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REPORT OF GEOTECHNICAL SERVICES
SUBSURFACE CONTAMINATION STUDY
AND REMEDTAL ACTION MONITORING
CIRCLE K FACILITY 1461
SEATTLE, WASHINGTION

INTRODUCTION

The results of our subsurface contamination study and remediation
activities at Circle K Facility No. 1461 are presented in this report.
Facility No. 1461 consists of a convenience store which also markets leaded
and unleaded gasoline. The store is located at 2350 - 24th Avenue East in
Seattle, Washington. The site location relative to surrounding physical
features is shown in Figure 1. A generalized site plan of the facility is
presented as Figure 2.

On August 7, 1989, a leak was discovered in one of the site’s under-
ground gasoline storage tanks (Figure 2). A review of the inventory records
for this 4,000-gallon tank indicated that approximately 4,000 to 6,000
gallons of gasoline were released between June 22, 1989 and August 7, 1989.
The product remaining in the leaking tank was removed and the Washington
State Department of Ecology (Ecology) was notified of the release on
August 7, 1989.

Fuel vapors were observed in a restroom located in the basement of the
Museum of History and Industry subsequent to the discovery of the leak in
the underground fuel tank. The Museum is located approximately 2000 feet
north of the Circle K site as shown in Figure 1. Seattle Engineering
Department personnel responsible for wastewater discharge performed a
qualitative investigation of potential sources for the fuel wvapors.
According to the Seattle Engineering Department, the vapors appeared to
originate from the sanitary sewer system.

Fuel odors were observed at several locations in the sanitary sewer
lines upgradient of the Museum of History and Industry. The vapors appeared
to be concentrated in areas of the sewer lines associated with construction
activities along Lake Washington Boulevard (Figure 1). Because the area
upgradient of the Museum is almost exclusively residential, the nearest
potential source of the fuel vapors observed in the sanitary sewer system

was believed to be the Circle K facility. As shown in Figure 2, the leaky
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underground fuel tank at the Circle K facility was located within 40 feet
of the main sanitary sewer line beneath East McGraw Street. Several reports
of fuel odors in the general vicinity of the Circle K site suggested that
the wunderground storage tank leak had potentially affected off-site
locations.

This report presents results from the assessment of subsurface
contamination at the site and the initial phase of soil and ground water

remediation.

PURPOSE AND SCOPE
The purposes of our geotechnical services were to (1) explore and
evaluate subsurface conditions, (2) develop recommendations for remedial
actions, (3) coordinate and observe remedial construction activities, and
(4) monitor the effectiveness of the initial remedial measures at the site.
The general scope of services provided by GeoEngineers during this
investigation is listed below.

1. Research potential pathways for the migration of fuel and/or
gasoline vapors from the site to the sanitary sewer systen.

2. Explore and evaluate subsurface contamination at the site through
several phases of exploratory drilling and monitor well
installations.

3. Monitor the excavation and removal of six underground storage
tanks (USTs).

4, Design and monitor the installation of a free (floating) product
recovery and ground water treatment system.

5. Design and monitor the installation of a soil vapor extraction
system (VES).

6. Interface with regulatory agencies, contractors, and neighboring
residents during all phases of this investigation.

7. Evaluate the field and laboratory data with regard to existing
regulatory concerns.

A description of the specific scope of services completed during each

phase of this investigation is included in subsequent sections of the

report.
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SITE CONDITIONS
GENERAL

Circle K Facility No. 1461 is located southeast of the intersection
between 24th Avenue East and East McGraw Street, approximately 1800 feet
south of Lake Washington. The area surrounding the site consists mainly of
residential houses and buildings, with some small commercial businesses
located west of the site along 24th Avenue East. The regional topography
in the vicinity of the site slopes downward toward the north and northeast.
The ground surface elevation at the site is approximately 70 feet above mean
sea level,.

The general layout of Circle K Facility No. 1461 is shown in Figure 2.
At the start of our site assessment activities, facilities on the property
included the store building, a fuel pump service island, four underground
fuel storage tanks, one underground waste oil tank, and one underground
heating oil tank. The four underground fuel tanks were used for the storage
of regular and unleaded gasoline. The underground waste oil and heating oil
tanks were not being used at the time of our site assessment.

As shown in Figure 2, several underground sewer lines are located
beneath the north part of the site. All of these lines drain north toward
the main sanitary sewer line located beneath the center of East McGraw
Street. The sanitary sewer line on East McGraw Street is located at a depth
of approximately 12 feet below the surface of the street. The upgradient
terminus of this sewer line is located immediately west of the manhole in
front of the store. The sewer line slopes downward toward the east. The
two catch basins located on the Circle K property drain surface water runoff
into the sanitary sewer system.

The specific scope of services completed for the subsurface contamina-
tion assessment of the site is listed below.

1. Drill sixteen exploration borings located both on-site and off-
site using hollow-stem auger equipment.

2. Obtain soil samples at five-foot intervals in each boring, and
field screen each sample for evidence of fuel hydrocarbon
contamination using visual, headspace wvapor, and water sheen

techniques.
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3. Analyze selected soil samples from each boring for benzene,

ethylbenzene, toluene, and xylenes (BETX) using EPA Method 8020,
and for fuel hydrocarbons using modified EPA Method 8015.

4. Install ground water monitor wells in the exploration borings.
Determine the monitor well casing elevations to an accuracy of
0.01 feet using an assumed site datum.

6. Measure the ground water table elevations in the monitor wells and
sample each well for the presence of free (floating) fuel
hydrocarbons.

7. Measure the air space in each well casing for combustible
hydrocarbon vapors using a Bacharach TLV Sniffer.

8. Obtain ground water samples from the monitor wells for laboratory
analysis of BETX compounds using EPA Method 602, and total
petroleum hydrocarbons (TPH) using EPA Method 418.1.

9. Measure the free (floating) product recovery rates in three of the
monitor wells following bailer drawdown tests.

10. Evaluate the field and laboratory data with regard to existing
regulatory concerns and the feasibility of various soil and ground

water remediation options.

SUBSURFACE SOIL CONDITIONS

Subsurface soil conditions beneath and adjacent to the Circle K site
were explored by drilling sixteen hollow-stem auger borings at the locations
indicated in Figure 3. The borings were drilled and sampled to depths
ranging from 19.0 to 31.0 feet below ground surface. Details of the field
exploration program and boring logs are presented in Appendix A. The
exploration borings were drilled in September, October, and December 1989
during three separate phases of the site assessment.

Layers of sandy silt and silty fine sand were encountered beneath the
;ﬁrface layers of asphaltic concrete, concrete, and fill material. The
individual layers of sandy silt and silty sand vary in thickness over short
distances, and are often laterally discontinuous. Occasional gravel and
cobbles were encountered in some of the silt and sand layers. A very dense
to ,hard layer consisting of fine-grained glacial sediments was encountered

at depths greater than approximately 14 feet in most of the borings.
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GROUND WATER CONDITIONS

Ground water conditions in the vicinity of the site were explored by

<A\

installing monitor wells in the sixteen borings. Construction details for
the monitor wells are included with the boring logs in Appendix A. The
depth to ground water in each well was measured periodically throughout the
duration of this study. A summary of ground water elevations measured in
the monitor wells between September 1989 and late December 1989 is presented
in Table 1.

The ground water table in the site vicinity ranges from approximately
10 to 12 feet below the ground surface. Ground water elevations measured
on October 9 and December 28, 1989 were used to construct the ground water
contour maps presented as Figures 4 and 5, respectively. The ground water
elevations measured in MW-5 and MW-12 (not shown in Figures 4 or 5) are
consistent with the ground water contours shown in Figures 4 and 5. Based
on our ground water monitoring data, shallow ground water in the vicinity
of the site flows toward the northeast at a gradient of approximately
125 feet/mile (.024 ft/ft). Ground water elevations in individual wells
fluctuated during this study in response to (1) seasonal precipitation,
(2) nearby open excavations affecting local recharge or discharge of ground
water, (3) the thickness of free product on the water table, and (4)

operation of the fuel recovery system.

SUBSURFACE CONTAMINATION

Potential subsurface contamination at the site was evaluated by field
observations, collecting and analyzing soil and ground water samples,
measuring the concentration of hydrocarbon vapors in the monitor wells, and
measuring the thickness of free product in the monitor wells. The

subsurface contamination data resulting from our investigation of site

.conditions are summarized in Tables 2, 3, 4 and 5. Laboratory data sheets

and chain-of-custody records for the soil samples collected from the borings
are included in Appendix B. Appendix C contains laboratory data sheets and
chain-of-custody records for the ground water samples collected from the
‘monitor wells.

The field screening methods used to detect the potential presence of

petroleum hydrocarbons in soil samples collected from the borings included
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visual examination, headspace vapor measurements, and sheen testing. A
description of the field screening techniques used during this investigation
are included in Appendix A. Field screening results for soil samples
collected from the monitor well borings are noted in the boring logs
(Appendix A).

Fuel hydrocarbon odors were detected during the drilling of MW-2, MW-3,
MW-4, MW-6, MW-8, MW-9, MW-10, MW-13, and MW-15. Headspace vapor measure-
ments were made in the field on soil samples using a Bacharach TLV Sniffer.
The highest headspace wvapor concentrations were detected in samples
collected from MW-2, MW-3, MW-4, MW-6, MW-8, MW-9, MW-13 and MW-15.
Headspace vapor concentrations ranged up to greater than 10,000 ppm
(91 percent LEL) in the soil samples collected from these eight monitor
wells.

Based on field screening results, selected soil samples were analyzed
for the presence of BETX and fuel hydrocarbons. As shown in Table 2, BETX
and fuel hydrocarbons were not detected in most of the soil samples.
Relatively low concentrations of BETX were detected in the soil samples
obtained from MW-3, MW-7, MW-13, MW-15 and MW-16. The highest concentration
of fuel hydrocarbons was 1200 ppm, detected in the soil sample collected
from MW-4 at a depth of 8.5 feet. This sample also contained the highest
concentrations of ethylbenzene (27,000 ppb), toluene (27,000 ppb) and
xylenes (159,000 ppb). Well MW-4 is located immediately downgradient from
the leaky underground fuel tank, and the depth of this soil sample
corresponds laterally to the approximate depth of the tank bottom.

The concentrations of combustible hydrocarbon vapors in the well
casings were measured with a Bacharach TLV Sniffer on December 28, 1989.
Table 3 presents the results of the vapor measurements. Hydrocarbon vapors
were detected at concentrations greater than 10,000 ppm (91 percent LEL) in
MW-2, MW-3, MW-4, MW-6, MW-8, MW-9, MW-13 and MW-15. Hydrocarbon vapor
concentrations of 480 and 1600 ppm were detected in MW-7 and MW-16,
respectively. The concentrations of hydrocarbons vapors in the remaining
wells were less than 400 ppm, which is typical of "background"” conditions
for measurements in monitor well casings with a Bacharach TLV Sniffer.

