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Abstract

A Class II Inspection was conducted May 9-10, 1994 at the Texaco USA Petroleum
Refinery (Texaco) in Anacortes, Washington. The inspection investigated the Texaco
process wastewater and stormwater treatment system. The inspection identified
deficiencies in several areas of plant operation and maintenance.

General chemistry results suggest that the systems trickling filter and aeroaccelator
activated sludge units were not operating efficiently, but this was offset by the
performance of the aerated lagoon. Total ammonia nitrogen concentrations in the
whole effluent exceeded chronic marine water quality criteria based on critical
conditions of the receiving water. Refinery effluent concentrations were all within
NPDES permit limits. Effluent organic and metal concentrations were generally
within state and EPA water quality criteria with the exception of zinc, copper,
mercury, and cadmium.

Ecology laboratory split sample analyses found some differences between Texaco and
Ecology effluent samples. Bioassays found toxicity for four out of five sensitive
species. Sediments analyses found that most organic and metal concentrations did
not exceed the marine sediment quality standards, with the exception of
Bis(2-ethylhexyl)Phthalate. Bioassays revealed no significant toxicity in the
sediment.
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Summary

Flow Measurement

Evaluation of the Texaco flow measurement device was not done during the inspection.
Average flow recorded by the Texaco meter for the two days of the inspection was
approximately 3.6 MGD. Average reported stormwater flow for the period was

1.4 MGD.

Process Wastewater Treatment System Operation

Several areas of the process wastewater treatment system appeared to be experiencing
some operational and maintenance difficulties. The aeroaccelator activated sludge (AAS)
units did not appear to be operating efficiently and may be undersized for the flow.
Stormwater flume oil skimming appeared ineffective and oil was entering the final
stabilization pond. The presence of a black residue on the banks of the final stabilization
pond indicates either an accumulation of biosolids or problems with the separation of oil
from the wastewater. The chlorine injection system, although ultimately effective, was
inherently inefficient, and required relatively large quantities of chlorine to disinfect a
relatively small volume of sanitary sewage mixed with a much larger volume of process
water. The walls of the dissolved air floatation (DAF) units had cracks that were leaking
an oily residue.

General Chemistry

Solids and oxygen demand parameter concentrations in the API effluent were comparable
to concentrations in API effluents at typical refineries. Ammonia nitrogen is conceivably
being air stripped in the DAF units. Removal efficiencies of several general chemistry
parameters across the trickling filter and the south AAS unit were less than what
would be typically expected for either of these units, which suggests that these
components were not operating effectively. Removal efficiencies across the aerated
lagoon were better than what would typically be expected, and indicates that a large
part of the system's treatment was being performed by the lagoon. The addition of
stormwater loading to the final stabilization pond appeared to have little impact on the
final effluent concentrations of most parameters. A possible exception could be the
ammonia nitrogen load which experienced an increase across the treatment plant. Total
ammonia nitrogen also exceeded chronic marine water quality criteria for critical
conditions of the receiving water. Although the extent of dilution by the receiving
water was not determined, ammonia concentrations may be of concern.
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NPDES Permit Comparisons

Refinery total effluent discharge concentrations were within NPDES permit monthly
averages and daily maximum loading limits.

Detected Organics and Priority Pollutants

Volatile organic and BNA compounds were found in concentrations that did not exceed
EPA water quality criteria for receiving waters. Most metals concentrations in the
whole effluent did not exceed EPA or state water quality criteria with the exception
of zinc, copper, mercury, and cadmium. Zinc exceeded the state acute criteria by at
least a factor of six. Dilution with the receiving water will need evaluation to determine
whether the discharge can ultimately meet the zinc criteria.

Split Samples

Analysis of effluent splits between Ecology and Texaco found the Texaco laboratory
analysis to be comparable to the Ecology lab analysis. Ecology analysis of Ecology and
Texaco composite samples found differences between the two samples for several
parameters, suggesting dissimilarity in sampling protocols. Bioassays results from the two
labs also differed substantially, suggesting serious differences between labs in laboratory
bioassay protocols.

Bioassays

One bioassay found little toxicity, while four bioassays found moderate to high
toxicity. Rainbow trout (Oncorhynous mykiss) 96-hour survival test displayed 93%
survival at 100% effluent concentration. Fathead minnow 96-hour survival test found 5%
survival at 100% effluent concentration. Daphnia pulex experienced acute toxicity
(NOEC: < 6.25% effluent and LOEC = 6.25% effluent) with 8% survival at 100% effluent
concentration. Two marine organism bioassays displayed acute toxicity, with echinoderm
(Strongylocentrotus purpuratus) encountering significant sperm cell toxicity at 35%
effluent concentration, and the pacific oyster exhibiting normal embryo survival toxicity at
4.38% effluent concentration. Possible sources of toxicity include metals, TSS, and
ammonia.

Sediments

Sediment at both the outfall and background location consisted predominately of sand.
TOC in the outfall sample was low compared to typical marine sediments. Several
organics were detected in appreciable concentrations at the outfall, but only
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Bis(2-ethylhexyl)Phthalate (2840 mg/Kg-dry wt.) exceeded the marine sediment
quality standards chemical criteria. Amphipod/Rhepoxynius (Rhepoxynius
abronius) 10-day emergence and survival bioassay detected no significant toxicity in
the sediment.

Recommendations

Operation and Maintenance

Correction of problems with overloading AAS units, oil skimming in the
stormwater pond, oil separation processes, and excessive chlorination should
improve treatment system performance.

Texaco should inspect and seal DAF unit walls to prevent leakage of oil residue to
the ground.

The installation of a stormwater flowmeter would more accurately determine the
stormwater's contribution to effluent concentrations.

Process Wastewater Treatment System

L The impact of effluent ammonia nitrogen concentrations on the receiving water
should be evaluated.

= Sources of metal contamination in the process wastewater should be identified and
corrective action taken to reduce these concentrations in the effluent.

L Review of composite sampling protocols and bioassay testing protocols is advised.

= The source of bioassay toxicity should be identified and efforts made to reduce the
concentration of this toxic component in the effluent. The inclusion in the permit
of bioassay test species other than salmonid should be considered.

Sediments

]

The source of Bis(2-ethylhexyl)Phthalate in the sediment should be identified and
corrective action taken.
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Introduction

A Class II Inspection was conducted at the Texaco USA Anacortes petroleum refinery on
May 9-10, 1994. Paul Stasch, environmental investigator, and Guy Hoyle-Dodson,
environmental engineer for the Washington State Department of Ecology (Ecology)
Toxics Investigations Section, conducted the inspection. Kim Anderson, permit
coordinator for Ecology's Industrial Section, provided background information. Vern
Stevens, Texaco plant environmental engineer, represented Texaco. Brian Rhodes,
Texaco environmental engineer, assisted on-site.

Wastewater generated at the Texaco facility is primarily process water, with smaller
amounts of stormwater, ballast water, and sanitary wastewater. The treated wastewater
is discharged into Fidalgo Bay. The plant discharge is regulated under NPDES permit No.
WA 000294-1 issued March 1, 1990. The permit's expiration date is September 1, 1994.
The Department of Ecology initiated the inspection to assess permit compliance and to aid
in Ecology's ongoing compliance strategy. The inspection was unannounced to aid
compliance evaluation. Specific objectives of the inspection included:

1. Evaluate NPDES permit compliance

2. Assess wastewater toxicity with comparisons of priority pollutant scans to
EPA and Washington State water quality criteria

3. Assess wastewater toxicity with effluent bioassays

4. Characterize sediment toxicity with comparisons of priority pollutant scans to
Ecology marine sediment criteria

5. Characterize sediment toxicity with effluent bioassays
6. Evaluate treatment plant performance with special emphasis on solids loading
7. Assess permittee's self monitoring by conducting split samples

8. Evaluate stormwater discharge
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Setting

Refinery Wastewater Generation

The Texaco refinery is located in Skagit County, near Anacortes. It is situated at March
Point, which extends northwest into Fidalgo Bay and northeast into Padilla Bay.

