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ABSTRACT

A two-day cooperative survey was performed with the Boeing Commercial
Airplane Company at its facility in Auburn in January 1987. Two
discharges were monitored as they emptied into Government Canal, a
1.75-mile-long tributary to White River. One discharge included
near-surface ground water, stormwater, noncontact cooling water, and
process treatment effluent; the other contained only ground water and
stormwater runoff. Stormwater was not thought to be a significant
portion of the two discharges during the survey. The discharges did
not fit usual stormwater quality characteristics. The former dis-
charge contained elevated BOD, Cr, and Zn concentrations, and one low
dissolved oxygen (D.0.) concentration. The latter had elevated Cd,
Cu, Zn, COD, and TOC concentrations. The metals concentrations would
have exceeded some USEPA freshwater aquatic life criteria had they
been applicable. Samples from the canal indicated D.O. depletion
below the Class A criterion as a result of the poor reaeration in the
canal, possibly aggravated by the BOD and COD loads from the discharges.
No other water quality problems were noted in the canal or White
River. Close review of Boeing's results for four monitoring surveys
in 1987, sampling of canal sediment, further periodic monitoring of
the discharges, evaluation of the retention pond removal effective-
ness, and complete fish habitat assessment in the canal were
recommended.

INTRODUCTION

The Boeing Commercial Airplane Company (Boeing) fabrication facility

in Auburn has been performing periodic on-site monitoring of its
combined discharge of stormwater runoff, ground water, and process
wastewater since the summer of 1986. The monitoring is part of Boeing's
NPDES permit obligations. Ecology's Water Quality Investigations
Section (WQIS) conducted a survey on January 28 and 29, 1987, in
cooperation with Boeing at the request of the Ecology Northwest Re-
gional Office (NWRO). There were three primary objectives to the
survey:

1. Monitor and characterize the discharges reaching Government Canal
and White River from the Boeing site during a winter storm event.

2. Assess the probable impact of the discharges on receiving water
quality.

3. Compare Ecology and Boeing analytical results on split samples.

Although the storm event did not fully materialize as anticipated, the
information obtained from this survey should help the NWRO with deci-
sions concerning the Boeing discharge permit, and with future storm-
water management decilsions in the Auburn area.



Site Description and Background

The Boeing fabrication facility occupies approximately 385 acres
within the corporate limits of Auburn in south-central King County
(Figure 1). The plant manufactures aerospace components used at other
Boeing facilities in the Puget Sound basin. Boeing purchased the site
in 1964 from the U.S. General Services Administration (GSA), which
still occupies an adjoining 125 acres (approximately) to the east and
north of Boeing (Figure 1).

The combined 510 acres were originally developed by the GSA in 1941.
Approximately 80 percent of the area is impervious--primarily as
parking lots and large buildings. Drains and Government Canal were
built to remove near-surface ground water and stormwater runoff from
the site to White River, 1.75 miles to the south (Figure 1).

The drainage system for the combined Boeing/GSA site has two main
branches (Figure 2). One branch serves 400 acres-—-the GSA property,
and the north and central portion of the Boeing site. This branch
terminates at a retention pond on the southwest corner of the Boeing
facility. The pond discharges through a culvert into the head of
Government Canal (SW-1). The second branch serves the southeastern
110 acres owned by Boeing. It terminates at an outfall (SW-2) at
Pacific Avenue (Figure 2). From the outfall, water is carried through
an 0.3-mile open ditch to Government Canal.

Boeing maintains the drainage and canal system as part of its agree-
ment with GSA. Government Canal is generally characterized as slow-
moving and quiescent, except at the outfall at the Boeing property
line and the final 500 feet to the confluence with White River. The
canal is dredged periodically; most recently in September and October
of 1986.

Both White River and Government Canal are Class A water bodies (WAC
173~201-070). Therefore, their water quality should meet the criteria
set in Table 1.

Four sources of wastewater are regulated at the Auburn site under the
current Boeing NPDES permit (WA-000094-9 [Table 2]):

. Sanitary sewage

Boiler blowdown

. Process treatment effluent
. Noncontact cooling water

E LI S

Boeing sanitary sewage and boiler blowdown effluent are sent to Auburn
for treatment. Noncontact cooling water and treated process wastes
are discharged into the larger storm drain network, and ultimately to
White River via Government Canal.

The process wastes treatment system handles independent waste streams
of:

o 0il.
0 Chromium.
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Table 1. Class A (excellent) water quality standards (WAC 173-201-045) and
characteristic uses..

