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EXECUTIVE SUMMARY

The Park-Euclid Water Quality Assurance Fund (WQARF) Site (Park-Euclid Site) is located
south of 8" Street, north of 14™ Street, west of Mountain Avenue, and east of Park Avenue in
Tucson, Arizona. In 1990, as part of a larger area-wide investigation, an inactive industrial
water-supply well at the Haskell/Mission Linen Facility at 301 South Park Avenue, known as
New Well (or MP-1), was sampled by the Arizona Department of Environmental Quality (ADEQ).
The water-supply well was discovered to be contaminated with dry cleaning-related
contaminants and diesel fuel. In 1999, the Park-Euclid Site was placed on the WQARF
Registry, with an eligibility and evaluation score of 51 out of a possible 120. In October 1999,
ADEQ initiated a Remedial Investigation (RI). As part of this RI, 20 perched aquifer monitoring
wells, 10 soil vapor monitoring wells, 4 soil vapor extraction (SVE) wells, 1 multi-phase
extraction well, and 17 regional aquifer monitoring wells (including 4 regional aquifer sentinel
wells) have been installed across the site by Mission Linen, the U.S. Environmental Protection
Agency (EPA), ADEQ, and/or the City of Tucson.

Activities undertaken to achieve the RI goals included: evaluating historical site uses; identifying
and assessing the integrity of sanitary sewer and wastewater lines; collection of soil, soil gas
and groundwater samples; conducting aquifer tests to determine aquifer characteristics; and
compiling and evaluating available environmental data for the Park-Euclid Site generated by
ADEQ, Mission Linen, the City of Tucson, EPA, Pima County, the U.S. Army Corps of
Engineers, and the Arizona Department of Transportation. This RI report has been prepared
using data collected from the last full groundwater monitoring and sampling event in November
2008, a 2009 evaluation of a multi-phase extraction (MPE) system pilot operation, and any
information collected prior to that time.

The Park-Euclid Site and surrounding area is located in an urbanized setting, which includes
single-family and multi-family homes, shops, restaurants, schools, and light industry. The scope
of the RI also includes the area to the north and northeast of the Park-Euclid Site extending to
the University of Arizona (UA) campus. UA operates eight water-supply wells which provide
drinking water to the Main Campus and the Arizona Health Sciences Center.

The contaminants of concern (COCs) at the Park-Euclid Site are the dry cleaning-related
chemicals tetrachloroethene (PCE) and its biological breakdown products trichloroethene
(TCE), dichloroethene (1,1-DCE, cis-1,2-DCE, trans-1,2-DCE), and vinyl chloride. 1,1-DCE can
also be an abiotic degradation product of 1,1,1-trichloroethane (1,1,1-TCA). However, 1,1,1-
TCA has not been detected at the Park-Euclid Site. COCs are regulated chemicals that exist in
the groundwater in concentrations above soil remediation levels, groundwater protection levels,
and ADEQ AWQSs, as appropriate.

Identification of potential sources for the diesel fuel-related contamination in the perched aquifer
was not an objective of this Rl. ADEQ’s RI activities were focused on the dry cleaning-related
contaminants in the soil and groundwater, since these contaminants presented the greatest
potential risks to human health based on exposure pathways.

Groundwater beneath the Park-Euclid Site is present in a shallow perched aquifer, which exists
from approximately 84 to 96 feet below ground surface (bgs), and the regional aquifer, which
begins at approximately 200 feet bgs. The perched aquifer at the Park-Euclid Site is
approximately zero to greater than 5 feet thick, responds seasonally to various weather/climate
events, and does not appear to be present in the northern portion of the Park-Euclid Site near
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the sentinel wells UAM-1, UAM-2, UAM-2B, and UAM-3. The perched aquifer is underlain by
clayey sediments with low permeability (the upper aquitard), which helps restrict the migration of
fluids downward.

The hydraulic gradient of the perched aquifer is to the north-northwest in the area north of the
Haskell/Mission Linen Facility, and to the west-southwest in the area south of the
Haskell/Mission Linen Facility. The perched aquifer COCs plume extends approximately
800 feet northwest from beneath the former dry-cleaning area, approximately 250 feet to the
southwest, and approximately 400 feet to the southeast and northeast. The perched aquifer in
the southern portion of the Park-Euclid Site is impacted with diesel free product and dissolved-
phase fuel-related hydrocarbons. The diesel fuel has been trapped by the upper aquitard and is
floating on top of the perched aquifer. Dry cleaning-related contaminants are found both in the
diesel fuel and in the groundwater of the perched aquifer. Based on information collected
during the site investigations, the perched aquifer is not a source of potable water.

The perched aquifer and aquitard are underlain by the lower vadose zone, which extends to the
top of the regional aquifer at about 200 feet bgs. Dry cleaning-related contaminants are present
in this zone as vapors and adsorbed to soil.

The regional aquifer, present at depths starting at approximately 200 feet bgs at the Park-Euclid
Site, is the main source of water supply for the Tucson Basin. The COCs plume in the regional
aquifer extends about 2,800 feet to the north-northeast from the Haskell/Mission Linen Facility
towards UA. The extent of the regional aquifer plume is dependent on the pumpage of the
regional aquifer. The nearest water-supply wells to the Park-Euclid Site are located
approximately 0.5 miles to the north (downgradient) and are used by the UA. UA water-supply
wells do not contain any Park-Euclid Site COCs. Diesel-fuel free product is currently not found
in the regional aquifer monitoring wells, but it has been detected historically.

The primary sources of contamination may be attributed to spills and releases of PCE solvent
from the wastewater pipes, sanitary sewer lines, storage tank spills, spills in the dry-cleaning
area, and releases from dry-cleaning machines. These spills and releases reportedly occurred
within and in the vicinity of the former dry-cleaning area at 301 South Park Avenue (the
Haskell/Mission Linen Facility). These spills may have resulted in releases of liquid PCE to the
subsurface through soail, joints, and cracks in the concrete slab of the building, and through
discharges to the floor drains, sumps, and sewer lines.

The spilled/released PCE eventually migrated to the underlying shallow perched aquifer.
Contamination observed in the regional aquifer is likely a mixture of PCE and water from the
perched aquifer that primarily migrated into two former water-supply wells (Old Well and MP-1)
located at the Haskell/Mission Linen Facility. Contaminants were most likely transported
downward from the perched aquifer to the regional aquifer through these former water-supply
wells that acted as primary conduits to the regional aquifer. Old Well was abandoned in 1992
and MP-1 in 1994. Downward migration of contamination from the perched aquifer by
seepagel/vapor transport through the upper aquitard may be a potential continuous pathway.
Some groundwater monitoring wells that may have been drilled through the perched aquifer
without implementation of measures to limit cross-contamination may have been a temporary
conduit.

Wastewater pipes were examined at and adjacent to the Haskell/Mission Linen Facility as a
potential route for PCE to enter the subsurface. Wastewater from the Haskell/Mission Linen
Facility discharged into a sanitary sewer beneath the building that flowed north to a manhole in
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13" Street, between Fremont Avenue and Park Avenue. The north-south wastewater line was
installed in 1947 in an alley, and the building at 301 South Park Avenue was later extended over
it.

ADEQ performed an investigation of the north-south sewer pipe. A hydrostatic test indicated a
rate of leakage exceeding the standard for wastewater pipes. Video camera images also
indicated that pipe corrosion and numerous cracks were observed along the north-south piping,
as well as a complete pipe joint separation at one location. Hydrostatic testing of the sewer line
indicated a definite failure of pipe. The sewer line was filled with concrete and abandoned in
place in 2007.

In 1999, Mission Linen installed a SVE system at the former dry-cleaning area to remove
volatile organic compounds (VOCs) from the upper vadose (unsaturated) zone. The system
operated from June 2000 through July 2002 and from September 2004 through February 2006,
and extracted a total of approximately 7,991 pounds (Ibs) of VOCs from the upper vadose zone.

From April 16, 2008 through June 3, 2009 (for a combined total of approximately 6 months),
Mission Linen performed pilot testing and pilot operation of a MPE system at 301 South Park
Avenue to remove COCs from the perched aquifer, the capillary fringe above the perched
aquifer, and the upper vadose zone beneath the Haskell/Mission Linen Facility. Collected data
indicated that that the MPE system removed a total of approximately 1,000 Ibs of VOCs from
the subsurface and that MPE was a viable remedial alternative.

ADEQ’s screening assessment of health risk indicated that VOC vapors, including PCE,
volatizing from subsurface soil and groundwater beneath the Haskell/Mission Linen Facility do
not pose a significant health risk to current or future off-site residential structures north and
south of the facility, but may pose a health risk to current on-site workers. Subsequent air-
guality sampling indicated vapor concentrations inside the building were significantly below
applicable occupational health exposure limits.

The perched aquifer at and in the vicinity of the Park-Euclid Site does not serve as a source of
potable water. The principal risk associated with contamination in the perched aquifer is the
potential for contaminants to migrate from the perched aquifer into the overlying upper vadose
zone or into the underlying lower vadose zone and regional aquifer.

There are no direct risks associated with contamination in the lower vadose zone. The principal
risk associated with contamination in the lower vadose zone is the potential for contaminants to
migrate from the lower vadose zone into the underlying regional aquifer.

The regional aquifer is an important source of potable water for the UA and the City of Tucson.
No water-supply wells are currently affected by the Park-Euclid Site contaminant plume in the
regional aquifer, but several water-supply wells operated by UA are downgradient of the plume
and could be adversely affected by future contaminant migration.

This Final Rl Report will provide the basis for the feasibility study (FS), which will evaluate
various remedial alternatives to mitigate the soil and regional groundwater contamination
beneath the Park-Euclid Site.
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1.0 INTRODUCTION

This Final Remedial Investigation (RI) Report for the Park-Euclid Water Quality Assurance
Revolving Fund (WQARF) Site (Park-Euclid Site) was originally prepared by Miller Brooks
Environmental, Inc. (Miller Brooks) on behalf of the Arizona Department of Environmental
Quality (ADEQ). Miller Brooks performed RI activities and prepared a Draft RI report under the
Arizona Superfund Response Action Contract (ASRAC), in accordance with the guidelines and
requirements outlined in ASRAC No. 99-0017 and the Scope of Work for Procurement No. 00-
0062. The Draft RI report was dated June 29, 2004 and made available for public review and
comment on July 4, 2004.

Based upon comments received, ADEQ determined that additional site information was
necessary and the Draft RI report would be updated to include the comments received and
current information. Subsequent updates to this report have been prepared by Tetra Tech GEO
(Tt-GEO, formerly GeoTrans, Inc.). The Final Rl presents the findings of investigative activities
performed from March 1991 through November 2009 by ADEQ, Haskell Linen Supply, Inc.
(Haskell Linen), Mission Linen Supply (Mission Linen), the City of Tucson, the U.S.
Environmental Protection Agency (EPA), and/or various other parties. Recent data collection by
Tt-GEO was performed under ASRAC No. 03-0073 and the Scope of Work for Procurement No.
04-0052.

The Park-Euclid Site was added to the WQARF Registry in 1999. The boundary for the Park-
Euclid Site encompasses the Haskell/Mission Linen Facility (301 South Park Avenue in Tucson,
Arizona; currently owned by Mission Linen, and formerly owned by Haskell Linen), and plumes
originating from the Facility (Figures 1-1 and 1-2). This report presents the rationale and results
of the investigation of industrial discharges from dry-cleaning related activities at the
Haskell/Mission Linen Facility, resulting in impacts to soil and groundwater.

The purpose of this RI report is to: identify the nature and extent of contamination and the
sources thereof; identify current and potential impacts to public health, welfare, and the
environment and identify current and reasonably foreseeable uses of land and waters of the
state.

1.1 PARK-EUCLID SITE LOCATION

The Park-Euclid Site is located in Tucson, Arizona, and is bounded to the north by 7" Street, to
the south by 14th Street, to the west by Tyndall Avenue, and to the east by Cherry Avenue
(Figure 1-3). The Haskell/Mission Linen Facility at 301 South Park Avenue is located at the
southern portion of the Park-Euclid Site. The Park-Euclid Site is generally located in the
northwest quarter of Section 18, Township 14 South, Range 14 East of the Gila and Salt River
Base and Meridian in Pima County, Arizona.

The Park-Euclid Site is located in an urban setting that includes a mixture of commercial
businesses, light industry, warehouses, and residential neighborhoods. Schools and daycare
centers have been identified both hydraulically upgradient and downgradient of the Park-Euclid
Site. The University of Arizona (UA) Main Campus is located approximately 0.5 miles north of
the Park-Euclid Site boundary (Figure 1-3).
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1.2 SOURCE IDENTIFICATION

1.2.1 Source Area History

A Preliminary Assessment/Site Inspection (PA/SI) report prepared by the EPA in 1999 identified
two properties which were investigated to determine the source of contamination at the Park-
Euclid Site — 200 and 301 South Park Avenue (EPA, 1999), separated by 13" Street (Figure 1-
4) (EPA, 1999). The facility at 299 South Park Avenue was originally established in 1948 on
previously undeveloped property by Cascade Cleaners and operated as a laundry and dry-
cleaning facility. The facility at 301 South Park Avenue was originally owned and operated by
Haskell Linen. Haskell Linen began operations in 1938, when the Haskell family purchased the
previously undeveloped property. At that time, Haskell Linen’s business consisted of a small
laundry service that washed clothes and towels. According to a summary of the operational
history of the Park-Euclid Site prepared for ADEQ by HydroGeolLogic, Inc. (HGL), no dry
cleaning was conducted at the 301 South Park Avenue facility during this timeframe (HGL,
2010).

In 1963 or 1964, Haskell Linen purchased the Cascade Cleaners facility located at 299 South
Park Avenue, including dry-cleaning operations. Mission Linen purchased the facility in 1983
(HGL, 2010), operating as a linen supplier and industrial laundry. The company also continued
dry cleaning at the site until June 1985, when the dry-cleaning machines were taken out of
service (Dames & Moore, 2000a).

1.2.2 Dry-Cleaning Machines

When Haskell Linen purchased Cascade Cleaners in approximately 1964, they acquired two
small dry-cleaning machines that may have used tetrachloroethene (PCE; HGL, 2010). In 1973,
Haskell Linen purchased two 250-pound dry-cleaning machines manufactured by American
Laundry Machinery Industries (American Laundry Machinery Industries, 1972). The new dry-
cleaning machines, which used PCE, replaced the two Cascade Cleaners machines and were
in use by Haskell Linen from 1973 until Mission Linen purchased the facility in 1983 (HGL,
2010).

Each dry-cleaning machine went through two washes during each cycle. Up to 150 gallons of
PCE were pumped into the primary washing area, known as the wash wheel. The dirty PCE
from these cycles was drained into a still feed tank and then pumped into a vertical still for
reclamation. PCE was supplied from a 2,000-gallon aboveground storage tank (AST) and was
manually pumped into a 350-gallon clean solvent tank. PCE was also stored in various
components of the dry-cleaning machines. Overall, the total PCE storage capacity of one dry-
cleaning machine was approximately 600 gallons.

Two components of the dry-cleaning machines produced a residue that required cleaning on a
regular basis — the vertical still and the cooker. Up to 5 gallons of sludge was removed from the
cooker on a daily basis. Sludge from the vertical still that was not pumped over to the cooker
also needed to be removed. The dry-cleaning operator would remove “maybe a couple of
gallons” of sludge from the vertical still once a week (HGL, 2010).