(Figure I1). The facility refines from 125,000 to 144,000 barrels of crude oil per day,
producing gasoline, diesel fuel, and other petroleum products. Refinery processes include
crude distillation and desaltation, catalytic cracking, butane deasphalting, delayed coking,
hydrotreating, catalytic reforming, and sulfuric acid alkylation. Effluent limitations are
based on guidelines published August 12, 1985 under 40 CFR Part 419 by the
Environmental Protection Agency (EPA).

The refinery generates wastewater from four sources: process water, sanitary sewage
wastewater, ship ballast wastewater, and stormwater runoff. A small amount of treated
process wastewater and stormwater discharge are also accepted from the nearby General
Chemical Corporation. These discharges are subject to the conditions of General
Chemicals's State Waste Discharge Permit, No. 7309, issued July 12, 1990. Texaco
process wastewater sources includes sour water (washing, mixing and stripper water),
boiler condensate, desalter water, softener regeneration, cooling tower blowdown
(precipitation of heavy metals), and lab wastewater. Typical pollutants for various refinery
wastestreams have been identified by the Environmental Protection Agency (EPA, 1978).
Sour wastewaters typically contain oil, phenols, sulfides, ammonia, and cyanide. Desalter
water contains ammonia, phenols, sulfides, and suspended solids. Hydrotreating
wastewater also contains ammonia, sulfides, and phenols. Alkylation produces spent
caustic and also contains dissolved and suspended solids. Organic constituents produce
high BOD and COD concentrations in the refinery wastewater. Salts, particularly the
chlorides, are the major source of high dissolved solids. Most metal wastewater
contaminates likely originate as natural constituents of crude oil and are concentrated in
the wastewater during the refining process. It was reported by the permit manager that
chromium has been used as a biocide in the cooling towers, although during the inspection
this application was not noted.

Sanitary sewage and other wastewater is generated by facility employees. Stormwater
flows are the result of precipitation runoff from streets, parking lots, rooftops, and work
yards and is accumulated by the stormwater collection system. A separate stormwater
system collects wastewater that originates from containment areas around storage tanks
and process units, and this flow is not mixed with the main stormwater collection system.
Ballast wastewater is pumped from the tankers that serve the facility.
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Refinery Wastewater Treatment System

The refinery's wastewater treatment system consists of three main sections: a stormwater
runoff system, a surge/bypass system, and a process water treatment system. (Figure 2).
Stormwater collected from containment areas surrounding tanks and process units is
mixed with process wastewater prior to the API separators. Sanitary sewage and ballast
flows are also mixed with process water at this point. Sanitary sewage flow is
continuous, while ballast wastewater addition is intermittent. Untreated stormwater from
the main stormwater collection system is retained in the stormwater flume, then mixed
with treated process water effluent in the final stabilization pond. The facility does have
the capacity to divert main stormwater flow through the treatment system, but during the
inspection this was not observed. Surges are directed to oily water surge tanks or to
containment basins. Surges can then be diverted to the process water trickling filter,
stormwater flume, or a skim line. The final discharge is largely treated process water with
small amounts of treated sanitary sewage, and intermittent additions of treated ballast
wastewater and primarily treated stormwater. Total discharge ranges from three to eight
MGD.

The process water treatment system (PWTS) consists of API separator, rapid mixer with
polymer injection, dissolved air flotation devices, equalization tank, trickling filter,
aeroaccelator activated sludge units, aerated primary lagoons, final stabilization pond, and
chlorine injector. Flows are recorded by final pond effluent totalizer, in the discharge

pipe.

Screened oily water influent enters the API separator, where oil forms a layer on top of
the water phase and is then skimmed. Wastewater from the API separator flows through a
rapid mixer, and injected with a polymer that complexes with the oil residue. The oil-
polymer floc is aggregated in a flocculation tank, then separated from the wastewater in
two dissolve air flotation (DAF) units operated in parallel. Wastewater flows through an
equalization tank into a trickling filter.

Trickling filter effluent receives additional biological treatment in a pair of aeroaccelator
activated sludge (AAS) units operated in parallel. The AAS units also act as secondary
clarifiers with sludge returned to the trickling filter. Effluent from the AAS units flows to
aerated lagoons, where further biological treatment and sedimentation occur. Sludge from
the lagoons is periodically dredged and land farmed on site. Treated process wastewater
is pumped to the final stabilization pond and mixed with stormwater runoff. Effluent from
the final pond is injected with chlorine and pumped through a 5,000 ft, 20 inch diameter
pipe. Pipe travel time is estimated at over 20 minutes and is believed to act as a contact
chamber. Final effluent is discharged into Fidalgo Bay, approximately 5,000 ft from the
shore to the north/northwest.
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Procedures

Ecology set up compositors and collected composite samples from Texaco's process
wastewater treatment system at three locations: the equalization tank effluent pipe into
the trickling filter (TIF-IN), the south AAS unit effluent overflow (AIROUT), and the
final stabilization pond effluent discharge just before the outfall line (TEXEFF). An
additional composite sample was taken from the main stormwater collection system's
stormwater flume effluent (STORM-IN), prior to the final stabilization pond (Figure 2 &
Appendix A). AAS unit effluent and trickling filter samples were collected using Ecology
ISCO composite samplers with equal volumes of the sample collected every 30 minutes
over a 24-hour period. Equal volumes of the final stabilization pond sample were
collected every 30 minutes over an eight-hour period.

Pairs of grab samples were collected at the same locations as the composite samples. The
first of the grab pairs were collected in the evening of May 9 and the second grabs the next
morning. A single grab sample was taken from a stormwater flow on the east side of the
refinery. Two sediment samples were collected, one on April 18 at the outfall and an
ambient sample taken April 6 approximately one mile east southeast of the outfall. The
background location was selected to maximize similarity to outfall ambient conditions, but
to minimize contamination from outfall deposition. Sediment samples were collected from
a boat using a power winch and a van Veen dredge.

Texaco personnel collected one composite sample using their own compositor from the
final stabilization pond effluent. Texaco's effluent sample location was approximately the
same as Ecology's effluent sample location, although the Texaco sampling period was
slightly longer. Ecology's and Texaco's composite samples were each split between
Ecology and Texaco for analysis by each respective laboratory. One Ecology effluent
grab sample was also split with Texaco for analysis of oil & grease. Parameters analyzed,
samples collected, and schedules appear in Appendix B.

Samples designated for Ecology analysis were delivered to personnel from the Ecology's
Manchester Laboratory. Chain-of-custody procedures were observed throughout the
inspection. Analytical procedures and laboratories performing the analyses are
summarized in Appendix C.
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Quality Assurance / Quality Control

Sampling quality assurance included ultra cleaning (priority pollutant cleaning) of sampling
equipment to remove trace priority pollutant contaminates (Appendix D). Sampling in the
field followed all protocols for holding times, preservation, and chain-of-custody set forth

in the Manchester Lab Laboratory Users Manual (Ecology, 1991).

