www.hartcrowser.com

HARTCROWSER

Delivering smarter solutions

Remedial Investigation and
Feasibility Study

Ken’s Auto Wash

1013 East University Way
Ellensburg, Washington

Prepared for
Ken’s Auto Wash

November 14, 2006
7168-04

Prepared by
Hart Crowser, Inc.

Abby S. Bazin, E.LT.
Senior Staff
Environmental Engineer

1910 Fairview Avenue East
Seattle, Washington 98102-3699
Fax 206.328.5581

Tel 206.324.9530

Richard F. Moore, L.H.G.

Principal




CONTENTS

1.0 INTRODUCTION
2.0 FACILITY BACKGROUND

2.1 Site Description and Use
2.2 Surrounding Properties

- 2.3 Potential Sources of Environmental Contammants

2.4 Regulatory History
3.0 ENVIRONMENTAL INVESTIGATIONS AND REMEDIAL ACTIONS

3.1 1995 to 2000—Site Characterization and Groundwater Monitoring

(Sage 1998a and 1998b; Hart Crowser 1999a, 2000a, 2000b, 2000c,

and 2000e)
3.2 2000—Hot Spot Soil Excavation and In Situ Bioremediation

(Hart Crowser 2001)
3.3 Strataprobe Explorations and In Situ Bioremediation (Hart Crowser 2005a)
3.4 UST Closure (Hart Crowser 2005b)
3.5 2001 to Present—Groundwater Monitoring (Hart Crowser 2001, 2002a,
2002b, 2003, 2004a, 2004b, 2004c, 2005D, 2005c, 2006, and Data Provided
in Draft RI/FS Report)

4.0 SITE PHYSICAL CHARACTERISTICS

4.1 Geology
4.2 Hydrogeology
4.3 Underground Utilities

5.0 NATURE AND EXTENT OF CONTAMINATION

5.1 Identifying Potential Chemicals of Concern
5.2 Soil Quality

5.3 Groundwater Quality

5.4 Free Product

5.5 Site Conceptual Model

6.0 CLEANUP OBJECTIVES AND CRITERIA

6.1 Chemicals of Concern
6.2 Potential Exposure Pathways
6.3 Remedial Action Objectives (RAOs)

Page

N DN =

NN W o0

14

14
14

- 15

Hart Crowser , Page i

7168-04 November 14, 2006




CONTENTS (Continued) - Page

O

6.4 ARARs and Applicable Regulations 15
6.5 Cleanup Levels ’ 16
6.6 Terrestrial Ecological Evaluation ' 16
7.0 REMEDIAL ALTERNATIVE DEVELOPMENT AND EVALUATION 17
7.1 Technology Screening 17
7.2 Remedial Alternative Descriptions ' 18
7.3 Evaluation of Alternatives 22
7.4 Preferred Remedial Alternative Identification : 23
8.0 REFERENCES - 23
TABLES
1 Summary of Site Investigation, Remediation, and Monitoring Activities
2 Groundwater Elevation Data
3 Summary of Soil Chemistry Data
4 Summary of Groundwater Chemistry Data - TPH-G, BTEX, and Lead
5 Summary of Groundwater Chemistry Data - Other Detected Constituents
6 Summary of Groundwater Chemistry Data - Groundwater Grab Samples
7 Measured Free Product Thickness in Well MW-1/MW-14
8 Summary of Cleanup Levels for Chemicals of Concern
9 Remedial Alternative Evaluation - Compliance with WAC 173-340-360
10 Monitoring Schedule for Preferred Alternative
FIGURES
1 Vicinity Map
2 Site and Well Location Plan
3 Generalized Geologic Cross Section A-A’
4 Groundwater Elevation Contour Map - June 2006
5  TPH-G Occurrences in Soil ' .
6 UST Verification Samples Locations and Detected Analytical Results
7 “pothole” Test Pit Sample Locations and Detected Analytical Results
8 TPH-G Occurrences in Groundwater
Benzene Occurrences in Groundwater
10 Long-Term Trends in TPH-G Concentration in Groundwater
11 Long-Term Trends in Benzene Concentration in Groundwater
12 Dissolved Oxygen in Groundwater
Hart Crowser ' Page ii

7168-04 November 14, 2006




CONTENTS (Continued)

APPENDIX A
REQUEST FOR SITE HAZARD ASSESSMENT RERANKING

APPENDIX B
BORING LOGS AND WELL CONSTRUCTION DETAILS
BY HART CROWSER AND OTHERS

APPENDIX C
COST ESTIMATES FOR ALTERNATIVES

Page

Hart Crowser
7168-04 November 14, 2006

Page iii




REMEDIAL INVESTIGATION AND FEASIBILITY STUDY
KEN’S AUTO WASH

1013 EAST UNIVERSITY WAY

ELLENSBURG, WASHINGTON

1.0 INTRODUCTION

This report presents the Remedial Investigation (RI) and Feasibility Study (FS) for
the Ken’s Auto Wash site in Ellensburg, Washington (Figure 1). Site soils and
groundwater are affected by a previous release of petroleum hydrocarbons
associated with a gasoline underground storage tank (UST) at the site. The
petroleum hydrocarbon release was discovered during tank tightness testing in
1995.

The RI/FS incorporates information from several previous site investigations,
initial soil removal/treatment efforts in 2000, UST removal in 2005, and on-going
groundwater monitoring. These efforts were conducted by Hart Crowser and
others on behalf of the site owner, Ken Peterson. Mr. Peterson has entered into
an Agreed Order with the Washington State Department of Ecology (Ecology)
pursuant to the Model Toxics Control Act (MTCA - RCW 70.105D.040(5)).

This RI/FS compiles and summarizes results of previous site investigations, soil
cleanup, and monitoring efforts from 1995 to present. The RI/FS presents a
chronology of the work completed and a conceptual model of current site
conditions. Accordingly, this RI/FS has been formatted for consistency with
elements listed in WAC 173-340-350 Remedial Investigation and Feasibility

- Study, WAC 173-340-360 Selection of Cleanup Actions, and other pertinent

sections of MTCA. Note that laboratory analytical data for testing results
summatized in this RI/FS report is provided with the source data reports
referenced herein.

2.0 FACILITY BACKGROUND

2.1 Site Description and Use

The Ken’s Auto Wash property is located at 1013 East University Way in
Ellensburg, Washington (Figure 1), at the northwest corner of East University
Way and Alder Street. The property covers a total area of approximately 15,000
square feet (0.35 acre). The site is a former gasoline service station. The current
business (Ken’s Auto Wash) is an active car wash. Site structures include a
three-stall car wash and convenience store building, which is currently inactive.
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The site is paved with concrete beneath the car wash and on the southern half
of the site and with asphalt to the north and east of the car wash/convenience
store. '

{ | 2.2 Surrounding Properties

The Ken’s Auto Wash property is bound to the west by a vacant lot (unpaved
gravel), to the north by an alley, to the south by East University Way, and to the
east by Alder Street. The property is zoned commercial/highway. In the
surrounding area, there are a mixture of commercial, office, and residential
properties. ’

The site is located within city limits, and surrounding businesses and residences
receive their drinking water from the municipal water supply. Well inventories
by Ecology (1996) and Hart Crowser (1999a) identified three municipal water
supply wells located in the surrounding area: two wells located 1,200 and 1,600
feet south of the site, and one well located 4,000 feet northwest of the site.
Locations and logs of these supply wells are included in Attachment A in
Appendix A. As discussed in Section 4.2 and Appendix A, there is no identified
connection between affected groundwater at the site and the hydrogeologic
units tapped by the water supply wells.

2.3 Potential Sources of Environmental Contaminants

Gasoline USTs and associated piping and delivery systems have been located on
the southern half of the site. Former UST and pump island locations associated
with Ken’s Auto Wash operations are shown on Figure 2. Four unleaded and
regular (leaded) gasoline USTs were replaced in 1988 with three new USTs: one
6,000-gallon super unleaded UST (UST No. 1), one 10,000-gallon unleaded
gasoline UST (UST No. 2), and one 10,000-gallon regular (unleaded) gasoline
UST (UST No. 3). The new USTs were replaced in the same UST “nest” that
held the previous USTs. In 1996, a leak was discovered during a tank tightness
test in a product line from the super unleaded gasoline UST No. 1. After
discovery and correction of the leak, gasoline odors were noted in two
observation wells located adjacent to the USTs.

2.4 Regulatory History

Following the reported UST leak, a Site Hazard Assessment was conducted in
1996 (Ecology 1996). The site was ranked a “2.” In 1999, the site was entered
into Ecology’s Voluntary Cleanup Program (VCP) (Hart Crowser 1999b).
Groundwater monitoring, hot spot excavation of petroleum hydrocarbon-
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affected soils in 2000, UST removal, and related site investigations since 1999
were conducted under the VCP.

- In January 2003, reranking of the site was requested because the original site
ranking was based on an assumed connection between petroleum-affected
groundwater at the site and the City of Ellensburg supply wells (see Appendix A).
Ecology denied the request on the basis that reevaluating the site would not

“result in a significant change in rank (i.e., a new Site Hazard Assessment would

" likely change the rank from a “2” to a “3”). In August 2003, Mr. Peterson and
Ecology entered into an Agreed Order to prepare an RI/FS for the site.

3.0 ENVIRONMENTAL INVESTIGATIONS AND REMEDIAL ACTIONS

Following the 1996 leak, Hart Crowser and others have conducted several
environmental field investigations, remedial actions, and groundwater
monitoring at the site. These activities:are summarized below in chronological
order. Exploration locations are shown on Figure 5 and Figure 6. A summary of
investigation results is presented in Section 4. A list of available reports
regarding environmental conditions at the site is provided in Section 8.0. Table
1 presents a summary of the site investigation, remediation, and monitoring
activities, as discussed below.

3.1 1995 to 2000—Site Characterization and Groundwater Monitoring (Sage 1998a
and 1998b; Hart Crowser 1999a, 2000a, 2000b, 2000c, and 2000e)

Between 1996 and 1998, Sage Earth Sciences (Sage) installed six monitoring
wells (MW-1 through MW-6) at the site, measured groundwater elevations, and
sampled and analyzed soil and groundwater at each location for gasoline-range
petroleum hydrocarbons (TPH-G) and benzene, toluene, ethylbenzene, and
xylenes (BTEX). Selected soil samples were analyzed for diesel- and oil-range
petroleum hydrocarbons (TPH-D and TPH-O), and selected groundwater
samples were analyzed for total and dissolved lead. In 1998, Sage continued
monthly elevation measurements and quarterly monitoring of TPH-G, BTEX, and
total lead in groundwater. In 1999, Hart Crowser completed a receptor analysis,
a utility survey, analyzed soil and groundwater samples from five borings (HP-7
through HP-11) for TPH-G and BTEX, analyzed groundwater samples collected
from the borings via hydropunch methods, and installed monitoring wells
MW-12 and MW-13. Between December 1999 and September 2000, Hart
Crowser analyzed groundwater samples from the eight wells for TPH-G and
BTEX on a quarterly basis. In September 2000, Hart Crowser advanced five soil
borings (HP-12 through HP-16) and collected and analyzed soil and
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3.2 2000—Hot Spot Soil Excavation and In Situ Bioremediation (Hart Crowser

2001)

groundwater samples for TPH-G and BTEX. Selected soil samples were analyzed
for lead.

In October and November 2000, Hart Crowser conducted a hot spot removal of
accessible petroleum-impacted materials at the location shown on Figure 5.
Approximately 520 tons of TPH-affected soil and 5,500 gallons of TPH-affected
groundwater, containing an estimated 2,700 pounds of TPH, were removed
from the area between the existing USTs and East University Way. Excavation
extent was spatially limited by the presence of the USTs to the north and the
East University Way sidewalk to the south. Verification samples were collected
from the side walls of the excavation and chemically analyzed. Verification
sample results indicated soil containing TPH concentrations above applicable
MTCA cleanup levels remained in place to the north (next to the UST area) and
the south (beneath the sidewalk). Approximately 600 pounds of Oxygen-
Releasing Compound (ORC) were added to the excavation backfill (below the
seasonal high water table elevation) to promote biodegradation of.petroleum
hydrocarbons remaining in place. '

3.3 Strataprobe Explorations and In Situ Bioremediation (Hart Crowser 20053)

In February 2005, strataprobe (push-probe) explorations were advanced in eight
locations at the Ken’s Auto Wash site to collect soil and grab groundwater
samples. These locations are identified as HCSP-04-01 through HCSP-04-08 on
Figure 5. Soil and groundwater samples were submitted for laboratory analysis
of TPH-G and BTEX. Soil samples were also analyzed for total lead, while
groundwater samples were analyzed for methyl tertiary-butyl ether (MTBE).

While on site, approximately 120 pounds of ORC were injected at the six
strataprobe locations as a relatively low cost, opportunistic measure to benefit
the additional remediation alternatives considered. Five injection locations were
in the westbound lane of East University Way near the sidewalk, which is near

* the apparent leading edge of the TPH source area in soil (Figure 5). Locations
“included strataprobes HCSP-04-01, HCSP-04-02, HCSP-04-03, and two

(unnamed) locations for areal coverage between HCSP-04-01, HCSP-04-02, and
HCSP-04-03. The sixth injection location was completed near the centerline of
the westbound lanes where the highest MultiRae photoionization detector (PID)
reading in soil was recorded during advancement of strataprobe HCSP-04-07.
The depth of the injections was below and across the inferred water table, taking
into account seasonal fluctuations in water table elevation.
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3.4 UST Closure (Hart Crowser 2005b)

In April 2005 Clearcreek Contractors, with observation by Hart Crowser,
completed closure activities to remove the three site USTs and the associated
piping. Once the USTs were removed, Hart Crowser collected and analyzed
verification soil samples of the excavation side walls and bottom. Laboratory
analytical results were below applicable Washington State MTCA Method A
cleanup levels, with the exception of the south UST side wall sample, which
exceeded the applicable criteria for TPH-G and BTEX. The south side wall
sample is located near the edge of the TPH “hot spot” excavation completed in

2000. During UST closure, approximately 8 cubic yards (cy) of TPH-affected soil

were removed from the south side wall for offsite disposal. Excavation of
additional TPH-affected soil was not possible because of stability concerns
related to utility lines in the adjacent East University Way right of way: Soil
-sampling data and observations from the various site exploration, UST removal,

and remediation activities indicate that soils remaining in this area with elevated

TPH concentrations are limited to a localized area identified on Figure 6 and
Figure 7.

Well MW-4 was removed during UST closure activities and was replaced with
MW-4R in October 2005. In conjunction with removing the USTs, six “pothole

14

test pits were completed to delineate the extent of TPH-affected soils to the east

and west of the UST excavation. Soil sample analytical results contained

gasoline-range hydrocarbons and benzene at concentrations exceeding Method

‘A cleanup levels. TPH concentrations are expected to be amenable to natural

attenuation and these soils were left in place following discussions with Ecology.

3.5 2001 to Present—Groundwater Monitoring (Hart Crowser 2001, 2002a, 2002b,
2003, 2004a, 2004b, 2004c, 2005b, 2005¢, 2006, and Data Provided in Draft RI/FS -
Report) :

In January 2001, following the hot spot removal effort, Hart Crowser installed
two additional monitoring wells at the site: MW-14 to replace MW-1, and

MW-15 to define the southeastern plume boundary. The nine wells on site were

monitored for TPH-G and BTEX on a quarterly basis in 2001. These wells, with
the exception of MW-13, were monitored for TPH-G and BTEX in November

2002. They were monitored again in May 2003 for TPH-G, BTEX, total lead, and

gasoline additives including MTBE, 1,2-dibromoethane (EDB), and 1,2-

dichloroethane (EDC). Wells MW-2 through MW-6 and MW-12 through MW-15

were monitored on a quarterly basis from May 2003 to December 2004.

Beginning in September 2003, the conventional parameters—nitrate, nitrite, and

sulfate—were analyzed. One year later, in September 2004, the analysis of
MTBE, EDB, and EDC was discontinued. In accordance with the schedule
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shown in Table 9, monitoring events were completed on a biannual basis in
2005. The most recent round of groundwater samples was collected in June
2006.

4.0 SITE PHYSICAL CHARACTERISTICS

4.1 Geology

The site is generally flat, with a slight downward slope (less than 5 percent) from
the convenience store to the south toward East University Way. The entire -
Ken’s Auto Wash facility is covered with concrete and asphalt pavement, but the
neighboring property to the west is unpaved. A description of subsurface
geology and hydrogeology is provided below.

A cross section showing generalized subsurface conditions at the site is provided
on Figure 3. Soils typically encountered at the site are related to alluvial
deposition, and consist primarily of silty, sandy gravel with occasional cobbles.

In several borings and during the 2000 hot spot excavation, a surface layer of
sandy silt, typically 4 to 6 feet thick, was encountered. The former UST area is
backfilled with pea gravel to an approximate depth of 13 feet. A compendium
of site boring logs by Hart Crowser and others is provided in Appendix C.

A description of regional geology, including regional cross sections, is included

in Appendix A.

4.2 Hydrogeology

Groundwater is present beneath the site within the shallow silty, sandy gravel
unit at depths between 6 and 10 feet below ground surface. Depth to water
measurements and elevations obtained between 1996 and 2006 are
summarized in Table 2. - ? '

A description of regional hydrogeology is included in Appendix A. Groundwater
at the site appears to be a shallow perched zone above a clay aquitard that is
typically encountered in the surrounding area at depths of less than 30 feet.
Drilling logs of the municipal supply wells indicate that several aquitards separate
shallow site groundwater from deeper water-bearing units, including zones used
for water supply beyond the vicinity of the site.

Groundwater elevation contours for the latest monitoring event in june 2006 are
illustrated on Figure 4. The groundwater flow direction is toward the southwest,
consistent with historical data. Calculated gradients are typically between 0.015
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and 0.025 and do not change significantly with season. Groundwater elevations
at the site typically fluctuate 1 to 2 feet seasonally, reaching their peak in late
spring and low point in late fall. Utilities on and downgradient of the site are
located at depths above the seasonal high water table elevation, and thus do not
appear to affect groundwater flow. A more detailed discussion concerning
utilities is presented below.

Physical groundwater characteristics collected during groundwater monitoring
events include temperature, pH, and conductivity. These characteristics are
relatively consistent in groundwater on and downgradient of the site, with
normal ranges of each parameter as follows:

m Temperature. Measured groundwater temperatures are typically between
10 and 18 degrees Celsius, with the slightly lower temperatures most often
measured during the winter months. '

m pH. The pH of shallow groundwater at the site is typically between 5.9 and
7.1,

m  Conductivity. The electrical conductivity (which is an indicator of total
dissolved solids) is typically between 180 and 360 uS in site groundwater.
The higher measured conductivity values are generally measured in wells
MW-5, MW-6, and MW-14, which are also affected by petroleum
contamination (see Section 5.3). '

4.3 Underground Utilities

A potential concern for contaminant migration at a typical site is the tendency
for trench backfill to act as a preferential pathway for groundwater. However,
utilities at the Ken’s Auto site are not identified as a significant concern for the
following reasons:

m Fxisting utilities within the Ken’s Auto Wash property are located either
upgradient of the source area.

m  Offproperty utilities include a City of Ellensburg storm sewer in the East
University Way right of way with invert depths of approximately 4 feet
below grade. Based on historical groundwater monitoring, the invert depths
are above the depth to groundwater typically encountered on the site.

m The City’s sanitary sewer is located along Alder Street to the east of the site,
upgradient of the source area.

Hart Crowser

Page 7

7168-04 November 14, 2006




Historical groundwater monitoring data indicate that depth to groundwater is
typically greater than 6 feet below ground surface along the East University Way
right of way; therefore, migration of contaminants down the utility corridor is
unlikely. Furthermore, any future utility maintenance is not expected to
encounter contaminated soil and groundwater. Figure 5 illustrates the location
of the City’s storm sewer along East University Way.