- Free (floating) product was detected in MW-2, MW-3, MW-4, MW-8 and
MW-9. Table 4 presents free product thickness data collected from

6
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September 1989 through December 1989. Contour maps of the apparent

thickness of free product as measured in the wells casings on October 9 and

December 28, 1989 are presented as Figures 6 and 7. Based on our measure-

ments, free product appears to have flowed in a northwest direction away

from the leaky underground tank. As shown in Table 4, Wells MW-8 and MW-9,
located northwest of the leaky underground tank, contained a significant
thickness of free product. Between October 3 and December 8, 1989 the
thickness of free product in Well MW-8 increased from 0.11 feet to

9.50 feet, while the thickness of free product in Well MW-9 decreased from

4.63 feet to 0.50 feet. On December 28, 1989 the thickness of free product

in MW-8 was 0.37 feet and in MW-9 was 0.27 feet. Maximum product thickness

measured on October 9, 1989 was 5.90 feet in Well MW-4. Maximum product
thickness measured on December 28, 1989 was 0.55 feet in MW-4.

Water/product bail-down tests were performed on Wells MW-2, MW-3 and
MW-4 in September 1989. The ground water depth and free product thickness
were measured in each well over a period of six days after removing all of
the free product present in the well. Results from this test indicated
relatively*iow product thickness recovery rates (0.14-0.65 feet/day).

Ground water samples collected from the monitor wells were analyzed for
the presence of BETX by EPA Method 602. Ground water samples collected from
MW-1 and MW-5 were also analyzed for the presence of TPH by EPA
Method 418.1. A summary of the water quality results is presented in
Table 5.

Water samples collected from wells which contained free product were
not analyzed because of potential mixing of free product with the water.
However, very high concentrations of BETX can be assumed for shallow ground
water in the vicinity of wells containing free product.

The water samples collected from MW-6, MW-13, and MW-15 contained the
highest concentrations of BETX. These three wells are located near the edge
of the free product plume. Samples collected from the other monitor wells
contained relatively low or undetected concentrations of BETX. Total

petroleum hydrocarbons (TPH) were not detected in the ground water samples

obtained from MW-1 and MW-5.



Geo

s
SZEngineers

A

SITE REMEDIATION ACTIVITIES
GENERAL

Based on the results of our initial phase of site assessment act-
ivities, we recommended that the Circle K Corporation secure the site and
begin immediate cleanup actions. Implementation of these recommendations
resulted in concurrent site assessment and remediation activities.

A remedial action plan was developed prior to the removal of the
underground storage tanks. The plan included an outline of proposed field
activities, and preliminary specifications and design for the VES, water
treatment and product recovery systems. The plan was submitted to all
appropriate agencies with an interest in the tank removal and remediation
activities at the site, and was approved by the Washington State Department
of Ecology (Ecology) prior to starting site remediation activities.

GeoEngineers coordinated and monitored remediation activities
concerning fuel-contaminated soil and ground water at the site. The
Circle K Corporation contracted Chemical Processors, Inc., Environmental
Services Division (ChemPro) for the excavation, construction, and equipment
installation activities associated with site remediation. Remediation
activities included the removal of six USTs, excavation of contaminated
soil, and installation of ground water and soil remediation systems.
Excavation oflthe underground storage tanks began on October 11, 1989, and
installation of the recovery and treatment systems was completed on
December 5, 1989.

Our specific scope of services completed for remediation of con-
taminated ground water and soil beneath the site is listed below.

1. Develop a remedial action plan for contaminated soil and ground

water beneath the site.

2. Obtain permits as required by the appropriate regulatory agencies
for construction and operation activities associated with the
installation of the soil and ground water treatment systems.

3. Monitor the excavation and removal of two 4000-gallon and two

_6000-gallon steel underground gasoline storage tanks.
4. Monitor the excavation and removal of one 500-gallon steel

underground waste oil tank and one 500-gallon steel undergféund
e

heating oil tank.
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Monitor the excavation of approximately 900 cubic yards of
contaminated soil adjacent to the USTs. Use field screening
techniques to detect the potential presence of petroleum-related
contaminants in the excavations.

Analyze soil samples from the waste o0il and heating oil tank
excavations for the presence of total petroleum hydrocarbons (TPH)
using EPA Method 418.1. Chemical analyses of selected soil
samples were used to document clean conditions at the limits of
the excavations.

Analyze soil samples from the gasoline tank excavation and the
recovery trench excavations for the presence of fuel hydrocarbons
using modified EPA Method 8015, and BETX using EPA Method 8020.
Chemical analyses of selected soil samples were used to evaluate
the types and concentrations of fuel-related contaminants
remaining at the limits of the excavations.

Obtain composite samples from the contaminated soil stockpiles for
chemical analyses as required by landfill operators, using EPA
Methods 418.1 (TPH), 8010 (halogenated wvolatile organic com-
pounds), 8020 (BETX), 8080 (polychlorinated biphenyl compounds),
1010 (flash point), and EP Toxicity - 7000 Series (metals).
Assist ChemPro in coordinating the disposal of the contaminated
soil stockpiles.

Assist ChemPro in locating and exposing sewer lines located near
the excavations which may have allowed free product to enter the
sanitary sewer system. Monitor the relocation or abandonment of
the lateral sewer and catch basin discharge lines.

Design and monitor the installation of the free product recovery
and ground water treatment system.

Design and monitor the installation of the soil vapor extraction
system (VES).

Monitor the backfilling and paving of the excavations.

Test the operation of the free product, ground water, and soil

vapor recovery and treatment systems.
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TANK REMOVAL AND EXCAVATION OF CONTAMINATED SOIL

Installation of an effective subsurface remediation system required the
removal of the four underground fuel storage tanks. During our site
assessment fieldwork, a waste oil tank and heating oil tank were discovered
at the site (Figure 2). These two tanks were not being used as part of
facility operations, and were likely installed and maintained by the service
station which formerly occupied the site.

The limits of the excavations for removal of underground tanks at the
Circle K site are shown in Figure 8. Tables 6 and 7 summarize the chemical
data resulting from the laboratory analyses of soil samples collected from
the excavations. A summary of the analytical data for samples collected
from the soil stockpiles is presented in Table 8. Laboratory data sheets
and chain-of-custody records for the soil samples collected from the
excavations and stockpiles are included in Appendix D.

The waste o0il and heating oil tanks contained significant quantities
of residual product prior to removal. ChemPro removed the residual products
from the USTs. All of the USTs were excavated, removed and transported off-
site by ChemPro.

Approximately 900 cubic yards of contaminated soil were removed from
the excavations and placed in covered stockpiles for temporary storage at
the Circle K site. The stockpiles were segregated according to the type and
relative concentrations of contaminants observed during the excavation of
the soil. All of the contaminated soil was transported off-site for
disposal at the Olympic View Sanitary Landfill, located in Kitsap County,
Washington.

One of the objectives of the remedial activities was to excavate and
expose the lateral sanitary and stormwater sewer lines located beneath the
north part of the property. These sewer lines drain into the main sanitary
sewer line beneath East McGraw Street. Because fuel vapors previously had
been detected in the sanitary sewer lines in the vicinity of the site, we
examined the lateral sewer lines located in the area of the free product
plume for evidence of leakage of free product into the sewer system.

During the excavation of the underground fuel tanks and the recovery
trenches, several abandoned sewer and drain lines were encountered which

were previously not known to exist. These abandoned lines were encountered

10
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at depths ranging from 3 to 6 feet below existing grade along the northern
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property line, which is shallower than the bottom of the leaky tank. The
locations of sewer and catch basin drain lines known to exist beneath the
site are shown in Figure 2. All of the sewer lines which were not being
used to drain existing structures or catch basins were completely removed
or abandoned in place by grouting the ends of the pipes.

Waste O0il and Heating Oil Tanks: The underground waste oil and heating
oil tanks were excavated and removed on October 11, 1989. Table 6 presents
a summary of the laboratory data resulting from the chemical analyses of
soil samples collected from the limits of the tank excavations.

Visual examination of the waste oil and heating oil tanks after
excavation and removal revealed some surface pitting of the exterior tank
walls, but no perforations. Field screening of soil samples indicated the
presence of petroleum-related contaminants in the soil surrounding each of
the tanks. Soil which appeared to be contaminated with petroleum hydrocar-
bons was removed from each of the tank excavations prior to collecting soil
samples for laboratory analysis.

Less than 10 cubic yards of contaminated soil were removed from the
heating oil tank excavation after removing the tank. Petroleum-related
contamination appeared to be confined to the soil immediately surrounding
this UST.

Approximately 80 cubic yards of contaminated soil were removed from the
waste oil tank excavation. Most of the soil contamination was encountered
below the base of the waste oil tank and along the east wall of the tank
excavation. Excavation of contaminated soil extended to a maximum depth of
approximately 11 feet below ground surface.

As shown in Table 6, all of the soil samples collected from the limits

- of ﬁhe waste o0il and heating oil tank excavations contained TPH concentra-
Eipns of less than 200 parts per million (ppm), which is currently used by
; Eéology as a so0il cleanup guideline for evaluating contamination at
. underground tank sites.
rﬁ' Gasoline Storage Tanks: The four underground gasoline storage tanks
were excavated and removed on October 16, 1989. Free product was visible

at the bottom of the excavation after removing each of the tanks. Except

11
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for the leaky tank, perforations, pitting and excessive corrosion were not
observed on any of the gasoline tanks after they were removed from the
excavation.

An area of apparent minor corrosion was observed at the base of the
leaky tank immediately after removal of the tank from the excavation.
Approximately one-half hour after the leaky tank was excavated and removed,
a one-inch diameter perforation was visible in the corroded area on the tank
bottom, and some residual product was observed leaking from this
perforation.

Additional Soil Excavation near Former Gasoline Tanks: Additional
areas of contaminated and uncontaminated soil were excavated within and
adjacent to the gasoline tank excavation to assist with the remediation of
contaminated soil and ground water. These soil excavations were designed
to assist with the recovery of (1) free product on the water table, (2)
contaminated ground water, and (3) fuel-related soil vapors. The locations
and approximate limits of the soil excavations are shown in Figure 8.

After removing the four underground gasoline tanks from the site,
contaminated soil was excavated from the tank excavation to a depth of
approximately 14 to 16 feet below existing grade. The recovery well
excavation, located along the north wall of the tank excavation, extended
to a depth of about 21.5 feet below existing grade. Three ground water/free
product recovery trenches were excavated to depths ranging from 12 to
14 feet below existing grade along the north wall of the tank excavation
(Figure 8). Approximately 80 to 100 gallons of free product were recovered
from the open excavations. The recovered free product was transported off-
site by ChemPro.

Eight soil samples were collected from the walls of the gasoline tank
and recovery trench excavations at the locations indicated in Figure 8.
These samples were collected and analyzed to determine the concentrations
of fuel-related contaminants present at the limits of excavation. A summary
of the analytical results for these samples is presented in Table 7. Each
.soil sample was analyzed for fuel hydrocarbons by modified EPA Method 8015,
and for BETX by EPA Method 8020.

All of the samples collected from the walls of the ﬁénk excavation,

except for EW-1, contained high concentrations of BETX and fuel

12
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hydrocarbons. The three samples collected near the distal ends of the
recovery trenches (Sample Nos. WI-1, MT-1 and ET-3) contained relatively low
concentrations of BETX and fuel hydrocarbons. However, field screening of
soil samples collected during excavation of the west and middle recovery
trenches indicated extensive fuel-related contamination. The soil
encountered during the excavation of the east recovery trench did not appear
to contain high concentrations of fuel hydrocarbons based on field screening
techniques.