Laboratory QA/QC including applicable holding times, procedural blanks, spike and
duplicate spike sample analyses, surrogate recoveries, and check standards were, with
several exceptions, within acceptable limits. For bioassays the conduct of testing,
responses to positive and negative controls, and water quality data were all appropriate.
Qualifiers are included in the data table where appropriate. Specific QA/QC concerns are
included in Appendix D.

Results and Discussion

Process and Sanitary Wastewater Treatment System
Flow Measurement

Independent verification of wastewater flow measurement was not performed during the
inspection. An orifice plate with a pressure transducer measures differential pressure in
the effluent line, from which totalized flow is calculated and recorded on an analog chart.
The average effluent flow for the two days of the inspection was 3.618 MGD.
Stormwater flow for the same period was reported as 1.418 MGD. To estimate
stormwater flow Texaco subtracts daily total effluent flow results from a previously
determined average dry weather effluent flow. This estimated stormwater flow can be
independent from both actual stormwater flow to the final detention pond and measured
precipitation. It should be noted that during and five days previous to the inspection the
National Weather Service reported no precipitation for the region (National Weather
Service, 1994). To more accurately determine the actual daily stormwater contributions,
it is recommended that Texaco install a flow metering device at the stormwater flume
effluent.

General Chemistry

Ecology analysis results are shown in Table 1. Although an equalization tank and
dissolved air flotation units lie between the API separator outfall and the trickling filter
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influent sample location, comparison of trickling filter influent to typical API separator
effluent characteristics is useful. The Texaco API separator appears to be functioning
with normal efficiency. BOD;, TSS, and COD trickling filter influent concentrations were
all close to the mean for characteristic concentrations found in the API separator effluents
typical of Washington refineries (EPA, 1978).

Trickling filter influent ammonia nitrogen concentration was less than 10% of such a
typical mean concentration. Although pH (9.2) is not optimal for air stripping (Metcalf &
Eddy), ammonia may be being volatilized in the DAF units. AtapH of9.2 and a
temperature of 30°C the amount of ammonia in the free volatile form approaches 75%
(WPCF, 1977). In conjunction with the addition of air and the increased agitation of the
wastewater, the DAF units produce conditions that could remove appreciable amounts of
ammonia.

Ecology BOD;, COD, and TOC concentrations were reduced across the trickling filter
and south AAS unit by 49%, 48%, and 54% respectively (7able 2). BODj, reduction is an
estimate based on the laboratory low detection limit for the AAS effluent result, but this
reduction would be expected to be commensurate with COD and TOC reductions. TSS
and ammonia removal efficiencies were less than 25%. BOD,, COD, TSS, and ammonia
removal efficiencies were generally low compared with performance of similar treatment
systems found in typical Washington State oil refineries (EP4, 1978). This would indicate
that the trickling filter and the south AAS unit were not functioning effectively during the
inspection. Reduction in pH was substantial. Although the north AAS unit effluent was
not sampled, it would be expected that its performance efficiency would be comparable to
the south unit.

In contrast, the estimated removal efficiencies for BOD,, COD, and TSS across the
aerated lagoons were relatively high (Table 2). These results indicate that the majority of
TSS removal and a good portion of biological treatment occurred across the aerated
lagoons. BOD; and TSS removal was equal to or better than the performance of typical
refinery aerated lagoon treatment processes (EPA, 1978). Lagoon effluent concentrations
were also generally lower than the concentrations that would be expected in effluents from
typical refinery aerated lagoon treatment processes (EPA, 1978).

An exception to the general high level of treatment in the lagoon was ammonia nitrogen
removal efficiency. Ammonia appeared to increase by 62% across the lagoon. It is
possible that this apparent increased load could be a function of overestimating
stormwater flows, but additional loading of ammonia by the stormwater cannot be
discounted. Conceivable ammonia could be formed from nitrogen ions provided by
constituents in the process water, but the magnitude of total nitrogen concentration in the
process water is unknown. The concentration of ammonia in the stormwater is also
unknown, and testing of the stormwater would be needed to resolve the question of
ammonia contamination.
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Reductions in concentrations across the entire wastewater treatment system with
stormwater loading was 79% for TSS, 87% for BOD;, 66% for COD, and 54% for TOC
(Table 2). Percent of effluent load for each of these parameters attributed to process
wastewater alone was 95%, 97%, 98%, and 94% respectively, indicating little
contribution from the stormwater for these constituents.

Total ammonia concentration in the final effluent (9.51 mg/L) exceeded a State chronic
marine water quality criteria of 2.2 mg/L (Ecology, 1994). This criteria is based upon
May 3, 1994 ambient results from an Ecology sampling station located in Fidalgo Bay just
east of the outfall, which reported temperatures exceeding 10° C, pH exceeding 8.00, and
salinity approaching 30 g/Kg (Eisner, 1995). Ambient results for other months at the
same station produce criteria approaching 1.6 mg/L. Although the three-year excursion
characteristics of the receiving water at the outfall have not been determined and dilution
would undoubtedly play a role in mitigating effluent toxicity, ammonia toxicity may be of
concern. The question of ammonia concentration's impact on the receiving water should
be resolved. In particular, effluent toxicity in relation to dilutions during tidal cycles
should be investigated.

Plant Operation and Maintenance

Several operational deficiencies were observed. Some components of the treatment
system appeared to lack proper maintenance. Operational difficulties include:

1. The relatively low reduction in organics across the Aeroaccelator Activated
Sludge (AAS) unit suggests that it was overloaded. Wastewater flow in the
clarifier portion of both units appeared turbulent and a large amount of
suspended solid material escaped through the perimeter weir. As a result
further treatment of AAS effluent has been required by the addition of aeration
to what had formally been retention ponds. Also, an uneven distribution of
flow across the two AAS units was noted.

2. An oil sheen was present on the surface of the stormwater flume. Skimming of
the oil appeared ineffective and some oil was observed flowing into the final
stabilization pond.

3. The presence of a black residue on the banks of the final stabilization pond
indicate either a buildup of biosolids or problems with oil separation and
removal by the system.

4. The addition of sanitary sewage to the process water treatment system requires
the chlorination of a large volume of effluent. Separate treatment and
chlorination of sanitary sewage wastewater would decrease the amount of
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chlorine needed, reducing the potential for creating chlorinated organic
compounds.

Maintenance difficulties include:

@ During the inspection a small amount of seepage was observed through cracks in
the concrete walls of the API separator and the DAF units. Some of this residue
appeared to be leaking to the ground. Subsequent communication with the permit
manager disclosed that the interior of the API separator had been recently sealed
by Texaco (Anderson, 1994) ‘

Correcting the items noted above should improve plant performance and may improve
effluent quality. Sealing cracks in the walls of DAF units would preclude potential
contamination of the ground due to leaking oily residue.

NPDES Permit Comparisons

Ecology effluent loading results for BOD, (241 1bs/day), COD (2139 Ibs/day), ammonia
nitrogen (287 Ibs/day), and TSS (211 Ibs/day) were well within both the permit monthly
average and daily maximum loading limits (7able 3). Ecology results for permit
parameters -- oil and grease, phenolic compounds, total and hexavalent chromium, pH,
fecal coliform, and salmonid bioassay -- were also within permit limits. These limitations
are stipulated in the permit as based upon a plant production of three consecutive months
at 116,600 bbls per day or higher, and does not include ballast and stormwater allocations.

Detected Organics and Priority Pollutants

Table 4 summarizes concentrations of organics detected with priority pollutant scans, and
also summarizes priority pollutant metals. Appendix E contains results of all targeted
organic compounds and metals results. Tentatively identified compounds are presented in
appendix F.