Characteristic uses:

Water Quality Criteria

Fecal coliform:

Dissolved oxygen:

Total dissolved gas:

Temperature:

pH:

Toxic, radioactive, or
deleterious materials:

Aesthetic values:

Water supply, wildlife habitat; livestock watering;
general recreation and aesthetic enjoyment; commerce
and navigation; fish reproduction, migration, rear-
ing, and harvesting.

Geometric mean not to exceed 100 organisms/100 mlLs
with not more than 10 percent of samples exceeding
200 organisms/100 mis.

Shall exceed 8 mg/L.
Shall not exceed 110 percent saturation.

Shall not exceed 18°C due to human activity. In-
creases shall not, at any time, exceed t = 28/(T+7);
or where temperature exceeds 18°C naturally, no in-
crease greater than 0.3°C. t = allowable tempera-
ture increase across dilution zone, and T = highest
temperature outside the ditution zone. Increases
from non-point sources shall not exceed 2.8°C.

Shall be within the range of 6.5 to 8.5, with man-
caused variation within a range of less than 0.5
unit.

Shall be below concentrations of public health sig-
nificance, or which may cause acute or chronic toxic
conditions to the aquatic biota, or which may ad-
versely affect any water use.

Shall not be impaired by the presence of materials
or their effects, excluding those of natural origin,
which offend the senses of sight, smell, touch, or
taste.

(%2l



51, EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS (Treatment Plant Effluent to
Storm Sewer)

During the period beginning on the date of issuance of the permit and lasting
until completion of the Auburn Interceptor, the permittee is authorized to
discharge process water subject to the following limitations and monitoring

requirements:
EFFLUENT LIMITATIONS MONITORING REQUIREMENTS
Daily Daily Minimam Sample
Parameter Average Maxinum Frequency Type
Flow (M3D) 0.55 2.05 Monthly Measure
Temperature (°F) 75°F Daily Grab
pH Not outside the range 8.0 - 9.5 Continucus
Dissolved Oxygen Not less than 8.0 mg/l Daily Grab
Beavy Metals (mg/1) Daily 24 nr.
camposite
Cadmium 0.01 0.03 (0.2 1b/day)
Chramiumn 0.1C 0.25 (1.7 lb/day)
Copper 0.05 0.10 (0.9 lb/day)
Nickel 0.05 0.10 (0.9 1lb/day)
Zinc 0.05 0.10 (0.9 1b/day)
Lead 0.69 Manthly
Cyanide (mg/l) 0.01 0.02 Daily Grab
Orthophosphate - P {mg/1l) 0.3 1.0 Monthly 24 hr.
canposite
Tptal Oils (mg/1) 10 (no 15 Weekly 24 hr.
visible oils) canposite
Total Toxic Organics, 2.13 1/shift/mo  Grab
TTO, (mg/1)

The daily maximm is defined as the greatest allowable value for any calendar day.

Temperature and dissolved oxygen samples may be taken at point of discharge of the
storm water outfall at the property line.

The cyanide sample shall also be taken after cyanide treatment and before dilution
with other waste streams.

All other samples shall be taken prior to dilution with non~contact cooling water.

S§2. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS (Non-Contact Cooling)

During the pericd beginning on the date of issuance of this permit and lasting
until the expiration date, the permittee is authorized to discharge non-contact
cooling water subject to the following limitations and monitoring requirements:

EFFLUENT LIMITATIONS MONTTORING REQUIREMENTS
Minimum Sample
Parameter Daily Average Dajly Maximm Frequency _Type
Flow (MGD) 1.6 1.75 Monthly Calculate
Terperature (°F) 70°F Weekly Grab
Total Oils (mg/1) 10 (no 15 Weekly Grab

visible oils)

pH Not outside the range 6.5 - 8.5 Weekly Grab

Table 2. Boeing Company NPDES permit ‘WAT(’)(‘)O()?M—()
for the Auburn fabrication faciiity.
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o Cyanide.
o Zyglo (a fluorescing solution used to detect cracks in metal
work).

0ils are recycled and/or retained. The other three waste streams are
combined after treatment and discharged. The NPDES permit requires
process treatment effluent to undergo both routine chemical monitoring
and continuous effluent bioassay. Rainbow trout, Salmo gairdneri,
are subjected to a mixture of one part effluent to no more than two
parts uncontaminated dilution water.

Currently, neither the mixed stormwater, ground water, and process
effluent discharge at SW-1, nor the SW-2 discharge is regulated by
permit. Regular monitoring of water discharging from the retention
pond (SW-1) or from the other branch of the drainage system (SW-2)
into Government Canal had not been required in the past. Boeing was
directed by the NWRO in section S6.(C) of the most recent NPDES permit
(WA-000094-9), to monitor water exiting the site if Boeing wished to
continue using White River via Government Canal as a wastewater dis-
charge site.

