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EXECUTIVE SUMMARY

The purpose of the interim action is to reduce the potential for contaminants to migrate in the
groundwater from the Tiki site. The interim action is being implemented as a source control
measure for the most contaminated groundwater on-site, in order to limit releases off-site.

Based on recent and historical chemical analysis, the contaminants of concern in soil at the Tiki
site are gasoline and BTEX. The contaminants of concern in groundwater ar¢ gasoline, BTEX,
and 1,2-dichloroethane. The gasoline and BTREX are associated with both private and
commercial fueling stations. The source of the 1,2-dichloroethane on the T. iki site is not known.

Based on historical and known soil and groundwater analytical results, several areas have been
identified as possible sources of the gasoline and BTEX. Some areas may have been possible
sources in the past that have been eliminated through tank removal and excavation of
contaminated soil. Other possible sources may have just recently developed (e.g., @ theoretical
underground storage tank may have developed a leak in 1993). All the possible sources are areas
~ that have had, or continue to have, USTs containing petroleum hydrocarbons or solvents. In
addition, utility corridors connect several potential sources and may act a conduits for
contamination migration. The off-site USTs remaining in place range in age from approximately -
2 to 19 years old (Ecology UST list, 1992). Based on historical data, it is not possible t0
determine which, if any, of these off-site sources may have contributed to the soil and
groundwater contamination at the Tiki site, e

On-site possible sources include the four USTs located at the Tiki site. These USTs range in age
from approximately 14 t0 21 years old. A leak detection test (able to detect leaks greater than
0.0025 gallon/hour) was conducted on the unieaded gasoline line in September 1988, and a tracer
tight test of the four USTs and lines was conducted in August 1990. No leaks were detected.
Overfills of the USTs may have occurred in the past, prior to the installation of overfill protection
devices. It is not known whether these UST have been a source of contamination in the past or
are carrently a source.

A broad formal initial screening of technologies was not performed for this report, due to the
interim nature of the project. However, the treatment technologies for groundwater
contarnination that were considered and discussed with Ecology included air-stripping (pump and
treat), vapor extraction with air sparging, bioremediation, and no action with groundwater
monitoring. Based upon analytical results from the shallow aquifer, vapor extraction combined

with air sparging was recommended as the preferred system for this Interim Action.

Enviros proposes to implement air sparging technology to address the removal of gasoline range
compounds from below the groundwater surface. This technology, combined with vapor
exiraction, was selected to provide an expedient and cost-effective means of removing vOC
sources from saturated zone soils and dissolved VOC in groundwater. Because the final cleanup
action plan is not presently known, the interim action shall not foreclose reasonable alternatives
for the cleanup action (WAC 173-340-430-2b ii). This interim action shall be followed by
additional remedial actions unless compliance with cleanup standards has been confirmed at the
site (WAC 173-340-430-3b).
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1. INTRODUCTION

The Washington State Department of Ecology (Ecology) has contracted with Enviros, Inc.
(Enviros) to develop an Interim Action Remedial Design for a petroleum hydrocarbon
contaminated site in King County. The site is known as the Tiki Car Wash (Tiki) located at
11909 Northeast Eighth Street, Bellevue, Washington (see Figure 1). The work in progress is
authorized under Contract Number 9200255, Work Assignment ENV-011, This design report

constitutes the deliverables required under Task 4 (Prepare Interim Action report).

1.1 Purpose and Objective

The purpose of this Interim Action Report is to review, develop, and evaluate sufficient
information, in order to design and implement a freatment system [0 contain and treat gasoline-
range petroleum hydrocarbons along the western boundary of the Tiki property. Although it is
likely that 1,2-dichloroethane exists in the subsurface, the designed treatment system is not
specifically intended to target compounds not readily volatilized. Additional data may be required
to fully evaluate the subsurface contamination at the site; however, sufficient data have been
collected to support an informed decision regarding the most appropriate Interim Action for the

Tiki site.

1.2 Organization of Report

This report includes engineering concepts and design criteria used in the design of the Interim
Action. Previous investigations of subsurface conditions at the site and surrounding properties
have been conducted by Hart Crowser, Inc. (Hart Crowser); Landau Associates (Landau);
Applied Geotechnology, Inc. (AGI); Geotech Consultants (Geotech); Kleinfelder; and Tracer
Research (Tracer). This report summarizes Enviros’ recent soil and groundwater investigations,
and includes previous studies’ analytical data. These data have been evaluated and used as a

basis to support the informed decision regarding the most appropriate interim action for the site.

Figure 1 shows the site vicinity, and Figure 2 shows the locations of businesses that have had
 petroleum hydrocarbons soil and/or groundwater investigations near the Tiki site.

E1/930415 1 env'iros®



2. SITE AND SURROUNDING AREAS

2.1 Subject Site Description

The Tiki Car Wash is located at 11909 NE 8th Strect, Bellevue, Washington 98005 in the
northwest quarter of Section 33, Township 25 North, Range 5 East. The site and immediate
* vicinity is zoned commercial.

The property is a rectangular shaped site measuring approximately 242 feet in the north-south
direction and 116 feet in the east-west direction (Figure 3). The site has operated as a gasoline
station (with unleaded, premium unleaded, and diesel fuel) and a drive-through car wash for
approximately 20 years. There are four USTs as follows:

One 15,000-gallon tank containing unleaded gasoline (installed in 1979);
One 10,000-gallon tank containing unleaded gasoline (installed in 1979);
One 8,000-gallon tank containing unleaded gasoline (installed in 1979); and
One 6,000-gallon tank containing diesel fuel (installed in 1972).

L 3 - L] -*

Two covered pump istands are located at the approximate center of the site, and each consists of
four gasoline pumps. A building on the east side of the property measures approximately 65 feet
by 28 fect, and consists of 2 small office area, restroom, and & drive-through car wash.

The site is generally flat with a slight slope toward the south. Asphalt pavement and buildings
cover the entire site with the exception of approximately 1.0 foot of exposed earth along the
southern half of the western property line.

2.2 Adjacent Properties Overview

A detailed summary of previous investigations and known site histories for adjacent properties is
included in Section 4. Briefly, adjacent properties are zoned commercial and include the
following: ' -

' North: NE 8th Street: The strect has high traffic density and is paved asphalt.

Eastside Rentals and Equipment: The site currently consists of one
building and a fenced area used for storage of light equipment. The site is
paved asphalt.

Northeast: Bakker’s Fine Dry Cleaning is located at 11855 NE 8th Strect. The site
currently consists of a dry cleaning facility. The site is paved asphalt.

Barriers Motors and Barriers Infinity are located at 11950 and 11850
Bellevue-Redmond Road, respectively. The sites are currently used as
automobile dealerships. The site is paved asphalt.

Barrier Volvo-SAAB (formerly Avis Car Rentals) is located at 11968
Bellevue-Redmond Road. The site is currently used as an automobile
dealership. The site is paved asphalt.

E1/930415 2 envirose



East: Bellevue Alfa Romeo: The site currently consists of one building used as an
office and area for limited auto repair, The site is paved asphalt with parked
automobiles.

Texaco Service Station is located at 12001 NE 8th Street. The site
currently consists of one building housing a food mart and car wash, and
several gas pumps. The site is paved asphalt. _

South: NE 6th Street and Larry’s Market parking area: The street serves as an
access road to Larry’s Market, has slight to medium high traffic density, and is

paved asphalt. Immediately south of the strect is a parking area measuring -
approximately 360 square feet. :

- Larry’s Market (formerly the Bellevue Municipal Services Center) is located
at 699 120th NE Street. A grocery food store and a large parking area
(approximately 3 acres) occupy the property. The site is paved asphalt.

West: Fenced parking lot (Lot 4) and Dollar Rent-A-Car: The lot 10 the west
is divided into a fenced lot and Dollar Rent-A-Car. The fenced lot on the
southern portion is not paved and consists of sandy gravel and serves as a
parking lot for new automobiles. Dollar Rent-A-Car, located on the northern

portion, is paved asphalt with one building and parked automobiles.

2.3 Underground Utilities

Underground utility corridors were plotted on Figure 4 to assist with the placement of the
treatment system, and to evaluate the potential for transport of petroleum hydrocarbons onto Tiki
property from off-site sources. The treatment system will be located in the southwest comer of
the Tiki site. Utility corridors typically have higher permeability than -the undisturbed
surrounding soil, and may act as conduits for groundwater and contaminants.

2.4 Climate

The Tiki site is within the Puget Sound physiographic province. The regional climate is generally
mild, and is tempered by the maritime influence of Puget Sound and the Pacific Ocean, Summers
tend to be warm and dry, with winters being cool and wet. Average temperatures range from

. approximately 40°F in winter to 65%F in summer, with the annual average temperature of 51°F.
Average rainfail in the area is 35 to 45 inches (USDA, 1973).

2.5 Surface Water

The site is located in the I.ake Washington watershed between Lake Washington (approximately
1.5 miles west of the site) and Lake Sammarnish (approximately 3.5 miles east of the site).
Several surface water bodies are located within a 1.0-mile radius of the site, Lake Sturtevant
(a.k.a. Lake Bellevue) is located approximately 800 feet north of the site. Kelsey Creck and
Richards Creek are located approximately 3,200 feet east and 5,300 feet south of the site,
respectively. Richards Creek discharges to Lake Washington. Mercer Stough, classified as a
class 2 stream (i.e., stream that flows year around and contains salmonids), is located

approximately 1.0 mile south of the site and discharges to Lake Washington.
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Surface runoff at the site can be expected to flow to the south and southwest as the site
topography primarily slopes slightly to the south causing storm water runoff to flow southward
to several storm drains located on the property and in the street. Storm water runoff from the
extreme north portion of the site appears to generally flow northwaid toward NE 8th Street.
Several storm drains are located along NE 8th Street and on the south side of the property. The
regional topography generally slopes slightly to the south and southwest toward Lake
Washington and Mercer Slough. :

5.6 Environmentally Sensitive Considerations

Review of the King County Sensitive Areas Map Folio (King County Environmental Division,
1990), indicates that the site is not located on or near the following environmentally sensitive

areas:

Wetlands;

100-year flood plain;
Erosion hazard area; .
Coal mine area; and
Landslide hazard area. -

e @& & * @
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3. GEOLOGY AND HYDROLOGY

3.1 Regional Geology

During the last two million years, the Puget Sound region has undergone a series of inundations'
by glacial ice, associated with ice ages of the Quaternary Period. During the glacial advances, an
ice sheet formed over the coastal and interior ranges of British Columbia and advanced south. A
tongue of this ice sheet, called the Puget Lobe, advanced into the basin between the Cascade and
Olympic mountains at least five times (Galster and Laprade, 1991). Between the glacial
advances, rivers from the surrounding mountains carried sediments into the basin, filling bodies
of water and creating a broad alluvial plain.

The latest advance, which most directly affects the surficial geology of the project area, is called
the Vashon Stade of the Fraser Glaciation. Over a period of 7,000 years, glacial ice advanced
south from British Columbia, eroding the alluvial and proglacial sediments, depositing new
glacial materials, and reshaping the landscape. The effect of the glaciation periods have resulted
o north-south trending inlets of the Puget Sound, valleys, and lakes. Lake Washington and
Lake Sammamish, located to the west and east of the subject site, respectively, are two such
glacially-scoured lakes.

The glacial advance reached its maximum southern point approximately 14,000 years ago. Lhe
soils and land types of the King County arca formed largely in till deposits during this period.
Vashon till ranges from a gravely, sandy silt to silty sand with varied quaritities of clay and
scattered cobbles and boulders. In the King County area, the till ranges in thickness from about
5 feet to nearly 100 feet (USDA, 1973). Soils of the Alderwood series were formed directly
from the Vashon till. Areas with consolidated Vashon till have produced several poorly-drained

closed depressions throughout the region, forming soils of the Bellingham sexies.

3.2 Site Geology

A review of the regional geology indicates that the site is underlain by Holocene fill and
Pleistocene Vashon Drift. The &1 is a loose mixture of silt, fine t0 medium grained sand, and
gravel with occasional peat deposits. The Vashon Drift is a time/stratigraphic unit consisting of,
from youngest to oldest, recessional sand and gravel, Vashon dll, advance outwash, and Lawton
Clay (Galster and Laprade, 1991). In this area the Vashon Drift varies from a weathered glacial
till to a stratified alluvium. T. he till is an unsorted, unstratified, compact mixture of boulders,
cobbles, pebbles, sand, silt and clay. The till occasionally has a horizontal fissility. The till
ranges in thickness from 20 feet to 150 feet thick, The stratified alluvium is generally medium to

fine-grained sand, silt, and clay.

Field investigations conducted in the area indicate that the site is underlain by 3 to 5 feet of fill
material, and at least 16 feet of weathered till-like material. Generally, the upper 3 feet of fill
consisted of gray to brown, fine to medium-grained gravelly sand with intermittent lenses of
medium stiff clay. The location of the previously installed monitoring wells and Enviros hand- -
auger borings are shown in Figure 5. Monitoring well MW-6 is the deepest boring near the site
and was advanced to a total of depth of 19 feet below the ground surface. Boring log MW-6
indicates that the gravelly silty sands become more dense and glacial till-like with increasing
depth. A review of boring logs in the area, indicate that penetration resistance increases in the
glacial till. Occasionally sand and gravel lenses are encountered within the till, as indicated by the
penetration rates. Figure 6 is a location map of the schematic Cross section (see Figure 7) that
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was constructed using data obtained from borings augered during this investigation and
previously installed monitoring wells in the area.

3.3 Hydrogeology

A review of information on the regional hydrogeology (Water Supply Bulletin No. 20, 1963)
indicates that the site and surrounding area is underlain by three aquifers. The uppermost aquifer
is a perched water table. The perched water table is associated with a relatively impermeable
glacial till that contains thin beds of sand and gravel which yield small quantities of water. The
average depth to water is approximately 5 feet. "This shallow aquifer is not used for drinking

water.

The second aquifer is erratically distributed throughout the arca and found beneath the till. The
average depth of wells tapping aquifers in this aquifer is approximately 63 feet, and the average
depth to water is about 38 feet. ‘

The third aquifer is separated from the second aquifer by a regionally extensive clay unit that
serves as an impermeable barrier. The average depth of wells tapping the third aquifer is about
350 feet. Due to artesian conditions, however, the average depth to water is approximately 45

feet. Typically, water supply wells are screened in this aquifer.

The site and the surrounding area is currently supplied with City of Bellevue water. In the 1950s
there were six private wells were located within 0.5 mile of the Tiki site (Water Supply Bulletin
No. 20, 1963). The wells ranged in depth from 28 feet to 117 feet, and depth to water Tanged
from 7.3 to 70.15 feet below ground surface. According to current Ecology files, these wells are
not currently in use. :

3.3.1 Perched Water Table Parameters

The perched water table is the aquifer of concern for this Interim Action at the Tiki site.
Looations of monitoring wells screened in this shallow aquifer are shown on Figure 8.
Parameters that were measured and evaluated include water level elevations and groundwater
gradients, A literature review was conducted to provide estimates of hydraulic conductivity.

3.3.2 Groundwater Elevations

Water levels were measured on May 12, and June 16, 1993. Flevations of the monitoring well
casings were measured relative to a local datum. Because two of the monitoring wells (MW-6
and MW-7) appeared to have settled since installation, the monitoring well elevations were
surveyed. Enviros recommends that these two monitoring wells be abandoned according to
WAC 173-160-560. '

The total depth of the well and depth to water were measured relative to a measuring point on the
north side of the monitoring well casings. Water level elevations are shown in Table 1. The
water level elevations and inferred groundwater flow direction are shown on Figure 8. These
water level measurements were compared to those collected in the area south of NE 8th Street by
Hart Crowser in July and August of 1990. The water levels showed a seasonal variation with the
perched water table being encountered between 3 to 7 feet below ground surface. .
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Table 1.

Water Level Elevatlon Data

May 12, 1993

Monitering Top of Depth to Static Water Total Depth

Well Casing Elevation Groundwater Level of Weil

(ft) {ft) {ft) (ft)

MW-2 144.61 . 3.37 141.24 8.69
MW-3 145.04 5.05 139.99 17.12
MW-5 140.90 6.05 134.85 - 15.55 i
MW-6 143.52 2.72 140.80 8.67
MW-7 144.58 3.70 140.88 8.71
‘MW-20 140.57 7.87 132.70 11.99
MW-21 142.02 4,15 137.87 12.74
MW-23 138.65 2.31 136.34 ' 9.93
MW-29  144.48 3.82 140.66 13.22
MW-31 144.58 5.39 139.19 12.52
MW-33 144.89 4.51 140.38 12.91 |

3.3.3 Inferred Groundwater Gradient

Water level measurements indicate, in general, that the groundwater south of NE 8th Street flows
toward the southwest beneath the Tiki site and adjacent properties. However, there is a
mounding of the water table near monitoring wells MW-2, MW-6, MW-7, MW-29. In addition,
water level measurements collected by Hart Crowser at the Eastside Rental property, north of NE
8th Street, in April 1989 indicate that the groundwater flow is to the north. These differences in
- the groundwater flow direction may reflect a groundwater divide, or be the result of utility
corridors acting as conduits, soil heterogeneities, and/ or measurement €Irors that may become
significant over a relatively flat groundwater gradient as is present beneath the site and
surrounding properties. Based on water. level measurements collected in May 1993, the
groundwater gradient to the south-southeast is estimated to be 0.038 ft/ft and 0.080 ft/ft to the

west-southwest.

