*
Metals® Table 7
Surfactants 425.1 0.10 - X* X

1. Method refers to EPA-600/4-79-020, March 1979. Fecal coliform method refers to 18th edition of

Standard Methods for the Examination of Water and Wastewater, or as revised.

2. Includes SDE4, SDS1, SDS3, SDS4, SDN1, SDN2, SDN3, and SDN4
3. SDN1, SDN2, SDN3, L. Reba outlet For Stipulated Agreement
4. Washington Department of Ecology method WTPH-418.1 Modified.

5. Analyzed by Gas Chromatograph, Fiame lonization Detector.

6. Total recoverable metals analyzed by atomic absorption (AA) furnace,

analyzed by Cold Vapor method.
* except outfalis B and D. ** Total recoverable copper, lead and zinc only for outfalls Band D.
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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
reporting year, July 1996 through May 1997 are compared to the data for the
entire three-year period (to July 1994). The data are compared on the basis of
concentration, annual loading, and unit loading among the outfall categories.
These metrics are also compared to relevant regional and national data.

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

o the airfield subbasins are: SDS3, SDS4, SDWS3, SDN2, SDN3, SDN4, B
and D,

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

e the terminal subbasin is SDS1.

Stratified Data Set for Stormwater Discharges

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

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

a) regular quarterly NPDES monitoring,

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

¢) certain Miller Creek outfall samples for the Stipulated Agreement, and
d) certain events monitored by the SRES

2. Samples analyzed for glycols during aircraft anti-icing and deicing operations
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3. Other monitoring not required by the NPDES permit:
~a) Runway deicing events (runways, taxiways, and ramps inside the AOQA)

b) Stipulated agreement sampling at the Milier Creek outfalls

c) Special investigations

Stratum 1: NPDES samples

Stratum 1 includes samples taken for at least four different objectives (1a, 1b, 1c,
and 1d). Sampling for each of these objectives took place on a similar basis: a
flow-weighted composite sample taken during a storm that met criteria. Because
these samples share this common basis, they are examined together.

Results from flow-weighted composite samples approximate an average value of
a particular pollutant during the portion of the hydrograph sampled. Results from
composite samples are relatively comparable storm-to-storm, and site-to-site. In
addition, composites give more representative results than discrete grab samples
despite the difficulty in composite sampling.

Because sampling over the entire event hydrograph is neither required by the
permit, nor practical, most of the Port's data in Stratum 1 represent a “sample
mean concentration” or SMC. The SMC may be different from an event-mean
concentration (EMC) represented in turn by composite samples taken over the
entire duration of the hydrograph. The City of Bellevue also made this distinction
in their recent report (Bellevue, 1996). All data reported in stratum 1 represent
SMCs, with the exception of pH, fecal coliform, FOG, and TPH data which are
from grab samples as required by the permit.

Stratum 2: Glycols

Stratum 2 data are from a variety of samples where glycols were analyzed. Per
the Procedures Manual (POS, 1997b) these samples may be either flow-weighted
composite or time-composite samples. These samples were from storm events in
strata 1, 3 and 4 whenever glycol was analyzed. This stratum therefore
aggregates all glycol data. Multiple time-series samples taken during runway
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deicing events are aggregated into average glycol values for each event at a
particular outfall.

Stratum 3: Other monitoring not required by the NPDES permit

Stratum 3 segregates data from
1. monitoring during runway deicing events (the “washoff study”),
Stipulated Agreement monitoring data,
snowmelt montioring study,
special investigations, and
Quality control field samples.

LSRR

Washoff study

For the past three seasons, the washoff study has been monitoring water quality
from two outfalls during winter-weather runway-deicing. These samples

monitored runoff during and after periods of deicing chemical application to the
runways, taxiways, and terminal areas inside the AOA. The monitoring scheme
provides data for “pollutagraphs” and “loadagraphs” which depict variation in BODs
concentration and load over the course of the runoff. These metrics identify when
the majority of the BODs load washes off as a function of accumulated rainfall, or
“washoff function”. This monitoring project and sampling is not required by the '
NPDES permit.

Monitoring took place over several days on a time-composite basis which is
different from Stratum 1. Because they cause atypical stormwater quality
occurring on the average twice per year at STIA, data analysis for runway deicing
events requires a special stratum. Some samples in the other strata were also
taken during a runway deicing event and included here as applicable.

Miller Creek samples for the Stipulated Agreement
This group of stormwater data includes a summary of samples taken at the Miller

Creek outfalls for the Stipulated Agreement. These samples were generally flow-
weighted composites, yet some were discrete samples, or time-composites
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depending upon the situation. The Stipulated Agreement did not require particular
sampling and storm criteria. Several samples share data with other strata.

Stormwater Data Reduction

The following subsections present 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 entire 3 year NPDES permit sampling history.
Because objective criteria for 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),

e Instream stormwater discharge data from Sturtevant Creek (downstream
site), 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 and had similar sampling protocols. In
general, using this very conservative approach will help establish that the Port's
stormwater is not unusual, and is actually “cleaner” than other urban runoff.

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 strictly to the receiving waters.
These criteria apply only to the condition of the receiving water itself, not at the
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end of the pipe. Dilution factors are allowed and must be computed before
applying any standards to stormwater data.

Because many make the direct comparison without dilution anyway, note that all
fecal coliform, copper, lead, and zinc comparators exceed the acute criteria. Even
though the acute metals criteria in Table 3 were calculated at a rather low
hardness of 28 mg/l, the copper lead and zinc comparators still exceed criteria at
a hardness of up to 40 to 100 mg/l, which is not unusual for western Washington.
Toxicity decreases with increasing hardness. These comparator and WA State
criteria values are for total recoverable metals.
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Table 3 Stormwater Quality Comparators’

Note: Best Comparative Values Shaded

OHs LN~

Bellevue, 1996 data for "Sturtevant Creek, downstream" site

Criteria are for class AA receiving waters, see WAC 173-201A
Ammonia values and criterion expressed as total ammonia, not as ammonia-
Ammonia criterion for pH 6.5 to 8.0 and temperatures 5° to 20°C
For Turb, Cr, Cu, Pb, and Zn, BURP 1984 data was m

are better comparators because they represent median

N

Mar, and Homer, 1982).

Total recoverable metals. WA State acute criteri
hardness using WDOEs “TSDCALC6.XLW" spre
the receiving waters (source: Stormwater Recei
8. Highway runoff in England (see Booth and Ho
9. Highway runoff from an IS location in Seattle with 57

20

Stud WA State Criteria®
~|Pollutant units NURP, | BURP, | Metro, Bellevue, | Highway (acute)
1983 | 1984 | 1982 | 1996° | Runoff

pH std units i 7.2-7.8 6.5-8.5
FOG __ |mg/ 25 | 78 30 no criteria
TPH mg/t no criteria
Fecal mpn per [1000 to| 980 50
coliforms 1100 ml | 21000

BODs mg/l 9 no criteria
TSS mg/l 100 82.3 106° no criteria
Turb mg/l 19 based on background
NH3*  Img/ 0.58 6.8 - 32.6°
glycols _|mg/l not analyzed in any of these studies no criteria
Surt mg/l <MDL no criteria
ICd (TR)” jugn 0.7 0.93’

Cr (TR)” |ug/ 7 6127

Cu (TR)’ |ug/ 34 20 43° 5.3

Pb (TR)” |ug/! 144 | 170 | 210 466° 16’

Zn (TRY lug/l 160 | 120 | 110 638° 40’

(TR)’ fug/! 360’
Ni (TR)’ |ug/ 7.3 483’
v log- metals
statistic reported: median| mean®, | mean | normal | mean | criteria’ at
, ' median median hardness = 28 mg/I
Biank space means no data available, reported, or applicable _

nitrogen
ean of grab samples, therefore Bellevue, 1996 data

a expressed as total recoverable, calculated at 28 mg/i
adsheet. The hardness value is the 10th percentile for
ving Environment Monitoring Report, POS, 1997)

mer, 1995)
,000 ADT, 43 to 54 storm samples in 1980-81 (Chui,
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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.
For purposes of this report, when any pollutants were not detected, one-half the
detection limit was assumed to be the concentration present. This approach is a
common practice. 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 under
estimate typical values considerably, which could bias conclusions. Figure 2
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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frequency

pollutant concentration

Figure 2 Median and mean values for data with different distributions

Most studies assume log-normal distributions, though few actually go on to
confirm this assumption statistically. The City of Bellevue did so in their recent
report of several years’ worth of stormwater data (Bellevue, 1996). TSS and
BOD:; for STIA outfalls were found to be log-normally distributed using the
regression method described in Supplement S-6 to Statistical Guidance for
Ecology Site Managers (WDOE, 1990). Therefore, 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, 50% of the time the data fall within values highlighted by the box. If the
median is not in the center of the box, it shows that the data are skewed, further

highlighting the log-normal possibility. SPSS software was used to generate the
box plots appearing below (SPSS, 1993).

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
22
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“typical” values, outliers usually represent unusual conditions, atypical of what one
could expect on a day-to-day basis.. Thus, the box plots show two separate
circumstances. SPSS reports two types of outliers: those more than 1.5 box-
lengths from the 75th percentile as “0”, and those mOré than 3.0 boxiengths as “+”

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

General box plots showing difference between runoff quality for each of the three
subbasin activity types (airfield, terminal, and landside) may have smaller scales
than the box plots showing the data for each outfall. The general box plots show
the overall difference between the subbasin categbries while the outfall boxplots
have increased scales as appropriate to show any outlying values.

Loading Estimates

To add more information about STIA’s stormwater discharges, this year's report
presents an estimate of unit loadings for total suspended solids (TSS) and three
principal metals. Loading estimates are not a permit requirement, but provide
another degree of sophistication useful in assessing water quality beyond
concentration data alone. Throughout this report, the STIA unit loading estimates
will be compared to unit loads published for other typical urban land uses.
Loading estimates are by no means exact and should be viewed only as general
order-of magnitude estimates.

The unit load is a rate term that estimates the annual amount of a pollutant
generated or exported per unit of subbasin drainage area. Unit loads can be
compared amongst sites and over geographical areas. Unit loads reflect the
general extent of activity, land disturbance, or other factors important in
characterizing the water quality of a particular drainage area.

Each loading estimate presented in Table 4 is based upon the sampling history for
each STIA subbasin, encompassing up to three years and 14 to 23 storm
samples. Each estimate is based in turn upon an estimate of total annual runoff
for a particular subbasin. Loading estimates use the method of Marsalek (1990),
which is summarized in Appendix C. The ranges given reflect the 90% confidence
interval.
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Table 4 Unit Load Estimates and Comparisons

Unit Load, kg/_ha-ﬂ Comparative Unit Loads?, kg a-yr

STIA outfalls’ i Single-family Res.

14 21 30 281 502] 723
12 15 19' na na nal na naj na na nal na
Total Copper 0.04 0.05 0.06| 0.03 0.06/ 0.09 1.1 211 32 0.09 0.18] 0.27,
Total Lead 0.01 0.03} 0.08 0.49 078/ 1.1 1.6 3.1 47 0.03 0.06] 0.09
0.13 0.20] 0.32 0.18 0.31 0.45 1.7 3.3 4.9L 0.07 0.13] 0.20
1. 12 outfalls: SDE4, SDS1-SDS4, SDW3, B, D, SDN1-SDN4

2. from Booth and Homer, 1995.

Stratum 1: all NPDES “Storms”

The following sections and figures present and discuss results within Stratum 1, all
NPDES Storms, for each parameter. The tables in Appendix B present the raw
data for all Stratum 1 data. Figure 5 through Figure 31 compare results for each
subbasin, one to another, using box plots. Comparing 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 vaiues 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.
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FOG and TPH in grab samples
Method biases indicated in results

Because FOG and TPH both relate largely to anthropogenic petroleum poliutants,
both are discussed concurrently. TPH is a subset of FOG therefore, all TPH
values should be less than or equal to the FOG results. Thus, any petroleum
hydrocarbons showing up in the TPH analysis should also show up in the FOG
procedure. However, TPH exceeded FOG in 18 samples. Minor differences
could be attributable to loss of volatile fractions during solvent boil-off in the
gravimetric-based FOG analytical method. Differences between TPH and FOG of
more than about 1 mg/l show that results from the two methods are not
comparable due to this method bias. Eleven of the 18 samples had a difference
between TPH and FOG of more than 1 mg/l.

Substantial portions of gasoline through #2 fuel oil (diesel) are lost in the FOG
gravimetric method process (APHA, 1995). In contrast, TPH (method 418.1) is
analyzed by infrared absorbance without solvent boil-off. The TPH method should
not produce a low-biased, or “false negative” result possible with the FOG method.
Therefore, TPH is a more reliable indicator of anthropogenic petroleum poliutants,
specifically the fuels and lubricants that might be present in STIA stormwater.
Because the FOG gravimetric method 413.1 is not equivalent to the infrared FOG
method 413.2 (per 40CFR Part 136.3), the Port could not substitute the more
reliable FOG method.

In addition, FOG results are subject to interferences from other organic
hydrocarbons such as chlorophyll and the biological lipids found in animal and
vegetable fats and oils (APHA, 1995). Instances where the FOG results are
higher than the TPH results indicate these interferences. These interferences act
to high-bias results creating non-representative data and “false positives” if one is
concerned primarily with anthropogenic hydrocarbons. Future samples will be
analyzed by approved methods less susceptible to such bias.
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Also illustrating method biases are unusual FOG results from three samples taken
on March 5, 1997" Itis highly unlikely that the SDE4 and SDN3 outfalls each
experienced in the same storm an FOG value that was nearly 10 times the
historical maximum. These elevated values were attributed to absorption of water
during sample drying and operator error (Aquatic Research, 1997). Standard
Methods (APHA, 1995) acknowledges that the FOG method is sensitive to this
type of interference. In addition, TPH results for these samples were much less
than the FOG results. The SDN3 030597 sample TPH result was non-detected.
In these cases the large difference between FOG and TPH results 1) corroborates
the laboratory error, 2) indicates the possible FOG interferences, and, 3) shows
that petroleum products were absent or at very low concentrations.

STIA general results

The results discussed below demonstrate that the STIA concentrations of both
pollutants are consistently less than in stormwater from commercial and
residential land uses. Furthermore, airfield stormwater had far less FOG and TPH
than the terminal and landside subbasins. Results from the past year continue to
indicate the following conclusions stated in the 1996 Annual Report (POS, 1996a).

1. FOG in STIA runoff over the past three years ranged from non-detectable to
21 mg/l, with an overall median of 1.4 mg/l, about fifteen times less than the 30
mg/l mean in a City of Redmond study (Redmond, 1990). Seventy five percent
of all STIA FOG (160 samples) was less than 2.9 mg/l, less than the 3.7 mg/|
median reported by Bellevue, 1996.

2. FOG and TPH were not detected in 40% and 61% of all STIA stormwater
samples, respectively. This means that more than half the samples had no
detectable traces of petroleum hydrocarbons. TPH was never detected at
outfalls SDS2, SDN4, and B. TPH was also absent in more than 80% of the
16 to 18 samples at airfield outfalls SDS3, SDS4, and SDN3. TPH was absent
in 56% of the 16 samples at airfield outfall SDN2.

3. In general, Figure 3 and Figure 4 show that the highest TPH and FOG came
from terminal and landside subbasins. These subbasins have large areas of

' FOG resuits for these samples were rejected and the outfalls re-sampled at the next available storm event.

Because the problem was rectified in the subsequent month, these elevated FOG results for outfalls
SDE4, SDNS, and TY were reported on the March 1997 DMRs.
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paved vehicle driving surfaces unlike the airfield subbasins. Only FOG and
TPH data from the landside and terminal areas tend to approach the
comparétive value of 3.7 mg/l. Because 4 out of 5 results for TPH at subbasin
D were at or below the MDL, the higher FOG values (shown by comparing Fog
in Figure 6 to TPH in Figure 8) can be attributed to non-petroleum
interferences as discussed above.

4. Nearly 75 percent of the TPH data for both SDE4 and SDS1 are below the
comparator value of 3.7 mg/l. These two subbasins border aircraft service
areas in contiguous IWS areas. These data establish that the IWS effectively
isolates aviation-related fuel spilis and drips from the storm drains.

Trends and outliers

Comparing current year data to the three-year history shows stable or decreasing
median values and ranges of both FOG and TPH. The BMPs that recently
removed aircraft and GSE service areas from subbasins SDS1, SDE4, and SDN2
will result in further decreases apparent in future data.

As discussed in the last Annual Report (POS, 1996a), Figure 5 and Figure 6 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 57% of the 14 samples at the EY. Current
data support the trend of low or non-detectable FOG at the EY.

Note that SDE4 had both FOG and TPH outliers on February 3, 1996 and January
16, 1997. In June 1997, a 10" overflow pipe from an IWS pump station was found
to be connected to manhole SDE3-91, part of the SDE4 stormdrain. Occasional
overflows are thought to be the source of both elevated FOG, TPH, and
surfactants in baseflows and storm discharges. The overflow pipe was:
permanently plugged in mid June 1997.

As discussed in the last Annual Report (POS, 1996a) an outlying TPH value of 6.6
mg/l for SDW3 was from an August 17, 1995 storm. This TPH value exceeded
the 2.9 mg/l FOG result by a factor greater than three, illustrating the bias
discussed above. These results suggest that lighter fuel fractions (e.g. gasoline
constituents) boiled-off during FOG analysis. This outfall typically has a
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backwater that forms with the S. 188th Street ditch. Fuels in runoff from the
heavily traveled S. 188th Street could have biased results upward in the samples
taken in this backwater. Two other samples taken earlier in 1995 do not show
detectable TPH, and, FOG was near or below the 1.0 mg/l MDL. Several cleaning
attempts to remove accumulated sediments and debris in late summer 1996 were
unsuccessful at removing the backwater. Therefore, 1996 samples were taken in

manhole SDW3-24 upstream of the backwater at this outfall. Three subsequent
TPH samples were at or below the MDL.

Dual upstream/downstream samples showed that public roads generate FOG and
TPH that have biased previous STIA results for SDN1. See Table 5. Because
these non-Port areas were suspected to bias STIA data, the Port requested
approval for moving the monitoring location from SDN1-27 upstream to SDN1-22
in September 1996 (POS, 1996b). Samples were collected at both locations for
comparison. In the Spring of 1997, the Port verified? that at least 3 acres of public
roadway including portions of SR 518, S. 154th Street, several abandoned
roadway stormdrains, and the 24th Ave S/S. 154th St. intersection drain to the

- original SDN1-27 monitoring location. Intersections can be sources of petroleum
products from idling and accelerating vehicles. In 1994, SR 518 had six times? the
annual average daily traffic (AADT) compared to the portion of Air Cargo Road
that comprises a more than 50% of SDN1 drainage. Therefore, the Port attributes
the relatively high FOG and TPH in SDN1 discharges shown in the last Annual
Report (POS, 1996a) to these non-STIA sources.