5.0 NATURE AND EXTENT OF CONTAMINATION

This section summarizes the environmental conditions in soil and groundwater
that currently exist at the site. Our understanding of site conditions is based on
environmental data from the investigations and remedial actions summarized in
Section 3.0, and described in greater detail in reports referenced herein.

5.1 Identifying Potential Chemicals of Concern

5.2 Soil Quality

Based on historical site use as a gasoline fueling station, the chemicals of
potential concern at the Ken’s Auto Wash site are TPH-G, BTEX, lead, and
related gasoline additives including MTBE, EDB, and EDC. Based on the timing
of the leak and the history of gasoline additive use in Washington, it was
determined to be unlikely that gasoline additives would be present. However, in
accordance with recent MTCA guidance, these constituents were added to the
groundwater monitoring program in 2003, and were analyzed for through 2004.

Occurrences of chemicals of potential concern are described below.

Since 1996, twenty-three soil borings have been advanced, six “pothole” test pits
were completed, and sixteen excavation verification soil samples have been
collected and analyzed during site investigation and remediation activities. Soil

“samples were screened for the presence of volatile organics (including TPH-G

and BTEX) with a photoionization detector (PID). Selected soil samples were
analyzed for TPH-G, BTEX, and lead. Analytical results are provided in Table 3.
Chemical concentrations detected in soil were screened against MTCA Method
A cleanup levels for unrestricted use. Detected soil concentrations of the
following constituents exceed screening levels: '

m  TPH-G. Site maps showing locations of soil samples where chemical
concentrations exceed Method A cleanup levels are provided on Figures 5,
6, and 7. Soil containing elevated concentrations of TPH-G is present
primarily on the south side of the UST area and underneath the East
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University Way sidewalk. The occurrence of gasoline-range hydrocarbons is
generally limited to soils at depths between 6 and 10 feet, in the
groundwater “smear zone.” The highest concentration of TPH-G detected
was 11,000 mg/kg, in the northeast wall verification sample from the

- October 2000 hot spot excavation. A second sample was collected in that

~ area during the April 2005 UST removal. Although the second sample was
collected within 5 feet of the first, the concentration detected was only
2,400 mg/kg, indicating that TPH-G concentrations have been decreasing, or
that higher concentration areas are very limited at the site.

m  BTEX. Soil containi'ng elevated concentrations of BTEX is collocated with
those with elevated concentrations of gasoline-range petroleum
hydrocarbons. The highest concentrations of BTEX detected in soil were also
present in the October 2000 hot spot excavation northeast wall verification
sample, with 10.6 mg/kg benzene, 73.9 mg/kg ethylbenzene, and 588
mg/kg xylenes. These concentrations were significantly lower in a second
sample collected from that area during the UST removal in 2005, with 0.935
mg/kg benzene, 24.8 mg/kg ethylbenzene, and 43.0 mg/kg toluene. The
highest detected concentration of toluene in soil at the site was 10 mg/kg at
a depth of 7 to 9 feet at well MW-5. No subsequent samples have been
collected near this location. '

m  Additional Areas of TPH and BTEX in Soil. Additional areas of relatively low
concentration TPH and BTEX were encountered during attempts to excavate
soils between the UST area and 2000 hot spot excavation to the south.
Additional pothole test pit explorations were then completed at the locations
shown on Figure 7 to evaluate the nature and extent of TPH-affected soils
elsewhere. Gasoline-range TPH was detected up to concentrations of 705
mg/kg, and benzene was detected at concentrations up to 1.42 mg/kg at
these locations. The TPH-affected soils are present between about 7 to 12
feet below ground surface, coincident with the approximate depth range of
the shallow water table. TPH and benzene concentrations decreased rapidly
with depth based on sample analytical results and/or field screening PID
readings. As noted above, these soils were left in place following discussions
with the Ecology and are expected to be amendable to natural attenuation.

Lead has not been detected in site soils above the MTCA Method A cleanup
fevel of 250 mg/kg.

5.3 Groundwater Qdality

Nine groundwater monitoring wells (Figure 2) have been installed on or
downgradient of the site to characterize groundwater quality. Ten groundwater
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grab samples were collected using hydropunch sampling methods before the
October 2000 hot spot excavation to define the potential extent of the
groundwater plume. Seven additional samples were collected during the
February 2005 strataprobe investigation. Both sets of samples were collected as

~ assumed “worse case” indicators of groundwater quality conditions, and

contained high concentrations of solids. For this reason sample analytical results
are not representative of actual groundwater quality than samples collected from
the site monitoring wells. Chemical concentrations in groundwater samples
collected from monitoring wells are provided in Table 4 for TPH-G, BTEX, and
lead, and in Table 5 for other detected compounds. Groundwater grab sample
results are provided in Table 6. Below, we describe chemical occurrences in
groundwater, identify contaminants of concern, and discuss long-term trends in
groundwater quality at the site.

Occurrence of Contaminants of Potential Concern

TPH-G and benzene in groundwater are identified in an area south of the UST
area to near MW-6 (Figures 8 and 9). This area is bound to the south by MW-
13; to the southwest by MW-12; to the southeast by MW-15; to the east by
MW-4R; and to the west by MW-5,

Chemical concentrations detected in groundwater were screened against MTCA
Method A cleanup levels for unrestricted use. Concentrations of the following
constituents exceed screening levels:

m  TPH-G. A site map showing the extent of TPH-G occurrences in
groundwater during the most recent monitoring event in June 2006 is
provided on Figure 8. Groundwater containing elevated concentrations of
TPH-G is present on the southwest corner of the Ken’s Auto Wash property
and extends underneath East University Way to well MW-6. During the
most recent groundwater monitoring event in june 2006, after the
completion of the remedial activities described above (2000 hot spot
excavation, 2005 ORC injection, and 2005 UST removal), TPH-G was
detected in well MW-14 at a concentration of 0.53 mg/L, below the MTCA
Method A cleanup level of 0.8 mg/L and significantly decreased from
previous sampling events. Although well MW-6 was not sampled during the

‘June 2006 event, a TPH-G concentration of 1.38 mg/L (estimated) was
detected at this location in October 2005. This well will be included with
future sampling events. '

TPH-G was not detected in well MW-2 between April 1996 through
December 2003. However, monitoring during 2004 identified TPH-G
concentrations of 13.0, 1.48, and 1.29 mg/L, respectively. During sampling
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it was noted that the MW-2 well monument contained water with a notable
TPH-like odor. Although the water was removed before opening of the well
casing, we suspect that sutface water previously entered the casing.
Supported by the substantial TPH concentration decreases in more recent
sampling events, we believe that these detections were not representative of
site groundwater conditions, but resulted from introduction of minor
amounts of TPH constituents from surface runoff through the well surface
seal. We will continue to monitor MW-2 closely and make any necessary
future recommendations.

m  Benzene. A site map showing the extent of benzene occurrences in

~ groundwater during the most recent monitoring event in June 2006 is _
provided on Figure 9. Groundwater containing elevated concentrations of
benzene is generally collocated with elevated concentrations of TPH-G. In
October 2005, after the completion of the remedial activities described
above, benzene was detected in MW-6 at a concentration of 8.10 ug/L, |
“marginally above the MTCA Method A cleanup level of 5 ug/L. This well
was not sampled during the most recent groundwater monitoring event in
June 2006, but is planned for inclusion in future sampling events.

m Lead. In early groundwater monitoring at the site, lead was detected above
the MTCA Method A cleanup level of 15 ug/L at two wells during several
sampling events—at a maximum concentration of 220 ug/L at MW-1 and 34
ug/L at MW-2. These samples were collected with a bailer, and the results
may have been biased high due to suspended solids in the sample. Lead has
not been detected in site groundwater above cleanup levels since March
2000.

Gasoline additives, including MTBE, EDB, and EDC, have not been detected
above MTCA Method A cleanup levels at the site except for one anomalous hit
in MW-4 during the March 2004 groundwater monitoring event. The
exceedance is most likely associated with the detection of TPH-G at that
location as discussed above. '

Trends in Groundwater Quality for Contaminants of Potential
Concern

Concentrations of TPH-G and benzene at wells where exceedances of cleanup
levels have been recorded are shown on Figures 8 and 9, respectively.
Concentrations of both of these chemicals have generally declined at well
locations since monitoring began in 1996, indicating that the affected area of
groundwater has decreased in terms of TPH-G concentrations. There is some
variability in the data, with several spikes; however, long-term trends indicate an
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overall concentration decline site-wide. TPH-G concentrations exceeding the
0.8 mg/L MTCA Method A cleanup level are currently limited to well MW-6
(1.38) mg/L). During the latest sampling round TPH-G concentrations were non-
detect in well MW-14 for the first time. The trends in xylene and lead
concentrations mitror trends in TPH-G and benzene concentrations. Overall the
results indicate marked decrease in TPH and benzene concentrations near the
central source area of affected soil following ORC injection and UST removal in

2005.

5.4 Free Product

Free product has been observed intermittently at well MW-1/MW-14. Product
thicknesses measured before and after the October 2000 hot spot excavation
are summarized in Table 7. Free product has not been observed at other site
wells. Note that the actual free product thickness in the formation is typically
one-half to one-sixth the free product thickness measured in the well, due to
capillary forces.

An overall decline in free product thickness has been observed since 1998.

After the hot spot excavation, product was only been observed during the winter
monitoring events, when the water table was low and free product was most
likely to accumulate. No free product has been observed since the UST removal
in 2005, indicating that ORC injection efforts and soil removal activities during
UST closure have been effective in further reducing the mass of TPH.

5.5 Site Conceptual Model

Subsurface contamination at the Ken’s Auto Wash site appears to have been
caused by a fuel line leak reported and repaired in 1995. This leak occurred in
the pea gravel backfill around the UST. Free product likely migrated down
through the UST backfill to the top of the water table (within the pea gravel) and
from there along the top of the water table to the downgradient edge of UST
backfill, at the southwest corner of the property. Finer grained soils outside the
UST area limit the extent of migration of free product farther downgradient.

Seasonally fluctuating water tables smear the gasoline product (which is less
dense than water, and thus floats on top of the water table) inthe soil at depths '
between 6 and 10 feet below ground surface. The highest dissolved phase
contaminant concentrations are typically observed in the spring, at high water
levels when groundwater is in contact with the greatest amount of soils
containing TPH-impacted material.
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After repair of the fuel leak, product occurrences and contaminant
concentrations peaked between 1996 and 1998 and have since declined as the
source was removed and natural attenuation processes continue to remove and
degrade petroleum constituents. The hot spot excavation in 2000 removed
approximately half the estimated mass of TPH-affected soil from the subsurface.
ORC injection and additional soils excavation during UST removal aiso aided in
further reducing this mass. As a result of these actions and continued natural
attenuation of petroleum hydrocarbons, dissolved phase concentrations and free
product occurrences continue to decrease. '

The product released was unleaded gasoline and does not appear to have
contained gasoline additives, based on groundwater chemistry data.
Exceedances of the lead cleanup level in groundwater samples previously
collected by Sage are likely due to suspended solids entrained in the samples as
a result of collecting samples with bailers.

Dissolved oxygen concentrations have varied significantly in site wells since
2000 (Figure 12). Although distinct trends are difficult to discern from data,
detected concentrations of dissolved oxygen (DO) may be attributable to a
number of factors:

m  The lowest DO concentrations have commonly been observed within the
petroleum-affected area, as observed in wells MW-1/MW-14, MW-4/
MW-4R, and MW-6. Concentrations in these wells rarely exceed 1 mg/L.
Depressed DO concentrations are typical of groundwater containing
petroleum hydrocarbons-and may be indicative of aerobic petroleum-
degrading microbial activity, although DO concentrations at the site have
continued to vary significantly between sampling events.

m The highest DO concentrations have generally been observed outside the
petroleum-affected area, as noted in wells MW-12, MW-13, and to lesser
extent in MW-2, MW-3, and MW-15. Concentrations up to 6.05 mg/L were
detected (well MW-2 during the December 2004 sampling event, the most
recent event with complete DO data), as compared with a maximum
concentration of 0.42 mg/L from wells located inside the plume (well MW-6)
during the December 2004 sampling event. High DO concentrations are
indicative of well oxygenated water beyond the petroleum-affected area.

m Infiltration events and seasonal recharge of relative oxygen-rich precipitation
may promote sporadic increases in DO concentrations. Many of the wells,
both inside and outside of the plume, exhibited increased concentrations
during the December 2004 monitoring event that may be attributable to this
effect.
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m Instrument drift and accuracy may also contribute to observed variability in
( DO concentrations.

I 6.0 CLEANUP OBJECTIVES AND CRITERIA

6.1 Chemicals of Concern.
We compared chemical occurrences to MTCA Method A cleanup levels to
identify chemicals of concern for each medium at the site. These chemicals of
concern are as follows:-
m  Soil. TPH-G, BTEX, and lead.
8  Groundwater. TPH-G, BTEX, and lead.

6.2 Potential Exposure Pathways

Direct Contact with Soil

‘ TPH-G and benzene occurrences in soil are in relatively deep ‘smear zone’ soils
| below depths of 6 feet. The potential for direct contact exposures is minimal
due to the presence of concrete pavement above the affected area (beneath the
subject property and adjacent sidewalk). '

Direct Contact with Groundwater

The receptof analysis performed by Hart Crowser in 1999 (Hart Crowser 1999a)
identified the following hypothetical receptors of contaminated groundwater
l from the site for evaluation:

: m  The west branch of Wilson Creek, located approximately 600 feet in the
‘ cross-gradient direction of the site; and '
m  Two City of Ellensburg water supply wells, located 1,200 and 1,600 feet in
| : the downgradient direction of the site.

Site groundwater data indicate that the TPH-affected zone is limited to an area
’ within about 100 feet of the site and is shrinking. Furthermore, an analysis of
‘ regional hydrogeology shows that the shallow water-bearing zone affected at the
site is not hydraulically connected to the aquifers tapped by the water supply
wells (see Appendix A). The upper water-bearing zone is isolated by several
underlying aquitards between the shallow water-bearing zone and the water.
\ supply aquifers located at depths between 200 and 700 feet. In addition, the
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receptor analysis and well survey by Hart Crowser have not identified any
consumptive use of shallow groundwater in the vicinity of the site.

Although a completed groundwater exposure pathway does not exist, affected
groundwater has been detected both on and off the site, and represents a
potential exposure risk in the event that excavations are performed in the
affected area. Utilities along East University Way are located above the water
table, so the likelihood of encountering affected groundwater in utility repair
work is low. '

6.3 Remedial Action Objectives (RAOs)

Cleanup actions to be implemented at the Ken’s Auto Wash site are designed to "

address the following RAOs:

m  Prevent Direct Contact with Contaminated Soil. Prevent direct contact
with petroleum-impacted soils exhibiting concentrations above MTCA
unrestricted cleanup levels.

~ m Protect Groundwater. Address petroleum-impacted soil and groundwater

to reduce gasoline-range hydrocarbon and benzene concentrations in
groundwater to concentrations below MTCA Method A criteria.

®  Remove Free Product. Remove free product from the subsurface to the
extent practicable.

Under current site conditions, contact with contaminated soil is prevented by a
concrete cap over the affected area.

Achieving Method A cleanup levels in soil and groundwater on site may not be
practicable because of the heterogeneous site soils containing both coarse- and
fine-grained materials. Under this scenario, the downgradient property boundary
(near well MW-14) could be used as a conditional point of compliance. Residual
petroleum hydrocarbons exceeding MTCA Method A cleanup levels in soil and
groundwater may be addressed by appropriate institutional controls, such as a
deed restriction or maintenance of pavement areas.

6.4 ARARs and Applicable Regulations

Potential remedial technologies are evaluated in Section 7.0 based on their -
ability to meet Applicable or Relevant and Appropriate Requirements (ARARs)
associated with federal, state, and regional regulations. The following ARARs
have been identified: ‘
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m  Model Toxics Control Act (MTCA 70.105D RCW, Chapter 173-340 WAC).
MTCA contains detailed requirements and Washington State’s expectations
for cleanup of contaminated sites.

m State Environmental Policy Act (SEPA - 43.21 RCW, Chapter 197-11
WAC). An environmental checklist is necessary as part of any permitting
activity within the City of Ellensburg and pursuant to MTCA.

m  Minimum Standards for Construction and Maintenance of Wells (Chapter
173-160 WAC). This regulation contains requirements for abandonment and
construction of resource protection wells.

m Dangerous Waste Regulations (Chapter 173-303 WAC). This regulation
addresses requirements for identification and proper management of
dangerous wastes. It is unlikely that petroleum-impacted soils or
groundwater on the Ken’s Auto Wash property would be designated as
Dangerous or Extremely Hazardous Wastes.

= State Clean Air Act (RCW 70.94), General Regulations for Air Pollution
Sources (Chapter 173-403 WAC), and Toxic Air Contaminant New Source
Review Guidelines. Emissions during any on-site treatment operations may
be subject to these regulations and may require a Notice of Construction
Permit.

6.5 Cleanup Levels

The Ken’s Auto Wash site is a routine cleanup action, as defined in WAC 173-
340-200, and involves relatively few constituents. Therefore, in accordance with
WAC 173-340-700(5)(a), MTCA Method A cleanup levels may be used. (i.e., for
unrestricted site uses). Cleanup levels for chemicals of concern are summarized
in Table 8.

6.6 Terrestrial Ecologl"cal Evaluation

Ecology'’s policy for protection of terrestrial ecological receptors (Terrestrial
Ecological Evaluation Procedures) is described in WAC 173-340-7490 of MTCA.
The site also qualifies for an exclusion from a terrestrial ecological evaluation, as
described in WAC 173-340-7491(c). A portion of the site located immediately
west of the Ken’s Auto Wash property is an unpaved vacant lot, qualifying this
area as contiguous undeveloped land based on the definition presented in WAC
173-340-7491(1)(c)(iii). The area of contiguous undeveloped land is less than
1.5 acres, and no further terrestrial ecological evaluation is therefore required
based on the criteria listed in WAC 173-340-7491 9(c).
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Further, there is no potential exposure pathway to terrestrial wildlife at the site:

m  The site is entirely paved where TPH constituents in soil exceed applicable
MTCA ecological indicator concentrations; '

m  Where present, depth to soils contamination is more than 7 feet below
- ground surface; and

m  Where present, depth to groundwater is more than 5 feet below ground
surface.

The depth and location of contamination, therefore, is beyond the range of
reasonable exposure scenarios. ’

7.0 REMEDIAL ALTERNATIVE DEVELOPMENT AND EVALUATION

In the Focused Feasibility Study and Remedial Design (Hart Crowser 2000d), we
screened potential remediation technologies and proposed two groundwater
remediation technologies as potential supplements to the October 2000
excavation—oxygen infusion and ORC injection. These were identified based on
the assumption that the majority of contaminated soil and free phase product
would be removed by excavation, and that residual hydrocarbons left in-place
could be removed using /n situ bioremediation methods. Current site conditions
require a broader evaluation of remedial alternatives. This section describes the
development and screening of remedial alternatives.

7.1 Technology Screening

We identified the following remediation technologies to be potentially
applicable for addressing petroleum contamination remaining in place:

= Natural Attenuation. Natural processes, including biodegradation by native
bacteria, would remove petroleum hydrocarbons remaining in-place.

m  Enhanced /nn SituBioremediation. Oxygen would be added to groundwater
using biosparging, oxygen infusion, or ORC injection. The added oxygen
helps to stimulate biodegradation of petroleum hydrocarbons by native
bacteria. |

m  Soil Vapor Extraction. Soil vapor would be removed from the subsurface.
Volatile contaminants in soil would evaporate into the vapor, and the vapor
would be treated above ground. Increased flow of oxygen to the subsurface
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would stimulate biodegradation of petroleum hydrocarbons. Because most
of the contamination occurs in soil near the water table, this technology
would only be implemented in conjunction with air sparging for effective
treatment.

m  Air Sparging. Air would be bubbled into the groundwater. Volatile
contaminants in groundwater would evaporate into the air, which would
then be collected and treated by a soil vapor extraction system. Oxygen in
air would dissolve into the groundwater and stimulate biodegradation of
petroleum hydrocarbons remaining in-place.