Sampling and Disposal of the Soil Stockpiles: All of the soil removed
from the various excavations was stored temporarily in covered stockpiles
at the site. Several composite soil samples were collected from the
stockpiles for laboratory analysis to characterize the soil for landfill
disposal. A summary of the laboratory results for these composite samples
is presented in Table 8.

Sample No. WO-11 was collected from a stockpile of soil removed from
the waste oil tank excavation and which appeared to be slightly contaminated
by petroleum hydrocarbons. This soil required excavation and removal to
provide access to soil containing higher concentrations of petroleum
contaminants. As shown in Table 8, Sample No. WO-11 contained a TPH
concentration of 108 ppm, which is less than the Ecology guideline of
200 ppm (TPH) for soil requiring remediation at underground tank sites.
This soil stockpile was used to backfill part of the waste oil tank
excavation.

Sample No. C-1 was collected from the stockpile composed of gasoline-
contaminated soil removed from the gasoline tank and recovery trench excava-
tions. This soil contained high concentrations of BETX, TPH and gasoline
(Table 8). Sample No. C-2, collected from the stockpile composed of
contaminated soil excavated from the heating o0il and waste o0il tank
excavations, contained a high TPH concentration (488 ppm). Both of these
stockpiles were removed from the site and transported to the Olympic View

Sanitary Landfill between October 21 and November 8, 1989.

INSTALLATION OF GROUND WATER AND SOIL REMEDIATION SYSTEMS
Free Product Recovery and Ground Water Treatment System: The ground

water and free product remediation system is designed to recover subsurface
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free product and contaminated ground water, and to treat the fuel-con-
taminated ground water. The system installed at the site consists of (1)
a recovery well and a series of recovery trenches, (2) a dual pumping system
for recovering free product and contaminated ground water, and (3) an
aboveground ground water treatment system using a series of activated carbon
filters. Construction details for the recovery well are shown in Figure 9.
Figures 10 and 11 present a plan view and schematic diagram of the ground
water treatment and free product recovery system.

A 30-inch-diameter steel recovery well was installed on the north edge
of the gasoline tank excavation. The recovery well excavation extended to
a maximum depth of approximately 21.5 feet below existing grade. The base
of the well screen is located at a depth of 19.5 feet. The depth of the
well and the surrounding filter pack should allow for a significant cone of
depression when the ground water table is at the seasonal minimum elevation.

Because the native subsurface soils consist of sandy silt and silty
sand which have relatively low hydraulic conductivity (permeability), the
three recovery trenches were excavated toward the free product plume located
north of the fuel tank excavation. The three recovery trenches and the fuel
tank excavation were backfilled with pea gravel.

The dual pumping system installed in the recovery well consists of an
ORS Filter Scavenger pump system, a water table depression pump, and a water
level probe. The Filter Scavenger is designed to recover free product
floating on the surface of the ground water in the well when the thickness
of free product is greater than 1/4 inch. The water table depression pump
is used to form a cone of depression on the water table around the recovery
well, which increases the flow rate of free product and contaminated ground
water to the recovery well. All of the piping and electrical wiring
required to operate this system were installed below existing grade as shown

~in Figure 11. A utility trench was excavated to a depth of approximately
2 feet below ground surface to route the remediation system piping to the
east side of the Circle K building, where the water treatment system and
free product storage container are located (Figure 10).

Free product recovered from the well is pumped into the 55-gallon
product storage drum, which contains an overfill probe and shut-off switch.

This switch will automatically shut the Filter Scavenger pump off if the
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drum accumulates more than 50 gallons of product. The 55-gallon product
storage drum was placed in an 80-gallon "overpack" drum to provide secondary
containment should the automatic shut-off switch fail.

As shown in Figure 11, ground water recovered from the well is pumped
through a particulate filter and then through two 55-gallon Calgon activated
carbon filters in series. After exiting the second carbon filter, the
treated water passes through a flow meter and is discharged directly into
a lateral sanitary sewer line located at the northeast corner of the store
building (Figure 10). The maximum flow rate through the carbon filters for
effective filtration of fuel-related contaminants is 10 gallons per minute
(gpm). Three sampling ports were installed in the piping adjacent to the
carbon filters for the collection of water quality samples at the locations
shown in Figure 11.

Soil Vapor Extraction System: The vapor extraction system (VES) was
designed to recover and treat fuel vapors from subsurface soil located in
the unsaturated zonme. A permit was obtained from the Puget Sound Air
Pollution Control Agency (PSAPCA) prior to completing the VES installation.
The VES consists of subsurface horizontal slotted PVC pipe, a 1-HP electric
exhaust blower, and two activated carbon filters in series.

As shown in Figure 12, the soil excavations for the free product and
ground water recovery system were also used to install the VES. Slotted PVC
pipe was installed as vapor recovery lines at depths ranging from 4 to
5 feet below existing grade. The relatively shallow installation depth was
used because of the potential for high seasonal water table elevations at
the site. Figure 13 presents a schematic section of the VES.

The vapor recovery pipes are connected to a blower fan designed to
extract the soil vapors at a maximum flow rate of 98 cubic feet per minute
(cfm). Because fine-grained native soils are located beneath the site, we
anticipate flow rates will range between 30 and 50 cfm when the VES is
operating. Vapors extracted from the subsurface soils by the vacuum blower
will flow through a condensate trap, a particulate filter, and a series of
two aboveground 55-gallon Calgon activated carbon filters (Figure 13). After

passing through the carbon filters, the treated vapors will be released to

15



Geo

Py .,
< .
S= Engineers

the atmosphere at the emissions stack. The two carbon filters are designed

e

to remove the fuel vapors from the emissions in accordance with PSAPCA
guidelines.

Four sampling ports were installed in the VES piping at the locations
indicated in Figure 13. The sampling ports will be used to monitor the
concentrations of hydrocarbon vapors as the vapors flow through this
treatment system.

Because fuel vapors previously had been observed in the sanitary sewer
lines, an additional set of vapor recovery lines, consisting of solid PVC
pipe, were connected to two of the lateral sewer lines at the locations
indicated in Figure 12. Although presently not connected to the VES, these
recovery lines will provide an option to extract fuel vapors directly from
the sanitary sewer system if high fuel vapor concentrations are detected in

the sanitary sewer line at a later date.

BACKFILLING OF REMEDIAL EXCAVATIONS

Pea gravel was used to backfill the fuel tank and recovery trench
excavations to a depth of approximately 2 feet below existing grade. As
shown in Figure 13, a layer of crushed rock was placed on top of the pea
gravel backfill to support the asphalt concrete pavement.

The waste o0il and heating oil tank excavations were backfilled with a
combination of clean excavated soil and imported sand and gravel fill
material. A thin layer of crushed rock aggregate base was placed on top
of the fill material.

All of the excavations were paved with asphaltic concrete. The ground
surface overlying the former excavations was tested for air leaks with the
VES operating. No significant air leaks were observed through the surface

of the asphalt or in the viecinity of the recovery well vault.

MONITORING OF REMEDIATION SYSTEMS
Continuous operation of the ground water treatment and free product
recovery system began on December 6, 1989. The VES was tested on
December 6, 1989, but will not be operated until most of the free product

has been recovered from the vicinity of the gasoline tank excavation.
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ChemPro

is responsible for maintenance of the remediation equipment,

transport and off-site disposal of free product recovered at the site, and

periodic replacement of the activated carbon filters.

This

report includes results from the initial monitoring of the

remediation systems between December 6, 1989 through January 5, 1990. The

specific scope of services completed by GeoEngineers during this phase of

remediation monitoring is listed below.

1.

Monitor the operation of the free product recovery and ground
water treatment system, and coordinate the maintenance of the
system with ChemPro personnel.

Measure ground water elevations and free product thicknesses in
the monitor wells.

Monitor the thickness of free product and the depth of the ground
water in the recovery well, and the amount of free product
recovered by the well.

Collect water samples from the sampling ports on the water
treatment system, and analyze the samples for BETX using EPA
Method 602.

Collect the first round of monthly water samples from the water
treatment discharge to fulfill the requirements outlined in the
Authorization for Discharge obtained from the Municipality of
Metropolitan Seattle (Metro). Analyze the samples for pH and the
presence of fats/oil/grease (EPA Method 413.2), cyanide (EPA
Method 9010), and nine selected metals (EPA Method 7000 series).
Monitor the discharge from the water treatment system for
combustible vapors, and calculate the volume and rate of total
discharge to the sanitary sewer system as required by the Metro
Authorization for Discharge.

Submit the first round of monthly water quality results for the
water treatment system to Metro.

Test the operation of the soil vapor extraction system (VES), and

collect some preliminary measurements of the vapor concentrations

¢ from the VES sampling ports.

Evaluate the effectiveness of the free product recovery and ground

water treatment system.
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10. Develop a schedule of activities for ongoing monitoring of the

remediation systems with regard to regulatory concerns.

Ground water elevations and free product thickness measurements were
obtained while monitoring the remediation systems, and are included in
Tables 1 and 5. Ground water contours based on measurements obtained on
December 28, 1989 are shown in Figure 5. Figure 7 is a contour map of the
thickness of free product measured in the wells on December 28, 1989. These
measurements were obtained approximately three weeks after starting ground
water pumping.

The ground water depression pump began continuous operation on
December 6, 1989, and maintains the ground water level in the recovery well
at a depth of approximately 15.5 feet below ground surface. The average
rate of ground water recovery decreased from a maximum of 6 to 9 gallons per
minute (gpm) during the first few days of operation, to a rate of 0.5 to
0.7 gpm from December 15, 1989 to January 5, 1990. This decrease in the
average recovery rate represents the dewatering of the soil excavations
filled with porous pea gravel, and the development of a stable cone of
depression. As shown in Figure 5, the recovery well appears to be drawing
shallow ground water from the vicinity of all wells in which free product
has been detected. The radius of influence for the water depression pump
may also include Wells MW-14, MW-15 and MW-16.

As shown in Figure 7, the thickness of free product measured in the
monitor wells decreased to less than 1 foot in each well after the
remediation system began operation. The recovery rate of free product from
the recovery well decreased from approximately 38 gallons per day (gpd)
during the first week of pumping and recovery, to an average of 3 gpd since
December 20, 1989.

] Water samples were collected from the sampling ports on the water
.treatment system on December 11, 18 and 28, 1989. Tables 9 and 10 summarize
the analytical results obtained from sampling the ground water treatment
system. Laboratory data sheets and chain-of-custody records for the samples
collected from the treatment system are included in Appendix E.

Two rounds of water samples were collected for BETX from the three
sampling ports on December 11 and 28, 1989. These two rounds of samples

were obtained to verify the removal of BETX from the contaminated ground
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water as it flows through the two carbon filters. Elevated concentrations
of benzene (16,000 to 36,000 ppb) were detected in the samples collected
from the water flowing from the first carbon filter into the second carbon
filter (Sampling Port No. 2). The results from these two rounds of sampling
indicated that the first carbon filter was saturated with benzene. This
spent carbon filter was replaced on January 5, 1990.