Table 5 SDN1 upstream/downstream FOG and TPH

FOG TPH
date | rain, in. | up* down*|up* down*
-10/4/96 0.59{<1.0 3.8| 0.5 3.0}
11/3/96 0.14{<1.0 2.5|0.39 1.3
1/16/97 1.15+{<1.0 n/al 2.1 3.6

* upstream point is manhole SDN1-22, downstream is manhole

SDN1-27

2 Verified 4/14/97 by dye testing inlets along SR518, 24th Ave S., and S. 154th St. Earlier remote television

inspection in February 1997 did not reveal connections due to equipment limitations caused by complex
pipe configurations and vertical relief in several manholes.
® Compare 56,750 AADT for SR518 to 9,450 AADT for Air Cargo Road.
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Median FOG from the TY continues to remain below the comparative value of 3.7
mg/l. This improvement is probably due to using oil-absorbent media in the catch
basin insert “socks” (“Streamguard” units), and increased vigilance by the STITA
Taxi Association, which leases this site. On March 5, 1997, there was a an FOG
outlier of 18 mg/l similar to that of 19 mg/l on October 16, 1985. The 1995 value
was probably due to a defective early design of the “Streamguard” insert (POS,
1996a). The Port replaced the older designs with improved units. The March 5,
1997 outlier was part of a sample batch that was subject to laboratory error
discussed above. However, because an elevated TSS result of 188 mg/I|
accompanied this sample, the catch basin insert may have failed, also contributing
to the elevated FOG value. :

Comparing FOG results with TY catch basin insert maintenance records in Table
6 shows that the inserts continue to perform well over periods up to 3 1/2 months.

Table 6 Taxi Yard Catch Basin Insert Performance

| storm date | last maint |FOG| TSS comment
~ |replaced] intervatl®
22-Mar| 3/11/96 11} 3.9 3 new bags installed
4/16/96] 3/11/96 36| 3.7 30|3 new bags installed
4/22/96| 4/18/96 4 2 23|2 new bags installed
7/3/96| 4/18/96 76 1.4 28{2 new bags installed
7/17/96| 4/18/96 90 1.9 13j2 new bags installed
8/2/96| 4/18/96 106 1.6 33]|2 new bags installed
10/4/96} 9/3/96 31 1.4 1714 new bags installed
2/11/97| 12/18/96 55 5.1 29}4 new bags installed
3/5/97| 2/15/97 18]187 |188% |4 new bags installed
mean 511 26 24.7

. number of days between replacement
. excluded from calculation because of potential laboratory error or malfunction of insent.
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FOG in STIA Stormwater
All data (July 1994 through May 1997
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area

65 resutts (40%) < MDL (1.0 mg/l) replaced with value = 1/2 MDL
compare to reference line at 3.7 mg/l (median: Bellewe, 1996)

Figure 3 FOG compared by subbasin activity

TPH in STIA Stormwater
All Data (July 1994 to May 1997)

airfield landside other teminal

area
86 results (61%) < MDL (0.25 mg/l) replaced with value = 1/2 MDL
compare to 3.7 mg/l reference line (median: Bellewe, 1996)

Figure 4 TPH compared by subbasin activity
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FOG in STIA Stormwater
Current data (4 quarters to May 1997)

SDN1 SDN2 SDN4 SDs2 SDSs4 TY
SDE4 SDNiwp  SDN\3 SDS1 - SDS3 SDW3

Outfall
38 results (57%) < MDL (1.0 mg/1) replaced with value = 1/2 MDL
compare to refemce line at 3.7 mg/l (median: Bellevue, 1996)

Figure 5 FOG compared in box plot for current year

FOG in STIA Stormwater
All data (July 1994 through May 1997

*03-FEB-96

s
N- 3 5 4 13 12 2 15 1 4 14 8 1% 1% 8 1
B EY SDN1 SDN2 SDN4 SDS2 SDs4 TY
D .SDE4 SDNiup  SDN3 SDS1 SDS3 SDw3
Outfall

65 results (40%) < MDL (1.0 mg/l) replaced with value = 1/2 MDL
compare to reference line at 3.7 mg/l (median: Bellewe, 1996)

Figure 6 FOG compared in box plot for permit history
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TPH in STIA Stormwater
Current data (4 quarters to May 1997)

Outfall

32 resuits (58%) < MDL (0.25 mg/l) replaced with value = 1/2 MDL
compare to 3.7 mg/l reference line (median: Bellewse, 1996)

Figure 7 TPH compared in box plot for current year

TPH in STIA Stormwater
All Data (July 1994 to May 1997)

(g«
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n
W
oy

I 2 16 18 4 15 8 17 16 7
B SDE4 SDN1up SDN3 SDS1 SDS3 SDw3
D SDN1 SDN2 SDN4 SDSs2 SDS4
Outfall

86 results (61%) < MDL (0.25 mg/l) replaced with value = 1/2 MDL
compare to 3.7 mg/l reference line (median: Bellewe, 1996)

Figure 8 TPH compared in box plot for permit history
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Suspended Solids and Turbidity
STIA general results

Both total suspended solids (TSS) and turbidity (Turb) are measures of
suspended material. In stormwater runoff, TSS and turbidity generally appear
proportional to one another. Turbidity generally indicates finer suspended material
such as colloidal clays and fine silts.

In general, Figure 9 and Figure 12 show that airfield subbasins produced less TSS
and turbidity than either the landside or terminal subbasins. Both median TSS
and turbidity values for all subbasins were below the comparative values of 50
mg/l and 29 NTUs, respectively. The 75th percentile for all grouped subbasins
was below these median reference values as shown by the dashed lines on these
figures. Therefore, this concentration-based data confirms that suspended
material in STIA runoff is much lower than in comparable regional urban areas.

Furthermore, unit loading estimates for TSS indicate that STIA runoff overall is
more than an order of magnitude (10X) less than typical roads, commercial areas,
and even single-family residential areas. The 90% confidence interval for the
STIA estimates does not even come close to overlapping that for single-family
residential areas. See the annual and unit load estimates presented in Table 4.

Trends and outliers

Comparing current year data to the three-year history shows stable or decreasing
median values and ranges of both TSS and turbidity. IN the past year, there were
only two aberrations in TSS data, the outlying values shown on Figure 10 for
outfalis SDE4 and TY.

The SDE4 TSS outlier on January 16, 1997 was probably due to the large
amounts of roadway sand applied during the freezing conditions in the prior
weeks. The Port applies sand to ensure public safety. This is similar to the TSS
and turbidity outliers for SDE4 and SDN1 in the February 3, 1996 storm that
followed roadway sanding. See Figure 10 through Figure 14.
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On March 5, 1997 there was a TSS outlier of 188 mg/l at the taxi yard (TY). The
Port utilizes flexible catch basin inserts as a BMP in the TY. This value may have
been due to malfunction of an insert where one of the fabric corners slipped into
the inlet, spilling accumulated sediments. The Port frequently inspects and
replaces these inserts as necessary. Table 6 shows that the Port’s maintenance
intervals are adequate and that the inserts continue to reduce TSS below 30 mg/l
over periods as long as 3 months.

Subbasin B showed elevated TSS and turbidity in a December 4, 1996 sample. A
minor construction project in near the perimeter road was responsible for the
elevated results. Appropriate perimeter BMPs were already in place during this
storm event. A gap in the filter fabric fence was fixed immediately and wood chip
muich applied as a cover practice to prevent further erosion. Because this sample
was one of 4 taken in the first year at this outfall, the elevated results skewed the
data. The low position of the median line in the relatively large box in Figure 10
and Figure 13 indicate this skew. Subsequent samples showed TSS and turbidity
similar to other airfield subbasins and near the comparative values. Therefore,
the elevated values are not representative of typical runoff, though they indicated
the need to repair several BMPs already in place.

As stated in last year's Annual Report, current data show that the gravel shoulder
of 16th Ave South continues to contribute sediments and turbidity to the SDS2
samples. Current data show turbidity values of 19 to 39 NTUs. Though the
median of these values is less than the comparative value of 29.4, the data are
skewed by non-Port runoff. Many vehicles park on this shoulder on a daily basis
disturbing the gravel-surfaced shoulder on the east side of this road. Turbid runoff
was observed draining in rills and gullies along this shoulder during the past year's
storm events. The Port has no jurisdiction of these public roadways. |

In summary, the main airfield outfalls SDS3, SDS4, SDN2, SDN3 and SDN4

produced less than the comparative values for either TSS or turbidity. STIA runoff
had less suspended material and turbidity than comparable regional areas.
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TSS in STIA Stormwater
All Data (July 1994 to May 1997)
100
80
60
_ 4
P
% 0
= -20 - - - -
N= <] & 7 15
airfield landside other terminal
area
compare to reference line at 50 mg/! (median: BURP, 1984)
MDL= 0.5 mg/|
Figure 9 TSS compared by subbasin activity
TSS in STIA Stormwater
Current Data (4 quarters to May 1997)
300 .
250
200 *05-M
__ 150
Ev 100
2 o e R G e N e ==
b= -50 _ . - - - . - - - = _ - - -
N= 4 3 4 5 4 2 4 E) 4 5 3 6 5 4 6
B EY SDN1 SDN2 SDN4 SDS2 SDS4 TY
D SDE4 SDN1up SDN3 SDS1 SDS3 SDW3
Outfall
compare to reference line at 50 mg/l (median: BURP, 1984)
MDL= 0.5 mg/l
Figure 10 TSS compared in box plot for current year
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‘TSS in STIA Stormwater
All Data (July 1994 to May 1997)

Outfall
compare to reference line at 50 mg/l (median; BURP, 1984)
MDL= 0.5 mg/l '

Figure 11 TSS compared in box plot for permit history

Turbidity in STIA Stormwater
All Data (July 1994 to May 1997)

area

compare to reference line at 29.4 NTU (median; Bellewe, 1996)
MDL=0.1 NTU

Figure 12 Turbidity compared by subbasin activity
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Turbidity in STIA Stormwater
Current data (4 quarters to May 1997)
I
S 180
E 10
2 s
9
£ o0
S
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N= 4 3 5 4 2 4 5 4 5 3 6 6 4
B SDOE4 SONiwp SDN3 SDs1 SDS3 SDW3
D SDN1 SDN2 SDN4 SDs2 SDs4
Outfall
campare to reference line a 29.4 NTU (median: Bellewue, 1996)
MDL=0.1 NTU
Figure 13 Turbidity compared in box plot for current year
Turbidity in STIA Stormwater
All Data (July 1994 to May 1997)
200 —
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°
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3
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N= 4 3 13 20 2 -t} 2 4 14 7 16 15 8
B SDE4  SDN1w SDN3 SDS1 SDS3 SDW3
D SDN1 SDN2 SDN4 SDSs2 SDS4
, Outfall
compare to reference line at 29.4 NTU (median: Bellewe, 1996)
MDL=0.1 NTU

Figure 14 Turbidity compared in box plot for permit history
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Ammonia

The ammonia reported is expressed as total ammonia, the sum of both ionized
(NH4") and unionized (NH3) forms: not ammonia-nitrogen. The principal source of
ammonia in past stormwater samples was the urea applied as a runway deicer. In
1996, urea use was limited to a small quantity used to prevent roadway deicing
sand stockpiles from freezing. These stockpiles were stored away from storm
drains inside maintenance buildings. Urea itself was not applied as a deicer in the
1996-97 winter. The Port completely discontinued the use of urea by the end of
1996 and successtully sold all remaining supplies to other industrial users.

STIA general results

This report compares STIA total ammonia values to total ammonia comparative
values and the Ecology acute toxicity criterion; see Table 3. Acute total ammonia
toxicity ranges from 6.8 to 32.6 mg/l over ranges of pH from 6.5 to 8.0 and
temperature of 5° to 20°C. Ammonia toxicity depends upon both pH and
temperature. It is important to note that the Ecology criterion applies to the
receiving waters, not to the end-of pipe discharge. All ammonia concentrations at
all STIA subbasins were well below any acute toxicity criterion. Therefore, there is
no toxicity caused by ammonia in STIA stormwater.

With the exception of SDN1, virtually 100% of the ammonia data for STIA
subbasins were below the most conservative comparative value of 0.17 mg/l
(BURP, 1984). See Figure 15. Total ammonia was not detected in 28% of all
samples in the current year and 17% for the three-year permit history.

Trends and 6utliers

Comparing Figure 15 with Figure 16 shows that in the current period there were
no outlying ammonia values. Previous elevated ammonia was attributable to the
urea used for runway deicing. As stated above, the Port's stormwater quality data
show a substantial decline in ammonia in samples taken during or shortly after
winter runway deicing events.
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Though well below any toxicity concern, SDN1 has shown higher ammonia than
other subbasins. An investigation in 1996-97 identified the cause was an
inappropriate connection at a food service facility. Baseflow sampling and dye
tests in April 1997 showed that the facility's loading dock drain connected to
manhole SDN1-25. Soaps and disinfectants used to clean the food service trucks
were the source of elevated BODs, and surfactants found in baseflow and storm
samples. These cleaners were also probably the source of ammonia as well. The
drain has been plugged and drainage rerouted to the sanitary sewer. The Port
believes this source to be the cause of previous elevated ammonia values
recorded at the original SDN1 subbasin monitoring point, manhole SDN1-27,
which is downstream of the facility.

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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Ammonia in STIA Stormwater
Current Data (4 quarters to May 1997)

12 results (28% of total) < MDL (0.01 mg/yreplaced with value = 1/2 MDL
compare to reference line at 0.17 mg/l (median: BURP, 1984)

Figure 15 Ammonia compared in box plot for current period

total ammonia, mg/i

Ammonia in STIA Stormwater
All Data (July 1994 to May 1997)

N= 13 21 2 21 P 4 14 16 14
SDE4 SDN1 SDN1 up SDN2 SDN3 SDN4 SDS1 SDS3 SDS4
Outfall

22 results (17% of total) < MDL (0.01 mg/lyreplaced with value = 1/2 MDL
compare to reference line at 0.17 mg/l (median: BURP, 1984)

Figure 16 Ammonia compared in box plot for permit history
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BODs

STIA General results

Figure 17 shows that airfield outfalls discharged less BODs than terminal and
“landside” outfalls. Overall, the airfield outfalls produced median BOD;s values
less than or approximately equal to the comparator value of 6.6 mg/l (BURP,
1984), which is just barely above the MDL of 4 mg/l. BODswas not detected in
41% of the samples taken in the past year. Aircraft deicing glycols are the
principal source of elevated BODs in certain outfalls. The Port has recently
completed three capital BMPs that will eliminate glycols from stormwater
discharges in subbasins SDS1 and SDN2.

Excluding from the data set the 4 elevated BODs values caused by glycols shows
that 55% of the data are below the 6.6 mg/l comparator, and over 88% are less
than 20 mg/l. Therefore, other than the known sources, there is no evidence to
indicate that BODs is a concern overall or at a particular outfall for causes other
than those discussed herein.

Trends and outliers

SDS1 and SDN2 showed elevated BOD; values similar to several outliers shown
in the previous report. Compare Figure 18 to Figure 19. One elevated value each
at these outfalls in the current period was from a January 16, 1997 sample.
Glycols were detected in both samples with values of 33 and 51 mg/l. The Port
has recently completed three capital BMPs that eliminate these glycol source
areas. In addition, the Port will construct three snow storage areas by November
1997. Monitoring during the next year will show that these BMPs effectively
eliminate BODs caused by aircraft deicing glycols.

As discussed under ammonia, the Port eliminated a source of BODs in SDN1
caused by an inappropriate connection. The Port believes this was the source of
the higher median shown in Figure 18 and the outlymg value of 194 mg/l on
9/14/94 shown on Figure 19.
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BODS5 in STIA Stormwater
All Data (July 1994 to May 1997)

* SuN |

area

27results (17%) < MDL (4.0 mg/l) repiaced with value = 1/2 MDL
reference line at 6.6 mg/l is BURP median

Figure 17 BOD; compared by subbasin activity
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BODS5, mg/|

BODS5 in STIA Stormwater
Current data (4 quarters to May 1997)

1
L — ] —
S S T S S s T S
B SDE4 SDN1up SDN3 SDS1 SDS3 SDW3
D SDN1 SDN2 SDN4  sDs2 SDS4

Outfall

23 results (41%) < MDL (4.0 mg/l) replaced with value = 1/2 MDL
reference line at 6.6 mg/l is BURP median

Figure 18 BOD; compared in box plot for current period

2 AR 033559

i

]

( \

S R N R R N A N N A T R N A T T T



w

BODS5 in STIA Stormwater
All Data (July 1994 to May 1997)
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Outfall
27results (17%) < MDL (4.0 mg/l) replaced with value = 1/2 MDL
reference line at 6.6 mg/l is BURP median

Figure 19 BODs compared in box plot for permit history

Fecal coliforms in grab samples

Data for fecal coliforms represent instantaneous values, rather than SMCs or any
other type of average. Fecal coliforms are analyzed only in grab samples.
Automatic sampler bottles are neither autoclaved nor sealed during automatic
sampling which is appropriate protocol in accordance with the Port's Procedures
Manual (POS, 1997b). Ecology has reviewed and approved the Port's
Procedures Manual.

STIA general results

Figure 20 shows that fecal coliforms are found principally in the terminal and
landside subbasins. Because more than 75 % of the airfield subbasin samples
showed fecal coliforms less than the comparative valug of 201 per 100 ml, the
Port considers that the airfield subbasins are not significant sources of fecal
coliform. In the past, elevated fecal coliforms appeared in SDS2 (the “other”
subbasin category). Because no Port sanitary sewers, septic systems or other
possible sources are located in the SDS2 area, the historic elevated values are
presumed to be from animal sources. ’
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Fecal Coliforms in STIA Stormwater
All Data (July 1994 to May 1997)

g

m —%GR6+—
_BBE

3

3

fecal coliforms, #/100 m|

400+
0
-400 - - - .
N= & ) 8 13
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area
23 results (17%) < MDL replaced with value = 1/2 MDL (varies 1t0 9)
compare to reference line at 201 per 100 mi (geomean Bellewe, 1996)

- Figure 20 Fecal Coliforms compared by subbasin activity

Trends and outliers

Four sampies taken in the current period indicated far less fecal coliforms than in
past years at both SDS2 and SDW3. Two of these samples were taken for the
Stipulated Agreement. Compare the dramatic decrease in the box plots shown in
Figure 21 and Figure 22. In addition, a baseflow and an equipment blank QC
sample taken.at SDS2 in the current period* showed very low fecal coliforms (13
and 2 per 100 ml, respectively). These results suggest that either the previous
source has vanished or errors were present in past sampies at both SDS2 and
SDWS. The sampling point for SDW3 was moved upstream prior to the current
year's samples, because contaminants in non-Port runoff in the backwater that
exists at the outfall could bias results,

Fecal coliform results for SDE4 remained elevated in the current year. This
continuing trend shows that either the previously suspected source (autoclave

* The basefiow sample was taken manually on December 19, 1996 in an autoclaved bottle. An equipment
blank was taken on January 16, 1997. ’
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dumpster drains in the service tunnel) was not the sole cause. The Port wili
continue to investigate possible sources and implement an appropriate BMP as
soon as practicable.

Three of the samples from SDS4 showed elevated fecal coliform levels above 500
per 100 ml in the current year. Last year, the source of elevated fecal coliforms
was believed to be the drainage from the former “duck pond” on the Tyee golf
course®. Because there are no sanitary sewer lines, septic tanks, or aircraft waste
transfer activities in the SDS4 subbasin, the continuing presence of these higher
levels of fecal coliforms suggests wild animal sources. In a recent urban stream

' study, 78% of fecal coliforms detected were traced to animals (King County, 1995)

as opposed to human sources. The Port will continue to monitor fecal coliforms in
the SDS4 subbasin.