Mission Linen stated that it used approximately 100 to 300 gallons of PCE per week (Mission
Linen, 1995; Quarles, Brady, Streich, Lang, 2000). Weekly performance sheets for the dry-
cleaning operation indicated that PCE usage varied greatly. For example, a performance sheet
for the week of April 25, 1985 shows that both machines cleaned a total of 16,000 pounds (Ibs)
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of clothing and used a total of 311 gallons of PCE, while a performance sheet for the week of
May 9, 1985 shows that one machine cleaned a total of 8,250 Ibs of clothing and used 231
gallons of PCE (HGL, 2010).

1.2.3 PCE Spill History
The following is a short description of various spills of PCE at the Haskell/Mission Linen Facility:

e From 1970 to 1975, there were minor weld bursts in the various PCE tanks
located to the south of the dry-cleaning machines. The specific amounts of PCE
released are unknown, but it is believed there were several of these bursts,
increasing in frequency, which prompted Haskell Linen to file complaints with the
manufacturer, American Dry Cleaning, who then replaced various equipment that
served the dry-cleaning machines (Quarles, Brady, Streich, Lang, 2002).

e During the period 1970 to 1983, there were periodic, small PCE spills from a
“button trap” located underneath each cleaning machine to capture buttons and
other articles left in the pockets of items that were being cleaned (such as bills,
coins, paper clips, etc.). These items would tumble in the dry-cleaning machine
and ultimately drop into the button trap before PCE solvent ran into a hose
underneath the machine to be returned to the tanks. After each load was
completed, the operator would clean out the button trap. If properly executed,
this would not result in spilling of any solvent on the floor. However, if the button
trap was removed too soon, there could have been some minor spillage onto the
floor (Mullen & Henzell, 1998; Quarles, Brady, Streich, Lang, 2002).

e During the period from 1975 to 1983, PCE releases resulted from punctured
seals on the doors of the dry-cleaning machines. This occurred about 10 to
12 times a year (Mullen & Henzell, 1998; EMCON, 1994c; Mission Linen, 1995;
Villarreal, 1995; Urbano, 1995; Quarles, Brady, Streich, Lang, 2002). These
incidents occurred when sharp objects were emptied from pockets of clothing in
the dry-cleaning machines. The amount of spilled PCE depended upon the cycle
in which the machine was operating and the location of the operator at the time
of the incident (Quarles, Brady, Streich, Lang, 2002).

e In 1976, there was a small weld burst in the seam of the chemical water
separator tank, resulting in a spill of at least 25 gallons of PCE onto the concrete
floor (Quarles, Brady, Streich, Lang, 2002).

e There were three positions for the machines: down, middle, and up; the
machines would wash in the middle position. During the period from 1976 to
1978, when the air compressor would malfunction, the machines would tilt
forward to the down position. This may have occurred as many as 20 times.
PCE spilled on the floor in about half of these incidents, with perhaps as much as
100 gallons being spilled each time (Mullen & Hanzell, 1998).

e 1In 1979, a weld seam on the intermediate tank burst, and PCE was “all over the
floor.” It was estimated that at least 75 gallons of PCE spilled, thus making it “a
very big spill” (Quarles, Brady, Streich, Lang, 2002).
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e In approximately 1979, a spill occurred during the PCE delivery at the 2,000-
gallon PCE storage tank located north of the dry-cleaning operation (Figure 1-4).
This was the “first storage tank incident,” and it was caused by connecting
improper fittings to the tank during delivery. Since “a good deal of perc spilled on
the floor,” former employees recall it as a “big spill” (Quarles, Brady, Streich,
Lang, 2002).

¢ In approximately 1979 or 1980, a seal on the main pump behind the dry-cleaning
machines failed and at least 30 gallons of PCE spilled on the floor (Quarles,
Brady, Streich, Lang, 2002).

e In summer 1980, a blockage occurred in the cleaning tube that came out of the
bottom of one of the dry-cleaning machines; this tube allowed the operator to
determine the level of PCE within the machine. During this incident, the entire
cleaning machine completely filled with PCE, but PCE continued to be pumped
into the machine. Because of the weight, PCE broke the tubes and at least 150
gallons of PCE spilled across the dry-cleaning machine and onto the floor
(Mullen & Henzell, 1998; Quarles, Brady, Streich, Lang, 2002), making it a “very
big spill” (Quarles, Brady, Streich, Lang, 2002).

e In 1981, during PCE delivery, the driver overfilled the large storage tank.? PCE
traveled into a vent pipe extending up and out of the tank, up to the roof of the
building, continuing down the drain underneath the loading dock, and out onto
the area immediately adjacent to the loading dock on the east side of the
building. From there, PCE traveled along the east side of the building in front of
the loading dock, down into a drain in the asphalt. This was an “extremely large
spill, but it was not cleaned up because it was outside of the building” (Quarles,
Brady, Streich, Lang, 2002).

e From February 1983 through May or June 1985, several PCE spills occurred,
with approximately 40 to 50 gallons of PCE spilled each time (Mission Linen,
1995).

e In April/learly May 1985, a “fan became undone” in one of the dry-cleaning
machines during the “high extract” cycle. This caused the machine to literally
explode inside, followed by a pump leak that caused almost all the PCE inside
the machine to spill. “This was a very large spill” (Quarles, Brady, Streich, Lang,
2002). It is estimated that about 50 gallons of PCE was spilled onto the plant
floor (Mission Linen, 1995).

e Haskell Linen employees indicate there were typically spills of 25 to 40 gallons of
PCE onto the concrete floor that occurred once or twice a month, and sometimes
as often as once a week (Earth Technology, 1991).

! This tank was installed in 1976 north of the dry-cleaning machines, and later moved south of the dry-cleaning

operation, behind the wall at the south end of the dry-cleaning area (Quarles, Brady, Streich, Lang, 2002).

2 Because of the difficulty loading the large PCE storage tank by entering the 13" Street side of the plant, it was
determined to move the large storage tank south of the wall behind the dry-cleaning operation. A “port” was installed
on the outside wall on Manlove Street, where a pipe entered the plant, went up, ran north across the rafters, and then
went down and entered the storage tank from the top (Quarles, Brady, Streich, Lang, 2002).
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e There were spills as large as 500 or 1,000 gallons that would cover the entire
dry-cleaning area, approximately 20 to 30 feet in diameter (Earth Technology,
1991).

The general practice for cleaning up PCE spills or releases inside the Haskell/Mission Linen
Facility was to soak up as much as possible with clothes waiting to be dry-cleaned, which were
subsequently run through the dry-cleaning machines (Mission Linen, 1995; Mullen & Henzell,
1998; Urbano, 1998; Villareal, 1998; Quarles, Brady, Streich, Lang, 2002; HGL, 2010), and then
broom any remaining PCE into the floor drain behind the dry-cleaning machines (Earth
Technology, 1991; Mission Linen, 1995; Urbano, 1998; Villareal, 1998).

1.2.4 Water-Supply Wells

Two water-supply wells, Old Well and New Well (or MP-1; hereafter called MP-1), were located
on the property at 301 South Park Avenue (Figure 1-4). No written records were found
documenting the drilling dates or construction details for Old Well or MP-1. Old Well is believed
to have been drilled circa 1938, which is the year that Haskell Linen began operating at
301 South Park Avenue. According to the well abandonment report submitted to the Arizona
Department of Water Resources (ADWR), Old Well was constructed of 10-inch diameter steel
casing. Total depth of the well was 501 feet below ground surface (bgs) (EMCON, 1995a).
Reportedly, Old Well was used by Haskell Linen until the early 1980’s, when it was taken out of
commission because of bad casing, and the Facility obtained a connection to City of Tucson
water system (Pima County Health Department, 1980; Earth Technology, 1991). The water
guality in Old Well was said to be good as late as 1982 (Anonymous, 1982a,h).

In 1973, Haskell Linen installed MP-1 (EPA, 1999) approximately 120 feet east of Old Well,
south of 13" Street, and west of Fremont Avenue. MP-1 was constructed of 12-inch diameter
steel casing, but the original depth, screened interval, drilling method, original water level, and
other relevant construction details are unknown. According to video surveys, well casing
perforations were first noted at depths of 332 feet bgs (Earth Technology, 1991) and 338 feet
bgs (EMCON, 1995d). Based on the well abandonment report submitted to ADWR, MP-1 was
511 feet deep (EMCON, 1995d).

The initial pumping of MP-1 produced water containing diesel fuel. In March 1980, in an attempt
to clean out the diesel fuel, Haskell Linen pumped MP-1 for three or four weeks (Pima County
Health Department, 1980). The pumped water and diesel fuel mixture was discharged onto
13" Street, flowed east on 13" Street to Fremont Avenue, ran north on Fremont Avenue,
ponded at the intersection of Fremont and Miles Street, and then flowed north and east to the
Arroyo Chico. Pumping of MP-1 was halted following complaints to the Arizona Department of
Health Services (ADHS) (ADHS, 1982a; Earth Technology, 1991). The extended pumping in
1980 reportedly cleared out the floating free product; however, clothes cleaned with the water
still smelled of diesel, and diesel free product eventually reappeared in the well (Earth
Technology, 1991).2

8 Deepening of the well in 1981 in an attempt to improve water quality was discussed in the Draft Rl report (Miller
Brooks, 2004d); no valid supporting references could be identified.
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1.2.5 Sewer/Wastewater Lines

According to the Pima County Wastewater Management Department (Pima County), a sewer
line, built in 1927, ran north and south beneath 301 South Park Avenue (Figure 1-4). Pima
County records indicate that the Facility at 301 South Park Avenue was first connected to the
sewer line on June 30, 1947. Investigation of the sewer line conducted by ADEQ revealed that
it was made of cement (GTA, 2003).

On July 25, 1940, the City of Tucson conveyed an alley to the east of the facility to Haskell
Linen in a deed; however, it did not convey to them the sanitary sewer line running north and
south through the alley (HGL, 2010). When Haskell Linen began dry-cleaning operations in
1973, the sewer line was owned and operated by the City of Tucson (HGL, 2010). Aerial
photographs taken in December 21, 1973 show that the building structure appears to have
completely covered the area where the sewer line is located. In 1979, City of Tucson and Pima
County entered into an intergovernmental agreement by which the City of Tucson transferred
ownership of all sewer lines within the City’s jurisdiction to Pima County; the sewer line beneath
the facility at 301 South Park Avenue remained within the jurisdiction of Pima County, although
constructing a privately owned facility over a public sewer line is not a common practice (HGL,
2010).

In addition to PCE entering the sewer system through miscellaneous spills that were broomed
into the floor drain (as discussed in Section 1.2.3 above) during the use of the Facility by
Haskell Linen, PCE also entered the sewer system from the floor drain in the dry-cleaning area
by the following:

e Chemical Water Separators: The purpose of the chemical water separator on
the two dry-cleaning machines was to allow the PCE and water used in the dry-
cleaning process to settle out; water from the separators was discharged into the
sewer (Earth Technology, 1991; HGL, 2010) and the PCE was then returned to
the system for reuse (HGL, 2010).

e Sludge from Still and Cooker: The dry-cleaning machines produced a sludge
that had to be removed from both the vertical still and the cooker. The cooker
produced up to 5 gallons of sludge daily, and the vertical still produced “maybe
several gallons” of sludge per week (HGL, 2010). Sludge was being disposed of
down the floor drain in the dry-cleaning area from at least 1976 until either 1980
or 1981 (HGL, 2010). Afterwards, the sludge collected daily from the chemical
separator was stored in 55-gallon barrels and sent off site, but it is uncertain if
the chemical water separators were disconnected from the sewer (HGL, 2010).
According to a 1999 PA/SI by the EPA, samples collected from still bottom drums
at the site showed concentrations of PCE as high as 11 to 12 percent (Ecology
and Environment, 1999).

o Still Rinsate: PCE also entered the sewer system through disposal of still
rinsate down the floor drain in the dry-cleaning area (American Laundry
Machinery Industries, 1972; Earth Technology, 1991; HGL, 2010), and
subsequently into the sewer, as noted in a February 9, 1984 Pima County site
inspection report (HGL, 2010). The inspection report also notes that the manhole
on 13" Street, where the Facility’s wastewater flowed, “had a heavy perc odor”
(HGL, 2010). On June 21, 1984, Pima County ordered Mission Linen to cease
discharging the rinse water (HGL, 2010). A follow-up inspection on July 12,
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1984, noted that the floor drain behind the dry-cleaning machines had been
sealed and that PCE was “now being collected at a rate of four 55-gallon barrels
per day 5 days a week” (HGL, 2010).

1.2.6 Underground Storage Tank

In 1974, a 10,000-gallon gasoline underground storage tank (UST) was installed in the parking
area of the Haskell Linen property, at the southwest corner of 13" Street and Fremont Avenue.
The UST was removed in 1986 (Earth Technology, 1991). There was no evidence that the UST
or associated filling operations released fuel hydrocarbons to the subsurface.

1.3 ARROYO CHICO PROJECT

The City of Tucson, Pima County, and the U.S. Army Corps of Engineers (USACE) have
proposed construction of runoff detention basins along the Arroyo Chico for flood-control
purposes (USACE, 200l1a). The proposed detention basins include three separate basins
situated generally along the axis of the Arroyo Chico Wash. Proposed Basin One, the
northwestern and farthest downstream of the proposed basins would largely be situated within
the Park-Euclid Site boundary (Figures 1-2 and 1-3). Proposed detention Basin One would be
excavated at the southwest side of the present Arroyo Chico streambed. The sides of the basin
would be sloped, and the bottom would no longer be lower than that of the Arroyo Chico
streambed.

1.4 PARK-BROADWAY AREA

The Park-Broadway area is located approximately 500 feet northwest of the current Park-Euclid
Site boundary. The Park-Broadway area is the location of documented former dry-cleaning and
fuel-dispensing operations near the corner of Broadway Boulevard and Park Avenue (Miller
Brooks/Golder, 2001c). Dry-cleaning was performed at the Park-Broadway area by Nu Way Dry
Cleaners from at least 1958 to 1968 (ADEQ, 1998).

Site investigations began in May 1990 to determine if the Park-Broadway contamination
contributed to the Park-Euclid Site. Site activities have continued into 2008 and have included
the advancement of soil borings, collection of soil and soil vapor samples, and the installation of
groundwater monitoring wells. A detailed discussion of Park-Broadway site activities is
presented in Section 2.4.
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2.0 PREVIOUS INVESTIGATIONS

2.1 PARK-EUCLID SITE INVESTIGATIONS

The Haskell/Mission Linen Facility is located within a broad area of study informally referred to
as “The Downtown Tucson Study Area.” This area had been the subject of an ADEQ
investigation of groundwater contamination since late 1989. The focus of this investigation was
primarily on diesel contamination in a shallow perched groundwater zone which overlies the
regional aquifer of the Tucson Basin. Eighteen (18) wells in the downtown Tucson area,
including a well on Mission Linen’s property (MP-1), were sampled in 1989 and early 1990 as
part of the ADEQ investigation. Old Well, located at the Haskell/Mission Linen Facility, was not
sampled as part of the investigation due to possible casing damage.