The discharge from the water treatment system was monitored and sampled
in accordance with the requirements outlined in the Metro Authorization for
Discharge. A sample of the treated discharge water was collected from
Sampling Port No. 3 on December 18, 1989, Results from the chemical
analysis of this sample are summarized in Table 10. The analytical results
indicate undetected or trace concentrations of the compounds which were
tested. The pH of the discharge water is typical of clean ground water, and
combustible vapors were not detected at the point of discharge to the
lateral sewer pipe. The results of our first episode of monthly sampling
and monitoring of the ground water treatment system were submitted to Metro
on January 16, 1990.

The VES was tested after completing installation of the remediation
equipment. The exhaust blower fan was operated for approximately 30 minutes
on December 6, 1989. The average vacuum pressure in the VES was approx-
imately 15 inches of water, which corresponds to an average flow rate of
approximately 80 cubic feet per minute (cfm) for the blower fan. A
Bacharach TLV Sniffer was used to measure the hydrocarbon vapor concentra-
tions in the VES. Measurements at Sampling Port No. 1, located upstream of
the carbon filters, indicated a hydrocarbon vapor concentration of
8,500 ppm. The concentrations of hydrocarbon vapors in Sampling Port Nos. 2

and 3 were 160 ppm and 140 ppm, respectively.

DISCUSSION OF RESULTS
ASSESSMENT OF SUBSURFACE CONTAMINATION
Free product was detected on the ground water table in five of the
monitor wells installed during our subsurface contamination study. Ground
water is located at a depth of approximately 10 to 12 feet beneath the site,
and the direction of ground water flow is toward the northeast. Free

proeduct thickness measurements suggest that the free product appears to have
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flowed initially in a direction transverse to the direction of shallow
ground water flow in the vicinity of the site. The location of the free
product plume northwest of the leaky tank is probably related to
discontinuous layers of permeable sediments within the ground water table
zone, which provided a preferential pathway for the migration of free
product. The variations in the free product thicknesses measured in MW-8
and MW-9 during our site assessment activities may indicate a gradual shift
in the flow of the free product plume from a northwest direction to a
northeast direction, coincident with the direction of ground water flow.
The lateral extent of the free product plume was defined based on free
product thickness measurements, and appears to be confined to a relatively
small area north of the leaky underground fuel tank.

Fuel-contaminated ground water was encountered in the monitor wells
located immediately outside of the edge of the free product plume. Data
resulting from the chemical analyses of water quality samples collected
from MW-6, MW-13, and MW-15 indicate benzene concentrations ranging from 250
to 13,000 ppb. These concentrations exceed Ecology’s current ground water
cleanup guideline of 66 ppb benzene at underground storage tank sites. The
current drinking water quality standard for benzene is 5 ppb.

Measurements of hydrocarbon vapors in the monitor well casings indicate
high concentrations of vapors in the wells located in the vicinity of the
free product plume. However, based on vapor measurements in the remaining
wells, the subsurface hydrocarbon vapors in the soil have not migrated far
from the free product plume. Subsurface hydrocarbon vapors are not
regulated by a cleanup standard.

Subsurface gasoline-related soil contamination appears to limited to
the vicinity of the former underground gasoline storage tanks. Samples
collected from the north, south, and west walls of the gasoline tank
excavation contained concentrations of fuel hydrocarbons and/or BETX which
exceed current Ecology cleanup guidelines for soil contamination at
underground storage tank sites. The current Ecology cleanup guidelines are
200 ppm for TPH or fuel hydrocarbons, and 660 ppb for benzene.

' High concentrations of fuel hydrocarbons and BETX were detected in the

soil sample collected at a depth of 8.5 feet in MW-4, located north of the
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leaky UST. This sample exceeded the Ecology cleanup guideline of 200 ppm

i)

TPH. Soil samples collected for chemical analyses from the other monitor
well borings did not contain fuel-related contaminants in concentrations
exceeding Ecology's guidelines. However, soil with high concentrations of
gasoline and benzene can be expected in the water table zone throughout the
limits of the free product (Figure 7).

Laboratory analysis of fuel hydrocarbons (modified EPA Method 8015)
indicate the presence of elevated concentrations of diesel fuel in several
of the soil samples collected from the limits of the gasoline tank and
recovery trench excavations (Table 7). The presence of diesel fuel
contamination is not consistent with the gasoline leak that is considered
the principal source of subsurface contamination at the site. The compound
identified as diesel fuel may be a degradation product from the free
gasoline product dissolving the tar coating observed around some of the
underground fuel tanks. The presence of diesel fuel in these soil samples
could also be the result of leakage from one or more of the site’s former
USTs, which may have stored diesel fuel.

Soil samples obtained from the limits of the heating o0il and waste oil
tank excavations indicate that soil remaining in these areas does not
contain TPH concentrations greater than the Ecology cleanup guideline of
200 ppm.

A few sections of the lateral and main sanitary sewer lines are located
at a depth corresponding to the limits and depth of the free product plume,
and free product may have directly entered the sewer system prior to site

. remediation activities. Although fuel vapors were detected by the Seattle
Engineering Department in the sanitary sewer system downstream of the site
in August 1989, no evidence of the direct transport of free product from the
site into the sanitary sewer system was observed during our subsurface
studies. However, fuel vapors originating from the site also could be
migrating from the soil into the sewer system through damaged sections of
the sewer lines.

Repairs were made on some of the lateral sewer and drain lines located
in the vicinity of the gasoline tank excavation to eliminate potential

pathways for future migration of free product and vapor into the sanitary
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sewer system. We anticipate that the operation of the free product recovery
system and the soil VES will further reduce the potential for migration of

subsurface fuel vapors into the sewer system.

REMEDIATION OF CONTAMINATED SOIL AND GROUND WATER

Based on the results of our initial site remedial action monitoring,
the free product recovery and ground water treatment system is operating
within the design specifications. Our monitoring indicates that the
remediation system is effective in recovering free product and contaminated
ground water from the entire limits of the free product plume. Ground water
elevations measured in the monitor wells confirm the presence of a stable
cone of depression encompassing the estimated lateral extent of the free
product plume.

Approximately 280 gallons of free product were recovered from the
ground water table between December 6, 1989 and January 5, 1990. The rate
of free product pumped from the recovery well has decreased from approx-
imately 38 gallons per day (gpd) during the first week of active pumping
and recovery, to an average of 3 gpd after December 20, 1989. This decrease
in product recovery probably reflects dewatering of the excavation backfill
and transition to recovering ground water and free product from the
surrounding native soils. We anticipate an average gasoline recovery rate
of 2 to 3 gpd during the next few months of site remediation.

Sampling of the ground water treatment system indicates effective
treatment of contaminated ground water containing high concentrations of
BETX. Approximately 46,500 gallons of contaminated ground water were
treated successfully and discharged to the sanitary sewer system in
accordance with the standards set by the Metro Authorization for Discharge.

The results of our initial testing of the soil VES indicate that the
system is effective in removing and treating hydrocarbon vapors from the
subsurface. Preliminary measurements indicate that the VES carbon filters
reduced the concentrations of hydrocarbons from approximately 8,500 ppm to
less than 200 ppm. The low concentration of hydrocarbons in the treated
soll vapors meets PSAPCA emissions standards.

The high concentration of hydrocarbon vapors entering the carbon

filters probably represents the stripping of volatile compounds from the
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baqkflll of the gasoline tank and recovery trench excavations. Continued

é}\

operation of the VES at similar untreated hydrocarbon vapor concentrations
will result in very short operating lives for the carbon filters.
Hydrocarbon vapor concentrations removed by the VES are likely to be less
when the average rate of free product recovery decreases to less than 1 gpd.

The installation of a separate set of vapor recovery lines connected
to the sewer lines will allow direct remediation of fuel vapors present in
the sewer system if high fuel vapor concentrations are detected in the
sanitary sewer lines at a later date. If necessary, a separate aboveground
VES will be installed to remove and treat fuel vapors which may be present
in the sewer system. However, the recovery of sewer vapors is not
anticipated because the combination of the existing soil VES and free
product recovery system 1is expected to prevent the entry of significant

concentrations of subsurface fuel vapors into the sanitary sewer system.

CONCLUSIONS

Based on the results of our subsurface contamination study at Circle K
Facility No. 1463, on-site and off-site ground water and soil contamination
have resulted from a leak in one of the site’s underground fuel storage
tanks. Although fuel odors were detected in the sanitary sewer lines
downgradient from the leaky tank, we observed no evidence of free product
or fuel vapors flowing directly into the sanitary sewer system during site
assessment and remediation activities.

The lateral extent of the free product plume was defined and appears
to be confined to a relatively small area north of the leaky underground
fuel tank. Fuel-contaminated ground water and high concentrations of
hydrocarbon vapors were encountered in the monitor wells located immediately
outside of the edge of the free product plume.

All of the existing underground storage tanks were excavated and
removed from the site. Contaminated soil removed from the tank excavations
and the recovery trenches was transported off-site for landfill disposal.

' Soil samples collected during remediation activities indicate high

concentrations of BETX in the soil surrounding the former underground
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gasoline tanks, and in the soil in the vicinity of the free product plume.

B

The most extensive soil contamination appears to be located north and west
of the gasoline tank excavation.

A free product recovery and ground water treatment system was installed
and operated during this phase of site remediation. Our initial monitoring
of the remediation systems indicate effective recovery of free product and
contaminated ground water. Approximately 280 gallons of free product were
recovered from the ground water table during this phase of site remediation.
Laboratory data indicate effective treatment of approximately 46,500 gallons
of contaminated ground water. A soil vapor extraction system was installed,
successfully tested, and is ready for continuous operation after the rate
of free product recovery decreases.

The remedial action plan implemented to recover free product and treat
contaminated soil and ground water is progressing successfully. Results
from our initial monitoring of the site remediation systems indicate a
positive effect on containing and reducing subsurface contamination in the
area. We anticipate that the combined operation of the free product
recovery system and the soil VES will minimize the potential for the

discharge of subsurface fuel vapors into the sewer system.

RECOMMENDATIONS

Continued operation and monitoring of the free product recovery and
ground water treatment system is recommended. The ground water elevation,
free product thickness, and concentration of hydrocarbon vapors should be
measured monthly in each of the fourteen existing monitor wells. Water
quality samples should be collected from the wells located near the edge of
the free product plume, and the samples should be analyzed for the presence
of BETX. The monitor wells should be sampled semi-annually in March and
September, corresponding to the maximum and minimum seasonal water levels

in the wells.
 .Monthly sampling and monitoring of the treated water discharged into

the 'sanitary sewer system is required by the Metro Authorization for
Discharge. Monthly reports containing results from the sampling and
analyses outlined in the Authorization for Discharge are required by Metro.

Additional samples should be collected from the three water sampling ports
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on a routine basis and analyzed for BETX to verify the effectiveness of the
treatment system and to evaluate whether the filters need replacement.

We anticipate longer time intervals between carbon filter replacements
due to the decrease in the pumping rate of contaminated ground water flowing
through the treatment system. Alternative ground water treatments systems
will be evaluated if the carbon filtration system consumes excessive
quantities of activated carbon.