In the current period, 2 of 5 samples from SDS1 had fecal coliform counts of 1600
or higher. Both of these samples predated the latest capital BMP that removed
aircraft service areas. Consequently, two samples taken after completion of the
BMP showed a dramatic drop in fecal coliform counts. The Port will continue to
investigate possible sources of fecal coliforms in the SDS1 subbasin.

In summary, fecal coliforms are not present at levels of concern in samples from 9
of 12 outfalls. Elevated fecal coliforms are found occasionally in samples from the
SDE4, SDS1, and SDS4 outfalls. Dramatic decreases in results for the SDS2 and
SDWB3 outfalls suggest the absence of previous sources or the presence of past
sampling errors. The Port will continue to investigate potential sources and take
appropriate BMP actions as required.

® The “duck pond” was filled in the summer of 1996 during construction of the runway 34R safety area project.
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Fecal Coliforms in STIA Stormwater

Current Data (4 quarters to May 1997)
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7 results (11%) < MDL replaced with value = 1/2 MDL (varies 1 to 9)
compare to reference line at 201 per 100 ml (geomean Bellewe, 1996)

Figure 21 Fecal coliforms compared in box plot for current period

Fecal Coliforms in STIA Stormwater
All Data (July 1994 to May 1997)
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compare to reference line at 201 per 100 ml (geomean Bellewe, 1996)

Figure 22 Fecal coliforms compared in box plot for permit history®

® sbw3 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 autociaved 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. Surfactants in raw
domestic wastewater range from about 1 to 20 mg/l and are generally below 0.1
mg/l in natural waters (APHA, 1995). Values above approximately 4 times the
detection limit, or about 0.4 mg/l would tend to indicate a positive presence of
surfactants in STIA runoff. The test method is an aggregate of anionic surfactants
that react with methylene blue, or methylene blue active substances (MBAS).
Because MBAS includes far more substances than anthropogenic detergents, the
method is subject to positive and negative interferences (APHA, 1995).

STIA general results

Comparing results to a value of 4 times the MDL, Figure 23 shows that surfactants
did not appear at the airfield outfalls, where they were not even detected in 57% of
the 64 samples. Surfactants appeared infrequently at the landside and terminal
outfalls. Over 35% of all samples were below the detection limits. Therefore,
surfactants generally do not appear to be a problem at STIA.

Trends and outliers

Figure 24 and Figure 25 show no increases in surfactants at any outfall over the
past year. Several positive trends are apparent. Surfactants continue to be
below levels of concem at the TY, attributable to the covered car wash
constructed two years ago. The range at SDS1 has dropped, indicating that the
recent capital BMPs are having positive effects already.

As mentioned earlier under FOG and TPH, in June 1997 the Port discovered a 10"
overtlow pipe from an IWS pump station that was connected to manhole SDE3-
91, part of the SDE4 stormdrain. Occasional overflows were the source of both
elevated FOG, TPH, and surfactants in baseflows and storm discharges. The
overflow pipe was permanently plugged in mid June 1997. It is presumed that
continuing monitoring will show a concomitant reduction in surfactants.
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As discussed under ammonia and BODs, the Port eliminated a source of
surfactants in SDN1 caused by an inappropriate connection. The Port believes
this was the source of the outlying values shown on Figure 25.

In summary, surfactants were only rarely present at the terminal and landside
outfalls. Several surfactant sources were identified and permanently eliminated in

1997. Data indicates that no surfactants are present in runoff from the five airfield
subbasins.

Surfactants in STIA Stormwater
All Data (July 1994 to May 1997)
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airfield landside ~ terminal
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48 results (29%) < MDL (0.025 mg/l) replaced with value = 1/2 MDL

compare to reference line at 4X MDL at 0.1 mg/i

Figure 23 Surfactant compared by subbasin activity .
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Surfactants in STIA Stormwater
Current Data set (4 quarters to May 1997)
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compare to reference line at 4XMDL at 0.1 mg/

Figure 24 Surfactants compared in Box Plot for 1995-1996

Surfactants in STIA Stormwater
All Data (July 1994 to May 1997)
1.0

surfactants, mg/l

Outfall

48 results (29%) < MDL (0.025 mg/l) replaced with value = 1/2 MDL
compare to reference line at 4XMDL at 0.1 mg/l

Figure 25 Surfactants compared in Box Plot for 1994-1996
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All metals data are for total recoverable metals in outfall discharges. Ecology

criteria apply to only the receiving waters after the discharge mixes with 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 n
analyses for dissolved copper, lead, and zinc (POS, 1995b).

]
1
1

"
Comparing metals results to criteria {

Washington State water quality criteria (WAC 173-201) apply to the receiving n
waters, not to the discharges from a particular outfall itself. Often, stormwater
discharge data are compared to these criteria even though values above the ﬂ
criteria are not an appropriate indicator of an “exceedance”. Stormwater
discharges are almost certainly diluted in any receiving water, and not allowmg for ﬂ
such dilution may cause arbitrary conclusions.

A

The water quality standards for copper, lead and zinc are based on the dissolved
form of the metal. The dissolved form of a metal approximates what aquatic life —
respond to, and therefore generally determines acute toxicity. As stormwater r
discharges mix with receiving waters, the overall chemistry of the mixture
determines the dissolved and particulate metals fractions. The ratio of dissolved
to total metals depends principally upon pH, temperature, and hardness (calcium
carbonate concentration). The availability of “binding sites” (afforded by the
electronegative attractions of suspended solids, dissolved and particulate organic
carbon, sulfides, etc.) and the competition for these binding sites with other metals
also determines the dissolved fraction of a particular metal. What is especially
complex is that the dissolved metal itself takes on many forms, some of which
may not actually cause acute toxicity.

For example, dissolved copper comprises the ionic form (Cuz*) and many
dissolved organic and inorganic complexes. The highly bioavailable ionic form is
toxic to aquatic life at low concentrations while complexed copper is basically non-
toxic (Hall, 1997.) Furthermore, the ionic form is highly reactive and readily forms

| Nonn Hans Haas Bl |
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non-toxic complexes. Therefore, it is inaccurate to assume that all dissolved
copper is toxic. Ecology acknowledges this fact in the permit fact sheet.

Without analysis for the dissolved metal, which involves filtration of the sample
immediately after collection, only estimates of the dissolved fraction are possible,
even if site-specific “translator values” are available. Because 1) site-specific
translators are not yet available for Miller and Des Moines Creeks, 2) applying
criteria directly to the stormwater outfall does not allow for the inevitable dilution,
and 3) dissolved metal chemistry and evaluation of associated toxicities is highly
intricate, the criteria listed in Table 7 must be viewed only as a general guideline
and not regulatory criteria. On the other hand, when data for a particular outfall
are consistently less than these “criteria”, it shows very conservatively that there
should be little concern for potential toxicity, even in undiluted discharges.

STIA general results

General results are discussed below, while more detailed discussion follows under
the headings of the three predominant metals: copper, lead, and zinc.

most metals not detected

Table 7 shows that of the 13 priority pollutant metals analyzed in more than 105
samples during the permit history airport-wide, only four were detected regularly:
arsenic, copper, lead, and zinc. Eight metals were absent or below detection
limits in 71% or more of the samples: antimony (Sb), beryllium (Be), cadmium
(Cd), chromium (Cr), mercury (Hg), silver (Ag), selenium (Se), and thallium (T1).
Nickel was undetected in more than 50% of 111 samples. The 95th percentile for
each of these 9 metals was less than 10% of the acute criteria. Therefore, as
demonstrated in the last annual report, continued monitoring for these 9 metals is
not justified.

Consistent with the last annual repont, arsenic data showed a maximum value of 5
ppb, and a median value 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/l hardness),
nearly 2 orders of magnitude (100X) greater than the maximum arsenic value
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detected. Therefore, as demonstrated in the last annual report, continued
monitoring for arsenic is not justified. Accordingly, box-plot evaluations are limited
to three metals, copper, lead, and zinc presented in Figure 26 through Figure 31.

airfield outfalls discharge less metals than landside and terminal

Overall, copper, lead and zinc were lowest in the airfield outfalls, while the
terminal and landside outfalls exhibited higher concentrations. More than 95
percent of the airfield outfall samples for lead and zinc were below comparable
regional data for commercial areas and all were far less than for highways. This is
a clear and important distinction given that the commercial/industrial comparators
used (Bellevue, 1996) are highly conservative because they reflect instream
concentrations after outfall discharges were diluted in the receiving waters.
Therefore, airfield outfalls discharge far less lead and zinc than typical urban
sources.

Over 75% of the samples from the landside and terminal outfalls showed lead
concentrations below the regional (commercial/industrial) comparator of 0.026
mg/l. However, the landside and terminal outfalls showed higher zinc levels than
the regional comparator. This Bellevue, 1996 comparator represents instream
concentrations after the stormwater was diluted in the receiving waters.
Nonetheless, the majority of landside and terminal zinc was far less than the
comparative value of 0.638 mg/l for highways.

STIA metals loadings are less than other urban land uses

Overall annual unit loading rates for copper, lead and zinc are each lower than
from typical roadways and residential areas, and one to two orders of magnitude
(10X to 100X) less than from commercial areas. Zinc unit loads are somewhat
comparable to residential unit loads. See Table 4. However, the Port strongly
believes that vehicle activity on public roads within the landside and terminal
outfall areas skews the metals concentrations towards values characteristic of
highways, which are not representative of the STIA portion of the runoff.
Therefore, the overall median and 95th percentile summarized in Table 7 is
skewed by this bias. These overall statistics are not representative of the airfield
outfall group.
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Because no trends are apparent, only box-plots showing results for the three-year
sampling history appear in discussions of each metal below. These box plots
show data for grouped and individual outfalls.

Copper

Copper in urban stormwater frequently exceeds acute criteria. In the Bellevue,
1996 study, more than 70% of the 154 copper results in storm samples (most
were instream samples) exceeded the EPA acute criterion. Furthermore, 14% of
the Bellevue baseflow samples, again most instream, exceeded the acute
criterion. Therefore, it is not unusual for stormwater discharges and even
receiving water baseflows to exceed the criterion for copper.

In urban stormwater, the major sources of copper are automobile brake linings,
clutches, etc. (Bellevue, 1996; Woodward-Clyde Consultants, 1993). Unlike lead,
there are no known programs to phase out the use of copper in automobiles.
Without a cost-effective technology to remove dilute copper concentrations in
stormwater, improvement of copper-impaired stormwater quality awaits either
technological or cultural changes in transportation.

As has been shown with other pollutants, STIA stormwater copper results were
lowest in the airfield subbasins. The landside and terminal subbasins are the
principal sources of copper at STIA. These are the areas of greatest vehicle
activity. The Port believes that vehicle activity on public roads high-biases copper
data for the landside outfalls and terminal outfalls. Because a large area of
aircraft service area was removed from SDS1 this year by two capital BMPs’,
copper data for the terminal outfall (SDS1) may decrease. On the other hand,
non-Port runoff from S. 188th Street may become more dominant and sustain
higher copper (plus other pollutants) results measured at this outfall.

Even though STIA copper results may appear to “exceed” the copper criterion,
overall results are less than other urban land uses. The upper reference line in
Figure 26 shows that the majority of STIA copper data were lower than in runoff
from Interstate 5, a local highway. Overall STIA unit load estimates for copper

4 Drainage from 34 acres of the SDS1 subbasin was re-routed to the IWS by 2 capital BMPs. See Table 14.
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(values for both median and range) are less than from roadways and residential
areas, and are 10 to 100 times less than from commercial areas. See the unit
load estimates presented in Table 4.

Copper results from SDS3 are higher than from the other airfield outfalis.

Because the majority of aircraft landings take place in the SDS3 subbasin, the
Port believes aircraft brake wear to be a possible source of copper. A single
elevated copper result of 0.139 mg/l in the first sample from the SDN4 outfall
caused a larger box in Figure 27. Because of flow monitoring difficulties at the
SDN4 physical outfall, the monitoring location was moved to an upstream
manhole. Three subsequent samples from this manhole show copper results near
the airfield median of 0.025 mg/l.

In summary, copper from STIA outfalls is less than other urban land uses
including commercial areas, roadways and residential areas. Copper in urban
stormwater runoff and urban streams commonly exceeds the receiving water
criterion as demonstrated by several regional studies. STIA airfield outfalls
generate less copper than landside and terminal outfalls, which the Port believes
are negatively influenced by non-Port public road runoff.
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Total Copper in STIA Stormwater
All Data ( July 1994 through May 1997 )
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Figure 26 Total copper compared by subbasin activity
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Figure 27 Copper compared in Box Plot for 1994-1996
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Lead

As was the case with copper, STIA stormwater lead results were lowest in the
airfield subbasins. The landside and terminal subbasins had slightly higher
median lead values, though the difference is not as pronounced as with copper.
The upper reference line in Figure 28 shows that overall, more than 75% of all
STIA lead data were lower than the median of the City of Bellevue's 1996 study.
Relative to the highway runoff comparator (0.466 mg/l in the 1982 study, see
Table 3), the lower Bellevue median reflects the dramatic drop in lead
concentrations attributable to the phase-out of leaded gasoline. Therefore, STIA
runoff overall contains considerably less lead than local urban areas, and reflects
the phase-out of leaded gasoline as well. in addition, because the airfield outfall
group had more than 97% of all for the airfield outfalls were less than the Bellevue
comparator (0.026 mg/l) which establishes that airfield outfalls are not significant
sources of lead.

Furthermore, more than 75% of all STIA lead samples were below the acute
toxicity criterion of 0.016 mgy/i for total lead. This criterion is calculated at 28 mg/|
total hardness, a highly conservative value which represents the 10th percentile
recorded for the SRES (POS, 1997a.) More than 90% of all STIA data is less
than the acute criterion of 0.026 mg/I (which matches the Bellevue comparator)
calculated at a hardness of 44 mg/l, which is well within the range measured by
the SRES. Therefore, lead from STIA outfalls is well below even the most
conservative estimate of the toxic criterion for the receiving waters.

The only potential exceptions are landside subbasins SDE4 and SDN1, and the
SDS1 terminal subbasin. See Figure 29. The Port believes that vehicle activity in
these subbasins is a potential source of lead. Much of this non-industrial vehicle
activity takes place on public roadways that drain to the Port's SDS and
monitoring locations. Therefore, the public roadways may add a high-bias to the
STIA results. Future monitoring may confirm the non-Port bias.

STIA unit load estimates for lead are one to two orders of magnitude (10 to 100X)
less than from roads and commercial areas. The median and 90% confidence
interval of lead unit load estimates is somewhat comparable to those from single-
family residential areas. See the unit load estimates presented in Table 4.
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In summary, the vast majority of lead in STIA stormwater is less than a regional -
instream comparative value of 0.026 mg/l, and less than the most conservative -
toxic criterion of 0.016 mg/l for lead in receiving waters. Airfield outfalls discharge

far less lead than landside and terminal outfalls which the Port believes may be '
influenced by non-Port public road runoff. Nonetheless, STIA outfalls discharge
far less lead than roads and commercial areas.

Total Lead in STIA Stormwater | -

All Data ( July 1994 through May 1997) =
12 , ‘
.10 5Bk
*SDS1 -
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airfield landside terminal —
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12 results < MDL (0.001 mg/l) replaced with value = 1/2 MDL -
compare to reference line at 0.026 (median: Bellewse, 1996) -
Figure 28 Total lead compared by subbasin activity -
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Total Lead in STIA Stormwater
All Data ( July 1994 through May 1997)
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Figure 29 Lead compared in Box Plot for 1994-1996
Zinc

Once again, STIA stormwater sampling results were lowest in the airfield

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

See Figure 30. Landside outfalls displayed a median and range of total zinc
nearly five times higher than those of the airfield outfalls. The terminal (SDS1)
and landside subbasins, SDE4 and SDN1 experience considerable vehicle traffic
where tire wear is an important source of zinc (EPA, 1993). Even though these
landside and terminal outfalls are the principle sources of zinc, the Port believes
that non-industrial, non-Port roadways high-bias the STIA results.

The upper reference line in Figure 30 shows that more than 97% of all airfield zinc
data were lower than the median (0.161 mg/l) from the City of Bellevue’s 1996
study. Again, this is the most conservative comparator and represents instream
samples not undiluted outfall discharges. Because airfield zinc is even lower than
this instream comparative value, the Port has clearly demonstrated that airfield
runoff contains far less zinc than comparable regional areas. Nonetheless, the
Port believes that samples from SDN3 show a potential high-bias because unlike
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other airfield outfalls, the SDN3 outfall is zinc-galvanized corrugated metal pipe
(CMP). Nevertheless, nearly 100% of the results from SDN3 were lower than the
regional comparator.

Even though the majority of landside outfall zinc exceeded the Bellevue
comparator, 94% were less than the highway comparator of 0.638 mg/l. "Unit
loading estimates show that overall, STIA generates zinc somewhat comparable
to roadways and far less than commercial areas. See Table 4. Again, the Port
considers that non-industrial, non-Port public roadways skew the STIA landside
outfall data toward typical roadway zinc loadings.

In terms of potential toxicity, in the Bellevue, 1996 study, 61% of the 178 zinc
samples exceeded EPA criterion. In fact, all comparative regional zinc values (in
Table 3) would also exceed the criterion. However, STIA results indicate that 50%
of airfield outfall results were less than the toxic criterion (calculated as 0.04 mg/|
at a highly conservative hardness, see Table 7). When the criterion is calculated
to be 0.057 mg/l at a more reasonable hardness of 44 mg/l, more than 70% of
airfield zinc results are less than the toxic criterion.

In contrast, all landside outfall zinc results exceeded the criterion. Again,
comparing STIA outfall results directly to any zinc criterion is not appropriate
without allowing for dilution and the other considerations noted above.
Nonetheless, the Port considers that roadway runoff is responsible for elevated
zinc results in the landside outfalls. Because several BMPs dramatically reduced
the service area for SDS1 (the “terminal” outfall), the unfavorable bias of zinc from
public road runoff (S. 188th St.) may become more dominant in samples taken
after May 1997.

SDN1 discharges displayed the highest zinc concentrations. See Figure 31. Two
samples taken in manhole SDN1-22 (“SDN1up”), upstream of SR 518 and other
public road runoff, showed less zinc than the overall SDN1 median. These
samples suggest that the public road runoff elevates zinc in samples from SDN1-
27, the historic monitoring location where 14 samples have been taken to date.
Vehicle traffic is 9 times greater on SR 518 compared to the portion of Air Cargo
Road within the SDN1 subbasin. However, three paired upstream/downstream
samples in the two manholes showed similar zinc at both stations. See the
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section of this report entitled “Subbasin SDN1: testing public roadway bias and
pollutant source tracing”. The Port is continuing to investigate whether the source
of zinc in SDN1 is public roads (Air Cargo Road), or from a potential STIA source.
Other than Air Cargo Road, air cargo building rooftops comprise the balance of
the SDN1 subbasin draining to manhole SDN1-22. In any case, rooftops are not
industrial activity.