Rased on literature review and past experience the hydraulic conductivity of weathered till

material beneath the fill, is estimated to be 3.3 x 10°7 ft/sec (Domenico, 1990; Freeze, 1979). As
a conservative estimate, the porosity was assumed to be 30%. Groundwater velocities in the

southeast direction are estimated to be 1 x 10-3 fi/sec or 0.9 ft/day and in the southwest direction
they are estimated to be 2.1 x 107 fi/sec or 1.8 ft/day.
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4. PREVIOUS INVESTIGATIONS AND ACTIVITIES

Previous investigations conducted on the Tiki site and surrounding sites are summarized in Table
2. Sites are listed alphabetically and cross referenced in Figure 2.

Table 2.

Summary of Previous investigations

Site. Specitic _Information Comments
Bakker's Eine Dry Cleaning, 11855 NE 8th Street {(Geotech, 1989}

Background |+ Site asservedas a dry cleaning facifity since the 1970s, under several different

names
UST 6,000 gal. stoddard solvent . Contaminated soil and GW in excavation pit were
(1), 2,000 gal. diesei (1), observed in vicinity of 2,000 gal. distillate and 200

2,000 gal. distillates (1), and | gal. solvent fanks.
200 gal. solvent (1) removed | . o additional action was recommended.

in 8/89 :
+ Possible 5,000-10,000 gal. with unknown
contents {1} currently present on-site. .
Analytical Soil: chiorinated solvents . All chlorinated solvent compounds were ND.
Data (Method 804 0), and TPH . T at 22 ] | t 20
| (Method 418.1 One TPH at 229 ppm (cleanup level at 200 ppm)

Barrier Motors and Barrler Infinity, 11950 and 11850 Bellevue-Redmond Road,
respectively _

Background |+ Sites have served as automobile dealerships since 1980s
« Files reviewed do not indicate the removal of any USTs

« Possible 5,000-10,000 gal. unle'aded (1, 19 yrs. old) and 5,000-1 0,000 gal. with
unknown content {1, 3 yrs. old) present beneath site
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Tabie 2. {(con’t.)

summary of. Previous Investigations

Slte Specific _Information ' Commenis "
Barrier Volva SAAB (formerly Avis Rent-A-Car), 11968 Bellevue-Redmond Road l

(Landau, 1989)
Background |+ Formerly a rent-a-car facility and a commerdial service station from the 1970s to 1992
- No Ecology registered USTs currently on-site

UsT 5,000 gal. gasoline (1) and . Contarinated soil was excavated and disposed of l
500 gal. waste oit (1) off-site.
removed in 3/89 . Low levels of benzene and TPH remain in soil

under building, no remediation recommended.

Analytical Soil: BTEX, TPH {methods + One soil sample at relurned benzene at 1,300 ppb
Data unknown) (cleanup level at 660 ppb)

« Three TPH at 396, 626, and 626 ppm {cleanup
level at 200 ppm) |

Bellevue Alfa Romeo, 11919 NE 8th Street (Hart Crowser, 1992}

1
Background |+ One building currently used for limited auto repair, but auto dealership occupied site
from the 1960s until 1992

. Solvents and cleaners stored in an enclosed storage shed at south end of building |
UsT -- + No USTs registered on-site, but 300 gal.

‘ aboveground waste oil tank ‘
Burger King, 11723 NE 8th Street (Ecology, 1985)

_Background « Formerly a Shell Service Station

usT 6,000 gal. reg. gasoline (1), + Soil contamination noted in all three geotechnical
550 gal. waste oil (2}, and foundation-related borings (Cascade
4,000 gal. prc_emium gasoline | Geotechnical, 1984).
(2) removed in 8/85 . No remediation actions noted in Ecology files.
Analytical -- . No soil or GW samples submitted for analysis.
Data '
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Table 2. (con’t.)

summary of Previous Invesilgations

Site Specific_information Comments 4]
Dollar Rent-A-Car, 11829 NE 8th Street {AGI 1989a, 19839D) J
Background . Formerly a Gull Service Station prior to the 1980s

« In 1988, the southern half of this ot (Lot 4) was used for thin-spread treatment of
contaminated soil from a site located at NE 4th and Bellevue Way
usT 550 gal. waste oil {1), 10,000 |- Approx. 920 cubic yards of soil {with gasoline,

gal. fuel (2), 6,000 gal. fuel diesel, waste oil and fuel oil) were removed.

{1), and 600 gal. fuel (1} . ; ; i D

fomoved in 8/89-9/89 g&rtlctj?rr::?ated soif remains under the Dollar

Analytical Soil: TPH (Meihod 8015- . TPH soil resuits ranged as high as 7,000 ppm
Data modified), BTEX (Method (cleanup level at 200 ppm)

8020) . Two samples of soil left in-place just west of the
building had TPH of 810 and 340 ppm {(cleanup
level at 200 ppm}

Monitoring | GW: TPH {Method 8015- + Three MWs installed in 3/89
Wells modified): BTEX (Method |, pmw-1, installed next to two gasoline anks, had
602) . TPH (diesel) up to 4,200 ppm (cleanup level at 200

ppb) in GW

lovels

concentrations

ppm), and benzene (1,600 ppb), ethyibenzene
(120 ppb), toluene (220 ppb), and xylene {486

« MW-2 also contained BTEX in GW above cleanup

« MW-3 did not have detectable BTEX
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Table 2. {con’t.}

Summary of Previous Investigations

Site

Specifle Information

. Corﬁments "

Eastside Renia

Is and Equipment, 11830 NE 8th Strest {Hart Crowser, 1990f, 1991, 1993)

Background

. Easiside Rental has ocoupied the site since the 1960s. The site is paved asphait.

usT

500 gal. gasoline (2) and 500
gal. diesel (1) were removed
"in 4-89, and 4,000 gal.
diesel {1) and 4,000 gal.
gasoline (1) were removed
in 3-90

2.000-5,000 gal. unleaded (1} UST currently
remains on-site

Free-phase hydrocarbons were observed in
excavation pit of 500 gal. gasoline and diesel USTs
Remediation aclivities were begun in 8/89 using
GW interceptor trench and an air stripper
Remediation activities for petroleum-contaminated
GW are on-going as of 6/93

Analylical
Data

Soil; BTEX (Method 602) and
TPH {Method 8015-
modified)

GW: BTEX {Method 602)

-

~ ppm) in the 4,000 gal. UST, excavation pit

_concentrations at 0.52 ppm, after several months

One benzene above cleanup standard (0.5 ppmy,
and the ethylene and xylene cleanup standard {20

Sample in 10/90 return slightly elevated

of remediation

Sampling in 12/92 returned levels of BTEX and
TPH below detection fimits

Biannual monitoring of groundwater is currently in-
progress, and sampling occurred on 6/16/93
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Table 2. (con't.)

summary of Previous Investigations

Slté Specific_Information ' Comments
Larry’s Market, 655 120 Avenue NE (Hart Crowser, 1989, 199043, 1990¢, 1990d, 19909}

Background | + Formerly the Bellevue Municipal Services Center until late 1980s

usT 3,000 gal. diesel (1), 4,000 + Four hydraulic pits and one oil/water separator were
gal. unteaded (1), 10,000 also removed in 12/89
gal. unleaded (1), 1'0.010 gal. | . Approx. 550 cubic yards of gasofine and oil
waste oil (1), and vehicle contaminated soil were excavated and disposed of
washwater holding tank (1) off-site

were removed in 12/89 . : . .
. 30 cubic yards of VOC containing soils were

excavated and disposed of off-site in Spring 1990

Analytical Soil; BTEX (Methods 8020 . BTEXin all excavations and stockpiles retumed
Data and 8240), TPH (Method levels below draft Ecology cleanup standards
418.1 and Method 8015- {8/88) [

modified), VOCs (Method |, TPH - in all excavations returned levels below draft

8240 and 8020), Exiraction ; .
Procedure Toxicity Metals Ecology cleanup standards {8/88)

(Method SW 846), PCBs . VOC in one excavation returned levels below draft
(Method 8080) ' Ecology cleanup standards

GW: VOCs and TPH (Method | * Extraction Procedure Toxicity Metals returned
8015-moditied) levels befow the detection limit in all excavations

except one: barium {0.023 ppmy)

. VOCs in surface soil in extreme SW corner
returned 67 ppm, these soiis were left in-place

. PCBs in surface soil in extreme SW comer returned
0.72 ppm, these solls were left in-place

. MW-8, installed in Spring 1990, showed benzene
at 21 ppb (cleanup level at 5 pph)

Lot 4 (southern half of Dollar Rent-A-Car), 11829 NE 8th Street (AGI 198%9a, 1989b;
Hart Crowser 1988) ‘

Background |+ in 1988, the southemn half of this lot (Lot 4) was used for thin-spread treatment of
contaminated soil from a site located at NE 4th and Bellevue Way

« The site Is currently a fenced parking lot
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Table 2. (con't)

Summary of Previous Investlgations

Site Specific Information Comments u
Texaco Station, 12001 NE 8th Street (Ecology, 1990)

Background |+ Site has been occupied by Texaco stalion since the 1970s
«» Currently consisis of food mart, car wash, and has several gas pumps

UsT 8,000 gal. unknown contents |+ Probable on-site USTs (9)

(3) removed 4/90 . Letter from King County Dept. of Public Health to

Possibly on-site: Cedar Hills Landfill, giving approvat for disposal of

5.000-10,000 gal. unleaded 100 cubic yards of soil from Texaco site (3/15/90)
{4), 5,000-10,000 gal . Groundwater Technology verbally notified Ecology
leaded (3), 5,000-10,000 of on-site release during USTs removal {4/10/90)
gal. diesei (1), 11,000- . Ecology questionnaire noting that Groundwater
20,000 gal. used oit (1), Technology should submit follow-up report
2,000-5,000 gal. heating (5/18/90)

fuel (1 :
() « No foliow-up repert filed with Ecology

Tiki Car Wash, 11909 NE 8th Street (Hart Crowser 1990b, 1990e; Enviros 1990; Kieinfelder
1990a, 1990b; Tracer 1990; AR 1990: ATl 1990a, 1990b; Willlamsen 1890)

Background |+ Operated as a gasoline station, with unleaded, premium unleaded, and diesel tanks
for at least 20 years

. Two covered pump istands are jocated at the approximate center of the site, and a
building on the east side of the property consists of a small office area, restroom,
and a drive-through car wash

USTs 15,000 gal. unleaded (1), . Tracer leak detection test conducted on four USTs;
10,000 gal. unleaded (1), no leak greater than 0.0025 gal/hiour was detected
8,000 gal. upleaded (1), and| (8/13/90)
6,000 gal. diesel . Kleinfelder installed three test pits on north side of

site to determine if utility corridors along NE 8th
Streat acted as conduits for contamination {10/90}

« Kleinfelder recommends installation of one MW 1o
check GW quality after 10/90 soll samples came out
srelatively clean”, with one test pit having a high

field PID reading
Analytical Soil; VOCs (Method « One soi! sample had 0.53 ppm benzene {cleanup
Data 8010/8020), TPH (Method levels of 0.5 ppm)
8015) « From five MWs {immediately adjacent to Tiki), three
GW: VOCs (Method 8010) samples returned detectable quantities of 1,2-

dichloroethane, with one quantity at 13 ppb
(cleanup level at 5.0 ppb) (9/90)

+ Sampling results from 1993 Enviros field activities
are summarized in Sections 4 and 5.
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5. SUMMARY OF ENVIROS’ FIELD
ACTIVITIES AND OBSERVATIONS

Enviros field work was conducted to evaluate the nature and extent of gasoline and solvent
contarnination in the soil above the perched water table, and in the groundwater in the perched
water table at the site.

Enviros followed our Corporate Quality Assurance Project Plan (QAPP) to provide scientifically
valid data that meet established objectives of known and acceptable quality defined by the
Environmental Protection Agency (EPA). Enviros’ standard operating procedures (SOPs)
specified in the QAPP were used for specific tasks to allow for the consistency and thoroughness

of sample collection and data- generation activities.

5.1 Soil Sampling

Soil samples were collected from 10 hand augered borings at locations selected by Ecology. Due
to immediate refusal, boring BH-9 was relocated approximately 8 feet south of the original
boring location. Each boring was augered to the top of the water table or until refusal. Boring
logs with lithology, PID readings, observations of odors or sheens and analytical results are
presented in Appendix A.

A summary of analytical results from soil sampling conducted in 1989, 1990, and this Interim
Action are presented in Figures 9 through 13, Samples with concentrations above MTCA
~ Method A cleanup levels for soil are presented in bold. Samples collected by Hart Crowser,

AGI, and Kieinfelder were analyzed for TPH using EPA Method 8015 Modified and for BTEX
and VOC using EPA Methods 8010/8020. Soil samples collected by Enviros were analyzed
using Method WTPH-G and BTEX using EPA Methods 5030/8020.

Soil sampling conducted by Hart Crowser in 1989 indicated gasoline and BTEX concentrations
in excess of MTCA Method A cleanup levels in areas south and southwest of the Tiki site. Soil
samples were collected in these areas in 1993, and had concentrations below MTCA Method A
cleanup levels. The only 1993 soil sample that had gasoline concentrations in excess of MTCA
Method A cleanup levels was boring BH-6 located in the northern portion of the site. Boring

BL-6 had a concentration of 140 ppm gasoline, Two borings, RH-6 and BH-7, had benzene
concentrations of 0.66 ppm and 0.74 ppm, respectively, in excess of the MTCA Method A
cleanup levels (0.5 ppmy). :

5.2 Groundwater Sampling

Groundwater samples were collected from 11 monitoring wells installed by Hart Crowser and
AGI in 1989 during investigations of adjacent properties. An additional monitoring well (MW-
1), located to the north of the Tiki site on Eastside Rental property, was to be sampled; however,
access to the well was not permitted. The as-built and boring logs for the monitoring wells
sampled are presented in Appendix B,

Groundwater sampling was performed after cach well was purged a minimum of three times the
volume of standing water in the well, or until purged dry. Samples were obtained after the pH,
temperature, and specific conductivity stabilized. The stabilized parameters measured prior to
sampling are summarized in T able 3,
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Table 3.

Temperature, pH, and Specific Conductance
Measured Prior to Sampling

Monitoring Temperature- pH Specific
Well (A Conductance
; : (uohms x 100}

MW-2 52.3 6.5 4.60
MW-3 57.0 8.0 . 3.42
MW-5 51.6 6.9 2.18
MW-8 513 - 6.0 3.23
MW-7 . 51.6 6.5 4.01
MW-20 54.7 6.3 5,23
MW-21 52.1 6.5 4.10
Mw-23 56.2 7.0 5.20
MW-29 : 52.3 6.5 7.72
MW-31 63.2 6.0 9.30
MW-33 56.1 6.0 7.3 |

Unfiltered samples were collected from each well with disposable polyethylene bailers. Samples
were stored in 40-mil glass jars with Teflon septas preserved with hydrochloric acid.

Petroleum product odors were noted in monitoring well MW-6, MW-29, and MW-2. A sheen
was noted in the purge water from MW-29. Floating product was not observed in any of the
sampled monitoring wells. During field activities it was observed that monitoring welils MW-6
and MW-7 had settled within the flush mount protective casing.

Six (MW-3, MW-6, MW-7, MW-21, MW-23, and IV_IW—31) of the ten monitoring wells were

bailed dry or were drawn down o 6 inches of water in the well¥ Recharge appeared stow (30
minutes to several hours) in all wells except MW-29.

A summary of analytical results from groundwater sampling conducted in 1989, 1990, and this
Interim Action are presented in Figures 14 through 19. Groundwater samples with
concentrations above MTCA Method A cleanup Jevels are presented in bold. Samples collected
by Hart Crowser and AGI were analyzed for TPH using EPA Method 8015, BTEX using EPA
Method 8020 or 8240, and volatile organic compounds (VOCs) using EPA Method 8010. All
groundwater samples collected by Enviros in May 1993 were analyzed for TPH using EPA
Method WTPH-G, and BTEX using EPA Method 5030/8020. In addition, three monitoring
wells were sampled and analyzed for halogenated VOCs using EPA Method 601.

Groundwater sampling conducted by Hart Crowser in 1989 and 1990 indicated gasoline
concentrations exceeding MTCA Method A cleanup levels in monitoring wells MW-2, MW-5,
MW-6, and MW-29 (Figure 14). Groundwater sampling in 1993 indicated lower gasoline
concentrations in MW-2, MW-5, and MW-6, with MW-5 gasoline concentrations below MTCA
Method A cleanup levels. The only 1993 groundwater sample that showed an increase in
gasoline conceniration was MW-29 with 140 ppm gasoline. '

In 1989 and 1990, four monitoring wells, MW-2, MW-5, MW-6, and MW-29 had benzenc
concentrations which exceeded MTCA Method A cleanup levels (Figure 15). In 1993, all of

these wells, except MW-29, showed a decrease 1n benzene concentrations. In addition, MW-7
increased from 1.0 ppb in 1990 to 7.3 ppb in 1993.
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In 1989 and 1990, three monitoring wells, MW-2, MW-6, and MW-29 had toluene
concentrations in excess of MTCA Method A cleanup levels (Figure 16). In 1993, all of these
wells, except MW-29, showed a decrease in toluene concentrations.

In 1989 and 1990, three monitoring wells, MW-2, MW-6, and MW-29 had ethylbenzene
concentrations in excess of MTCA Method A cleanup levels (Figure 17). In 1993, MW-6
showed a decrease in ethylbenzene concentrations, while MW-2 and MW-29 showed an

increase.