In this section we describe remedial action objectives and compare estimated
project costs and preliminary remediation time frames for four remedial
alternatives that could achieve these objectives:

m Alternative 1 - Monitored Natural Attenuation;

m Alternative 2 - Monitored Natural Attenuation with Passive Product
Recovery; :

m  Alternative 3 - Enhanced Biodegradation by ORC Injection; and

m Alternative 4 - Air Sparging and Soil Vapor Extraction.

7.2 Remedial Alternative Descriptions

MTCA requires at a minimum that cleanup actions protect human health and the
environment, comply with cleanup standards, comply with applicable state and
federal laws, and provide for compliance monitoring. Using the technologies
identified in Section 7.1, we developed four remedial alternatives that meet the
above requirements. These alternatives are described below and compared in
Table 9.

Cost estimate details are provided in Appendix D. The level of accuracy of these
estimated costs is “order of magnitude,” as defined by the American Association
of Cost Engineers. The target accuracy of an order of magnitude estimate is plus
50 percent and minus 30 percent. Construction cost estimates at this level may
be used to compare alternatives, but should not be used to plan, finance, or
develop projects. Estimated alternative costs were calculated using a present
worth analysis assuming a discount rate of 2.6 percent for 5-year returns or less,
2.8 percent for returns between 5 and 10 years, and 3.0 percent for returns
greater than 10 years. These discount rates are based on rates from January
2006 listed in the Office of Management and Budget Circular A-94. Nominal
estimated Ecology oversight costs are included for each alternative. In response
to Fcology review comments on the previous draft version of the document,
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costs include a contingency for replacing up to three monitoring wells over the
lifetime of each alternative. '

Note that estimated costs are for comparing alternatives and do not include
costs for preparation and review of deliverables associated with a second
Agreed Order, if issued by Ecology to complete remediation. Tasks may include
preparation of a Cleanup Action Plan, interaction with Ecology, and related
project management. Costs are expected to be comparable for Alternatives 1
and 2 and are estimated in the $15,000 to $25,000 range. Costs for Alternatives
3 and 4 may also be comparable and are estimated to be in the $25,000 to
$40,000. Costs exclude additional field work (other than on-going monitoring

“currently being conducted at the site), and we caution that significant

uncertainty is associated with these estimates. Additional input from Ecology
will be necessary to refine these preliminary estimates more accurately.

Alternative 1 - Monitored Natural Attenuation

Monitored natural attenuation consists of allowing naturally occurring processes,
such as dilution, dispersion, adsorption, and biodegradation, to remove
contaminants and reduce concentrations. This approach is potentially effective
at the site based on the following observations:

m  Chemical data indicate that the contaminant plume in groundwater is stable
or shrinking.

m  Depressed concentrations of DO in groundwater are typical of petroleum
hydrocarbon plumes where significant biological activity is occurring. The
depressed concentrations result from utilization of the petroleum
contaminants as a growth substrate. As discussed above, low DO
concentrations in many of the samples collected from the site plume area is
one weight-of-evidence factor suggesting that biological degradation is
continuing to occur.

m  Conversely, relatively higher DO concentrations in groundwater samples
outside of the plume area indicate that oxygen continues to be available to
promote natural attenuation.

Continued periodic groundwater monitoring would be required to verify the
removal of contaminants and that the contaminant plume in groundwater does
not expand. Additional limited monitoring for constituents indicative of
biodegradation (e.g., dissolved iron, nitrate, and sulfate) would be prudent. This
approach provides minimal site or area impacts. Note that for comparative
purposes with Alternative 2, Alternative 1 does not include removal of residual
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free product near the source area. As an MTCA requirement, removal of
residual free product was included as part of Alternative 2, as discussed below.
A free product monitoring program would ensure free product occurrences at
well MW-14 diminish and that product does not migrate to downgradient wells.
Free product was not detected in well MW-14 during the last three sampling
rounds, which immediately followed the UST removal and ORC injection in
2005. There is no indication that free product is currently present or migrating
in the subsurface.

If free product remains at the site and is detected during future sampling events,
the projected remediation time frame could be more than 20 years. Therefore,
the estimated cost of this alternative is based on a nominal monitoring period
between 15 to 30 years. Estimated costs range from about $325,000 to
$491,000. Cost estimate details are provided in Table D-1 of Appendix D.

Alternative 2 - Monitored Natural Attenuation with Passive Free
Product Recovery

This alternative is the same as Alternative 1 except a sorbent sock or similar
passive recovery device would be placed in well MW-14 if free product was
observed. Although not recently observed in MW-14, free product may still be
present near the southern border of the UST excavation, as described in Section
3.4. Active free product recovery is not viable, nor expected to be necessary
because only a small amount of product has intermittently been observed in this
well. Passive free product recovery would minimize the potential for free
product migration and increase the speed of site cleanup. Based on current
decreasing trénds in constituent concentrations, the projected remediation time
frame could be 5 to 10 years, but for costing purposes a time period of up to 30
years was used for reaching target groundwater cleanup levels at monitoring
well MW-14. The longer time frame was also used for comparative purposes
with Alternative 1. The estimated costs of this alternative range from about
$333,000 to $505,000. Cost estimate details are provided in Table D-2 of
Appendix D. , '

Alternative 3 - Enhanced Biodegradation

An enhanced biodegradation approach uses the same processes involved in
natural attenuation but speeds up remediation by stimulating the biodegradation
component. Because biodegradation of contaminants is oxygen-imited, oxygen
can be added by several methods to increase the rate of biodegradation. In the
Focused Feasibility Study (Hart Crowser 2000d), we evaluated two methods—
oxygen infusion (e.g., via passive diffusion) and ORC injection—of introducing
oxygen to groundwater in the subsurface that would incur limited site and area
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impacts. Implementing oxygen infusion would require installing two wells,
storing a secured oxygen cylinder on site, and replacing the oxygen cylinder
every month. ORC injection would require injection of ORC slurry into
groundwater beneath the source area and downgradient plume twice a year.
Injection would be performed with a direct-push drill rig and require limited
concrete coring and temporary partial street closure for one day. This method
was used to complete ORC injection at the locations previously noted along East
University Way in 2005. '

The Focused Feasibility Study considered implementing oxygen infusion to
remove contaminants left after excavation but recognized that this technology
had not yet been proven and that re-evaluation of this selection following
excavation and groundwater monitoring was warranted. Since that time the
oxygen infusion technology has not been clearly demonstrated to be more
effective than other oxygen introduction technologies. Therefore, in this RI/FS,
we discard the oxygen infusion alternative and further evaluate enhanced
biodegradation using ORC injection as the most viable biodegradation
alternative. Because of the uncertainties associated with the time frame needed
for this alternative, enhanced biodegradation may need to be implemented on a
relatively long-term basis to be effective and meet remedial action objectives.
The estimated cost of this alternative, based on a nominal 10- to 15-year
operating lifetime ranges from about $485,000 to $653,000. The operating
lifetime is based on our preliminary projection, and assuming that additional free
product may be present, as discussed above for Alternative 2. Cost estimate
details are provided in Table D-3 of Appendix D.

Alternative 4 - Air Sparging and Soil Vapor Extraction

Two aggressive /n situ technologies were identified in the Focused Feasibility
Study as potentially applicable to the site—sparging and sparging combined with
soil vapor extraction (SVE). Based on the estimated contaminated mass
remaining in-place, sparging combined with SVE would likely be necessary to.
collect and treat hydrocarbon emissions. '

In sparging with SVE, air would be injected into groundwater, stripping
contaminants from the water and from soil. Air containing contaminant vapors
would be collected using SVE and treated to remove contaminants and meet air
discharge requirements. During the October 2000 soil removal, porous
horizontal pipes for sparging were laid at the base of the excavation to facilitate
implementation of these technologies, if necessary. Implementing this
alternative would require installing four vapor extraction wells, five sparging
wells, piping, and a secure equipment compound containing a sparging blower,
SVE blower, knockout drum, 500-gallon condensate collection tank, and control
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panel. Sound enclosures would be placed-around the blowers, but the blowers
will still be audible when running.

A typical time to achieve site closure using sparging/SVE at sites with similar
conditions (e.g., some free product and relatively heterogeneous soil) is
approximately 5 years of system operation followed by 1 year of confirmation
monitoring. The actual duration of remediation would be determined by
evaluating system performance over time. The estimated cost for this
alternative, based on an operating lifetime of 5 to 7 years for comparative
purposes, including 1 year of monitoring, ranges between about $395,000 to
$464,000. The estimated operating lifetime is-based on our experience at
similar sites with comparable conditions, and is intended for cost comparison
and planning purposes only. Cost estimate details are provided in Table D-4 of
Appendix D. -

7.3 Evaluation of Alternatives

These four proposed alternatives would meet the threshold requirements for
cleanup actions outlined in WAC 173-340-360 (2)(a): they protect human health
and the environment, comply with cleanup standards, comply with applicable
state and federal laws, and provide for compliance monitoring. In Table 9, we
evaluate each of the four alternatives described in Section 7.2 based on their use
of permanent solutions to the maximum extent practicable and on the ability of
each alternative to provide for restoration in a reasonable timeframe following
the criteria described in WAC 173-340-360. '

Alternative 1 meets the criteria described in WAC 173-340-360, except if free
product continues to be present in the future. Alternative 2 provides additional
control and removal of free product for a relatively small increase in cost for
comparable project lifetimes. Costs could conceivably be less for Alternative 2 if
product removal further accelerates the natural attenuation process. Alternative
3 and 4 potentially provide faster source removal than Alternative 2, but have
disproportionately higher costs and resource utilization. Further, even the most
aggressive alternative (Alternative 4) will not provide for complete source
removal during active remediation, as complete removal of petroleum
hydrocarbons from fine-grained soils in the short term is unlikely. The capital
costs for Alternative 4 (estimated $186,100) are also substantially greater than
the other alternatives. Conversely, it should be noted that if Alternatives 3 or 4
achieved cleanup goals faster than the estimated time projections, they could be
less expensive than Alternative 2. However, there is no assurance of this
outcome, given uncertainties associated with duration for the /in situ
technologies considered. Therefore, Alternative 2—Monitored Natural
Attenuation with Free Product Recovery was identified as the preferred remedial
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alternative. This alternative provides for a reasonable restoration time frame in
‘ accordance with WAC 173-340-360(4). Implementation of this alternative is
described below. :

7.4 Preferred Remedial Alternative Identification

Monitoring data indicate that previous remediation actions and ongoing natural
( . attenuation of contaminants have been effective in removing contamination
' from the subsurface, and that the contaminant plume in groundwater is
‘ shrinking. It is our opinion that occurrences of residual petroleum hydrocarbons
{ . in soil and groundwater at this site do not represent a risk to human health or
the environment. '

[ Because some free product is still present at the site, we recommend adopting
Alternative 2—Monitored Natural Attenuation with Passive Product Recovery as
the remediation strategy. This alternative meets site RAOs: direct contact with

l contaminated soils on site is prevented by maintaining the existing concrete
surface; removes free product to the extent practicable using passive recovery

{ devices; and in the long term reduces soil and groundwater concentrations
below cleanup levels by natural degradation of contaminants.

l Alternative 2 would be sufficiently protective of human health and the
environment and is the most cost-effective alternative. Passive product recovery
would mitigate potential free product migration while adding a relatively small

l - | cost. Although this alternative has a long remediation time frame, contaminants
will be completely destroyed /n situ while using a minimum of energy and

{ natural resources. Monitoring would be conducted to ensure that this

{ alternative remains protective of human health and the environment.

? A preliminary monitoring schedule is included in Table 10. This schedule
includes the continuation of periodic monitoring for natural attenuation
parameters to demonstrate contaminants are degraded /n situ. Monitoring

] frequency will continue on a biannual basis and will be conducted during wet
and dry season conditions. Every 5 years, in accordance with Ecology policy, we
assume that the site data would be reviewed by Ecology to ensure the

l alternative is still protective of human health and the environment, that the
contaminant plume is still contained, and that long-term trends show constituent

1' concentrations are decreasing.
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Table 3 - Summary of Soll Chemistry Data

C tration In mgkg
Sample
Depth Date
Location Sample ID InFeet  Sampled | TPH-G TPH-D TPP-O Benzene Toluene Ethyibenzene _ Xylenes Lead
Soil Borings
MW BP-0296-S1 15 4/5/1996 4,800 - - 3 45 7 270 -
Mw-2 BP-0296-S5 15 4/5/11996 4 - - 002V 0.02 U 0.02 U 0.03 -
MW3 BP-0296-S8 75 4/5/1996 20 U 50 U 100 - - - - -
Mw4 BP-0397-51 cutiings  12/9/1997 3 - - 0.02 U 0.02 0.02 U 0.03 -
MW-5 BP-0397-52 7t09 121971997 870 - - o2V 10 02U 12 -
MWsS BP-0397-83 12.6t0 13  12/9/4997 10 - - 002 VU 1.6 0.27 16 -
MW-6 B8P-0397-54 12.6 12/9/1997 11U - - 0.02 U 0.02 U 0.02 U 0.02U -
HP-8 HP-8 8.5 711411999 8.42 - - 0.05 U 0.06 U 0.05 U PARY -
HP-9 HP-9 10 7/14/1999 20.7 - - 0.05 U 0.05 U 0.05 U 012U -
HP-12 HP-128-3 10to 11.5 9/12/2000 1.3 - - 0.05 U 0.05 U 0.05 U 0.1V 2.37
HP-13 HP-13 83 10to 11.5 9/12/2000 24.3 - - 005U 0.05 U 0.05 U 0.206 -
HP-14 HP-14 8-2 81095 9/12/2000 69.1 - - 0.0686 0.0701 0.062 0.474 -
HP-156 HP-15 8-2 8t09.5 9/12/2000 5U - - '0.05U 0.05 U 0.05 U o1vu -
HP-16 HP-16 8-2 8t09.5 9/12/2000 247 - - 0.2713 0.408 1.41 327 3.76
MW-14 MW-14 S-1 81096  1/26/2004 7.156 - - 005V 0.06 U 0.05U 01U -
MW-14 MW-14 5-2 15t0 16.5 1/26/2001 5.47 - - 0.05 U 0.06 U 005U 0.103 -
MW-15 MW-16 -1 8t085  1/26/2004 5V - - 005U 0.06 U 005U 01U -
Hot Spot Excavation Verification Samples .
East Wall 14/3-E Wall 7t08 11/3/2000 32.8 - - 005UV 0.05 U 005U 01U -
Northeast Wall  11/3-NE Wall Tto8 11/3/2000 11,000 - - 10.6 35U 73.9 588 -
Southeast Wall  11/3-SE Wall T8 11/3/2000 7,130 - - 25U 775 U 723 423 -
West Wall 1110-Wwall 7108  11/10/2000 5U - - 0.06 U 0.05 U 0.05 U ARV} -
Northwest Wall ~ 11/10-NWWall - 7Tto8  11/10/2000 1,250 - - 1U 1.7V 6U 20.6 -
Southwest Wall  11/10-SWWall 7t08  11/10/2000 128 - - 0.134 0.195 U 0.05 U 0945 U -
HCSP-04-01 HCSP-04-01S4 6.0t080 2/24/2005 21.6 - - 0.030 U 0.050 U 0.050 U 0.100 v 4.15
HCSP-04-01 HCSP-04-0185 80t010.C 2/24/2005 108 ’ - - 0.030 U 0.136 J 0.158 J 0.305J 5.09
HCSP-04-02 HCSP-04-02S-2 4.0t08.0 2/24/2005 231 - - 0.030U 0.050 U 0.050 U 0.100 v 3.7
HCSP-04-02 HCSP-04-02S3 8.0to 12.C 2/24/2005 9.4 - - 0.030 U 0.050 U 0.050 v 0.100 U 6.32
HCSP-04-03 HCSP-04-03S-4 8.0to 10.C 2/24/20056 19.1 - - 0.030 U 0.050 U 0.0717 J 0.1324 10.5
HCSP-04-03 HCSP-04-03S-5 10.0to 12, 2/24/2006 5.0 - - 0.030 U 0.050 U 0.050 U 0.100 U 3.54
HCSP-04-04 HCSP-04-04S-4  8.0to 10.C 2/24/2005 50U - - 0.030 U 0.050 U 0.050 U 0.100 v 16.8
HCSP-04-04 HCSP-04-04S5  10.0to 12, 2/24/2005 50U - - 0.030 U 0.050 U 0.050 U 0.100 v 2.91
HCSP-04-05 HCSP-04-0584 6.0t08.0 2/24/2005 108 J - - 0.030 U- 0.109 J 0.432J 0.400'J 5.30
HCSP-04-05 HCSP-04-058-5 80to10.C 2/24/2005 116 J - - 0.030 U 0.134 J 0.563 J 0.522J 577
HCSP-04-06 HCSP-04-06S4 6.0t08.0 2/24/2005 5U - - 0.030 U 0.050 U 0.050 U 0.100 U 5.07
HCSP-04-06 HCSP-04-06S-5 80to10.C 2/24/2006 64.7 - - 0.030 U 0.123 J 0.4824J 0.548 J 7.92
HCSP-04-07 HCSP-04-07S3 4.0t07.0 2/24/2005 5U - - 0.030 U 0.050 U 0.050 U 0.100 8.76
HCSP-04-07 HCSP-04-07S-4  8.0to11.C 2/24/2005 49.0 - - 0.030 UV 0.050 U 0.108 J 0.163 2.95
HCSP-04-08 HCSP-04-08S-3 '6.0108.0 2/24/2005 50U - - ~0.030U 0.050 U 0.050 U 0.100 U 2,85
HCSP-04-08 HCSP-04-08S4 80to 10.C 2/24/2005 16.4 - - 0.030 U 0.050 U 0.0696 J 0.1024 2,91
UST Removal Verification Samples
East Pump
Istand 2.5103.0 4/6/2005 50UV - - 0.030 U 0.050 U 0.050 U 0.100 Vv -
West Pump
Island 3.0 4/6/2005 951U - - 0.057 U 0.095t U 0.0951 U 0.190 v -
Fuel Line 1 3.0 4/6/2005 374 0 - - 0.0225 U 0.0374 U 0.0374 U 0.0749 U -
Fuel Line 2 3.0 4/6/2005 50U - - 0.030 U 0.050 U 0.050 U 0.100 U -
Fuel Line 3 14 4/6/2005 384U - - 0.023 U 0.0384 U 0.0384 U 0.0768 U -
Bottom Tank 1 12 4/6/2005 50U - - 0.030 U 0.050 U 0.050 U 0.100 U -
Bottom Tank 2 12 4/6/2005 16.5 - - 0.0262 U 0.0437 U 0.0437 U 0.0874 U -
Bottom Tank 3 12 4/6/2005 20.2 - - 0.0264 U 0.0439 U 0.0439 U 0.148 -
West Wall ’
center 81010  4/6/2005 6.43 - - 0.0337 0039 U 0.039 U 00779 U -
South Wall 8 4/7/2005 2400 - - 0.935 0.436 U 24.8 43.0 -
Pothole A 9 4/7/2005 162 - - 0.180 0.0433 U 0.423 1.00 -
Pothole B 7 4/7/2005 490 - - 0.697 0.0952 177 3.28 -
Pothole D 10 4472005 16 - - 0.030 U 0.050 U 0.050 U 0.100 U -
Pothole E-6' 6 4/8/2005 705 - - 142 0.0435 U 1.21 1.59 -
Pothole E-10' 10 4/8/2005 346 - - 0.555 0.0622 0.948 1.76 -
Pothole E-12' 12 4/8/2005 65 - - 0.0685 0.050 U 0.158 0.326 -
Pothole F-6' 6 4/8/2005 144 - - 0.0358 0.050 U 0.0961 1.86 -
Pothole F-10' 10 4/8/2005 36.7 - - 0030 U 0.050 U 0.050 U 0.242 -
MTCA Method A Cleanup Levels 100/30* 2000 2000 0.03 7 6 9 250
TPH analyzed by EPA Method 8015 or WTPH-HCID for 1996 and 1997 samples and NWTPH-G for post-1997 samples:
BTEX (B Toluene, Ethylb Xyl ) analyzed by EPA Method 8021B.
U Not detected above specifled reporting limit.
— Not analyzed.
* Cleanup level withiwithout benzene detected
Bolded concentrations exceed MTCA Method A cleanup levels.
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Table 5 - Summary of Groundwater Chemistry Data - Other Detected Compounds