In summary, based upon both concentration data and load estimates, airfield
outfalls produce less zinc than typical roads and commercial areas. The majority
of zinc in airfield runoff is below even the most conservative toxic criterion even
though this. direct comparison is not appropriate. Overall, STIA outfall zinc is less
than roadways, and comparable to single-family residential runoff. The Port
believes that vehicle traffic (tire wear) accounts for higher zinc in the terminal and
landside outfalls, especially at SDE4 and SDN1, which receive considerable
offsite runoff from public roads.
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Total Zinc in STIA Stormwater
All Data ( July 1994 through May 1997)
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Figure 30 Total zinc compared by subbasin activity
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Figure 31 Zinc compared in Box Plot for 1994-1996
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Glycbls From Aircraft Deicing and Anti-icing

The Annual Glycol Report (POS, 1996b, 1997d) details the history of glycol
application airport-wide. This report summarizes data reported by the airlines for
the volumes of both ethylene and propylene glycol applied and number of aircraft
treated each day. The FAA authorizes only ethylene and propylene glycols for
aircraft deicing and anti-icing. All glycol application is performed by Port tenants
(directly by airlines or their ground service providers). To ensure public safety,
aircraft pilots make the ultimate decision on whether to apply glycols or not. 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/l for each glycol type,
and therefore 10 mg/l for total glycols when neither constituent is detected.

Note that all ramp areas where aircraft are routinely deiced drain to the IWS. In
the past year, the Port completed 4 capital BMPs where drainage from aircraft
service areas was rerouted from the SDS to the IWS (see Table 14). The Port
anticipates that data from the next year's monitoring cycle will confirm elimination
of aircraft deicing glycols in stormwater discharges. Because the Port completed
the capital BMP in SDS1 and SDN2 near the end of the current data gathering
cycle, changes will become apparent through ongoing monitoring.

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 four severe
winter-weather periods in the past two years. These data are summarized in
Appendix B.

STIA General results

Overall, glycols were either below the detection limit or at relatively low values at
most outfalls. Glycols were not detected in 73% of the 162 samples taken during
the past three years. See Table 8 and Figure 32. These samples comprise all
events including storms, baseflows, and intense aircraft deicing during severe
winter weather. During the 4 months of June through September in the past two
years, airlines applied less than 1% of the total glycol used annually. Overall,
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glycols were never detected at SDN4, and detected only once in the 26 and 27
samples from SDN3 and SDN1, respectively. On this single occasion at SDN3
and SDN1, glycol concentrations were barely 1 mg/l above the detection limit®,

The Port's SRES showed no toxicity in samples from Miller and Des Moines
Creeks during several severe winter weather periods® and the attendant aircraft
and runway deicing (POS, 1997a). Only two outfall samples showed very limited
moderate toxicity (an ECso'® was 272% of the sample), and toxicity was not
consistent among each of the triplicate samples. Nonetheless, the Port has
already completed capital BMPs that will eliminate or dramatically reduce glycols
~in subbasins SDN2 and SDS1. The Port will construct three snow storage areas
that reroute drainage from the SDS to the IWS for snowmelt that may contain
glycols. These BMPs not only address glycol, but also reduce this source of
BOD:s.

trends and outliers

1
Routine aircraft deicing, such as frequently required for MD8O aircraft, may take
place throughout the year during non-winter weather periods (no snow orice). In - ]
addition to many samples taken in the past during these routine weather periods —
this year’s results continue to show that glycols do not reach S outfalls (SDN1, J
SDN3, SDN4, SDS3 and SDS4). See Table 9. There are no aircraft service |
areas located in these 5 subbasins. J

Samples in the past year showing that glycols reached SDS1 during routine and
winter weather continued to indicate a direct association with aircraft deicing at the
B-concourse gates. A sample from SDS1 on November 20, 1996 showed an
elevated result'' of 2859 mg/l, probably due to glycols directly entering drain inlet
SDS1-98 or SDS1-99 near gate B12. As a result, the Port re-routed drainage
from the SDS to the IWS for these associated aircraft service areas in May this
past year. |

Result of 6.1 mg/l for SDN1 sample taken 2/16/95. Result of 6.2 mg/l for SDN3 sample taken 3/5/97.

December 10, 1985, January 20, 1996, November 24 1996, and December 30, 1996.

' ECso i the effective concentration of the sample that caused a 50% reduction in light output in
bioluminescent bacteria using the Microtox method.

" This result from a 6-hour time composite sample was reported on the November 1996 DMRs.
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One of the 4 routine samples in the last year at SDN2 indicated the presence of
glycols. Several time-series composite samples taken during the severe winter
weather in November and December 1996 exhibited elevated giycol
concentrations of 1,925 and 3,635 mg/l, respectively'?. In these cases, the glycols
could be attributable to either direct aircraft deicing in the North Cargo area, or
due to glycols dripping from other aircraft during taxi and hold before takeoff. In
June this year, the Port completed construction of a pump station that will divert
the majority of discharges from SDN2 to the IWS during the wet season™®,

During the severe winter weather periods, glycols were present in stormwater from
outfalls SDE4, SDS1, SDS3, SDS4, and SDN2. These rare occurrences reflect
extensive aircraft deicing directly associated with multi-day periods of snowfall or
sub-freezing temperatures. Glycol results were highest in SDS1 and SDN2 outfall
discharges. The Port believes that glycols in subbasins SDE4, SDS3 and SDS4
are the result of glycol dripping from aircraft during taxi and hold and from shear
during takeoff. Ecology has indicated that glycol shear is not regulated. Certain
amounts of glycols from outfall SDN2 may also be attributable to these indirect
sources. As discussed above, the Port has eliminated direct sources of glycols in
SDE4, SDST, and SDN2 due to glycol application at the gates.

As discussed under the snowmelt chapter below, by November this year, the Port
will construct three snow-storage areas that drain to the IWS. These BMPs will
divert runoff from the SDS to the IWS and will further reduce glycols draining from
the SDE4 and SDN2 subbasins.

In summary, the Port has determined sources of glycols and completed a number
of BMPs that reduce or eliminate glycols in stormwater discharges. Because the
many routine-weather samples indicate an absence of glycols, and the winter-
weather samples show glycols far below levels of concern, the Port believes that
continued glycol monitoring for 5 outfalls is not justified (SDN1, SDN3, SDN4,
SDS3, SDS4). Furthermore, glycols are not used directly in these drainage areas

' These results from 6-hour time composite samples were reported on the DMRs for these months. The
December event was particularly severe and not representative of typical winter snowstorms
¥ The pump station is designed to divert flow rates up to the peak flow rate for the 6-month , 24-hour storm
event for this subbasin.
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because there are no aircraft service areas located in these 5 subbasins.
Drainage from aircraft service areas previously connected to the SDS has been
diverted to the IWS. The Port anticipates a dramatic reduction in glycols during
winter weather samples at the remaining outfalls. Continued monitoring at these 3
outfalls will demonstrate the effectiveness of the BMPs completed in the past
year.

Table 8 Overall Glycol Data Summary for Permit History

R

total # | percent non- § 2 maximum
samples’ detected ’ glycol (mg/I

21 57% 92

27 96% 6.1

27 63% 684
26 96% 6.2

2 100% 5

23 48% 6220°
23 65% 115
13 B 5 77% 31
162 | - 73%

grab sample average me-oomposite samples ' ough May 1997.

i. includes SMCs,
2. Includes results where one-half the MDL was substituted when results reported as <MDL.

3. This result was from a baseflow grab sample, not a composite. The source was eliminated in May 1997. See
discussion.
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Table 9 Glycols during routine and winter -weather periods

# routine # winter
samples’ samples’
15 6
24 3
22 5
22 4
2 0
15 8
19 4
7 VDI 6

Taken throughout the calendar year during non-winter weather periods (no snow or ice).
Taken only during severe winter weather (snowiice) periods.

not detected (< method detection limit).

Not significant because resuit is within 20% of the MDL.

This result was from a baseflow grab sample, not a composite. The source was eliminated in May 1997. See discussion.

Total Glycols in STIA Stormwater
All Data (July 1994-May 1997)
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800 »
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§ -1(”9- E —els EDU omvniliniiA Refia— A 5450 —
Ne 21 P 27 2% 2 2 23 13 1
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118 results (73%) <MDL (10 mg/) replaced with value=1/2 MDL

Figure 32 Total Glycol Box Plot for All Data
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Results From Other Monitoring Not Required by
the NPDES Permit -

This section presents and discusses the results of other stormwater monitoring
conducted by the Port. These monitoring tasks were not explicitly required by the
Port's NPDES permit. The Port carried out this additional monitoring generally to
gain information about the design and effectiveness of stormwater BMPs or other
SWPPP actions.

Airfield Deicing Operations: Stormwater Quality and BODs Washoff

To ensure public safety and as mandated by the FAA, the Port applies chemicals
to, and removes snow from airport ground surfaces. The Port has been studying
the effects of these activities on stormwater quality over the past three winter
seasons. The monitoring objective is to determine if there is a “first flush” of
pollutants in subsequent runoff and what amount of rainfall “washes off” the
majority of BODs. The Port has been undertaking this “washoff study” to
determine if and to what degree stormwater BMPs are appropriate.

Background

Because a variety of airport deicing activity takes place when freezing conditions
exist, specific monitoring results are segregated for discussion in this section.
These events include deicing and anti-icing the ground surfaces of the runways
and taxiways, ramps (aircraft terminal gate areas), airport vehicle drivelanes, and
passenger vehicle roadways near the terminal. Deicing chemicals include
potassium acetate (PA), calcium magnesium acetate (CMA), and urea.

In past years urea was applied only to areas drained by the IWS. The Port
discontinued using urea in 1996 . Sand is typically applied to passenger vehicle
routes including the access roads and terminal drive, and occasionally to airfield
surfaces. Glycols are not used as ground-surface deicers or anti-icers.

In terms of stormwater quality, runway deicing activities manifest .in pollutants
such as BODs (from PA, CMA, and aircraft glycols), total Kjeldahl nitrogen (TKN)
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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
forms during the decomposition of the organic nitrogen in urea.

- BOD:s in runway deicing washoff aggregates the oxygen-demanding effects of
both aircraft deicing glycols and the acetate-based ground deicers. Glycols, PA,
and mixtures of both have about the same ultimate BODs of about 1 gram
BODs/gram. By inference, the mass of glycol dripping/shearing off aircraft should
be far less than the amount of PA and CMA applied to the runways/taxiways.
Consequently, BODs due to the aircraft glycols should be a fraction of the total
BODs observed. Because CMA is usually applied as a solid, the majority of BODs
associated with it should appear later than that attributable to the liquid-phase PA.

Glycols measured by this study are strictly the result of aircraft deicing that took
place at the gates. Because glycols can also contribute BODs during washoff
monitoring, they were analyzed to discem their relative contribution to the BODs
measured. All glycol results are summarized and discussed in a previous chapter
of this report. -

Event summaries

In the past year, the STIA runways and taxiways and other surfaces were deiced
extensivefy on two occasions. The first episode took place over two days on
November 19-20, 1996, and the second continued for four days from December
26-29, 1996. The Airfield crew applied PA and CMA during both periods (POS,
1997d). Because the December event was extremely severe for the Puget Sound
area (16 inches of snow), the Port applied nearly 9 times more PA in this second
event than the first. Sand was also applied to the landside and airfield roadways
during the second event. Urea was not applied directly, yet a limited amount was
used in the sand to prevent stockpiles from freezing. The Port has since sold
remaining urea and salt supplies to other interests.

Aircraft deicing was very intense during these two periods, with nearly 600 aircraft
deiced during the 4-day December event. The number of aircraft deiced in each
event was similar to the two 1995-96 winter events, but due to the severity of the
weather, airlines used more than twice the glycols compared to last year. During
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the two events in January 1996 airlines applied 8% to 15% of the total annual
glycol used. In contrast, airlines reported 13% to 31% of the total glycols used
during the two events this year. Consequently, airlines applied nearly as much
glycol during these two periods as they did during the entire past year. Glycols
are discussed in a prior section of this report.

Rainfall began within a day or two of the snowfall. Monitoring proceeded at the
SDN2 and SDS3 outfalls during the subsequent week during the first 2 and 4
inches of rainfall for the November and December events, respectively. Therefore
results from this year are comparable to past data only to the extent that the
duration and sampling were similar. Because of the extreme weather, pollutant
concentrations were higher this year than in past samples, especially in the
extreme December event. The December event is certainly not representative of
typical winter weather. Nonetheless, the data are sufficient to achieve the

- objectives of the washoff study.

Methods

The Port undertook rigorous sampling and flow monitoring to provide adequate
data to estimate incremental BODs mass loads and attendant washoff functions.

Immediately following chemical application, the Port sampled baseflows, then took
four 6-hour time-composite samples each day over the course of the ensuing
snowmelt and rainfall. Automatic samplers took aliquots every 15 minutes and
composited samples in washed one-gallon glass jars. Multiple samplers were
programmed to sample at each outtfall over several days. Doing so allowed staff
to retrieve samples when driving conditions were safer.

Samples were analyzed for BODs, glycols, TKN, ammonia, and calcium,
magnesium and potassium ions. Because BODs aggregates the effect of glycols
and acetates, the ions were analyzed to differentiate the relati\}e BODs from the
glycols, PA, and CMA. The potassium ion (K*) indicates the PA, and the calcium
(Ca®) and magnesium (Mg?*) indicate the CMA.

Pollutant loads were estimated as the product of poliutant concentration and
discharge volume between samples. These incremental loads established an
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estimate of the rates of pollutant washoff over time and over subsequent rainfall.
Discharge volumes at SDN2 were logged by an ISCO 4150 area-velocity flow
meter installed in the round concrete discharge pipe. An ISCO 4230 flow meter
logged discharges from the calibrated weir at the SDS3 outfall. These are the
regular NPDES monitoring locations for each of these outfalls. Rainfall was

logged by an ISCO tipping bucket rain gage set to record hundredths of an inch in
five minute intervals.

General resulits

In general, concentrations peaked in the first two days, then dropped rapidly to
very low levels with the onset of the first rainfall. See Figure 33 and Figure 34.
Concentrations dropped to approximate background levels after the first 4 to 5
days and one to one and a half inches of rainfall after chemical application.

Continuing low concentrations of the ions indicating PA and CMA showed that

subsequent minor increases in BODs were due to additional glycols in the runoff.
See the note on Figure 33.

Similar to the results reported in the last annual report, this year's monitoring
showed that a large fraction of the BODs washed off in the first 1 inch of rainfall. A
much smaller mass was washed off in the next 1.5 to 3.5 inches of rainfall.
Because the effects of aircraft glycols are inextricably commingled in these BODs
washoff calculations, it is certain that the BODs attributable only to the runway

deicing chemicals (as opposed to the aircraft deicing glycols) washed-off with
even less total rainfall.

Limited concentrations of TKN and ammonia were found in samples from both
SDN2 and SDS3. These low level nitrogen analytes corroborate the limited
amount of urea used to prevent sand stockpiles from freezing. Both TKN and
ammonia concentrations were far less than in past years. Ammonia was generally
not detected, and at most more than an order of magnitude (10X) below the
receiving water criterion . TKN displayed similar washoff dynamics as last year,

but because the Port no longer uses urea, it is no longer a focus of this study and
is not discussed further.
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Figure 34 December 1996 Event Pollutagraph for SDN2

Washoff functions

These results apply directly only to the SDN2 subbasin because of incomplete
flow monitoring data at SDS3. However, because the shapes of the pollutagraphs
for SDS3 are similar to those from SDN2, and because these two subbasins were
sampled over the same period, the washoff functions should be similar. These
results identify a strong relationship between rainfall and pollutant washoff
subsequent to runway deicing.

BODs washed off was highly correlated to total rainfall. Figure 35 shows that
about 80 to 90 percent of the total BODs load was washed-off by less than one
inch of accumulated precipitation. The relationship between washoff and rainfall
was best described by logarithmic functions that had correlation coefficients (R?)
of 0.93 to 0.97. 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 for the STIA area) washed-off the majority of chemicals applied durmg the
deicing/anti-icing periods. In fact, as little as the 1-month, 24-hour storm (0.65")
washed-off close to 70% of the BODs in both events. These curves aiso strongly
illustrate the “first flush” principal where the majority of the BODs load is washed
off by the initial rainfall. Therefore, consistent with last year's Annual Report, the
first 0.6 to 1.0 inch precipitation after a major runway deicing event washed off the
vast majority of deicing chemicals applied. The corollary is also the Pareto effect,
where ever diminishing amounts were washed off by additional rainfall.

Because of the general agreement between results of the washoff study for this
year and last year, continued monitoring is not recommended. However,
monitoring should continue at SDN2 during winter weather and snowfall to satisfy
other objectives, namely to verify the effectiveness of the pump station and
snowmelt area BMPs.
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Summary

Overall, it appears that the 1-month, 24-hr storm (0.65” rainfall) washes off moére
than 75% of the total BODs attributable to the PA and CMA deicing chemicals.
Consistent with last years findings, the results from this year's washoff study
conclude:

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

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

3. incremental loading estimates establish a coherent “washoff function”,

4. the washoff function indicates that rainfall less than the 6-month, 24-hour
rainfall event (1.3") subsequent to runway deicing washes off the majority of
deicing chemicals, '

5. no further monitoring is necessary at SDS3,

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

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

8. the limited urea used in sand applied resulted in much lower TKN
concentrations and far less total mass than last year, and

9. ammonia resulting from the limited urea was generally not detected.
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Stipulated Agreement Sampling

As a result of the Stipulated Settlement Agreement (Brasher et. al., 1995), the
Port of Seattle agreed to sample 16 events over a minimum 4 month period at the
Miller Creek outfalls (SDN1, SDN2, SDN3, and Lake Reba outlet). Poliutant
analytes were limited to TSS, turbidity, BODs, glycols, and ammonia. In addition,
the Agreement required two additional sampling events of all eleven (11)
permitted outfalls (the full list of permit-required pollutant analytes). These
requirements more than tripled the Port's sampling activity in the past two years.

The Port completed all required samples for the Miller Creek outfalls as of October
1996 (summarized in Appendix B). All additional samples from permitted outfall
were completed by February 1997. Results from these additional samples were
submitted to Ecology on monthly DMRs when applicable, and are included
throughout this report. The Port provided all data to the Appellants as required,
and submitted a final letter on March 31, 1997 documenting completion of all
agreed sampling (POS, 1997e). The data showed nothing unusual in the results,
which are consistent with findings previously published in the Port of Seattle’s
Annual Stormwater Monitoring Reports (POS, 1995a and 1996a). There
Appellants did not present comments on any of the data.

The additional data provided by these samples allowed the Port to further
substantiate it's position that Sea-Tac airport generates far less stormwater
poliution than other urban land uses.

Special Investigations

Following are discussions of special monitoring and investigations that the Port
conducted in the past year. These investigations and corrective actions, where
necessary, constitute SWPPP activities intended to reduce and eliminate
stormwater pollution.

Subbasin SDN1: testing public roadway bias and pollutant source tracing

This section discusses the details of the 1996-97 source tracing effort in subbasin
SDN1. Results and conclusions have been summarized in the prior sections that
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discuss each pollutant. Previous stormwater data indicated a possible concern for
certain elevated pollutants in SDN1 discharges. With concurrence from Ecology
in August 1996, the Port began a study to determine if public roadway runoff
biases Port samples taken in manhole SDN1-27. The results indicate that the
roadways, as well as an inappropriate connection have biased resuits. These
results justify moving the sampling station from manhole SDN1-27 to SDN1-22
which is above the discharge of the public road runoff.

Dye tests in April 1997 confirmed that more than 3 acres of public roads (SR 518,
S. 154th St., and 24th Ave. S.) drain to manhole SDN1-25. Storm samples above
and below this manhole showed elevated FOG and TPH attributable to the public
road runoff. Therefore, all NPDES samples taken in manhole SDN1 -27, the
original permit-compliance sampling location, reflect a high-bias caused by the
non-Port runoff, proving the hypothesis presented in the last annual report. Table
summarizes these results. The Port is continuing to investigate possible sources
of lower pH, and elevated zinc that continue in results at the SDN1-22 manhole.