In 1989 and 1990, four monitoring wells, MW-2, MW-5, MW-6, and MW-29 had xylene
concentrations in excess of MTCA Method A cleanup levels (Figure 13). In 1993, all of these
wells, except MW-29, showed a decrease in xylene concentrations.

The only halogenated VOC that has been detected on the Tiki site is 1,2-dichloroethane (Figure
19). In the past, 1,2-dichloroethane had been analyzed in monitoring wells, MW-2, MW-3,
MW-5, MW-23, MW-31, and MW-33 and detected at concentrations greater than 1.0 ppb in
MW-3 and MW-5. In 1993, 1,2-dichloroethane was analyzed for in MW-5, MW-23, and MW-
29. Elevated levels of 1,2-dichloroethane were detected in MW-29 (800 ppb). MW-23 and
MW-5 both had values below the detection limit of 1.0 ppb.

In general, concentrations of gasoline and BTEX in groundwater have increased on-site in MW-
29 from 1990 to 1993 and decreased in off-site monitoring wells. In addition, 1,2-
dichloroethane has been detected at concentrations exceeding MTCA Method A cleanup levels on

the Tikd site.
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6. NATURE AND EXTENT OF CONTAMINATION

This section discusses nature and the possible sources of the gasoline and benzene found in the
soil, and of the gasoline, BTEX and 1,2-dichloroethane found in the groundwater on the Tiki
site. In addition, the vertical and lateral extent of these contaminants in the soil are discussed.
Finally, gasoline, BTEX, and 1,2 dichloroethane concentrations in groundwater are examined.

6.1 Nature of Contaminants

Based on recent and historical chemical analysis, the contaminants of concern in soil at the Tiki
site are gasoline and BTEX. The contaminants of concern in groundwater are gasoline, BTEX,
and 1,2-dichloroethane. The gasoline and BTEX are associated with both private and
commetcial fueling stations. ‘

The contaminant 1,2-dichloroethane is used as a vinyl chloride solvent; lead scavenger in anti-
knock gasoline; paint, varnish, and finish remover; metal degreaser; soaps and scouring
compound; or a wetting and penetrating agent, and is used in chemical synthesis and ore
floatation. The source of the 1,2-dichlorocthane on the Tiki site is not known.

6.2 Possible Sources

Based on historical and known soil and groundwater analytical results, several areas have been
identified as possible sources of the gasoline and BTEX. Some areas may have been possible
sources in the past that have been oliminated through tank removal and excavation of
contaminated soil, Other possible sources may have just recently developed (e.g., a theoretical
underground storage tank may have developed a leak in 1993). All the possible sources are areas
that have had, or continue to have, USTs containing petrolenm hydrocarbons or solvents. In
addition, utility corridors connect several potential sources and may act a conduits for
contamination migration.

Possible off-site sources include off-site leaking USTs that have been removed and petroleum
hydrocarbons contaminated soil that have been left in-place as described in Table 2. The off-site
USTs remaining in place range in age from approximately 2 to 19 years old (Ecology UST list,

1992). Based on historical data, it is not possible to determine which, if any, of these off-site
_sources may have contributed to the soil and groundwater contarnination at the Tiki site.

On-site possible sources include the four USTs located at the Tiki site. These USTs range in age
from approximately 14 to 21 years old. A leak detection test (able to detect leaks greater than
0.0025 gallon/hour) was conducted on the unleaded gasoline line in September 1988, and a tracer
tight test of the four USTs and lines was conducted in August 1990. No leaks were detected.
" Overfills of the USTs may have occurred in the past, prior to the installation of overfill protection
devices. It is not known whether these UST have been a source of contamination in the past or
are currently a source. : : :
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6.3 Soils and Vadose Zone

The extent of soil contamination at the Tiki site was evaluated by analyzing subsurface soil
samples collected during this investigation and by reviewing historical data. In the past, gasoline
concentrations above MTCA Method A cleanup levels were detected in soil south and southwest
of the Tiki site (Hart Crowser, 1990g). The vertical extent of the gasoline contamination was
approximately 1 to. 8 feet below ground surface, and appeared to be concentrated in the upper 4
feet. Concentrations from soil samples below 8 feet were below detection limits of 5 ppm. Soil
samples collected in these areas in 1993 were well below the MTCA Method A cleanup levels.
Recent soil samples from the Tiki UST area indicate the lateral extent of gasoline contamination is
limited to one soil sample collected at BH-6 (140 ppm), at a depth of 1.5 feet, from the northern
portion of the Tiki site. The vertical extent of the gasoline in this area is uncertain as the boring
met refusal at approximately 3 feet. Two soil borings, BH-6 and BH-7, located in the north and
northeast portion of the site, had benzene concentrations of 0.66 ppm and 0.74 ppm,
respectively, in excess of the MTCA Method A cleanup Jevel of 0.5 ppm (Figure 10). The
source for the gasoline and benzene contamnination in these locations is uncertain. '

6.4 Groundwater

The extent of groundwater contamination at the Tiki site was evaluaied by analyzing groundwater
samples collected during this investigation and by reviewing historical data. Groundwater
samples from monitoring wells on and adjacent to the site had been analyzed for gasoline,
BTEX, and 1,2-dichloroethane. Groundwater samples collected in 1990 indicated four
monitoring wells (MW-2, MW-5, MW-6, and MW-29) had concentrations of gasoline, benzene,
and xylene that exceeded MTCA Method A cleanup levels (Hart Crowser, 1990b). Three of
these four wells (MW-2, MW-6, and MW-29) also exceeded cleanup levels for toluene and
ethylbenzene. These wells are located in an apparent downgradient direction from the Tiki
USTs. Groundwater sampling in 1993 indicated that the lateral extent of groundwater
* contamination was reduced, as compared to the 1990 data. Monitoring well MW-5 was below
the detection limit for gasoline and BTEX. In general, the concentration of gasoline was also
reduced in all monitoring wells except MW-29. :

In the past, 1,2-dichloroethane had been analyzed in six monitoring wells, (MW-2, MW-3, MW-
5, MW-23, MW-31, and MW-33) and detected at concentrations greater than 1.0 ppb in MW-3
and MW-5. In 1993, 1,2-dichloroethane was analyzed for in MW-5, MW-23, and MW-29.
Elevated levels of 1,2-dichloroethane were detected in MW-29 (800 ppb). MW-23 and MW-5
had values below the detection limit of 1.0 ppb. _

The purpose of the interim action is to reduce the potential for contaminants migrating in the
groundwater from the Tiki site. The interim action is being implemented as a source control
measure for the most contaminated groundwater on-site, in order to limit releases off-site. This
interim action to contain the gasoline and BTEX in the groundwater was warranted based on the
increase in gasoline and BTEX concentrations in MW-29. Although the source of the
contaminants is uncertain, the interim actions were chosen based on the threat of contaminated
groundwater migrating off-site. Because the final cleanup action plan is not presently known, the
interim action shall not foreclose reasonable alternatives for the cleanup action (WAC 173-340-
430-2b ii). This interim action shall be followed by additional remedial actions unless
compliance with cleanup standards has been confirmed at the site (WAC 173-340-430-3b).

Tables 4and 5 provide a summary of the available analytical data concerning the soil on the Tiki

' site and the surrounding properties. Tables 6 and 7 provide a summary of the available analytical
data concerning the groundwater on the Tiki site and the surrounding properties.
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Table 4.

Soil Sample Results: Total Petroleum Hydrocarbons
and 1,2-Dichloroethane

lConsultant  {Property  |Sample Depth Sample Method 8010 Mothod 8015 or | Method 418.1
' Number {feet) Date 1,2-Dichloroethand 8015 Modified
mg/kg mgkg mg/kg
Kleinfelder  |Tiki TP-1 75 10/24/90 - 50(b) -
(AT 1990b) |Tiki Te-1 2.7 10724190 - - -
Tiki TP-1 5.5 1024190 <0050 11{b) -
Tiki TP-1 2 10724190 - - -
Tiki TP-2 7 10124790 <0.010 <5(h} -
Tiki TP-2 9.5 10/24/90 - - -
Thki TP-3 7 10/24/90 <0.010 <5(b} -
Hart Crowser jLot 4 MW-5-3 759 5/16/9C - 550(c) -
(1990} Lot 4 MW-5-3 759 5/10/90 - 1300(b} -
Lot 4 MW-6-3 7.5-9 5/16/80 - <25{(c}) -
Lotd Mw-7-2 75-9 5716/90 -~ «25{c) -
Hart Crowser Lot 4 B2-82 5-6.5 4714190 - 1500(d} -
(1990¢} Lotd B2-54 10-11.5 7/3/90* -- <25U(d) -
Unknown |MW-12-S3 7.5-8 7/3190" - <25{d} -
Tiki 817-81 25-4 7/3190* - §60(d) -
Larry's Mkt [MW-20-53 7.5-9 713/80° - 256{d} .-
Lany's Mkt |B22-52 2.5-4 7/3/90° - 150(d) -
Larry's Mkt {823 82 25-4 6/11/90° — <25(d) --
AGH Doliar AGI B-1/MW-1 75 a/1/89 - 4200 (diesel}{b) -
(1989a) Dollar AGI B-2/MW-2 75 3/13/89 - ND(b) -
Dollar AGI B-3/MW-3 5 3/13/8% - ND(b} --
Hart Growser jLarry’s Mkt jTP-1 S-1 1t04 9/13/90 - 35(b} -
(1990g) Larry's Mkt {TP-1S-2 4t08 9/12/90 - 190(b) -
Larry's Mkt jTP-15-3 Bloi2 9113190 . <5({b) -
Larry's Mkt TP-28-1 103 9/13/90 -- A80(b} -
Larry's Mkt [TP-2 -2 a7 9/13/90 - 100(b) -
Larry's Mkt {TP-25-3 7io 12 9/13/90 - <5(b) -
Larry's Mkt {MW-20 5-3 75109 6/4/90 - <26{b} -
Lamy's Mkt {B-22 S-2 25104 64190 - - 150(b) -
Lany's Mkt [MW-23 S-2 2504 6/4/90 — <25(b) -
L]
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Table 4. (continued)
Soil Sample Results: Total Petroleum Hydrocarbons
and 1,2-Dichloroethane

Consultant  |Property  [Sample Depth Sample Method 8010 | Method 8015 or Method 418.1
Number (foel} Date 1,2-Dichlorosthand 8015 Modified
mg/kg mg/kg - mg/kg
IAG! Dollar 823-1 tank backfilf | 8/23/89 - 810(b) -
(1989b) Doltar 823-2 composite | 8/23/89 - 1500(b) -
Dollar 828-1 Unknown 8/28/89 - . 8900(b) -
Dollar 828-1 {Dup) Unknown 8128/89 - 9300{b} -
Dollar 901-1 . ' Unknown 9/1/89 - 810 (dlesel}(b) -
Dollar 901-2 Unknown 9/1/89 - ) 340 (dlesel)(b) -
Dallar 901-3 Unknown 9/1/89 -- <1.0{b} -
Doliar 824-1 Unknown 8/24/88 - <10(b) -
Dollar 825-3 Unknown 8/25/89 - A2(b) -
Dollar 828-3 13 8/26/89 - 1(b) -
Doltar §28-1 Unknown 8/29/89 - 3{b) -
Dollar 831-1 Unknown 8/31/89 .- <1.0{b} --
GeoTech Bakkers  |3A West wall 55 6.0 ‘ 8/89 - - 229
(1989) Bakkers  |4A North wall 7.5-8.0 8/89 - - 5886
Bakkers 54 South wall 8.5-90 8/89 - = 18.1
Bakkers 8A Floor 12.5-13.0 8/89 <0.001 - © B84
Bakkers 7AEastwall = |75-8.0 8/88 - - 22.3
Bakkers 1B East wall 6.5-7.0 8/89 - - 58.4
Bakkers 28 North wall ctr  [8.5-9.0 8/89 - - 278
Bakkers 38 West wall 6.5-7.0 8189 C - - 14.3
Bakkers |4BFloor . [105-11.0 8/89 - - 21
Bakkers 5B N, wall, W. sec{4.5-5.0 8/88 -- - 5
Enviros Tiki BH-1 3-3.25 56193 - 4.1(8) - ' -
(1993} Larry's Mkt |BH-2 1.75-2 5/6/93 - <1.0{8) -
Tiki BH-3 1-1.25 5i6/93 - <1.0{(e) -
Tikl BH-4 2.753.0 5/6/93 -- <1.0{e} ——
Tiki BH-5 1.25-1.5 5/6/93 - 47{e) -
Tiki BH-6 1.25-1.5 5/6/93 - . 140(e) .
Dollar BH-7 2-2.25 5/6/93 - 9.3(e}
Tiki BH-8 25275 5/6/93 - <1.0(e) -
Tiki BH-9 25-2.75 516193 -~ 90(e} -
Lot4 BH-10 75-1 " 5/6/93 - <1.0{e} -
MTGCA Method A Cleanup Levels in Soils: Not Spaclfled TPH-gascllne 100 ppm
TPH-dlesel 200 ppm

a - Concentrations are for gasoline-range hydrocarbons unless noted otherwise

b - Samples analyzed using EPA Methad 8015 Modified

¢ - Samples analyzed using screening analysis performed for Fuel Concentration Estimates
d - Samples analyzed using EPA Method 8015

@ - Samples analyzed using Method WTPH-gasoline (WTPH-G)

+ . Date sample collected s not known. Date of report with analytical rosults Is shown,

-- - Not analyzed
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Table 5.
Soil Sample Results: BETX

BETX
Consultant  |Property Sample Depth Sample benzene elhylbenzene toluene total xylenes
Number {fest) Date mg/kg mglkg mg/kg mgrkg
Klelnfelder [T TP-1 75 10/24790 - - - L -
(AT 1990b) (Tiki TP-1 27 10724190 - - - -
Tiki TP-1 55 10124700  6.53(a) 0.58(a) 0.2(a) 4.1(a)
Tiki TP-1 2 10724190 - - - -
Tiki TP-2 7 10/24/00] <0.025(a) <0.025(a) <0.025(a) <0.025(a)
Tiki TP-2 “les 10/24/90 - - T -
Tiki TP-3 7 10/24790|  0.047(a) <0.025(a) <0.025{a) | <0.025(a)
Hart Crowser Lot 4 MW-5-3 759 5116/90]  9.2(b) 35(b) 69(b) 160(b)
(1990 b} Lot 4 MW-5-3 7.5-9 6/10/90 2.3(c) 44{c}) 60{c) 280(c)
Lot 4 MW-6-3 7.5-9 5/16/00] 0.001(b) 0.001(b} 1.003(b} 0.011(b)
Lot 4 MW-7-2 7.5-¢ 5/16/90} <0.001{b} <0.001(b) 0.005(b} 0.008{b}
Hart Crowser |Alfa Romeo  {B31-51 254 6r26/00] <0.057U(s) | <0.057Y(¢) <0.057U{c) | <0.110U(¢}
(ARI 1090b) |Tiki B30-82 5106.5 5/26/00] <0.440U(¢c) | - <0.440U{c) <0.440Uc) | <0.880U(c)
Tiki B29-53 5% 8.5 6126/90] <2.3U(c} 32(c) 40(c) 210(c)
Alfa Romeo  |B33-81 2504 6126/90] <0.058U(¢) <0.058U(c) <0.058U(c) | <0.120U(¢)
Hart Crowser |Lot 4 B2.52 56.5 414/90]  <0.230(c) 12(c) 8.6{(c) 80(c)
(1990¢) Lot4 B2-S4 10-11.5 713180*  <0.290(c) <0.380(¢) <0.200{c) 0.91(c}
Unknown MW-12-S3 7.5-9 713/00°F  <0.056(c) 0.036{d)(c} 0.033(d){c) 0.34{¢)
ATk B17-51 25-4 7/390°|  0.043(c) 15(¢) 7.6{¢c) 110{c)
Larry's Mkt {MW-20-83 7.5-8 7131904  <0.056(c} <0.056(c) <0.056{c) 0.17(c}
Larry’s Mkt [B22.52 2.5-4 713/00*]  <0.066(¢) 0.37{c) 0.31{c) 2.7{c)
Lamy's Mkt |B23 52 2.5-4 6/11/90"] <0.057(¢c} <0.057{c} <0.057(c) 0.028(c}
AGH Dollar AGIB-1IMW-1 |75 3/1/89 - - - -
(1989a) Bollar AGlB-2iMW-2 375 3/13/89 ND(e) ND{eY ND({e} ND{e)
Dollar AGIB-3/MW3 |6 3/13/89 ND(e} ND{e} ND{e) ND{e}
Hart Crowser |Unknown Bis2 Unknown | 4/13/90] 0.067U({c) 0.067U{c} 0.067U(e) 0.130U(c)
(AR] 1990a) [Unknown 8154 Unknown | 4713/90] 0.086U(c) <0.056(c} <0.056{c) 0.110U{c)
Nickers Rast. |B3St Unknown | 4714/90) 0.160U{c) 0.160U{c} 0.160U(c) 9.320U(c)
Nickers Rest. |B4S1 Unknown 4114/90] 0.140U(c) 0.140U{c) 0.140L{c) 0.290U{c}
art Crowser |Larry's Mkt [TP-1 S-1 1to4 9/13/901  0.064 (i} 0.065(f) <0.025(f) 0.47(f)
(1990¢) Larty's Mkt {TP-18-2 4to 8 9/13/90 0.1{ 0.19(f) <0.025(f) 1.4{f}
' Lamy's Mkt }|TP-18-3 810 12 9+13/90 0.29(f) <0,025(f) 0.041(f) 0.044(f)
Larry's Mkt |TP-2 8-1 1103 9/13/90|  0.097{1) 7.2(H 3.5(f) 56(f)
Lafry’s Mkt {TP-28-2 3to7 9113190  0.036(f) 0.37{f) 0.07(f) - 3.8(H
Lamy's Mkt |TP-28-3 7o 12 9/13/90 0.13{h) - <0,025(f) 0.033(f) 0.04{1)
Larry's Mkt [MW-20 s3 7519 6/4/90]  <0.056(f) <0.056(f) <0.056{(f} 0.17(f}
Lamy's Mkt |B-22 5-2 25t04 614190 <0.056(f) 0.37{f) 0.31(f) 2.7{h
Lamy's Mkt [MW-23 8-2 25104 514190}  <0.061{f) <0.061{f) <0.061{h 0.025(f)
[ ]
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Table 5. (Continued)
Soil Sample Results: BETX