Concentration In ug/L : Concentration In mg/L.
Date .
foration Sampled MTBE EDB EDC Nitrale Nitrile Sulfate
MW-1/MW-14 5/9/2003 2U - - - - -
9/30/2003 200 iou v 0.349 0.200 U 0.400 L
1211172003 3.65 o0V 1000V 0.200 U 0.200 U 1.14
3/31/2004 6.80 500 U 500U 0.200 U 0.200 U 1.08
8/2/2004 0.500 U 0.500 U 0.500 U 0.200 U 0200V 4.24
9/30/2004 1U . 1u 1U 0.200 U 0200V 0.635
12/14/2004 - - - 0200 U 0.200 U 0400 U
4/4/2005 - - - 0.200 U 0200 U 0.464
10/6/2005 - - - 0.200 U 0.200 U 0.400 U
MW-2 5/0/2003 iu - - - - -
0/30/2003 0200V 0,200 U 0200 U 0.489 0.200 U 3.38
12/11/2003 0.500 U 0.200 U 0200V 1.08 0.200 U 3.79
3/31/2004 500U 1000 U 10.00 U 0.912 0.200 U 4.60
6/2/2004 0.500 U 0.500 U 0.500 U 0.487 0.200 U 323
9/30/2004 1U iV 1v 0.443 0.200 U 2,93
12/14/2004 - - - 0.022 Q200 L 3.05
4/4/2005 - - - 0.719 0200 U 3.52
10/6/2005 - - - 0.218 0.200 U 375
MW-3 5/0/2003 iU, - - - - -
9/30/2003 0.200 U 0.200 V 0.200 U 0.228 0.200 U 4.39
12/11/2003 0.500 U 0.200 U 0.200 U 0.200 U 0.200 U 4.79
3/31/2004 0.500 U 0.200V 0.200 U 0.812 0.200 U 553
6/2/2004 0.500 U 0.200 U 0.200 U 0.816 0.200 U 5.81
9/30/2004 tu 1u 1v - 0.253 0.200U 443
12/14/2004 - - - 0.208 0.200 U 460
4/4/2005 - - - 0.358 0.200 U 423
10/8/2005 - - - 0.200 U 0.200 U 3.67
MW-4 5/0/2003 588 J - - - - -
9/30/2003 5.10 100U 100U 0.200 U 0.200 U 4.57
12/11/2003 1.80 0.200 U 0.200 VU 1.05 0.200 U 15.3
3131/2004 .60 100U 100U 0.200 U 0.200 U 741
6/2/2004 0.500 U 0.500 U 0.500 U 0200 U 0.200 U 8.32
9/30/2004 1u 1U 1V 0.200 U 0.200 U 4.91
12/14/2004 - - - 0.200 U 0.200 U 5.13
4/4/2005 - - - 0200V 0.200 U 5.79
MW-4R 10/6/2005 - - - 0.200 U 0.200 U 8.07
MW-5 5/9/2003 1474 - - - - -
9/30/2003 0.200 U 0.200 U 0.200 U 0200 U 0.200U 8.61
12/11/2003 0.500 U 0.200 U 0.200 U 0.200 U 0.200 U 6.85
3/31/2004 0.500 U 0.200 U 0200 U 1.32 0.200U 16.1
0/2/2004 0.500 U 0200 U 0.200 U 1.36 0.200 U 1.7
12/14/2004 - - - 0200 U 0.200 U 757
4/4/2005 - - - 0.200U 0.200V 9.92
10/6/2005 - - - 0.200 U 0.200U 9.50
MW-8 5/9/2003 106 J - - - - -
9/30/2003 13.2 1.00 U 100U 0200 U 0200V 0.400 U
12/11/2003 0.500 U 0.200 U 0.200 U 0.200 U 0.200 U 0.685
3/31/2004 1.88 0.200 U 0.200 U 0200 U 0.200U 3.02
6/2/2004 115 0.500 U 0.500 U o200 U 0200V 0.557
9/30/2004 1U 1U 1y 0200 U 0.200U 0.400 U
1211412004 - - - 0.200 U 0.200 U 0.400 U
474/2005° - - - 0.200 U 0.200 U 3.19
10/6/2005 - - - 0.200 U 0.200U 0400 U
MW-12 5/6/2003 1U - - - - -
9/30/2003 0.200 U 0.200 U 0200 U 0.452 0.200 U 532
12/11/2003 0.500 U 0.200 U 0.200 U 0200 U 0.200 U 277
3/31/2004 0.500 U 0.200 U 0.200 U 3.8 0.200 U 8.45
6/2/2004 0.500 U 0200 U 0.200 U 3.64 0.200 U 11.7
9/30/2004 1U 1u 1U 0.573 0.200U 5.68
12/14/2004 - - - 0.200 U 0,200 U 285
4/4/2005 - - - 0.200 U 0.200 U 3.32
10/12/2005 - - - 0.200 U 0.200 U 3.37
MW-13 9/30/2003 0.200 U 0.200 U 0.200 U 0.455 0200V 4.01
12/11/2003 0.500 U 0.200 U 0.200 U 0477 0.200 U 5.56
3/31/2004 0.500 U 0.200 U 0.200 U 1.60 0.200 U 8.04
6/2/2004 0.500 U 0.200 U 0.200 U 1.05 0.200 U 6.52
©/30/2004 iU~ 1U 1U 0.496 0.200 U 449
12/14/2004 - - - 0.412 0.200 U 5.10
. 41472005 - - - 0.582 0.200 U 4.99
10/6/2005 - - - 0.348 0200 U 3.68
MW-15 5/0/2003 1U - s .- - - -
9/30/2003 0.200 U 0.200 U 0.200 U 0.282 0.200 U 5.02
12/11/2003| . 0.500 U 0.200 U 0200 U 0.415 0200V 8.52
3/31/2004 0.500 U 0.200 U 0.200 U 0.200 U 0.200 U 8.42
6/2/2004 0.500 U 0.200 U 0200 U 1.87 0.200 U 8.32
9/30/2004 1U iU iU 0.429 0.200 U 4.58
12/14/2004 - - - 0200 U 0.200 U 6.68
4/4/2005 - - - 0.200 U 0.200 U 745
10/6/2005 - - - 0.340 0,200 U 4.14
MTCA Method A
Groundwater Cleanup Level 20 0.0t 5 na na_ na

MTBE, EDB, and EDC analyzed by EPA Method 8260B.
Nitrate, nitrite, and sulfate analyzed by EPA Method 300.0.

- Not analyzed.
U= Not

above

J = Estimated concentration.

8) MTCA Method B Cleanup Level. No Method A value available.
) Values shown are the average of the results for the sample and its field duplicate.

' Bokled concenlralions exceed MTCA Method A cleanup levels.
l na No MTCA Method A or B value available.
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Table 7 - Measured Free Product Thickness in Well MW-1/MW-14

Date Measured

Product Thickness in
Well in Inches

4/8/1996

4/6/1998
10/5/1998
12/29/1999
3/21/2000-
6/14/2000
9/12/2000

0

6
6

o
N

1/30/2001
4/26/2001
7/29/2001
10/27/2001
11/15/2002
5/9/2003
9/30/2003
12/12/2003
3/31/2004
6/2/2004
9/30/2004
12/14/2004

—

(=]
[+ ]

4/4/2005
10/6/2005
6/28/2006

Hot Spot Excavation

ORC Injection and UST Removal
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Table 8 - Summary of Cleanup Levels for Chemicals of Concern

Constituent

MTCA Method A Cleanup Level for Unrestricted Use

Soil Cleanup Level in mg/kg

Groundwater Cleanup Level in ug/L

Gasoline-range Petroleum
Hydrocarbons (TPH-G)
Benzene

Toluene

Ethylbenzene

Xylenes

Lead

100/30 ®
0.03
7
6
9
250

1,000/800 *
5
1,000
700
1,000
(1

& Upper concentration represents Method A cleanup level when benzene is not present, and total
ethylbenzene, toluene, and xylenes are less than 1 percent of the total gasoline mixture.
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Table 9 - Rem_edial Alternative Evaluation - Compliance with WAC 173-340-360

Permanent Cleanup Action

Altemative 1 Alternative 2 Alternative 3 Alternative 4
Monltored Natural Attenuation Monitored Natural Attenuation and Enhanced Bioremediation Alr Sparging and Soll Vapor
Passlve Free Product R Yy Extraction
Evaluation Criterion
Meets Definition of Yes Yes Yes Yes

Eliminates exposure pathways.

Eliminates exposure pathways.

Eliminates exposure pathways.

Eliminates exposure pathways.

$333,000 to $505,000

Protectiveness Reduces soil and groundwater toxicity | Reduces soil and groundwater toxicity | Reduces soil and groundwater toxicity | Reduces solf and grpundwater toxicity
in the long term. in the long term. In the long term. in the long term.
~ . Air sparging and soll vapor extraction
Mobility and toxicity of contaminants r:’r::,;‘l’:;:\?ﬁﬁ;{?:;:;“:::g%g
Nalural attenuation will result in v:;ll ::I;:‘I‘Ij: c:sc:nby:fofl:::hng::; Enhanced natural attenuation will contaminants from the subsurface.
Permanence reduced soil and groundwater toxicity pNeptural ettzn ual?on wil r:su“ In " Iresult in reduced soil and groundwater Natural attenuation will result in
: over the very long term. reduced soll and groundwater toxicity toxicity over the long term. reduced soil and groundwater toxicity
. . over the very long term for
over the very long term. contaminants not removed by soil
vapor extraction.
Estimated Cost" $325,000 to $491,000 $485,000 to $653,000 $365,000 to 3420,000

Effectiveness over the
Long Term and Restoration
Time Frame

Will effectively remove contaminants
over the long term. Estimated
restoration time frame for groundwater,
based on current trends, up to 25
years.

Will effectively remove contaminants
over the long term. Estimated
restoration time frame for groundwater,
based on current trends, Is 10 to 30
years.

Will effectively remove contaminants
over the long term. Estimated
restoration time frame for groundwater,
based on current trends, is 10 to 156
years.

Will effectively remove contaminants
over the long term. Estimated
restoration time frame for groundwater,
based on professional experience, is &
to 7 years.

Management of Short-Term
Risks

Protection monitoring will confirm
protection of human health and the
environment during site activilies that
may encounter contaminated

) materials.

Protection monitoring will confirm
protection of human health and the
environment during site activities that
may encounter contaminated
materials, such as free product
removal.

Protection monitoring will confirm
protection of human health and the
environment during site activities that
may encounter contaminated
materials.

Protection monitoring will confirm
protection of human health and the
environment during site activities that
may encounter contaminated materials,
such as construction of wells. Air
monitoring will be performed during soil
vapor extraction.

Technical and
Administrative
Implementability

Easily implemented.

Easlly implemented.

Moderately easily implemented;
however, injection of ORC beneath
sidewalk will require street use permit;
may not be able to gain access to East,

10th Avenue.

Moderately easy implemented if
adjacent properly is available to stage
equipment and trealment compound.

* Cost estimale details provided in Appendix D.

Hart Crowser

716804/Kens Auto Wash RIFS Tables - Table 8




0l SIqel - sa|qel S4ld USBA OINY SusM/P089LL

13SMoI9) HeH

*sjjom oytoads uy pauue|d Buuoyuow ou ajed|pul SaLUS Yuelg

‘EJEp snoinaid Jo MaIAa] UO paseq aq |im ‘Auessaoau Ji ‘Z10g Jaye anpayos Buuojuop

‘maIAal JeaA-G ABojoo3 Buipuad aanejud) Si 1002 Jaye anpayos

“punos Suidwes 200z Buimoijoj ABoj0o] AQ MaIAS) JBBA-G SBUWINSSE SNPaYSs

"uoul SNOL) pue *Ajejins ‘Syiu/SleRiu Joj sisAleue o) ajduwes Jajempunoib e Jo uonos|jod apnjoul osje im Bulouow

"0209 POUIS Vd3 Aq peaT] [ej0) pue 80928 POWSI Vd3 Aq DG Pue ‘aaa ‘3gLIN Jo} siskeue spnjoul jjim Butiojiuoul jo Jeak jsii4

“XA19/XO-HdLMN Aq sisAjeue 1oy sjdwies Jajempunoib e Jo uonoajjod pue uabAXo PaAJOSSIP pUB UORBAS|S Jajempunolb Jo juswainsesw apnjoul jim Buliojuop

"SUOREUSOUOD feuoseas Jsaybiy jo sajep ayy uo paseq aq |Im sa|npayos Bulopuow [enuue pue jenuuelg "Jesk Jad aoIm) 0} Siajal jenuuelg

:s3j0N

v Aapenp W Apsyenp jenuuelg  Agapenp w AHsuEND 1SE3YINOS - BWN|d4 punog S1-MIN
oy AHeHeND  [enuuy lenuuy lenuuy  [enuuy | Apspeny [enuuelg  jenuuelg  Auspend o AHapend Baly 30In0S ¥L-MIN
w Aeuenp WN Apspenp lenuuelg  Auapenp w Ausuenp UInos - awnjd punog €1-MIN
w AHBpenD  [enuuy [enuuy [enuuy  [enuuy | Auspenp enuuelg  |enuuelg  Apspend | Auspenp }samyinos - awnjd4 punog ZL-MIN
w Aekeny w Ausuenp lenuuelg  Apapenp W T JuaIX3g awnjd O-MIN
w Adepenp  [enuuy [enuuy [enuuy  jenuuy Aujspeny [enuuelg |enuuelg  Apauenp wN Apapenp IS9M - Swin|d punog S-MIN
W AJapeny  |enuuy jenuuy [enuuy  enuuy Agsuenp |enuuelg  jenuuelg  Auspend .<z AJapenp (ebp3 aipeibdn) eary soinog -MIN
w AbsHenyd N Ajapenp jenuuelg  Apapenp vy AH3NEND punoiboeg S-MIN
w Aeuend w AHeyEND lenuuelg  Apapend W Ausuenp 1se3 - awn|d punog -MIN

(41114 1102 oLoz 6002 8002 2002 9002 §002 ¥002 €002 asoding 1ISM

aAIJeUId)|Y Paliajald 10} a[npayas Bulojuoly - 01 ajqeL




716804BA.CDR JMK 11/14/06

Vicinity Map

"W R

¥

axanes &

;‘9:

N i o
T, S

3, L - | . -
Note: Base map prepared from USGS 7.5 minute

Ql.;adariéle of

Ellensburg North and South, Washington; dated 1978.

0 2000

Apprdximate Scale in Feet

e

[ 7
HARTCROWSER
7168-04 10/06

Figure 1




716804B8B.cdr JMK 11/14/06

Site and Well Location Plan
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Groundwater Elevation Contour Map
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Benzene Occurrences in Groundwater
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Dissolved Oxygen in Groundwater
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February 24, 2003

Ms. Krystal Rodriguez -
Washington State Department of Ecology

15 West Yakima Ave, Suite 200

Yakima, Washington 98902

Re:  Request for Site Hazard Assessment Reranking
Ken’s Auto Wash
Ellensburg, Washington
7168-03

Dear Krystal:

On the behalf of our client, Ken Peterson, we are requesting that the Washington State
Department of Ecology (Ecology) rerank the Ken’s Auto Wash site located at 1013 10th
Avenue East in Ellensburg, Washington. This request is based on conversations with
Michael Spencer of Ecology and data obtained by Hart Crowser since the original Site
Hazard Assessment was performed in 1996. The collected information indicates that the
“original Site Hazard Ranking of “2” was based on an erroneous assumption (described
below). We ask that the site be reranked using updated information in accordance with
WAC 173-340-330. ' '

Shallow groundwater at the Ken’s Auto Wash site is affected by petroleum hydrocarbons
related to a historical release from an underground storage tank, as described in previous
reports (Sage 1998; Hart Crowser 1999 and 2002). According to Mr. Spencer, the original
Site Hazard Assessment assumed that shallow site groundwater was hydraulically connected
to the regional aquifer serving the City of Ellensburg drinking water supply. Two City of
Ellensburg water supply wells are located approximately 1,200 and 1,600 feet south of the
site. However, these wells are screened at depths greater than 230 and 480 feet below
ground surface, respectively, whereas site wells exhibit contaminated groundwater at depths
of 15 feet. Our research indicates that the shallow water-bearing zone at the Ken’s Auto
Wash site is not directly connected with the deeper water-bearing zones that supply the City
of Ellensburg. Below we discuss the regional geology setting and hydrogeology, and the
location of municipal wells relative to the Ken’s Auto Wash site.
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REGIONAL GEOLOGIC SETTING

Ellensburg is located at the northwestern extent of the Columbia Basin physiographic region
just east of the Cascade Range. The upper 1,000 feet of stratigraphy in the area consist of
fluvial deposits grading upward from coarser deposits at depth to shallower finer-grained
deposits. We obtained well logs from Ecology for the Ellensburg area to provide a more
focused look at the regional geology units in the vicinity of the site and the city wells. Based
on these logs, we identified two primary stratigraphic units as follows:

m  The Ellensburg Formation. The deepest unit recorded in the well logs is the Ellensburg
Formation consisting mainly of sands and sandstones with interbedded gravel and clay
(Bentley and Campbell 1985). These deposits, derived from the Cascade Range, are
best characterized as alluvial fan deposits built out eastward from the Cascades and
stream deposits (Orr and Orr 1996). On the west side of town, a cemented layer is
recorded at approximately 300 feet below ground surface. Similar strata are deeper on
the east side of town and are referred to. as sandstones in the drillers’ logs. We have
interpreted these strata to be the Ellensburg Formation.

m  Yakima River Deposits. Deposits overlying the Ellensburg Formation are typically finer-
grained, consisting of clays and clay-bound gravels with interbedded sand and gravel
layers. These deposits represent alluvial deposits from the Yakima River and associated
side streams (Bentley and Campbell 1985). '

LOCAL HYDROGEOLOGY

Water-bearing units occur in both the Ellensburg Formation and Yakima River Deposits
discussed above. The sandstones and gravels in the Ellensburg Formation have been
developed as a water resource for the City of Ellensburg. In the overlying Yakima River
Deposits, the interbedded gravel and sand layers have some potential for water
development but on a very localized scale. A more detailed discussion of the hydrogeology
of Ellensburg is provided below with focus on the Ellensburg water supply wells and the
Ken’s Auto Wash property.

Ellensburg Water Supply Wells
The municipal water supply wells for the City of Ellensburg are deep wells ranging in total

depth from 700 to 1,200 feet. Wells locations are illustrated on Figure 1, and well logs are
“provided in Attachment A. Two of the wells are located approximately 1,200 and 1,600
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feet south of Ken’s Auto Wash. These wells were installed in 1946 and 1988. An east-west
cross section along 8th Street is presented on Figure 2 to illustrate the municipal water
levels relative to the site. A third municipal well installed in 1987 is located 4,000 feet west
northwest of the site. Note that this well does not affect the Site Hazard Ranking because
of its distance from the site, but it has been included in this discussion to provide a more
complete understanding of the hydrogeology of the area.