Elevated ammonia, BOD; and fiuoride found in SDN1-27 baseflows in July 1996,
plus the presence of dry-weather discharges motivated a second aspect of the

study. By sampling baseflows at three “key manholes”, the Port discovered thata

food service facility had an inappropriate connection to manhole SDN1-25.
Baseflow samples in manhole SDN1-25 indicated elevated ammonia, surfactants

and BODs compared to samples from manhole SDN1-22 located above the
facility.

However, investigations and dye tests in the 30-foot deep manhole SDN1-25
showed that the majority of the baseflow originated from a drainage swale inside
the cloverieaf exit from SR 518 to S. 154th St. Nonetheless, minute baseflow
from a pipe draining the food service facility contained the elevated concentrations
of BODs, surfactants, and phosphates responsible for contaminating the larger and
relatively cleaner baseflow coming from the drainage swale. Curiously, the non-
Port baseflow from the drainage swale had much higher fecal coliforms, and about
twice the ammonia. Table 11 summarizes the basefiow sampling results.

The Port also used the services of Midway Sewer District's remotely operated
mobile television camera to inspect over 1000 feet of SDN1 piping in February
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1997. However, the inspection did not reveal any suspect connections.
Limitations posed by manhole configurations and vertical relief did not allow a
complete inspection of manholes SDN1-22 and SDN1-25. Later, physical,
confined-space entries into these 20 to 30 foot deep structures revealed the
connections warranting the investigations above.

Facility drawings showed a possible connection to the SDN1 system from the food
service loading dock trench drain. When the facility operator washed the inside of
food service trucks, contaminated water drained to the trench drain. Dye tests in
April 1997 confirmed that this connection existed. The Port took immediate action
with the facility operator, requiring elimination of the connection. The Port will
continue to monitor the facility to confirm that the connection is eliminated.

In summary, the Port’s study concluded that manhole SDN1-22 is a more
representative sampling location that eliminates earlier biases from public
roadway runoff. SDN1 samples taken on October 4, 1996, and January 16, 1997

- and reported on the respective DMRs refiect the unbiased SDN1-22 location. Due

to equipment problems, samples were unsuccessful at SDN1-22 in April 1996,
and as a result, results from manhole SDN1-27 were reported on the April 1996
DMRs. These results showed surfactants present at 0.6 mg/l but other results
were normal. The Port eliminated the inappropriate connection from the food
service facility (responsible for elevated BODs, ammonia and surfactants) in May
1997.

Subbasin SDE4: pollutant source tracing

In the spring of 1997, the Port discovered a repeating “signature” on hydrographs
of continuous flow monitoring data for subbasin SDE4. Small discharges occurred
periodically and were most evident during periods of dry-weather. An automatic
sampler on standby for storm a sample serendipitously took a grab sample of one
of these pulses on April 10, 1997.

79 AR 033596



Co ot ) p

"Auoe) aoiaiag poo woy) adid uoly 1sED ) UMOP, ‘811G HS WO JWD b2 St AN, :G2-INAS eloYUEBWS UIYIM SUOHIEDD| “}
00:S0 0} Ov-:€0 esind ebieyasip seyjeam-Aip ‘g
£2-INGS 8Ioyuew S| .UMOP, ‘Z2-INQS loyuew §| dn, :Suoliedo| g ~
(1w 001/#) steosj pue ‘Hd 1daaxe ‘yBw syun je  °} P
Jmm.o 100 [62°} 100 120 [e1'0 |se |00 |viv c>leoo |200 |ooe | oogi<|g's [9L _o ,L6/YIY %
[6+0 [sio [so0 [vi0 |2 [so0 fez o'v>| 10'0>] 10'0> 2L 6L _o L6721y %
¥0'0 500 81°0 Le 9.0 9e e ~ Joe G'S _o c96/CH/6 m
09'0 lezo €L°0 G0'0> v8 VLl T 8'6 _o 96/€2/L
| 9'9 006 0  96/91/L

synsay ajdwes moyeseg umops/dn INGS |1 3IqeL

‘uosiedwod weasisumopueesisdn [enp 1o} ejgeUnNs (s sejdwesg "sHWQ uo psuodes jou s)nsas a10je18y} ‘,uLolS SIAJN, UB ou ‘g
£2-INGS ejoyuew s} umop, ‘22-LNAS ejoyuew s dn, ‘suojeso] g
(1w 001/#) S{Ed8j pue ‘Hd jdeoxe ‘Y syun e |

v€'0 6€°0 |Y0'0 ¥0°0




1

1
%

The foam and fragrance in this SDE4 dry-weather flow grab sample suggested the
presence of soapy vehicle washwater. Field kit analysis showed surfactants
greater than 1.3 mg/l and enough fluoride to suggest the pulse had a domestic
water source. Another foamy, fragrant discharge on June 2, 1997 was confirmed
during a confined-space entry at the monitoring location (20 foot-deep manhole
SDE4-47) while performing equipment maintenance.

On June 3, 1997 the Port traced the discharge upstream to its origin in manhole
SDES3-91, a structure tributary to the SDE4 drainage network. A 6” PVC pipe
connected from this manhole to the nearby IWS-283 pump station. An equipment
malfunction in the pump station caused overflows to discharge to the SDE3-91
manhole. The Port immediately piugged the overflow pipe and took appropriate
preventive maintenance actions The IWS-283 pump station handles washwater
from the rental car wash after the water has gone through initial pretreatment in a
sand filter.

The Port believes this problem caused the elevated results for FOG (9 mg/l), TPH
(10 mg/l), and surfactants (1.28 mg/l) reported on the January 1997 DMRs.
Previous sections discussed that these results were outlying values and not typical
of the many samples collected at SDE4 to date.

Snowmelt: BOD; caused by glycols in snowpiles

In the 1996-97 Winter period, the Port monitored snowmelt during and after the
two major snowstorms of November 19-20, 1996 and December 26-29, 1996.
The December event was a rare, extreme occurrence of 16 to 18 inches of heavy
snowfall followed by heavy rainfall of more than 5 inches in the next 5 days. The
Port plowed and moved several thousand cubic yards of snow to four snow
storage areas. Though this December event is not representative of nominal
snowfall, it nonetheless provided an opportunity to investigaie the dynamics of
snowmelt contaminated with glycols and ground deicers. In both events,
temperatures remained above freezing throughout the monitoring period, allowing
a continuous snowmelt cycle.
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Preliminary sampling with glycol analysis kits' during and after the November
event showed that glycols of >300 mg/l emanated from the snowpile for the first 4
days. Glycol concentrations then began to drop below 100 mg/! within the first
week of the melt cycle. The Port then deployed and setup automatic sampling
equipment downstream of the snowpile to monitor the December event.

Sampling during and after the December event was concurrent with runway
washoff monitoring at SDN2. Monitoring at SDN2 both above and below the north
snowpile showed clear results. Samples and loading estimates indicated the
duration and magnitude of BODs in snowmelt attributable to glycols, the potassium
acetate (PA) and calcium magnesium acetate (CMA) to a lesser extent. More
limited sampling at SDE4 did not indicate as clear results.

Based upon comprehensive up/down time-series composites, and loading
estimates, the sampling of the north snowpile during the melt cycle after the
December event confirmed the following:

1. the north snowpile was a source of BODs due to glycols (BODs and glycols
were both at higher concentrations downstream of the pile),

2. the north snowpile also was a source of nitrogen (predominantly TKN and very
little ammonia) from small amounts of urea applied with deicing sand. The
Port added the urea to the sand stockpiles to prevent them from freezing and
hindering mechanical application. The amount of urea used was far less than
in previous years. TKN from urea dropped dramatically after 4 days into the
melt cycle,

3. 90% of glycols and corresponding BODs emerged from the snowpile in the first
4 days of the melt cycle (based on concentrations and mass load estimates),

4. glycols and BODs dropped dramatically after 4 days,

S. the north snowpile contained limited amounts of PA and CMA deicers, but far
less compared to the BODs due to the glycols (data showed that the snowpile
runoff actually diluted PA and CMA coming from above it),

" HACH glycol kit resuits give concentration ranges enly and not a specific glycol value. The kit detects
either type of glycol.
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6. glycols in the snowmelt dropped below 100 mg/l after 6 days of melt cycle,
remained below 100 mg/l during the next 5 days of sampling, and dropped
below detection in days 9-11 of the melt cycle,

7. BOD:s displayed an initial drop below 100 mg/l after 7 days, but then began to
rise again in day 8. The rise in BODs was not caused by additional glycols
because they remained below detection in days 9-11,

8. this rise in BODs in days 8-11 was due to CMA solid melting, because both
calcium and magnesium ions also rose in concentration while the potassium
ion (indicating PA) decreased, and

9. turbidity increased below the snowpile as a result of equipment activity
disturbing the gravel-surfaced snow storage area.

Therefore, monitoring showed a multiphase melt cycle: BODs from glycols in the
snowpile appeared rapidly in first few days followed by a drop for short period,
then rose a second time due to the dissolving solid CMA deicer. The gravel-
surfaced snow storage area contributed turbidity and solids.

In summary, plowed snow can contain glycols and other deicers that manifest as
BODs. The BODs due to liquid-phase deicers such as glycols and PA appears
from snowpiles in the first few days of the melt and/or rain cycle . BODs from solid-
phase deicers such as CMA may show up later in the melt cycle. Because these
conclusions are based upon sampling that took place during an extreme event,
nominal snowmelt events should behave similarly, but display lower overall BODs
and glycol concentrations. The Port will complete capital construction of three
snow storage areas by November 1997. Runoff from these three areas will be
diverted to the IWS by local pump stations. |

Field QC samples

Table 12 shows data for field quality control samples. These data demonstrate
the adequacy and strong level of confidence of the Port's sampling protocols and
results. Because the majority of data were near or below analyte detection limits
in field blanks, the results confirm that little or no contamination occurred in the
automatic sampling process. Furthermore, duplicate samples taken by the
automatic samplers display littie relative percent difference (RPD) between a
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particular sample and it's duplicate. The majority of duplicate analytes had an
RPD of less than 10%. Only a limited number of cases exhibited more than the
20% RPD criterion commonly used to discemn significant differences. Such
differences would account for the variability of the composition of the discharge
and the precision of the sampling technique.

84 ‘
AR 033601

A
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]




‘pajesipul [lepno je Aiquesse Huigny/dwnd seid

S8

1

"S}IWI| UCHOSISP MOJaq 8Jom ejep pepeys ‘v
‘@ouelaylp Juaolad aAleley ‘€

~'sejoq ajdwes juaoelpe ul ssjdwes ajeoidnp aye) 0) pewwelboid sisjdwes djewoiny ‘g
wes olewo}ne ybnoiy) Jeyem paziuolep Buimesp Aq usye) syueiq pjeid |

K

bt LU ENU

L6905 JANU ZEETWUINUS
st N
L6TENSU JaIU Z690EU'Y
5493 31100 BAU
gy Ve L6YOFTT HaUZEFFUEMUS]
v L% | ] et L6°ueT=gy 40 Z6LITUENUS|

s9|dwes a)jsodwod 3jea)dng

ejep ajdwes 9P pjald i dIqel

V E[L6°0ET<YF ANV W Z6LEIUCSUS
YL TENGU NV 18 Z6YOEU AT
YE=UeUYe ANV 18 96UEST ESUS|

(SHUBIq (JUSUNRD3) Pl

AR 033602




Summary of biases caused by non-Port runoff

As discussed under Background, several sampling locations include runoff from
non-STIA sources. Data discussed previously in this report confirm that offsite
runoff biases results, causing higher concentrations of several pollutants and
biasing STIA results. The Port has already moved two sampling locations, and
with Ecology § concurrence, may adjust others if conditions warrant.

S TS—————

¢ food service
facility

SDE4 e public roads

¢ IWS pump
station
overflow

¢ other?

¢ public roads

(S. 188th St.)

SDS1

SDS3 e public roads

(S. 188th St.)

SDS2 . public roads

(16th Ave. S.,

S. 188th St.)

SDW3 e public roads

(S. 188th St.),

animals

e e e g e

source of bias

o publlc roads

PR e - omerT e 1550

potentlal lmpacts
o Proven high bias for
FOG and TPH.
e BOD:s, surfactants from
facility

e probable high bias for
vehicle-source
poliutants

e proven surfactants from
pump station overflow

e probably more
dominant after May
1997

¢ probable high-bias from
vehicle-source
pollutants in grab
samples

¢ probable high-bias from
vehicle-source
pollutants and TSS.

e proven high bias for
FOG and bacteria
(fecal coliforms)

B e e e e emwmwo—

monrtormg location

e moved from manhoie
SDN1-27 to manhole
SDN1-22

o Eliminated

inappropriate
connection

e under study

e eliminated
inappropriate
connection from
overflow pipe

¢ under study

e under study

e subbasin to have no
“industrial” activity by
end of 1997. No further
action.

moved from outfall
backwater to manhole
SDW3-24
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Stormwater Poliution Prevention Plan (SWPPP) Actions

Table 13 presents'a summary of best management practice (BMP) activities
described in the Stormwater Pollution prevention Plan (SWPPP, POS, 1995b).
Summaries of wet and dry season inspections are included in Appendix C.
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Conclusions and Recommendations

Stormwater Quality

Overall, STIA stormwater quality is cleaner than regionally comparable data.
Results continue to demonstrate that stormwater quality at the airfield outfalis
under typical conditions is consistently cleaner than regional commercial and
industrial areas. The dichotomy between airfield outfalls when results are
compared to the terminal and landside outfalls indicates that landside and terminal
outfalls are the principal pollutant sources. However, the data tend to indicate that
runoff from non-Port public roadways unfavorably biases STIA stormwater,
especially in the landside outfall samples. Nonetheless, overall STIA unit loads
for TSS and metals are generally lower than roadways and commercial areas.

As a direct result of stormwater monitoring completed in the past year, the Port
found and eliminated inappropriate connections to the SDE4 and SDN1 storm
drains. Monitoring in the upcoming year should demonstrate that four major
capital BMPs constructed in the past year dramatically reduce and even eliminate
glycols in the SDS1, SDN2, and SDE4 subbasin stormwater. |

Subsequent to runway deicing/anti-icing, the one-month, 24-hour storm (0.65")
washes off from 70% to 80% of the of BODs attributable to ground deicing
chemicals. Less than the 6-month, 24-hour storm (1.3”) washes off the vast
majority of BODs .

Recommendations

‘Based on the findings of this and past reports, the following key recommendations

are offered to the Department of Ecology and the Port of Seattle Aviation Division:

1. Discontinue monitoring in SDN1 because this subbasin has no industrial
activities. However, if monitoring requirements remain, continue to sample at
manhole SDN1-22. This location removes the bias in the Port's samples
caused by petroleum products in public road runoff from SR 518, S. 154th St.,
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and 24th Ave. South. Verify that Air Cargo Road (another public roadway) is
another possible bias for zinc and other metals.

. Discontinue monitoring at SDS2 as soon as the soil remediation project is

completed. Public road runoff commingles with Port runoff above the sampling
location, and biases the Port's results.

. Discontinue the FOG analysus by method from 413.1. Replace with method

NWTPH-Dx which gives more representatlve results by reducing non-
petroleum biases.

. Reduce monitoring frequency from quarterly to once annually for the five

airfield outfalls (SDS3, SDS4, SDN2, SDNB3, and SDN4). This report continues
to demonstrate that these subbasins discharge far less than other urban land
uses. If this reduction is not feasible, continue quarterly monitoring at only one
or two of these 5§ subbasins. Given the similarity in activity in each subbasin, -
and the facts established by the Port's Annual Stormwater reports, these 5
subbasins are “substantially equivalent”.

. Investigate the bias that S. 188th St. May impose on SDS1 samples now that

runoft from this public road is a larger component of that sampled at the outfall.
In the past year, the Port completed two capital BMPs that reduced the Port’s
SDS1 subbasin drainage area from 40 to 6 acres.

. Continue to investigate possible sources of fecal coliforms in SDE4

discharges.

. Monitor stormwater at SDN2 to verify the effectiveness of two capital BMPs

designed to reduce and eliminate glycols and BODs during winter weather.
This sampling should be in addition to regular monitoring.

. Discontinue the “washoff study” monitoring during runway deicing events.

Sufficient data exists from the past two seasons to provide relevant guidance.
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Continue to monitor glycols in SDS1 discharges to verify the effectiveness of
two capital BMPs designed to reduce and eliminate glycols and other
pollutants by rerouting drainage to the IWS.

10. Discontinue monitoring for glycols in airfield subbasins SDS3, SDS4, SDNS3,

11.

and SDN4, and in landside subbasin SDN1. All known direct sources of
glycols have been eliminated. Ecology acknowledges that glycol shear from
aircraft is not regulated. Amend the Port's Procedures Manual appropriately.

Discontinue formal glycol monitoring in the three remaining subbasins.
Perform only limited glycol monitoring to verify BMP effectiveness. Glycols are
not applied in subbasins SDS1, SDE4, and SDN2. The Port has completed
several BMPs that eliminate aircraft service areas from these subbasins.
Capital BMPs that divert snowmelt from snow storage areas in SDE4 and
SDN1 will be completed by November 1997.
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Appendix A

Hydraulic and Hydrologic Estimations

This appendix presents hydraulic information required by the STIA NPDES permit.
Paragraph 2 of section C of NPDES permit special condition S3 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 15 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 stormwater piping 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 16 presents total runoff
volumes estimated for each storm event monitored.

The reader is referred to the Procedures Manual (POS, 1997b) and last year's
annual report (POS, 1996a, 1995a) for a discussion of the method used to
estimate runoff volumes. Table 18 shows the areas estimated for each subbasin.
The areas of some subbasins will change as portions of SDS areas are connected
to the IWS as specified in the SWPPP.

Peak Discharges

Peak discharges presented in Table 17 are estimated by the “rational method” for
each storm event sampled in the 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 devéloped
the T, values presented in Table 18. The peak discharge, Q,, is then estimated
by the rational method using the following equation.

Qp (gpm) = Cx|x A x 43560 ft¥/ac x 7.48 gal/t®
12 in/ft x 60 min/hr

where:
C = runoff coefficient = (0.90(A) + 0.25(A,))/A
where :

Ai = 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 =ix60/T,

where:

i = maximum rainfall depth (inches) of a time equal to the time of
concentration

Tc = the time of concentration, displayed in Table A3.