VOAs, BNAs, and metals were detected in the Texaco effluent (Table 4). One VOA and
three BNAs were detected in the plant effluent. None exceeded water quality criteria for
receiving waters. Eight metals were detected in the effluent. The Ecology analysis
effluent zinc result (546 pg/L) exceeded the EPA and State acute water quality criteria by
more than a factor of six and the chronic criteria by a factor of seven (Ecology, 1992;
EPA, 1986). The Texaco analysis effluent zinc result (15 pg/L) was far lower,
introducing some ambiguity to the findings. The copper effluent concentration (5.8 pg/L)
exceeded the acute marine water quality criteria. Concentrations of mercury (0.14 pg/L)
and cadmium (22.7 pg/L) exceeded the chronic marine water quality criteria. A partial
contributor to effluent copper concentrations appeared to be the stormwater flow, which
exhibited a concentration of 8.5 pg/L. Zinc, copper, and mercury concentrations were
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also higher than water quality criteria in the east side stormwater flow, although this flow
is not a direct discharge to Fidalgo Bay and the comparison is only advisory. The effluent
selenium concentration (42.8 pg/L), although not exceeding water quality criteria, was
also relatively high. The selenium concentration exceeded the concentration at which the
EPA recommends that the status of fish communities in salt water should be monitored
(Ecology, 1992).

The effluent metals concentrations, particularly for zinc, may be highly toxic to marine
organisms. Mitigation of toxicity by receiving water dilution may occur; but the
excessive effluent concentrations are still of concern, particularly in the light of bioassay
results. It is recommended that metal sources in the process water be identified and
efforts made to reduce their concentration in the effluent.

Bioassays

Effluent bioassays detected toxicity in two out of three acute tests (Table 5). Rainbow
trout (Oncorhynchus mykiss) 96-hour survival test exhibit only 7% mortality at both 65%
and 100% effluent concentration. The fathead minnow 96-hour survival test produced
significant mortality (55% survival at 100% effluent), with an NOEC, LOEC, and LC50 of
25%, 50%, and 58% effluent concentration respectively. Daphnia pulex 48-hour survival
test demonstrated a more severe toxicity (8% survival at 100% effluent), with an NOEC
less than 6.25% effluent concentration and an LOEC equal to 6.25% effluent
concentration. The LC50 for Daphnia pulex was greater than 100% effluent
concentration.

Additional acute toxicity was evidenced by the two marine organism bioassays. The
echinoderm (Strongylocentrotus purpuratus) sperm cell toxicity (normal fertilizations) test
determined an NOEC, LOEC, and EC50 of 17.5%, 35%, and 51% effluent concentration
respectively. The pacific oyster embryo 48-hour survival (normal embryo survival) test
produced an NOEC less than 4.38% effluent concentration and an LOEC and EC50 equal
to 4.38% and 27% effluent concentration respectively.

Although rainbow trout was the only bioassay species identified in the permit, bioassay
results for other species indicate serious effluent toxicity. To be fully protective of the
receiving water, the inclusion in the permit of tests for other bioassay species should be
considered. Based upon effluent data, metal concentrations may be the source of the
bioassay toxicity. Zinc and copper exceeded the acute criteria. Cadmium and mercury
concentrations exceeded the chronic criteria, and may contribute an additive effect to
acute toxicity. The selenium concentration may also contribute an additive effect. Finally,
the ammonia concentration may, under certain receiving water conditions, also promote
bioassay toxicity. Due to observed toxic effects at low concentrations, it cannot be
assumed that dilution by the receiving water will have an adequate mitigating effect.
Dilution zone studies may clarify this issue. Regardless, the source of bioassay toxicity in
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the wastestream and necessary corrective action to reduce the concentrations of these
toxics should be investigated.

Split Samples

A Wilcoxon nonparametric signed ranks test was performed on Ecology lab results for
Texaco and Ecology effluent samples (Table 6). The test found significant difference
between the two sample sets at a critical level of 0.05, but relative percent differences
between the paired data were generally less than the variation in interlaboratory precision
estimated for those laboratory procedures (Ecology, 1991 - B). Notable exceptions were
zinc and cadmium results, which were well outside the range for precision variation. The
discrepancy could reflect some form of contamination, but it may also result from
problems with Texaco's sampling procedure. It is suggested that Texaco review sampling
procedures, especially concerning zinc and cadmium concentrations. A Wilcoxon test of
Ecology lab results versus Texaco lab results found no significant difference between labs.
These analyses are interpreted as indicating that Texaco's and Ecology's laboratories are
generally comparable, and that composite sampling techniques may differ for some
parameters.

Texaco bioassay results also differed substantially from Ecology results. This could be
interpreted as differences in the bioassay protocols used at the two labs. Review of
Texaco bioassay protocols is strongly encouraged.

Sediments
General Chemistry

Sediment samples were collected at the effluent outfall and at a background location east
of the shipping pier. Grain size analysis found the sediment at the outfall to consist
predominately of sand (Table 1). The background sample contained slightly finer material.
Percent solids at the outfall was 72.4% with percent volatiles 2% of the total. TOC
comprised somewhat less than 1% of the total dry weight. This is less than what might be
expected for typical marine sediments (Norton, 1994), but not extreme considering the
sediment's sandy composition.

Detected Organics and Priority Pollutants

Eight organic compounds were detected in the effluent outfall sediment sample (Table 7).
The concentrations of all but one were well within the State marine sediment quality
standards chemical criteria (Ecology, 1991). Bis(2-ethylhexyl)phthalate concentration
(2840 mg/Kg-dry wt., normalized to fractional percent TOC: 996 mg/Kg TOC-dry wt.)
exceeded the chemical criteria by more than a factor of twenty. Bis(2-ethylhexyl)phthalate
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is a prevalent environmental contaminate, used as a plasticizer in a variety of plastic
products (EPA, 1981) and is employed extensively as a lubricant in vacuum pumps
(Verschueren, 1983). Its ubiquity also raises the possibility of laboratory contamination,
although comparison to laboratory blanks indicate that contamination in such a high
concentration is unlikely. Despite its pervasiveness, the high concentration and close
proximity to the effluent outfall suggests that the Texaco facility could be the source. It is
recommended that this source be identified and, if determined to have originated from the
Texaco facility, steps taken to eliminate the discharge.

Bioassays

Bioassays with the Amphipod/Rhepoxynius (Rhepoxynius abronius) 10-day emergence
and survival test produced a 90% and 93% average percent survival in the effluent outfall
sediment and the background sediment respectively (Table 8). Average percent survival
was within the marine sediment quality minimum biological effects criteria (WAC-173-
204-320) and the marine sediment cleanup screening levels and minimum cleanup
biological criteria (WAC-173-204-520).
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NPDES Permit

Table 3 - NPDES Limits Inspection Results - Texaco, 1994

Inspection Results

Effluent Limits* Ecology Texaco Ecology
Parameter Composite | Composite Grab
Location:] TEXEFF | EFFLUENT| TEXEFF-1 TEXEFF-2 TEXEFFB
Type: E-comp | T-comp grab grab grab-comp
Daily Date:] 05/10 05/10 05/09 05/10 05/10
Maximum Time: @4 @5 1920 0920 @6
Lab Log #:| 198530 | 198540 198531 198532 1985308

8

7

Chemical Oxygen Demand
Concentration (mg/L)

709

63.9

Phenolic Compounds
C :

Ammonia Nitrogen
Concentration (mg/L)
1h;

Total Chromium
Concentration (mg/L)

Hexavalent Chromium
Concentration (mg/L)

Effluent Fecal coliform

Salmonid Acute Bioassa

TEXEFF
EFFLUENT

grab  Ecology grab sample

T-comp  Texaco composite sample

E-comp  Ecology composite sample
grab-comp  Grap composite sample
TEX-EFFB  Effluent bicassay grab-composite

B LabLog # same as TEXEFF

Hepntratio

Ecology effluent sample from final pond.
Texaco effluent sample from final pond

@4
@5
@6

Based upon three preceding consecutive months of production exceeding
116,000 bbis/day and the absence of rainfall during the inspection period.
The analyte was pesitively identified. The associated numerical is an estimate.