In May 1986, Boeing submitted a monitoring plan to the NWRO for approval
(Boeing, 1986). It was agreed Boeing would monitor its systems four
times during 1986-87:

Summer dry period

Summer rainy period

Winter relatively dry period
Winter rainstorm period

cC 0 0 O

Samples would be collected at four on-site locations and one off-site
location every two hours over a 24-hour period (Figure 2). Discrete
and 24-hour, hand-composite samples would be analyzed for several
conventional and priority pollutant parameters. Results of the sur-
veys are to be reported to the NWRO by October 1987.

The NWRO requested the WQIS to conduct a survey of Government Canal
and White River during one or two of Boeing's surveys. Initial moni-
toring plans included collection and analysis of canal sediment and
benthic invertebrates. However, canal dredging just prior to the
planned summer rainy-period survey eliminated the usefulness of those
activities. The plans were modified from the initial proposal of two
cooperative monitoring events to that of monitoring only during the
winter rainstorm period survey. Hal Alsid, the Boeing manager in
charge of their surveys, and I set a January 1987 survey date (personal
communication, 11/20/86). After a reconnaissance visit on January 26,
the weather forecast appeared promising for a January 28 and 29 survey.
This report discusses and summarizes results of that survey.

METHODS

Ecology station locations for the survey were selected after the
January 26 reconnaissance survey. They and the Boeing stations are



shown in Figures 1 and Figure 2, respectively. Descriptions and
field/laboratory activities for individual Ecology and Boeing stations
are listed in Table 3. Field analyses included temperature by mercury
thermometer, dissolved oxygen (D.0.) using Winkler—azide modified
titration, and pH and conductivity using field meters (APHA-AWWA-WPCF,
1985). Discharge data at selected sites were obtained from cross-
section channel and water velocity measurements uging measuring tape,
staff and propeller flow meter. A Manning Dipper water level recorder
was set at the retention pond and calibrated to the head height flowing
out the 48-inch culvert to Government Canal. Ecology water quality
grab samples collected for laboratory analyses were stored in the dark
on ice and received by the Ecology/USEPA Manchester Environmental
Laboratories within 24 hours. All analyses were performed using
approved procedures (USEPA, 1983a; APHA-AWWA-WPCF, 1985; Huntamer,
1986).

Automatic composite samplers were set by Ecology at the two outfalls—-
SW-1 and SW-2 (Figure 1). Samplers contained glass storage jugs and
had teflon intake tubes. They had been cleaned with sequential rinses
of detergent, distilled water, acid, distilled water, dichloromethane
(methylene chloride), and acetone. The compositors were set to deliver
200 mL every 30 minutes for 24 hours. Samples were distributed out of
the main compositor jug into various specially cleaned containers;
properly preserved where necessary; kept in the dark, on ice, and
delivered to the Manchester Environmental Lab within 24 hours. All
analyses were performed by the lab or a designated contract lab using
approved procedures.

Several quality assurance/quality control (QA/QC) measures were taken
over the course of the survey. A blank sample of carbon-free water

was run through the SW-1 compositor and analyzed for selected priority
pollutants and metal species. Compositor samples were split with
Boeing persomnel for interlaboratory comparisons. Duplicate base
neutral/acid extractable and volatile organic compounds grab samples
were collected at SW-1. The Manchester and contract laboratory (METRO)
both observed strict QA/QC procedures during their analyses under the
guidance and approval of Raleigh Farlow, the Ecology QA officer (Farlow,
1987).

RESULTS

Rainfall and Discharge

The quantity and quality of stormwater runoff is dependent upon several
climatic, land use, and pollutant source variables. Among the climatic
variables important in this survey are:

o Rainfall volume.
o Rainfall intensity.
o Amount of time past since the last rainfall.



Table I

Btation descristions and moniforing activities for the water quality survey samples
tollected from the White River and Bovernment Canal in the vicinity of the Boeing/fuburn facility,
by both Ecology and Boeing personnel, January 28-29, {987,

tcology
Station

(]

(=4

River

Hile

,..
]

0.3¢

~
]
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0. 01

ttation Description Field/Laboratory Activities

Stormwater, groundwater & Poeing Co. facility Pool head height,pH,conductivity/ pH

treatment process water - Z4§ hr. composite at conductivity,chioride, turbidity,solids{4)

the reteation basin outfall, nutrients(3),hardness, total organic carbon
) ) g '

base neutral-acid extractables, metals(é),
VOA,total cyanide

Source water same as above - grab samples taken Discharge,pH conductivity disscived oxygen