We recommend that the VES not be operated until the average rate of
free product recovery decreases to less than 1 gpd. After the VES begins
continuous operation, we recommend monitoring the vapor concentrations using
the installed sampling ports and a Bacharach TLV Sniffer. Monitoring of
the treated and untreated soil vapors is required for compliance with the
PSAPCA Permit, and for verification of effective trapping of vapors in each
of the carbon filters. Periodic collection of air samples from the sampling
ports for BETX analysis (EPA Method 8020) is also recommended. Vacuum
pressure and hydrocarbon vapor concentration should be measured monthly in
selected monitor wells once the VES is operating.

Relatively high rates of carbon consumption may occur during operation
of the VES. Optional methods for treatment of the recovered vapors should

be evaluated if carbon replacement costs become excessive.

LIMITATIONS

We have prepared this report for use by the Circle K Corporation. The
report may be made available to regulatory agencies. This report is not
intended for use by others, and the information contained herein may not be
applicable to other sites.

Within the limitations of scope, schedule and budget, our services have
been executed in accordance with generally accepted practices in this area
at the time this report was prepared. No other conditions, expressed or

implied, should be understood.
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Please tall if your have questions regarding this report.
Respectfully submitted,
GeoEngineers, Inc.

m %‘)f/%

Otto K. Paris
— Project Geologist

Ao ﬁ ‘(///A/—

James A. Miller, P.E.
Principal
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TABLE 5
SUMMARY OF GROUND WATER QUALITY DATA,
MONITOR WELL SAMPLES
EPA Method 602 EPA Method
Monitor Ethyl- Total 418.1
Well Sample || Benzene | Benzene | Toluene | Xylenes TPH
Number | Date (ppb) (ppb) (ppb) (Ppb) (ppm)
MW-1 09/13/89 1.5 ND 1.8 1.6 ND
MW-5 09/13/89 1.1 ND 2.5 2.6 ND
MW-6 10/09/89 250 ND 3.2 110 NA
MW-7 10/09/89 2.8 ND 1.4 ND NA
MW-10 10/09/89 1.2 ND ND ND NA
MW-11 10/09/89 2.6 ND ND 3.0 NA
MW-12 10/09/89 ND ND ND ND NA
MW-13 12/21/89 13,000 1,700 20,000 8,800 NA
MW-14 12/21/89 1.1 1.9 5.7 13 NA
MW-15 12/21/89 7,300 1,000 9,000 5,800 NA
MW-16 12/21/89 4.3 7.1 20 36 NA
Notes:
_”ppb” = parts per billion
- *ppm” = parts per m‘i'liion
= *ND”* = “not detected”: see Iabbratory data sheets in‘Appendix.C
: for analyte detection limits :
=not analyzed
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TABLE 6
SUMMARY OF SOIL SAMPLE ANALYTICAL DATA,
WASTE OIL AND HEATING OIL TANK EXCAVATIONS

Tank Sample Sample Depth TPH
Excavation Number Date Location (feet) (ppm)
Waste Oil Tank wWO-2 10/11/83 |Excavation floor 8.0 76
WO-6 10/12/89 |Excavation floor 11.0 2
wO-7 10/12/89  |North wall 10.0 <1
wO-8 10/12/89 |East wall 9.5 6
wO-9 10/12/89  |South wall 10.0 1
wO-10 10/12/89  |West wall 9.5 <1
Heating Oil Tank HO-2 10/13/89  |North wall 6.0 8
HO-3 10/13/89 |East wall 7.0 1
HO-4 10/13/89  |South wall 6.5 2
HO-5 10/13/89 |West wall 6.5 110
HO-6 10/13/89  |Excavation floor 8.5 14
Notes:
“TPH? = Total Petroleum Hydrocarbons by EPA Method 418.1
“ppm” = parts-per million
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TABLE 8

SUMMARY OF SOIL SAMPLE ANALYTICAL DATA,
SOIL STOCKPILE COMPOSITE SAMPLES

Soil Excavation Stockpiles

Sample C-1 Sample C-2 Sample WO-11
Laboratory Analysis GasolineTank/ Waste Oil/ Waste Qil
(EPA Method) Units [Recovery Trench{ Heating Qil Tanks Tank
Benzene (8020) (opb) 6,500 1.8 NA
Ethylbenzene (8020) (ppb) 9,500 120 NA
Toluene (8020) (ppb) 10,500 12 NA
Total Xylenes (8020) (ppb) 20,500 550 NA
TPH (418.1) (ppm) 2,248 488 108
Gasoline (Mod. 8015) (ppm) 4,400 NA NA
Flash Point (1010) - <32F NA NA
PCBs (8080) (ppm) NA All <1.0 NA
VOCs (8010) (ppb) NA All <1.0 NA
Arsenic (EP Tox/Metals) (ppm) NA 0.25 NA
Barium (EP Tox/Metals) (ppm) NA 1.07 NA
Cadmium (EP Tox/Metals) (ppm) NA 0.14 NA
Chromium (EP Tox/Metals) (ppm) NA 0.005 NA
Lead (EP Tox/Metals) (ppm) NA 1.32 NA
Mercury (EP Tox/Metals) (ppm) NA 0.0001 NA
Selenium (EP Tox/Metals) (ppm) NA 0.05 NA
Silver (EP Tox/Metals) (ppm) NA 0.003 NA
Notes:
ppb" = parts per bxlhon
“ppm” - parts per s mulhon
"TPH" = total petroleum hydrocarbons
_"PCBs. = pquchlonnat_e__d biphenyl compounds
“VOCs" = ha’logénated’ volatile organic compounds
"NA" =not anaiyzed
Composnte Samples C-1and C- 2 were collected on October 18 1989
Composite Sample WO-11 was collected on October 12, 1989.
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Engineers

SUMMARY OF BETX ANALYSIS,
WATER TREATMENT SYSTEM SAMPLES

35

Sampling EPA Method 602
Port Sample (ppb)

Number Date Benzene Ethylbenzene Toluene Total Xylenes
1 12/11/89 23,000 740 17,000 3,000
1 12/28/89 23,000 1,000 19,000 6,000
2 12/11/89 16,000 <500 800 <500
2 12/28/89 36,000 <500 6,000 <500
3 12/11/89 <0.5 <0.5 6.4 <0.5
3 12/28/89 14 <0.5 <0.5 <0.5

Notes:
ppb" = partsper billion:
$a_r_nphng port locations shown in Flgure 9.
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TABLE 10
SUMMARY OF WATER QUALITY DATA,
DISCHARGE FROM WATER TREATMENT SYSTEM

DECEMBER 18, 1989

Compound EPA Method Concentration (ppm)
Arsenic 7060 0.008
Cadmium 7131 <0.0003
Chromium 7190 <0.02
Copper 7210 <0.02
Lead 7421 <0.005
Mercury 7470 <0.0005
Nickel 7520 0.09
Silver 7760 <0.01
Zinc 7950 0.10
Cyanide 9012 <0.01
Oil and Grease 413.2 0.31
pH 150.1 6.8
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8909-070-1 MW~1 SOIL 09/11/89
8909-070-2 MW-2 SOIL 09/11/89
8909-070-3 MW-3 SOIL 09/12/89
8909-070-4 MW-4 SOIL 09/12/89
8909-070-5 MW-5 SOIL 09/12/89
8909-070-6 MW-1 WATER 09/13/89
8909-070-7 MW-5 WATER 09/13/89
||||| TOTALS —————

MATRIX # SAMPLES

SOIL 5

WATER 2

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the

scheduled disposal date.
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. UALE ANALYZED : 09/19/89

SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 DILUTION FACTOR : 1

LANISLINT LAY L D LIMUN I

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
CHLOROBENZENE <0.025
1,3-DICHLOROBENZENE <0.025
1,2~-DICHLOROBENZENE <0.025
1,4-DICHLOROBENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE <0.025
META & PARA XYLENE <0.025
ORTHO XYLENE <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 96
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SAMPLE MATRIX : SOIL
EPA METHOD : 8020

RESULTS BASED ON DRY WEIGHT

DA'l'ls ANALYZED
UNITS

DILUTION FACTOR : 1

: 09/19/89
ng/Kg

BENZENE
CHLOROBENZENE
1,3-DICHLOROBENZENE
1,2~-DICHLOROBENZENE
1, 4-DICHLOROBENZENE
ETHYLBENZENE
TOLUENE

META & PARA XYLENE
ORTHO XYLENE

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE

<0.025
<0.025
<0.025
<0.025
<0.025
<0.025
<0.025
<0.025
<0.025

87
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ttttttt e i/ o LIWT 4
SAMPLE MATRIX : SOIL
EPA METHOD 8020

RESULTS BASED ON DRY WEIGHT

BENZENE
CHLOROBENZENE
1,3~-DICHLOROBENZENE
1,2-DICHLOROBENZENE
1,4~-DICHLOROBENZENE
ETHYLBENZENE
TOLUENE

META & PARA XYLENE
ORTHO XYLENE

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE

*% Due to the

attainable.

necessary dilution of

DATE ANALYZED 09/19/89
UNITS : mg/Kg
DILUTION FACTOR : 20

<0.50
<0.50
<0.50
<0.50
<0.50
27

27
110
49

* %

result was not

the sample,
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KPA MEYTHOD : 8020 UNITS : mg/Kg

DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
BENZENE <0.025 0.400 0.420 105 0.409 102 3
CHLOROBENZENE <0.025 0.400 0.430 108 0.404 101 =6
TOLUENE <0.025 0.400 0.435 109 0.414 104 5
META & PARA XYLENE <0.025 1.10 1.18 107 1.13 103 4

% Recovery = (Spike Sample Result - Sample Result)

||||||||||||||||||||||||||||||||||||| X 100

Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

B - 10
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CLLENY L.D. : MW-1
SAMPLE MATRIX : SOIL

EPA METHOD : 8015 MODIFIED
COMPOUND

~ ) ey v

DATE ANALYZED : 09/19/89
UNITS : mg/Kg
DILUTION FACTOR :