The analyte was detected above the instrument detection limit, but

helow the established minimum quantitation fimit.

The analyte was not detected at or above the reported result.

Ecology composite sample period: 1910 - 5/8 10 0400 - 5/10

Texaco composite sample period is slightly greater than Ecology sample period.
Grab composite 1st half taken during composite period and 2nd half

taken after compasite period.

Page 19



‘[9A9T 100}3 POAIOSAO 1SeMOT - 130T
ey} st pajussald anjep "euodiio dojoAsp o} Blep uaioynsy]

qelb SUOGIe00IpAH oljewoly ieajonuijod jejo] U
sis)s3 elejeyid [BloL |

S9UsZUBqOIOIYDI(] [BJ0 L y

SauBY}BWOlRH |ejo | e
"}insai pajewse papodal sy} sAoqe 10 je Pajoslep Jou sem alfjeue ay | rn

‘JinsaJ papodal 8y} SAOUE 10 je pajos)ep jou Sem aikjeue ay | n

"9JBWIISS UB S| }NSal [eollawinu pajeloosse sy “payiuapi Ajeaisod sem aihjeue ay | r
sjduwies sjsoduiod 0oexa]
a|dwes sysodwoo ABojoog

sjdwes geih ABojoo]

‘pouied ejdwes ABojoog uey; Jajesib Ajybis polied sjduies s)isodwioo ooexs .
01/ - 00¥0 01 6/S - 0161 :potied sjdwes sjisodusos ABojoo

04/S - S00L ©) 6/ - 500} :poisad siduies aysodwod

“1aid Buiddiys jo jses usye} ojdwes Juswipas punoibyoeq ABojoo

‘Ifenno je uaye) ajdwes jusuipas ABojosg

puod jeuy wouy ejdwes juanye ooexa |

Aisuyal jo apis jses wolj sjdwes Jejemuwiiolg ABojos

‘puod |euy wol) eidwes juanyje ABojoo3

puod [eui4 oju; sjduies jusnjye swin|4 (Jsjemuliols) Jsjemues| ABojoog

5@

@

£®@
»ovaa3s
LLNOX3L

IN3NT443
-8

443-X31
NIFWHOLS

Sy/e S/ (y/8) (y/8r) /81 /3 /31 /3t (dnoio) Spunodwios YNg
oezsvl £€C881L 0yG86)L  0£5861 056861 02586 :#bo7 qe
0ovL 00L} auLep auLep s© v® 0061 @) iy
90/v0 8L/v0 QIUoIYD ajnoy 01/50 0L/50 60/50 0L/S0 9jeq
qe.b qe.b Alewwng elajg dwoo-]  dwos-3 qeib dwoo-3 radAL
MOovdaa3s LiNnoxX3l Ajipenp 1e1eM vd3 AININTA43 443X3L L-8 NI-WHO1S -uoied07

(1/8r1) /6 i /6 /6
2eG861 L£G861 275861 126861 -#bo7 gen
sulen suiie 0260 06l SLLL GZoZ B_uwi]
ooy anoy 01/50 60/50 01/50 60/50 :93eQ
Aieununs eu9}iin gelb qeib qelib qeib edAy
Ajipenp 191eM vd3 ¢443X3L 43X31 C'NIFIWHO1S -NIFWNYOls :uoijesot

| afieyd

"y661 '09exa| - s}jnsay ueag s|ela|\ pue ‘YNg ‘YOA pa1salaqg - v 9|qe]

Page 20



Page 21

eusuo spesoxg [ ]
“1o1em Jjes Ul /B ¢ spesoxe WNIUD(SS JO UOYEUIIU0D
3U} J9ABUBUM PBIO}LOW B PINOYS AJUNWWOD sy 8uj jo snjgjsay]. X ‘sAnoajoid Ajjusioyins
/Brl LZ JO SuOlBIUSOUOS SULIBW J1UCIYD aq jou Aew abeiaae Inoy-| sy} Ajuljes mol Jy ‘sjosys juspuadap Ajules |
B po9oXe 10U PINoYS SUOHEIUSOUOD Jusique [eojorid JSASISYM PUE ‘PBJOU USSY SABY SLLOJBIP 0] SIOBY3 [BYISjUON 99 ‘aBelane UO sieoh 931y} AloAS 80U0 PBPasIXs aq O} Jou ‘oucs sbeiere kep-py P
“oBeieAe sy} U S1eak 981y} AleAe SoUO UBY) SI0UI PAPaBIXS 8 O} JOU UOHEIUSOU0D abRIaAR INOY-L 8YL 2 ‘poliad s|dwies sABojeag pepasoxe Ajyblls pousd sjdwes sysodwios ooexa)  ¢®
‘}nsel pajeuiss pajodeal ay) eAoqe 1o je pajoslop jou sem sleuB Yl PN 0L/S - 00b0 01 6/S - 0161 :pouad sjdwes syisodwos ABojoog @
‘}nsai papodal sy} 8ACqE IO Je POjOSJap JoU Sem alkjeuR BUL N 01/S - S00L O} 6/ - 5001 ‘potied ajdwes aysoduios ABojooy €@
“JWi| uolepiuEnD WNWIUIW PSYSIGRISa a4} Mojaq ‘1oid Buiddiys jo jsea uaye} ajdwes juswipss punoibyoeq ABojooy  MOVEARS
INg ‘JLij UOREBIUSWINIISUI BU) SAOGE Pajosjep SBm siljeue 8Y) ‘Jlepno je ueye) ajdwes juswipss ABojooz LINOX3L
‘SjeW}SS Ue S| jnsal [eollawnu pajeloosse oy palljuap; Aleanisod sem sljleue Yy puod jeul woyj ojdwes usn|ya ooexe}  LNIN1443
siduses qelf ABojoog  qesb Arsuisl jo apis jsea woi) sjdwes jejemilio)s ABojoog LS
sjdwes s)sodwios ooexs]  dwioo-] ‘puod jeuy woij ojdwies yusn|ye ABojooy 443-X3L
ajdwes eysodwos ABojoog  dwoo-3 puod jeutd ojul ejduwes jusnjye swn|4 (Iajemuuiio)s) isjemues|) ABojoo3  NIFNMOLS
P 99L 2 98 d vl 9ys LT d S1 oulz
XD L 2 00t £ 1I'gg [ 8¢r wniusjag
P ST0°0 9 1T d ¥1'0 d v1'0] d €10 AinoJay
P 8¢S 2 st d. Tl d 91 d €¢ pea’
ss7 | laed [dgd 4l d 53 1addon
P 0S 12 ootl d 17 : {JusiBABXEH) WnIoIYD
P8 2 TLE d LTt T wniwpes
2P 9 369 40T d40¢ d ¢1 Jiuesiy
(1/8) (1/3) 8 /81 /81 /81 {31qei9A059Y [Ej01) S|eI° N
0vG86lL 059861 0599861 025861 :#bBo7 qen
SuLep aule 1) v® 0061 1) owi )
JOYD SndY 0L/s0  0L/S0 60/50 01/50 ?jeqg
Arewuwing euajd dwoo-] dwoo-3 qeib duwioo-3 :adA )
Ayend ta3eM 23e)S B Vd3 ANINT443 443X39L L-S NIFNHOLS :uoljed07

¢ 8fied

"vB61 ‘09uXa] - S1jnsay ueag sjelaly pue ‘'YNE ‘VOA po19dla( - § 9jqe]




N

Sample

£
.25 %

5

Sample

6.25 %

Sample

25 % Eff

(Daphnia pulex)

Daphnia pulex - 48 hour survival test

Number
Tested

Eff

Fathead Minnow - 96-hour Survival Test

(Pimephales promelas}

Effluent

(Oncorhynchus mykiss}

Number
Tested

Number
Tested

Table 5 - Effluent Bioassay Results - Texaco, 1994.