In early 1990, a sample of a green liquid was collected by ADEQ from MP-1. This liquid (free
product) appeared to float on top of the water table at approximately 172 feet bgs. Laboratory
analyses indicated that the liquid was diesel fuel, with concentrations of PCE at
2,700 micrograms per liter (ug/L) and trichloroethene (TCE) in excess of 15 ug/L (Earth
Technology, 1991).

In late 1990, a groundwater sample collected immediately below the diesel layer in MP-1 was
found to contain 11,000 pg/L PCE (Earth Technology, 1991). Other volatile organic compounds
(VOCs) present included TCE, 1,1,2-trichloroethane (TCA), trans-1,2-dichloroethene (DCE),
benzene, and xylene. Due to the elevated PCE concentration, the Haskell/Mission Linen
Facility was considered by ADEQ to be a potential contributor to the groundwater contamination
since the solvent was used in former dry-cleaning operations at the facility.

Site characterization activities focused on chlorinated hydrocarbons, including PCE and its
breakdown products TCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride. Diesel free product
and dissolved fuel-related compounds are also present in shallow perched groundwater in the
southern part of the Park-Euclid Site and extend south past the Park-Euclid Site boundary.
Diesel free product was also observed in the regional groundwater in Old Well and MP-1.
However, characterization and identification of the origin of the diesel and fuel-related
compounds is not the subject of this RI.

Remedial investigations at the Park-Euclid Site have been performed primarily on behalf of
ADEQ, Mission Linen, Haskell Linen, the City of Tucson, and EPA. Investigations have
included drilling and installation of perched and regional groundwater monitoring wells,
groundwater monitoring, and sampling of soil, soil gas, groundwater, and floating diesel free
product.

2.1.1 Investigation of Waste Disposal on Vacant Lot — ADHS and Haskell Linen, 1982

The Pima County Health Department noted waste on the vacant lot east of the Haskell/Mission
Linen Facility across Fremont Avenue in 1980 and instructed Haskell Linen to “Clean up and
remove all industrial wastes from the lot east of Fremont, and refrain from disposing of further
wastes there, or elsewhere, in the future” (Pima County Health Department, 1980). In March
1982, ADHS, in response to a complaint, instructed Haskell Linen to “... remove from the lot all
perchloroethylene (PCE) contaminated material/soil to a concentration level of 20 mg/kg or
lower ...” (ADHS, 1982a).
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In March 1982, Haskell Linen collected samples from the source of the waste (not from the
vacant lot). A drum of still bottom waste contained 11.8 percent PCE and a hot oil floor-cleaning
machine sample contained 18.1 milligrams per kilogram (mg/kg) PCE (Ecology and
Environment, 1999). Two samples collected from the waste on the vacant lot were found to
contain 10.6 mg/kg and 200 mg/kg PCE. The approximate location of the waste area is shown
on Figure 2-1.

In April 1982, Haskell Linen collected seven soil samples after removal of the waste and soil
(21.06 tons) to a hazardous waste landfill (BKK in California) (Haskell Linen, 1982), and three
samples from a pile of mixed soil and oily diatomaceous earth that was later removed to a local
landfill in Tucson. Analysis reported that no sample contained PCE above the laboratory
detection limit.  Haskell Linen collected duplicate samples from the pile of soil and
diatomaceous earth, which were reported to contain 0.112 mg/kg and 0.056 mg/kg PCE. A
duplicate soil sample collected from dark-colored material remaining after removal of the waste
contained 0.0047 mg/kg PCE (Figure 2-1). On April 26, 1982, ADHS notified Haskell Linen that
“Haskell Linen has satisfactorily completed the perchloroethylene cleanup” (ADHS, 1982b).

The exact location of the waste disposal area is not known, but is assumed to be on and
adjacent to the unpaved 13" Street right-of-way (Miller Brooks/Golder, 2001e). The soil
samples collected by Haskell Linen indicate the waste was distributed over an area
approximately 100 feet by 150 feet (the field sketch of sample locations was not drawn to scale,
but it shows locations with respect to trees visible on aerial photographs). The entire area
appears to be within or on the edge of the proposed area of excavation for Arroyo Chico
Detention Basin One (Figure 2-1) (see Section 2.3 below).

2.1.2 Preliminary Site Characterization — ADEQ, 1991

From March through June 1991, ADEQ performed initial site characterization activities at the
Mission Linen facility to determine the nature and extent of impact to the regional aquifer and to
assess whether MP-1 was a possible source or conduit for contamination. The investigation
included the installation of three on-site regional monitoring wells (MLR-1, MLR-2, and MLR-3),
and conducting an on-site soil gas survey and an assessment of MP-1 and Old Well (Figure 1-
3).

In March and April 1991, ADEQ conducted logging of Old Well and MP-1, which included
temperature and spinner flowmeter logging, and video-surveying. In preparation for the Old
Well assessment, 178 feet of piping was removed from the well. Pipe removed from a depth of
70 feet bgs was found to be heavily coated with a liquid similar to diesel fuel, and with a dark
green liquid of unknown composition at greater depths (Earth Technology, 1991).

A video survey of Old Well was performed in March and April, 1991. The results of the video
survey indicated a small cascade of water entering the casing through a corrosion hole at
approximately 165 feet bgs; the water level in the well at the time was 176 feet bgs. During
video-logging, obstructions were encountered at different depths, consisting of mop heads,
frames, and handles. A total of about 20 mop heads, frames, and handles were removed from
the well to a total depth of 491 feet bgs, where additional mop heads were encountered.
Attempts to remove them were unsuccessful, and the survey terminated at that depth. A dark,
orange-colored substance was observed at about 172 feet bgs (Earth Technology, 1991).
Groundwater was encountered at 176 feet bgs, and from 176 to 230 feet bgs groundwater
appeared to have a slight green tint, but no free floating product was observed (Earth
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Technology, 1991). The casing appeared to have areas of heavy scale and encrustations, and
no perforations were observed to the depth of 491 feet bgs (Earth Technology, 1991).

The temperature log of Old Well recorded a temperature of approximately 90 degrees
Fahrenheit (°F) just below the water table. A 10°F temperature increase to approximately 100°F
was recorded between the depths of 180 to 250 feet bgs. From 250 to 400 feet bgs, the
temperature of the water remained constant at 100°F. From 400 to 445 feet bgs, the
temperature decreased to 90°F and remained constant until logging was completed at 487 feet
bgs (Earth Technology, 1991).

Information obtained from the spinner flowmeter log of Old Well did not detect vertical
movement in the water column (Earth Technology, 1991).

Depth-specific groundwater samples were collected from Old Well at depths of 176, 210, 260,
460, and 489 feet bgs. Elevated PCE concentrations were detected in the 176-foot sample
(2,700 pg/L) and 210-foot sample (630 pg/L), with concentrations decreasing with depth (Table
2-1) (Earth Technology, 1991).

MP-1 video-logging and borehole logging was conducted by ADEQ in April 1991. Based on the
video log of MP-1, a floating layer of diesel free product was present on top of the water from
175 feet to 190 feet bgs. Slots in the casing were observed from 332 feet bgs to the bottom of
video logging at 480 feet bgs. A second layer of dark, viscous liquid, approximately 3 feet thick,
was observed at the bottom of MP-1, from 447 to 480 feet bgs (Earth Technology, 1991).

The temperature log of MP-1, located approximately 120 feet east of Old Well, recorded
temperatures in the water column ranging from 83°F to 90°F (Earth Technology, 1991). The
temperatures rose gradually with depth, and were comparable to groundwater temperatures
observed in groundwater from similar depths in Park-Euclid Site monitoring wells.

A spinner flowmeter log of MP-1 did not detect vertical movement in the water column, and the
gamma ray and neutron logs were inconclusive in delineating lithology (Earth Technology,
1991).

A sample of the floating free product, collected at a depth of 180 feet bgs, was found to contain
630,000 micrograms per kilogram (ug/kg) PCE, 40,000 pg/kg TCE, and 170,000 pg/kg total 1,2-
DCE. Total concentration of C10-C22 fuel hydrocarbon (indicative of diesel fuel) was
800,000,000 pg/kg (Table 2-1) (Earth Technology, 1991).

Depth-specific groundwater samples were collected from MP-1 at depths of 200, 265, 390, 405,
and 460 feet bgs. Elevated PCE concentrations were detected in all samples, showing a
decline with depth: 6,100 pg/L at 200 feet bgs; 3,800 pg/L at 265 feet bgs; 765 pg/L at 390 feet
bgs; and 565 ug/L at 405 feet bgs. Trans-1,2-DCE was detected in all samples, with
concentrations decreasing with depth from 300 pg/L at 200 feet bgs to 100 pg/L at 405 feet bgs.
The collected samples contained lower concentrations of TCE (21 to 55 pg/L) (Table 2-1) (Earth
Technology, 1991).

A liquid portion of a sample of the dark, viscous layer encountered at 460 feet bgs was found to
contain 1,560 pg/L PCE and 29 milligrams per liter (mg/L) C10-C22 fuel hydrocarbons (Table 2-
1). An additional sample of this material was analyzed unaltered, centrifuged, and as individual
components (supernate and precipitate). The PCE contents of these samples were as follows:
21 mg/kg PCE (unaltered sample), 280 mg/kg PCE (precipitate), and 4.8 mg/kg PCE
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(supernate). It was concluded that the precipitate is probably a collection of scale and sediment
in the well to which PCE has absorbed and accumulated at the well bottom (Earth Technology,
1991).

Analytical results of groundwater samples collected on May 6, 1991 from MLR-1 (located
upgradient of the former dry-cleaning area), MLR-2 (located downgradient from the former dry-
cleaning area, at the central portion of the facility), and MLR-3 (located cross-gradient of the
former dry-cleaning area) indicated PCE and TCE were not present at or above the laboratory
reporting limit (LRL) of 0.10 pg/L in the groundwater sample from MLR-2. PCE was reported in
MLR-1 and MLR-3 at 0.15 pg/L and 8.3 pg/L, respectively. TCE was not reported above its LRL
at 0.10 pg/L in MLR-1 or MLR-2. However, TCE was reported at 0.33 pg/L in MLR-3. Well
MLR-3 also contained 0.21 pg/L cis-1,2-DCE on this date. Results of groundwater samples
collected from MLR-1, MLR-2, and MLR-3 on June 10, 1991 indicated PCE at 10 pg/L and TCE
at 0.45 pg/L in MLR-3. No PCE, TCE or cis-1,2-DCE was reported in samples from MLR-1 or
MLR-2 on this date (Earth Technology, 1991).

Data collected during the May 4 and May 6, 1991 soil gas survey at the Haskell/Mission Linen
Facility indicated the presence of CE beneath the concrete floor in the vicinity of the former dry-
cleaning area. PCE concentrations in soil gas ranged from 3.38 pg/L at 299 South Park to
11,700 pg/L at 301 South Park Avenue, where documented spills from the dry-cleaning
machines and equipment occurred (Earth Technology, 1991).

2.1.3 Phase 1 Remedial Investigation — Mission Linen, 1992

In September 1992, per ADEQ’s request, Mission Linen conducted an on-site investigation of
soil and groundwater contamination at properties located at 299 and 301 South Park Avenue.
This investigation included the following: conducting a shallow soil gas survey; geophysical
logging and abandonment of Old Well; free product removal and depth-specific sampling from
MP-1; and groundwater monitoring and sampling of the three previously installed regional
aquifer monitoring wells (EMCON, 1995a).

The Phase | Investigation indicated that approximately 54,000 to 82,000 pg/L or 7,837 to
11,900 parts per million [ppmv] of vapor phase PCE was present beneath the former dry-
cleaning area.

On September 15, 1992, Mission Linen re-logged Old Well. The results of the temperature
gradient log were similar to the 1991 log, in that an increase in water temperature of
approximately 10°F (from 86 to 96°F) was observed through the 230- to 270-foot bgs depth
interval. Below 270 feet bgs, however, the temperature remained constant at approximately
96°F to the total depth surveyed (approximately 483 feet). A decrease in water temperature
was not observed at the base of the well, as was the case in 1991 (EMCON, 1995a).

In September 1992, Old Well was abandoned by cutting the casing at 44-foot depth intervals
from the base of the well up to 21 feet bgs. The upper 21 feet were “continuously” perforated by
cutting a series of four holes every foot from 21 feet bgs to the ground surface. The entire well
casing was then filled with cement grout (EMCON, 1995a).

In 1992, approximately 13 feet of diesel free product was measured in MP-1, starting at a depth
of approximately 178 feet bgs. In October 1992, approximately 85 gallons of diesel free product
were bailed from MP-1. After bailing, the thickness of the product was approximately 2 feet. A
sample of the free product was found to contain 930,000,000 pg/kg total petroleum
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hydrocarbons (C10-C22 range) and 380,000 ug/kg PCE (Table 2-1). Depth-specific
groundwater samples were collected from MP-1 in November 1992. PCE was detected in each
sample: 12,000 pg/L at 210 feet bgs; 3,800 pg/L at 265 feet bgs; 7,400 ug/L at 273 feet bgs;
3,400 ug/L; and 2,600 ug/L at 441 feet bgs. TCE was only detected in the sample collected
from 357 feet bgs (42 pg/L) (Table 2-1) (EMCON, 1995a).

2.1.4 Phase 2 Remedial Investigation — Mission Linen, 1993

Mission Linen installed three shallow aquifer monitoring wells, MLS-4 through MLS-6, and four
soil vapor extraction (SVE) wells, SVE-101 through SVE-104. The four SVE wells were
installed inside the building at 301 South Park Avenue and were completed in the shallow
aquifer. Following installation, MLS-4, MLS-5, SVE-101, and SVE-103 were found to contain
free product. A short-term pilot test was conducted to evaluate the suitability of the site for SVE
(EMCON, 1995b).

2.1.5 Phase 3 Remedial Investigation — Mission Linen, 1993 and 1994

Mission Linen further evaluated MP-1 by conducting video- and geophysical logging and
sampling. The video log identified potential intervals of “free pipe” casing without an annular
seal beneath the fluid level.

In May 1994, approximately two feet of diesel free product was present in MP-1 (EMCON,
1995d). Because the thickness of the free product had not changed since 1992, EMCON
concluded that a continuing source of diesel in the well did not exist and that the product inside
the well appeared to have been introduced through some mechanism rather than through the
casing (EMCON, 1995d). Prior to abandonment, approximately 250 gallons of diesel free
product and water were bailed from MP-1. A sample of the floating diesel free product
contained up to 6,300,000 pg/kg PCE, 270,000 pg/kg TCE, and 960,000,000 ug/kg Total
Petroleum Hydrocarbons (TPH). This free product had a specific gravity of 0.9. A free product
sample collected at the free product/water interface at 187.80 feet bgs contained 16,000,000
po/kg TCE, 240,000 pg/kg TCE, and 6,000 pg/kg trans-1,20DCE. A groundwater sample
collected at the same depth of 187.80 feet bgs, immediately below the free product/water
interface, contained 1,700 pg/L of PCE, 440 pg/L TCE, and 13 pg/L 1,1-DCE (Table 2-1)
(EMCON, 1995d).