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

B - 12

<5

GASOLINE

<5

DIESEL
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Rl A A

DATE ANALYZED : 09/19/89

CLIENT I.D. : MW-3

SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS 9

HYDROCARBON RANGE Cé - Cl14

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING DIESEL

B ~ 14



THSHIA

0Z>

ANITOSYD
1O - 9O
002’1

ONISN QIALVYIILNVAO SNOIYVYOOUAAH
HONVE NOHYVYDOUUAH
SNOHIVYOOAUAH THNA

ONISN QHILVIILNVNO SNOgIYOOdUAH
HONVY NOHYVOOJIUAAH
SNOHYVOOUdAH Tandg

by /bu

68/61/60
68/8T/60
68/ST/60

dO0LOVA NOILNTIId
SLINN

QHZATVYNY HLYd
ILOVILXT HIVA
JHAIHOIY HILYd

ANAOJWOD

AaIJIIAOW GTO8 : AOHLAW ¥dd
TIOS : XIYILVH ATJIWYS

P—MIW ¢ *d I INAITD

d ATOEID :  JWYN IOoIrodd
Y0d-T10-08LT : # 1odrodd

"ONI 'SYIANIONIOTD INIITID

68/2T/60

¥-0L0-6068

JHTdNYS HLVYA

AIVIHNS YILYAd

SISATTUYNV SNOGYVOOIAAH TdNJA

# "d°I IV

Dup‘saiBojoutdal|PaNADUY nJ.,ﬂ\u



CLIENT I.D. : MW-5
SAMPLE MATRIX : SOIL
EPA METHOD 8015 MODIFIED

DATE ANALYZED omva\mm
UNITS ! mg/Kg
DILUTION FACTOR : 1

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING
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MOISTURE % 7.8 9.4 6.2 13 9.6
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8910-045-1 S- AIR 10/06/89
8910-045-2 MW-6 @ 10° SOIL 10/02/89
8910-045~3 MW-6 @ 8/ SOIL 10/02/89
8910-045-4 MWw-7 @ 10/ SOIL 10/02/89
8910-045-5 MwW~-8 @ 10° SOIL 10/03/89
8910-045-6 MW-9 @ 10’ SOIL 10/03/89
8910-045-7 MW-10 @ 10’ SOIL 10/03/89
8910-045-8 MW-11 @ 11°“ SOIL 10/04/89
8910-045-9 MwW-12 @ 10’ SOIL 10/04/89
lllll TOTALS —~——-

MATRIX # SAMPLES

AIR 1

SOIL 8

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the

scheduled disposal date.
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COVU LG L INAMD (ON U ) R N DATE BEXURACLED : 10/09/89

CLIENT I.D. : MW-6 @ 8’ DATE ANALYZED : 10/13/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
CHLOROBENZENE <0.025
1,2-DICHLOROBENZENE <0.025
1,3-DICHLOROBENZENE <0.025
1,4-DICHLOROBENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE <0.025
META & PARA XYLENE <0.025
ORTHO XYLENE <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 72
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CLIENT I.D. : MW-8 @ 10’ DATE ANALYZED : 10/16/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
CHLOROBENZENE <0.025
1,2-DICHLOROBENZENE <0.025
1,3-DICHLOROBENZENE <0.025
1,4-DICHLOROBENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE <0.025
META & PARA XYLENE <0.025
ORTHO XYLENE <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 85
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DATE EXTRACTED : 10/09/89

AN AL L INALCLE - LaxCLE K

CLIENT I.D. : MW-10 @ 10’ DATE ANALYZED : 10/16/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
CHLOROBENZENE <0.025
1,2-DICHLOROBENZENE <0.025
1,3-DICHLOROBENZENE <0.025
1,4~DICHLOROBENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE <0.025
META & PARA XYLENE <0.025
ORTHO XYLENE <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 83
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DATE EXTRACTED 10/09/89

LU LG L NALD caxens K

CLIENT I.D. : MW-12 @ 10° DATE ANALYZED : 10/16/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
CHLOROBENZENE <0.025
1,2-DICHLOROBENZENE <0.025
1,3-DICHLOROBENZENE <0.025
1,4-DICHLOROBENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE <0.025
META & PARA XYLENE <0.025
ORTHO XYLENE <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 82
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SAMPLE MATRIX

LAVU LG L WNAND . CLKULE K :
EPA METHOD : 8020 UNITS : mg/Kg
DUP DUp
SAMPLE SPIKE SPIKED % SPIKED &
COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
BENZENE <0.025 0.400 0.424 106 0.465 116 9
CHLOROBENZENE <0.025 0.400 0.393 98 0.385 96 2
TOLUENE <0.025 0.400 0.385 96 0.399 100 4
META & PARA XYLENE <0.025 1.10 1.11 101 1.15 104 4
% Recovery =..(Spike Sample Result - Sample Result)
lllllllllllllllllllllllllllllllllllll X 100

A Spike Concentration

RPD Awmwme<m % Difference) = (Sample Result - Duplicate Result)

Average Result

B - 36



TISHIA DNISN GHLVLILNVAD SNOGIVOOIAAH
- HONVI NOHIVIOOYUAH

g> SNOHYVYOOUUAH TANA

ANITOSYD ONISA QILVLIINVAD SNOGUVIOONAAH

- AONVY NOHUVYOONAAH

G> SNOEYVOOUAAH THNA

IINSad ANNOdNWO0D

T : YOoIOoV¥d NOILNTIA d4IAIAON STO08 dOHIAW vdd

by /bu : SIINN TI0S : XIYLVW TIJWVS
68/01/0T : AIZATYNY HIVA MNVIE INIOVAA ‘d°I INZITD
68/60/0T : QAIOVIILXT AILYA M JTOYID :  HWYN IDALOodd
¥/N : AIATIOAY AILVA yOd-TO0-08LT : # LodAroyd

¥/N : dITAWYS FAILVA "ONI ’'SUdANIONIOTD INZITID

AGVIHKWNS YILYd
SISATYNY SNOFIVOOYAAH TaANA

S¥0-0168 # "d°I IIV

.uc_wm_mo_o:r_uw._._oU_;_oc,qnjﬂw



FrUJVELL NAME D CLRCLE K DATE EXTRACTED : 10/09/89

CLIENT I.D. : MW-6 @ 10 DATE ANALYZED : 10/11/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING DIESEL
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DALE EXTRACTED : 10/09/89

~mN e A s AVEALAAS . LG I\

CLIENT I.D. ! MW-7 @ 10’ DATE ANALYZED : 10/11/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD ¢ 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING DIESEL
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UALE BAIKAULIED @ LU/UY/8Y

A LN LN L ANOALLLY - LN O o U W) /S n N

CLIENT I.D. : MW-9 @ 10’/ DATE ANALYZED : 10/10/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING DIESEL

L

B - 42
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CovULGL NAME T CLKCLE K DATE EXTRACTED : 10/09/89
CLIENT I.D. ¢ MW-11 @ 11’/ DATE ANALYZED : 10/11/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING DIESEL

B - 44
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FRUULULY NAMBE I CLRCLE K SAMPLE MATRIX : SOIL
EPA METHOD : 8015 MODIFIED UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED 3 SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
FUEL
HYDROCARBONS <5 500 452 30 467 93 5!

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration
.

RPD (Relative % Difference) (Sample Result - Duplicate Result)

Average Result

B - 46
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8910-045-2 MWw-6 @ 10’ 14
8910-045-3 MW-6 @ 8/ 11
8910-045-4 MW-7 @ 10’ 10
8910-045~5 MW-8 @ 10/ 20
8910-045-6 MW-9 @ 10’ 9.4
8910-045-7 MW-10 @ 10° 12
8910-045-8 MW-11 @ 11~/ 27
8910-045-9 MW-12 @ 10’ 12
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EXA METHOD ¢ 8020 (BETX) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE 0.46
ETHYLBENZENE 0.22

TOLUENE 1.1

TOTAL XYLENES 1.2

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 100

B - 55
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EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.036
ETHYLBENZENE <0.036
TOLUENE <0.036
TOTAL XYLENES <0.036

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 81

B - 57
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EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE 0.063
TOTAL XYLENES <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 80

B - 59



T9DUSISIAB/QIUT XTajew 03 anp S3ITWIT JO 3INO «x

x0€ 69 Zv6°0 %¥GE€ 169°0 T€E8°0 LBE"O SANITAX TVIOL
L €9 €€€°0 LS 0TE"0 00%°0 Z280°0 ANINTOL
S Z8 0EE"0 8L ¥TE 0 00%°0 G20 0> ANIZNID
agqdy  ody ITANWYS oIy AIdWYS aaqavy  I1nsdy ANQOdWOD
% amiIds % aadIds IS HIdAWYS
dnd dnd

by/bu : SIINQO
TI0S : XTHLVA (xxdd) ozog : AOHILAW V¥dd
06/20/10 : dAAZAIVYNY ALVA M HIDUID : HWYN ILDILONd
68/22/21 : QIAIOVEILXT AILVA $09-T00~-08LT : # IodErCodd
¥-990-2T68 : *a I FITIWYS *ONI ‘SYIANIONIOID INHITD

YIV¥d TOYINOD ALITVND
SOILLVKHOYY JHTIdVviadDdNd

SL0-2168 # °"d°"I ILY o1 Suj’salbojoutydag oliApuy nmJ \ﬂ



SAMPLE MATRIX : SOIL
EPA METHOD : 8015 MODIFIED

UNITS : mg/Kg
DILUTION FACTOR : 1

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

B -~ 6l
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GASOLINE

<5

DIESEL
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EPA METHOD : 8015 MODIFIED

.Y/ Dy
DILUTION FACTOR : 1

A s

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

FUEL HYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

B - 63
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EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1

COMPOUND RESULT
FUEL HYDROCARBONS <5
HYDROCARBON RANGE -
HYDROCARBONS QUANTITATED USING GASOLINE
FUEL HYDROCARBONS <5
HYDROCARBON RANGE -
HYDROCARBONS QUANTITATED USING DIESEL

B - 65
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DUP DUP
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
FUEL
HYDROCARBONS <5 500 475 95 467 93 2

% Recovery = (Spike Sample Result - Sample Result)
; Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

B - 67
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PARAMETER UNITS TI.D.

RESULT RESULT RPD CONC ADDED REC
MOISTURE % 8912-082-5 11 13 17 N/A N/A N/A
MOISTURE % 8912-082-9 10 11 10 N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

B - 69
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CLIENT I.D. ¢ MW-1 DATE ANALYZED : OW\Hm\mw

SAMPLE MATRIX : WATER UNITS : ug/L
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1
“; /e
COMPOUND RESULT
BENZENE 1.5
ETHYLBENZENE <0.5
TOLUENE 1.9
META & PARA XYLENE 1.1
ORTHO XYLENE 0.5

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 86
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EPA METHOD  : 8020 (BETX) UNITS : ug/L

DUP DUP
SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
BENZENE <0.5 8.00 7.39 92 7.32 92 1
TOLUENE <0.5 8.00 7.29 91 7.04 88 3
META & PARA XYLENE <0.5 21.9 20.0 91 19.9 91 1

% Recovery = (Spike Sample Result - Sample Result)

||||||||||||||||||||||||||||||||||||| X 100

Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result
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CLIENT I.D. : MW-12 DATE ANALYZED : 10/12/89
SAMPLE MATRIX : WATER UNTTS . ug/L
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1
COMPOUND RESULT

BENZENE <0.5

ETHYLBENZENE <0.5

TOLUENE <0.5

TOTAL XYLENES <0.5

SURROGATE PERCENT RECOVERY

1,1,1-TRIFLUOROTOLUENE 100
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CLIENT I.D. ¢ MW-10 DATE ANALYZED : 10/12/89
SAMPLE MATRIX : WATER UNITS ¢ ug/L
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1
COMPOUND RESULT

BENZENE 1.2

ETHYLBENZENE <0.5

TOLUENE <0.5

TOTAL XYLENES <0.5

SURROGATE PERCENT RECOVERY

1,1,1-TRIFLUOROTOLUENE 98
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FOoVULLGL INAMD IoLlRCLE K DATE EXTRACTED : N/A