E1/930415

Consultant  |Property Sample Depth Sample BETX
Number {fest) Date benzene ethylbanzene {oluene total xylenes
: mg/kg mg/kg mg/kg mg/kg

Landau Avis S 1 W. wall 6,000 {5 yysel  0.41(g) <0.05(g) 0.35(g) 1(g)

(1989) Avis $2CHFir5,000 |8 asi/8g|  0.18(g) 0.29(g} 2.24(g) 1.9(g)
Avis S 3 Cir FIr 5,000 |7 a0 0.33(g) 0,021{g) ¢.29(g} 0.126{g)
Avis S-1 East wall 7 3109l <0.1(g) <0.1{g) <0.1(g) <0.1{g)
Avis $-2 West wall 7 sio/88|  <0.1{g) <0.1(g) 2(g) <0.1(g)
Avis S1 CYr Floor 560 |8 3/28/89 - = - -
Avis S2 Backfii 500 |Compositej 3/28/89 0.055(g) _ 0.125(g} <0.015(qg} 0.73(g)
Avis 53 Eastwall 500 |65 3/28/89 - - - -
Avis S4 North wall 50016 3/28/89 1.3{g) 3.2(g) 0.98(g) 15(g)

Enviros. Tiki BH-1 3-3.25 516193} <0.050(h) 0.21(h) <0.050(h) 0.55(h)

(1993) Lamy's Mkt |BH-2 1.75-2 5/6/93]  <0.050(h) <0.050{h) <0.050(h) <0.10{h}
Tiki BH-3 1-1.25 5/6/93]  <0.050(h) <0.050(h) <0.050(h) <0.10{f)
Tiki BH-4 2.75-3.0 5/6/03] <0.050(h) <0,050{h} <0.050(h} <0.10(h)
Tik BH-5 1.25-1.5 5/8/93 0.4¢h} 0.84(h} 0.11{h) 7(h)
Tiki BH-6 1.26-1.5 5/6/03|  0.66(h) 1.8(h) 0.26(h) 1a¢h)
Doltar BH-7 2-2.25 5/6/93]  0.74(h) <0.050(h) <0.050{h) 0.78(h)
Tiki BH-8 25-2.75 5/6/03]  <0.050(h) <0.050(h) <0.050(h) <0.10(h}
Tiki BH-9 25-2.75 5/6/93]  <0.050(h) 0.44{h) 028(h) | 2.4
Lot 4 B8H-10 75-1 5/6/93] <0.050(h) <0,050(h} <0.050(h) <0.10(h)

MTCA Mothod A Cleanup Levels In Soll: " 5ppm 20 ppm 40 ppm 20 ppm

a - Samples analyzed using EPA Method 8010/8020.

b - Samples analyzed using & screening analysis performed for aromatic hydrocarbons.

¢ - Samples analyzed using EPA Method 602/8020.

d - Concentration estimated by analyst; Concantration below analytical detectlon limit.

e - Samples analyzed using EPA Method 8020..

{ - Samples analyzed using EPA Method 8040 aor 8020,

g - Samples analyzed for BETX:; Mathod not stated in report.

h - Samples analyzed using EPA Methed 5030/8020.

* . Date sample collected is not known. Date of repart with analytical results is shown.

- - Not analyzed.

ND - Not detected at unknown detection limit.

.
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: Table 6.
Groundwater Sample Results: Total Petroleum Hydrocarbons and 1,2-Dichloroethane

: Metiod 8016 | Method 8015 Fuel Cong. Est.
Monitoring |Sample |1.,2- Dichloroethane| Moditied WTPH-G ‘Gasoling
Consuftant  {Property  {Well Date ugiL mg/L - ugll mg/kg
Kleinfolder | TiKI AGI MW-3 19/18/90 1 -- .- -
MW-33 9/18/90 0.3 - - -~
MW-31 9/18/90 <0.2 -- -- --
MW-5 9/18/90 - 13 - -- --
MW-2 9/18/90 <200 -- - --
Hart Crowser jLot 4 Mw-2 5/16/30 - : - -- 40
- MW-5 5/16/90 - - - 1.2
MW-6 5/16/90 - - - 55
MW-7 5/16/90 -- -~ - <5.0
Hart Crowser | Tiki MW-29 6/27/90 - 30 - -
Tiki MW-29 Dupl7/3/80* : -- 3 -~ --
Alfa Romeo |MW-31 6/27/90 - <10 - -
Alfa Romea |[MW-33 6/27/90 -- <10 -- -
Harl Crowseritot 4 Mw-12 7/3/90* - <10 - --
Larry's Mkt MW-20 7/3/90* -- <10 -- --
Larry's Mkt [MW-21 7/3/90* = <10 -- =
' Larry's Mkt [MW-23 7/3/90" <10 - --
Hart Crowser [Larry's Mkt |MW-20 6/4/90 - <10 - -
Larry's Mkt {MW-20 8/13/90 - <1 -
Larry's Mki {MW-23 6/4/90 - <10 - -
Larry's Mid IMW-23 ©/13/90 - ‘ <1 - -
Enviros Lot 4 MW-2 5/3/93 - - 6,900 -
Lot4 MW-5 5/3/93 <1.0 -~ <50 -
fotd - |[MW-§ 5/3/93 -- -~ 29,000 -
Lot 4 MW-7 5/3/93 -- -- <50 -
Larry's Mkt [MW-20 5/4/93 - . <50 -
Larry's Mkt '[Mw-21 5/3/93 - - <50 -
Larry's Mkt |MW-23 5/4/93 <1.0 i - <50 -
Tikl MW-29 5/3/93 800 - 140,000
Alfa Romeo {MW-31 5/3/93 - : -- <50 -
Alfa Romeo [MW-33 5/3/93 ua - <50 --
Dallar AGI MW-3 |5/12/93 -- -~ <50 --
MTGA Melhod A Cleanup Levels in Groundwater: 5.0 ppb 1.0 ppm | 1000 ppb 1.0 ppm
v~ Date sample collected not known. Date of report with analytical rasufts is shown.

-- - Not analyzed.
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Table 7.
‘Groundwater Sample Results: BETX

: BETX
Consultant  |Property Monitoring |Sample benzene | ethylbenzene toluens xylenes
Well Date ug/L ug/L ugiL ugl/l.

Hart Crowser [ Tiki MWwW-29 6/27/30 | 17,000 (a) 1,500 (a) 14,000 {a) '8,600 {a)

{ARI 1990b) |Tiki MW-28 Dup|7/3/90” 18,000 (a) 1,600 (2) | 15,000 (a) 9,100(a)
Alfa Romeo MW-31 8/27/90 | <1.0{a) <1.0 (a) <1.0 (a) <2.0 (3)
Alfa Romeo MW-33 . 6/27/90 <1.0 (&) <1.0 {a) <1.0 {a) <2.0 {a)

Hart Crowser Lot 4 MW-12 7/3/90" <1.0{3) <1.0(a) <1.0(2) <2.0(a)

{1990c) Larry's Mkt MW-20 7/3/90* <1.0 {a) <1.0 (&) . <1.0{a) <2.0(a)
Larry's Mkt Mw-21 7/3/90" <1.0(a) <1.0(a) <1.0 (a) <2.0 {a)
t.arry's Mkt MW-23 7/3/80" <1.0 {a) <1.0{a) <1.0{a) <2.0 (a)

AGH Dollar AGIMW-1 [3/6/89 1600 (b) 120 (b) 220 (b) 486 (b)

{1989a) Dollar AGI MW-2 13/6/89 780 (b} 23 {b) 1.8 (b} 67.1 (D)
Dollar AGI MW-3_|3/6/89 <0.5 (b} <0.5 {b) <0.5 (b) <0.5 (b}

Hart Crowser [Larry's Mkt MW-20 6/4/90 <1.0 (a) <1.0 (a) <1.0 (a) <2.0 (a)

(1990g) Larry's Mkt MW-20 9/13/90 <0.5 {a) <0.5 (@) 0.5 (q) <0.5 (a)
Larry's Mkt MW-23 6/4/90 <1.0 (a) <1.0 (&) <1.0 {a} <2.0 (a)
Larry's Mkt MW-23 9/13/90 «<0.5 (8) <0.5 (a) <0.5 {a) <0.5 (a)

Hart Crowser |[Lot4 MW-2 5/16/90 4500(c) 2700(c) 9600(c) 12000(c)

(1990b) Lot 4 MW-5 5/16/90 160(c) <1.0(c) 7.0{c) 400({c)
Lot 4 MW-6 5/16/90 | 24000(c) 3200(c) 25000(c) 20000(c)
Lot 4 MW-7 5/16/30 1.0{c) «<1.0(C} 2.9{c) 12{c)

Har Crowser |Eastside Rental {MW-2 5/10/89 7,418 (d) - - -

(1991) Eastside Rental {MW-2 10/11/90 520(d) - - -

Enviros Lot 4 MW-2 5/3/93 32(e) 220(e) 61{e) 590(e)

{1993) Lot 4 MW-5 5/3/98 <0.50{e) <0.50(e) <0.50(e) <1.0 {9)
Lot 4 MW-8 5/3/93 5,100(e) 710(8) 5,400(e} 4,200(e)
Lot4 Mw-7 5/3/93 7.3(e) 0.71(8) 7.7(e) 5.1{e)
Larry's Mkt MW-20 5/4/93 <0.50(e) <0.50{e) <0.50(e) <1.0 (o)
Larry's Mkt MW-21 5/3/93 <0.50(e) <0.50{s) - <0.50(s) <1.0{e)
Larry's Mkt MW-23 5/4/93 <0.50(8) <0.50(e) <0.50({e) <1.0 ()
Tiki MW-29 5/3/93, 29,000(e) 2,800(g} 30,000(e) 17,000(e)
Alfa Rameo MW-31 5/3/93 <0.50(e) <0.50({e) <0.50(e) <1.0 {8)
Alfa Romeo MW-33 5/3/93 <0,50(e) <0.50{e} <0.50{e) <1.0 (e)
Dollar AGI MW-3 {5/12/93 <0.50{e) <0.50{e} <0.50(g) <i.0{e)

. a- Samples analyzed using EPA Method 602/8020 BTEX by GC-PID.

b - Samples analyzed using EPA Method 602. _

¢ - Samples analyzed using screening analysis performed for aromatic hydrocarbons,

d - Samples analyzed for benzens; Mathod not stated in report.

e - Samples analyzed using EPA Method 5030/8020

* _ Date sample collected is not known, Date of raport with anlytical results is shown.

-- - Not analyzed.

E1/930415 24

envirose



7. CONCEPTUAL DESIGN

7.1 - Objective

The objective of this Interim Action is to design and implement a treatment system to contain and
treat gasoline-range petroleum hydrocarbons in the shallow aquifer immediately west and south
of the UST and dispenser areas. It is likely that 1,2-dichloroethane is also present in the

groundwatet; however, the designed system is not specifically intended to target this compound.

7.2 Screening of Alternatives

A broad formal initial screening of technologies was not performed for this report, due to the
interim nature of the project. However, the treatment technologies for groundwater
contamination that were considered and discussed with Ecology officials included air-stripping
(pump and treat), vapor extraction with air sparging, bioremediation, and no action with
groundwater monitoring. Based upon analytical results from the shallow aquifer, vapor
extraction combined with air sparging was recommended as the preferred system for this Interim
Action.

Existing contaminated groundwater is a potential long-term source of hazardous vapors and
dissolved VOCs that may migrate off-site. Vapor extraction alone would not be an optimal
remediation technique to address this type of contamination.

Enviros proposes to implement air sparging technology 10 address the removal of gasoline range
compounds from below the groundwater surface. This technology, combined with vapor
extraction, was selected to provide an expedient and cost-effective means of removing vocC
sources from saturated zone soils and dissolved VOC in groundwater. This technology does not
require the removal, treatment, of disposal of groundwater. FEnviros believes that this is the most
effective combination of currently feasible technologies to usc at this site. This technology may

also be used to address final cleanup of the entire site following this Interim Action.

Vapor extraction/air sparging systems can be implemented either through a series of vertical wells
spaced closely together, or through horizontal wells. Vertical well systems are generally most
effective ion homogeneous soil conditions, or in areas where groundwater is at a significant
depth. Due to the heterogeneity of the shallow soils and a shatlow water table at the Tiki site, a
horizontal well system was determined to be the most appropriate.

7.3 General Design Description

The conceptual design consists of a horizontal air sparging line located below the water table and
one horizontal vapor extraction line located above the air sparging line in the same vertical plane
along the western property line of the site and immediately south of the UST area. The air
sparge line will be placed approximately 3 10 9 feet below ground surface (BGS) at a location that
has historically been saturated by groundwater. The upper vapor extraction line will be placed at
3 feet BGS, above the highest recorded groundwater elevation. Figures 20 and 21 show a plan
and cross-sectional view of the conceptual design.

Contaminated soil excavated during the trench construction will be placed above the vapor
extraction lateral and beneath the paved surface. During treatment, vapors will be extracted from
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this zone, thereby reducing the concentrations of gasoline hydrocarbons in the sojl without costly
off-site disposal. An air supply line will be placed immediately beneath the impermeable HDPE

geotextile to prevent stagnant air flow areas in this zone.

The purpose of the in situ air sparging system is to inject hydrocarbon-free air into the saturated
zone below the area of contamination. Contaminants dissolved in the groundwater and sorbed
onto soil particles will partition into the advective air phase, effectively simulating an in situ air
stripping system. .The stripped contamninants are transported in the gas phase to the unsaturated
vadose zone, and then collected and removed by the vapor extraction system (VES).

The extracted soil vapors will be treated through a hydrocarbon recovery unit prior to discharge
to the atmosphere. - .
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8. PILOT TESTING

8.1 Overview

Installation of an air sparging/soil vapor extraction system requires proper design of the separate
components, as well as balancing of the components. There arc many factors to consider in
designing such a system, including a determination of the radius of influence (ROI) of the
yacuum exiraction system. This can be calculated if sufficient information is available regarding

the site. However, prior to considering a system operational, pilot testing shoutd be conducted to
verify actual field conditions.

Field testing consisted of a vacuum extraction ROI test. The second test will be conducted by
Enviros following the installation of the piping system. The design of a portion of the air sparge/
vapor extraction system is based upon theoretical calculations as presented in Section 8. Since
the air sparging lateral will be discharging a bubble stream into an engineered coarse-grained .
medium within a 2.0- foot trench, no constraints on the width of influence are expected. Hence,

no sparge test is proposed.

8.2 Vapor Extraction Pilot Test
8.2.1 General Description of Test

On June 16, 1993, a soil vapor extraction test was conducted by Enviros at the Tiki site. The
purpose of the testing was o better determine actual site conditions affecting the design of the
yapor extraction system. Glacier Environmental Services, Inc. (Glacier) was a subcontractor to
Enviros, and provided the equipment and set-up of the test apparatus. M. Jason Olsson, of
Enviros, was present to observe set-up, monitor the test, and collect test data.

The soil vapor extraction testing was performed by attaching a blower to the extraction well
(MW-29) and running two discrete tests at an approximate vacuum setting of 10 inches of water.

MW-29 was used as the extraction well for the testing because it is the only existing monitoring
well specifically located in the area of the proposed treatment system with a screen length above
the water table. During the test, vacuum pressures were noted at two nearby temporary
piezometer points. VOC concentrations and vacuum pressure were measured at the extraction
well. Due to the insensitivity of the flow meter, precise measurements of the low flow rate (less
than 5 cubic feet per minute [CEM]) were not obtained. The blower ran until approximately one-
half hour after stabilization of the subsurface vacuum pressures occurred, and then the blower
was shut down due to flooding of the well screen.  Vacuum pressure recovery measurements

were recorded at the observation jocations following blower shut-down, until the gauge pressure
at the observation locations had again stabilized.

8.2.2 Equipment

An EG&G Rotron DR 404 blower was connected to monitoring well MW-29 for the testing.
This set-up included a cap at the wellhead to which an electronic water level probe and
Magnehelic pressure gauge were attached. Also attached to the well cap was tubing connected to
the blower. An orifice plate air flow gauge and particulate filter were in the tubing line prior to

the blower. The blower exhaust continued through tubing and was released approximately 4 feet
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above ground. The probe of a PID was inerted into the exhaust tubing during the testing to
monitor the organic vapor emissions. Figure 22 shows a schematic of the test set-up.