A dark green, dense fluid with black, highly viscous globules was detected at depths of 457 to
477 feet bgs. A sample of this fluid, collected with a 15-foot bailer, was found to contain
3,900,000 pg/kg PCE, 180,000 pg/kg TCE, and 13,000,000 pg/kg TPH. This fluid had an odor
and a specific gravity of 0.8915 (Table 2-1 ) (EMCON 1995d).

Sediments were encountered in the well from 457 feet bgs to the bottom of the casing at 511
feet bgs. Concentrations of PCE in the sediment decreased with depth, from 3,000,000 pg/kg at
457 to 477 feet bgs to 34,000 pg/kg at 511 feet bgs. A sediment sample collected at 457 to
477 feet bgs contained 92,000 pg/kg TCE. 1,1-DCE and cis-1,2-DCE were not detected in any
product or sediment samples. Sediment samples also contained TPH, with concentrations
decreasing with depth from 1,200,000 pg/kg at 457 to 477 feet bgs to 40,000 pg/kg at 511 feet
bgs (Table 2-1). Samples from depths between 457 and 489 feet bgs had a strong odor and
were black in color; sediment discoloration was observed to a depth of 511 feet bgs. In 1994,
the top of the dense fluid and sediment was detected 10 feet lower that in 1991 (457 feet bgs in
1994 versus 447 feet bgs in 1991). Therefore, it was concluded that the level of product and
sediment had declined or settled 10 feet during these three years (EMCON, 1995d).
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In June 1994, MP-1 was abandoned by perforating the casing over the entire depth. The well
was then filled with sand/cement slurry from the total depth to 240 feet bgs, and then with neat
cement to the ground surface (EMCON, 1994d). A soil sample collected from native soil below
the base of the well at a depth ranging from 511 to 515 feet bgs did not contain any COCs
(EMCON, 1995d). This sample was collected after reaming to ensure that the knifing tools and
tremie tube could be lowered to the total depth of the well for abandonment by grouting.

Regional aquifer monitoring well MLR-7 was installed to identify the top of the regional aquifer
and to allow collection of groundwater samples from the uppermost part of the aquifer. During
the drilling of MLR-7, a petroleum odor was noted in the drilling fluid at depths of approximately
170 feet to 190 feet bgs. The initial groundwater sample collected from MLR-7 contained
630 pg/L PCE. Following installation of MLR-7, an aquifer pumping test was performed in May
1994 to evaluate the regional aquifer characteristics and to assess the potential hydraulic
connection between the regional and the shallow aquifers (EMCON, 1995e).

The initial groundwater sample collected from MLR-7 contained 630 pg/L PCE. A 0.02-foot
layer of diesel free product was observed in the well during initial sampling on June 2, 1994, and
0.01 feet the next month (July 14, 1994). The free product layer was too thin to sample for
laboratory analysis (EMCON, 1994e). The floating free product layer was observed at an
elevation of 189.6 and 193.13 feet bgs, respectively (EMCON, 1994e). These elevations were
more than 20 and 16 feet, respectively, above the top of the screened interval of MLR-1
(210 feet bgs).* No free product has been observed in MLR-7 since 1994.

2.1.6 Preliminary Site Assessment/Site Inspection Mission Linen — EPA, 1998

EPA conducted field activities at and in the vicinity of the Mission Linen Facility to support the
PA/SI for the site. Field activities included installation of two shallow groundwater monitoring
wells and sampling of nearby monitoring wells. In October 1998, two shallow upgradient
groundwater monitoring wells (MLS-12 and MLS-13) were installed (Figure 2-1); PCE was not
reported at or above the LRL in these wells. Although diesel was detected in shallow
groundwater samples, EPA did not evaluate it any further because diesel is not considered a
hazardous substance under the Comprehensive Environmental Response, Compensation, and
Liability Act and was not suspected to be associated with the Park-Euclid Site (EPA, 1999).

2.1.7 Phase 4 Remedial Investigation — Mission Linen, 1998 and 1999

As part of the Phase 4 investigation, Mission Linen conducted an investigation of the sanitary
sewer, a vadose zone contaminant characterization, and a shallow aquifer investigation.
Mission Linen also operated an interim SVE system with vapor treatment.

In August 1998, Mission Linen conducted a multilevel soil vapor sampling investigation of the
upper vadose zone in and around the Mission Linen Facility. Soil gas samples were collected at
5, 30, 55, and 85 feet bgs. Elevated concentrations of PCE (greater than 10,000 pg/L) were
detected at depths of 55 and 85 feet below the former dry-cleaning area (Dames & Moore,
2000a).

Shallow soil vapor samples were also collected from 25 locations at depths of 2 and 5 feet bgs.
Samples were collected along the trace of the 301 South Park Avenue facility’s sanitary sewer

* The water level in MLR-7 at that time was still above the screened interval.
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line, originating in the former dry-cleaning area and continuing to 13" Street. Analysis of soil
gas samples indicated that concentrations of PCE were highest beneath the former dry-cleaning
area, followed by the area along the sewer lines. Concentrations in the former dry-cleaning
area were at least an order of magnitude higher than the highest concentrations along the
sewer line. The concentrations of PCE in soil gas along the sewer line suggest that the sewer
line was a source of PCE and that the fill around the sewer may also be a continuing source of
PCE and its degradation products (Dames & Moore, 2000a).

Soil vapor samples were also collected at the vacant lot located across Freemont Avenue from
the Haskell/Mission Linen Facility to evaluate whether this area was a source of shallow soil or
vadose zone contamination resulting from disposal of PCE still bottoms and oily diatomaceous
earth (see Section 2.1.1 above). Soil vapor samples were collected at nine sampling locations,
at depths of 5 and 18 feet bgs, with the exception of one sample collected at 30 rather than
18 feet bgs. All 18 samples were found to contain PCE: up to 100 ug/L PCE at 5 feet bgs; up to
270 ug/L at 18 feet bgs and 780 pg/L at 30 feet bgs (Dames & Moore, 2000a).

In 1999, Mission Linen installed an SVE system to extract VOCs in the upper vadose zone soil
beneath the Haskell/Mission Linen Facility. The SVE system utilized existing wells SVE-101
through SVE-104 as extraction wells (Figure 1-3), since they were screened across the upper
vadose zone to a depth of 90 feet bgs. The wells were piped to a manifold attached to a
vacuum pump. The vapors were removed from beneath the building with the vacuum pump,
passed through four granular activated carbon (GAC) canisters, and vented to the atmosphere.
Initial startup testing of the system began in February 2000. The SVE system operated
intermittently through February 2006 (URS, 2009).

2.1.8 Installation of Sentinel Wells — ADEQ, 2000

In January 2000, ADEQ installed three "sentinel" regional aquifer monitoring wells (UAM-1,
UAM-2, and UAM-3; see Figure 1-3) between the Park-Euclid Site and UA water-supply wells
(Malcolm Pirnie, 2000). The three wells were installed to monitor possible contaminant
migration toward the UA water-supply wells. The wells ranged in depth from 266 to 296 feet
bgs. Due to their proximity to the UA supply wells, all three wells were sampled monthly from
August 2000 through January 2009. If they were active during monthly sampling events, UA
water-supply wells south of Speedway Boulevard have also been sampled from October 2000
through January 2009. Depending on the pumping schedule on the sampling dates, UA wells
sampled have included the Agriculture (Aggie), Architecture, Huachuca, Martin Street, and
Optical wells.

2.1.9 Site Investigation — ADEQ, 2000

During November and December 2000, ADEQ installed seven perched aquifer monitoring wells
(PEP-8, PEP-9, PEP-10, PEP-11, PEP-16, PEP-17, and PEP-18) and two regional aquifer
monitoring wells (PER-14 and PER-15; see Figure 1-3). PER-14 was screened deeper in the
regional aquifer than previous monitoring wells, to the approximate depth of previously
abandoned production well MP-1 and the active UA water-supply wells. During the installation
of both the perched and regional aquifer monitor wells, soil samples were collected and
analyzed for VOCs, total organic carbon (TOC), hydraulic conductivity, and gradational
classification (Miller Brooks/Golder, 2001b).
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2.1.10 Environmental Site Assessment — ADEQ, 2001

ADEQ performed a targeted Environmental Site Assessment (ESA) to identify historical land
uses and potential users of PCE, chlorinated compounds, and diesel fuel in the vicinity of the
Park-Euclid Site (Miller Brooks/Golder, 2001d). Information gathered for the ESA was also used
to assist in locating additional groundwater monitor wells to determine the nature and extent of
groundwater contamination.

Based on information collected for the ESA, a number of potential users of compounds known
to impact the soil and groundwater were identified in the vicinity of the Park-Euclid Site. Given
the location of these potential users of PCE downgradient of contamination identified at the
Park-Euclid Site, additional investigations were not conducted by ADEQ as part of this Rl report.

A pilot study was conducted to remove diesel-fuel free product from the perched aquifer. Two
portable free product recovery units were designed and installed by Mission Linen in SVE-101
and SVE-103, and ADEQ conducted joint testing with Mission Linen for six weekends in
September and November 2001. The units were moved to the wells during the weekend and
stored away during the work week. After testing was completed, the units were turned over to
Mission Linen.

2.1.11 Contaminant Characterization — ADEQ, 2002 and 2003

From May 2002 through May 2003, ADEQ investigated contaminant distribution in the perched
aquifer, the underlying lower vadose zone, and the regional aquifer. Two perched aquifer
monitoring wells (PEP-19 and PEP-24), six regional aquifer monitoring wells (PER-21, PER-22,
PER-23, and PER-25 through PER-27), and two lower vadose zone vapor monitoring wells
(VML-1 and VML-2) were installed (Miller Brooks, 2002a and 2003c). The vapor/vacuum
monitoring wells were completed in the lower vadose zone with four separate probes set at
depths of approximately 125 to 130, 145 to 150, 165 to 170, and 185 to 190 feet bgs (Miller
Brooks, 2003b).

Following the installation of VML-1 and VML-2, ADEQ installed vapor extraction test well VEL-3,
completed in the lower vadose zone, from 160 to 190 feet bgs. Soil vapor samples were
collected from VML-1, VML-2, VEL-3, located near MP-1, and groundwater monitoring well WR-
347B,° located northeast of MP-1, across 13" Avenue. The samples were analyzed for VOCs
and fixed gases (HydroGeoChem, 2003a).

In 2002 and 2003, depth-specific groundwater samples were collected at 20-foot intervals while
installing new wells PER-21, PER-22, PER-23, PER-25, PER-26, and PER-27. These samples
were collected to assess vertical migration of chlorinated VOCs in the regional aquifer (Miller
Brooks, 2002b and 2003d).

2.1.12 Upper Vadose Zone and Perched Aquifer Assessment — Mission Linen and ADEQ,
2003 and 2004

In January and February 2003, Mission Linen drilled and sampled 17 borings in the upper
vadose zone. Four of the borings were completed as multilevel vapor/vacuum monitoring wells
to depths of 5to 7, 29 to 31, 54 to 56, and 83 to 85 feet bgs (URS, 2002).

® WR-347B contained a portion of screened interval above the regional aquifer and within the lower vadose zone.
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In conjunction with the Mission Linen upper vadose soil vapor program, ADEQ installed three
multilevel vapor monitoring wells (VMW-1, VMW-2 and VMW-3). Each multilevel vapor
monitoring well was completed in the upper vadose zone in those locations where Mission Linen
could not obtain access in the City of Tucson right-of-way. Soil vapor samples were collected
during drilling and the wells were completed in the same manner as the Mission Linen borings
to assure comparability of data (Miller Brooks, 2003a). After installation, soil vapor samples
were collected from each interval at all three wells. The samples were analyzed for VOCs and
fixed gases, the latter to assess the activity of anaerobic bacteria that may degrade chlorinated
VOCs.

Mission Linen installed free product observation well MPM-1 in February 2003, and free product
recovery well MPE-1 in August 2003 (Figure 1-3). These wells, located just east of the Mission
Linen building, were completed in the perched aquifer (URS, 2002) and were used in a
multiphase vacuum extraction test performed by Mission Linen during September 2003 (URS,
2009).

In February 2004, ADEQ performed limited soil gas sampling during installation of soil vapor
monitoring wells VW-04, VW-05, VW-06, and VW-07. The purpose of the sampling was to
assess the soil vapor concentrations of VOCs outside the building at the Haskell/Mission Linen
Facility, and away from the facility, along Freemont Avenue south of Manlove Street. Soil vapor
samples were collected at depths of 5, 30, 55, and 85 feet bgs at each location. The 55- and 85-
foot soil vapor samples from each location were also analyzed for fixed gases. PCE was a
predominant analyte in all but one sample, which had high concentrations of cis-1,2-DCE and
vinyl chloride at a depth of 85 feet bgs. Oxygen concentrations decreased with depth,
accompanied with increased nitrogen and dioxide concentrations (Miller Brooks, 2003a).

2.1.13 Vapor Flux Testing and Screening Risk Assessment — ADEQ, 2004

In 2004, ADEQ evaluated health risks to individuals living in adjacent residential structures and
to on-site workers from soil vapors potentially volatilizing from subsurface soils through concrete
floor slabs. Vapor flux testing was performed at five locations with concrete surfaces inside the
Haskell/Mission Linen building and eight locations at ground surfaces near the property
boundary.

A screening health risk assessment (HRA) was performed based on the results of the vapor flux
testing. The results of the HRA screening indicated that VOCs and polycyclic aromatic
hydrocarbons (PAHSs) from the subsurface to indoor air did not pose a significant risk to current
and future residential receptors located to the north and south of the facility, but may pose a
significant risk to current on-site industrial workers (Copeland, T. and J. Van de Water, 2004).

2.1.14 Contaminant Plume Characterization — ADEQ, 2008

In 2008, ADEQ drilled and installed sentinel well UAM-2B (Figure 1-3) and regional monitoring
well PER-14A (GeoTrans, 2008a, 2008b, and 2008d). Well UAM-2B was screened from 266 to
296 feet bgs to assess if groundwater beneath sentinel well UAM-2 (screened from 202 to 262
feet bgs) was impacted by COCs, and to further assess the downgradient lateral and vertical
extent of contamination by COCs.

The deepest monitoring well installed at the Park-Euclid Site (PER-14, screened from 473 to
523 feet bgs) showed consistently higher water levels than the surrounding wells. Well PER-
14A was drilled in the immediate vicinity of PER-14, to detect any groundwater mound present
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at the top of the regional aquifer and to better characterize the lithology and water quality
(GeoTrans, 2008c). Water-elevation measurements in well PER-14A, which is screened in the
upper portion of the regional aquifer from 180 to 250 feet bgs, did not indicate a groundwater
mound at the top of the regional aquifer (GeoTrans, 2008c). The PER-14 groundwater levels
thus appear to trend upward which maybe the result of groundwater affected by upwelling along
the nearby Santa Cruz Fault Zone. Groundwater samples collected immediately following PER-
14A well installation were found to contain 1.2 ug/L of PCE only. A sample collected from PER-
14A three weeks later during a regular groundwater sampling event was found to contain
12 pg/L PCE, 0.75 pg/L TCE, and 3.2 pg/L cis-1,2-DCE (GeoTrans, 2009).