13" below outfall south of ist Ave.- midstrean. temperature/fecal coliform,oillgrease,
metals{f),total cyanide,phenol,total solids,
VOh,base neutral-arid extractables,hardness

Government Canal at Eilingson Rd., O.1 ai. Dissolved oxygen,tesperature,pH,conductivity
above SH-Z drain confluence, midstreas. 74, coliforanutrients(3},chloride,turbidit
total solids,hardness

Stormwater and groundwater - 24 hr. composite Same as SH-1 composite except no pocl height

at discharge into an opep ditch at Pacific St. fSame as SW-1 cosposite

appros. 1087 downstreas of outfall

Scurce wafers same as above- grab samples taken Cagme ac S¥-1 grab/ oil % grease,phenol,total

at outfall cyanides,fecal coliform

Government Canal approx. 107 upstreams of Same as SW-1 grab/f.colifors,nutrients(d),

Ird fve., midstream grab samples chloride,turbidity,solids (4} ,hardness,
setals (b}

Governsent Canal from Butte St. crossing Same as Station 3/ fecal colifore

nidstreas grab sample

Bovernment Canal approx. 207 up from conflu- Same as SW-1 grab/Game as Station 4
ence with #hite River- midstream grab sasple

White River approx. 73 upstream of Bovern- Sage as Station 3/§. coliform,nutrients(3},

ment Canal confluence- right bank grab sample chloride,turbidify,total solids,hardness,
netals (b},

White River approx., B0  downstream of Same as Statipn SW-1 grab/ Same as Station 7

Governpent Canal- center/right bank grab

Boeing Lo, Station

2 {ferator)

2 {Agratori- DHR value

Station Description Field/Laboratory Activities

Storawater, groundwater & Boeing Co. facility Same as Ecology SK-1 composite/ BOD,COD,turb

treatment process water - 24 hr. composite at idity,f.colicvanide,phenol,priority pollu-

the retention basin outfall: Ecology split sample  tant metals, VO4,base neutral-acid extract-
ables

Storsmater and groundwater - 24 hr. composite Same as Ecology SH-Z composite/ BOD,COD,VEA,

at discharge into an open ditch at Pacific 5t, f.cali

approx. 100" dosnstream of outfasll: Ecolegy comp.

Eftluent discharge from process waste treatment None?/ BOD,COD,f.coli,turbidity,phenol,VOA
plant before entering stora drain systes- 24 hr.
hand coaposite

Effluent discharge fros process waste treatment Discharge,pt,dissolved ouyoen,tenperature/
plant before entering stors drain systea- grab cyanides,cadsius,copper chromius,nickel,zinc
sasple used for discharge monitoring report (DHR)

Stors water and groundwater runoff from the north 7/ turbidity,phencl,VDA
and west portion of the facility- 24 hr. hand

composite

Store water and groundwater runotf from the BSH ¥ turbidity,phenol ,VOA
and sorthesst portion of the facility- 24 hr.

h

i composite




The Boeing facility lies within the isohyet zone best described by the
National Weather Service (NWS) station at Buckley (Buffo, 1979).
However, the NWS stations at Seattle-Tacoma International Airport
(Sea-Tac) and at Kent lie in close geographical proximity to the
facility and appear to have similar January 1987 rainfall patterns and
volumes as Buckley (Figure 3). January 1987 rainfall in the area was
slightly less than normal (NOAA, 1987a).

The rainfall event monitored during the survey was on the waning end

of a set of storms that had started on January 22 and diminished by
January 29 (Figure 3). The cumulative rainfall volumes recorded at

the three NWS stations from January 22 to the eve of the survey (January
28) were:

o Buckley: 1.55 inches.
o Kent: 1.73 inches.
o Sea-Tac: 1.34 inches.

Hourly precipitation is recorded at Sea-Tac. The record showed a
maximum intensity of 0.16 inch/hour on January 24, and another period
of intense rainfall on January 26 (NOAA, 1987b).

In comparison, the rainfall volumes recorded at the same stations over
the two-day survey period were:

o) Buckley: 0.44 inch.
o Kent: 0.39 dinch.
o Sea-Tac: 0.49 inch.

However, if the Sea-Tac hourly precipitation record is an indication
of the conditions at the survey site, rainfall on January 28 was
heaviest in the early morning hours prior to our arrival (Figure 4).
Rainfall during the time the compositors were in operation measured
only 0.13 inch at Sea-Tac (NOAA, 1987b - 1000 hours to 1000 hours).
The maximum rainfall intensity recorded during the compositor sampling
period was 0.04 inch/hour (Figure 4).