The 1988 City well, located 1,200 feet south of the site, is screened from a depth of 488 to
757 feet, in the upper part of the Ellensburg Formation in intervals of sand and sandstone
with some clay and gravel. Layers of clay and clay-bound gravels make up over 200 feet of
the upper 400 feet overlying the screened interval. These fine-grained layers would act as a
barrier to downward migration of contaminants. The final standing water level just after
drilling was encountered at a depth of 29 feet.

The 1946 City well, located 1,600 feet to the south of the site, is screened at various
intervals with the shallowest being at depths of 232 to 250 feet. Three clay units, 9, 25, and
10 feet in thickness, as well as more than 100 feet of clay-bound gravel, ovetlie this first
screened interval. During drilling, the depth to water decreased with increasing depth, and
flowing water was observed at a depth of 232 feet when the shallowest screen section was
placed. Similar depth-to-water patterns were observed in deeper strata during drilling. This
indicates that the water-bearing units served by the 1946 City well are confined and that a
strong upward hydraulic gradient was present at the time of drilling.

The 1987 City well, located 4,000 feet to the northwest of the site, is also screened in the
Ellensburg Formation from a depth of 410 to 595 feet. Layers of clay and clay-bound gravel
make up over 280 feet of the upper 400 feet overlying the screened interval. The water
level after drilling was at a depth of 39 feet. ‘

GEOLOGY AND HYDROGEOLOGY OF THE KEN’S AUTO WASH SITE

Site soils are typically alluvially deposited silty, sandy gravels with cobbles (Hart Crowser
1999). These soils are consistent with those observed in the upper 32 feet of the 1988 City
well. In addition, areas of silty sand and sandy silt fill have been observed at shallow depths
typically less than 6 feet. The greatest depth at which soil affected by the petroleum release
has been observed is 13 feet.

Site monitoring wells are screened above a depth of 16 feet with associated water levels
ranging between depths of 6.5 and 9.5 feet. These wells are screened in a shallow
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unconfined sand and gravel unit. Groundwater elevations at the site have been shown to
fluctuate nearly 2 feet seasonally (Hart Crowser 2002). The fact that these minor
fluctuations correlate with seasonal precipitation, combined with knowledge of the local
stratigraphy, suggests that the shallow groundwater unit is a perched on the underlying clay
and clay-bound gravel unit. The depth to the uppermost confining unit at the site is not
known but has been observed at a depth of 11 feet at the 1947 City well and a depth of 32
feet at the 1988 City well.

CONCLUSIONS

Evaluation of the water level data and the geology demonstrates that shallow groundwater
at the Ken's Auto Wash site is not in direct connection with the water-bearing zones tapped
by the City of Ellensburg for the following reasons:

m  Substantial confining layers of clay and clay-bound gravels exist between the confined,
deep water-bearing zones in the City wells, and the shallow, unconfined groundwater
unit affected by releases at the site; and‘

m  Upward hydraulic gradients prevent transport of contaminants from the shallower zone
to the deeper zones. '
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Based on these data, the assumption made during the 1997 hazard assessment that affected
groundwater at the site could potentially migrate or otherwise affect the City of Ellensburg
drinking water supply is erroneous. Therefore, we request that Ecology update the Site
Hazard Ranking to reflect this information.

Sincerely,

HART CROWSER, INC.

Dovn Camuns

DANA CANNON
Senior Staff Geologist

JEREMY PORTER RICHARD F. MOORE, L. HYD.
Remediation Engineer Senior Associate Environmental Specialist
Attachments:

Figure 1 - Vicinity Map
Figure 2 - Generalized Geologic Cross Section A-A’
Attachment A - Well Logs

City of Ellensburg and Ken’s Auto Wash

cc: Ken Peterson, Ken’s Auto Wash :
Steven Lathrop, Lathrop, Winbauer, Harrel, Slothower & Denison, LLP
Larry Daniels, AIG

F:\docs\jobs\716803\sha(ltr).doc
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o ¥Z4 | Alluvial Deposits.
' ‘*‘-j -~ Silty, sandy gravel
ATD ATD ATD|  with cobbles.
1400 Confining unit, clay and -
clay-bound gravel with
interbedded silt, sand,
and gravel i
1200 -
1000 Water-bearing unit for.municipal -
water supply. Sand with
interbedded gravel and clay
800 [~ .
Well Notes: _
Ellensburg 1946 - Municipal Well
1,500 feet south of site
600 | Ellensburg 1987 - Municipal Well —
4,000 feet northwest of site
Ellensburg 1988 - Municipal Well
1,500 feet south of site
400 ~ -
sk
ok
2 Ellensburg Well Name Vertical Scale in Feet
g 1987 Year 0 200 400
a _’_ . + [~ e ™ 9
: . 0 1000 2000
$ Exploration Location Horizontal Scale in Feet
< Vertical Exaggeration x 5
3 ATD Water Level
: ?----T--? Geologic Contact (Approx.) .....
i Screened Interval MRT CROWSER
J 7168-03 2/03

Bottom of Boring

Figure 2




ATTACHMENT A
o D WELL LOGS
"~ CITY OF ELLENSBURG AND KEN’S AUTO WASH

Hart Crowser .' .
7168-03 February 24, 2003




ol PRI I VARE L YU ot # At A

e v e*
B A s

U iy ® £
' 7 - { . ‘
C ' QJTATE OF WASHINGTOR. . L
: ‘ DEPARTMENT OF CONSERVATION '~ | .
- AND DEVELOPMENT
. WELL LOG No.AERli/q.%%é%j_
Date 19 46 Cert, 16A ..'-'

-

Record by__Gerald C, Hoff
Sowrce__ Driller report |-

.Locatson: State of WASHINGTON
County___ Kittitas
Area_
Map.

NE 3; NWy sec1T1.17nN, R,_]LF‘- ==~ DIAGRAM OF SECTIGN ™™

Drillang Co. :

Address
Method of Drnilling_— Date._ 19

|
(R

|
+

Owner

__City of Ellensb
Address___ 520 N. Pearl St,; Ellensburg
Land surface, datum_ . _____ft. ggﬁ;ﬁ

Corne- . THICXNESS Derry
LATION . MATERIAL (feet) (feet)

(Transcnbe dnller's terminology hterally but paraphrase as Y. in parenth If
matenal water-beaning, so state and record static level if reported  Give depthsin Foet below land-
surface datum unless othermse indicated Correlate with stratigraphic column, if feassble Follow-
ing log of ratenals, List all casngs, perforations, screens, ete )

| __See attached sheets

Turn up Sheet. of. shects




Depth
0 - 2!
8 - 10!
1 - 11!
9 - 20!
7 - 27!
Ll - 68!
25 - 9
5. 5
22 - 120!
50 - 170!
13 - 183"
39 - 222!
10 - 232!
35 - 267!
2L, - 291!
7 - 298!
26 « 324°
13 - 337!
10 = 347!
1 - 3,87
21 - 369!
2L, - 393!
10 - 403!
21 - L24°
7 - 431!
3L - 465
17 - 482!
21 - 503!
8 - 511
13 - 524!
26 - 550°
Li - 594°!
6 - 600!
L5 - 645!
29 - 674!
16 - 690!
2L - 714!
2 -~ 716!
38 -~ 754
3 - 757!
12 - 769!
1 - 770!
10 - 780!
1, - 794!
55 - 849!
6 - 855!
6 - 861!
L - 865"
71 - 936!
5 « 9417

LOG OF ELLENSBURG WELL #4

Description

Loam

Gravel and round rock

Coarse sand and gravel
Yellow clay

Fine gravel

Clay, sand and fine gravel
Clay

Clay and fine gravel

Gravel, rock and clay

Sand, gravel, rocks and clay
Clay and some sand

Gravel and clay

Clay

Gravel, sand, and cement gravel
Clay and gravel

Gravel :

Sand and clay

Sand, gravel and clay

Clay and gravel

Fine gravel and sand

)N ~18E —7C \\

Fine gravel, course sand, and clay

Clay, fine gravel, and sand stone
‘Sandy clay, pea gravel, gravel & sand

Clay and sand stone
Gravel and fine sand
Clay, fine gravel, sand
Sand, gravel and clay

‘Clay

Clay, fine sand, and gravel
Clay and sand

Gravel, sand, and clay
Clay and sand

Gravel

Clay and sandy clay
Sand and fine sand
Sand, gravel, and clay
Sandy clay

Sand

Sandy clay

Gravel and sand

Sand and clay

Sand and gravel

Sand and heaving sand

Clay

Comments
S.W.L., 12
" 7!6n
4] h' ’ -
" »3016n - 9&5
" 60!
N e
" 15!-&3'
" 90!

, " LOt=43!
n L,81-85"1
" 65|
n LO19" 60!
" h3|
" 521_331
" hO'

4] 851_811

" 72'_30!

" 80!

n 8#'

” 83!

" 851-100'

" 107'-100!

Sand and gravel n 881.-94!
Clay, sand and gravel n 831-105*
Heaving sand

- Sandy clay n 1051 9"
Red sand v 105!
Clay and sand and gravel clay mix " 98!




=
/ Depth
T4~ QL2
27 - 969'
7 - 976!
41 - 1017'
7 - 1024'
16 - 1040!
6 - 1046'
18 - 1064
L - 1068
32 - 1100
[ 53 -~ 1153!
3 - 1156
. 14 - 1170"
I 3 - 11731
L - 1177!
1 - 1178
17 - 1195°
| 10 - 1205
[ 5121209

Description

Quick sand heaving badly
Clay, sand, and gumbo
Sand -~ heaving

Clay, blue mud, and gumbo
Fine sand, D.0.I,

Blue clay

Coarse gravel

Blue clay

Fine sand '

Blue clay and blue mud
Clay

Sand _

Clay and blue clay

Sand and gravel

Sand

Blue shale

Green and greenish gray mud
Sand and gravel

Shale and greenish gray mud

Comments

SoWoLo 90'-130'
"

100!
" 97!
" 105t-112"
" 1101;939
" 981-102"
" g8t

" 96', Shut
down from Aug. li4th -
to Sept. 15th. Showed
S.W.L. 35'8" on Sept.
15th.

S.W.L, 31t5"
" 31|5n-23|

" 25!_35'

" L1'=45', On
Oct. 10th, after fish-
ing out tools S,W.L.
2916"

SoWoLo 29'6"‘31'




ST, }

ELLENSBURG WELL NO. &

PERFORATIONS
L rows of 3/8" x 1;1/8" perforations

Depth Depth REMARKS
232 250 Very good water flow
424 431 Fair water flow
W70 475 Poor to fair
L77 1,82 Poor to fair
507 509 No good
524 » 529 Fair
1170 1177 Light flow

1195 1205 Very little water

*Well flowed when perforated here but quit flowing when per-
forating was continued.

37' of 20" conductor pipe left in hole. t ; _' i

15 yards of gravel were fed between the 16" and 20" casing
Level of gravel was left at 175', '

Pumped 1000 g,p.m. for 24 hrs, Would break suction at 1100 g.p.m.

with 195' pump setting, Pumped 3 to L4 yds. of sand, Tempera-
ture of water 543 degrees.

Gerald C. Hoff |
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80!\!1 Orlllnll and First Copy with

/

N .

Second — Owner's Co
Third Copy — Driller's Cnp;’

WATER WELL REPORT
STATE OF WASKINGTON

/‘ Application No
e’

Permit No. . ..

1) OWNER: Name Cuy OF E//.rmawe@

. Address.... ELO0s. Qun. WIA.

(2) LOCATION OF WELL: couny

© ring and distsnce from section or subdivision vorner

——

e ———————

YY) PROPOSED USE: bDomestic J Industrial O Hunlclpllx

— NEw NWyisee.l T147.N.r/8.wn

—

(10) WELL LOG:

Irrigation [ ‘Test Well J Other 3 | Yormation: Descride color, chavacter, size of material and llnu:tun ¢nd
NS hieknadt 1 S e hid gnd sarire o 4 mlriel & mds?
(4) TYPE OF WORK: gyuersoumberotwel , et e
N «ll Method: D d ’
Demet D Cite W Driven O | _SANDGAAVIL, ANd Boccdens | O A
Reconditioned [ Rotary 0 Jetted O WQ_LLL
_zzml SANAY C LAY : 22 %2
(5) DIMENSIONS: Dismeter of well 2 €D, .. tnchen i i lv?2 (9o
Dritied 76 /. 1. Depth at completed well .. 7 ..o s A Y WY AL 8'?
(6) CONSTRUCTION DETAILS: - —Blowal . Siry SAN] £
CAAVE
Casing installed: 20_. ..... m.m trom .+ fS” now .23 n ~ > %_L} 9 3
Toreaded 0 ./ 2.." Diam. trom Y6 . 258 n | —BL0wial LAY -Gound GAAVEL 127
welded W ... - Diaan. tooe to e it w&&ﬂfm 42 /20._.
- _ORAwal ClLay A GaRAVOL YZ 25
Perforations: vel( wNoD CREAM AROIN  ciuAY 2228 (2413
Type of perforator used... TORCH. AR s lns & PAUNNTL SA-M() 243 | 207
S1ZE of perforations .. f by . ki AN,
'y ) YL B A A GAAVEL W CiAY L 2HT 31y
Jo- - petomuans 2’.‘72 18 ?.., P n | LRowN ccAy 24 316
perforations from . ft to. .t = (VN _Z[A__M
B " - Qeexunl CLAY
Screens: vy No (3 : g &ijiri
ManUIBCUrEE'S NAMI® ....ccoccvvnieve crvecerisvnismnes o+ aer v ceereanice v0 annes sormites + 8 agn !![ LAY 2| 28 7"
S PR : &ravec 1382 19/5
Diam . Slot size .. trom .40 oo 1 dﬁ&s ;TN St (YIS | Y2
'''''' - A RBIN oAy Q)T SOME SAAD 2Y
Gravel packed: ve )’ Mo  Sieof gravel, x/ Awed | Bomrn saN A ENAVEL 1O /7 _|YYS— J:’Ll“f
Gruvel placed from 4720 ... .t to. o | AAOWA LAy BOuN ARAIEL 795 | YP2
Surface seal: Yn% No[) 'To what depth? "'20_ n. M—:ﬁd‘; ﬁz—jia_
Material used i seal. . .COM CARTE . oo | ABROIA) CLAY Willt SANO SomeCea¥ 20 | T20
Did any strata contain unusable water? Yes No O ﬁ&bu)ld Clrys 20 | s
Type ot water? JUALACE... Depth of strats.. ... IJ_ AROC)A  C car-AD Illﬂ Al sy | €m0 3
Method ol sealing strata off.. C.O/V("s ere.. R cedz 9D 3 '-a_?‘
(7) PUMP: panufaciurer's Nama.. MA e . P, W Jn 2 Q‘
Type: . o e . HP. RAy ANDY (¢ Auagre cemiidl3b | 6YS
GABIN T LTY SANOSTONE M CAY 4GUIEYS | 66T
(8) WATER LEVELS: Ljnwtmesostion /50 o | Gonor Seipae tor w@ccauc At 663 |6
Static levet 28.75 ft. balow top of weli Date 922k " 9& JRed Sicry Stacmale Stk 6wt |L6Y (223
Artesian nr:s:‘urem water 18 “n'l:u:rb;quau inch Date . - M&;_.LD: S 4 !Z;&!!E ! !2 ﬁ:l gL, 933 7/7
{331 er . . R
(Cap. vaive. etcd CRAY S 4T SAAl) LsTH Geavll _Z_‘r‘Z__Z)_‘_'L_
(9) WELL TESTS: Drawdown Is amount water level l' "”"K' —M-‘S—-—L— Ay m 1‘&
§ lowered below matic level Work suried... /042, ..... 19 Y. Completad. .f/l// ... 10505,

No (O M yex, hy whom? 5 H
1. drawdown after /O A'w _hn'

Was 2 pump test made? Yes

Yield: / 200 _gal/min._with

_:'_../_zao S L & 2. .. N
" 12800 v (Y S S
Recovery data (ame taken 88 zero when pump turned off) (water level
measured from well top to water lwel
Twme Water Level | Time  Water Level | Time - Water Level
RN L U I NURR I ¥..er RS- o TEUUR NSO
J ad SO
| Hate of tert
s test gal /min. with....... .it. drawdown after....... hrs.’
esuan flow .ln.m Date. .

Temperature of vner61 F w- a chemical unlyll made? Y-F Ne O

1USE ADDITIONAL SHRETS I¥ NECESSALY)

€ECv us0 ¢ oo

WELL DRILLEB‘S STATEMENT:

Wb e b e TER‘E‘D
wauz. BACH  WELL DAIING . . ..
(Parson, firm, or mrpouﬂon) ('l'ypt or Drlnﬂ
Address 21‘- 5 80)( lol0.,.
[Sitned].é.‘:.‘..ﬁ:k._...\s....

License No... a4555.

L__—-—F‘—E—ﬂ-_—-
M




~

File Original and First Cupy with
[ epartmeni uf Ecology

Second Copy — Owner's Copy
Third Cony — Dnller's Copy

WATER WELL REPORT

G H-AT200

¢

Application No.

STATE OF WASHINGTON Permit No .
(1) OWNER: yope C° ry OF _E/fows BIAG.. nssem... EflowS BURG., . 58226
t)(. \TIUN OF WELL: coumy K7 T i TAS... - Wy SE 1, Sec_?} 7.1..‘5.’ N.RIBEwWM

R abg m"_n' :stance from section or subdivisien rorner

(3) PEOPOSED USE: Dumetic O Industrial U Municipal o

(10) WELL LOG:

e OO s o wulera ana Ure. Kind and Rature of the materal i sach
wner's nu , atratum penetrated, with at least one entry Jor each change of formation.
(1) TYPE OF WORK: l:”g'zhg‘b::;'l :eu . e Ty — =
New wel ethod: Dug Bored
Deepened O Cable 3 Driven (J _)-rll‘-?/ “’/ML LT C /-3
Reconditioned 0 Rotary O Jetted O T 7An € LAY A0 ) GRAvEL. /3 1_16
TAN CeAY » 26 | 2%
(5) DIMENSIONS: Diameter of weil o8 O tnches, TAA SA~NA Yy e CAY LT Sl o 1\2 ® 1IvE
Drited 70 1t Depth of completed well 677 .4 BRowr) " Y _?’l _Z 5 -
(6) CONSTRUCTION DETAILLS: : /—&f—%f _ : 2,742 167
Casing installed: 2 - pum. rom T <. 1. 10 575 1. ﬁ&nu({u_CJ_A IAN UL LES e ; ﬁ"c s g L (89
Threaded (J v l * Diam. from .3‘/‘- ft. to 5.'1-5 n. - . _“!‘ L€ i i -
Welded ] .. * Diam. from L ftote x| BROwA) SAMD  liyir Lo@AMUE TV /BY | Gy
T — - TAkowns CedyAcund Giayee [y | 22
Perforations: ve)f 0O RCH VY OENS E_ BAOWIN CAYBOUD CAMEL 213 ~| 245
Type of perforator used. . J0 e e 1 AROWAS [T UAY NOUN D LANYEL LVTH LARIY D
SIZE of perforations )/ 51 by /1 n. OF (;va 173 l_..
Spen ot pertorasans trom 10t 0 IS 0 | e e o A |23y
._pertorations from . ft to 1" 30 Co 4y 130ups) Goldye L M_ﬁ 2377
S T X Tttt ot - - f Ceevy 2 AyELS 24%
CIEEns: ves No O _ YAK ARou e SANO Avo e 6vtl 2¢7 | 260
+ Manufacturer's Name .. uaf . JDWMSOA/ . L?RD(L)/U Cedy /IN[) 6&4\’51—. 60 120
Type.. .30 ‘( o A s e s e MOd@) NO .« e, 7?4/\, Coo AN 280 P 92‘
Diam. SIot size . from Tt 10 .. . LAY &
Diam. Stot size trom ft 1o . " TM C A/ Ao nd éMYEQ 2821 2 8_8
RV o . LeLAay 288 | 297
Gravel packed Yes No () Sizeof gravel >"f ;MDUJM CEMENTE Y SrfA//J 297 | 307
Graapluced tom 610 . me $2O | Zapi ComenTE) SAND WM GOVEL 307 T2
Surface seal: vesY NoO To what depwr ../ & . ~ro Y4 " AND  comE  CuAY +.323
Material used in seal .. COA CALTE . _M_DU-U (A Z 3221 3-40)
Did any strata contaln unusable water? Yes D NOK LROVAI CEMENTED GRAVEL, | 2¢0 2
Type ol water? .. Depth of strata . _ AMD  SANA . C.- 25/
Mcinod uf sealing strala off /}‘DU)A.) Cf MeEA "64) G:/Myg(_ 3 fL{ 35_8
(7) PUMP: pmunutaciurers Name  Nod e C_L(C (CLATE ARC Ay ‘8 ‘IBC
Type HP. CHECOLATE LRoal CLAY il GAAYee, | 38O | 3757
- e n [BROWIN SieTy AND GNTN DY AN 3P)” | 469
(8) WATER LEVELS: a:;\ves:“:;r‘::\{:::m / , 8'0 n. B/LQLQLJ MHED SAND LRAVEL W, 7K (Lny YL fS?i
Static tevel 3 9 f below top of well Date /0/” /ﬂ" GM_MM Wi _Cxeas CupL GL ‘{tB? &0
Artesian - [esute —— Ibs per square inch Date Be Il.d _iwﬁf(_off o )"6 Q— _6 8 3
Arteniel: Watet s vontrollen tey \Cap. valve, ete 1 _6_/{ (.‘L\) ,‘1 ‘J_A__"I'I’) . —_—————- ¢ C\&}J
wdnwr ' water tevel s AduwIAl €A f&‘a_wxo 6RAGEC. _IG 700
9w ELL TESTS: E’,‘.’x"‘?’ b'zl::w."s“lg\l.ur‘le\f plevel Wék started. d) li?? Completed . 10/'2&? . 19.87

Was g pummp 1et paete? Yo ! No (J 1f yes. hy whom?R"N BWD
Yieki f20O us1.nun wih /_39 .t _drawdown after 2_'1

_____ -

Hecovery iaty thime taken a8 Tero wh
measurec Truny well tup ‘o water Ie\ery

ime uater Level | Time Water Lev e
R L e W)
Goww  S5Y _ .