2.1.15 Lower Vadose Zone Characterization — ADEQ, 2004 and 2008

In 2004 and 2008, ADEQ collected soil vapor samples from the existing lower vadose zone soll
vapor wells VML-1 and VML-2, and VEL-1, and WR-347B (HydroGeoChem, 2003b; GeoTrans,
2008e). In 2004, COCs were detected in the lower vadose zone soils at depths between 165
and 190 feet bgs. The highest PCE concentrations of 170 mg/kg, 160 mg/kg and 140 mg/kg
were detected at depths between 165 and 170 feet bgs; concentrations decreased steadily at
greater depths. TCE and cis-1,2-DCE were detected in the same depth intervals, in
concentrations up to 1.5 and 1.4 mg/kg, respectively (HydroGeoChem, 2003b).

Vapor concentrations of PCE, TCE, and cis-1,2-DCE in 2004 in the lower vadose zone are
highest near MP-1 (VML-1 and VML-2), at depths ranging from approximately 125 feet bgs to
the regional aquifer table at about 200 feet bgs (HydroGeoChem, 2003a). Based on the 2008
soil vapor sampling results, about 65 percent of the contaminant vapor mass in the lower
vadose zone was PCE, 5 percent was TCE, and 15 percent was cis-1,2-DCE.® Comparison of
2004 and 2008 soil vapor data shows an approximate 53 percent increase in total chlorinated
hydrocarbons content in 2008 (GeoTrans, 2008e).

2.1.16 Multi-Phase Extraction — Park Euclid Group, 2008 through 2009

Construction of the MPE system began on December 12, 2007. The system consists of six
multi-phase (commingled liquids and vapors) extraction wells (MPE-1 through MPE-6), a
monitoring well (MPM-1), a vacuum pump, a vapor-liquid separation vessel, a vapor treatment
train, and a liquid treatment. The location of these wells is shown on Figure 1-3. Initial system
start-up was on April 16, 2008; system re-starting, troubleshooting and repair, pilot-testing, and
pilot operations occurred through June 3, 2009 (URS, 2009). Monitoring after the system shut
down showed that approximately 1,000 pounds (Ibs) of VOCs had been removed.

2.2 INVESTIGATION OF SANITARY SEWER/WASTEWATER LINES

Sanitary sewer/wastewater lines at the Haskell/Mission Linen Facility were examined as a
potential route for PCE to enter the subsurface. Wastewater generated from the Mission Linen
Facility at 301 South Park Avenue discharged into an 8-inch diameter sanitary sewer beneath
the building that runs north-south to a manhole located along the centerline of 13" Street,
between Fremont Avenue and Park Avenue (Figure 1-4). The north-south sewer line was
originally installed by Pima County in 1947 in a north-south alley that connected 13" Street and
Manlove Street. The building at 301 South Park Avenue was later extended across the alley,
overlying the wastewater line (Earth Technology, 1991).

6 By contrast, DCE concentrations are negligible in the upper vadose zone soil gas samples.
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Under its sewer discharge permit with Pima County, the discharge from the Mission Linen
Facility has been periodically sampled and analyzed. Analyses of wastewater discharges from
Mission Linen show that PCE continued to be detected in the wastewater after dry-cleaning
activities at the facility ceased on July 11, 1985 (Earth Technology, 1991; Table 2-2). According
to Mission Linen personnel, the persistence of PCE in sewer discharge after the cessation of dry
cleaning at the facility was due to laundering shop rags from print shops and other industrial
facilities, a practice Mission Linen stopped in 1990. Pima County records show that, after 1990,
detected PCE concentrations dropped by several orders of magnitude, and that the Mission
Linen discharges had no PCE detected above discharge permit limitations from 1991 through
2001 (Table 2-1).

2.2.1 Soil Vapor Survey along Sewer/Wastewater Lines — Mission Linen, 1998

In 1998, Mission Linen performed a soil vapor survey at 301 South Park Avenue, which included
collection of soil vapor samples from 25 locations at depths of 2 and 5 feet bgs along the trace
of the sanitary sewer line, originating in the former dry-cleaning area and continuing to the
north-south sewer line and along this sewer line to 13" Street (see Section 2.1.7 above).

2.2.2 Sewer Line Cleaning, Video-Logging, and Hydrostatic Testing — ADEQ, 2003

ADEQ performed cleaning, video-logging, and hydrostatic testing of the north-south sewer line
in February 2003. The hydrostatic test indicated a rate of leakage exceeding the standard for
wastewater pipes (GTA, 2003). A video camera was inserted into the lamp hole at the south
end of the north-south pipe, so that a lateral distance of zero feet was measured at the lamp
hole, and 251 feet at the manhole in 13" Street. The northern portion of the pipe had the
poorest evident integrity. Pipe corrosion was observed at 185 feet. Numerous cracks were
observed from 200 to 247 feet, and complete pipe joint separation was observed at
approximately 78 feet (GTA, 2003).

2.2.3 Sewer Line Repair, Sampling, and Video-Logging — Pima County and ADEQ, 2003

On March 17, 2003, Pima County excavated and replaced approximately five feet of the north-
south concrete sewer pipe between the south curb of 13" Street and the north wall of the
building at 301 South Park Avenue. The removed concrete pipe was replaced with a polyvinyl
chloride (PVC) pipe attached at each end with steel straps and rubber gaskets. The removed
concrete pipe showed cracked surfaces covered with a black stain, similar to the staining on the
inside surface of the pipe. The following day, after leakage was observed at the connection at
the north end of the new section, the new section was removed, more original pipe was
removed, and a slightly longer PVC replacement section was installed.

On March 17, 2003, after the section of old pipe had been removed and before the first repair
section was added, ADEQ collected two soil samples from directly beneath the former sewer
line to determine if the soil was impacted by potential releases from the pipe. Both samples
were analyzed for VOCs and TPH; one soil sample contained no reported VOCs or TPH, and
the other contained 0.33 mg/kg PCE and 8,900 mg/kg TPH (Miller Brooks, 2003c). Pima
County also collected samples of soil and water from the excavation and of sludge lining the
inside of the original pipe.

On March 18, 2003, Pima County observed a leak from a connection between the old pipe and
the new replacement section at the north end of the new section, and subsequently removed an
additional portion of the old pipe and installed a longer section of replacement pipe. A dye test
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of the north-south sewer pipe observed that dyed water continued to leak from the existing pipe
south of the repaired section, beneath the building.

On April 9, 2003, Pima County cleaned and video-logged the complete length of the sewer pipe
from the manhole access on 13" Street to a final inlet service located approximately 250 feet to
the south (Miller Brooks, 2003c). Significant breaks were observed at several locations by
video-logging, ranging from marble to golf-ball diameter in size, thus allowing for exfiltration.
Circular cracks or joints were observed throughout the pipe, with some being deep enough to
allow exfiltration. Most of the observed active service conduits appeared to be in as poor shape
as the primary conduit (Miller Brooks, 2003d).

2.3 INVESTIGATIONS ASSOCIATED WITH THE PROPOSED ARROYO
CHICO DETENTION BASIN ONE

The City of Tucson, Pima County, and the U.S. Army Corps of Engineers have proposed
excavation and construction of runoff detention basins along the Arroyo Chico for flood control
purposes (Figures 1-3 and 2-1). Studies have been performed to characterize potential
subsurface contamination in proposed Detention Basin One and the potential effects of the
detention basin on the fate and transport of identified contamination are discussed below.

2.3.1 Phase | ESA - City of Tucson, 1997

In 1997, the City of Tucson performed a Phase | ESA of the area surrounding the portion of the
Arroyo Chico between Kino Parkway and Park Avenue (AGRA, 1997). The purpose of the
study was to identify potential sources that may have contributed subsurface contamination to
the area of planned excavation.

2.3.2 Vacant Lot Soil Vapor Survey — Mission Linen, 1998

In 1998, as a part of a larger site investigation, Mission Linen performed a soil vapor survey at
the vacant lot east of the Mission Linen across Freemont (see Section 2.1.7 above), where
PCE-containing waste was disposed in 1982 (see Section 2.1.1 above). The disposal area is
located within the proposed Basin One.

2.3.3 Shallow Soil Investigation — City of Tucson, 1998 to 2000

In January 1998, the City of Tucson performed a shallow soil investigation and installed two
pairs of nested monitoring wells on property proposed for runoff detention basins along the
Arroyo Chico (WR-345A and WR-347A into the perched aquifer, and WR-345B and WR-347B
into the regional aquifer) (Figure 1-3). The northern basin, referred to as Basin One, would be
located approximately 300 feet northeast of the Mission Linen property. As part of the shallow
soil investigation, soil samples were collected from varying depths ranging from the surface to
40 feet bgs (Figure 2-1). No staining or odors in the soil were noted during drilling. All the soil
samples were analyzed for VOCs, and all but three for semi-volatile organic compounds
(SVOCs). No VOCs were detected in the collected soil samples (SCS Engineers, 1998).

The SVOC compounds pyrene and fluoranthene were reported in surface sample GS-1 at
0.460 pg/kg and 0.400 pg/kg, respectively. Bis (2-ethylhexyl) phthalate was reported at
1,200 pg/kg in a waste profile sample of soil.
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Three of the soil borings were located approximately 40 feet within the proposed Basin One:
boring B-9 was drilled and sampled to a depth of 40 feet at the location selected to coincide with
the area from which PCE-bearing waste was removed in 1982, and WR-347A, B were drilled to
a depth of 238 feet near the northern edge of the former waste area (Figure 2-1). Groundwater
sampling of WR-345A,B and WR-347A,B identified the presence of PCE in WR-347A (34 ug/L)
and WR-345B (2.9 pg/L) (SCS Engineers, 1998). The same wells were re-sampled in
September 2000; WR-347A was found to contain 160 pg/L PCE, but PCE was not detected in
WR-347B (SCS Engineers, 2000).

2.3.4 Infiltration Tests and Modeling — City of Tucson and Pima County, 1998 to 2002

In November, 1998, the City of Tucson and the Pima County Department of Transportation and
Flood Control District excavated three infiltration test pits in the Arroyo Chico channel in
proposed Basin One. Water infiltration tests were conducted in each of the test pits (Errol
Montgomery, 1999).

In 2002, the City of Tucson and the Pima County Department of Transportation and Flood
Control District used finite element models to evaluate the potential for proposed Basin One to
increase infiltration from the surface to the perched aquifer (Stephens, 2001 and 2002).

2.3.5 Human Health Screening Risk Evaluation — ADEQ, 2002

In 2002, ADEQ performed a screening risk evaluation (SRE) to assess the potential risks
associated with excavation of soil with possible concentrations of PCE and TCE at the proposed
Arroyo Chico Detention Basin One. The results of the SRE indicated that the volatilization of
chlorinated VOCs in soil during short-term excavation activities does not pose a significant risk
to construction workers (Van de Water, J. and T. Copeland, 2002a).

2.3.6 Abandonment of PEP-16 and PEP-17 — City of Tucson, 2004

In June 2004, groundwater monitor wells PEP-16 and PEP-17 were abandoned by the City of
Tucson in preparation for excavation work associated with the Arroyo Chico Development
Project.

2.4 PARK-BROADWAY INVESTIGATIONS

The Park-Broadway area is centered on properties at the northwest corner of the intersection of
Park Avenue and Broadway Boulevard, in Tucson, Arizona (Figure 1-2). The properties are
reportedly owned by the Rollings Trust (Rollings) and the Arizona Department of Transportation
(ADOT). The property was reportedly purchased by the Rollings Trust in 1983 (GEC, 2000).
The southern portion of the Rollings property was purchased by ADOT for the purpose of
widening East Broadway Boulevard in 1991 (ADEQ, 1998).

The Rollings property consists of vacant land, parts of which are used for parking, and a
building on the northeast corner currently houses an administration office of the Tucson Unified
School District. The northeast part of the property was the former location of the Nu Way Dry
Cleaners, with a car dealership and a car wash adjoining the cleaners to the south. The
southeast portion of the property was formerly operated as a Phillips 66 service station
(Exceltech, 1990a).
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Dry-cleaning operations were conducted at Nu Way Dry Cleaners from at least 1958 to 1968
(ADEQ, 1998). Several underground storage tanks (USTs) have been removed from the
property since 1983 (Exceltech, 1990b). Reportedly, one 200-gallon UST was once used by Nu
Way Dry Cleaners during its operations. The 200-gallon UST was removed in 1990 (Exceltech
1990b; GEC, 2000).

2.4.1 Monitor Well Installation — ADOT, 1986

As part of the City of Tucson Aviation Corridor Project, ADOT installed a perched aquifer
groundwater monitor well (ADOT-1) in 1986, ADOT, 1990).

2.4.2 Phase Il and Il Environmental Site Investigation — ADOT, 1990

In May 1990, ADOT advanced eight soil borings to depths ranging from 15 to 99 feet bgs at
901 East Broadway Boulevard as part of their street widening Phase Il and Il Environmental
Site Assessments. Only two samples were selected for analyses that included PCE. No PCE
was detected in these samples (Exceltech, 1990a). In August 1990, during the removal of the
200-gallon UST at the Nu Way Dry Cleaners property, a sample of the UST contents and of
sludge collected from the former car wash sump contained 800 and 200,000 ug/kg PCE,
respectively. Two soil samples collected beneath the UST contained 32,000 and 47,000 pg/kg
PCE (Exceltech, 1990b).

2.4.3 Soil and Soil Vapor Contamination Assessments — ADEQ, 1995 to 2000

In 1995, ADEQ conducted a preliminary assessment at the request of EPA. Soil and soil vapor
samples were collected at depths ranging from 8.5 to 12 feet bgs from 12 locations at and north
of the site. The results indicated the presence of PCE in soil vapor near the former UST
location in concentrations ranging from 27 to 2,968 ug/L (ADEQ, 1998).

In 1997, ADEQ conducted an expanded preliminary assessment and collected soil and soll
vapor samples at nine locations. Soil samples were collected at depths ranging from 15 to
17 feet bgs and 20 to 24 feet bgs. PCE concentrations in soil samples were detected at 840
po/kg. Soil vapor samples were also collected at a depth of 13.5 feet bgs and 20 to 23.5 feet
bgs. PCE concentrations in soil vapor samples ranged from 82 to 10,000 ug/L.

In May 2000, ADEQ advanced two soil borings to further investigate the PCE contamination
detected in 1995 and 1997. The borings were advanced to the depth of perched groundwater
(approximately 90 to 92 feet bgs). PCE concentrations in soil vapor samples collected during
drilling ranged from 0.24 to 6.6 pg/L. PCE was not detected in soil samples. A groundwater
grab sample collected during drilling of one of the borings contained 160 pg/L PCE and 93 ug/L
TCE (GEC, 2000).

2.4.4 Groundwater Contamination Assessment — ADEQ, 2001 and 2002

In February 2001, ADEQ installed three groundwater monitoring wells in the immediate vicinity
of the Rollins property (PBP-1, PBP-2, and PBP-3). During drilling, soil samples were collected
in each boring within the perched aquifer at depths from 85 to 95 feet bgs; COCs were not
detected in any of these samples. Perched aquifer groundwater grab samples from the three
borings contained up to 550 pg/L PCE, 220 pg/L TCE, and 20 pg/L cis-1,2-DCE (Miller Brooks,
2002b).
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In May and June 2002, ADEQ investigated potential groundwater contamination north of the
Park-Euclid Site to determine if the Park-Broadway area contamination contributed to the Park-
Euclid Site. Two groundwater monitoring wells were installed: PBP-7 (perched aquifer) and
PBP-10 (regional aquifer). PBP-7 was constructed, although no groundwater was observed
during drilling. Groundwater grab samples collected from PBP-10 contained 2.2 ug/L PCE and
0.75 pg/L TCE (Miller Brooks, 2002a). Boring logs and well completion diagrams for these two
wells are provided in Appendix A. These wells were incorporated into the groundwater
monitoring and sampling program associated with the Park-Euclid Site.” The Park Broadway
perched aquifer plume, based on the November 2008 groundwater sampling, is presented on
Figure 2-2.