CLIENT I.D. : MW-11 DATE ANALYZED : 10/12/89
SAMPLE MATRIX : WATER UNITS : ug/L
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1
COMPOUND RESULT

BENZENE 2.6

ETHYLBENZENE <0.5

TOLUENE <0.5

TOTAL XYLENES 3.0

SURROGATE PERCENT RECOVERY

1,1,1-TRIFLUOROTOLUENE 86

e
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DATE SAMPLED

ATT # CLIENT DESCRIPTION
8912-075-1 MW-14 12/21/89 WATER
8912-075-2 MW-15 12/21/89 WATER
8912-075-~3 MW-13 12/21/89 WATER
8912-075-4 MW-16 12/21/89 WATER
8912-075-5 MW-13 @ 8.0 12/20/89 SOIL
8912-075-6 MW-14 @ 13.07 12/20/89 SOIL
8912~075-7 MW-15 @ 8.0 12/21/89 SOIL
8912~075-8 MW-15 @ 13.0’ 12/21/89 SOIL
8912-075-9 MW-16 @ 8.0’ 12/21/89 SOIL
||||| TOTALS -~——-—-—

MATRIX # SAMPLES

WATER 4

SOIL 5

ATI STANDARD DISPOSAIL PRACTICE

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the

scheduled disposal date.
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Cariron MALKLA T WALER UNITS : CQVb
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1
COMPOUND RESULT

BENZENE <0.5

ETHYLBENZENE <0.5

TOLUENE <0.5

TOTAL XYLENES <0.5

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 88
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(BELX) DLLUTION FACTOR : 500

FOY - - WUV N B W) - ULV
COMPOUND RESULT

BENZENE 7,300

ETHYLBENZENE 1,000

TOLUENE 9,000

TOTAL XYLENES 5,800

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 93
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V. G OTORY - LOID) : BUZU (BETX) DILUTION FACTOR : 1

COMPOUND RESULT
BENZENE 4.3
ETHYLBENZENE 7.1

TOLUENE 20

TOTAL XYLENES 36

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 91
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SAMPLE
RESULT

DUP DUP

BENZENE
TOLUENE

TOTAL XYLENES

1.08
5.70
12.6

SPIKE SPIKED % SPIKED %

ADDED SAMPLE REC SAMPLE REC RPD
8.00 8.07 87 7.95 86 1
8.00 12.5 85 12.1 80 3
16.6 27.0 87 25.8 80 5

% Recovery = (Spike Sample Result - Sample Result)

RPD (Relative

9
s

Spike

Difference) =

Concentration -

(Sample Result - Duplicate Result)

Average Result

c - 31
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SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

from this project will be disposed of in thirty (30) days
an extended storage period is

department before the

ATI # CLIENT DESCRIPTION
8910-098-1 WO-2 10/11/89
8910-098-2 WO-6 10/12/89
8910-098-3 WO-7 10/12/89
8910-098-4 WO-8 10/12/89
8910-098-5 Wo-9 10/12/89
8910-098-6 WO-10 10/12/89
8910-098-7 HO-2 10/13/89
8910-098-8 HO-3 10/13/89
8910-098-9 HO-4 10/13/89
8910-098-10 HO-5 10/13/89
8910-098-11 HO-6 10/13/89
||||| TOTALS —~—---
MATRIX # SAMPLES
SOIL 11
ATI STANDARD DISPOSAL PRACTICE

The samples
from the date of this report. If
required, please contact our sample control

scheduled disposal date.
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LAY L A . g /ANy

ATI I.D. # CLIENT I.D. # PETROLEUM HYDROCARBONS
8910-098~-1 WO-2 76
8910-098-2 WO-6 2
8910-098~3 WO-7 <1
8910-098-4 WO-8 6
8910-098-5 WO-9 1
8910-098-6 WO-10 <1
8910-098-7 HO-2 8
8910-098-8 HO-3 1
8910-098~-9 HO-4 2
8910-098~-10 HO-5 110
8910-098-11 HO-6 14
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rren RANGH

Sample # Matrix Dil. (ppm) (C7-C30)
Fac.
Cc-1 . Soil 1 4,400 C7-Cl2+*

Quality Assurance

Method Blank 1 <1.0 ———

C-1 Soil 1 4,200 C7-Cl2*
(Duplicate)

C-1 Soil 1 a C7-C30

(Matrix Spike)
Spiked @ 20 ppb
Percent Recovery

* Gasoline

a - The amount spiked was insufficient to gtive meaningful—
recovery data.

ERYIFrOS

D - 12



d5C€> -0

JUTod Usetd ¥ oTdues

(T°8T¥ AOHIAW WdI) ¥I X4
SNOGYYOOUAXH HAHTONIAd TIVIOL dOJL
STTAWYS TYLNIWNOYIANA J0 SASXIUNY JO SLINSHYU

y09-T0-08LT :309loag
686T ‘8T I9qo0300 :pojjTwgns ajedq
686T ‘0Z I9qo3o0 :3x0day Jo 83jeq



Sample # Total Petroleum

Hydrocarbons
(ppm)
Cc-1 2248
Cc-2 488
Quality Assurance:
Method Blank <5.0
C2 (Duplicate) 467

CRYIFOS
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Sample: #
Matrix:

Analyte:
1,1-Dichloroethylene
Methylene Chloride
t-Dichloroethylene
1,1-Dichloroethane
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachloride
1,2-Dichloroethane
Trichloroethylene
Tetrachloroethylene

emﬁHmOUHOHodem:m

D

16

<1l.0
<l.0
<1.0
<1l.0
<1.0
<1l.0
<1.0
<1.0
<1l.0
<1l.0

<1.0
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Sample #: C=2

Units: mg/ 1
Analyte

Arsenic 0.25
Barium 1.07
Cadmium 0.140
Chromium 0.005
Lead 1.32
Mercury 0.0001
Selenium 0.05
Silver 0.003

CRYIFOS
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GeoEngineers
NOV 101983
GEOENG INEERS TG,
2405 - 140th AVE. N.E. al)%l_kﬁqlﬂ
BELLEVUE, WASHINGTON Sadia? 0
"()6— 7846~5200 F:le """
CHAIN OF CUSTODY RECORD
SAMFLED By Tz:f___[ Jck L DATE __(0[r¥(&T7 GEI F
TIME DEFTH |TYFE |FIELD FRESERVF‘JI)E ANALYSES |{NG. oF
SAMPLE DATE SAMFLED | OF OF FILTERED ADDED TO T0 RE SAMPILE
No. SAMFLED SAMPLE SAMPLE SAMFLE CONDUCTED CONTHIME
St enled - 3
(- | (0li5kn 1230 |35 Se. [ Alp No See A bet.] &
[,l .14 /250 te P (8] e &@dow 3
jw}
1
N
(@]
RELI HED B7 (ST DATE TIME RECEIVED. E"' 5 TGNATURE )
NAME 7 YO o NAME g
FIRM G an & vieat 2 ____TTTT L r8/f | 1255 FIRM 2 YRGS T T
FELINDUI.;HED BY (SIGNATURE) DATE TIME FECEIVED BY (5 IBNATURE
: NAM
FIFH IZZZIIZZIIZZIZZZZZZIZZIII r:mm '_‘Z::::.'_':ZZ'_LZZZ"IZ"_"Z'"_"

ADDITIONAL CDI"1P1EI"-JTS :

(A

/47«-(7—,29

TR '\c\ A RETY CQanX QO [§—

&AD ‘Llo-)l\ ?o‘.&‘".

@ /4)&3\17'2& LLJ;«..IG/\',\ QOIOI.

Qo;o, 8"780<PC8'.1'>J L//B-}CTH/)/

P ————————

ad EP Toxiel:

res Mt },v
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FUEL HYDROCARBONS

MOISTURE

GC/PID
GC/FID

GRAVIMETRIC

D - 23

EPA 8020
EPA 8015 MODIFIED

METHOD 7-2.2
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PROUJUECL # : 1780-01-B4 DATE RECEIVED : N/A

PROJECT NAME : CIRCLE K DATE EXTRACTED : N/A
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 11/09/89
SAMPLE MATRIX : WATER UNITS : ug/L
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1
RESULTS BASED ON DRY WEIGHT
COMPOUND RESULT
BENZENE <0.5
ETHYLBENZENE 1.9
TOLUENE 1.1
TOTAL XYLENES <0.5
SURROGATE PERCENT RECOVERY
BROMOFLUOROBENZENE 95
NOTE: A water reagent blank was run the day each of the mmBUHMm was
analyzed. An extraction reagent blank was not done for this set of
samples. On several of the samples, the result for toluene or

ethylbenzene 1is flagged with a "B" indicating that the analyte was
found in the water blank.
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PROJECT # : 1780-01-B4 DATE RECEIVED : 10/31/89
PROJECT NAME : CIRCLE K DATE EXTRACTED : 11/07,/89
CLIENT I.D. : WT-1 DATE ANALYZED : 11/09/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE 0.11
ETHYLBENZENE « 0.39
TOLUENE 1.0

3.5

TOTAL XYLENES

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 160

D ~ 27
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PROJECT # : 1780-01-B4 DATE RECEIVED : HoYuHVwm

PROJECT NAME : CIRCLE K DATE EXTRACTED : 11/07/89
CLIENT I.D. : ET-3 DATE ANALYZED : 11/08/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE 0.14
ETHYLBENZENE <0.025
TOLUENE 0.19
TOTAL XYLENES 0.31

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 120

D - 29
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PROJECT # : 1780-01-B4 DATE ANALYZED : 11/09/89
PROJECT NAME : CIRCLE K UNITS : mg/Kg
EPA METHOD : 8020 (BETX) MATRIX : SOIL

DUP DUP

SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
BENZENE <0.025 1.25 1.40 112 1.50 120 7
TOLUENE <0.025 1.25 1.50 120 1.45 116 3
TOTAL XYLENES <0.025 3.75 4.00 107 4.35 116 8

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

D - 31
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PROJECT # : 1780-01-B4 DATE RECEIVED : HOVuHVmw

PROJECT NAME : CIRCLE K DATE EXTRACTED : 11/01/89
CLIENT I.D. : NW-2 DATE ANALYZED : 11/02/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS 230

HYDROCARBON RANGE Cé6 - Cio

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS 400

HYDROCARBON RANGE clz2 - C20

HYDROCARBONS QUANTITATED USING DIESEL

BEST ESTIMATE OF FUEL TYPE - 1 PART GASOLINE : 2 PARTS DIESEL.
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PROJECT # : 1780-01-B4 DATE RECEIVED : 10/31/89

PROJECT NAME : CIRCLE K DATE EXTRACTED : 11/01/89
CLIENT I.D. : MT-1 DATE ANALYZED : 11/02/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS 11

HYDROCARBON RANGE c6 - C10

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS 55

HYDROCARBON RANGE Cl0 - Cl6

HYDROCARBONS QUANTITATED USING DIESEL

BEST ESTIMATE OF FUEL TYPE - 1 PART GASOLINE : 5 PARTS DIESEL.
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FRUUECT NAME : CIRCLE K SAMPLE MATRIX : SOTIL
EPA METHOD : 8015 MODIFIED UNITS : mg/Kg
DUP DUP
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE  REC SAMPLE RECOVERY RPD
FUEL
HYDROCARBONS 10 500 487 95 505 99 4