Two observational locations were selected for monitoring the subsurface vacuum pressures.
These Jocations were temporary piezometer locations E-1 and E-2. Ateach location a Magnehelic
Gauge capable of detecting a gauge pressure differential of 0.01 inches of water was securely
attached to the well head. Piezometer locations E-1 and E-2 were installed at radial distances of
approximately 5 and 10 feet west-northwest from MW-29, respectively. ‘

The water level of the upper aquifer was also measured at MW-29 with an electric water level
probe prior to conducting the pilot tests. The water level was recorded at 4.0 feet BGS.

8.2.3 Results of Testing

The testing showed that the soil vapor extraction from MW-29 had a measured effect upon gauge
pressures at E-1 and E-2. The measured gauge pressure readings for E-1 and E-2 are presented
in Table 8. The flow rate (< 5 standard cubic feet per minute [S CFM]) was not measured due to
the insensitivity of the monometer gauges.
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Table 8.

Measured Gauge Pressure Readings
Durlng Extraction Testing (Inches of water)

Elapsed induced Vacuum Vapor Temporary Piezometer Vacuums
Time on MW-29 Concentration {in inches of water)
(minutes) | (ininches of water) { in ppmv) E-1 E-2

0.0 10 7 0 0
[ 0.5 10 a8 0 0

1 10 110 0 0.050

1.5 10 125 0 0.060

2 10 136 0 0.080

3 10 165 0.010 ~0.090

4 10 210 0.030 0.100

6 10 . 218 0.030 0.120

8 10 230 | 0.030 0.130

10 , 10 248 | 0.030 0.130

12 10 250 0.050 0.130

- 17 10 250 0.040 0.135

22 10 - 250 : 0.040 0.135 l
27 10 245 0.040 0.140 (

32 10 238-244 0,040 0.140

37 20 215 0.060 0.210

42 - 20 195 0.055 0.250

47 - 20 210 0.055 0.250

_ 52" 20 200 0.050 . 0.255

* Note: vapar extraction test was terminated dus to floading of screen

These results indicate that steady state conditions with respect t0 vacuum pressures at E-1 and E-
2 equilibrate within 4 to 8 minutes. However, a distinct variability in the pressure distribution
between E-1 and E-2 was observed. This variability is probably due to the heterogeneous
distribution of soil types in the unsaturated zone. E-1 was located in an area underlain by clayey
soil, based upon Enviros hand-auger exploration. ,

$.2.4 Air Permeability

The permeability of a soil is a measure of the capacity of the soil to transmit a fluid, independent
of the type of fluid. The air conductivity is a measure of the rate at which air flow is likely to

occur in the soil,

Determination from Vapor Extraction Test Data

The air permeability for the subsurface soil in the vicinity of MW-29 was calculated using the test
data and the following equation (Johnson, 1990):
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k=

(Equation 8.1)
where: .

k = soil permeability to air flow (cm?)

T = radial distance from the extraction well (cm)  =152cm (E-1) or 305cm (E-2)

g = air-filled void fraction (unitless) ' = (.35 (assumed) -

| = air viscosity = (0.018 centipoise

A = slope factor (unitless) 72 (B-1) or 98 (E-2)

B = intercept 340 (B-1) or -287 (E-2)

P Atm = ambient atmospheric pressure = 1.013x100 g/cm-se:c2

B
2 & 1 exp (0.5772 +( ;}
_4 PAtm

|

From this equation and the pressure data for E-1 and E-2, the soil permeabilities were calculated
to be in a range from 0.6 to 14.0x 10-8 cm? (0.6 to 14.0 darcies), in the range of & clay or silt to
4 clean sand, respectively (Raudkivi and Callander, 1976). These values are considered
reasonable based upon the lithologic logs (Hart Crowser, 1990) for soil borings related to MW-
29. : : '

2.2.5 Radius of Influence (ROD) of Yapor Extraction Well
The ROl is the horizontal distance at which the vacuum pressure drawdown would be negligible

(i.c., atmospheric pressure). The equation for the ROI presented below is a modification of
equations for air permeability developed by Johnson (1990).

aror-ni- (o122 -G 3 (-5

(Equation 8.2)
where: ‘
ROI = radius of influence (feet) '
Rpw = radius of the extraction well (feet) = (0.083
Row = distance from the extraction well to the
observation well (feet) =5 (E-1) or 10(E-2)

Patm = atmospheric pressure (inches of water)
Ppw = vacuum pressure observed in the ‘
extraction well (inches of water) =0.040 (B-1) or 0.140 (E-2)

Pow = vacuum pressure ‘observed in the ‘
observation well (inches of water) =100

The atmospheric pressure measurement during the time of the extraction testing, as observed by
the National Weather Service at Seatac Airport, was 30.09 inches of Hg (12:00 noon, June 16.
1993). Using the data from Table 4, the ROY was estimated to be between 5 feet at E-1and 11
foot at E-2. These values are ideal values and are based upon homogeneous and isotropic
conditions between the extraction well and the observation piezometer. These conditions are
typically not likely to occur over large areas. The vacuum differences between E-1 and E-2 are
likely indications of differing soil lithologies at each piezometer location.

8.2.6 Vapor Concentrations

The concentrations of the extracted vapors from MW-29, presented in Table 8, were recorded
from the photoionization detector (PID) immediately following discharge from the blower. Itis
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important that air permeability testing be conducted Jong enough to exiract at least one pore
volume of vapor from the affected soil zone. This ensures that all vapors existing in the
formation prior to venting are removed. The vapor concentrations at the start of the test are
representative of the equilibrium vapor concentration, while the concentration measured after one
pore volume has been extracted gives an indication of realistic removal rates (Johnson, 1990).
The size of one pore volume is calculated by (Johnson, 1990):

Vp =2 a€i TH(ROI)2H (Equation 8.4)
where: '
Vp = pore volume (cubic feet)

£ = air-filled void fraction of less permeable soil =0.35
£, = air-filled void fraction of more permeable soil = 0.30
ROI; = Radius of Influence based on E-1 =5 feet
RO, = Radius of Influence based on E-2 =10 feet
H = Vadose zone thickness =40 feet

a = area fraction (in this case, assume 0.5)

Based upon the measured data and assuming the calculated permeabilities are representative of
half the volume within the RO, the estimated pore volume that was affected by the test was
approximately 200 cubic feet. If the vapor extraction flow rate was assumed to be 3 to 4 standard
cubic feet per minute (SCEM), it would take approximately 60 minutes to exiract one pore

volume. Due to flooding of the well screen, the duration of the testing was terminated at 52
minutes. Based upon the relatively steady vacuum measurements at the piezometer Jocations, the
concentrations measured at the conclusion of the test should be slightly higher to the expected
removal rate from the VES. This measured vapor concentration value at the end of the pilot test

was 200 ppmv. However, higher vapor concenirations during the initial startup period may be
expected 1if higher vacuums are induced in the subsurface.

8.2.7 Summary of Vapor Extraction Testing

Based upon the vapor extraction testing conducted at the site, an extraction rate of less than 5.0
SCEM can be achieved from a screened interval of 0.5 feet in length. This flow rate at the
northern portion of the property results in an approximate ROI between 5.0 and 11 feet. The
expected initial steady state removal concentration of organic vapors would be approximately 150
to 200 ppmv at a vacuum of 10 inches water.

8.3 Combined Sparge/Vapor Extraction Test
The combined air sparging/vapor exuacﬁon pilot testing will be conducted on the sparging and
vapor extraction lines Tollowing their installation. The measurements to be recorded include

pressure measurements, VOC off-gassing levels, water levels, and dissolved oxygen levels in the
groundwater. ‘
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9. SYSTEM COMPONENT DESIGN

9,1 System Location

The selected Interim Action design consists of a horizontal air sparging line located below the
lowest recorded water table level in the unconfined aguifer, and one horizontal vapor extraction
line located approximately 5 feet above the sparge line on the same vertical plane. This system is
to be located along the western edge of the Tiki property and south of the existing UST area.

At the southwest corner of the Tiki property, a treatment and equipment area will be constructed.
The system will be comprised of air sparging and vapor extraction process equipment. This

equipment is shown in Figare 23 and is described in the following sections.

9.2 In situ Air Sparging System

The purpose of the air sparging system is to induce clean air under pressure into contaminated
soil and groundwater in order to transport VOCs into the unsaturated zone for removal by the
overlying vapor extraction system.

The in sitit air sparging system CONSIsts of a single horizontal sparging line and a compressor
with a particulate filter and a flow control valve. The total length of the air sparging lateral will be
approximately 160 feet consisting of two sections (Figure 20). One section will be
approximately 90 feet long constructed in a north-south direction along the western property
poundary of the Tiki site. The other section will be approximately 70 feet long constructed in an
east-west direction. The two sections will be joined in the southwest corner of the Tiki site. The
air sparging lines will be 2-inch diameter Schedule 40 PYC with 0.020-inch slotted screen over
the entire length. Based on the overall groundwater flow directions, the treatment system will be
located downgradient of the four USTs and fuel dispensing arcas. The air sparging lateral will be
located within a 2-foot wide trench backfilled with approximately 1 foot of pea gravel around the
lateral and 4.5 feet of 5/8-inch crushed rock between the air sparging and vapor extraction laterals
(Figure 21). The air sparging lateral will be placed below the lowest recorded water table

elevation (Hart Crowser, September 9, 1990) at approximately 9 feet bgs.
_ 9.2.1' System Deséription

The following items have been considered in the design of the system: compressive resistance,
air injection pressure, air flow rate, bubble geometry, gas channeling, contaminant removal, and
temperature considerations.

Compressive Resistance

The compressive resistance of the air sparging line must be greater than both the static water head
and the overlying backfill aggregate pressurc. The maximum expected static water head is
approximately 5.5 feet, which corresponds to a pressure of 3 pounds per square inch (psi). The
gxpected soil pressure corresponding to a 9-foot high soil column with an average density of 130
1bs/fi3 is 8.1 psi. Therefore, the maximum expected design compressive pressure exerted on the
top of the pipe by the soil column is expected to be approximately 12 psi. Vertical stress
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increments resulting from surface static and dynamic loadings will be negligible at the depth of
the lateral. .

For a nominal 2-inch diameter Scheduie 40 PYC pipe, with 2 wall thickness of 0.154 inches, the
external hydraulic collapse pressure is listed as 150 psi (Mitchell Lewis and Staver commercial
literature). This value is for the flush joint threads in plastic well casing, which are the weakest -
location of each screened piece. Therefore, a 2-inch diameter Schedule 40 PVC pipe should
withstand the expected compressive pressures. :

Air Iniection Pressure

The air injection pressure is govemned by the static water head above the sparge point, by the air -
entry pressure of the saturated soils, and by the gas injection operating flow rate. The maximum
static water head is expected to be 2.6 psi. In addition, the minor losses in the air line are
expected not to exceed 0.5 psi at an air velocity of 1,800 feet/minute (at 1 atmosphere and 77°F).
Using a safety factor of 2, an injection pressure of approximately.6.0 psi would be suitable. The
lowest effective air injection pressure will correspond to the pressure required to maintain the
minimum gas flow rate that will achieve the desired stripping efficiency (Marley, 1992).

Air Flow Rate

The injectéd air flow rate is critical to providing a sufficient air-to-water flow ratio in order to
provide the desired contaminant mass removal of gasoline and BTEX compounds. In addition,

some quantities of 1,2-dichloroethane are expected to be removed. An air flow rate of 40 SCFM
(33 CFM @ 170°F and 6 psig) is estimated to be adequate. This provides for an overall average

dispersion of 0.25 SCFM of air per linear foot of screened pipe for a 160-foot long system.

Bubble Geometry and Gas Channeling

Theoretically, a large number of small bubbles will provide better mass transfer characteristics for
the removal of VOCs from the aqueous soil phase than will smaller number of large bubbles or
channels (Marley, 1992). The gas channeling will follow the pathway of least resistance, and is

assumed, in an engineered hornogencous medium with a limited distance normal to the free gas
flow, to cover the entire saturated volume within the trench.

In Section 4 of this report, a maximum groundwater velocity of 1.8 feet per day (approximately
2.1x10-5 feet per second) was estimated. Based upon this groundwater velocity and the
proposed trench width of 2 feet, it would take approximately 27 hours for groundwater 10 travel
through the gravel backfill. Therefore, the injected air flow rate should provide an adequate

contact time with the flowing groundwater.

Contaminant Removal

The estimated flux of vapors from the sparging zone 1s critical in the VES design. The sparged
air bubbles will contact and strip gasoline concentrations in the saturated zone as the groundwater
moves through the treatment system trench. The mass transfer of VOCs can be modeled using

the two-film theory of gas transfer embodied in the following empirical equation (Metcalf and
Eddy, 1991).
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Rate of VOC mass transfer = -(Kpayyoc*(C - Cs) (Equation 9.1)

where:
(K1 2)yoc = overall VOC mass transfer coefficient (1/hours; empirical)
C = average concentration of gasoline in water = 6.8x10-5 ug/fect3 (24 mg/h)

C, = saturation concentration of gasoline in water = 2.27x10-6 ug/‘feet3 (80 mg/l)

Based on experimental studies, it has been found that the mass-transfer coefficient for VOCs is
proportional to the mass-transfer coefficient for oxygen. '

V(KL'C_l)VOC =y (Kra)oxygen
~ where:
= coefficient of propottionality (range 0.55 - 0.65; assumed value = 0.60)

(K1.a)oxygen = overall oxygen mass-transfer coefficient = 5.5/hour (assumed and
ternperature corrected to 15 C)

Based upon this analysis, the estimated maximum rate of gasoline mass transfer is estimated to be

approximately 5.3x106 pg/feet? hr. Since the total saturated volume of the proposed 160 foot
trench is approximately 480 feet3, the theoretical maximum stripping capacity of the system will
be 50 to 55 kg/day with an estimated efficiency of 98%. Since the average groundwater flux into
the trench will be significantly lower than 53 kg/day (i.e. highest estimated initial gasoline mass
within the trench is estimated to be 3.2 kg with an average steady-state flux of 0.20 kg/day), the
treatment time is anticipated to be significantly less than the estimated 27 hours required for a
given groundwater volume to move through the 2-foot width of the rench.

Temperature Considerations

The compressor will heat up the air that is being injected into the sparge lines. This increased air
temperature is especially of concern during the summer months. The theoretical adiabatic
temperature rise during compression is given by (Metcalf and Eddy, 1991):

o/
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Tad =T1 {(%)n—l} / e (Equation 9.2)

where:
Taqd = outlet temperature rise {R)
T1= absolute inlet temperature (R)
e = compressor efficiency = 0.7 to 0.9
P = absolute inlet pressurc =14.7 psi
Py = absolute outlet pressure = 14.7 psi + 6 psi (assumed working pressure)

n =0.283

Table 9 presents some predicted theoretical exhaust gas temperatures for the range of expected
ambient air temperatures.

Table 9.

Predicted Exhaust Alr Temperatures

Ambient Air Exhaust Gas =
Temperature (°F) Temperature {°F)
a=07 g =209
“: 0 67 ' 52
32 103 87
50 124 108
70 147 130
“; 80 ' 158 141
90 170 152
100 181 163

e- Compressor efficiency

With an assumed absolute outside (inlet) temperature of 100°F (310 K), the outlet temperature
would potentially rise up to 163 to 181°F. The design maximum for PYC is -140°F; therefore,
PVC is not acceptable at the blower outlet. These temperatures will not adversely affect
galvanized steel pipes. Between the compressor and the air sparging lateral, air temperatures will
probably drop not more than 10 to 20°F but will quickly approach the temperature of the
groundwater in the slotted lateral (Metcalf and Eddy, 1992). _
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9.2.2 Insitu Air Sparging Laterals

_ Air Sparging Lateral and Riser Construction

The air sparging lateral shall be a 2-inch line approximately 160 feet in length. The screened
portion of the line will be constructed of Schedule 40 PVC pipe. The lateral will not be wrapped

in filter fabric due to anticipated excessive or air head losses. The riser and trunk line will consist
of galvanized steel Schedule 40 pipe.

Air Sparging I ateral Placement

The air sparging lateral shall be located at a depth of approximately 9 feet below the existing
paved surface. The air sparging lateral will be connected to the galvanized steel riser. The air
. sparging riser shall be fitted with a 6-inch thick concrete seal around the outside annulus where
the pipe breaks the surface. A 10-mil high-density polyethylene (HDPE) impermeable geotextile
sheet shall be placed between the concrete and the subgrade with the sheet edges embedded

within the concrete in order to create an effective air seal.
9,2.3 Compressor

Compressor Type

The compressor system and associated motor shall be designed for continuous year-round
operation. . An explosion proof, positive displacement blower (compressor) will provide air for
the sparging system. The compressor shall be oil free and shall have a capacity of delivering
approximately 40 to 50 SCEM at a pressure of at least 6 psig. The unit will be skid mounted and
anchored to the concrete slab and be fitted with appropriate belt guards, shrouds and safety
pressure relief valves. The compressor will be coupled to the 2-inch sparging trunk line with a 2-
inch wire braided, high temperature air hose. The compressor shall also be weather-proof and
fitted with an in-line filter. The motor shall be designed for air compressor duty applications and
be weather-proof. .

Inlet and discharge silencers shall be provided to reduce noise levels to the lesser of 85 dBA at
three feet, which corresponds to the Washington Industrial Safety and Health act (WISHA) of
1973 (Chapter 49.17 RCW) 16 hour reference dose (WAC 296-62-09055), or 65 dBA at 20 feet,
which corresponds to 0.8% of the 8-hour fime weighted average sound level for exposure and
would be comparable to the sound level of a general office environment (Merritt, 1983). A
fenced enclosure with slats will also provide limited sound reducing capability. ‘

Compressor Appurtenances and Controls

The compressor is expected to run continuously. However, automatic shut-off shall occur for
safety and equipment safeguards. The compressor shall shut-off:

. When the VES blower is not operating, or
«  When the system is manually shut-off.
The compressor motor control will be housed in a NEMA 4, weather-proof enclosure.