" As discussed in Section 3, PBP-7 was dry prior to 2005.
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3.0 PHYSICAL SITE CHARACTERISTICS

3.1 LOCATION AND PHYSIOGRAPHY

The Park-Euclid Site is located in the northwest quarter of Section 18, Township 14 South,
Range 14 East of the Gila and Salt River Meridian, in Tucson, Pima County, Arizona. The land
surface is essentially flat, except where incised by surface water drainages. The land surface
elevation varies from approximately 2,400 to 2,420 feet above mean sea level and slopes to the
northwest at approximately 50 feet per mile. The area is urban in character, with a mix of light
industry, retail shops and restaurants, schools, single-family residences, and apartment
buildings.

3.2 CLIMATE

The average annual temperature is 68 degrees Fahrenheit (°F). Monthly average high
temperatures peak at 100°F in July. Monthly average low temperatures reach 39°F in January.
Rainfall averages 12 inches per year, most of which falls during the months from July through
September (Office of the Arizona State Climatologist, 2003).

3.3 SURFACE DRAINAGE

The Park-Euclid Site lies within the northeast-draining Santa Cruz River Basin. Most surface
water in the Santa Cruz Basin is lost to infiltration or evapotranspiration before leaving the
basin. Most surface runoff at the Park-Euclid Site is diverted into storm drains or arroyos.

An ephemeral stream, the Arroyo Chico, is located to the east of the Haskell/Mission Linen
Facility and crosses the Park-Euclid Site north of the Haskell/Mission Linen Facility (Figure 1-3).
The Arroyo Chico channel is incised up to approximately 20 feet below the surrounding land
surface. It is unknown if the present channel course is natural or has been modified, although
placement of earthen fill and construction debris appears to have steepened the banks of the
arroyo in places. Channel modification and construction of several stormwater detention basins
along the Arroyo Chico have been proposed for the northeast portion of the Park-Euclid Site
(Aspen Environmental Group, 2000). The Arroyo Chico flows northwestward, enters a box
culvert at Park Avenue, and ultimately drains into the Santa Cruz River, approximately 1.5 miles
further west, on the west side of downtown Tucson.

A second ephemeral stream, High School Wash, flows from east to west near the northern end
of the Park-Euclid Site, just south of the UA campus to the north (Figure 1-3). High School
Wash is sharply incised in places below the surrounding land surface. The channel course may
have been modified and generally follows the alleyway between 8" and 9" Streets. High School
Wash enters a box culvert at Euclid Avenue and eventually drains into the Santa Cruz River on
the west side of downtown Tucson.

3.4 REGIONAL GEOLOGY AND HYDROGEOLOGY

The Park-Euclid Site lies within the Tucson Basin, a topographic and groundwater basin
approximately 1,000 square miles in area. The Tucson Basin is one of many such basins within
the Basin and Range Physiographic Province which dominates the southern half of Arizona.
The Tucson Basin is defined by mountains consisting of normal, fault-bounded and uplifted
domes of Precambrian metamorphic core complexes regarded as Cretaceous to Tertiary and
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Phanerozoic sedimentary and igneous rocks (Mayo, 1968). The Tucson Basin is bounded
primarily by the Tucson Mountains to the west, the Santa Rita Mountains to the south, the
Sierrita Mountains to the south-southwest, the Tortolita, Black Mountains and Santa Catalina
Mountains to the north and northeast, the Rincon and Tanque Verde Mountains to the east, and
the Empire Mountains to the southeast. These mountains provided the source for the
sediments that were deposited in the basin. Deposition of Tucson Basin sediments were
accompanied by faulting. Faults within the sediment may act as conduits for vertical flow
causing local anomalies in water temperature, potentiometric surface, and chemical quality of
water (Davidson, 1973). Locations of identified faults are shown on Figure 3-1.

The regional aquifer is divided into three main hydrogeologic units. The units, in descending
order, are the Quaternary Fort Lowell Formation, the Tertiary Tinaja Beds, and the Tertiary
Pantano Formation. The Fort Lowell Formation consists of interbedded silts, sands, and gravel.
The thickness of the formation ranges from approximately 300 to 400 feet and rests
unconformably on the Tinaja Beds (Davidson, 1973).

The Tinaja Beds are divided into three main units. The upper unit is composed of clayey silt,
silt, sand, and gravel deposits. The middle unit consists of gypsiferous and anhydritic clayey silt
and mudstone, and the lower unit is composed of silty gravel and conglomerate. The Tinaja
Beds are estimated to be several thousand feet thick in the middle of the basin, and rest
unconformably on the Tertiary Pantano Formation (Davidson, 1973).

The Pantano Formation consists of gray conglomeratic sandstone, reddish-brown siltstone and
mudstone, volcanic conglomerate, tufts, and pebble conglomerate. The sediments are weakly
to strongly cemented with calcium carbonate (Davidson, 1973). The Pantano Formation
outcrops near the edge of the basin and is buried by more than 8,000 feet of younger sediment
in the center of the basin (Anderson, 1987). The Pantano Formation rests unconformably on
igneous, metamorphic, and sedimentary rocks of the basement complex. No monitoring wells in
the Park-Euclid Site penetrate the Pantano Formation.

The Tucson Basin, as is characteristic of basins in the Basin and Range Province, was a closed
basin throughout much of its history. During the time the basin was closed, a playa lake formed,
accumulating evaporite and fine-grained deposits in the central part of the basin. As the basin
filled with sediments, the drainage spilled over the former barrier and discharged to the Gila
River system to the east. The uppermost few hundred feet of sediment in the basin, including
the Fort Lowell Formation, accumulated during and following this transitional period from closed
basin to inter-basin depositional environments, with Fort Lowell sedimentation ending in middle
Pleistocene time (Miller Brooks/Golder, 2001e).

3.5 SITE GEOLOGY/HYDROGEOLOGY
3.5.1 Lithology

The subsurface at the Park-Euclid Site can be generally divided into the following
hydrostratigraphic zones (from shallowest to deepest): upper vadose zone, perched aquifer,
upper aquitard, lower vadose zone, and regional aquifer.

Geologic cross-sections A-A', B-B', C-C', D-D', E-E', F-F', and G-G' (Figures 3-2 through 3-9)
present the subsurface lithology based on available boring logs (Appendix A). Coarse-grained
sediments, illustrated in light yellow on the cross-sections, predominate in the upper part of the
vadose zone and are generally porous, coarse-grained deposits with relatively low percentages
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of fines. Fine-grained sediments, illustrated in tan and brown, predominate in the lower part of
the upper vadose zone and make up the upper aquitard. Fine-grained intervals vary in
sediment characteristics between borings.

In general, subsurface lithology was classified into three categories: 1) coarse-grained
materials, including well- to poorly-graded sands, silty sands, and clayey sands; 2) fine-grained
sediments, including silts, sandy silts, and clayey sands; and 3) clays. Due to the gradational
variations historically observed in the aquitard, clayey sands encountered at depths ranging
from 90 to 110 feet bgs are interpreted to be a gradational feature of the aquitard. Furthermore,
lithologic correlations observed within the cross-sections were made between boreholes located
within 400 feet of one another. If a specific borehole was located more than 400 feet away from
another borehole, lithology between the boreholes was inferred based on interpretation and
projection of boreholes within the vicinity.

3.5.1.1 Upper Vadose Zone

The upper vadose zone extends from ground surface to the top of the perched aquifer at depths
of 85 to 96 feet bgs. The upper vadose zone has been most intensively investigated beneath
and in the vicinity of the Haskell/Mission Linen Facility at 301 South Park Avenue due to the
location of documented on-site PCE releases.

The upper vadose zone consists of unconsolidated to partially indurated sediments, including
fine to coarse sands and gravel, clayey sands, silty sands, and sandy clays in a wide variety of
admixtures and textures. These units vary in thickness from inches to tens of feet. The
sediments are moist to dry and range in color from pale orange, light and moderate brown, to
pale red. The fine-grained sediments generally have low plasticity, but are usually moderately
to highly cohesive. The initial borings advanced at the Park-Euclid Site (MLR-1 through MLR-3)
noted coarse sands are muscovite-rich, with common lithic fragments and gravel and cobble-
sized clasts are composed chiefly of quartz, granite, gneiss, and quartzite.

The upper vadose zone is comprised of a series of fining-upward sequences typical of alluvial
deposits. In some areas, north and northwest of the Haskell/Mission Linen Facility, near the
base of the upper vadose zone, fine-grained sediments, including silts, sandy silts, and clayey
sands, were observed. These sediments may potentially impede water moving downward to
the perched aquifer, as well as laterally within the perched aquifer itself.

3.5.1.2 Perched Aquifer and Upper Aquitard

The perched aquifer underlies the vadose zone, but is not continuous through the Park-Euclid
Site. The perched aquifer consists of interbedded sands, silty sands, and clayey sands. The
top of the perched aquifer is generally encountered at depths of 85 to 96 feet bgs (Figures 3-2
through 3-9). Its presence is dependent on the presence of an underlying, relatively thick, fine-
grained aquitard.

The upper aquitard is a sequence of clays and cohesive, clay-rich sands, the top of which is
generally encountered between 88 and 100 feet bgs, and the bottom is between 105 and 135
feet bgs. The aquitard is observed across the Park-Euclid Site to be approximately 10 to 30 feet
in thickness and was encountered at depths ranging from approximately 88 feet to 100 feet bgs,
as illustrated on Figures 3-2 through 3-9. Based on the soil core from PER-14, a 10-foot coarse
gradation of the aquitard (clayey sand) was present from approximately 90 feet to 100 feet bgs
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and was followed by an approximate 18-foot thick clay layer. The boring log from PER-14A,
drilled to a total depth of 255 feet bgs, confirmed an aquitard thickness of approximately 24 feet.

A smaller, but still notable, clay layer (including a coarser clayey sand gradation) was
encountered at approximately 25 feet bgs, and was approximately 10 feet thick in borings
located on the extreme western edge of the Park-Euclid Site (PEP-24 and MLS-5 in cross-
section B-B'; PBP-10 in cross-section C-C'; and PBP-3, PER-27, and PER-25 in cross-section
D-D’). As noted above, gradational variations of silts, clays, and clayey sands were included in
the cross-section interpretations.

The lithology directly beneath the Haskell/Mission Linen building has not been characterized to
determine the actual depth of the aquitard. Soil vapor wells SVE-101 through SVE-104 were
installed to approximately 100 feet bgs and did not fully characterize the vertical extent of the
clay layer beneath the facility (Figures 3-8 and 3-9). A clayey sand, a coarser-grained aquitard
gradation feature, was encountered at depths of approximately 98 to 116 feet bgs in MLS-4
(215 feet southeast of former dry-cleaning area). Resistivity logs from well MLR-1, located
approximately 142 feet southeast of former dry-cleaning area, shows a finer-grained layer from
104 to 114 feet. This layer is thought to be a part of the aquitard; however, this was not
depicted on the lithologic boring log. The aquitard is documented between 98 and 104 feet bgs
in boring MLS-5, which is approximately 258 feet southwest of the location of the former dry-
cleaning area.

The depth to the top of the aquitard was noted in boring logs at approximately 88 feet bgs at
WR-345A (on the east side of the Arroyo Chico Wash); 95 feet bgs at MLR-3 and MLR-7 (just
north of the Haskell/Mission Linen Facility); 100 feet bgs at PER-14 (at the Haskell/Mission
Linen Facility); at about 100 feet bgs at WR-347A (just northeast of the Haskell/Mission Linen
Facility); and 105 feet bgs at SVE-102 (in the former PCE spill area at the Haskell/Mission Linen
Facility) (Figure 3-3).

In general, the upper vadose zone and perched aquifer sediments are distinguished only by
saturation. Hydrogeologic investigations of other contaminated sites to the south (former
Unocal Bulk Terminal), southeast (Union Pacific Railroad 22™ Street Site), and northwest (Park-
Broadway) of the Park-Euclid Site suggest that the perched aquifer may be laterally continuous
(Miller Brooks, 2004). However, according to boring logs from the Park-Euclid Site, the upper
aquitard was not observed during the drilling of UAM-1, UAM-2, and UAM-3. The boring logs
from these three wells may have no indication of an aquitard, which may be due to the use of an
air rotary drilling method. However, geophysical logs for UAM-2B (drilled using mud rotary
drilling technology) indicate a fine-grained, possibly clayey interval from 98 feet to 102 feet bgs,
but neutron and resistivity logs do not indicate the presence of saturated conditions (i.e.,
perched aquifer) above that interval (Figures 3-2 and 3-7).

It should be noted that well PBP-7, installed by ADEQ north of Broadway Boulevard and the
Park-Euclid Site, also identified the upper aquitard and deposits equivalent to the perched
aquifer; however, groundwater has not been observed in the perched aquifer zone at PBP-7. In
addition, the boring for well PBR-10 penetrated a 10-foot section of clayey sands and sandy
clays, which may be equivalent to the upper aquitard in a structurally high position. The
sediments above this unit are equivalent to the perched aquifer, but were not saturated (Figure
3-3).
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Saturated Thickness

The saturated thickness of the perched aquifer above the upper aquitard is highly variable
across the Park-Euclid Site, with values historically ranging from zero to greater than 5 feet
(Figures 3-10 and 3-11). In the area directly beneath the Haskell/Mission Linen Facility, there is
a saturated thickness of between 1 and 2 feet (Figure 3-11).

The thickness of the perched aquifer is highly variable due to both the uneven surface contour
of the aquitard (Figure 3-11) and the observed saturation of the aquitard at PBP-7. The low-
lying areas of the aquitard will create a pooling effect, leading to preferential flow pathways,
which would affect the lateral and vertical migration of contaminants through the perched aquifer
and the underlying aquitard. Figure 3-11 illustrates the surface contours of the upper aquitard,
indicating a low-lying area directly beneath the Haskell/Mission Linen Facility at MLS-4 and
MLR-1. Additionally, the variable saturation in the aquitard and the presence of these pools
makes it difficult to establish a uniform thickness of the perched aquifer. The observed
saturation of the aquitard also indicates a more laterally extensive aquifer and infers that the
vertical conductivity of the aquitard may be higher than originally assumed.

The static water level of the perched aquifer south of the Haskell/Mission Linen Facility is
approximately 5 to 8 feet above the top of the aquitard (Figure 3-10). The static water level
directly beneath the Haskell/Mission Linen Facility is at the same level as the aquitard, and
north of the Haskell/Mission Linen Facility, near ADOT 1, the static water level of the perched
aquifer is as much as 10 feet below the top of the aquitard. The thickness of the perched
aquifer diminishes towards the north-northeast. Perched aquifer monitoring wells PBP-3, PBP-
7, and PEP-17 are screened in the upper portion of the aquitard and have measured water
levels lower than the top of the aquitard, indicating that the aquitard is saturated north of the
Haskell/Mission Linen Facility, beyond where the saturation in the coarse-grained sediments
ends. Perched aquifer monitoring well PBP-7 was dry prior to 2005, but began producing
measurable water as water levels throughout the perched aquifer generally increased beginning
around 2004 to 2005. Based on the most recent groundwater level data (2008), the static water
level directly beneath the Haskell/Mission Linen Facility is at the top of the aquitard.