% Recovery = (Spike Sample Result - Sample Result)

Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result
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FUEL HYDROCARBONS

o
)

MOISTURE

GC/PID
GC/FID

GRAVIMETRIC
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EPA 8020

EPA 8015 MODIFIED

METHOD 7-2.2
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CLLENL L.U. D EW—1 DATE ANALYZED : 10/26/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE <0.025
ETHYLBENZENE <0.025
TOLUENE <0.025
TOTAL XYLENES <0.025

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE 97

D - 48
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FRUULCL NAME ¢ CLRCLE K DATE EXTRACTED : 10/24/89
CLIENT I.D. : NW-1 DATE ANALYZED : 10/26/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8020 (BETX) DILUTION FACTOR : 100

RESULTS BASED ON DRY WEIGHT

COMPOUND RESULT
BENZENE 31
ETHYLBENZENE 55
TOLUENE 140
TOTAL XYLENES 300

SURROGATE PERCENT RECOVERY

BROMOFLUOROBENZENE *%

** Due to the necessary dilution of the sample, result w3as not
attainable.
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PROJECT NAME : CIRCLE K UNITS : mg/Kg
EPA METHOD : 8020 (BETX) MATRIX : SOIL

DUP DUP

SAMPLE SPIKE SPIKED &% SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
BENZENE <0.025 0.40 0.368 92 0.369 92 0
TOLUENE <0.025 0.40 0.372 93 0.371 93 0
TOTAL XYLENES <0.025 1.10 1.18 107 1.19 108 1

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

D - 52
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PROJECT NAME : CIRCLE K DATE EXTRACTED : 10/24/89
CLIENT I.D. : EW-1 DATE ANALYZED : 10/25/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 1
COMPOUND RESULT

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS <5

HYDROCARBON RANGE -

HYDROCARBONS QUANTITATED USING DIESEL

D - 54



TISHIA SI¥YVd ¢ @ HANITOSVD II¥d T - AJAL TINI J0 FALVWILSHT ISHd

TISHIA
9¢d0 - 21O
009

ANITOSYD
O0TO - 9D
oLe

DNISN QILVLIINYNO SNOGIYVOOIAAH
dONVE NOFUYVOO™AAH
SNOEYVYOOUdXH TdNA

ONISN ILVILIINVNO SNOIVOOUUAH
dONYVE NOHIVOOdAAH
SNOEYYOOUdAH Tandg

T

by /Put
68/62/0T
68/v2/0T
68/€2/0T
68/02/0T

¢-2V¥T-0168

JOLOVA NOILNTIIA
SLINN

AIZATYNY JIVA
HIOVILXE JLYa
JIATIOHY dLVA
JdTdNVYS dILVd

d3IAIAOW STIO08
1I0S

T-MM

M HTIOUID
¥9-10-08LT

*ONI ‘SYIINIONIOTD

AGVHHNS YILVd

SISATVNVY SNOIYVYDOOJdXH TANJ

# ‘0 I 11V

JOHIAKW VY43
XTILYH FTINYS
‘d°I INIITIO
AWYN IDFLodd
# IDALodud
INAITO

UupsalbojouydagodNADUY \/ﬂ\



——y ey

PROJECT NAME : CIRCLE K DATE EXTRACTED : 10/24/89
CLIENT I.D. : NW-1 DATE ANALYZED : 10/25/89
SAMPLE MATRIX : SOIL UNITS : mg/Kg
EPA METHOD : 8015 MODIFIED DILUTION FACTOR : 5
COMPOUND RESULT

FUEL HYDROCARBONS 1,700

HYDROCARBON RANGE Cc6 - €10

HYDROCARBONS QUANTITATED USING GASOLINE

FUEL HYDROCARBONS 4,100

HYDROCARBON RANGE cl2 - c26

HYDROCARBONS QUANTITATED USING DIESEL

BEST ESTIMATE OF FUEL TYPE ~ 1 PART GASOLINE : 2 PARTS DIESEL

D - 56
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EPA METHOD : 8015 MODIFIED UNITS : mg/Kg

DUP pup
SAMPLE CONC SPIKED % SPIKED %
COMPOUND RESULT SPIKED SAMPLE REC SAMPLE RECOVERY RPD
FUEL
HYDROCARBONS <5 500 492 98 464 93 6

% wm00<MH< = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

D - 58
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ATI SAMPLE DUP SPIKED SPIKE %

PARAMETER UNITS I.D. RESULT RESULT RPD CONC ADDED REC
MOISTURE % 8910-142-1 10 12 18 N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

s

Average Result

D - 60
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éﬁk, AndlyticalTechnologies, Inc,
560 Naches Avenue SW, Suite 101 Renton,WA 98055

L1

T

pae

Chain of Custody

PROJECT MANAGER:___ (D tto Py

LABORATORY NUMBER: ¢4

COMPANY: GEL

-ADDRESS: 2 ] & &
. : Slg al 12| |+ 2
21518 2l g g 3
PHONE: _ T4 6~ $206 SAMPLED BY:_J_G-/C 32| 1E sl =] (E]L(E] |s g
2lg > & § 23 ‘t% ST o '§ o =
DISPOSAL INSTRUCTION S|l |alxl=| [E]3 ES a2 al | §
HHERHNHEHEEHEEHHARERE
[ AT Disposal @ $5.00 each [J Rewm [0 Pickup (wil call) 23|38 |E|£1B]|2|2|T S EA IR R &
g «» w =
218l lg(elalgl&lelg(8ls]Sleolx] |52
3|8/481513]8|3|2(2|5|S|%|2(5(3|8|=|3|2
£Ew -/ tero |02/51 Jal | | X X
Aw-{ “___p7ao| « 4 X| X
w-/ " 0730« 3 X} ¥
W/ i 0244« % Al X

SPECIAL INSTRUCTIONS: K

Signature :

PROJECT NUMBER: | F84 - 0(-RY TOTAL NUMBER OF CONTAINERS ¢ ISgnaure “Time: | Signatre: F;
PROJECT NAME: (" /vcla K CHAIN OF CUSTODY SEALS YINNA | Y : m X A o700
PURCHASE ORDER NUMBER: INTACT? Y/NNA VAl Y ey e Sl e N c
VAT RECEIVED GOOD COND./COLD s JCompany: " T Company:

| TAT: [J24HR [ 48HRS [J 72HRS 01wk 272 WKS (Normal) ~

|

Signature: Time: T
Printed Name: Date: | Printed Name: D
Company: ' Company:

ATl Labs: San Diego (619)458-9141 + Phoenix (602)438-1530 + Sealtle (206)226-8335 - Pensacola (904)474-1001

DISTRIBUTION: White, Canary - ANALYTICAL TE:
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8912-023-1 PORT 1 12/11/89 WATER

8912-023-2 PORT 2 12/11/89 WATER
8912-023-3 PORT 3 12/11/89 WATER
..... TOTALS ——---
MATRIX # SAMPLES
WATER 3

"The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.
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LFA MBETHOD 8020 (BETX) DILUTION FACTOR : 1

COMPOUND RESULT
BENZENE <0.5
ETHYLBENZENE <0.5
TOLUENE <0.5
TOTAL XYLENES <0.5

SURROGATE PERCENT RECOVERY

TRIFLUOROTOLUENE 94
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EFA METHOD 8020 (BETX) DILUTION FACTOR : 1000

COMPOUND RESULT
BENZENE 23,000
ETHYLBENZENE 740

TOLUENE 17,000
TOTAL XYLENES 3,000

SURROGATE PERCENT RECOVERY

TRIFLUOROTOLUENE 85
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EPA METHOD : 8020 (BETX) DILUTION FACTOR : 1

COMPOUND RESULT
BENZENE <0.50
ETHYLBENZENE <0.50

TOLUENE 6.4
TOTAL XYLENES <0.50

SURROGATE PERCENT RECOVERY

TRIFLUOROTOLUENE 79
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ARSENIC

CADMIUM

CHROMIUM

COPPER

LEAD

MERCURY

NICKEL

SILVER

ZINC

CYANIDE

OIL & GREASE

PH

AA/GF
AA/COLD VAPOR
AA/F

AA/F

AA/F
COLORIMETRIC
IR

ELECTRODE

E - 13

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EpPA

EPA

7060

7131

7190

7210

7421

7470

7520

7760

7950

9012

413.2

150.1
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A LALNAZLLAS A LaAN

KLU LY

ARSENIC
CADMIUM
CHROMIUM
COPPER
LEAD
MERCURY
NICKEL
SILVER
ZINC

* Out of limits due to

O,

% Recovery =

RPD (Relative

8912-077-1
8912-039-5
8912-055~1
8812-059-26
8912-039-11
8912-055-1
8912-055~-1
8912-055-1
8912-059-26

<0.005
<0.0003
<0.02
<0.02
<0.005
<0.0005
0.09
<0.01
<0.01

<0.005
<0.0003
<0.02
<0.02
<0.005
<0.0005
0.07
<0.01
<0.01

0
0
0
0]
0
0
2
0
0

matrix interference.

(Spike Sample Result - Sample Result)

o
]

Difference) =

Spike Concentration

SAMPLE  CONC
0.053 0.050
0.0018 0.0020
1.95 2.00
0.49 0.50
0.022 0.025
0.00253 0.00200
0.52 0.50
1.02 1.00
0.26 0.25
100

(Sample Result - Duplicate Result)

Average Result

E -

15
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8910-055~1 CIRCLE K, PORT #3 6.8

E - 17
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8912-085-1 PORT 1 12/28/89 WATER

8912-085-2 PORT 2 12/28/89 WATER
8912-085-3 PORT 3 12/28/89 WATER
||||| TOTALS ——=~-
MATRIX # SAMPLES
WATER 3

The samples from this project will be disposed of in thirty (30) days
from <«he date of this report. If an extended storage period is
required, please contact our sample control department before the
scheduled disposal date.
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LEA METRUU : BUZU (BETX) DILUTION FACTOR : 1

COMPOUND RESULT
BENZENE <0.5
ETHYLBENZENE <0.5
TOLUENE <0.5
TOTAL XYLENES <0.5

SURROGATE PERCENT RECOVERY

TRIFLUOROTOLUENE 100
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LA MELHUD ¢ 8UZ0 (BETX) DILUTION FACTOR : 1000

COMPOUND RESULT
BENZENE 36,000

ETHYLBENZENE <500

TOLUENE 6,000

TOTAL XYLENES <500

SURROGATE PERCENT RECOVERY

TRIFLUOROTOLUENE 100

E - 25
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DUP
SAMPLE SPIKE SPIKED % SPIKED
COMPOUND RESULT ADDED SAMPLE REC SAMPLE
BENZENE <0.5 25 25 100 28
TOLUENE <0.5 25 23 92 26
TOTAL XYLENES <0.5 75 66 88 71
% Recovery = (Spike Sample Result - Sample Result)
lllllllllllllllllllllllllllllllllllll X 100

Spike Concentration

%

REC RPD
112 12
104 12
95 8

RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Average Result

E - 27
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