N -.! ‘,/ ) .
Coae o te / 0/3'7 s
aller test in. with 1t arawdown after... .......Krs,

Artesan tiow gpm Date
Temperature of waler 6‘1 F\Vu a chemical analysis made? Y-Kl!o D

WELL DRILLER'S STATEMENT:

This well was drilled under my Junsdnchon nnd thls rm
true to the best of my knowledge wmd delet. ™ i A

wang, [ ACH IR //mléaéa

B (Pmon ‘Airm, or corpouuun)

.a.‘-l. PN

(m or prtnl) ceevee

Address RT3 020X (000 ENENSOURG . ‘789’(’

N sigmeay.Darred H. Tuck’ Sl . .
(Well Driller)

............................................ w7

1USE ADDITIONAL SHEETS IF NECESSARY)

Evr o

>
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Boring Log and Construction Data for
Monitoring Well MW—-13

Geologic Log
=3
EJ‘-LL
(==
0 . — - -
: {Loose), moist, brown {o gray, silty. sandy
GRAVEL.
] (Medium dense to dense), moist to wel,
brown, sandy GRAVEL with scattiered
e cobbles.
5—
10—
4 cottom of Boring 3t 1.6 Fest.
Completed 12/21/99,
Note: Soil descriptions based on cuttings
. and drilt action. :
15—
20—

I. Refer to Figure C-1 for expianation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicaled, is at time ot drilling
{ATD) or for date specified. Level may vary with time.

Monitoring
Well Design
Top of Casing in Feel: 1582.45

AN

Z

HARTCROWSER
J-7168 2/99
Figure A~-3




' DRILLING REPORT 2 SSAGE

Fr~ld Crew Dave Green 4 Ea/ne_’ Heit 7 e E'an'h Sciences, fnc.
P sject Name __Azn3 _/_ﬁ"’l" Wesh ____ pr oject # BF-0276 | T i 5::73?’3%:'
Al wss_ 013 E. 10" e E//ensjurq WA Date _4-9-7% Phone (509) 8296400

Tep of (asin
L| :ation _SE__1/4.5W 1/4 Sec._3L T I8 N RIS _E. WM Elevation (585 58 Datum M. S. L.

Drilling Firm Env! /oJLﬂlme‘_/ D~'1lina  Ane Driller _Bruce 7). CG[/ License # /7/2Z

llzng Flrm Addresq ,09/8 [¥9- AVC SE S"D,:)DM;SA’, M/A 78920

Dr lling Method 8" Kofam Auamn Sampling Method 2 s»/fsﬂm

Casing Type 2" pve “\QQZEL Screened Interval 7. o 305kt PVC szsh Depth _MI@L‘
5| :king Material _¥-I% Silres Sond Surface Sealant __ Beafonite " "/eP/“f/' "
Srotector Cap Flush Monpt Monument Well Identification Number BP-0236- MW [
{ — 3 _ Water Level Development
. = | “ Us)_g | Start |Finish Measurements 7 gall  gal.
& /VI W _l o | o| Date|4/5/gs | /5% | %/8/9¢ | [ 1/5/%6_|
’(' %i a1z = §‘§ Time |9:00 am | i 258m| 7.08 Pr | I 129D P¥a
lsizla Well Diagram s 25 Soils Description
[ j - ‘\ ju: = th&fﬁ(- S\AICAc&
—.l i ‘ - 3 \) . -
—=] 2 |— -~ ---
ol Blajg | T ' 3 R 12 Seads Sil¥ heown £ moiot

' IR~ RN B O o - ’

_.!__—‘ 4" f—— é Y ,"—\_' ) 8 - R

l - -~ . . i
e B T ORER e |gge ;
N B sl - B '.?;’:-:’Op'-‘.! : enconsizrod woher @ ~ 2" BES,
D Tl g E& LE 2 S0 em
! l . — < g™ qd Blves "chwek JJ’L'J-O an/)rn ‘mcgﬁ(’%’__& M /s
] | w b"a SL‘md« il mn‘r x oefv-aleum adovs g bsersel
P — /L \ 25%
T T EERE D (98
i’ Y l—_‘;’ z,. § N et Emaao—‘/(ffo(l Smc/{ Lo:—’t&/L@ 12, EGS'
T S "* ,.I.' . ' eifling Yevmin el
| o - = »
i ) __— L%) -
—H E: s
it oo
[ =
‘ il
L il
u =
| -
AFR B B il
[N
J] —
1 [

|‘ '__

P/ A 7/,

Date “SAGE Representatwe . Date




| DRILLING REPORT

F :d Crew Dave Gveen d Kmﬁm‘a Heit
IJ oiect Name __Kew's Aute Wpsh Project # BP-cz2i6

e ————— E'an'lz Sciences, [nc.
602 CherryAill Lone
P.O. Box 1644

- Zillah. WA 98958

4l ess /013 €, /Ut /4\'6 ‘r//t’niévg wh Date 4-5-96 ' ‘ Fhone (509) 829-6400
I{, cation _S& 1/4- SW 1,4 Sec 36 T I8 NR B E, WM Elevatzon_ﬁﬂ._‘LDatum A.5. L
Drilling Firm Epvitonmen Yol D’f//'iM: Jne. Driller_Bruce_m.Call _ License # 1712
D-illing Firm Address 16918 159 YAvewue S.E. Snchomish . WA 78710

D illing Method __&: Kohrva /-Fu;—v\ Sampling Method Sol.+ Seedi~

Casing Tyvpe 2" Threaded” Pve Screened Interval § o 30 skt PV(’ Fm}Gh Depth _/2 ‘Bes

= - . [

F cking Material 8-12  Sihea Sondk Surface Sealant_fBenton'te. Jhle /%vq
P[r'btectbr Cap Flush _monat _Monamed” vf P"‘j Well Identification Number BF‘UZ'% -rwz

[ =1 Water Level Development
! -~ T2 ‘Start |Finish Measurements = [/z gal]  gal.
= = MW #2 e " 3] Date | #-5-9¢] ¢-5-76] $-6-9 l £-6-70|
2 x| al= = @ =| Time |11 oorm|iziis o] 704 i 2,010 Am
5] & § 2 Well Diagram | 2|55 Soils Description
_J | - e ﬁ'\ . - (,au(vd’(. 5unr{2'.c<_ .
L =20 7 ol — 5'%4-3 s: If- heown & msist, A [iHhe watev @ 2’ B347%.
FlsilFh) | Z /) b P Tl
SELEIRA I _

" —— 2 ."‘ - = .'..- - < 'O. 0'0 4 U4
i CE-E FHEE E s foorly Socted (obbtes & smal] bonblon 1o 42 =6
_1 I B sl N .:.:’:- «Q ;-6.‘&,' 'n _diamider. Mitv'y Oonsists oA ﬂﬁ;" s M
AR 1 IO - 14 = 1 N BN [ ' v

T — q'; oz 2l = 0.0 Mo _petre/euwm oders observed,

T RN 159 '

] o — g e \, 0. 9.

L ~ r" =zl § el

P - GRS X o

N N I N S RN Dl B S 1Yo

I Rl S N 5= Il R0

[ B =Y, ) $

! ¥ e S

_"I s__\x " 4.;

| i D

A - 3 =

_ ' - N

| »

| il

-] -

| [

] -

LB ' - »
T .1 F .
4 SAGE Representatlve - Date




. DRILLING

REPORT

—e e — E’an‘lx Sciences, [nc.

[ eld Crew__Dave Green 2 Rodpey Mot
|

v 602 ch ne
{ -oject Name _Kons Auntv nfash Project #M_ = zym%héﬁ_s
.4( ess__20/3 £ /47“/4” E//C’hfhfq, wh Date _£-5-7¢ Phone (508) 829—6+400

'ra of )

L cation SE 1/4 SW 1/4 Sec._36 T 18 N.R 18 k., wM Elevatzonﬁl/-_LUDatum MSL

Drilling Firm Enrs ronmonfa

/"' Driller Bruce /;7‘-64/’ License # 1712
1592 AVe iE ﬂgJ\OMvSL wA 98920

—illing Firm Address 1098

I illing Method 8" Retary Aagen Sampling Method 2" S5plit Spoom
Casing Type z ﬂ”ﬁf/e/ Pl’// Screened Interval 10" 30 5kt _PYe Finish Depth /S Bes
} cking Material g-12_s./'ca Semcl Surface Sealant Benton. fe /W/-‘ﬁ
Protector Cap £lesh_Mons! Mprmont w/ T-Pha Vel Identification Number BFP-02 ‘76 MW 3
/ = Water Level Development
‘\. - 35 Start |Finish Measurements 'S gali  zal.
" zall__ ¢
= Pt \/] \A/ ‘#3 o _U_J_g Date [ 4 -5-96| 4-5-7 |4-8-76| | 4-8-761
2l sl T Z |8 Z| Timel,:z06m 305 Pm [ 4. 09 ! i 3P
81 &|5|{&| well Diagram | 2|5T| Soils Description
| — - Asohelt Sortbee. u 2"
- : = 3 o0 i phe
1sa]lhn| 9%
| =0 5 0%
| tESEL I gl
; — | = V5 0.
. 6 — =zl & 0
o L R EZPY e [boclem Prwcly Socted cobhios S Simall_bouldors _ep
5 172 3 X7 EE < ;‘?‘_e‘- tv~ é n Jlﬂﬂ&/{y i?‘r//\’ Lons /575 a{
N R A ] Wt R 1 4_«1” /4
- PP . ) 4 Ny . 0-0:
i i b ==t 1 I BY-Y)
iy 2 - o o @!'b"o' No ,ﬂef"o/eum odsrs _ohsoyies
NI R o 1 = B
¥ 4 EH N R o 9
1 e a_Q'DO‘
7 R
= le f— 3% ] 3
= — G e
7 it o
= ; % . ~
! —
4 -
’ -

' 2 A .n
QM #-5-16

_&x ,J_AL_ E ﬁl_ﬁ. N k,li

SAGE Representative Date




| DRILLING REPORT

ﬁ"q'l'eld Crew Dave. Gveen & fo.dnga He ¥
| 2roject Name _KenS Anbe (Wash-  Project # _80-0397

28SAGE

T £'artlz Sciences. /nc.

SR i 1o

PO, Gox 1644
Zillah, W4 98953

( iress_1213 &, joXr Ave Ellensbiv&- WA pate _12 - 9- 97 FPhone (509) 829-5400
,cation _SE 1/4 Su! 1/4 Sec. 3¢ T 18 N RIS E, WM. Elevation___ ____Datum /NS¢
' Drilling Firm __Envivenmental Dnlline, Jne,  priller Bamce Mefg Il License A 1T
Drilling Firm Address, 0418 159™ A@e,. SE Snohowmsh, Wh W“?
\ rilling Method 8" '?oﬁ:vs Ang ev Sempling Method 2" Spl'# Spoon
Casing Type 2 _Thieaded PVC _~ Screened Interval 28 30 sl PVe szsh Depth 135'84
| *acking Material _3='2 Silea Sand Surface Sealant__Bentonte HNole P/,ua
| Protector Cap ' 2 A _w/T Plwg_ Well Identification Number 3P-0397-MW 4
; = , Water Level Development
{ ~ 5 S Start |Finish Measurements- [ gal;  gal,
s & ;& 2R s p —
- M w Ar- 0 ~ o Pate [12-1-9712-9-93 |
r@ 2lal< ' = QE Time | §: 4-56ml 10 A0 o |
TR ] R :
' | 210 . = ¢cls= . .
nl=lmla Well Diagram ¢ 2T Soils Description
N | — L \ 5 Pulled _ex'st:ng obsevvation well and replmed’ JF
__“ 2 — / %'..:“'..-:-. within Yhe e :'t.)(':\n‘(} ~i'wl.ér\\ﬂrv\.ﬂr‘* /V,d .;/ 5"!rﬂﬂ/e’)
- gh-—/i o RN tollecded from shtd of previous anﬂn/u;
4 -3 f e S '
_.‘ Rl S L RN
o F—F Rzl | Bl - — ,
g L‘__‘.,: IR R Qo eW] V2t miaws e gvcufi\ wsed o, UST backfi/l,
- - o Y I N '
| 0 f— ” A Lo
! I y \| : “.‘
|~ " :: ":‘ n- ' "'I
( 1z IR i D] B ‘.','- e
- sl s on S5 B e prvy I NP E—— { cmall hotdevs
- M:—'S - REFLS cosly serted cpbbles ond gmall hooldevy,
\_.L: ! >
] ) 3
| SRR
— T S.. o N
, " o
7 —
- [

%ﬁﬁ/ 12-9-97

Date , SAGE Representative Date

Driller




DRILLING REPORT feAGE

Fi 1d Crew Dth’..‘ Gveen d' ?OA"W-% Het £ == Farth Sciences, /[nc.
B, niect Name Keh'S Aw‘i‘d WQS"\ Project ,7'!_5____-'?‘ 034 L__ - o 7 8::72:%%::'
A ( ss__{o\W B, ot Ave., E\Ip,.;b.uz, WA Date _t2-9-97 Phone (509) 829-6400
LE ;ation SE__1/43W 1/4 Sec. 36 T 18 N.R_18 E. WM Elevation________Datum .MsS¢t
Drilling Firm __Enviren meatsl Dr.Hna [ne, Driller _Reuce McCall  ricense #_ 1712
Dr"lling Firm Address _10818 (sath Ave. SE__Snchomish, WA 4¢4 7.0 :
D lling Method — % _ Ra+aw\ Away\ Sampling Method _2_ Spld' Spoo
Casing Type 2" Jhveadod PVL- Screened Interval 0" 30 slot PV ¢ F1n1sh Depth _u__
Pv/ :king Material g-12 S;fiva Somd Surface Sealant _Bemtonite Hde p’“&L
Protector Cap Flash Moyat  Moaumed ~/~l p"‘X Well Identu‘zcatmn Number _i2-0397- MW §
{ - & Water Level 1 Development
‘r = 32 Start |Finish Measurements gal] gal.
'y < Ty 0
= MW®*S o |,ofDatelz-5-q7]12-9-27
%l owla = |2%] Time]io: 354 12! oo pm
D ElElR 5 wl|E G
3| S| 5| & Well Diagram |G 215G Soils Description
[ — ' - — _
— o) . — X
R R B o e e .
\r = %5 — "*’:-_.‘ :-:.-.'\u - .S‘.yq?\( vitv: ¢ved,
s < ] 2 E=
R - ﬁ ot et B PP
6 — kY fo %0 U Pbﬂb’/ﬂ. 5&',4'(/ ubé s, azzaf am;[ é.v../éM ‘.m fu - "'(u
N _ — 51 B y :>_ gooc‘;’(i'M ,n 4,4.«,,94” Matr/y ooms’s?s 01 flih'%"} s,
COE s EhER %00
{ — 4] .:'_". '::\' 030
L b R =t oC
- o . oo 0g
— -t $ oo
¥
; [ 'Z' —\ :’ :.‘ :\ O" CO‘J;_,
e’ R e e A I P e
Y '4—_-“ .,2..‘.:,' Q {0 o Lo
L [ 3§ 3 ’
| cE- @ q
o e - « | 2 M
! Stk i B
| — .
! =

W Y LT oy,

Driller 'Signa,ture 7 Date SAGE Representative Date




1=1

Key to Exploration Logs

Sample Description

Classification of soils in this report is based on visual field and laborotory observations which include density/consistency,
moisture condition, grain size, and plasticity estimates and shouid not be construed to imply field nor laboratory testing
unless presented herein. Visuol~manual classification methods of ASTM D 2488 were used os an identification guide.

Soil descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, additional remarks.

Density/Consistency

Scil density/consistency in borings is related primarily to the Standard Penetration Resistance.
Soil density/consistency in test pits is estimated based on visual observation and is presented parenthetically on the test pit logs.

Stondard

SAND or GRAVEL Penetration

SILT or CLAY

Standard Aﬁproximale
Penetration ’ Sheor

Density %esaifégg%'o(gi Consistency smessilsé?vg%o(oNt) E‘tr%gth
Very loose 0- 4 Very soft 0- 2 <0.125
Loose 4-10 Soft 2- 4. 0.125- 0.25
Medium dense 10 - 30 Medium  stiff 4- 8 0.25 - 0.5
Dense 30 - 50 : Stiff 8 - 15 0.5 —-1.0
Very dense >50 . Very stiff 15 - 30 1.0 -20
' Hard >30 52,0
Moisture Minor Constituents Estimoted Percentage

Dry Little perceptible moisture
Damp Some perceptible moisture, probably below optimum
Moist Probably near optimum moisture content

Wet Much perceptible moisthre, probdbly obove optimum

Not identified in description 0- 5
Slightly (cloyey, silty, etc.) 5-12
Clayey, silty, sandy, gravelly 12 =30
Very (clayey, silty, etc.) 30 - 50

Legends

Sampling Test Symbols
BORING SAMPLES

Split Spoon

Shelby Tube

Cuttings

Core Run

No Sample Recovery

- x HEQK

Tube Pushed, Not Driven
TEST PIT SAMPLES

g Grab (Jar) _ ¢
Z Bag

]  shelby Tube

BORING.DWG

Groundwater Observations

Groundwater Level on Date
(ATD) At Time of Drilling

Test Symbols

GS Groin Size Classification
CN Consolidation

TUU  Trioxial Unconsolidated Undrained
TCU  Trioxial Consolidated Undroined
TCD  Triaxial Consolidated Drained

Qu Unconfined Compression

DS Direct Shear

K Permeability

PP Pocket Penetrometer
Approximate Compressive Strength in TSF

v Torvane
Approximate Shear Strength in TSF

CBR California Bearing Ratio
MD Moisture Density Relationship
AL Atterberg Limits

}——e——] Water Content in Percent
| L Liquid Limit
- Natural
Plastic Limit

PID  Photoionization Detector Reading
CA  Chemical Anolysis

HARTCRO

J-7168
Figure A-1

11/99




Boring Log HP-7

Soil Descriptions

Ground Surface Elevation in Feet: 1587.5

Depth
in Feet

-0

brown, silty, sandy GRAVEL.