Additionally, the compressor motor will be equipped with overload protection and manual
disconnect. A series of indicator lights will alert the operator as to system operation status.
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9,3 Vapor Extraction System (VES) -

This section presents a design for the proposed VES at the Tiki site. The primary purpose of this
system is to remove gas phase contaminants that have been transported from the saturated zone
within the constructed trench in response to the air sparging system. In addition, the vapor
extraction system will be used to remediate any contaminated soil volumes within the estimated
radius of influence.

9.3.1 Vapor Extraction System Description

The VES consists of a single horizontal vapor extraction line and a blower system, including an
air flow manometer, moisture separator, particulate filter, air dilution valving, sampling ports,
activated carbon units, and exhaust stack. The total length of the VES will be approximately 160
feet consisting of two sections in the same configuration as the air sparging system described
earlier. The lines will be oriented parallel to the air sparging line and on the same vertical plane.
The vapor extraction line will be 4-inches in diameter and have 20 slot screen over the entire
length. The line will be Tocated in the same 2-foot wide trench as the air sparging system above
the 5/8-inch crushed rock. The vapor extraction line will be located at approximately 3 feet BGS
and above the perched water table. Approximately 1 foot of pea gravel will be placed around the
vapor extraction line. A permeable separation geotextile will be placed over the pea gravel to
prevent intermixing of the contaminated soil and the pea gravel. Contaminated soils removed
during trench excavation will be placed on the geotextile fabric and compacted to six inches
below the proposed surface subgrade. A 10-mil high density polyethylene (HDPE) impermeable
geotextile will be placed above The contaminated soils to seal the VOCs in the treatment system.
An air supply line consisting of a Schedule 80, 20 slot PVC screen shall be placed immediately
‘heneath the HPDE seal. The air supply line should be wrapped in filter fabric and bedded with
pea gravel. The area will be covered with asphalt. '

The VES will be joined to the surface with a blank Schedule 80 PVC riser. As with the air
sparging riser, the vacuum extraction riser shall be fitted with a 6-inch thick concrete seal around
the outside annulus where the lateral breaks the surface. Friction losses in pipes leading to the
blower are expect to be negligible. All exposed piping will be heat wrapped and foam insulated.:
A 10-mil HDPE impermeable geotextile shall be placed between the concrete and the subgrade
with the sheet edges embedded within the concrete.

Removable, screw-in vacuum gauges will be attached to the line where the riser breaks the
surface for measuring the vacuuin pressure. Air will be transmitted to the blower using a 4-inch
diameter PVC trunk line attached to the suction line lateral. The effective radius of vacuum for
the lateral will likely be approximately 5 to 11 feet, based upon the vapor extraction pilot test.

Automatic controls will be set to terminate operation of the VES if fluid levels in the moisture
knockout drum or groundwater levels in nearby monitoring wells exceed predetermined levels.

9.3.2 Vacuum Blower

The vacuum blower system will include the blower, moisture knockout drom, particulate filters,
vacuumm gauging, and sampling ports (refer to Figure 23). Optimal flow rate and vacuum
pressures in the system will be determined after the system has been constructed. The specified
blower is an EG&G Rotron EN-404 explosion-proof regenerative blower or equivalent, which
will be rated for removing maximum flow of 107 SCFM with a maximum vacuum of 52 inches
of water throughout the system.
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All blower controls will be housed in a control box meeting the specifications provided in Section
9.2.3. Optimal operating conditions will be determined in the field and will depend upon the
measured vacuumn pressures at various points in the system noted at startup.

“The blower assembly will be encased in an acoustical enclosure to reduce noise levels to the
standards specified in Section 9.2.3. '

9.4 Vapor Emission Control

The vapors removed from the subsuiface shall not exceed Puget Sound Air Pollution Control
Agency (PSAPCA) Acceptable Source Impact Levels (ASIL) for total hydrocarbons and BTEX.
At the time of this writing, PSAPCA is anticipated to issue new ASILs for VOC emissions in the
near future. At present, the existing ASIL for total hydrocarbons is 15 lbs/day. The expected
new ASIL will be 500 1bs for the duration of the project (i.e., one year for Tiki, or 1.4 Ibs/day).

9.4.1 General Description

Vapors extracted from the subsurface will be treated before being released to the atmosphere. -
The air stream is expected to have an initial concentration of approximately 0.25 to 1.0 mgfl (2.5
to 9.4 lbs/day) based upon estimated contaminant fluxes in the groundwater and a blower
flowrate of 100 SCFM at the outlet. After a period of days, air stream concentrations are
expected to’ decrease as the initial saturated trench volume is remediated and the recharge
concentration flux enters the trench, Steady-state air stream concentrations are estimated between
0.05 to 0.2 mg/l (0.4 to 1.6 Ibs/day or 146 to 584 Ibs/year). These estimates are based upon
estimated average and saturated (approximately 80 mg/l for gasoline) groundwater contaminant
levels flowing through the trench and using conservative groundwater velocities presented in the
RI portion of this report. :

Since the high estimate of hydrocarbon emission weight is estimated to exceed the anticipated
PSAPCA annual ASIL limit of 500 Ibs for the duration of the Interim Action, a vapor emission
control system will be needed. However, the expected air stream concentrations will have
relatively low VOC concentrations. Based on these site-specific factors, the recommended
emission control system shall consist of once-through carbon adsorption canisters.

Gas phase adsorption of any volatile or semi-volatile organic contaminant that is removed from
the subsurface can be accomplished through the use of granular activated carbon. Adsorption is a
surface phenomenon in which molecules of the vapor-phase organic contaminant (the absorbate)
are attracted and held to the surface of the activated carbon (the adsorbent), until an equilibrium is
reached between the adsorbed molecules and those still freely distributed in the carrying air
stream. Activated carbon is typified by the presence of a large amount of surface area ina

relatively small volume and unit weight,
9.4.2 Canister Sizing and Configuration

Activated carbon will sorb 0.3 pounds of VOC per pound of carbon at 100 ppmv (approximately
0.2 mg/l) and 0.15 pounds of VOC per pound of carbon at 5 ppmv (approximately 0.01 mg/1).
Hence, at a vapor concentration of 0.2 mg/, once-through virgin carbon can load approximately
0.3 1bs of VOC per pound of carbon. Use of a carbon unit with 300 1bs of carbon fill with the
estimated YOC loading rates of 0.44 (average) and 1.6 (extreme) lbs/day would result in a 205-
and 56-day breakthrough time, respectively.

The vapor emission control system will include connecting piping and valves to the control area.
The system shall be equipped with an exhaust vent near the final carbon unit. The system shall
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be capable of treating the anticipated air flow of approximately 80 to 100 SCFM with a pressure
drop no greater than 12 jnches of water.

Activated carbon adsorbers shail be operated in series, S0 as to control VOC release as adsorber
breakthrough occurs. After breakthrough from the initai and middle units has occurred, the
initial unit shall be removed from the site for regeneration at an approved facility, and the second
and third carbon units will be moved up in the series. When the regenerated unit returns to the
site it shall become the third unit. Three canisters operated in series will allow for complete
saturation (100% use of the carbon) of the first canister prior to its change-out. An industry
estimate is that at breakthrough approximately 25% of the carbon remains available for use.
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10. INSTALLATION REQUIREMENTS

10.1 Site Work

Work shall be performed along the western edge and the south-central section of the property.
Prior to conducting the work, permits required by state and local agencies, including the City of
Bellevue and the PSAPCA shall be obtained. Existing utilities shall be located prior to
construction and removed, replaced, or protected as required by Tiki.

10.1.1 Trench Construction Procedures

Trench construction shall be conducted by a contractor using a crew with Occupational Health
and Safety (OSHA) 40-hour training specified by OSHA 29 CFR 1910.120 and a backhoe
capable of excavation of the trench and placement of the laterals at the locations specified. Since
the proposed trench will extend below the water table, dewatering operations may be necessary.
Seepage rates are estimated to be up to 300 cubic feet per day. Construction of the system will be
done in stages with the first stage confined to the 90 foot trench line located along the western
property ling to establish the most suitable dewatering method.

10.1.2 Treatment Unit Control Facility

Facility Configuration and Location

An aboveground treatment facility shall be constructed in the southwest comer of the property. -
Within this facility shall be the access to the horizontal system lines; the air compressor; the
blower; three activated carbon units; and the associated appurtenances to these cormponents.

Proposed equipment to be contained and operated inside this facility include an air blower, a
COmMPTESSOT, Vapor emissions control unit, and associated appurtenances. Existing pavement,
curbing, and other utilities or facilities requiring removal, relocation, ot replacement shall be done
using methods and materials acceptable to Tiki Car Wash.

Foundations and Slab-on-Grade

The size of the control facility shall be appropriate for the overall size required and is designed to
be to be approximately 10 feet by 20 feet. The broom finished concrete pad shall be a minimum
of 8 inches thick, contain anchor bolts for all equipment and be steel-reinforced, with #4 bar on
1.0-foot centers in each direction.

Security and Noise Control Considerations

Adequate soundproofing for the blower and compressor shall be provided. T he treatment area
shall be fenced with a 9 gauge, 6-foot tall, lockable chain link enclosure around the perimeter of
the concrete slab. The fence will be flange anchored to the slab and be fitted with vinyl slats. A
set of double 5-foot gates shall provide access to the equipment.
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Electrical Connection

A permanent, dedicated 200 AMP, 240 Volt, 3 phase elecirical service will be installed to power
the equipment. The power line should be run from the car wash facility located nearby via
underground conduit to the electrical distribution panel located inside the equipment enclosure.

Valves

The air sparging line will be installed with a control valve in the line between the compressor and
the flow meter. This valve will allow more, control over regulating the injected air flow rate.

The vapor extraction system shall have one manually operated valve installed on the vapor
extraction laterals. The valve shall be installed between the main trunk line from the blower and
entry of the lines into the ground.

Automatic and Manu ntrols and Signal

Each motor shall be housed in a NEMA 4, weather-proof enclosure, Controls will automatically
shut the VES and air sparging system off in the event of high liquid levels in the moisture
knockout drum and will shut down the air sparging system if the VES is shut down.
Additionally, each electric motor will be equipped with overload protection and manual

disconnect. A series of indicator lights will alert the operator as to system operation status, :

An automatic control shall be installed in the moisture knockout drum to regulate the operation of
the vapor extraction system.

Tiiters

A 55-gallon epoxy lined moisture xnockout drum will be installed on the suction side of the VES.
The drum will have a 2-inch dilution valve, a 3/4-inch manual drain valve and an internal
particulate filter. A high liquid level switch will shut off all system equipment should the
knockout drum become flooded. The knockout drum will be elevated and flange mounted to the
concrete slab. The inlet opening of the positive displacement blower will be fitted with a
cartridge type particulate filter.

Flow Meter

A pitot tube/differential gauge system will bé installed to measure the flow for both the air
sparging and vapor extraction systems. The meter will be capable of measuring the maximum
flow of both the air sparge and vacuum extraction systems.

Qauges

The vapor extraction line will be fitted with a single Magnehelic gauge (0-80 inches of water)
between the blower and the vapor extraction riser within the treatment area. One pressurc gauge
(0-30 psi) will be installed between the compressor and riser of the sparging lateral.

Concrete Barriers

Concrete ecology blocks may be placed around the northern and eastern sides of the equipment
enclosure for additional protection from traffic.
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10.2 Construction Schedule

The installation of the horizontal laterals and the treatment system is expected to.begin in late
summer of 1993. The operational date for the system will be determined at a later date.

10.3 Summary of Health and Safeiy Procedures

_Enviros provides heaith and safety training to all its personnel. Every worker utilized on this
site, either employed by Enviros or by a subcontractor, will be required to have completed the
basic OSHA 40-hour Health and Safety Training course, and the OSHA 8-hour annual refresher

course, if applicable.

Enviros provides baseline health screening examinations to all its employees, and monitors the
long-term health of its employees. Monitoring includes yearly physical examinations, monitoring
of the working conditions on-site and in the office, and provision of exposure level measuring
devices where appropriate. Benzene badges will be worn by Enviros personnel and submitted to
a laboratory for analysis to document the levels of exposure during applicable installation

activities.

A Health and Safety Plan (HASP), included in Appendix D of this report, establishes policies
and procedures to protect field personnel from the potential hazards posed by on-site work for the
Tiki Interim Action. The HASP provides measures to minimize potential exposure, accidents,
and physical injuries that may occur. during the field activities, and provides contingencies for
ermergencies.

Enviros expects fo encounter both chemical and physical hazards on this site. The chemical
hazards include potential exposure to petroleum hydrocarbon compounds, particularly gasoline.
The risk of these exposures is considered relatively low, and Enviros anticipates using Level D
personnel protection procedures on-site. Level D protection includes the use of coveralls and
chemical-resistant gloves, with ready access 10 respirators, Respirators may be either half-face

with protective glasses, or full-face devices. Enviros personnel will be fit-tested with the
respirator equipment prior to field work. On the Tiki site, a PID will be provided to monitor the

breathing zone to determine whether respirators are needed.

Physical hazards likely to be encountered on-site include those normally associated with work
around trenching equipment, and heavy vehicle traffic including dump trucks.

~ Due to the potentially hazardous nature of the site and the associated activity, it is not possible to
discover, evaluate, and provide protection for all possible hazards that may be encountered.
Strict adherence to the health and safety plan will reduce, but not ¢liminate, the potential for
injury and illness at the site.
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11. SYSTEM AND COMPLIANCE MONITORING

“The system has been designed to minimize manual operation and maintenance. Specific
procedures for the operation and maintenance of the system shall be provided to Ecology
following installation of the system. The system monitoring shall include conducting a visual
survey of the treatment unit on a weekly basis, During the survey, readings shall be made of the
operational conditions of the units, system pressures, water levels, and vapor concentrations.
Adjustments to the system shall be made on an as-needed basis. Trouble-shooting information
will be provided, as well as contacts of the treatment unit manufacturers, the installation
contractor, and the treatment system designers. Enviros will conduct an initial testing period of
the system. From this testing, Enviros will recommend the optimal system operating conditions.

During the initial testing period, Enviros will collect air samples from the system for laboratory
analysis for benzene and gasoline range hydrocarbons. “This sampling will occur simultancously
with PID monitoring of the same air stream and a correlation between the two methods will be
determined. During System operation it is estimated that PID monitoring shall occur on a
monthly basis and air sampling collection and analysis shall be conducted on a quarterly basis.
Carbon change-outs shall be conducted upon volatile hydrocarbon breakthrough from the second
carbon unit. '

Periodic monitoring of groundwater parameters at points downgradient and upgradient from the
lateral locations will be necessary during the operation of the vapor extraction/air sparging
system. Groundwater parameters testing will include water level, dissolved oxygen, and
groundwater concentrations of gasoline range hydrocarbons. These data will be useful in
determining the effectiveness of the air sparging/ vapor extraction system. Existing monitoring
wells have been installed by Hart Crowser n accordance with WAC 173-160 Minimum
Standards for the Construction and Maintenance of Wells, and well completion diagrams are

shown in Appendix B.

The compliance monitoring conducted shall be focused specifically in the vicinity of the installed
system, since this is an Interim Action and is only intended to prevent groundwater with gasoline
contaminants from migrating off-site. Monitoring shall include quarterly sampling of the
groundwater in selected monitoring wells for gasoline range hydrocarbons by Method WTPH-
G/BTEX. Monitoring shall specifically occur i1 wells MW-2, MW-5, MW-21, and MW -29.

The efficiency of the system shall be determined with respect to removal of dissolved phase
gasoline range hiydrocarbons from the groundwater by comparing the observed concentrations at
a specific well to the baseline concentrations presented in Section 9. A decrease in gasoline range
hydrocarbons in the groundwater is expected to be more rapid in the wells immediately
downgradient from the system. Significant increases in the compound levels in any of the wells
may be an indication of improper system operation and should be addressed immediately.
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12. RESIDUALS MANAGEMENT

Wastes will be generated in the course of this Interim Action. These wastes will consist of trench
spoils from the installation of the air sparging and vapor extraction laterals, development and
purge water from groundwater sampling of the monitoring wells, dewatering flows and material
collected in the moisture and sediment traps of the treatment system.

The trench spoils and some of the development and purge water will be generated and disposed
of by Enviros prior to the operational date of the treatment systerm. Soil spoils will be initially
segregated using a PID. After segregation, laboratory analysis by Method WTPH-G/BTEX will
be conducted for every 50 cubic yards of soil wastes and all waters to verify that these wastes do
-not designate as hazardous or dangerous wastes. The Dangerous Waste Regulations (WAC 173-
303) will be reviewed prior to disposal of the wastes. It is not expected that the wastes from this
site will designate as a dangerous waste. However, if the hazardous materials are found to be

dangerous wastes, the materials will be transported to a permitted facility or in the case of
contaminated soil, treated on-site by vapor extraction within the trench.

Contarninated soil volumes are not anticipated to exceed the volume available within the trench.
Uncontaminated soil spoils from the trench construction activities will be transported to 2 local
Jandfill facility for ultimate disposal at their landfill. The development and purge water and
dewatering fluids generated, if not designated as dangerous wastes, will be transported by tank
truck to an approved handling and treatment facility.
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It has been a pleasure to provide our services. If you have any questions or comments regarding
this report, please call our offices at your convenience.