General Water Chemistry

Based upon the analysis of the stiff diagrams, perched aquifer groundwater is predominantly a
calcium-bicarbonate type, with some calcium chloride and mixed-type water (Figure 3-12).
Cation concentrations are plotted on the left side of the central axis and anions are plotted on
the right side of the axis, both in milliequivalents per liter (milliequivalents/L). If one cation and
one anion each constitute greater than half of all cations or anions in milliequivalents/L, the type
of water is named after the predominant cation and anion; otherwise, the water is considered to
be of mixed type.

Total dissolved solids (TDS) range from 390 to 2,400 mg/L. Groundwater in the vicinity of the
Arroyo Chico, such as at PEP-18, had the lowest TDS. The highest TDS is found in
groundwater sampled from wells further from the Arroyo Chico, such as SVE-102 and MLS-13
(Figure 3-13). Chloride ranges from 13 to 730 mg/L and is also lowest near the Arroyo Chico
(Figure 3-14). The TDS and chloride concentration distributions suggest that fresh water is
being recharged along the Arroyo Chico. Perched aquifer groundwater inorganic analytical
results from June 2002 are presented in Table 3-1.
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Total alkalinity in the perched aquifer ranges from 71 to 610 mg/L, with the area of highest
alkalinity roughly coinciding with the area of floating diesel free product (Table 3-1; Figure 3-15).
The correlation of high alkalinity with free product may be due to anaerobic processes typical of
a reducing environment raising alkalinity by generating carbonate or bicarbonate.

Perched aquifer major ion and TDS analysis confirms that the differences in water quality and
TDS concentration are a result of recharge from the Arroyo Chico. Wells nearest to the Arroyo
Chico Wash indicate calcium bicarbonate-type water with a TDS concentration of approximately
400 mg/L. Chloride concentrations in the wells nearest the Arroyo Chico Wash are also the
lowest encountered across the Park-Euclid Site, and are at or below 25 mg/L. Groundwater
elevation, as well as chloride and TDS concentration contour plots (Table 3-1; Figures 3-12
through 3-14), indicate that a preferential east-west flow pathway may exist on or near the
property, which carries newly recharged water from the Arroyo Chico Wash to monitoring wells
PEP-16, MLS-4, PEP-8, and MLS-5. The stiff diagrams of these wells also indicate a similar
calcium-bicarbonate water type to the samples encountered in the wells along the Arroyo Chico
Wash. Wells further away from the recharge area along the Arroyo Chico Wash report calcium-
chloride/sulfate type water, with increasing TDS and chloride concentrations. However, total
alkalinity concentrations do not follow a similar distribution, but rather indicate that the highest
total alkalinity is in the vicinity of MLS-4 and PEP-8. This divergent behavior may be indicative
of the local microbial degradation of the overlying free-product diesel by which the alkalinity is
increased as carbon dioxide is produced and subsequently converted into carbonate species.

Field conductivity measurements generally correlate well with TDS. For most wells in the
perched aquifer, the groundwater conductivity in microsiemens per centimeter (uS/cm) is
approximately 1.7 times the TDS in mg/L.

Aquifer Tests

Slug tests were performed in April 1999 in wells MLS-4, MLS-5, and MLS-6. As interpreted by
the Bouwer-Rice Method, the data indicated that the hydraulic conductivity at the tested wells
ranges from 4.6 to 8.6 feet/day (Dames & Moore, 2000a). A slug test was performed on well
WR-347A in May 2000 that indicated a hydraulic conductivity of 0.074 feet/day using the
Bouwer-Rice method (SCS, 2000).

Slug tests were also performed in the perched aquifer in May 2001. Analysis by the Bouwer-
Rice Method indicated hydraulic conductivities (in those tests in which the data fit was judged to
be of moderate to good reliability) ranging from 0.25 to 14 feet/day (Golder, 2001c, Table 6).

The slug test results from April 1999 and May 2001 appear to be consistent. A much lower
value was reported by SCS in May 2000. The reason for this discrepancy cannot be evaluated,
because the SCS report did not include the graph on which the interpretation was based.

3.5.1.3 Lower Vadose Zone

The lower vadose zone at the Park-Euclid Site is composed of coarse-grained sediments,
including sands, silty sands, and clayey sands, often with significant fine-grained clay and silt
layers between 115 and 200 feet bgs (Figures 3-3 through 3-9). Of the clay layers and/or
lenses observed in the lower vadose zone, the most notable and substantial clay layer,
approximately 25 to 50 feet thick, was encountered in several of the borings (MLR-1, MLR-3,
and WR-345B) at depths of approximately 200 feet bgs. This significant clay layer was
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predominant in most of the regional aquifer borings and can be observed on Figures 3-3
through 3-9.

Boring logs for WR-345B, WR-347B, PER-21, PER-22, PER-14, and PER-14A indicate that the
lower vadose zone consists of a series of interbedded zones, with varying degree of saturation,
the cause of which has not been determined. Previous investigations at the Park-Euclid Site
have noted significant moisture in sediments located above the regional aquifer. In particular,
moist sediments were noted in the boring log for well PER-14 from approximately 150 to 167
feet bgs, and very moist sediments from 167 to 177 feet bgs. In addition, during the installation
of deep vapor monitoring well VMW-3, approximately 35 feet southeast of PER-14, light
moisture was observed in the sediments from approximately 164 to 170 feet bgs. Saturated
sediments were not encountered in PER-14 until approximately 200 feet bgs, the general depth
of the regional aquifer at the Park-Euclid Site.

Other boring logs note the lower vadose zone as dry. However, the reported absence of
moisture by visual observation may be due to the drilling method used (e.g., air-rotary drilling).
The presence of moisture within the lower vadose zone is important to the analysis of the
aquitard being a unit that would prevent migration of VOCs to the regional aquifer, since it may
be an indication of communication between the perched and regional aquifers. No samples
from the lower vadose zone or from just beneath the upper aquitard were collected for moisture
analyses (see Section 3.5.2.4).

3.5.1.4 Regional Aquifer

The regional aquifer is considered hydraulically continuous throughout the Tucson Basin, and
produces most of the potable drinking water for the City of Tucson, the UA, as well as other
water providers throughout the Tucson Basin. The regional aquifer is composed of interbedded
sands and clays (Figures 3-3 through 3-9). The saturated interval is estimated to be several
thousands of feet thick, with an undetermined total thickness at many locations (Davidson,
1973).

Hydraulic Conductivity and Transmissivity

Published values for hydraulic conductivity and transmissivity for the upper alluvium part of the
regional aquifer are typically from 30 to 40 feet/day (ft/day) and 1,500 to 40,000 square feet per
day (ft?/day), respectively. The average specific yield in the upper part of the regional aquifer is
about 0.15 (Hanson, et al., 1990).

Several aquifer tests were performed in the regional aquifer at the Park-Euclid Site; the results
of these tests are summarized in Table 3-2. Mission Linen performed an aquifer test in May
1994, using MLR-7 as the pumping well. Transmissivities were interpreted to range from 18
ft’/day in MLR-7 to 1,400 ft*day in MP-1, with average transmissivity of 1,600 ft*/day for MP-1
and MLR-3. Using an aquifer thickness of 300 feet, estimated horizontal hydraulic
conductivities ranged from 0.059 to 5.5 ft/day (EMCON, 1994c). The hydraulic conductivities
estimated for the observation wells were likely affected by differences in screened intervals
between the pumping well MLR-7 (210 to 280 feet bgs) and observation wells MLR-3 (260 to
345 feet bgs) and MP-1 (330 to 511 feet bgs) (EMCON, 1994c). The measured transmissivity
values are slightly lower than the reported values for the Fort Lowell Formation. This may be
the result of more fine-grained lithology observed in the uppermost regional aquifer in on-site
wells (Dames & Moore, 2000a). Storativity values for the regional aquifer were reported to
range from 0.023 to 0.000592 (EMCON, 1994c). This range suggested that hydraulic
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conditions in the regional aquifer at the Park-Euclid Site may range from confined to semi-
confined and unconfined conditions (EMCON, 1994c).

Based on the data collected by ADEQ during an aquifer pumping test of PER-15 in May 2001,
which had the advantage of pumping and observation wells completed within the same interval,
a higher horizontal hydraulic conductivity value of approximately 30 ft/day was estimated for the
upper 50 feet of the regional aquifer (Golder, 2001b).

A 56-day period of pumping the Martin Street well was initiated by ADEQ on May 2, 2001, and
ended on June 27, 2001. The pump rate averaged 186 gallons per minute (gpm). The
Agriculture well pumped for several days from May 29 to and June 1, 2001, at an average rate
of 190 gpm. The resulting drawdowns measured by pressure transducers, primarily in UAM-3,
were analyzed using the Well Hydraulics Interpretation Program for flow to a fully penetrating
well in a homogeneous, isotropic, confined aquifer. Based on a Theis curve and late-time
recovery using Jacob’s Method, the regional aquifer transmissivity was estimated to be between
2,400 and 3,800 ft*/day, with a storage coefficient of 0.035. The storage coefficient indicates
unconfined conditions. Using an aquifer thickness of 265 feet, a hydraulic conductivity was
calculated to be approximately 9 to 14 ft/day. Because of the good comparison of the entire
hydraulic response curve in UAM-3 to the Theis predicted drawdown, it was concluded that the
hydraulic conductivity of the regional aquifer between the Martin Street well and UAM-3 was
approximately 10 ft/day (HydroGeoChem, 2002a).

Temperature

The field parameters of temperature, conductivity, pH, dissolved oxygen (DO), and oxidation-
reduction potential (ORP) were recorded during each sampling event for regional aquifer
monitor wells. Table 3-3a lists the median values for these field parameters recorded from
February 2000 through January 2003. Most of the wells have similar field parameters. Table 3-
3b presents the most recent (November 2008) field parameters recorded from regional wells at
the Park-Euclid Site. The only exception is the deepest monitor well, PER-14, which
consistently has higher temperature, conductivity, and pH, and lower DO compared with the
shallower regional wells.

The temperature log of Old Well recorded a temperature of approximately 90°F just below the
water table. A 10°F temperature increase to approximately 100°F was recorded between the
depths of 180 to 250 feet bgs. From 250 to 400 feet bgs, the temperature of the water remained
constant at 100°F. From 400 to 445 feet bgs, the temperature decreased to 90°F and remained
constant until logging was completed at 487 feet bgs (Earth Technology, 1991).

The temperature log of MP-1 shows a relatively uniform increase in temperature with depth, at a
rate of 0.05°F per foot of depth, representative of a geothermal gradient (Earth Technology,
1991). The range of temperature was 83.5°F to 89.3°F. The temperature gradient decreased
sharply at a depth just above 400 feet bgs, showing an increase of only 0.3°F for nearly 75 feet.

Temperatures are generally close to the line 24 degrees Centigrade (°C) + 1.7°C per 100 feet of
depth, which is close to the Tucson Basin geothermal gradient found by Laney (1972).
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General Water Chemistry

Concentrations of inorganic constituents in the upper 200 feet of the regional aquifer (all
regional monitor wells except PER-14) tend to be lower and less variable than those in the
perched aquifer. Chloride concentrations in the upper 200 feet of the regional aquifer range
from 12 mg/L to 68 mg/L at the Park-Euclid Site, and tend to be lower to the southeast (Figure
3-16). As in the perched aquifer, TDS correlates well with electrical conductivity of regional
aquifer groundwater (Figure 3-17).

Stiff diagrams from the upper 200 feet of the regional aquifer (Figure 3-18) are nearly identical in
the southern portion of the Park-Euclid Site, indicating low TDS sodium/potassium-bicarbonate
type water. Moving northward, the water increases slightly in TDS, but remains a
sodium/potassium-bicarbonate type water in the area of PBR-10, UAM-1, and UAM-2 (UAM-2B
was not installed at the time of this investigation). Moving further north-northeastward, the
water again decreases in TDS, but increases in calcium content in UAM-3 and the UA
production wells. The majority of the samples have measured TDS concentrations less than
400 mg/L, with slightly higher concentrations in PBR-10, UAM-1, and UAM-2, between
400 and 600 mg/L. The Martin Street water supply well at UA has calcium-bicarbonate water.

There is a notable exception in the sample collected from PER-14 (screened from 473 to
523 feet bgs), which is the only monitor well completed below the upper 415 feet of the regional
aquifer. PER-14 has very different water chemistry than the other monitor wells completed in
the regional aquifer. PER-14 has sodium/potassium-sulfate-type water, with minimal
bicarbonate concentrations. Historically, PER-14 has much higher TDS concentrations
(consisting of sodium/potassium, chloride, and sulfate) than the other regional monitor wells,
and much lower alkalinity (Tables 3-4 and 3-5). This difference has been attributed to the
chemical fingerprint of the deeper aquifer where PER-14 is screened, rather than a detection of
leakage from the perched aquifer. It should be noted that well PER-14A, screened from 180 to
250 feet bgs, was installed in 2008, thus following this investigation. Laney (1972) found that
Tucson Basin groundwater above 700 feet bgs was generally calcium-sodium bicarbonate type,
except where it is affected by water upwelling along fault zones where it becomes sodium
sulfate type. Laney also found that chloride concentrations greater than 50 mg/L (190 mg/L
chloride in PER-14) and TDS concentrations greater than 500 mg/L (960 mg/L TDS in PER-14)
were characteristic of groundwater affected by upwelling along fault zones. The nearest known
fault is the Santa Cruz Fault Zone, mapped as being approximately 3,000 feet west of PER-14
(Figure 3-1).

3.5.2 Physical and Chemical Properties

Selected samples from the upper vadose zone, the perched aquifer, and the regional aquifer
were submitted for laboratory testing for total organic carbon (TOC) analysis, hydraulic
conductivity, moisture content, dry density, and specific gravity. A summary of the data
reviewed is described in each respective section.