— Grades to slightly sandy.

— Grades to trace sand.

(Dense to very dense), dry to damp, .

slightly silty GRAVEL.

(Very dense), dry to damp, gray—brown,

gravelly SILT

(Medium stiff), moist to wet, brown,

silty GRAVEL.

(Dense), dry to damp, brown, slightly

Bottom of Boring at 13.5 Feet.
Completed 7/14/99.

Notes:

and drill actions.

depth of 12 to 13 feet.

1. Soil descriptions based on cuttings

2. Groundwater sample collected from
temporary Hydropunch well point at a

1. Refer {o Figure A-1 for explanation of descriptions

and symbols.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

Sampie

LAB
TESTS

HARTCROWSER
J-7168 7/99
Figure A-2




Boring Log HP-8

Soil Descriptions

Ground Surface Elevation in Feet: 1588

Depth
in Feet

-0

(Soft), dry to damp, brown SILT with
trace gravel and sand.

(Dense to very dense), dry to damp,
brown, slightly sandy, slightly silty

GRAVEL.

Bottom of Boring at 9.3 Feet.
Completed 7/14/98.

Notes: :

and drill action.

depth of 8 feet.

1. Soil descriptions based on cuttings

2. Groundwater sample collected from
temporary Hydropunch well point at a

1. Refer to Figure A-1 for explanation of descriptions

and symbols,

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

Sample

LAB
TESTS

HARTCROWSER

J-7168 8/68
Figure A-3




Boring Log HP-8

Soil Descriptions

Ground Surface Elevation in Feet: 1588

Depth
in Feet

{Loose), dry, light brown, gravelly
SAND,

T0

{Medium dense), damp, brown, gravelly,
silty SAND

(Soft to medium stlff) moist, shghtly
gravelly SILT.

(Dense to very dense), moist, brown,
slightly silty GRAVEL with cobbles.

(Dense to very dense), moist to wet,
slightly sandy, silty GRAVEL.

Bottom of Boring at 13 Feet.
Completed 7/14/99.

Notes:

Soil descriptions based on cuttings and
drill action.

2. Groundwater sample collected from
temprory Hydropunch well point at a
depth of 13 feet.

1. Refer to Figure A-1 for explanation of descriptions

and symbols.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Leve! may vary with time.

ATD

Sample

LAB
TESTS

—-CA

HARTCROWSER
J-7168 - 7/99
Figure A-4




Boring Log HP-10

. LAB
Soil Descriptions Depth Sampie TESTS
Ground Surface Elevation in Feet: 1587 in Feet

-0
4 inches of Asphalt over 6 inches of . - (
Concrete over (medium stiff), moist to
wet, gravelly, sandy SILT. B

{Dense), damp, brown, siity GRAVEL.

(Soft), moist, sandy SILT.
(Dense), damp, brown, silty GRAVEL.

(Dense to very dense), dry to damp, V__
slightly silty GRAVEL with cobbles. ATD

(Dense), damp to moist, silty, sandy
GRAVEL. _ -

Bottom of Boring at 16 Feet.
Completed 7/14/99.

Notes: )

1. Soil descriptions based on cuttings
and drill action.

2. Groundwater sample collected from
temporary Hydropunch well point at a
depth of 14 feet.

1. Refer to Figure A-1 for explanation of descriptions

e HARTCROWSER

2. Soil descriptions and stratum lines are interpretive
J=7168 7/68

and actual changes may be gradual. .
3. Ground water level, if indicated, is at time of drilling _
(ATD) or for date specified. Level may vary with time. Figwe A-§5




Boring Log HP-11

Soil Descriptions

Ground Surface Elevation'in Feet: 1508

Depth
in Feet

3inches of Concrete over (stiff), moist,
brown, very gravelly SILT.

+0

(Dense), damp, brown, slightly silty,
slighty sandy GRAVEL.

(Stiff), moist, brown, gravelly SILT.

(Dense), dry to damp, brown, silty
GRAVEL.

(Dense), damp, brown, slightly silty,
slightly sandy GRAVEL.

. (Dense}, wet, brown, very silty GRAVEL.

(Dense), dry, brown, slightly silty
GRAVEL with cobbles.

Bottom of Boring at 16 Feet.
Completed 7/14/98.

Notes: )

1. Soil descriptions based on cuttings
and drill action.

2. Groundwater sample collected from
temporary Hydropunch well point at a
depth of 15 feet.

1. Refer to Figure A-1 for explanétion 6f descriptions

and symbols.

2. Soil descriptions and stratum iines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of driling
(ATD) or for date specified. Level may vary with time.

LAB

TESTS
Sample

HARTCROWSER

J~7168
Figure A-6

7/99




Boring Log and Construction Data for
Monitoring Well MW-13

Geologic Log

=8
8u_
(==
0 , -
(Loose), moist, brown to gray, silty, sandy r
GRAVEL.
) (Medium dense to dense), moist to wet, |
brown, sandy GRAVEL with scattered
e cobbles.
5
10—
i Bottom of Boring at 11.6 Feet.
Completed 12/21/99.
Note: Soil descriptions based on cutlings
s and drill action.
15—
20

1. Refer to Figure C~1 for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

Monitoring
Well Design
Top of Casing in Feet:.1582.45

— —
- -
L 4
— —
— —_—

HARTCROWSER
J-7168 12/99
Figure A-3
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Ke'y to Exploration Logs

Sample Description

Classification of soils in this report is based on visual field and Iaboratory observations which include density/consistency,
moisture condition, grain size, ond plasticity estimates and should not be construed to imply field nor laboratory testing

unless presénted herein. Visual-manual classificotion methods of ASTM D 2488 were used as an identification guide.

Soil descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, odditional remarks.

Density/Consistency

Soil density/consistency in borings is related primarily to the Standard Penetration Resistance.
Soil density/consistency in test pits is estimoted based on visuatl observation and is presented parent|

hetically on thé test pit logs.

Standord Standard Approximote

SAND or GRAVEL Penetration SILT or CLAY Penetrotion Sﬁeor
. Resistance {N) ) s Resistance (N) Strength
Density in Blows/Foot Consistency in Blows/Foot in TSF
Very loose 0- 4 Very soft 0- 2 <0.125
Loose 4 -10 Soft 12—~ 4 0.125- 0.25
Medium dense 10 - 30 Medium stiff 4- 8 0.25 - 0.5
Dense 30 - 50 Stiff 8- 15 0.5 -1.0
Very dense ’ >50 Very stiff 15 ~ 30 1.0 -20
Hard >30 >2.0

Moisture Minor Constituents Estimated Percentage

Dry Little perceptible moisture

Damp
Moist

Some perceptible moisture, probably below optimum

Probobly near optimum moisture content

Wet Much perceptible moisture, probably above optimum

Not identified in description. 0- 5
Slightly (clayey, silty, etc.) 5 -12
Clayey, siity, sandy, gravelly 12 - 30
Very (clayey, silty, etc.) 30 -50

Legends

Sampling Test Symbols
BORING SAMPLES

& Split Spoon

N  sheby Tube

[[m Cuttings

[I]  core Run

b3 No Sample Recovery
P

Tube Pushed, Not D‘riven
TEST PIT SAMPLES

& Grab (Jor)
[Z . Bag
Shelby Tube

Groundwater Observations
Surface Seal

| Groundwater Level on Date
(ATD) At Time of Drilling

Groundwater Seepage
(Test Pits)

-::ﬁ Observation Well Tip or Slotted Section

Test Symbols

GS
CN

uu
cu
cD
Qu
DS
K

PP

v

CBR
MD
AL

PID
CA
DT

Grain Size Classification
Consolidation

Unconsolidated Undrained Trioxial
Consolidated Undrained Triaxial.
Consolidated Drained Triaxial
Unconfined Compression

Direct Sheor

Permeability

Pocket Penetrometer
Approximate Compressive Strength in TSF

Torvane
Approximate Shear Strength in TSF

California Bearing Ratio
Moisture Density Relationship

Atterberg Limits

}——e——{ Water Content in Percent
I__L— Liquid Limit
Naturol
Plastic Limit

Photoionization Detector Reading
Chemical Analysis

In SituDensity Test

e

1] »
HARTCROWSER
J-7168-02  10/00

Figure A-1 1/2



BORING LOG 716802GPJ HC_CORP.GDT 101900

Boring Log HP-13

STANDARD PENETRATION LAB
Soil Descriptions Depth RESISTANCE TESTS
in Feet Sample A Blows per Foot & (PID)
-0 1 2 5 10 20 50 100
—~__4 inches of concrete. ]
Very loose, molist, brown, slightly sandy
GRAVEL. (Pea gravel FILL) L B
S-1
-5
52 - (50)
ATD
" Hard, wet, gray, sandy SILT. | 410
v Ny
s-3 [THAs0/3" [(8) CA
Bottom of Boring at 10.8 Feet. L
Completed 09/12/00..
Groundwater sample collected for chemical
analysis. Screen from 0 to 10 feet. i
+156
—2 f 2 5 10 20 5 100
| 4 ]
[ 7]
| HARTCROWSER
1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may J-7168-02 09/00
be gradual. Figure A-3

3. Groundwater level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.




Boring Log HP-14

Sail Descriptions Depth
in Feet

Medium stiff, moist, brown, slightly sandy
SILT.

odor.

Bottom of Boring at 10.5 Feet.
Completed 09/12/00.

Groundwater sample collected for chemical
analysis. Screen from 0.5 to 10.5 feet.

BORING 1.OG 716802.GPJ HC_CORP.GDT 101800

1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive and actual changes may

be gradual.

SAND. Slight petroleum hydrocarbon-llke -~

-0

-10

- 15

-20

3. Groundwater level, if indicated, is at time of drilling (ATD)or for date

specified. Level may vary with time.

STANDARD PENETRATION LAB
RESISTANCE TESTS

Sample A Blows per Foot & (PID)
1 2 5 10 20 50 100

S-1

i ' \ - (<)
8-2 i -(12) CA

1 2 5 10 20 50 100
[ ]
AN
HARTCROWSER
J-7168-02 09/00
Figure A-4




Boring Log HP-15

Soil Descriptions - Depth
( inFeet
!
1 .
J Very Stif, moist, brown, siightly sandy SILT. 0
(FILL)
(
[~ T Medium dense, moist to wet, gray-brown, |
j silty, sandy‘GRAVE.. B
=45
ATD
Bottom of Boring at 9.5 Feet.
]' Completed 09/12/00. o +10
Groundwater sample callected for chemical i
(- analysis. Screen from 0 to 9.5 feet.
[ 5
{
. i
l
\ g
! 2 415
=]
-
[=)
; o
i o =
! &
| e}
o
X =
Py
1]
g
2 s
<
o
9 B
} o
‘ 4
‘ 4
o]
° -20

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may

be gradual.
3. Groundwater level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

STANDARD PENETRATION LAB
RESISTANCE TESTS
& (PID)

Sample A Blows per Foot
1 2 5 10 20 .50 100

s i - (<1)

s-2 { - (<1) CA

1 2 5§ 10 20 50 100
[ 4 ]
aAn '
HARTCROWSE
J-7168-02 09/00
Figure A-5




Monitoring Well Log MW-14

STANDARD PENETRATION LAB

s | Depth RESISTANCE TESTS
Soil Descriptt - in Feet Sample  a Blows per Foot & (PID)
k 1 2 S 10 20 50 100

Moist, brown, sandy GRAVEL. (FILL) TO 2
Observed from cuttings. 3335 K
5
A
L 787 a
A
% .
%
-5
L — . : - =
Very dense, wet, brown, silty, very gravelly
SAND. _
ATD |-
+10 . :
| S-1 X 450/5" [~(4.5) CA
@ ; e
'5 115 ) )
2 §-2 ‘ \50/6" [(0.4) CA
o
8 Bottom of Boring at 16.0 Feet. i
£ Completed 01/26/01.
a N B
9
H
8 L
§ -
~
9
3 B R
Q
Z
['4
2
' —20 2 5 10 20 50 100
e
an
HARTCROWSER
1. Refer to Figure A-1 for explanation of descriptions and symbals. 7168-02 01/01

2. Soil descriptions and stratum lines are interpretive and actual changes
may be gradual. .

3. Groundwater level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

Figure A-2




Boring Log HP-16

I . .~ STANDARD PENETRATION LAB
( Sail Descriptions Depth RESISTANCE TESTS
: in Feet . Sample A Blows per Foot & (PID)
j 0  1_ 2 5 10 _20 50 100
—__4.5 inches of concrete. _—
(Soft), maist, black SILT with slight petroleum
( . hydrocarbon-like odor. (FILL) R R
i §-1 i . A\ - (3)
+5
[ T Dense, wet, dark gray, sandy, si_ltyER_.AVfL_ T i
. with slight pertroleum hydrocarbon-like odor. ATD
1' ‘ s-2 v _ \ L (26) CA
) ' Bottom of Boring at 9.5 Feet.
] Completed 09/12/00. -+10
! .
\ p o
Groundwater sample collected for chemical
E . analysis. Screen from 0 to 9.5 feet.
\; ‘ = -
I
f 8
m
: +15
[
[=]
- a B -
1 &
s}
UI
Q|
X - L
P
g
.
g L L
IS
(<]
[ g N N
} 2
! 2
¢ 4
3 L2
j 1 2 5 10 20 S0 100
) re
| | HARTCROWSER
1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soll descriptions and stratum lines are interpretive and actual changes may J-7168-02 09/00
3. Groundwater level, if indicated, is at time of drilling (ATD) or for date Figure A-6

{ be gradual.
) specified. Level may vary with time.




I Monitoring Well Log MW-15

( Soil Descriptions Depth
J Very dense, moist, brown and gray, siity, To
sandy GRAVEL.
}
|
I
] 3
) +10
D _
ik
1 Medium dense, wet to moist, brown to i
gray, orange mottled, gravelly, very siity
SAND. 1
bi S 7
Jf _
8
i 5 +15
Il 5
Q
a
4
‘ e} -
¥ | Ol
d} % Bottom of Boring at 16.5 Feet.
' & Completed 01/26/01. -
, 2
N8 i
| <
* <
Q
o
. -d -
hy! 1‘ ‘D
.
‘ 4
0 o}
; @ 20
|
1
J { 1. Refer to Figure A-1 for explanation of descriptions and symbols.

may be gradual. :

| - specified. Level may vary with time.’

ATO[-H-

2. Soil descriptions and stratum lines are interpretive and actual changes

}( 3. Groundwater level, if indicated, is at time of drilling (ATD) or for date

Sample

§-1

S-2

STANDARD PENETRATION A

RESISTANCE TReTs

A Blows per Foot & (PID)

1 2 5 10 20 50 100

| A ~(0) CA -

i ) -(0)

2 5 10 20 50 100
N

Y T
HARTCROWSER
7168-02 01/01
Figure A-3




AB.J 4/06/05

716804-002.0WG (SRF A-1 STANDARD (2005).0WG)

Key to Exploration Logs

Sample Description

Classification of soils in this report is based on visual field and laboratory observations which include densnty/consistency.
moisture condition, grain size, and plasticity estimates and should not be construed to imply field nor laboratory testing unless
presented herein. Visual-manual classification methods of ASTM D 2488 were used as an identification guide.

Soil descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT additional remarks.

Density/Consistency

Soll densﬁylconsustency in borings is related primarily to the Standard Penetration Resistance. Soil density/consistency in test
pits is estimated based on visual observation and is presented parenthetically on the test pit logs.

SAND or GRAVEL Standard, SILT or CLAY Standard Approximate
Density Penetration Consistency Penetration Shear Strength
Resistance (N) Resistance({N} in TSF
in Blows/Foot in Blows/Faol
Very looss 0 - 4 Very soft 0 - 2 <0.126
Loose 4 - 10 Soft 2 - 4 0.125 - 0.25
Medium dense 10 - 30 Medium stiff 4-8 025 - 05
Dense 30 - 50 Stiff 8 - 15 05 - 1.0
Very dense >50 Very stiff 15 - 30 10 - 20
Hard >30 >2.0
Moisture _ Minor Constituents Estimated Percentage
Dry Little perceptible moisture Not identified in description 0-5
Damp Some perceptible moisture, probably below optimum | | Slightly (clayey, silty, etc.) 5-12
Moist  Probably near optimum moisture content - Clayey, silty, sandy, gravelly 12-30
Wet  Much perceptible moisture, probably above optimum | | Very (clayey, silty, etc.) 30-50
Legends Test Symbols
Sampling Test Symbols GS Grain Size Classification
_ CN Consolidation

Boring Samples Test Pit Samples uu Unconsolidated Undrained Triaxial

X]  spiit Spoon X  Grab (Jar) CU  Consolidated Undrained Triaxial

E‘ Shelby Tube Bag CD Consolidated D_ralned Triaxial

. Qu Unconfined Compression
[  Cuttings Shelby Tube DS  Direct Shear
[ coreRun K Permeability

* No Sample Recovery
P Tube Pushed, Not Driven

PP Pocket Penetrometer
Approximate Compressive Strength in TSF
v Torvane

Approximate Shear Strength in TSF

Groundwater Observation Wells

Monument
Surface Seal
Gravel Backfill

Riser Pipe
Bentonite

K‘%D -— Groundwater Level on Date or
at Time of Drilling (ATD)
Well Screen
Sand Pack

. Native Material

Groundwater Seepage (Test Pits)

CBR California Bearing Ratio
MD Moisture Density Relationship
AL Atterberg Limits
. |—.—| Water Content in Percent

| | L Liquid Limit

Natural
Photoionization Detector Reading

: Plastic Limit
PID
Chemicat Analysis

CA

mn
7168-04 4/05
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Strataprobe Log HCSP-04-01

Soil Descriptions

Depth
in Feet

(Medium dense), dry, brown, slightly silty,
gravelly SAND.

(Medium stiff to very stiff), mmst gray,
sandy SILT.

(Medium dense to very dense), dry to
moist, gray, very gravelly SAND.

"™~ Petroleum-like odor.

10

ATD

Bottom of Boring at 12.0 Feet.
Completed 02/24/05.

Note: Grab groundwater sample collected
for chemical analysis with screen at depth
between 6 and 10 feet.

STRATAPROBE 716804S5T.GPJ HC_CORP.GOT 4/6/05

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes

may be gradual.

3. Groundwater level, if indicated, is at time of drilling (ATD) or for date

specified. Level may vary with time.

§-3

S-4

S-5

S-6

Sample

|_><l><l><l><l><l

LAB
TESTS
& (PID)

-(1.9)

-(2.6)

-(1.4)

- (9.5) CA

-(150) CA

- (<0.1)

e

[ 7
HARTCROWSER
7168-04 02/05
Figure A-2




- Strataprobe Log HCSP-04-02

{ Depth
j Soil Descriptions in Feet

{(Medium dense), moist, brown to gray, very TO

gravelly SAND,

[ +5
1 e y
(Medium dense), wet, gray, sandy ADT
| GRAVEL. R
Petroleum-iike odor.
S -10
) Bottom of Boring at 12.0 Feel. » i
g Completed 02/24/05
E 5
8 2
& Note: Grab groundwater sample collected
3 for chemical analysis with screen at depth
|- between 8 and 10 feet. -
| >
(]
5 .
3 15
@O
( =
| u
o -
[
ok
| [
i (]

1 1. Refer to Figure A-1 for explanation of descriptions and symbols.
! 2. Soil descriptions and stratum lines are interpretive and actual changes
{ may be gradual. .
3. Groundwater level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

S-1

Sample

LAB
TESTS
& (PID)

+0.2)

-(0.6) CA

[-(3.6) CA

7168-04
Figure A-3
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Strataprobe Log HCSP-04-03

-Depth

Soil Descriptions in Feet

STRATAPROBE 716804ST.GPJ HC_CORP.GDT 4/6/05

(Medium dense), dry to moist, gray, slightly TO

gravelly SAND.