For example, the T, 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 18 Summary of Subbasin Hydrologic Characteristics

Subbasin Outfall A, A Total
Number  (acres) (acres) Area (ac)
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Appendix B

Summarized Analytical Data for all Storm Events Monitored
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1997 NPDES Data
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EY 08-Mar-95 _ NPOES! NO! 6.6%
EYIEY 060495 04-4un05 NPDES  NO| &
EVIEY 072695 2095 NPDES. _ NOI &
EYIEY 101695 15-Oct-95  NPDES! NO! 6.5

Iz




1997 NPDES Data

—EYEY 0219
EY 102196 GRAB
EY 021297
EY 021197 GRAB N
EY 030507 7. N NOI i 17
EY 030897 GRAB 7. NPI NOi 8.
TY 090894 08-Sep-94 NP NO; 7.9:3.9 4 0.3
'r%mmosu 9-Oct-94 NP NOl_6.51.3 0 0.
TY 030495 04-Mar-95 __ NPDES: NO! 6.9:5. 8 i
[ TYITY 060495 04-Jun-95 NP NO| _§57.6 22 )
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TY 090595 05-Se, NPDES NO, .6
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TY 032296 GRAB 22-Mor 96 STP AG! NOI 69:39
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TYITY 041696 5-ADS NP NO i30 0.032
IYITY 042296 22-ADIS NP NO 23 0.041
YITY 042296 GRAB 22-Ap1 NP NO| 7.32
YiTY 070396 GRAB m—u-t%’ NP NOI 6.2i1.4
IYITY 070496 03-JutS N NO 28 0.183
TY 071796 orab 17-JuH96 srl;m NO| 5919
%mmm 17-Jukod ST NO 13 0.475
iy 02-Aug-96_ STP NO 33 0.204
YiTY 080296 GRAB 02-Aug-9¢l _STP NOI 6416
TYITY 100496 GRAB NPY NO|_7.214 1134
TYITY 100496 04-Oct-$ NP1 NO 17 4
TY 021197 GRAB 11-Feb-97. NP NO| §7i5.1
TY 021297 11-Fob07 NPt NO;
ﬂiwoaoswsm 05-Mor-9%  NPDES: NO
TY]TY 030697 05-Mor-97: _ NPDES: NO:
BIB 041997 GRAB 19-Apr-97.  NPDES! NO
BIB 12049 04.Dec96 NPDES: NO!
_BiB 120496 GRAB 04-Dec9¢ _ NPDES! NO
g_tgt 797 &JonR7i M% NO; 405.6"6
B 012797 GRAB 27-Jon 9%, NPOES NO;
B!B 012897 27-Jon97 NN NO
aiaoaow 05-Mor-97: M% NO
D 120496 GRAB 04-Dechs NI NO;
DiD 011797 GRAB 16-JOn-97; Mﬁ_.:s} NO
. DID 012797 GRAB 27-Jon-97; _ NPDES NO:
D 012807 27-Jon97  NPDES: NO;
OID 021297 ] NO
D 021197 GRAB 11-FOD-97,  NPDES NOI 657.
D 030597 05-Mar-97. — NPDES; NO
;D 030597 GRAB 05-Mor-97i _ NPDES! NOI_ 7.0
Overalll count| 163| 140 140 134] 180] 151 1891 127 83| 132
th_ghlpmed <MDL value = 1/2 MDL medion®| 69| 14| 0.5 36| 150] 89 64| 005 5.0| 0.06
lined-out data not representative 95th| 7.8 8] 5.2{ 1600 66| 40| 40! 1.51 33| 0.637
784h| 73] 29| 0.8] 275 28] 18 12| 0.9 5| 0.20
25t} 66f 05 03] 40| 66 43 40] 00 5.0| 0.05
#non-detecied| 0| 57 86 23 6 0 27 22 60 42
%non-detected| 0% 36%] 61%| 17%] 3% 0% 17%| 17% 72%| 32%
*Geomean tor pH and Fecals
By Subbasin
|SDE4 countt 14 13 15 14 14 13 15 13 12 14
median®] 6.9 3. 28] 230| 41.5] 20.0] 11.7] 0.30 5.0! 0.18
osth] 7.7] 12.2] 9.2] 2440 165 104] 425! 24] 365 1.4
5] 7.3] 57| 3.9[ 1475 520 27.0{ 240] 0.44 57/ 0.9
25mh) 6.5] 28] 1.6] 46.3] 195 150 7.0 0.18 50 O.N
#non-detected] 0 2 2 0 0 0 1 0 9 1
%non-detected 0% 15%| 13% 0% 0% 0% 7% ox] 75% 7%
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1997 NPDES Data

median*] 74| 05 05 4] 45] 46| 80l 00s] 50 005
95| 8.1] 4.3] 0.5] 424] 22.6] 15.3] 24.4] 1.33] 18.8] 0.23
75th] 7.4] 1.3] 05 13 160f 99 1.4 012] 50/ 0.06
25th} 7.2| 05| 0.3 1] 23] 28] 50 002] 50 004
#non-detected] 0] 11| 14 10 0 0 2 2 8 9
%non-detected| 0% 69%| 82%| 59%! 0%] 0%| 12%] 13%| 89% 56%
I
SDS4 count] 16| 15| 16 15] 5] 18] 17| 14 7718
medion*] 73] 1.2] 05[] 133] W[ 5] 50] 005 50| 005
13] 164 085 50| 0.20
93] 6.4] o 5.0[ 0.07
48| 43| 002[ 50 0.
[0 ) 71 10
0% 6% 0% 100% 67%
8 8
29] 46
210] 121
213] 6.2
22{ 35
0 2
0% 25%
4 4 0 0 0
375 26
0.5 5.3
57.5] 39
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0 3
0% 75%
3 3 0 0 0
. K . 350 3.0
95th] 7.1} 11.8] 0.4 314 380[ 47.6] 105
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medion’) 6.5] 23] 20| MNM3[ 21.5] 120 94| 016 50| 0.00
95t} 7.6 17.8] 6.1 1900 65.6] 30.0] 38.1] 0.84] 50| 082
75h] 74] 63] 37| 420 415 17.8] 17.8] 0.44] 50| 0.20
25th] 6.2] 0.7] 05 29| 140 7.2] 48] 006 50] 005
#non-detected] Of 4 3 ] 0 2 2 14 5
%non-detected] 0%| 20%| 19%] 0% 4%] 0%] 8% o% 100% 31%
**Includes SDN1 up somples
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SDN2 | 13 18] 15 16| 200 20| 211 20 4] 15

medion’} 7.1| 11| 05] 72 6.1] 49| 6] 004 50/ 0.05

95ih] 7.8] 4.1] 22] 2625 17.8] 11.2] 860 177 41.2] 022

5] 7.5] 21] 05 153] 9.2 7.7] 12.3] 023 142 0.15

25| 6.8] 05 04 20| 30| 22 50 00 5.0/ 0.04

#non-detected] O] 6 9 2 2 0 2 6 10 6

%non—dohchdfo% 40%| 60%| 13%| 10%| 0% 10%] 30%| 71% 20%

SDN3 | count] 16f 16/ 18 16| 22 22| 23] 23 15 14

medion®} 7.0/ 08! 04| 158] 10.5] 99| 40| 001 5.0/ 0.05

95ty 7.7] 30| 0.5] 1225] 25.8] 250 7.0] 0.4] 54] 0.1

7SI 7.3] 20] 05]  65] 158] 160/ 50| 004 50 0.1

25M) 68] 05 0] 18] 39 51 20 00 50| 0.0

#non-detected] 0] 9 17 5 3 0 7 7 14 10

%non-detectedf 0%| 56%] 94%| 31%| 14%] 0% 30%| 30% 93%] 71%

N4 cﬂi a4 a4 4 & 4 2 4

median'} 7.1] 09 01| 58 75| 28 103 0.10] 50 0.02

96M] 8.0] 1.5] 0.1] 238.6] 106] 4.3] 13.8] 0.54] 50| 005

%] 7.5 13] 01 730 88| 34 12.6] 0.29 5.0/ 0.04

25| 6.6/ 05 0.1 1.0 6.2] 23] 68| 001 5.0] 0.0

#non-cetected] 0 2 4 2 0 0 1 2 2

%non-defected] 0%| 50%] 100%] 50%| 0% 0% 25% 25% 100%| 50%
(s

632
AR 033

j

| B |

\\/'-




L

[

———
11-Nov-94;

1997 NPDES Data

SDS2:SDS2 051095

; NPDES: Ng; ]
SDE4SDEA 111994 19-Nov-94 NPDES. _ NO!
SDE4iSDE4 010795 07-Jon95___NPDES 0.00) 0.014 0,000 10.337
SDE4:SDE4 041095 10-ADr-95  NPDES NOI0.00} 0.01 : .0005 10263
SDE4iSDE4 072695 2095 NPDES:  NOi0.008 0.023 00005 :; 10,0005 i0.779
. SDE4:SDE4 081795 J6-AUQ-95  NPDES: NO! t {
SOE4:SOE4 102695 25-Oc1-95 _ NPDES. NOj0.001 0.02 __ 0.00005 ‘e.oos 0.00'__10.0015 . {0.001 _i0.204
SDEA!SDE4 020496 GRAB 03fen-9%6 NPDES — VES . : :
SDE4:SDE4 0203% 03-feD96 _ NPDES __ YES0.001 ] NPDES; YESI0.001 004 10.00005 10062 10.0005:10.0015 - ] 10.279
SDE4!SDE4 032296 22-Mor-96 _STP AG: NO;0.002 0020 10.00005:16.005 :i0.0005 10.0015". ,amos 05 10361 ]
SDE4:SDEA 032296 GRAB 2:Mo96 STPAG__ NO|
SDE4ISDE4 041696 GRAB 1S-ApI96  NPDES: NO!
SDE4ISDE4 04169 15-Apr-96  NPDES 0015 JO00Y 50,002 J0.015 0,078 0.0977 1032
_ SDE&iSDE4 051796 _17-May-96 SES: NO 0.0005 0.027 _:0.011 0.11
SDE4;SDE4 05229 2Moy%6 " SES  NO, 0.0007 0.045_0.018 0.243
____ SDE4!SDE4 071796 GRAB 17-Juk96 _ NPDES NO!
SDE4!SDE4 090396 03-56p-96 _ NPDES’ 10015710.0031 - 30; 0.053 i0.0252 0.138
SDE4:SDE4 090396 GRAB 03-Se : ! :
SDE4!SDE4 121996 GRAB 19-Dec-9¢
SDE4:SDE4 122196 19-Dec-9¢ 10.171
SDEA4ISDE4 011607 16-Jon-97, 0051019
SDE4:SDE4 011697 GRAB 16-Jon-97;
SDE4!SDE4 012797 27-Jon-97 70,148
SDE4SDE4 012797 GRAB 27-Jon97
soea SDE4 030697 05-Mor-97 0.098
| _05-Mor-97:
SDE4 SOE4 053097 30-Moy-97:
SDS11SDS1 101994 19-Oct-92 0.234
SDS1iSDS 111994 19-Now-94
SDS1:SDS1 021695 15-Feb-05 0.125
SDS1SDS1 051195 11-Moy-95 05°10.304 |
SDS1iSDS1 060495 04-Jun-95 10.29
SDS1:SDS) 080795 06- ; 10211
SDS1{SDS1 101695 15-0ct95 0.116
SDS1:SDS1 011396 GRAB 13-Jon-96 ;
SDS1{SDS1 01149 13-Jon9¢ : 10,0008 10,104
SDS1:SDS1 041696 15-Apr-96 ES:
SDS1!SDS1 041696 GRAB 15-Apr-96: ] :
SDS1:SDS1 042296 22-Apr9% _ STP AG: 10; 0.0077 to.oouoe >ooozs ,00015 j0.005__ 10.0005 0062 -
SDS1{SDS1 042296 GRAB 22-Apr-96_STIP AG! : i e "
SDS1iSDS1 052296 21-Moy-9¢ SES ____NO 0.0011 0.035 :0.0103 10.0032 10.00015 10,108
SDS1:SDS1 07039 GRAB 03-Juk96  NPDES: NO : s
SDS1SDS? 070496 DES:. Y 0.0127 _i0.00005 :0.0025 -0.0015_:0.005 _ 10,0005
SDS1:SDS1 071796 GRAB
SDS1iSDS1 080296 0.015
SDS1:SDS) 080296 GRAB
___SDS1iSDS1 120496 GRAB :
sDS1iSDS1 1204% ) -10.0276 :0.0013  i0.00014_:0.008 xo,oms 0.0005 oooos
SDS1SDS1 011697 £50.00089 £110.0414 10,0273 10.00006 10.0025 oams )15 10,0005 :0.0005
SDS1SDS1 011697 GRAB
SDS1;SDS) 041397 GRAB
....SDS)iSDS) 041397 1:40.00214 j0.0057°:0.0706 :0.0408 10, 00012 0.025"_0.0015 .0.0005 _0.0005 o 253_

SDS2:SDS2 051195

SDS2:SDS2 061095

SDS2'SDS2 090595

SDS2:SDS2 112396 GRAB

SDS2:SDS2 12049
| SDS2:SDS2 120496 GRAB

SDS2:SDS2 011697 GRAB

SDS2 SDS2 011797

sow 021167

SDS3iSDS3 091494

SDS3SDS3 101394

SDS3ISDSI 111994

SDS3!SDS3 111994 grab

SDS3SDS3 010795
SDS3iSDS3 041295

SDS3:SDS3 072695

SDS3iSDS3 101605

SDS3:SDS3 011396 GRAB
SDS3:SDS3 01149%

SDS3:SDS3 032296

NOI0.001

SDS3SDS3 032296 grob

NO!

SDS3:SDS3 041696

SDS3:SDS3 041696 GRAB

10,002

SDS3:SDS3 05229¢
SDS3:SDS3 071796 GRAB

SDS3:SDS3 080296

SDS3:SDS3 080296 GRAB
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1997 NPDES Dato

—— SDS3;SDS3 090396 GRAB PDES; A
SDS3:SDS3 09039 : J00015:30,0032 0. I I 0.0158
SDS3!SDS3 102196 GRAB :

SDS3!SDS3 10219
SDS3:SDS3 112396 GRAB 23-Now-%6
| SDS3ISDS3 11239 23-Nov-9¢:

SDS3;SDS3 011697 1640097,
| SDSUISDS3 011697 GRAB 16-Jon

SDS3iSDS3 030597 GRAB

SDS3iS0S3 030597

SDN1ISDN1 091494

SON1ISDN] 101994

SDN1ISDN1 111994
SONTISDN1 011295

..__§QL“1}5_.._._DN‘ 030598 .
SDN1ISDN? 030995

"~ sDN1 SDN1 031505

SON1ISDNT 040595

SDN1{SDN1 040795

. SDN1ISDN 080795

I SDNl SDN)_110795

SDNI[SDNI 02049
SDN1{SDNT 020495 GRAB
SONHSDN! 033196 GRAB

SDNI1{SDNI 04169
_SDN1{SDN1 042296 GRAB 22-AD’-96 POES

| SONIISON1 042796 22-Apr-96 --a\-m X 0.011) [0 510.000 10,0018 10.008--10.0011 10.16
SDN1{SDN1 051396 13-Moy-96 _STP AG! ] I : ] ; »

0.0033

0.0141_10.00042 10.02

50286
0.454
10,375
10.208

8

SDN1SDN1 052296 21-May-9%__STP 0.0074 I0001530]
___SDNI|SDNI 062396 A 25009 z 0.0104_: 10.006 |

SDNI1{SDN1 06239 23409 _STPAG, 0013 _10.00006 70.0026*:0.0035:10.008: 10,0005 10.

SDN1ISDN 062396 GRAB 234008 STP A ; i i i

som!som 070396 GRAB 03 POES ?

SDN1ISDN! 070496 030456 NPDES

SON1ISDN1 071796
....... SDNMISDNI 071796 grob
SDNYSDN1up 100496 GRAB
SDN1!SDN1up 10049
SDN1ISDN1up 011697 GRAB
SDN1ISDN1up 011697
SDN1VISDN] 011697 GRAB
| ___.SDN1ISDN1 011697
SDN1ISON1 041397 grab
[ ____SDN1{SDN1 041397
SON2iSDN2 090894
SON2:SDN2 101394
SDN2!SON2 111394
SDN2!SDN2 111994

16-. R

SDN2iSDN2 011295
SDI

SDN2:SDN2 040795 O&-ApI-9S  STIP —AE! NO:

SDN2ISDN2 041295 10CAD9S _ NPDES
SON2ISDN2 080795 06-Aug95 __ NPDES:
SDN2!SON2 101695 150c195 _ NPDES,
SONZISON2 021796 GRAB 17:F6b96  NPDES:
SONZISDN2 021796 17-f0b-96 _ NPDES,
SDN2{SDN2 033196 GRAB 31-Mor96 __STIP AG!
SDN2;SDN2 041696 \CADRE__STP AG,
SDN2:SDN2 042296 GRAB 22-ApIR6__ NPDES
T SDNISON? 042296 22-Ap96_ NPOES,
SONZISDN2 051396 13-Moy-06 STP AG. : !
SONZISDN2 05229 21-MoY96__STP AG. 0.014_10.0016 000005 10.0015 201 0.076
SDN2:SDN2 0623% 23096 _STP AG. 5.i0.055 10.0117_j00000S {00005 100018 30, 10.076
SDN2SDN2 052396 GRAB 296 STPAG,
SONZISONZ 071796 grob 17-096 _ NPDES,
SON2ISDN?2 09039 GRAB 03-5ep-96 ;
SDN2ISDN2 090396 0.0062 TG 5,042
SDN2!SDN2 10219 GRAB 1 ] i
_ SDN2ISDN2 102196 0.0024 o0s BrY
| SDN2|SDN2 011697 GRAB i i i
sogsm 011697 0.011__ J000005 10,0025 100015,
| SON2:ISDN20N1997 - 0.0191 i0.0001 {0.02 |000IS
SDN2ISDN2 041997 GRAB : ;
——SON3ISONS 090694 10.002 20.005~. 0.002
somrsom 102694 T i
| SDN3ISON 111994
SON3ISON3 010795 0.001
SDN3ISDN3 030595 NO!
e SONSISONIC30995 | 08-M ._%..._._ NO
SDN3ISON3 031595 13Mor95 STPAGI

¥
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-
[ ]
V ]
SDN3;SDN3 071095
T
] 1SDN3 011496 GRAB -
T SDN3:SDN3 02049 :
[ SDN3'SDN3 040156
SDN3ISDN3 033196 GRAB
__SDN3ISDN3 041696 GRAB — -
i ! i i : : - 10000 _; C -
SDN3ISDN3 042296 : : T AT Y Yo Y ST T T
| SOngisONsosises )
___ SDNG{SDN3 05229%
| SDN3ISDN3 062396 A

SDN3ISDN3 06 GRAB
SDN3|SDN3 112396 GRAB
SON3ISDN3 120496
... SDN3ISDNS3 120406 GRAB
SDN3 122196
SDN3ISDN3 } GRAB
SON3ISON3 011797
SDN3ISDN3 011497 GRAS

091494

SDS4 011295
SDS4:SD54 051295

SDS4;SDS4 080795

N:g% 001 _l0.007 0006 i0001¢ 0054007 100 0005 (G005 10,001 100016 10.0006 10,016
NPOES: 40.001 000080007 10AXI28 {0,023 10.001 __j0:00006 10 - .05

=B
]

5054 :SDS4 01 1496 GRAB
SDSéSDSd 011496
SDS4!SDS4 041696 GRAB R
SDSJ'&SDS‘ 041696
S GRAB_ _
SDS4:5DS4 070496 -
SDSA;SDS‘ 070396 GRAB
-
-

SDSA‘SDS‘ 012797 GRAB
SDS4:SDS4 012797
SDS4iSDS4 041997

N bt W
~ SDW3ISDW3 051195 NPDES|
SDW3ISDW3 061095 Ni ﬁ
SDWL_!,SDWS 081795 16~ ¥ NPDES: NO;
90GRAB | 23Nowdt  NPDES _VES
04Dec9  NPDES __ NO
sowafsowa 011697 GRAB . GRAB 16-Jon97;  STIP AG: NO;
SOW3iSDW3 011697 16-Jon-97i _ STIP AGE NO;
SDW3ISDW3 012797 27-Jon-97 ST AE NO;
. SDW3iSDW3 021197 GRAB 11097 snug NO
... SOW3:SDW3 021197 11-Feb-97_ STP A NO,
SDWS‘SDWS w7 GRAB 26-FQD-97:  STIP AG! NO!
SDNISDN4 090396 T 03Sep% ‘
SDON4ISDN4 090396 GRAB NO!
. SDN4ISDNA 120496 GRAB