# 198530B

Page 1

Percent
Survival

{Survival)

LC50 > 100% effluent
LOEC = 6.25 % effluent
NOEC < 6.25% effluent

Percent
Survival

{Survival)

LC50 = 58% effluent
LOEC = 50 % effluent
NOEC = 25% effluent

Rainbow Trout - 96-hour Screening-level Survival Test

Percent
Survival

LOEC
LC50
EC50

- no observable effects concentration

- lowest observable effects concentration

- lethal concentration for 50% of the organisms
- effect concentration for 50% of the organisms

TEX-EFFB  Effluent bioassay grab-compasite

B Lablog # same as TEXEFF
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Table 5 (cont.) - Effluent Bioassay Results - Texaco, 1994.

Page 2

NOTE: all tests ware run on the efflusnt (TEXEFF sample) - Iab log # 198530

Echinoderm Sperm Cell Toxicity Test
(Strongylocentrotus purpuratus)

Number of Number of
Normal Fertilizations Abnormal Fertilizations

Sample

35 % Effluent 310 90

{Fertilization)
EC50 = 51 % effluent
LOEC = 35 % effluent
NOEC = 17.5 % effluent

4 replicates of 100 eggs

Pacific Oyster Embryo 48-hour Survival Test
{Crassostrea gigas}

Sampie Total Number Total Normal Abnormal
of Embroys Survival Embroys Embroys

35 % Effluent 838 ‘620 10 610

{(Normal Survival)
EC50 = 27 % effluent
LOEC = 4.38 % effluent
NOEC < 4.38 % effluent

Mean %
Unfertilized

Mean %
Survival

74

Mean %
Abnormal

93.0

no observable effects concentration
LOEC - lowest observable effects concentration

LC50 - lethal concentration for 50% of the organisms
EC50 - effect concentration for 50% of the organisms
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Table 6 - Split Sample Result Comparison - Texaco,1994 Page 1

Parameter Location: TEXEFF EFFLUENT TEXEFF1 TEXEFF2
Type: E-comp T-comp grab grab
Date: 05/10 05/10 05/09 05/10
Time: @4 @5 1920 0920
Lab Log #: 198530 198540 198531 198532

General Chemistry

Laboratory

Metals
Antimol

480
E Ecology sample J  The analyte was positively identified. The associated numerical result is an estimate.
T Texaco sample P The analyte was detected above the instrumentation limit, but
grab  grab sample below the established minimum quantitation limit.
Comp  Composite sample U The analyte was not detected at or above the reported result.
EFFLUENT  Texaco effluent sample from final pond UJ  The analyte was not detected at or above the reported estimated result.

TEX-EFF  Ecology effluent sample from final pond. @4 Ecology composite sample period: 1910 - 5/9 to 0400 - 5/10
@5  Texaco composite sample period slightly greater than Ecology sample period.
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Table 6 (cont.) - Split Sample Result Comparison - Texaco, 1994 Page 2
NOTE: all Ecology and Texaco tests were run on the effluent (TEXEFFB sample) - lab log # 198530B

BIOASSAY DATA

Daphnia pulex - 48 hour survival test
(Daphnia pulex)

Ecology Results Texaco Resuits

Sample Percent Percent
Survival Survival

6.25 % Effluent 75 100

Rainbow Trout - 96-hour Screening-level Survival Test
(Oncorhynchus mykiss)

Ecology Results Texaco Results

Sample Percent Percent
Survival Survival

65% Effluent 93 100

Fathead Minnow - 96-hour Survival Test
(Pimephales promelas)

Ecology Results Texaco Results

Sample Percent Percent
Survival Survival
Control 100%
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Appendices



Appendix A - Sampling Stations Descriptions - Texaco, 1994

TF-IN-#

TF-IN

AIR-OUT-#

AIR-OUT

STORM-IN-#

STORM-IN

TEXEFF-#

TEXEFF

TEXEFFB

EFFLUENT

TEXOUTI1

SEDBACK

Grab sample of wastewater collected from the flow out of the equalization tank upstream of the
trickling filter - collected in both A.M. and P.M..

Ecology 24-hour composite sample of wastewater collected from the flow out of the equalization tank
upstream of the trickling filter.

Grab sample of wastewater collected below the weir from the south Aeroaccelator Activated Sludge
unit overflow - collected in both A.M. and P.M.

Ecology 24-hour composite sample of wastewater collected above the weir at the south Aeroaccelator
Activated Sludge unit.

Grab sample of stormwater collected from the effluent at the Clean Water (Stormwater) Flume before
it flows into the Final Pond - collected in both A.M. and P.M.

Ecology 24-hour composite sample of stormwater collected from the effluent at the Clean Water
(Stormwater) Flume before it flows into the Final Pond.

Grab sample of stormwater collected from a channel on the east side of the refinery before flow is
discharged to the ground.

Grab sample of disinfected effluent collected from the overflow at the Final pond - collected in both
AM. and P.M.

Ecology 8-hour composite sample of disinfected effluent collected from overflow at the Final Pond.

Ecology bioassay composite grab sample of disinfected effluent collected from overflow at the Final
Pond.

Texaco 24-hour composite sample of disinfected effluent collected from the overflow at the Final Pond

Sediment sample collected at the loading dock outfall location (Lat: 48° 30" 40" N; Lang: 122° 34’ 35
w)

Background sediment sample collected northeast of the loading dock. (Lat: 48°- 30~ 40" N; Long:
122°- 33- 200 W)
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Appendix C - Laboratory Methods - Texaco Class Il, 1994

PARAMETER
GENERAL CHEMISTRY

Grain Size (% phi size)
SOLIDS

TOC {soil/sed)
NUTRIENTS
N

NO2-+NO3-N (mg/L)

F-Coliform MF (#/100mL)
it}

Cyanide (wk & dis ug/L)

ORGANICS

BNAs (soil-ug/kg)

git
BIOASSAYS

Fathead Minnow (chronic]
£

ﬁhepoxmlus {solid acute)

MANCHESTER METHODS LAB USED

Tetra Tech, 1986:TC-3991-04 Seil Technology, Inc.

EPA, Revised 1983: 160.2

EPA, Revised 1983: 160.4 Ecology

EPA, Revised 1983: 415.1 Sound Analytical Services, Inc.

EPA, Revised 1983: 353.2 Ecology

APHA-AWWA-WPCF 1989: 9222D Ecology

APHA-AWWA-WPCF 1989: 4500-CNL. Analytical Resources Incorportated

EPA 1989:1000 Parametrix, Inc

ASTM, 1990: E1367 Parametrix, Inc.