Runoff was probably not a significant portion of either of the two
discharge volumes. Researchers performing studies in Bellevue (Pitt
and Bissomnette, 1984) and on Washington State highways (Mar, et al.,
1982) have used their data to calculate winter runoff coefficients
(runoff volume/rainfall volume) for western Washington. Runoff coef-
ficients in the Bellevue urban residential area averaged 0.25 in the
winter (Pitt and Bissonnette, 1984); Mar et al. (1982) recommended
using the 0.7 value for impervious areas and 0.45 for pervious areas
along highway sections. Coefficients for industrial and commercially
developed areas on flat slopes commonly range from 0.5 to 0.8 in most
standard tables (Witecki, 1981). Peak discharge from the site during
the 0.04 inch/hour rainfall was estimated using this range of coef-
ficients (0.25 to 0.8), and the Rational formula (Mills, et al.,
1985):
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Q=C1IA
where = runoff volume (cfs)
= runoff coefficient
I= rainfall intensity (inches/hour)
A= catchment area (acres)

Assuming a 510-acre catchment area, the peak discharge would have been
5 to 16 cfs. In comparison, during the reconnaissance work on January
26, the 0.11 inch/hour rainstorm shown in Figure 4 could have created
a peak discharge of 14 to 45 cfs of runoff based on the same range of
coefficients. Instantaneous discharge measurements made from 1100 to
1200 hours on January 26 were 17 cfs at SW-1 and 3.8 cfs at SW-2--much
greater than the volumes measured during the main survey.

Consequently, it appears the major pollutant wash-off event(s) occurred
prior to the survey, and the survey conditions were not "worst case."
Conditions could better be portrayed as being typical wet weather with
minor stormwater runoff.

The Boeing stormwater system discharge at station SW-1 is influenced
by several sources:

Ground water

Process treatment plant discharge
Noncontact cooling water discharge
Stormwater runoff

©cC O 0 O

The volume discharged at SW-~2 appears to be dependent only upon ground
water and stormwater runoff. The instantaneous discharge measurements
taken at these two sites during the survey showed very little vari-
ability and had low quantities (Table 4). However, the level recorder
set at the detention pond at SW-1 showed a much greater change in flow
(Figure 5). The peak volume discharged at 1545 to 1700 hours on
January 28 was an order of magnitude higher than was measured (instan-
taneous) earlier at 1230 hours. Some of the volume could have been
related to rainfall, but it was more likely related to the changes in
the cooling water or treatment plant discharge. The time of the
sudden change in discharge coincides with the arrival of the second-
shift treatment plant operators (H. Alsid, personal communication).
They may have emptied a rinse tank to accommodate wastes to be received
later in the shift. A recording flow meter at the plant would have
been helpful in this instance, and could be helpful in the future.

The flow chart was used to estimate the average discharge over the
survey period. A stage height relationship was estimated using the
chart value head height during the instantaneous discharge measure-
ments and using the Manning equation along with cross-sectional areas
of the 48-inch culvert at different head heights (Appendix I). Average
hourly flows were then estimated, resulting in an average flow of 2.6
cfs over the survey at SW-1.

Discharges measured in Government Canal at Station 4 were twice the
sum of SW-1 and SW-2 flows (Table 4). Variability in the source

13



71

January 28-29, 1987,

Samples collected by Ecology

referenced to

Figure 1

and Table 3.

Table 4. Water quality data collected from the Government Canal, White River, and Boeing Company fabrication plant near Auburm,
Boeing samples referenced to Figure 2 and Table 3. All values mg/L unless otherwise indicated. < = less than.
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discharges and ground water input along the canal probably account for
the increase. One small street drain was observed discharging into
the canal (approximately 0.2 cfs) just above Station 4. Other
significant surface discharges from Algona and Pacific to the canal
were not seen, although Boeing fears new developments along the canal
have, and will, connect unauthorized draims to it (H. Alsid, personal
conversation). The canal appeared to gain another 1 cfs or less in
the 0.75 mile to the confluence with White River (Table 4).

The flow of White River below Government Canal confluence was measured
on January 29 (Table 4). The dilution ratio of river to canal water
was approximately 70:1. Summary statistics for White River at the
Sumner gaging station 7.5 miles downstream of Government Canal conflu-
ence are shown in Table 6. The White River flow was lower than the
January mean monthly flow of 836 cfs (Williams, Pearson, and Wilson,
1985). The river is regulated upstream with dams and diversions, but
the calculated seven-day, ten-year low flow (7Q10) at Sumner is 45
cfs. The 7Q10 would probably be experienced in July through October
when monthly flows are usually lowest (Table 6). Boeing's maximum
permitted discharge of mixed cooling water and process treatment
effluent is approximately 5.9 cfs. If just this volume (i.e., no
ground water additions) reached White River during a 7Ql0 event, the
dilution ratio would be approximately 7:1.