—_ SDN4ISDN4 011897
SDN4ISDN4 011697 GRAB

EYIEY 091494
EYIEY 101394
EVIEY 030995
EVIEY 060495
EYiEY 07269

EY 10169

od

{

\
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1997 NPDES Data
EViEY 021796 17Fe0-96 _ NPDES NO; : .
EYIEY 021796 GRAB 17f00:9%¢_ NPDES  NO: : f
EY:EY 042206 22-Apr-9%___NPDES NOj : !
EYEY 042296 GRAB 22-Ap1-98 __ NPDES: NO; > :
EYiEY 052296 21-May-96 sm\g; NO; : :
EYIEY 052296 GRAB 21Moy96 STPAG_ NO ! !
EVIEY 042306 23 n96__STP AG: NO! :
EY GRAB 23-3un98 STPAG: NOj
vsvorom Q3-Jub96_NPDES: NO
1EY 070396 GRAB 03-Juk96 N NO;
EYIEY 102196 21-Oct-96 N:gg NO! ;
EVIEY 102196 GRAB 2)-Oct-96 __NPDES! NO! i :
EYIEY 021297 11Feb-97  NPDES: NO; 1 "
EYIEY 021197 GRAB 11-FeD-97, _ NPDES. NO .
EVIEY 030597 O5-Mar97,  NPDES: NO! !
EViEY 030597 GRAB OS-Mor-97] _ NPDES. __ NO, ;
TY:TY 090894 068-Sep-94  NPDES: NO
IYiTY 101994 19-Oct-94; NPD_E_§ NO!
Y:TY 030495 04-Mor-95  NPDES: NO)|
TYiTY 060495 04-Jun95 _ NPDES! NO;
TYITY 081795 16 NOJ
TViTY 090595 NO!
TYITY 101695-1 15-Oct- NO!
YITY 032296 GRAB 2-Mar96 st NOJ
TY]TY 032296 22-Mar. NPDES| NO|
TYITY 041696 GRAB 15-ADr-96 _ NPDES! NO),
TYITY 041606 15-Apr-96_ _ NPDES! NO,
TYITY 042296 22-Apr98  NPOES! NO;
TYTY 042296 GRAB 22;59133 N% NOJ
TY{TY 070396 GRAB 03 Juk96_ NPOES! NO;
TYiTY 070496 030408 NPDES __ NO
TIY 071796 grab 17-J08 STP AG! NO;
TY:TY 071896 17-Juk-9% Sl’ll’A(;= NO;
TVITY 080296 . 02- : STP AG NO;
TYITY 080296 GRAB 02- STP AG! NO;
TY{TY 100496 GRAB 040ct9¢ NPDES,  NO
TViTY 100496 040ct-96  NPDES! NO!
TY:TY 021197 GRAB 11-Feb-97; NPD§ NO:
V1Y 021297 11-Feb97 -~ NPDES: NO!
TYTY 030597 GRAB O5Mor-97: NPDES NO:
TY;TY 030697 05-Mor-97.  NPDES! NO
B:B 041997 GRAB i 19-Apr-97: NPDE NO: : :
B8 120496 . 04.Dec-96  NPDES' NO’ 0.0276 10.0063 - i 0.04)
B:B 120496 GRAB 04-Dec9%6  NPDES,  NO
§§8011797 16-Jon-97; NPDES: NO: 0.0178 i0.0015 0.034
BiB 012797 GRAB 27-Jon97. __ NPDES! NO :
BiB 012897 27-Jon9T. _ NPDES NO: 0.0149 i0.0019 . 0.028
BIB 030697 05-Mor-97  NPDES! NO 0.0066_10.0005 0.017
D;D 120496 GRAB 04-Dec96  NPDES NO :
DID 011797 GRAB 16-Jon-97: _ NPDES. NO!
D:iD 012797 GRAB 27-Jon-97: NPDES! NO: :
D:D 012897 27-Jon-97i __ NPOES: NO 0.0157_:0.0038__: 0.023
DiD 021297 11-FeD97. _ NPDES: NO; 0.0082 100005 i0.0025
DiD 021197 GRAB 1)-Feb-97 _ NPDES NO; :
DiD 030597 05-Mor-97: — NPOES! NO! 0.0211_:0.008 o022
DiD 030597 GRAB 05Mor97  NPDES! NO :
Overall{ count| 105 105( 105 112| 105{ 120 120 105 11| 105 112 105/ 120
highlighted <MDL value = 1/2 MDL medion°®| 0.002| 0.002| 0.001] 0.001| 0.005]| 0.030| 0.005}0.0001{ 0.005{ 0.002] 0.002| 0.001|0.072
lined-out data not representative 95th| 0.002| 0.004{ 0.001| 0.002| 0.014} 0.115! 0.045]{0.0002] 0.018| 0.002} 0.005] 0.001] 0.417
75th| 0.002| 0.002| 0.001| 0.001{0.005| 0.042{ 0.013]0.0001{ 0.0091 0.002| 0.005[ 0.001 0.205)
25th| 0.001| 0.002{ 0.001{ 0.001} 0.003} 0.018{ 0.002]{0.0001]0.005| 0.001] 0.001]0.001 0.033
#non-detected 77 47 0 80 76 0 12 78 59 77 98 83 1
%non-detected| 73%| 45%| 86%| 71%| 72%| 0%| 10%| 74%| 53%| 73% 88%) 79%| 1%
*Geomean for ¢
8y Subbasin |
JSDE4 count] 13 13 13 15 13 15 15 13 15 13 15 13 15
median*] 0.002] 0.002] 0.001] 0.001]0.005] 0.033] 0.023]0.0001{ 0.005] 0,001 0.002] 0.001 0.204
95th] 0.004] 0.003] 0.001{ 0.002] 0.021]0.091] 0.100{0.0001 0.019/0.002] 0.005| 0.001|0.486
75th] 0.002] 0.003] 0.001| 0.001(0.007] 0.054] 0.039]{0.0001 0.012] 0.002| 0.002} 0.001] 0.300
25¢h} 0.001]0.002] 0.001] 0.001] 0.005[0.030] 0.016 0.0001] 0.005) 0.001{ 0.001]0.001}0.160
#non-detected]| [ 5 13 8 7 0 0 12 7 12 15 12 0
%non-detected] 46%] 38% 100%| 53%| 54%] 0% 0% 92%| 47%] 92%| 100%| 92%| 0%
(19 AR 033637
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75th 0:(1)2 0:033 0.001! 0.002 0.007] 0.096] 0.023]|0.0001| 0.005] 0.002 0:(1)5 0.001 0:244
25th| 0.002] 0.001{ 0.001] 0.001] 0.005] 0.031{ 0.006{0.0001] 0.003] 0.001] 0.001] 0.001] 0.109

%non-detected| 71%| 50%[ 100%! 47%| 71%] 0% 0% 86% 71%| 100%! 100%| 107%| 0%

SDS3 eou\t‘ 16 160 16 170 16| v 17 16 17 16 17 16 17
medion°] 0.001/0.002] 0.001] 0.001] 0.005] 0.035] 0.003] 0.0007] 0.005| 0.001] 0.002| 0.001] 0.054
95th] 0.002] 0.003| 0.002] 0.002] 0.007] 0.170] 0.014]0.0002] 0.016] 0.002] 0.005 0.001{ 0.099
75th} 0.002] 0,002 0.001] 0.001]0.005] 0.053] 0.005/0.0001] 0.005] 0.002| 0.002 0.001} 0.069
25th] 0.001]0.002 0.001] 0.001] 0.003] 0.028] 0.002[0.0001] 0.005] 0.001] 0.002] 0.001] 0.037

%non-detected| 81%| 38%[ 100%|  82%| 81%] 0% O%| 88%|.65% 88%| 100%| 81% 0%

SDS4 15 15 15 16 15 16 16 18] 16 15 16 18] 16
median°] 0.002] 0.002| 0.001] 0.001] 0.005] 0.024] 0.0010.0001] 0.005| 0.002] 0.002] 0.001 0.020
95t} 0.005[ 0.003[ 0.003| 0.002{ 0.026] 0.076] 0.016]0.0004] 0.046) 0.002] 0.005] 0.001] 0.092
75th{ 0.002| 0.002] 0.001] 0.001] 0.005] 0.036] 0.003]0.0001] 0.009| 0.002] 0.002] 0.001] 0.031
25t 0.001]0.002] 0.001| 0.001{0.003{ 0.020 0.001] 0.0001] 0.005| 0.001] 0.001] 0.001] 0.8

%non-detected| 80%| 47%] 93%| 88%| 87%| O0%| 19%| 80%| 50%] 80%] 100%| 80%| 0%

DW3 count] -
medion®|
95th| —
75th}
25|
#non-detecied|
%non-detecied|
8 comjti 0 0 0 0 0 4 4 4] 0 0 0 0 4
medion®| 0.016] 0.002 0.031
95th| 0.026 0.006 0.040
75th] 0.020| 0.003 0.036
25| 0.013] 0.001 0.025
#non-defecied] 0 1 0
%Mmj 0%| 25% 0%
D count! 0 0 0 0 0 3 3 0 0 0 0 0 3
medion®] 0.016] 0.002 0.031
95th} 0.026] 0.006 0.040!
75| 0.020| 0.003 0.036
25| 0.013} 0.001 0.025|
#non-detecied]| 0 ] ]
%non-detecied| 0% 33% 33%)

NI** | counl] 14] 14| 4 15| 4] 6] 16 14 15| W4 1850 14 16
median°] 0.002] 0,002 0.001] 0.001] 0.005] 0.032{_0.013] 0.0001| 0.005| 0.002] 0.002] 0.001 0.365
95t} 0.002| 0.002] 0.001] 0.001[0.009] 0.080] 0.039[0.0002| 0.011] 0.003] 0.005] 0.001 0.684
75th] 0.002] 0.002] 0.001] 0.001] 0.005] 0.043 0.017]0.0001] 0.008| 0.002 0.005/ 0.001{ 0.441
25th| 0.001] 0.001] 0.001] 0.001] 0.003] 0.022] 0.009]0.0001] 0.005] 0.001] 0.0011 0,001 0.288
#non-detected] 12[ 11 14 12] 10 0 0 1 9 8 15 12 0
%non-detected] 86%| 79%|100%| 80%] 71%| 0% 0% 79%| 60%| 57%| 100%| 86%] 0%
**Inclucies SDN1
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SDN2 | count]

1997 NPDES Data

“15| 15|

15|

15

15

15

15

S

5

medion®

0.002} 0.001

0.0001

0.005

0.002

0.001

0.048

95th

0.003] 0.001

0.020
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All Glycol Data
11-Nov-94:SDE4 111394 SDE4 NPDES! no 17
18-Nov-94!SDE4 111894 SDE4 baseflow no 26
- 19-Nov-94iSDE4 111994 SDE4 NPDES! no 8
10-Apr-95!SDE4 041095 SDE4 NPDES no 8
- 28-Apr-95!SDE4 042895 SDE4 basefiow no '
02-May-95!SDE4 050295 SDE4 rain| noi9.6 9.6
b 16-Aug-95:SDE4 081795 SDE4 NPD nois 8
19-Jan-96!SDE4 012096 AVG  |SDE4 snow| yes!24 13 K 72
03-Feb-96!SDE4 020396 SDE4 fiow- NPDES! yes|2é 14 12 74
- 03-Feb-96!SDE4 020496 AVG  ISDE4 sNo yes|30 18 12 95
22-Mar-96!SDE4 032296 SDE4 flow-w  NPDES; no 12
15-Apr-96:SDE4 041696 SDE4 flow-wl  NPDES! no 6.5
f 03-Sep-96!SDE4 090396 SDE4 fiow-wl  NPDES no 7.06
- 20-Nov-96!SDE4 112196 A9 SDE4 avgl  snow yes|92 21 71
15-Dec-96:SDE4 121506 SDE4 flow-wi rain no 9
, 19-Dec-96!SDE4 122196 SDE4 flow-wh  NPDES noj 11.7
| 26-Dec-96!SDE4 010797 AVG  ISDE4 avgl  snow yesi23 8 15 13
- 26-Dec-96:SDE4 123196 AVG  [SDE4 SNOW| yesié 3 4 33
27-Jan-971SDE4 012797 SDE4 flow-wil  NPDES| noid49 49
05-Mor-97/SDE4 030697 SDE4 flow-wtl NPDES! no 4.4
16-Jan-97iSDE4 011697 SDE4 fiow-wH  NPDES no 12.8
- 19-Nov-94iSDN1 111994 SDN1 NPDES no 6
05-Jan-95/SDN1 010595 SDN1 baseflow no 11
08-Feb-95{SDN1 020895 SDN1 baseflow no '
13-Feb-95!SDN1 021395 SON1 baseflow, _yes 5
~ 15-Feb-95:SDN1 021695 SDN1 rain yeslé 6 31
04-Mar-95(SDN1 030595 SDN1 NPDES no 4
08-Mar-95:SDN1 030995 SDNI1 NPDES! nol 6
J 13-Mar-95!SDN1 031595 SDN1 NPDES! no 4
04-Apr-95:SDN1 040595 SDN1 NPDES! no 5
06-Apr-95:SDN1 040795 SDN1 NPDES no )
03-Feb-96:SDN1 020496 SDN1 flow-wil  NPDES ye 15
_ 05-Apr-96:SDN1 040596 GRAB  |SDN1 __grabibasefiow] no 44
11-Apr-96:SDN1 041296 SDN1 flow-wt rain no 15
15-Apr-96:SDN1 041696 SDN1 fiow-wH  NPDES no
22-Apr-96'SDN1 042296 SDN1 | flow-wlf NPDES no 8.8
- 25-Apr-96!SDN1 042596 SONT_ | fow-wi rain no 2.4
13-May-94:SDN1 051396 SDNI fiow-wh _ NPDES| no 4.2
21-May-96:SDN1 052296 SDN!1 flow-wtl  NPDES 10,2
_J 22-May-96!SDN1 052296 GRAB |SDN1 | randomi  NPDES: no 12.4
23-Jun-96'SDN1 062396 SON1 fiow-wH  NPDES] no 20
03-Jul-96:SDN1 070496 SDN1 fiow-w  NPDES no £10.7
16-Jul-96:SDN1 071796 SDN1 flow-wt  NPDES no 25.1
_ 02-Aug-96:SDN1 080296 SDN]1 flow-wi no 14.2
03-Sep-96:SDN1 090396 SDN!1 flow-wi no 10
13-Sep-96:SDN1 091496 SDN1 fiow-wt rain no! 10.3
18-Sep-96!SDN1 091996 SDN1 flow-wt no
— 04-Oct-96:SDN1 100496 SDN1 unki rqQin; 20) b
19-Nov-94:SDN2 111994 SDN2 NPDES no 10
04-Mar-95:SDN2 030595 SDN2 NPDES noi36 136
13-Mar-95:SDN2 031595 SON2 NPDES; no 15
06-Apr-95:SDN2 040795 SDN2 NPDES! no 15
__10-Apr-95:SDN2 041295 SDN2 NPDES no{19 19 30
09-Dec-95!SDN2 121095 SDN2 fiow-wi rgin no, :
19-Jon-96:SDN2 012296 AVG  |SDN2 avgl rain yesid4 22 24 21
03-Feb-96iSDN2 020696 AVG  |SDN2 i 1Qin yes!23 9 14 108
03-Feb-96!SDN2 020496 GRAB ISDN?2 grabl  NPDES] yesidd 18 26 180
17-Feb-96!SDN2 021796 SDN2 | flow-wt  NPDES] noi17.3 6.3 11 6
-
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"~ 20-Mar-96,SDN2 032996 GRAB

All Glycol Data

SDN2 grab rain no| 10
05-Apr-96:SDN2 040596 GRAB  {SDN?2 grab! basefiow: no
16-Apr-96SDN2 041696 SDN2 flow-wh  NPDES no|
19-Apr-96!SDN2 041996 SDN2 rgin no
22-Apr-96!SDN2 042296 SDN2 flow-wl  NPDES no 6.6 -
25-Apr-96{SDN2 042506 SDN2 flow-wt] rain no 2.14
13-May-96;SDN2 051396 SDN2 flow-wt  NPDES no 4.9
21-May-96!SDN2 052296 SDN2 flow-wii NPDES§ no| 5.08
22-May-96!SDN2 052296 GRAB {SDN2 | rondom!  NPDES] no| 5.7
23-Jun-96!SDN2 062396 SDN2 flow-wti  NPDES no 18.3
16-Jul-96!SDN2 071796 SDN2 | time{ NPDES no £18.3
21-Oct-96!SDN2 102196 SDN2 | flow-wt] NPDES no| 4.5
20-Nov-96/SDN2 112896 AVG  |SDN2 ovgl  snow yes! 165 31 134 249
26-Dec-961SDN2 010297 AVG  [SDN2 _avgl  snowi yes|37 11 27 54
26-Dec-96!SDN2 123196 AVG  |SDN2 SNOW| yes|684 315 370 1180
16-Jan-97;SDN2 011697 [SDN2 flow-wil _ NPDES! noi51 51 120
19-Apr-97iSDN2 041997 SDN2 flow-wt; Nw noj
19-Nov-94iSDN3 111994 SDN3 NPDES no 4
08-Feb-95!SDN3 020895 SDN3 baseflow! no {
13-Feb-05{SDN3 021395 SDN3 baseflow ye! 3
15-Feb-95!SDN3 021695 SDN3 rain| ye!
04-Mar-95:SDN3 030595 SDN3 NPDES no, 13
08-Mar-95:SDN3 030995 SDN3 NPDES! no| 3
13-Mar-95!SDN3 031595 SDN3 NPDES! no| 5
04-Apr-95:SDN3 040595 SDN3 NPDES no 3
13-Jan-96!SDN3 01 1496 SDN3 flow-wl  NPDES! no 5
19-Jan-96!SDN3 012096 AVG - ISDN3 rain yesis 3 2.5 30
03-Feb-96:SDN3 020496 SDN3 flow-wil  NPDES! yes
29-Mar-96!SDN3 033096 GRAB _ISDN3 grob 1ain no 5
31-Mar-96:SDN3 040196 SDN3 flow-wti  NPDES no, 5
05-Apr-96!SDN3 040596 GRAB _ISDN3 grabi baseflow! no S
11-Apr-96:SDN3 041296 GRAB__|SDN3 rain no 4
15-Apr-96:SDN3 0414696 SDN3 flow-wii  NPDES| no!
19-Apr-96:SDN3 041996 SDN3 rain no!
22-Apr-96:SDN3 042296 SDN3 flow-wil  NPDES no 6.6
25-Apr-96:SDN3 042596 SDN3 flow-wih rQin| no
07-May-96!SDN3 050796 GRAB |SDN3 randomi baseflow noj
10-Moy-96:SDN3 051096 GRAB |SDN3 | random) basefiow! no
13-May-96:SDN3 051396 SDN3 flow-wli  NPDES! noj
22-May-96:SDN3 052296 SDN3 | flow-wll  NPDES! no,
04-Dec-96:SDN3 120496 SDN3 flow-wh  NPDES! no
19-Dec-96iSDN3 122196 SDN3 flow-wh  NPDES! no
05-Mar-97:SDN3 030597 SDN3 flow-wl  NPDES noi6.2 6.2
04-Dec-96:SDN4 120496 SDN4 flow-wif  NPDES no| 8
05-Mar-97:SDN4 030597 SDN4 flow-wl  NPDES no
18-Nov-94!SDS1 111894 SDS!1 baseflow nol32 32
19-Nov-94:SDS1:111994 SDS1 NPDES no{14 14 46
08-Feb-95!SDS1 020895 SDS1 basefiow no i
13-Feb-95{SDS1 021395 SDS1 basefiow yes| 5
15-Feb-95!SDS1 021695 SDS1 NPDES yesi275 1260 15
28-Apr-95:SDS1 042895 SDS1 baseflow no
02-May-95!SDS1 050295 SDS1 rain| no
29-Sep-95.SDS1 092995 SDS1 basefiow, no -
13-Jan-96!SDS1 011496 SDS1 flow-wii  NPDES| no| 18
19-Jan-96{SDS1 012096 AVG  iSDS!1 avg sNow/ yes!298 105 193 130
-_28-Jon-96!SDS1 012896 SDS1 basefiow yesi6220 320 5900
30-Jan-961SDS1 013096 SDS1 baseflow yesi291 71 220 690
01-Feb-96:SDS1 020196 SDS1 baseflow yesi36 13 23 170
1%
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All Glycol Data