(Medium stiff), moist, black, sandy SILT.

{Medium dense), dry to moist, brown-black,
gravelly SAND.

(Loose), dry, brown-black, sandy GRAVEL.

ADT

(Medium dense), wet, dark gray, very
sandy GRAVEL.

Bottom of Boring at 13.0 Feet.
Completed 02/24/05.

Note: Grab groundwater sample collected
for chemical analysis with screen at depth
between 9 and 12 feet. +156

1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive and actual changes
may be gradual.

3. Groundwater level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

S-3

> —=— | —— |

Sample

LAB
TESTS
& (PID)

-(1.5)

-(4.4)

(5.1

-(5.3) CA

-(12.2) CA

-(2.5)

e
y 7
HARTCROWSER
7168-04 02/05
Figure A-4




STRATAPROBE 716804ST.GPJ HC_CORP.GDT 4/6/05

Strataprobe Log HCSP-04-04

Soil Descriptions

Depth
in Feet

{Medium dense), dry to moist, brown,
slightly gravelly, siity SAND.

(Loose), dry, brown, very gravelly SAND.

™~ Slight organic odor.

pea-gravel.

- Boﬂ'om of Boring at 15.0 Feet.
Completed 02/25/05.

Note: Grab groundwater sample collected

for chemical analysis with screen at depth
between 9 and 12 feet.

-0

=10

-15

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes

may be gradual.

ADT

3. Groundwater leve), if indicated, is at time of drilling (ATD) or for date

specified. Level may vary with time.

S-1

S-4

S-6

Sample

1 =1 | ——— |

LAB
TESTS
& (PID)

-(<0.1)

- (<0.1)

-(0.7)

-(1.2) CA

(1.4) CA

-(0.5)

l 1

am
HARTCROWSER
7168-04 02/05
Figure A-5




‘ Soil Descriptions

: Strataprobe Log HCSP-04-05

Depth
in Feet

(Medium dense), dry, brown, gravelly
SAND.

(Medium dense), moist, gray, silty, gravelly
SAND.

™~ Petroleum-like odor

|~ "(Medium dense to very dense), dry, brown
to gray, slightly silty, gravelly SAND with
some cobbles.

(Medium dense), moist to wet, gray, very
gravelly SAND.

T‘O

v
ADT

Bottom of Boring at 15.0 Feet.
Completed 02/24/05.

Note: Grab groundwater sample collected
for chemical analysis with screen at depth
between 10 and 12 feet.

STRATAPROBE 716804ST.GPJ HC_CORP.GDT 4/6/05

ﬁ 1. Refer to Figure A-1 for explanation of descriptions and symbols.
i 2. Soll descriptions and stratum lines are interpretive and actual changes

may be gradual.
3. Groundwater level, If indicated, is at time of drilling (ATD)
specified. Level may vary with time.

or for date

S-1

S-4

Sample

I><l><l><|><l><l

LAB
TESTS
& (PID)

-(0.1)

-(1.0)

-(1.6)

-(54.7) CA

-(37.1) CA

-(1.3)

-(2.1)

re

aw
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Figure A-6




, Strataprobe Log HCSP-04-06

. o Depth
; Soil Descriptions in Feet
(Medium dense), dry, brown-black, gravelly TO
SAND.
[ L
+5
[~ ~ ~(Medium dense), dry o moist, gray, i
gravelly SAND. v
J . ADT
~ ~ ~(Very dense), dry, brown-black, gravely — | T'°
SAND.
|
8 Bottom of Boring at 12.0 Feet. [
< Completed 02/24/05.
o ~
8 N
5 Note: Grab groundwater sample collected
‘;. for chemical analysis with screen at depth
{ Z|  between 10 and 12 feet. -
[ S
O
7
2 +15
z
B
(] »
g
3 =
) 2
v L.

i 1. Refer to Figure A-1 for explanation of descriptions and symbols.
i 2. Soil descriptions and stratum lines are Interpretive and actual changes
may be gradual. ’
3. Groundwater leve), if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

S-1

§-3

S4

8-5

Sample

e [ [ =

LAB
TESTS
& (PID)

-(0.7) -

- (2.8)

-(5.1)

-(3.6) CA

-(86.7) CA

-0.7)

f 4 |

A
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( | Strataprobe Log HCSP-04-07

Soil Descriptions

(Medium dense), dry, gray, very sandy
GRAVEL.

(Medium dense), dry to molist, brown,
slightly silty, very sandy GRAVEL.

Bottom of Boring at 11.0 Feet.
Completed 02/24/05.

Note: Exploration redrilled to 11.0 feet
following initial refusal at 7.0 feet.

Grab groundwater sample collected for
chemical analysis with screen at depth
between 8 and 12 feet. :

STRATAPROBE 716804ST.GPJ HC_CORP.GDT 4/6/05

Depth
in Feet
-0
s S-1
- S-2
+5
S-3
¥
ATD
S-4
+10
+15

2. Soll descriptions and stratum lines are interpretive and actual changes

I 1. Refer to Figure A-1 for explanation of descriptions and symbols.

may be gradual.

3. Groundwater level, if indicated, Is at time of drilling (ATD) or for date

specified. Level may vary with time.

Sample

[ =1

LAB
TESTS
& (PID)

-(0.2)

-(3.3)

-(4.9) CA

-(275) CA

re

AN
HARTCROWSER
7168-04 02/05
Figure A-8




Strataprobe Log HCSP-04-08

Soil Descriptions

(Medium dense), dry, red-brown, slightly
gravelly SAND.,

with cobbles.

Bottomn of Boring at 10.0 Feet.
Completed 02/24/05.

STRATAPROBE 716804ST.GPJ HC_CORP.GDT 4/6/05

Depth
in Feet

T0

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes

may be gradual,

3. Groundwater level, if indicated, is at time of drilling (ATD) or for date

specified. Level may vary with time.

S-1

S-4

Sample

[ | = | =< |

LAB
TESTS
& (PID)

-(0.4)

-(0.7)

-(2.0) CA

(3.3) CA -

| 5

an
HARTCROWSER
7168-04 02/05
Figure A-9




Table C-1 - Cost Estimate for Alternative 1 - Monitored Natural Attenuation

Slte:

Ken's Auto Wash

Location: Ellensburg, Washington
Phase: Feaslbllity Study (-30% to +50%)
Base Year: 2007

Description:  Monitoring of groundwater contaminated with gasoline-range petroleum and BTEX for up to 30-years. Monitoring
program assumes twice yearly events (wet season and dry season) at all well locations, or a portion thereof. Also
Includes monitoring of natural attenuation (NA) parameters every other year.

ANNUAL MONITORING COSTS - ALL WELLS BIANNUALLY

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Project management and reporting 118 7500 § 7,600 Estimate
Waste disposal iLS 1,000 $ 1,000 Estimate purge water
up to 8 wells, Include NA parameters every other
Groundwater monltoring 2 Ea 4,500 $ 9,000 CostFlle year
Estimated Ecology Oversight Costs 1LS 3,000 $ 3,000 Estimate Subject to revislon by Ecology
Additional Contingency 15% . $ 2,625 10% scope + 6% bld
TOTAL ANNUAL MONITORING COST
NFA/ REGULATORY CLOSURE COSTS:
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Ecology interaction at 5-year review periods ' 3EA | 3,000 § 9,000 Estimate Ecology requirement
Confirmational groundwater monitoring 4 EA 4400 $ 17,600 CostFile confimational montitoring at 9 wells
Report and Ecology Interaction for closure 1L8 15,000 $ 15,000 Estimate
Estimated Ecology Oversight Costs 1Ls 3,000 $ 3,000 Estimate Subject {o revision by Ecology
Contingency 15% $ 4,890 10% scope + 5% bld
TOTALCLOSURE COST $ 49,480
PRESENT VALUE ANALYSIS:
DiSCOUNT PRESENT
COST TYPE YEAR TOTAL COST RATE VALUE
Contingency Well Replacement - $ 15,000 0% $ 15,000 Up to 3 wells over project lifetime. Not Discounted.
Annual Operating Cost 1106 $ 115625 28% $ 107,126
Annual Operating Cost 61010 $ 115626 2.8% $ 92,776
Annual Operating Cost 111015 $ 115625 3.0% $ 76,804
Closure Cost 16 $ 49,480 3.0% $ 30,841
§ 396,365 $ 324,547
TOTAL PRESENT VALUE OF ALTERNATIVE (16-Year Duration) $ 324,500
- DISCOUNT PRESENT
COST TYPE YEAR TOTAL COST RATE VALUE :
Contingency Well Replacement - $ 15,000 0% $ 15,000 Up to 3 wells over project lifetime. Not Discounted.
Annual Operating Cost 1106 $ 115625 26% $ 107,126
Annual Operating Cost 6t010 $ 115825 2.8% $ 92,776
Annual Operating Cost 11t0 20 $ 231,250 3.0% $ 148,781
Closure Cost 21 $ 49490 3.0% $ 26,603
$ 511,990 $ 388,287
TOTAL PRESENT VALUE OF ALTERNATIVE (20-Year Duration) $ 388,300
DISCOUNT PRESENT
COST TYPE YEAR TOTAL COST RATE VALUE
Contingency Well Replacement - $ 15,000 0% $ 15,000 Up to 3 wells over project fifetime. Not Discounted.
Annual Operating Cost 1106 $ 115625 2.6% $ 107,126
Annual Operating Cost 61010 $ 115625 2.8% $ 92,776
Annual Operating Cost 111025 $ 346,875 3.0% $ 205,418
Closure Cost 26 $ 49,490 3.0% $ 22,948
$ 627615 $ 443,269
TOTAL PRESENT VALUE OF ALTERNATIVE (25-Year Duration) $ 443,300
. DISCOUNT PRESENT
COST TYPE YEAR TOTAL COST RATE VALUE
Contingency Well Replacement - $ 15,000 0% $ 15,000 Up to 3 wells over project lifetime. Not Discounted.
Annual Operating Cost 1tob $ 115625 2.6% $ 107,126
Annual Operating Cost 6t010 $ 115625 2.8% $ 92,776
Annual Operating Cost 111030 $ 462,500 3.0% $ 255,999
Closure Cost 31 - $ 49,480 3.0% $ 19,795
$ 743240 $ 490,697
TOTAL PRESENT VALUE OF ALTERNATIVE (30-Year Duration) $ 490,700

Notes .
Costs are +50/-30% FS-level estimates. They do not represent a bid to do the work.

Hart Crowser
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Table C-3 - Cost Estimate for Alternative 3 - Enhanced Bloremediation

Site: Ken's Auto Wash . Descriptlon:  Active remediation of soll and groundwater cor i d with gasoline-range petroleum and BTEX. ORC Injecllons
Locatlon: Ellensburg, Washington every 6 months In source area and plume, for nominal 10-yoar period. Contingency cost provided for 15-year period.
Phase: Feaslbility Study (-30% to +60%) . -
Base Year: 2007
CAPTITAL COSTS
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Site Preparation '
Ecology interaction 1L8 1,500 § 1,500 Estimate Review through Voluntary Cleanup Program
Permits, utility check, revised health and safety plan 1LS ) 6,000 $ 6,000 Estimate Interaction with city
‘ ' Cost File plus
Additional
Core Injection ports In concrete surface 118 2,000 $ 2,000 Estimate Up to 8 12-Inch holes
Install monuments 8 Ea 300 § 2,400 Estimate includes labor

Estimated Ecology Oversight Costs 118 3,000 $ 3,000 Estimate Subject to revision by Ecology

Contingency 15% $ 660 10% scope + 5% bid i
TOTAL CAPITAL COST

ANNUAL OPERATING AND MONITORING COSTS

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Includes monthly monitoring performed by site
Project management and reporting 1L8 ' 10,000 $ 10,000 Estimate worker
Groundwater monitoring 2 Ea 4500 $ 9,000 CostFile. performance monitoring at up to 9 well locations
ORC } 750 Ibs 10 $ 7.500 CostFile
Injections and field oversight 2 Ea 7,000 § 14,000 Cost File 1 field day; includes traffic control
Estimated Ecology Oversight Costs 1L8 5000 $ 5,000 _ Estimate Subject to revislon by Ecology
Contlngency ; 15% $ 3,975 10% scope + 5% bid
TOTAL ANNUAL OPERATING AND MONITORING COST $ 49,475
CLOSURE COSTS:
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Ecology interaction at 5-year review periods 1EA i 3000 § 3,000 Estimate Ecology requirement
Groundwater monitoring ' 4 EA 4400 $ 17,8600 CostFlle 9 wells
Report and Ecology interaction 1L8 15,000 $ 15,000 Estimate
Estimated Ecology Oversight Costs 1LS 5,000 $ 5,000 Estimate Subject to revision by Ecology
Contingency 15% $ 4,890 10% scope + §% bid
TOTAL CLOSURE COST ' s 42,490

PRESENT VALUE ANALYSIS:

TOTAL DISCOUNT PRESENT

COST TYPE YEAR COST RATE VALUE
Contingency Well Reptacement - $ 15000 0% $ 15,000 Up to 3 wells over project lifetime. Not Discounted.
Capltal Cost 0 $ 15,860 0.0% $ 15,560 Not discounted
Annual Operating and Monitoring Cost ito§ $ 247375 2.6% $ 229,192 -
Annual Operating and Monitoring Cost 61010 $ 247375 2.8% $ 198,492
Closure Cost 11 $ 42,400 3.0% $ 26,968
: § 652,800 “§ 485212
TOTAL PRESENT VALUE OF ALTERNATIVE(10-Year Duratlon)
TOTAL DISCOUNT PRESENT
COST TYPE YEAR COoST RATE VALUE
Contingency Well Replacement - $ 15000 0% $ 15,000 Up to 3 wells over project lifetime. Not Discounted.
Capital Cost 0 $ 15560  0.0% 15,560 Not discounted
Annual Operating and Monitoring Cost 1to 5 $ 247375 2.6% $ 220,192
Annual Operating and Monitoring Cost . 61010 $ 247,375 2.8% $ 108,492
Annual Operating and Monitering Cost . 11to 16 $ 247,375 3.0% $ 168,598
Closure Cost 16 $ 42,490 3.0% $ 26,478
$ 800,175 $ 653,320
TOTAL PRESENT VALUE OF ALTERNATIVE(15-Year Duration)
Notes
Costs are +50/-30% FS-level estimates. They do not represent a bid to do the work.
Assumptions

ORC effective for 6 months following injection
Injection close to source area only

Hart Crowser
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Table C-4 - Cost Estimate for Alternative 4 - Alr Sparging and Soil Vapor Extraction

contaminated with gasoline-range petroleum and BTEX. Uses horizontal sparging

Site: . Ken's Auto Wash D Active of soll and g
Location: Ellensburg, Washington plpe already installed supplemented with 3 deepsr sparging welis and 4 vapor wells. Nominal 4-year
Phase: Feasibility Study (-30% to +50%) plus 1 year monitoring with contingency costs for 7-year total duration.
Base Year: 2007
CAPITAL COSTS:
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Site Preparation
Permits 118 5000 § 5,000 Estimate alr permit, street use permit
Mobilization 1Ls 5000 § 5,000 Estimate Drill rig, SVE/sparge equipment, etc.
Utilities 1L8 1500 § 1,500 Estimate utllity locate
Security iLs 1500 § 1,500 Estimate y fencing for
SUBTOTAL $ 13,000
SVE Installation
Extraction well installation 4 EA 2,000 § 8,000 CostFils To 10-foot depth
Deep sparging well installation 5 EA 1,000 § 5,000 CostFile To 16 feet using direct-push
Dieposal of contaminated drill cuttings 118 2,500 $ 2,500 CostFile 12 drums of non-haz waste
SVE equipment 118 9,000 $ 9,000 CostFile Blower and accessories
Sparging equipment 1L8 8,000 § 8,000 CostFile Blower and accessories
Blower sound enclosure 1Ls 3,500 § 3,500 CostFile Contains both blowers
Cond | and coll 1Ls 2,000 $ 2,000 CostFile Knockout pot, pump, level swilches, and tank
N Trealment equipment - Cat Ox 1Ls 50,000 $ 50,000 Cost File 150 SCFM Includes confrol panel with autodiater
Mechanlcal, electrical, and control work 1L8 15,000 § 15,000 Estimate - Installation and hookup
SVE and air sparging piping 118 4,000 § 4,000 Estimate Piping, fittings, gauges, etc.
Installing SVE and air sparging piping 1Ls 6,000_$ 6,000 Estimate Below ground but already installed under slab
SUBTOTAL : $ 113,000
Project management and design 15% $ 18,000 Includes Health and Safety Plan
Conslruction oversight 10% $ 12,600 Includes startup labor
Estimated Ecology Oversight Costs 1ls 5,000 $ 5,000 Estimate Subject to revision by Ecolagy
Contingency 15% $ 23,625 10% Scope + 5% bid .
TOTAL CAPITAL COST $ 186,100
ANNUAL OPERATING AND MONITORING COSTS )
Project management, reporiing, and O&M 1Ls 10,000 § 10,000 Monthly monitoring performed by site worker
Groundwaler monitoring 2 Ea 4,500 $ 9,000 CostFile performance monitering
Energy B 12 Month 500 § 6,000 CostFile 150 SCFM air flow, gas fired catox, blower electriclty
Estimated Ecology Oversight Costs 1Ls 5,000 .$ 5,000 Estimate Subject to ravision by Ecology
Contingency 15% $ 3,750 10% scope + 5% bid
TOTAL OPERATING AND MONITORING COST '
CLOSURE COSTS:
DESCRIPTION QUANTITY UNIT UNIT COST TOTAL SOURCE NOTES
Groundwater menitoring 4 EA 4,400 $ 17,600 CostFile 9 wells
Project Management, Report, and Ecology Interaction 1Ls 15,000 § 15,000 Eslimate
Estimated Ecology Oversight Coste . 1LS 5,000 § 5,000 Estimate Subject to revision by Ecology
Contingency 15% $ 4,890 10% at_:bpe +5% bid
TOTAL CLOSURE COST
PRESENT VALUE ANALYSIS:
DISCOUNT PRESENT
COST TYPE YEAR TOTALCOST  RATE VALUE
Conli y Well Rep - $ 15,000 0% $ 15,000 Up to 3 wells over project lifetime, Not Discounted.
Capital Cost 1] $ 186,100 0% $ 188,100 Not Discounted
Annual Operating and Monitoring Cost 1to4 $ 135000 28% $ 126,661 .
Closure Cost 5 $ 42490 2.6% $ 37,3712
$ 363,590 $ 365,134
TOTAL PRESENT VALUE OF ALTERNATIVE (5-Year Duration)
DISCOUNT PRESENT
COST TYPE YEAR TOTAL COST RATE VALUE
Contingency Well - $ 15,000 0% $ 15,000 Up to 3 wells over project lifetims. Not Discounted.
Capital Cost 0 $ 186,100 0% $ 186,100 Not Discounted
Annual Operating and Monitoring Cost 1105 $ 168,750 26% $ 156,346
Annual Operating and Monitering Cost 8 $ 33,750 28% $ 27,702
Closure Cost - 7 $ 42,490 2.8% $ 35,022
$ 431,000 $ 420,170
TOTAL PRESENT VALUE OF ALTERNATIVE (7-Year Duration)

Notes .

Costs are +50/-30% FS-level estimates. They do not represent a bld to do the work.
Assumptions

Ecology will require 4 q s of

150 SCFM SVE alr flow

20-foot SVE radius of influence
Gas avallable on site
Room for system on adjacent vacani lot

Hart Crowser
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