Boeing Discharge Quality

The results of the Ecology and Boeing sample analyses are presented in
Tables 4 and 5. The process treatment plant (aerator) effluent
results from the composite sample and the discharge monitoring report
(DMR) collected by Boeing are included in the tables.

The Boeing contract lab and Ecology lab results of the metals and
priority pollutant split sample, SW-1, compared very well. The large
amounts of dichloromethane and acetone detected in the compositor
samples by Ecology and Boeing analysts were residues from the composi-
tor cleaning process. Otherwise, the data appeared to be satisfactory
in terms of QA/QC.

In most respects, the discharge quality at SW-1 was different from
SW-2 (Tables 4 and 5). Some differences were expected considering the
additional sources contributing to the SW-1 discharge and the removal
by the retention pond at SW-1 of some sediments with adsorbed contami-
nants. Results from the single SW-2 compositor sample and the SW-1
compositor and grab samples showed:

o The two discharges lacked significant organic priority pollutant
and lead concentrations.

o The discharges had similar fecal coliform, chloride, and total
phosphorus levels.

o SW-1 had higher pH, hardness, conductivity, and temperature
values than SW-2. It also had higher concentrations of BOD,
total solids, inorganic nitrogen, chromium, cyanide and oil and
grease.
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o SW-2 had higher concentrations of cadmium, copper and zinc than
SW~1. The total organic carbon (TOC) and COD concentrations were
also much higher, but the carbon did not appear to be biologically
available (low BOD).

The loading of the Boeing site discharges are summarized in Figure 6.
The loading values assume an average flow of 2.6 cfs and a 400-acre
catchment at SW-1, and 0.8 cfs flow and a 110-acre catchment at SW-2.
The values suggest the total 510-acre site contributed less than a
pound per day per acre of most constituents. The transformation of
the data also suggests the inorganic nitrogen and solids loadings for
the two discharges are similar on an areal basis.

As mentioned earlier, the retention pond just above SW-1 may have
removed some contaminants emanating from the stormwater system.
Galvin and Moore (1982) cited work by Whipple and Hunter (1980) where
stormwater detained in a basin for 32 hours lost 90 percent of its
particulate matter, 70 percent of its lead and hydrocarbons, 50 per-
cent of its copper and nickel, and 40 percent of its zinc. If the
Boeing retention pond is trapping a large portion of the contaminants,
the stormwater quality of the site would be more contaminated than
calculated here. However, the data are not available to compare how
much material enters the basin, is retained by it, or is discharged
through it. Boeing should determine the pond's efficiency in its
report to evaluate its treatment options at SW-1 and SW-2.

The discharges appeared to be stronger than simple subsurface ground
water, but lacked TSS, turbidity, and other major characteristics of
stormwater runoff. Table 7 shows the water quality characteristics of
the SW-1 and SW-2 discharges compared to urban runoff and municipal
treatment plant effluent monitored in other studies such as the
National Urban Runoff Program (NURP). In general, the Boeing dis-
charge results do not conform well to either group of wastewaters.
Lead, total suspended solids, turbidity, and total phosphorus are
prominently absent characteristics in the Boeing discharges. The BOD,
Cr, and Cu in SW-1 and Cd, Cu, TOC, and COD in SW-2, are somewhat
higher than concentrations found in most runoff discharges, but within
the range documented for WIP effluents.

The elevated BOD, COD, and metals were somewhat surprising considering
the lack of significant rainfall and the high probability that the
major wash-off events occurred earlier in the week. It is unlikely
that many stormwater-related pollutants entered the storm system
during the survey because:

1. The rainfall during the seven days prior to the survey had been
more intense and of greater volume.

2. This antecedent rainfall had also minimized the accumulation of
any pollutants contributed by the traffic or precipitation.

3. There was probably not enough rainfall volume or intensity during
the survey to drive significant amounts of remaining pollutants
into the storm drain systems.
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The source of these constituents may be within the drain system or
from other discharges on the site. On the other hand, Mar, et al.
(1982) noted that "first-flush" behavior is not a general rule on
western Washington streets and highways. Since rainfall is not
intense but is of long duration, solids and associated contaminants
gradually move down a stormwater system. However, more data are
required for better characterization of the discharges, especially
identification of the sources of TOC, COD, and cadmium in SW-2,

There are no specific criteria on which to assess the quality of these
discharges since they are unregulated. However, some criteria can be
used to provide points of reference. For example, metals concentra-
tions in the discharge samples are compared to USEPA ambient freshwater
criteria in Table 8. The criteria are based on dissolved metal concen-
trations, whereas the sample results are total metal concentratioms.
Also, the criteria are stated in terms of 4-day (chronic) and l-hour
(acute) average concentrations not to be exceeded more than once in
three years outside a defined mixing zone, whereas the survey samples
are single grab or 24-hour composites from a system without a defined
mixing zone. With these limitations in mind, concentrations in the
SW-2 sample exceeded the 4-day cadmium, copper, and zinc criteria, and
the one-day copper criterion at the hardness concentration of the
sample. The copper concentration in the SW~1 sample also exceeded the
4-day criterion.