Respectfully submitted,

Enviros, Inc.

| 25 Fat.

Li Erikson
Environmental Engineer
(206) 828-2525

748

Jason Clsson
oject Geoenvironmental Engineer
(206) 828-2504

Hntp) oo

Kathleen S. Goodman, R.G.
Principal Geoscientist
(206) §28-2503
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Janette Black, R.G.
Project Manager
(206) 828-2510
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Fred S. Illich, P.E.
Senior Civil Engineer
(206) 828-2517
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Bellevue, Washington.
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. . 0 055:3— | Method A clean up level.
160: 7.5-9 110: 2.5-4 <U.02. A
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56:1-3 Mw-21) 41 4 ppm at 1 foot
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Scale: 1" = 50’
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Figure 13: Xylene Congcentrations in Soils in ppm trom 1990 and 1993
Investigations, Tiki Car Wash, Bellevue, Washington. -
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cleanup level.
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Figure 14: TPH as

Gasoline Concertrations in ppbin Groundwater
in the Vicinity of Tiki Car Wash, Bellevue, Washington
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Scale: 1" = 70°
[ P

<1.0: {7/3/80} Legend:
<0.5: (9/13/90) A A
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MW-33
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35 70

Figure 15: Benzene Concentrations in ppb in Groundwater

in the Vicinity of Tiki Car Wash, Bellevue, Washington
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Figure 16: Toluene Concentrations in ppb in Groundwater '
in the Vicinity of Tiki Car Wash, Bellevue, Washington en ViI‘O g
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Figure 17: Ethylbenzene
in the Vicinity o

Congentrations In ppb in Groundwater
f Tiki Car Wash, Bellevue, Washington e nvi rOS
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Figure 18: Total Xylene Congentrations in ppb in Groundwater
in the Vicinity of Tiki Gar Wash, Bellevue, Washington /
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APPENDIX A:
BORING LOGS

pons - envirose



Unified Soil Classification |

MAJOR DIVISIONS USCS SYMBOL TYPICAL NAMES
| Setesee] well-graded gravels; gravel-sand mi
LELE LA ES ell-gra grave ; gravel-san mixhmes,
ek Tey
GRAVELS ¥ (fean gravels with little or GW  Rapuass
no fines. A AL T -
More than half GP '-:.,::‘.:'_::'_:":: Poorly-graded gravels; gravel sand mixtures.
coarse fraction is SRR
larger than No. 4 -’::"::: : ;
. - sLaLelerets Silty gravels; poorly graded gravel-sand-silt
sieve size. GM  |RBEEEN mixtres.
. ae ézgz: % Clayey gravels; poorly graded gravel-sand-silt
> -,4/2"‘ mixtures. : :
. : Well-graded sands; gravelly sands.
SANDS - SW graded smcs gRvey
Clean sands with little or
M no fines. Poorly-graded sands; gravelly sands
ore than half SP oorly-graded sands; gravelly Sancs.
coarse fraction is _
smaller than no. '#* _
4 sieve size. , : SM  Silty sands; sand-silt mixtures,
Sands with appreciable 3t
amount of fines. o )
SC Clayey sands; sand-clay mixtures.
........ 4 _
Tnorganic silts and very fine sands; rock flour;
ML silty or clayey fine sands or clayey silts with
slight plasticity.
Silts and clays. /// Inorganic clays of low t© me@ium plasticity;
Liquid limit 50% or less. CL // gravelly clays; sandy clays; silty clays; lean
"/} clays,
Organic silts and organic silty clays of low
OL plasticity. ' :
MH Inorganic silts; micaceous or diatomaceous fine
sandy or silty soils.
. Silts and clays. CH / Inorganic clays of high plasticity; fat clays.
Liquid limit greater than 50% A
,7/ Cr st bt A, . . . . .
757 s} Organic clays of medium to high plasticity;
oH 7 Z7 % organic silts.
Highly organic soils. PT T~ Peat; humus; swamp sails with high organic
) ——"—-"——"1 conlents.
ildi s hips; logs; ci ; sla
Debris created or generated by man. ftl;l ng rubble; wood chips; logs cinders; slag




Log of Boring BH~1

Depth  Soil USCS PiDY
Analytical Results (ffy  Profile Symbol Soil Description Remarks
0 Asphalt; approximately 3 inches thick. :
Poorly graded SAND with GRAVEL; medium dark
brown; fine to medium grained; 20% gravels: grey;
0.5~ 0.95 to 1 inch diameters; no unusual odors or
|_stains noted.
Medium stiff CLAY; very dark grey; slight
T petroleurn odor.
Same as above: lighter arey
1.5 4 Poorly graded SAND with motiles; grey; fine to
medium grained; 5% mottles; yellow; slight
petroleum odor.
2 aad
2.5+
) _ Same as above; 20% gravel; 0.25t0 3 inch
Gasoline: 41ppmi} 3 diameters. _ PiD=
Benzene: <0.050 ppm 0.0 ppmy
Toluene: <0.050 ppm .
Ethylbenzene: 0.21 ppm | 3.5 Refusal at 3 feet 3 inches.
Xylenes: 0.55 ppm
4
4,5
5
5.5+
6 —
6! &
7 -
7!5
Date Augered: 5/6/93
GeologisYEngineer: Li Erikson -
Equipment: Hand Auger envir 0S® _

Ground Water Level When Auger

Project Name: Tiki Car Wash

Drawn by: LHE  Date: 5/12/1983 Approved by:

ing: Not Encountered

Date:

930415.01.03




Log of

Boring BH-2
' Depth  Soil USCS ) . PIDf
Analytical Results (fy  Profile Symbol Soil Deseription Remarks
0 Asphalt: approximately 4 inches thick.
Tovead GW | Well graded GRAVELS; grey; 0.25 fo 1 inch
diameters: no unusual odors or stains noted.
s § Sitty SAND:; fight to medium dark brown;
consoiidated; no unusual odors or stains noted.
cL | Medium stiff CLAY; grey; no unusual odors or
stains noted. :
1.5 2
Gasotine: <1.0 ppm
Benzene: <0.050 ppm
Toluene: <0.050 ppm Poorly graded SAND wilh mottles; grey; fine to PID = (
Ethylbenzene:  <0.050 ppm ‘madium grained; fine grained at 2 feet 5 inches; 1 ppmv :
Xylenes: <0.10 ppm gray; consolidated; 5% motiles; green; no unusual 1
odors noted. )
Poorly graded gravelly SAND; grey; fine to medium
3 - grained; 40% gravels; grey; 1104 inch diameters;
no unusual odors or stains noted.
3.5 ] Refusal at 2 feet 7 inches.
4
4,5+
5
5.5+
6 —
6!5-
7 -
7.5+
Date Augered: 5/6/93 _
GeologistEngineer: Li Erikson :
Equipment: Hand Auger enVlr 0S®

Ground Water Level When Augering: Not Encountered 93041 5.01.03

Project Name: Tiki Gar Wash

Drawn by: LHE Date: 5/121 993  Approved by: Dats:




Log of Boring BH-3

LR

Depth  Soil USCS . o PID/
Analytical Results {ft) Profile Symbol Soil Description Remaiks
0
Gravelly, silty SAND; light brown; fine to medium
0.5 grained; 30% gravel; grey; 0.25 10 1.5 inch No PID
) : diameters; subrounded to angular; no unusual measure-
Gasoline: <1.0 ppm odors or stains noted. ments -
Benzens: <0.050 ppm
Toluene: <0.050 ppm
Ethylbenzene: <0.050 ppm Saturation and refusal at 1 foot 2 inches.
Xylenes: - <0.10 ppm | 1.5 4
2 —
2.5
3
3.5
4 -
4,54
5
5.5~
5 -
6.5+
7 -
7.5
Date Augered: 5/6/93 '
Geologist/Engineer: MaryBeth Gilbrough ' 2
Equipment: Hand Auger envir 0S®

Ground Water Level When Augering: 12"
Project Name: Tiki Car Wash

Drawn by:; LHE Date: 5/12/1993 Approved by:

930415.01.03

Date:




Log of Bbring BH-4

Depth  Soil USCS PID/
Analytical Results ity  Profile Symbol ° Soil Description Remarks
0 - Poorly graded SAND; dark brown; fine to
medium grained; no unusual odors or stains
noted.
Same as above; light brown color.
Medium stiff CLAY; grey; no unusual odors
or stains noted.
Gasoline: - «1.0 ppm
Benzene: <0.050 ppm Silty GRAVEL,; light grey; 0.25 t0 1.5inch PID=
Toluene: ~ <0,050 ppm : diameters; petroleum odor; no unusual stains 7 ppmv
Ethylbenzene:  <0.050 ppm noted. ’
Xylenes: <0.10 ppm 3.5 ] Saturation at 2 feet 10 inches.
4
4.5+
5 -
5.5+
6 -
6.5+
7 -
7.54
Date Augered: 5/6/93
Geologist/Engineer: Li Erikson o
Equipment: Hand Auger - envzros@
Ground Water Level When Augering: 2'10” 930415.01.03
Project Name: Tiki Car Wash
Drawn by: LHE  Date: 5/12/1993  Approved by: Date:




Log of Boring BH-5

Depth  Soil USCS _ - PID/
Analytical Results {ft) Profile Symbol Soil Description Remarks
0 Asphalt; approximately 5 inches thick.
Poorly graded gravelly SAND; medium to dark
0.5 brown; fine to medium grained; 40% gravels; grey;
0.5 to 2 inch diameters; slight hydrocarbon odor;
no unusal stains noted.
1 — . . . o o PID =
Same as above; grey; 40%-50% gravals. 1 ppmv
Gasoline: 47 ppm
Benzene: 0.40 ppm | 1.5
Toluene: 0.11 ppm Clayey SAND; grey; increased odor; no unusal PID=
Ethylbenzene: 0.84 ppm stains noted. 12 ppmv
Xylenes: 7.0ppm | 2 Same as above; lighter grey; 20%-30% gravels;
(BTEX values are estimated) 1 21inch diameters.
25 Boorly graded gravelly SAND; brown fine to
medium grained; moist; 40% graveis; 0.5 to 1inch
diameters; siight odor; no unusual stains noted.
3 Sarne as above; arey.
Refusal at 3 feet; odor noted.
3.5-
4
4,5
5
5.5
6 —
6.5+
7 -
7.5
Date Augered: 5/6/93
Geologist/Engineer: Li Erikson *
Sont. H enviros

Equipment: Hand Auger

Ground Water Level When Augering: Not Encountered

Project Name: Tiki Car Wash

Drawn by: LHE Date: 5/12/1993 Approved by:

Date:

930415.01.03




Log of Boring BH-6

Al T AT bkl AT ¢ b

Depth  Soil USGS ' o PiD/
Analytical Rasults (#)  Profile Symbol Soll Description Ramarks
: 0 I I Asphalt; approximately 2 inches thick.
et oW | Well graded GRAVEL; grey; 1 to3 inch diameters;
i fed
sp Poorly graded gravelly SAND; dark brown; fine to
medium grained; 40% gravels; grey; 0.5 to 2inch PID =
diameters; slight hydrocarbon odor noted; no |5 ppmv
. : unusual stains noted.
Gasoline: 140 ppm Same as above; very dark brown; 20% organics; | P1D =
?elnzene: g-gg ppm strong odor noted: no unusual stains. 10 ppmv
oluene: .26 ppm - -
Ethylbenzene: 1.8 pgm Clayey SA'ND; grey; fine grained; slight odor; no
. unusal stains noted.
Xylenas: 13 ppm SC PID =
(all values are estimated) Same as above; very dark grey. 6 ppmv
SP | Poorly graded gravelly SAND; th"t grey; fine to
medium grained; consolidated; 20-30% gravel; i
grey; 0.5 to 2 inch diameters; littte to no odor; ;
3.5 ] no unusal stains noted. . :
Refusal at 2 feet 11 inches.
4
4,5+
5
5.5+
6 —
6.5+
7
7.54
Date Augered: 5/6/93
Geologist/Engineer: Li Erikson -
Equipment: Hand Auger enVlr 0S®

Ground Water Level W

hen Augering: Not Encountered

Project Name: Tiki Car Wash

Drawn by: LHE Date:

5/12/1993  Approved by:

Date:

930415.01.03




Log of Boring BH-7 |

Depth  Soil USGCS . . PIDYf
_ Analytical Resulls (ty  Profile Symbol Solt Description Remarks
' Asphalt; approximately 2 Inches thick.
Poorly graded GRAVEL with SAND; brown; 05to
2 inch diameters; 20% sand; fine to medium
grained; no unusual odors or stains noted.
Same as above; 6 to 8 inch diameters.
Clayey SAND; brown; {ine grained; 5% organics; |PID =
black: slight hydrocarbon odor; no unusal stains |15 ppmv
noted.
Gasoline: 9.3 ppm
Benzene: 0.74 ppm Poorly graded SAND; very dark brown to grey; fine{PID =
Toluene: <0.080 ppm {o mediumn grained; light to medium dark at 2 feet 116 ppmv
Ethylbenzene:  <0.080 ppm 2 inches; consolidated; moist; hydrocarbon odor;
Xylenes: 0.78 ppm no unusal stains noted. _
3 Refusal at 2 fest 4 Inches; no odors or unusual
stains noted.’
3.5+
4
4.5
5
5.5+
6 —
6.5+
7 -
7.5+
Date Augered: 5/6/93
GeologistEngineer: Li Erkson »
Equipment: Hand Auger e nvzr 0S®
Ground Water Level When Augering: Not Encountered ’ 930415.01.03
Project Name: Tiki Gar Wash
Drawn by: LHE Date: 5/12/1993 Approved by: Date:




Log of Boring BH-8 .
. Depth  Soil USCS PID/
Analytical Results ()  Profile Symbol Sail Description Remarks
0 Asphalt; approximately 5 inches thick. '
Poorly graded gravelly SAND; brown; fine grained;
0.5 10% gravels; grey; 0.5 to 2 inch diameters; 1 inch
layer of clay at 2 inches; light brown; no unusual
odars or stains noted.
1.5 -
Gravelly SAND; medium dark brown; fine to
medium_grained; grey at 2 feet 4 inches;
corsltod: e gl ror 1502161
. ! 4 . 2
?3;&2:“?' :gggg Sgg Same as above; 50% gravels; medium brown, ppmv
Ethylbenzene:  <0.050 ppm Same as above; grey; very molst
Xylenes: <0.10 ppm Refusal at 3 feet 1 inch.
3.5
4
4,5+
5 —
5.5+
6
6.5
7 -
7.5+
Date Augered: 5/6/93
GeologisVEngineer: LI Erikson -
Equipment: Hand Auger envir 0S®

Ground Water Level When Augering: Not Encount
Project Name: Tiki Car Wash

. Drawn by: LHE Date: 5/12/1983 Approved by

ared

Date:

930415.01.03




Log of Boring BH-9

Soil USGCS

P10/

Ground Water Level When Augering: 2'9"
Project Name: Tiki Car Wash :

Drawn by: LHE  Date: 5/12/1993 Approved by

Date:

930415.01.03

Depth .
Analytica! Results {fy - Profile Symbol Soil Description Ramarks
' Asphalt; approximately 5 inches thick.
0 | b=
’ Well graded gravelly SAND; light brown to grey;
2] SW fine to medium grained; 20% gravels; grey; 0.25
¥ to 5 inch diameters; subrounded; no unusual
" odors or stains noted. No PID
b readings
Gasoline: 90 ppm — ' ) -
: gp | Gravelly SAND; grey; fine o medium grained;
Be‘nzene.. <0€)0880 ppm | 40% gravets; grey; 0.5 to 2 inch diameters;
Toluene. . 28ppm 1 3 rounded to subrounded; petroteum odor; no
Ethylbenzene- 0.44 ppm unusual stains noted.
Xylenes: 2.1 ppm ‘ ‘
' 3.5 Saturation at 2 feet 9 inches. Gravelly SAND
similar to top layer.
4
4,51
5 !
5.5
6 - ?t
!
§
6.5+ E
7 - i
7.5 %
Date Augered: 5/6/93 : ;
Geologist/Engineer. MaryBeth Gilbrough . ..
Equipment: Hand Auger : envzros@ E
§




Log of Boring BH-10

) Depth Soil USCS . o PiD/
Analytical Results #  Profile Symbol Soil Description Rermarks
o |} Sitty SAND; medium dark brown; fine grained
no unusual odors or stains noted. '
o 0.5 Fii Poorly graded GRAVEL; brown; 0.25 to 6 inch
Gasoline: <1.0ppm 355233 GF | giameters; no unusual odors of stains noted. PID=
Benzene: <0.050 ppm i i S ‘ 1 ppm
Toluene: <0.050 ppm -
Ethylbenzene: <0.050 ppm 14 Satura“on at10 inches.
Xylenes: <0.10 ppm
1.5 1
2
2.5 ‘
3
3.5
4
4,5 -
5
5.5 -
6 -~
6.5
7 A
7.5
Date Augered: 5/6/93 .
Geologist/Engineer: MaryBeth Gilbrough e nvi 7O
S@

Equipment: Hand Auger
Ground Water Level When Augering: 10"
Project Name: Tiki Car Wash

Drawn by: LHE Date: 5/12/1993 Approved by:

Date:

930415.01.03




APPENDIX B:
MONITORING WELL LOGS
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Key to Exploration LOGS

Sample Descriptions

Classificatian of so1ls in this ceport 15 pased on visual field ang lapgratory opservations
1cn include density/cons1SCENCY. moisture conditign. grain size, and glasticity gstimates
3 shauld not O€ conscrued to imply figld nor laooratary rasting unless pgresgnted her=1if.
.sual-manual classsficavion mechads of ASTM O 2488 were used as an rdentification quide,

Spil descriptions cansist of the follawing: .
Qensity/caonsistency. moisture, caolor, miaor canstituents, MAJOR CONSTITUENT, additional remarks.