APHA-AWWA-WPCF, 1989,
ASTM, 1989: E724.

ASTM, 1990: E1367.

Dinnel,1987.

Ecology, 1981.
EPA, Revised 1983.
EPA, 1986.

EPA, 1989.

EPA, 1993.

Tetra Tech, 1986

Standard Methods for the Exanination of Water and Wastewater, 17th Edition.

Standard Guide for Conducting Static Acute Toxicity Tests Starting with Embryos of Four Species

Species of Saltwater Bivalve Molluses. In: Annual Book of ASTM Standards, Water and

Environmental Technology. American Society for Testing and Materials, Philadelphia. Pa. SW846

Guide for Conducting Sediment Toxicity Tests of Estuarine and Marine Invertebrates. In: Annual

Book of ASTM Standards, Water and Environmental Technology. American Society of

Testing and Materials, Philadelphia, Pa.

Improved Methodology for a Sea Urchin Sperm Cell Bioassay for Marine Waters. Dinnel, P.A.,

etal, 1987 Arch. Environ. Contam. Toxicol, 16, 23-32.

Static Acute Fish Toxicity Test, WDOE 80-12, revised July 1981.

Methods for Chemical Analysis of Water and Wastes, BPA-600/4-79-020 (Rev. March, 1983).

Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, 3rd. ed.,November, 1986.
Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving waters to Freshwater Organisms.
Methods for Measuring the Acute Toxicity of Effluents to Freshwater and Marine Organisms. EPA/600/4-90/027F
Recommended Protocols for Measuring Selected Environmental Variables in Puget Sound,

Prepared for Puget Sound Estuary Program.




Appendix D - Priority Pollutant Cleaning Procedures and QA/QC Concerns -
Texaco USA (Anacotes), 1994.

PRIORITY POLLUTANT SAMPLING EQUIPMENT CLEANING PROCEDURES

Wash with laboratory detergent

Rinse several times with tap water

Rinse with 10% HNO3 solution

Rinse three (3) times with distilled/deionized water
Rinse with high purity methylene chloride

Rinse with high purity acetone

Allow to dry and seal with aluminum foil

Noakwh -

SPECIFIC LABORATORY QA/QC CONCERNS

1. Low levels of the volatile compounds acetone and methylene chloride were
detected in laboratory blanks for both water and sediment matrices. Several
volatile and semivolatile compound were detected in sediment laboratory
blanks. The EPA 5 times rule was applied, where compounds are considered
real and not the result of contamination if the levels in the sample were
greater than or equal to five times the amount of compounds in the
associated method blank.

2. Matrix spike recoveries and Relative Percent Differences {RPD) were not
acceptable for a number of compounds found in both water and sediment
matrices. The "J" qualifier was added to the results for those compounds
in the sample.

3. Phenol distillation check standard, which typically exhibits low recoveries,
was outside the QC limits. Positive Phenol results have been qualified with
the "J" and non-detect Phenol results have been qualified with the "UJ" to
indicate a possible low bias.

4. The samples analyzed for Phenols and CN were received unpreserved.
Phenols were already qualified due to low recoveries. All positive CN results
have been qualified with a "J" and all CN non-detects with a "UJ"

5. Spike recoveries for thallium were outside the CLP acceptance limits. Silver
was not spiked (lab error) and no spike or spike duplicate data are available.
Silver results were qualified with a "J", denoting estimates. Thallium was
qualified with a "J", denoting estimated values due to poor precision.
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Appendix F - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: STORM-IN-1
Type: grab

Date: 05/09

Time: 2025

Sample ID: 198521

Volatile Organics:

Compound Name Estimated Concentration (ug/L) Qualifier
I.  Methylcyclohexane 2.8 NJ
2. 1-Ethyl-3-Methylbenzene 4.5 NI
3. Methyl(I-methylethy))Benzene 3.2 NJ

Sample Location: TEXEFF-1
Type: grab

Date: 05/09
Time: 1920
Sample ID: 198531

Volatile Organics:

Compound Name Estimated Concentration (ug/L) Qualifier
1. 2-methoxy-2-methylpropane 2.2 NJ

Sample Location: TEXEFF2
Type: grab

Date: 05/09
Time: 0929
Sample ID: 198532

Volatile Organics:

Compound Name Estimated Concentration (ug/L) Qualifier
1. 2,3-dimethyl-2-Butanol 2.1 N3

Sample Location: TEXOUTI1
Type: grab

Date: 04/18
Time: 1100
Sample 1D: 168233

Volatile Organics:

Compound Name Estimated Concentration (ug/Kg)  Qualifier
1. Methane, Thiobis 1.6 NI



Appendix F (cont.) - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: STORM-IN

Type: E-comp

Date: 05/10

Time: @3

Sample ID: 198520

Bases/Neutrals/Acids:

Compound Name Estimated Concentration (pg/L) Qualifier
1. 7-Oxabiocyclo[4.1.0]Heptane 0.99 NJ
2. 2-Cyclohexen-1-Ol 0.51 NJ
3. 2-(2-Butoxyethoxy)Ethanol 4.0 NJ
4. Unknown Hydrocarbon 1 0.38 J
5. 2-(2-Butoxyethoxy)Ethanol 9.2 NI
6. Unknown Hydrocarbon 2 0.68 J
7. Unknown Hydrocarbon 3 0.53 J
8. Unknown Hydrocarbon 4 0.60 J
9. 1H-Indol-5-)0O1 3.8 NJ
10. Unknown Hydrocarbon 5 0.82 J
11. Unknown Hydrocarbon 6 0.72 J
12. Unknown Hydrocarbon 7 1.0 J
13. Unknown Hydrocarbon 8 1.4 J
14. 4-Methyl-Dibenzofurane 0.26 NJ
15. Unknown Hydrocarbon 9 0.37 J
16. Unknown Hydrocarbon 10 0.97 J
17. Unknown Hydrocarbon 11 0.86 J
18. Hexanedioic Acid, Bis(2-Ethy + 3.0 NJ
19. Unknown Hydrocarbon 12 0.43 J
20. Unknown Hydrocarbon 12 0.44 J

NJ There is evidence that the analyte is present. The associated numerical result is an estimate.
J The analyte was positively identified. The associated numerical result is an estimate.




Appendix F (cont.) - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: TEXEFF

Type: E-comp

Date: 05/10

Time: @4

Sample ID: 198530

Bases/Neutrals/Acids:

Compound Name Estimated Concentration (ug/L) Qualifier
1. Unknown Compound 1 21.7 J
2. Unknown Compound 2 13.9 J
3. Unknown Compound 3 3.6 J
4. Unknown Compound 4 7.9 J
5. 1-Ethyl-2-Methy! Aziridine 3.8 NI
6. Unknown Compound 5 3.1 J
7.  Unknown Compound 6 2.7 J
8. Aziridine, 2-(1,1-dimethyle + 2.5 NJ
9. 2,6-Piperazinedione, monoox + 8.2 NJ
10. Unknown Compound 7 5.8 J
11. 1-Piperidineethanamine 5.1 NJ
12. Unknown Compound 8 2.2 J
13. Unknown Compound 9 3.1 J
14. Unknown Compound 10 10.1 J
15. Unknown Compound 11 3.1 J
16. Unknown Compound 12 2.6 J
17. Benzene, (methylsulfinyl)+ 11.8 NJ
18. 2-(2-Butoxyethoxy)-Ethanol 14.8 NJ
19. Unknown Compound 13 6.2 J
20. Pyrrolidine, 1-(1-pentenyl)+ 8.1 NJ

NJ There is evidence that the analyte is present. The associated numerical result is an estimate.
J The analyte was positively identified. The associated numerical result is an estimate.