Fluoranthene and 1,1,1-trichloroethane (TCE) were the only organic
priority pollutants detected in the discharge samples analyzed by
Ecology (Table 5). The concentrations of TCE and fluoranthene were
very minor and are far below the very few available USEPA ambient
water quality criteria. Acute freshwater aquatic life toxicity from
TCE and fluoranthene exposure occur as low as 18,000 ug/L and 3,980
ug/L, respectively. Fluoranthene is a polycyclic aromatic hydrocarbon
(PNA) commonly detected in urban stormwater runoff (16 percent of the
NURP samples), and originates from oils and automobile exhaust (USEPA,
1983). Trichloroethane is a common solvent used especially for de-
greasing (USEPA, 1980). TCE was detected in the aerator effluent
sample taken by Boeing (Table 5). In most urban stormwater runoff,
several more PNA's and other priority pollutants are usually found
(Table 9). Acetone was detected in all of Boeing's field-collected
samples (Table 5). However, since the Ecology samples were contami-
nated with acetone prior to sampling, the presence of acetone needs
further confirmation.

The NPDES permit states that Boeing may measure temperature and D.O.
at the SW-1 discharge site as the process plant effluent DMR values.
Temperature and D.0. met the limits of the permit on January 28, but
the D.0. was below 8 mg/L on January 29. All other treatment plant
parameters measured at the plant aerator were within limits according
to the Boeing DMR and are summarized in Table 2 (Ecology, 1987).

Since the D.0. was found to be below permit limits on one of the two
days of monitoring, it is likely this occurs several times over the
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year. The problem may be related to certain waste loads in the reten-
tion pond, or it may be part of a daily cycle. In any case, the
problem warrants further investigation.

Discharge Effects on the Receiving Waters

Water quality data collected at the four sites along Government Canal
and two sites along White River are presented in Table 4. The Govern-
ment Canal data indicated:

o A dissolved oxygen sag with a maximum loss at river mile (r.m.)
0.75, Station 4, with Stations 3's and 4's D.O0. falling below
Class A criteria (Figure 7).

o Low fecal coliform levels that met Class A criteria (Table 1).

o Dilution of metals concentrations and apparently significant
reductions of Cu, Cr, and Zn loads between the Boeing discharges
and White River confluence (Figure 8). Ni and Cd loads were not
significantly reduced.

The D.0. losses in Government Canal may be directly related to the BOD
and COD levels in the Boeing discharges and the quiescent nature of
the canal. Reaeration rates would be low and would not easily
overcome oxygen demand rates. However, sediment demands and other
factors may have a role in the D.0O. losses. The D.0O. problem requires
further monitoring and investigation.

The absence of significant fecal coliform additions to the canal
suggests that there are few septic wastes or runoff problems along the
canal corridor. The increase in inorganic nitrogen (TIN) loads along
the canal may indicate either ground water sources or variability in
discharge concentrations. The ammonia fraction of the TIN did not
change between SW-1 and White River confluence.

Metal concentrations in Government Canal below Station 4 were at
acceptable levels during the survey according to USEPA criteria (Table
8). The majority of the metal loads may have settled out in the
canal. Metals are easily adsorbed to sediment and solids particles.
The low velocities in the canal would tend to settle out the particles
and their associated metals. Canal dredge spoils have not been tested
to confirm this deposition process. Future surveys should address
sediment contamination.

The fishery habitat in Government Canal appeared to be poor to fair.
The canal has little riparian cover except along the side canal leading
to Station SW-2 (Figure 1). Most of the canal is quiescent and rela-
tively shallow. There were few undercut banks or pool areas to provide
protection for fish., Siltation appeared common and the channel was
choked with grass and weeds prior to dredging. However, the periodic
dredging of the canal would seriously disrupt any fish population
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present. A more complete assessment of the canal's potential as a
fishery habitat should be performed to anticipate potential degradation
from discharges into the canal.