Density/Consistency
_gail density/conslistency in berings 1is related grimarily to Ine Standard Pepnetration Aesistance.
Sail densaty/consistency in test pits is estimated based an visual gbservation and is presented
parentheticall\; an the testc pit logs. )
Standard . ) .Standar‘d . Approximate
SAND ar GRAAVEL Penetration SILT or CLAY Penerration Shear
Resistance . Resistance strength
Oansity in Blaws/Foot Cansistency in Blows/Foct in TSF
" Yery laase g - 4 very soft 0 - 2 <. 129
Loase 4 - 10 Satt 2 - 4 g.425 - 0.25
Medium danse 10 - 30 Medium stifd 4 - 8 g.25 - 0.8
Dense ' 3g -~ 50 SEiff 8 ~ 15 g.s - t.0
Very dense >50 very stifé 45 - 30 1.0 - 2.0
Hard >30 >2.0
. . . X . - Estimated
Moisture - Minor Constituents percentage :
ory Littie perceptible moisture Not identified in gescription 0- S
Oamp sgme gercagtible molsture, siignhtly (clayey, silky. etec.d g - 12
pranaboly delow aptimum : ’
Hoist Prgganly near aotimum Clayey. silty, sandy., gravelly 12 ~ 30
moisture cantant
( 1t Mucn perceptible maisturs. very (clayey. silty. gtc.) . 30 - 30
‘ _grapadly above optimum l
Legends .
Sampling ) Test Symbols . - _‘
SORING SAMPLES ’ : GS Graiwn Size Classificatiaon
(X] seiit Seasn e Consalidation
S ‘shelby Tube ' TUY Triaxial tnconsolidated Undrained
[[m Luctings TCU Triaxial Consolidated Undrained
: * Mo Samole Recavery TCO Triaxial Consalidated Qrained
1 P ' Tuoe Pushed, Not Oriven J au tncant tned Compression
— : i 08 Oirect Shear
Monitoring Well Observations % Sarmeadtlity
Flush Mountea Monument pa Packet Penetrameter .
igproximate Camprassive grrangch in TSF
. Concrete Surlace Seal v Tarvane
: Appraximate Shear strength in TSF
‘ b 3-inch @ Borehale can Califgrnia Searing Aatlo
entanute Grout MO Mo1scture Oensity Relatlonship
2- Riser Ai
2rinch @ Fiser 7108 AL Atterperg LImMiZs
{ ‘Water Lavel : :
! . 10/20 Sand Pack ’ {——e—1 wWarer Canteat in Percent
’ w Ligquid Limit
! 2-mcn@ 04020 Slol : ‘ li\]a‘:'.'..lr’:all ! 1.
PVC Screen . : glaserc Limit

——— Nave Materal

m

R —
HARTCROWSER
J-2104-03 9/90




n feet

Boring Log and Construction Data for

Monitoring Well M w-2

Geologic Log

Approx. Ground Surface
Elevation in Feet

©Depth

Medium dense, wet, brown, slightly
gravelly, slightly silty SAND with
Qrganics.

Very dense, moist to wet, slightly
gravelly, slightly siity SAND. 7*/

//

7

25—

1.
9. Sail descriptions and stra

3. Ground water lavel,

ﬁ( Becong ot glaocézfa«’ri![fl

Bottom of Boring at 11.5 Feet.
Completed 4/11/90.

Rafer to Figure
and symbals.

and actual changes may be gradual,
if indicated,

A—1 for exptanation of descriptions -
tum lines are interpretive

is at lime of drilling

(ATD) or for date specified. Level may vary with time.

Somple N H—Nu . . -
8 X _
S X 29 40 | \%i \\ -
| BN & N\
5-2 X 22 NA | k
" = I
$-3 X 50/6 280 — -
5 = B
o |
S—4 X 83 160 L. U
T s
i A
1
N |
; |
™ :ﬁl‘
’ |
|
B ]
- ]
: :
| A
i |
|
L _

cnl-

v

WEARGECROMSER
T J-2104-02 5/9

fle Figure

ke wor Tl cleg

Monitoring
well Design

Gasing Stickup in Feet:
Top of PVC in Feet 0.00

(R 6723 }



£ b ‘ - Top of PVC in Feet 0.00
Q™ Approx. Ground Surface ) '
& .S Flevation in Feet 141.48 Sampte N
0O :
2—inches asphalt over loose. dry 1o moist.
light gray. slightly grovetly. silty SAND.
MWS—1
5
MWS—2
.
Medium dense 1o dense, damp. to moist,
light gray. slighlliy qr;?velly. sitty MWE—3
SAND with gcsolme-—hke ador.
10
) MWS—4
. : L -
Very dense, damo. gray, slightly graveily,
silty SAND with gravels 3 .
/Baotterm T aring at 1.2 <
Completed 5/4/90.
15
20 i
25
1. Refsr to figure A1 for axplanation of descripticns
ang synools. I
2. Sail descriptions and sirctum lines are interoretive Cq—‘
anez getual ehang@s mcy Se gradudl. ___:.__._-;_——-(_—'_—_\-::‘"" .
3. Oround water tevel, if incicated. is ot time of ariing o T’—ff Yol 'V
i : : . 1 T AS Ui
{ATD) or for date soecified. Lavel mey vary with lime. "F‘L‘M{' ) :_-;u{.ul_z._.
L Gasaline—like odor. in soil samples. J-2104-02
NA: H-T fegsurement not avaiaple for sample Mw2-2 due .
y ' Figure

Boring Log and Constructi

Monitoring Well MW-5

Geoibqic Log

tp sourious Hj—Nu behaviar.

?K GQCM weo A -&L&C;’a( ‘H”"“I&/ f;v.(‘fb\ccﬂf

on Data for

Monitoring
well Design

Casing Stickup in Fest

T
(LFu 13



Boring Log.an
Monitoring Well MW-6.

Geologic Log

- Approx. Ground Surfoce
& .S Etevation in Feel 144.09 Sampte

L

Loose to medium dense, darnp o wel,
moltled brown ond gray. siightly gravelly
to gravelly, silty SAND.

- MWE—1 ><
.5 — S
. MWE -2 X
= Densa to very densg, moist, gray, slightly '
J gravelly, silty SAND.
- s
10 —
| MWE—4 g
7 MWE—5 X -
15 — Very dense, moaist, groy. slightly sitty. \,
graveily, silty.SANO.}K MWE—5 X

“Bottadi of Boring at 19.0 Fest.
Comgpleted 5/4/90.

25“‘""

{. Reiar to Figure A—1 for explenation of dasgriptions
and symbals. : .

2. Seil .descriptions and stratum lines ars interpretive
and .cciugl changes My mne gracudl. ‘
CGround water level, if indicateg, is at sime of drilling
{ATD) or for date speciiiea. Level may vary with time.

i, Gasolina—like odor in samptes MWB—1 inrough MWE—-L.
NA: H—Nu measucement not available for sample Mw2—-2 due

to sourious H-Nu wehavicr.

3.

d Construction Data for

Monitoring
Wwell Design

Casing Slickup in Feet
Top of PVC in Feet 0.00. .

N H—Nu
15 NA
14 NA L
52 1402
72 50 _—_F— ‘ 4\ |
I
]
35 7 \: *
80 5 l:— }
a5/11 7 : B

e
J-2104-02 5/9¢
Figure

& &8%,4(, paorl. 41 a,(.'!'a{ ‘Hﬁ[“/(.ffe L\)_,"’(L\, M'ﬂ.,



O Depth

|

10—

ar
[chd
@

e

R

Boring Log and
Geologic Log

Approx. Ground Surfoce.
Elevation in Feetl 145.09

slightly “gravelly, silty, fine to medium SAND.

E— —

Mediurn dense to dense. moisi to wet
stighily gravelly, siity, fine to medium SAND.

—_—

. . —_—— ——— ]

Dense to very dense, domp, gray,
st/iqbrﬂ’y gravelly, siity SAND.

N
[

5 of
Completed 5/4/90.

{. Refer to Figure A-1 fo
cnd symbols.
2. Soil cescriptions and strat

may 28 grocual.
if incicated, is ¢t

and gctual changes
3. Ground water level,

(ATD) or for dcte specified. Level may vary wil

K Recowgy wok 4

Medium dense to dense, moist. gray,

- Sample N

MW7 -1

MW7 —4

MW7 -3

¢ axplongticn of descriptions
ym lines are interprelive

rime of darilling
h time.

Lucial iUl <[iFe worte deple.
(eFi. 6/3f73)-

=< < <l

ST 1<

Cvonstruction Data for
Monitoring Well MW-7

Monitoring

well Design
Casing Stickup in Feet
Top.of PVC in Feet 0.00

HeNu

63

i8 6.0
a2 19
o 1
% 3
s0/6 5




" Boring Log and Construction Data for

Monitoring Well MW-20

Geologic Log
=3
Q™ Approx. Ground Surfoce
CS.E Elevation in Feet 14Q.87 Sampie N

2—inches of asphall over dense lo
‘very dense, moist, brown, slightly
sitty to silty, gravelly SANOC.

33
70
86

10 —}—- Grades to wet. ‘;37

95

1
SIS S

25—

i. Refer to Figure A—1 for 2xplanation of dascriptions

and symbois. -

Sail descriptiens and strotum lines are interprelive

and actual chenges may be gradugl. ’

3. Ground water lewvel, if indicated, is at time of drilling
(ATD) or for aate specified. Level may vory with lime.

i, Tlevgtions mecsured reldtive to an gssumed referance
datum of 144 43 at bencamark near the Tiki Carwash/
Oallar—Rent—~—Car prooerty boundeory adjgesnt o
MNE 3th strest, )

% ng o 6[4,01'&[ 'f’l”” [:‘/C@

M . :“r}, /04’\‘*?_4 P

Monitoring
Well Design -
HHNu"_ .
. X
_ & \\ _
T NN
NN
t b : %\%_
8 e ?5?-:\“
11 E '__—_VV‘
LB i
_ i
g='s
J-2104-03 5/90
Figurs A-5



ODepth
in feet

Boring Log and Construction Data for
Monitoring Well MW-21 |
' ' Monitoring

Geologic Log _ Well Design

Casing Stickup in Feet 0

Sample N H-Nu

A

2 inches of asphalt over very loose, ‘
moist, brown silty, gravelly SAND. (FILL) | o

%
%X>
i

X

Loose to medium dense, moist to wet
gray and brown, gravelly, silty SAND
with sandy SILT layers. {Glaciat TILL—like)

Very dense, moist, brown lo gray,

gravelly, silty SAND. (Glocial TILL—like) s - ;

50/6 1

AR AT AR EARRRARRAARN)

s50/6 1 F

<D <] X IX<]

Bottom of Soring at 13.3 Fese
Completed 5/31/90

. Refer to Figure A—1 for explanation of descriptions )

© and symbals. v, e
. Soil descriptions and stratum lines are interprative

and actugl changas may be grodual. AT CROUWEE

. Ground water lavel, if indicated, is at time of drilling . ,
(ATD) or for date specifiea, Level may vary with time. J-3678 11/92

Figure B-§




Boring Log and Construction Data for
Monitoring Well MW-23

Geologic Log
Approx. Ground Surface

m

levation in Feet 139.12

2 inches of dasphalt over medium dense to

to very dense, moist, tan to gray,
silty, gravelly SAND.

——  Grodes to very silty.

*

L Grades to silty. ﬁt

—

25—

ott@m of Soring at 13.2\Feet.
Completed 3/3t/90.

and symbols,

Monitoring
Well Design

Samgl_g_ N

S—1

5-2

. Rafer io Fiquré A—1 for explanation of descripticns

. Soil descripticns ang stratum lines ara interpretive
and cctugl cncnges may be gradual.
. Ground water ievel, if indicated, is at time of drilling

X
X
X

<]

{ATD) or for zate soecified. Level may vary with time.
Elevations mecsured reigtive o an assumed reference

datum of 142 43 at bencnmark near the Tiki Carwesn/
Dollar~ent—A~Car arooerty boundary adjacent to

NE 3th streer.

22

95 /11
50/5

50/5

58/5

50/6

H—Nu

&7 7N RTVING a[ac:r'a[—"f\ﬁwll‘;te !.«.)[‘ '{—("“ &eﬂh‘

o

g —

X S 38 ]

NN\
P I S =
. W

:

i

R RARAARMRSTRRRERTAERELERERMAR AL

-
CJ

]

L7 ) SEEX
[ARTFCROEEY
J-2104-C3 5/90
Figure A-8



Boring Log and Construction Data for

Monitoring Well MW

Geoclogic Log

-29

Samote N

= v
S Approx. Ground Suriace
.= flevation in Feet O

2-inches of aspncit over logse, moist,
brown, sligntly gravelly, very silty
SAND with orgenics.

>1]

r S—i

Medium dense o very dense, domp o
moist, brown, stighlly gravelly, silty
SAND.

Grecdes to wet,

Az

20

(% [P
I l
4= [
TISETST)
tal
e .

<1

in
)
h

w
|
[
(¥
o

I~
(¥
l

Moo

L

3otBm of Sering ct 13.5 Fest.

Campleted 3/21/90. '

Refer to Figure A-]
and symools,
Soil descriptions and stratum fines cré inta
ond aciual enanges may be qrucucl
Ground watar level, if indiczted, is gt lime

for explenation of descriptions

rarative

af dritling

(ATD) or for dote specified. Lavel may very with lme.

X Becod weore 3[ac(a(

s A ’}(hu ﬁm.[/ﬁ,fr)?\

hil ~ /(iiéi

Mcnitoring
Well Desicn

Casing Stickuo in Feet O
Too of PVC in Feet .00

H-Nu

et
S

160

140

50/6 170

16¢

e

IR

....lm....”l PO DY R L.__-.l_..m.‘l JRRSTES WG SRS IO I I* SN SN (VT RN DY [

1-_Wl SRR ORI IR N l-___.l._...-.l_.-i -

J-2104-02
Figuras

/" TARGSR O WY VSTER

5/9¢



Boring Log and Construction Data for
Monitoring Well MW-31

Geologic Log

@
- A
Q_*d-—-
A<
0 ,
2 inches of asphalt over very looss,
— maist to wet, brown, slightly gravelly,
silty SAND with organics.
-
- Soft, brown, organic CLAY.
Shen ) Loose to medium dense, wet, gray to

. brawn, slightly gravelly to gravelly,
very silly SAND with organics.

D —— Grades to very dense. (Glacial TiL~Iike)

n TN

(W]

——  Grades to silty.

‘Gottém of Boring at 13.3 Feet.
Completed 8/25/90.

Menitoring
Well Design

Casing Stickup in Feet Q

Sqr,npi_e_ N

i. Refer to Figure A—1 faor explanation of descriptions

and syrools.,

2. Soil descrintions and strotum lines “are interpretive

and actual changes may be gradudl.

3. Ground water lavel, if indicated, is dt time of drilling

X< 12> [>T [>T

{ATD) or for date specified. Lavel may vory with time,

20

56/4

H=Nu

1

12

o
(J
J-38678 5/890

Figure B-6



Boring Log and Construction Data for
Monitoring Well MW-33

Mcnitoring
Geologic Log Well Design

Casing Stickuo m Feec 3
Too of PYC in Fest 3.C0

(ATD) or for cciz soecifiea. L2vet mgy vary wilih lime,

| '5? BM WD 5/&/46![ ﬁ/{“‘/(‘[c@ . Figure

T depth. (BAm é/’%/?;’).

=%
—_— -
5 Approx. Ground Surfcce
.= EZigvation in Feet O Somcte N
0 — — — — - 1 P9 i
2 incnes of csphelt over meqium stiff, N ]
- maoist. Drown, graveily, very sendy SILE — p; : =
XA J
- - A ,4 i
N ) . L n =
1 S IZ 7 L f
- Logse, moist to wetl, gray, jraverly, ~ — -
DA —
- silty SANC, : N — _?
S W, — '
i Soft, wet, green to Srown—alack. orgonic | S—2 X/ 4 - m— -
a—
CLAY. Coe :—" l
= s-3|X11e | = l
Medium dense o dense, brown o grey, ‘ |
- wel, graveily, silty SAND. )\z ' S E "‘l
10 — , = |
" 54 34 - o —I
- i - I m— ‘;ATD |
4 5—_— - 1
. N - - = ——
- Grgges !9 very densa. §=3 X 30/ Lol _i
) 3 2
= . :
) ./ 3o&em of Zaring at 140 Fket. b _ !
1S — P 'Caomcletad 8/25/20. — '—'i
\ 4
N |
[_ |
i
] ] ]
) — : l—- —
S, . I !
- ],_ —'i
7 © !
{ -
— !""' i
| i ]
25 — — -
1. Aefer to Figure A—1 for =axplanciicn of descripticns L
and symnzots. i
2. Soit gescrictions ond straium tines sre interoretive — __
oty apag ' LT AR R E
. gne sciuel changes may de gricuoh. L /;._iz..e L’(Z ”{(@Hic,{_ﬁ_’f{
3. Sround water lewel, if incicateg, ‘s ot ime of driling
4-2104-02 5/90



APPENDIX C:
ANALYTICAL DATA SHEETS
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