Laiga

% 5s IS b - Y ) AV * £ - [ )‘l &
03-Feb-96:SDS1 020496 AVG  {SDS] avg:  NPDES yesil18 123 196 13)
15-Apr-96:SDS1 041696 SDS1 fiow-wti  NPDES no _ 23.9
22-Apr-96!SDS1 042296 SDS1 flow-wti  NPDES no| 9

03-Jul-96!SDS1 070496 SDS1 fiow-wti  NPDES no 11,2
03-Nov-96!SDS1 110496 SDS1 flow-wh rQin: no 6.4
20-Nov-96:SDS1 112096 Al SDS! time- SNOW| yesi 2859 59 2800 428
23-Nov-96iSDS1 112396 SDS1 flow-wt:  NPDES yes! 198 8.4 190 258
04-Dec-96;SDS1 120496 SDS1 flow-wl  NPDES noi29 24 41

16-Jan-971SDS1 011697 1SDS1 flow-wh  NPDES:! noid3 33 79
13-Apr-97{SDS1 041397 SDS1 flow-wti  NPDES no, 21.2
08-Sep-94!SDS3 090894 SDS3 rain; no,
18-Nov-94iSDS3 111894 SDS3 baseflow, no, 2
19-Nov-94iSDS3 111994 SDS3 flow-wti  NPDES no 18
08-Feb-95!SDS3 020895 SDS3 basefiow] no
10-Apr-95:SDS3 041295 SDS3 NPDES: no 4
28-Apr-95:SDS3 042895 SDS3 basefiow! no|
02-May-95:SDS3 050295 SDS3 baseflow, no
29-Sep-95iSDS3 093095 SDS3 unk: basefiow no|
29-Sep-95SDS3 093095 GRAB  {SDS3 random: baseflow no
13-Jan-96!SDS3 011496 SDS3 flow-wt  NPDES no 8
19-Jan-96:SDS3 012296 AVG SDS3 avg rQin: yesid0 25 14 118
28-Jan-96!SDS3 012896 SDS3 baseflow, yesi73 28 45
30-Jan-96!SDS3 013096 SDS3 baseflow, yesi115 96 19 210
01-Feb-96!SDS3 020196 SDS3 baseflow; yesi3l 18 13 130
03-Feb-96:SDS3 020696 AVG  {SDS3 avg raini . yesi29 16 13 162
22-Mar-96:SDS3 032296 SDS3 fiow-wt:  NPDES: no 8
15-Apr-96:SDS3 041696 SDS3 flow-wti  NPDES no! ¢ {X:]
21-Oct-96!SDS3 102196 SDS3 flow-wt  NPDES no :
20-Nov-96!SDS3 112896 AVG SDS3 avg SNOW: yesi28 14 15 75
23-Nov-96:SDS3 112396 SDS3 flow-wt  NPDES yes:28 18 10 34
26-Dec-96!SDS3 010297 AVG SDS3 avg. SNOW! yesi62 19 44 252
16-Jan-97:SDS3 011697 SDS3 flow-wt:  NPDES NO! : 10
05-Mar-97:SDS3 030597 SDS3 fiow-wt  NPDES! no : #
19-Nov-94iSDS4 111994 SDS4 NPDES! no 5
13-Feb-95!SDS4 021395 SDS4 baseflow yes, 5
15-Feb-95:5DS4 021695 SDS4 rain yes v
13-Jan-96:SDS4 011496 SDS4 flow-wt  NPDES: no| 6
19-Jan-96:SDS4 012096 AVG SDS4 avg SNOW:! yesio6 {3 4 {138
01-Feb-96:SDS4 020196 SDs4 baseflow! yes 4
03-Feb-94!SDS4 020596 SDs4 rain noi21 {14 17 13
03-Feb-96iSDS4 020496 AVG SD$4 avg:  NPDES yesi31 113 i18 242
15-Apr-96:SDS4 041696 SDS4 flow-wti _ NPDES no £4.6
22-Apr-96SDS4 042296 SDS4 fiow-wti  NPDES no 6.4

03-Jul-926:SDS4 070496 SDS4 flow-wt  NPDES no 6

04-Dec-96:SDS4 120496 SDS4 flow-wt  NPDES: no
19-Apr-97:SDS4 041997 SDS4 flow-wt.  NPDES no > 4.4
03-Feb-96/SDW3 020496 AVG  [SDW3 avgl NPDES yes{12 6 6 76
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Appendix C

Loading Estimates

Loading estimates provide another useful degree of sophistication in assessing
water quality beyond concentration data alone. Loading estimates are by no
means exact and should be viewed only as general order-of magnitude estimates.

The loading estimates presented in this report are based upon the method of
Marsalek (1990). This method uses statistics for a log-normal data distribution to
estimate a mean and range for a given confidence interval. The data set
comprises 14 to 23 quarterly samples per outfall taken throughout the calendar
year in the three-year period June 1994 to May 1997. The data set is limited to 4-
8 samples at outfalls SDW3 and SDS2 (only annual samples), and SDN4, B, and
D because sampling requirements were added in late 1996.

An annual load estimate for a particular outfall is the product of the log-mean
concentration and total annual runoff volume. The total annual runoff is estimated
by simple the runoff-coefficient averaging method and assumes an annual rainfall
of 38.6" (30-year average per National Weather Service). This method estimates
that 90% of the total rainfall results in runoff. Annual loads are then converted to
“unit loads” by dividing by subbasin area. Because annual load estimates are site-
specific, only unit loads can be compared amongst sites, regions, land-uses, etc.
Loading estimates can also be compared over time to show the effect of BMPs.

Two major capital BMPs reduced the SDS1 subbasin drainage area from 40 to 6
acres. Such a change in surface area, and consequent annual runoff will
dramatically influence load estimates. Because the majority of data for SDS1
comprise results from samples taken prior to these two BMPs, loading estimates
presented in this report reflect historical information. Any future estimates should

use sample data taken after the BMPs (May 1997), and should also be adjusted
for the reduced drainage area.
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Appendix D

Outfall Inspection Results

129 AR 033648




L6/0t/6

uose|qo) yoog

N
pr
81/ uo weoj oN -ojoyd 300§ (wdd G- -
pue (wdd 5p'0)INQS Ul SIuBIENS BIoS ‘alS0dWOD eqe Uy wdd 520 0> RS ‘piek 2iqmo | noge ._hmw.wuwm o|loe[e|o|o|e]|o] o A [wesLuzl weano B 18iino eqey nn“
1SS Br0GE 25412 U L0l '1SS 10U WIGZS ‘¥SOS I8 W0} 0U (5.0 ns) %9810 0 YOUEIE -3 W weol] @ | o | o 2lolole]|o A uwoisziz]  ween o rSas o
, 18 %9010 WQ o
1IN0 je uoyelebea uo punoj ‘og/g uo 887 mog 0} 196 uaib pecei) “pe/z uo jepno 1SQs oroqe 06y
061 %9012 U . 840q
16 Uoa16 jo ssew piiey Buiieoy 861} PUNO) ‘%9813 Uy Sl U 0B Pie) ‘PRSIA UBBIB ‘YelN0 8A0QE Y0810 Uy Ewo__ Afelolo|o|o|e| A A o/ veiL|  yoen e —mm.wo s_cq <
Aupiains moy “ieep 81 1SS 10109 30819 pue i 51306590 & | & | A | A |0 |0 |0 | & o |woissiz| ween e pmmm%ﬁﬂJ
22189 100C U1 osie ‘e pno wios) SBiegosip piin pue e weal o o A Ta (Ao 1o 5 2 96/21/9 | wepno en Uejin0 IS uige s
v i80}1890] }jwied-UoU |¥ SUOREAIPSGO P10
] I I

"uoseas Aip siy) Bupnp SysA BiiS 10y10 SNOIBLINU 10] JUNOJOE O} PAPNIOL] SUOIBAISSQO 9410 p
I T [ wewdnbe Bupoyuow (eao; Aq paiejs)be: ssejun ‘sjewyxosdde ase moy) j0 syideq ¢
Syiewes u) pejou ‘uosess Kip siy) Buunp seiep Jeyio snoiewnu uo paysia seys Bujdues Apepenp 2
(AL "A3 "2NGS "INGS '7308) K 82eds-pauyuos Buyinbas sjujod Bupioyuow Yym SiiE/INO Wolj WeensUMOP 1ijod e|qisiA 1521 1@ Siujod uoyedsu) *y
'PaIs)l S8jep uo Sepjue ededs peuyuco bupnp zy-y3QS ejoyuew U] pepedsy) y3aS ,

‘$9j0ou
“21/L UO dn pauesp pue pepodas SEPIBA wouj sepppnd/sdup ol o e (e e [A @ 1o ] @ ] 94/L "y/L | 18} ujesp €10 PBA ixe
¥iL ‘2L vo seBiespoulo o (o [o e e lo | o 2 19juj ujesp 2i0 pieA Bug
vess ‘068 ‘eaiL sy s wseliewspoul o (o o (o foe oo [ o |k gy 1o »NaS
. 2|ejole|o|e|o]o 2 16/ iiegno 010 tMas
C1/6 168 1119 'C/S O
POUSIA OSly 'SUO|1000 GiNin) PRYBUND ‘Y8 UOHONIISUOD SO 18 BulysBM ABMPROI O} PSORI) OE/Z PUR PZ/2 ‘G112 A{AIA|A|o |2 |0 ]| o |0 0 |01/ '929| nenno 600 ¥sas ™M

se0seyosip piquny “AiBjBIpeww) Peseso *9z/g uo Buusiemep puod-xonp o) pedes} ebieyosip xm-Aip pue s0po peq

D .
v gL Lit) 1o (o101 lo (sl o |eodt.an .%%wm Jiepno 800 - €NGS

'6/2 '52/9 '£1/8 "Z1/D POISIA 081y DO 0 'HdL ‘SIUBIOBINS OU :0}/G PRIJWES *1/5 UBES WD umoiq/ebueio
OE/ "92/8 ‘0EIL '92/L 'E2IL 'IVIL 'S2ID ‘02 ‘L1/D '2W/B ‘0M/S "Lss 'ers wo sebiespou| o (o | [0 [0 |0 (0] 0 | o oot mnus | @OWUBW | 200 znas
peedsul-cepia 9e/L g2l
9901 'E€¢/L UO HBIBIBD |B YSBM BPIYBA 0} pases) weod ‘wdb 1> ‘MOJJSEq WOJ uBKEe) sejdwes ‘Jopo aydes OlA|e|o|d|o|0| A </ ‘9L 194u) uresp 900 INGS
(00ssy 1ofe)) sebiespoule [0 [0 [0 oo |0 | @ 2 0L/S ‘1S | 181U ujsp 900 INGS
0€/L '9V/L "CVIL *6IL "2IL "L2/9 E/S PONSW . .
0S|y "SU0ISB00 8410 SINuBed Bupped pue siel peep ‘2 1/9 uo dwns u) Auprigin) umosq/ebueio 3 eebie meg Ale|AlAlo (o |A| o |(1em).01094/L 219 . Henno S00 £sas
elyospoulo o lo o (o [0 |0 | @ ° 1E/L lfegno ¥00 2sas
"9/9 "V/8 TIEIL "SVL CVIL "6IL PIL 92
'E/S 0pO ON "SBIOYUBLI WEBISN U} BIINOS OU:(1>D04 ‘Y5 0=HdL) 82/8 '¥2/L ‘2L 'S2/ vo wdB|>moyeseq] o | o | o Alelo]e] A L lauLae|  nepno €00 1Sas
Ul LWNJS UMIQ PUB J0po 8N} BUOIIS ‘|1BM BjOyUBW £2L-1SAS JO dVES L) B0IN0S'L1/9 LD BPEIDE] LK
8219 '€/S NS W0Jj PAIOSGO "LI0N0Q SJOYUEW O] SBIUG 8IBdS PAUILCD 2lefe ve/6 2L | 00_ ¥30S
glg
1213
133
1718,
18
- Auesaxd jy A, iedppLy [ | |

e B e e B T B e T S P B T o M T2 -2 jadad _ ey



X

obuByosyp J0)jBm Je0D] N opoyuew

uos®iIqoy joog
po 100 jno [ 1910 Bqey
NIN|N[N|[N|N[N|N woes o .a%.m_ﬂmzu
pejoedsu) Sef %0010 BN oRN0Y WO 18
H#OM Ho1D NG
weo) ou ye0 uysotem sseiol N [N (N [N [N [N N[ N %0010 W e o
PowRdsu} 1ou WBRNO U |Wepnois wez g _.n,w
3SUOEI0] HuLPd-UOU |8 SUOREAISQO 0D nn“w
‘Juowdinbe Bupoyuow jedol Aq B.os_ar ssejun .._9_59._& e H_s_. 10 sydeq ¢ o
S$yswe. u pejou ‘poped eyl Bupnp se1BP 16410 SNAIGNY UO PoySIA seys Buydwes Kieuend 2 (1o}
(AL A3 'zNas INGS y3as] Kiue eoeds-poujucs a.esue_ Y SI8RNG 10) Sidwies pedwind Aq 10 “S1eu yBnaiy edepng woy) Kensia 8.8“.&..18@__ <
Xy spdau Inq 02uid uj 933 ‘Yefaid OUINIISLOD peyS GDRIGIS UWANDS] MOUS way; f_ea_ MM " proye — o0 a %.SM_
isf-ofou_:oﬁuae.__aee_.iogsoiga_z N[A[N N idv-g2 uepno ¥10 g uiseqqng
stespoul InInn]n [N wdye2 | wuump | €10 pieA e
otimpspoul  In[nInfnn wuuep | z10 pusA Bu3
ebreyosp sorem801DI N [N [N | N N Hepno 10 ¥NGS|
slusyosip so1em .8_0_ N|N[N]|N N epno 010 €Mas| m.lu
S081BYSIP ULO}S JO (BIIAA) ‘WEo} 1By Joupl ‘SBIBYOSP JajEM .-..u_ NIN|N|N N Hegno 600 ¥50s,
I P19 YoBH Buisn sjueioRns ou pemoys eidwes ‘yejino wayj 02 100d MOJRq ESu_ NINININ N Hepno 800 €NaS
efusyosip sejem So_o_ N|IN|NI[N N ejoyusw 100 eNAsS
sfeyosyp sejem L_qo_o_ NININ]|N N 10U ujup 900 —zom_
40409 MOOAAIMOI] "WNISAUBOJ JOUJLL GLIOS ‘SHNG ON0IE0K *Sdnd *,SiNuBNd, WRojAIAS ‘spqep ?.8.._ N{N[N[A N yepno S00 nmnm_
ebueyosp Jejem ._ao.o_ NIN|[N[N N epno 00 wmow_
obieyosip J01em .8.0_ NININ|N N Hepno €00 _mom_
N{N|N[N[N 43S | 5, v3as

T T T T T T e e T sﬁxesslazﬁuﬁm_njmhgmhr -
{

i




	EXH2090033510
	EXH2090033511
	EXH2090033512
	EXH2090033513
	EXH2090033514
	EXH2090033515
	EXH2090033516
	EXH2090033517
	EXH2090033518
	EXH2090033519
	EXH2090033520
	EXH2090033521
	EXH2090033522
	EXH2090033523
	EXH2090033524
	EXH2090033525
	EXH2090033526
	EXH2090033527
	EXH2090033528
	EXH2090033529
	EXH2090033530
	EXH2090033531
	EXH2090033532
	EXH2090033533
	EXH2090033534
	EXH2090033535
	EXH2090033536
	EXH2090033537
	EXH2090033538
	EXH2090033539
	EXH2090033540
	EXH2090033541
	EXH2090033542
	EXH2090033543
	EXH2090033544
	EXH2090033545
	EXH2090033546
	EXH2090033547
	EXH2090033548
	EXH2090033549
	EXH2090033550
	EXH2090033551
	EXH2090033552
	EXH2090033553
	EXH2090033554
	EXH2090033555
	EXH2090033556
	EXH2090033557
	EXH2090033558
	EXH2090033559
	EXH2090033560
	EXH2090033561
	EXH2090033562
	EXH2090033563
	EXH2090033564
	EXH2090033565
	EXH2090033566
	EXH2090033567
	EXH2090033568
	EXH2090033569
	EXH2090033570
	EXH2090033571
	EXH2090033572
	EXH2090033573
	EXH2090033574
	EXH2090033575
	EXH2090033576
	EXH2090033577
	EXH2090033578
	EXH2090033579
	EXH2090033580
	EXH2090033581
	EXH2090033582
	EXH2090033583
	EXH2090033584
	EXH2090033585
	EXH2090033586
	EXH2090033587
	EXH2090033588
	EXH2090033589
	EXH2090033590
	EXH2090033591
	EXH2090033592
	EXH2090033593
	EXH2090033594
	EXH2090033595
	EXH2090033596
	EXH2090033597
	EXH2090033598
	EXH2090033599
	EXH2090033600
	EXH2090033601
	EXH2090033602
	EXH2090033603
	EXH2090033604
	EXH2090033605
	EXH2090033606
	EXH2090033607
	EXH2090033608
	EXH2090033609
	EXH2090033610
	EXH2090033611
	EXH2090033612
	EXH2090033613
	EXH2090033614
	EXH2090033615
	EXH2090033616
	EXH2090033617
	EXH2090033618
	EXH2090033619
	EXH2090033620
	EXH2090033621
	EXH2090033622
	EXH2090033623
	EXH2090033624
	EXH2090033625
	EXH2090033626
	EXH2090033627
	EXH2090033628
	EXH2090033629
	EXH2090033630
	EXH2090033631
	EXH2090033632
	EXH2090033633
	EXH2090033634
	EXH2090033635
	EXH2090033636
	EXH2090033637
	EXH2090033638
	EXH2090033639
	EXH2090033640
	EXH2090033641
	EXH2090033642
	EXH2090033643
	EXH2090033644
	EXH2090033645
	EXH2090033646
	EXH2090033647
	EXH2090033648
	EXH2090033649
	EXH2090033650