White River water quality data are presented in Table 4. Government
Canal did not create significant changes in water quality in White
River for the parameters analyzed. The 70:1 river—-to-canal dilution
factor appeared adequate to minimize the metals and nutrient loads of
the canal (Figure 9).

There are insufficient data to accurately predict the metals and
nutrient loads in Government Canal and their impact on White River
water quality during a 7Q10 event. There could be significant changes
in contaminant transport and transformation through Government Canal
to the river, and changes in river contaminant loads as well. Data
collected during Boeing's dry-weather surveys should be used for a
more accurate analysis of the low-flow situation.

CONCLUSIONS AND RECOMMENDATIONS

The January 1987 survey of the Boeing facility discharges at Auburn
and the receiving water was undertaken during average wet-weather
conditions. Very little stormwater runoff was present in the dis-
charges. The two discharge sites (SW-1 and SW-2) had dissimilar
chemical characteristics. This was probably the result of process
wastewater and noncontact cooling water being discharged into the SW-1
storm drain system and not into the SW-2 system. Also, the retention
pond at SW~1 may have improved the quality of the discharge by removing
some sediments and associated contaminants. The samples taken at the
two discharge sites did not match the water quality characteristics of
urban storm runoff or wastewater treatment effluent exhibited in other
studies. They both had low TSS and lead concentrations which are
commonly high in stormwater runoff. On the other hand, copper and
chromium in both discharges, BOD in SW-1, and TOC and COD in SW-2,
were elevated compared to most storm runoff.

The discharge water quality, though not directly regulated by USEPA
freshwater ambient criteria, would have exceeded various criteria for
cadmium, copper, and zinc. The D.0O. measured on the second day at the
SW-1 discharge was below the 8 mg/L NPDES permit level set for the
process effluent, but usually recorded for the DMRs at that site. The
unregulated BOD and COD concentrations in the two discharges may have
been directly responsible for the D.O. sag in Government Canal. The
quiescent canal environment may have assisted in removing most of the
metals loads to the canal sediment, although sediment was not analyzed
because of recent dredging. No other effects on Government Canal
water quality were apparent. The canal appeared to provide fair to
poor fish habitat. The contaminant removal processes in the canal and
the 70:1 White River to Government Canal dilution ratio during the
survey were effective in preventing water quality degradation of White
River at the canal confluence.
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The following recommendations are made:

1. Closely review the data presented by Boeing from its on-site
surveys to (a) better characterize the quality of the stormwater
in the discharges, (b) determine the portion of SW-1 that origi-
nates as storm runoff compared to noncontact cooling water or
process treatment effluent, (c¢) identify potential sources of
cadmium, copper, COD, and TOC in SW-2 discharge, and (d) provide
a better estimate of Government Canal impacts on the White River
during a low-flow event.

2. Analyze sediments for metals and priority pollutants and/or
perform sediment bioassays from Government Canal downstream of
the discharges in a deposition area before dredging takes place.

3. Evaluate the contaminant removal efficiency of the retention pond
at the primary discharge (SW-1) and consider improving it if
necessary. Also, consider such a pond for stormwater quality
control at the SW-2 discharge.

4, Consider requiring routine or seasonal monitoring of discharge
volume, D.0O., BOD, COD, selected metals, and related parameters
at both discharge locations.

5. Further evaluate the D.0. sag in Government Canal--the severity,
duration, and cause(s) of the sag.

6. Verify that adequate fish spawning and rearing areas are absent
from the canal.
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APPENDIX T

Calculation of the SW-1 discharge was extrapolated from a relationship
calculated for instantaneous flow measurements at the outfall at specific
head height In the retention pond. The head height chart recording was
used to estimate flows over the survey period based on the Manning equation
and the stage height relationship.
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Manning equation : V = (1.486 / n ) * R S
= velocity (fps)

roughness coefficient

slope (ft/ft)

hydraulic radius

where,

it

\Y
n
S
R

It

after which discharge is calculated using :

Q =V * A

il

where, Q

dischargﬁ (cfs)
A

area (ft")

It

For specific head heights shown in Figure 5, using a roughness coeffi-
cient of 0.025 for corrugated metal flume (the outfall), R values in a 48
inch flume, and a slope of 0.008, the following velocities and discharges
were calculated:

Head R v A Q
(est.) (measured)
7.75 0.3994 1.05 1.3 1.4 1.2
8.0 0.4093 1.07 1.37 1.5 1.5
11.75 0.5764 1.35 2.39 3.0
19.5 0.8724 1.77 4,85 9.0
25.75 1.048 2.01 6.92 14.0

Hourly average discharges over the 24 hour survey period were esti-
mated from Figure 5, and the relationship described above was used
with a result of 2.6 cfs average discharge.
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