Appendix F (cont.) - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: EFFLUENT

Type: E-comp

Date: 05/10

Time: @5

Sample ID: 198540

Bases/Neutrals/Acids:

Compound Name Estimated Concentration (ug/L) Qualifier
1. 2-Butanol, 2,3-dimethyl+ 4.1 NJ
2. Benzenemethanamine, N,N-dim+ 2.2 NJ
3. Unknown Compound 1 20.4 J
4. Unknown Compound 2 4.5 J
5. Unknown Compound 3 8.2 J
7.  Piperidine, 1-ethyl-2methyl 4.6 NJ
8.  Unknown Compound 4 52 J
9. Aziridine, 1-ethyl-2-methyl+ 4.6 NJ
9.  Unknown Compound 5 3.6 J
10. Unknown Compound 6 5.1 J
11. Unknown Compound 7 4.0 J
12 Aziridine, 2-(1,1-dimethyle + 3.6 NJ
13. 2,6-piperazinedione, monoox 9.5 NJ
14. Unknown Compound 8 2.2 J
15. 1-Piperidineethanamine 4.5 NJ
16. Unknown Compound 9 2.1 J
17. Unknown Compound 10 4.0 J
18. Benzene, 1-methoxy-3-(methy + 3.0 NJ
19. Unknown Compound 11 2.8 J
20. Unknown Compound 12 2.1 J
21. Benzene, (methylsulfinyl)+ 5.7 NJ
22. Unknown Compound 13 5.1 J
23. Cyclohexane,1,1'-(1-methyl+ 6.8 NJ
24. Pyrrolidine, 1-(1-pentenyl+ 7.2 NJ
25. 1H-Indol-5-o0l 20.7 NJ

NJ There is evidence that the analyte is present. The associated numerical result is an estimate.
J The analyte was positively identified. The associated numerical result is an estimate.



Appendix F (cont.) - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: S-1

Type: grab

Date: 05/09

Time: 1900

Sample ID: 198550

Bases/Neutrals/Acids:

Compound Name Estimated Concentration (ug/L) Qualifier
1. 4-Hydroxy-4-Methylpendtan-2-o 37.5 NJ
2. 7-Oxabicyclo [4.1.0]Heptane 0.64 NI
3. 2-Cyclohexen-1-ol 0.53 NJ
4. 2-methyl-2, 4-Pentanediol + 45.7 NJ
5. 3,4-Dichlorophenyl Isocyanat+ 0.86 NJ
6. Tetradecanoic Acid 0.44 NJ
7. 1H-Indole-3-Carboxaldehyde 1.1 NJ
8.  Unknown Compound 1 0.59 NJ
9.  Unknown Compound 2 0.49 NJ
10. 9-Hexadecenoic Acid 3.2 NJ
11. Hexadecanoic Acid 2.8 NJ
12. Bromacil 2.6 NJ
13. Unknown Compound 3 1.6 J
14. Unknown Compound 4 5.6 J
15. Unknown Compound 5 0.85 J
16. Unknown Compound 6 8.6 J
17. Cholestrol 1.5 NJ
18. Ergosta-7, 22-dien-3-ol, (3. + 1.3 NJ
19. Stigasterol 1.3 NJ

NJ There is evidence that the analyte is present. The associated numerical result is an estimate.
J The analyte was positively identified. The associated numerical result is an estimate.



Appendix F (cont.) - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: TEXOUT!1
Type: grab

Date: 04/18
Time: 11:00
Sample ID: 168233

Bases/Neutrals/Acids:

Compound Name

XN BB =

et el it A\
AW = O

Toluene

2-Pentene, 2,4-dimethyl+
Unknown Compound 1
Unknown Compound 2
2-Cyclohexen-1-one, 3,5-Dime+
Unknown Compound 3
Unknown Compound 4
Unknown Compound 5
Unknown Compound 6

. Unknown Compound 7
. Unknown Compound 8
. Unknown Compound 9
. Unknown Compound 10
. Unknown Compound 11

Estimated Concentration (ug/Kg)

58.3
789
751

45.4

50.1

49.3

66.8

36.3

98.1
136

79.5

44.2

43.2

64.1

Qualifier

NJ
NJ
J
1
NJ
J

o ol Gl Gt Gt o g

NJ

There is evidence that the analyte is present. The associated numerical result is an estimate.
The analyte was positively identified. The associated numerical result is an estimate.



Appendix F (cont.) - Tentatively Identified Compounds - Texaco (Anacortes), 1994

Sample Location: SEDBACK

Type: grab

Date: 04/06

Time: 14:00

Sample ID: 148230

Bases/Neutrals/Acids:

Compound Name Estimated Concentration (ug/Kg)  Qualifier
1. IntStd: o,p’-DDE 480 NJ
2. Hexadecanoic Acid 1910 NJ
3. Otic Acid 687 NJ
4. Tetradecanoic Acid 404 NJ
5. 9-Hexadecenoic Acid 2510 NJ
6.  Unknown Hydrocarbon 1 336 J
7. Unknown Hydrocarbon 2 442 J
8.  Unknown Hydrocarbon 3 449 J
9.  Unknown Compound 1 6580 J
10. Unknown Compound 2 2610 J
11. Unknown Compound 3 5380 J
12. Unknown Compound 4 591 J
13. Unknown Compound 5 560 J
14. Unknown Compound 6 509 J
15. Unknown Compound 7 728 J
16. Unknown Compound 8 369 J
17. Unknown Compound 9 1650 J
18. Unknown Compound 10 1720 J

NJ There is evidence that the analyte is present. The associated numerical result is an estimate.
J The analyte was positively identified. The associated numerical result is an estimate.



Appendix G - GLOSSARY

AAS Aeroaccelator Activated Sludge

BNA Base-neutral acids, semivolatiles

BOD Biological Oxygen Demand

CLP Contract Laboratory Program

COD Chemical Oxygen Demand

CVAA Cold Vapor Atomic Absorption

DAF Dissolved Air Floatation

EPA Environmental Protection Agency

kg kilogram (1 X 10* grams) '

L Liter (1 X 10° milliliters)

LC50 Concentration which is lethal to 50% of the test organisms
LOD Limit of Detection

LOEC Lowest Observable Effect Concentration

m’ Cubic meter (1 X 10° liters)

MF Membrane Filter

mg milligram (1 X 107 grams)

mL Milliliter (1 X 107 liters)

NH, Ammonia

MPN Most Probable Number

NOEC No Observable Effect Concentration
NPDES National Pollution Discharge Elimination System
PCB Polychlorinated Biphenyl

pH Hydrogen Ion Concentration

PP Priority Pollutant

ppm Parts per million (1 X 10° ug/L or ug/kg)
ppt Parts per thousand (1 X 10? ug/L or ug/kg)
PWTS Process Water Treatment System

QA/QC Quality Assurance/Quality Control

TIC Total Inorganic Carbon or for GCMS Tentatively Identified Compound
TNVS Total Non-Volatile Solids

TNVSS Total Non-Volatile Suspended Solids

TOC Total Organic Carbon

TP Total Phosphorous

TPH Total Petroleum Hydrocarbons

TS Total Solids

TSS Total Suspended Solids

TVS Total Volatile Solids

ug Microgram (1 X 10° grams)

ug/m’ Microgram per cubic meter

VOA Volatile Organic Analysis

vOC Volatile Organic Carbon
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