3.5.2.1 Total Organic Carbon

Thirty four (34) selected soil samples from the upper vadose zone, the perched aquifer, and the
regional aquifer were evaluated by the Walkley-Black Method for TOC content. The TOC
content ranged from 0.01 percent (PEP-8 and PEP-9) to 0.42 percent (PER-14 and TB-1). The
results are summarized in Table 3-6.
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3.5.2.2 Hydraulic Conductivity and Permeability

The permeabilities in centimeters per second (cm/sec) and hydraulic conductivities (in cm/sec),
are summarized in Table 3-7:

¢ Eight soil samples from the upper vadose zone (collected from borings PEP-8,
PEP-9, and PER-14) were analyzed for hydraulic conductivity (Miller
Brooks/Golder, 2001b). The hydraulic conductivity ranged from 3.6x107 to
1.5x107® in PEP-8 and from 5.8x10°® to 8.1x10™* in PEP-9;

e Three soil samples from the perched aquifer (collected from borings PBP-1 and
PBP-3) were analyzed for hydraulic conductivity (Miller Brooks/Golder, 2001b).
The hydraulic conductivity ranged from 5.7x107 to 4.0x10°® in PBP-1, and was
7.8x107 in PBP-3;

¢ Three soil samples from the regional aquifer (collected from boring PER-14) were
analyzed for hydraulic conductivity (Miller Brooks/Golder, 2001b). The hydraulic
conductivity ranged from 1.1x107® to 7.9x10°®;

¢ Four soil samples from the perched aquifer (collected from boring SVE-101) were
analyzed for permeability. Average permeability in SVE-101 ranged from
1.38x10° to 1.71x10° (EMCON, 1995b);

¢ One soil sample from the upper vadose zone (collected from boring SVE-102)
was analyzed for permeability. Average permeability in SVE-102 was 4.1x10°;
(EMCON, 1995b); and

e Four soil samples from the perched aquifer (collected from boring SVE-102) were
analyzed for permeability. Average permeability in SVE-102 ranged from
8.0x10” to 1.2x10”° (EMCON, 1995b).

Hydraulic conductivity analyses of the lower vadose zone have not been performed.
3.5.2.3 Sieve Analyses

Sieve analyses were conducted on samples from borings PEP-8, PEP-9, PEP-10, PEP-11,
PER-14, PEP-16, PEP-17, and PEP-18 (Miller Brooks/Golder, 2001b). Sieve analyses from the
85 to 102 feet bgs intervals are summarized in Table 3-8. Of the samples analyzed from the
upper vadose zone, samples from PER-14 and PEP-17 were classified as clayey sand and
samples from PEP-8 and PEP-11 were classified as sand and clay or sand and silty clay. With
exception to the sample collected from PEP-18, all of the other samples collected from the
perched aquifer were classified as clayey sands. Only one sample was collected from the
aquitard (PEP-14) and was classified as a sandy lean clay.

3.5.2.4 Moisture Content

Boring Logs

Boring logs were reviewed for moisture content information from boreholes drilled into the
regional aquifer contaminant plume.
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e WR-345 and WR-347: Monitoring wells WR-345 and WR-347 were drilled using
air rotary drilling methods, and discrete soil samples were collected at selected
intervals from 70 to 150 feet bgs. During drilling of WR-345, moisture was noted
throughout the clay layer that comprises the aquitard, which was encountered
between 86 feet and 104 feet bgs. The clay moisture decreased from 105 to
110 feet bgs, and became increasingly saturated from 110 to 113 feet bgs, where
a caliche layer was observed. The moisture content varied in the lower vadose
zone as follows: moist at 125 feet bgs; dry to moist at 132 feet bgs; dry at
195 feet bgs; and moist at 215 to 237 feet bgs. The boring log for WR-347
included a notation that the interbedded silty sand layer at 86 feet bgs was dry,
while the sand layer at 95 feet bgs and the clay present at 110 feet bgs (at
approximately the midpoint of the aquitard) were moist. Moisture was not noted
from 115 to 137 feet bgs. No other notions of moisture level were recorded.

e PER-21 and PER-22: The boring logs for PER-21 and PER-22, drilled using air
rotary methods, note various moist or damp intervals between 95 feet and
140 feet bgs. No other notations of moisture were recorded until the regional
aquifer was encountered at approximately 215 feet bgs.

e PER-14: PER-14 was drilled using the sonic drilling technique to a depth of
200 feet bgs, where the drilling method was switched to mud rotary. The
perched aquifer was encountered at a depth of 94 feet bgs. The clay layer
constituting the aquitard, present from 101 feet to 118 feet bgs, was noted as
slightly moist, with decreasing moisture with depth. Between the bottom of the
aquitard and the top of the regional aquifer (118 feet and 200 feet bgs), various
fine-grained layers within the lower vadose zone were noted as moist to very
moist.

Moisture Content Laboratory Analysis

The Monitor Well Installation Report (Miller Brooks/Golder, 2001a) documents moisture content
analyses from samples collected from borings PEP-8, PEP-9, PEP-10, PEP-11, PER-14, PEP-
16, PEP-17, and PEP-18. The findings are summarized in Table 3-9. Moisture content
analyses were conducted on soil samples collected from depths ranging from 5 feet to 102 feet
bgs. From ground surface to 50 feet bgs, moisture content ranged from 2.3 percent at 5 feet in
PEP-18 to 9.5 percent at 20 feet in SVE-101. From 51 feet to 102 feet bgs, moisture content
ranged from 2.2 percent at 90 feet in PEP-11 to 9.5 percent at 18.2 feet in SVE-103. No
samples were collected from the lower vadose zone.

3.6 CURRENT AND FUTURE LAND AND WATER USE

In accordance with Arizona Administrative Code (AAC) R18-16-406, Section D, the ADEQ has
completed the attached Appendix B, Land and Water Use Report, Park-Euclid WQARF Site,
Tucson, Arizona (dated May 18, 2004). This report outlines reasonably foreseeable uses of
land and water for the Park-Euclid Site.

According to this report, about 70 percent of the land in the Park-Euclid Site Community
Involvement Area is zoned for residential use, and 29 percent is zoned for commercial and
industrial uses. At the time the report was issued, site-specific land uses were related to the
Arroyo Chico Wash and commercial laundry operations. Future uses were identified for the
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Arroyo Chico Floodwater Detention Basin Project (including a neighboring community center,
public open space, trails, park space, and natural habitat restoration) and continued commercial
laundry operations.

Groundwater uses in the area were identified by the UA for domestic irrigation, research/lab,
commercial, steam, and cooling tower applications. The UA operates eight water-supply wells
to meet the needs of the Main Campus and the Arizona Health Services Center and is expected
to continue to withdraw groundwater from the regional aquifer through at least 2030 to meet
expected demands.

Although there were no active City of Tucson production wells identified in the Park-Euclid Site
Community Involvement Area, the City of Tucson indicated significant water-supply changes
and population growth over the next 100 years in the vicinity of Tucson area WQARF sites, and
thus a need to manage the regional aquifer to ensure groundwater availability to meet the
community’s future needs, which includes the remediation of the contaminated groundwater
sites in the vicinity of the central well field.

The City of Tucson, Mission Linen, ADEQ, ADOT, and the EPA own groundwater monitoring
wells used for the periodic monitoring and sampling of the perched and regional aquifers.
Groundwater will continue to be monitored and sampled from these wells into the foreseeable
future. Mission Linen identified the potential use of monitoring wells to assist in any potential
groundwater remediation. Mission Linen has also indicated its willingness to use treated
groundwater for laundry operations to the extent possible.

No surface water rights were identified in the Park-Euclid WQARF Site vicinity.
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4.0 NATURE AND EXTENT OF CONTAMINATION AND
FATE AND TRANSPORT

Based on review of the Park-Euclid Site historical data through November 2009, the COCs in
soil, soil vapor, and groundwater at the Park-Euclid Site are PCE and its breakdown products
TCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride. 1,1-DCE, an abiotic degradation product
of 1,1,1-TCA, was also detected in groundwater at the Park-Euclid Site in concentrations above
its Aquifer Water Quality Standard (AWQS). However, 1,1,1-TCA has not been detected at the
Park-Euclid Site.® 1,1-DCE is also formed by cometabolism of 1,1,1-TCA (WRHSRC, 2003)
during the anaerobic biodegradation of TCE (EPA, 2009).

Diesel free product and dissolved fuel-related compounds are present in the shallow perched
groundwater and have also been historically detected in the regional aquifer at the Park-Euclid
Site. However, characterization of diesel fuel and fuel-related compounds is not the subject of
this RI.

Based on the available information, the original sources of contamination were
spills/discharges/disposal of PCE solvent at the Haskell/Mission Linen Facility and the vacant lot
to the east. One or more of the above COCs have been detected in the following hydrogeologic
zones:

Upper vadose zone;
Perched aquifer;

Upper aquitard;

Lower vadose zone; and
Regional aquifer.

Correlation between elevated levels of COCs in the upper vadose zone in the immediate vicinity
of the Haskell/Mission Linen Facility and high concentrations in perched and regional
groundwater downgradient of this area are discussed in more detail in this section of the report.

4.1 SOURCE AREA - UPPER VADOSE ZONE

To define the extent of matrix contamination in the upper vadose zone, as compared with soil
vapor contamination, the soil and soil vapor samples were evaluated separately. The detected
soil concentrations have been lower and less aerially extensive than the soil vapor
concentrations.

4.1.1 Soil Contamination

Only a small number of soil samples have been submitted for laboratory analyses across the
source area. Table 4-1 summarizes concentrations of COCs in soil in the source area that are
categorized by sample depth at each sampling location. Sampling locations are also shown on
Figure 4-1. Based on the data, PCE was the primary contaminant detected in soil. TCE was
detected in only one sample at a very low concentration, and cis-1,2-DCE, trans-1,2-DCE, 1,1-
DCE, and vinyl chloride were not detected in any upper vadose zone soil samples down to the
perched aquifer at depths of about 90 to 93 feet bgs.

8 Abiotic degradation of 1,1,1-TCA to 1,1-DCE in groundwater occurs rapidly, with a half-life of up to several years

(EPA, 600/M-89/009; Gerkens, R.R. and J.A. Franklin, 1989; Wing, M.R., 1997).
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Based on the data presented in Table 4-1 and on Figures 2-1 and 4-1, the lateral extent of PCE
soil contamination at the Haskell/Mission Linen Facility and its immediate vicinity is defined by
soil samples collected at SVE-101 to the west, PER-14 to the north, PEP-8 to the south, and
HL-6 to the east.

Based on the available information, the vertical extent of soil contamination in the upper vadose
zone within the source area is as follows:

e Contaminated soil immediately below the former dry-cleaning area extends
through the upper vadose zone to the perched aquifer at a depth of 90 feet bgs,
as shown by soil vapor surveys conducted at wells SVE-101 through SVE-104;

e Contaminated soil below former sumps, sanitary sewers, and other equipment,
as indicated by soil vapor surveys at a depth of 5 to at least 55 feet bgs (see
Section 4.1.2 below), high concentrations detected in sewer discharges from the
Haskell/Mission Linen Facility, and a pipe joint separation and numerous cracks
observed along the north-south sewer line; and

¢ Contaminated soil around Old Well and MP-1 extends through the upper vadose
zone to the regional aquifer, as shown on PER-14.

Detected PCE concentrations in the upper vadose zone soils ranged from 0.0047 mg/kg to
3.1 mg/kg (Table 4-1). None of the upper vadose zone soil sample concentrations exceeded
ADEQ’s Non-Residential Soil Remediation Level (NR-SRL) of 13 mg/kg. However, PCE
concentrations detected in two soil samples from SVE-102 (3.1 mg/kg and 1.4 mg/kg at 60 and
70 feet bgs, respectively) exceeded ADEQ’s minimum Groundwater Protection Level (GPL) of
1.3 mg/kg.

PCE contamination detected in 9 out of 10 soil samples collected in the upper vadose zone soils
at PER-14, located between the two former production wells, appears to be associated with the
movement of contamination down the annulus of Old Well and/or MP-1.

TCE was detected at 0.02 mg/kg in only one soil sample, collected at SVE-103 a depth of
30 feet bgs; this concentration is much lower that the R-SRL and NR-SRL of 3.0 and 65 mg/kg,
respectively, and the minimum GPL of 0.61 mg/kg.

The only soil sample collected at the vacant lot to the east of the Haskell/Mission Linen Facility,
across Freemont Avenue, does not show PCE concentrations above the ADEQ Residential Soil
Remediation Level (R-SRL). Residual soil contamination may exist at a depth of at least 20 feet
bgs, as indicated by soil vapor concentrations detected during a soil vapor survey.

4.1.2 Soil Vapor Contamination

Several soil vapor surveys conducted at the Haskell/Mission Linen Facility from 1991 through
1998 showed the highest concentrations to exist underneath the former dry-cleaning area.
According to the 1998 survey (the most comprehensive of the surveys), PCE, TCE, and total
DCE were detected in soil vapors in concentrations up to 47,000 ug/L, 350 ug/L, and 14 pg/L,
respectively (Figures 4-2 and 4-3A, B, C, D). At shallow depths of 5 bgs, the highest
concentrations of PCE (up to 4,200 ug/L) were detected around the sewer/wastewater lines.
Soil vapor concentrations of PCE were found to increase with depth and were detected at
depths of 55 and 85 feet bgs (up to 47,000 pg/L at 85 feet bgs). Soil vapor samples collected
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18 months later (in February 2000) from SVE-101, SVE-102, and SVE-104 from the unsaturated
screened intervals from 30 to 90 feet bgs supported the findings of the 1998 multi-level soil gas
concentrations. Well construction details for the soil vapor wells at the Haskell/Mission Linen
Facility are presented in Table 4-2.°

The 1998 soil vapor survey was also conducted on the vacant lot located east of the
Haskell/Mission Linen Facility, across Freemont Avenue, to evaluate whether soil at this lot was
a source of contamination resulting from former disposal of PCE still bottoms and oily
diatomaceous earth. Soil vapor samples were collected at nine sampling locations at
approximate depths of 5 and 18 feet bgs, with the exception of one sample which was collected
at 30 feet rather than 18 feet bgs. All 18 soil vapor samples were found to contain PCE: up to
100 pg/L PCE at 5 feet bgs; up to 270 ug/L at 18 feet bgs; and 780 pg/L at 30 feet bgs.

An SVE system was operated within the former dry-cleaning area at the Haskell/Mission Linen
Facility from June 2000 to July 2002, and from September 2004 to February 2006. The purpose
of the SVE system was to remove VOCs from the upper vadose zone underneath the source
area. The results of a soil gas survey performed in January and February 2003, to evaluate the
SVE performance, showed the presence of PCE, TCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl
chloride. PCE was detected at all sample locations and depths, except at two locations: in the
northwest corner of the 299 South Park Avenue property and along Park Avenue, about half-a-
block south-southwest of the 301 South Park Avenue property.

Similar to previous investigations, PCE vapor concentrations in 2003 and 2004 were higher at
greater depths, near the depth of the perched aquifer at about 90 feet bgs. The highest PCE
concentrations in 2003 were detected in samples collected below the former dry-cleaning area,
with the exception of one sample collected in the northeast corner of the Haskell/Mission Linen
Facility (about 65 feet east of MP-1) which had a PCE concentration of 59,000 ug/L at 85 feet
bgs. According to the 2003 data, the operation of SVE system at the Haskell/Mission Linen
Facility had reduced contaminant concentrations in soil gas by an order of magnitude. The
greatest reductions occurred at the depths and locations that had the highest contaminant
concentrations in 1998.

During the period September 2008 through June 2009, a MPE system was pilot-tested and
pilot-operated at the Haskell/Mission Linen Facility for a combined total of about six months.
However, soil vapor sampling to evaluate the lateral and vertical extent of the remaining soil
vapor contamination following the MPE activities has not yet been performed.

4.1.3 Summary — Upper Vadose Zone Contamination

o Detected PCE concentrations in the upper vadose zone soils ranged from
0.0047 mg/kg to 3.1 mg/kg. None of the detected concentrations exceeded the
PCE NR-SRL of 13 mg/kg. PCE concentrations detected in two samples at
depths of 60 and 70 feet bgs exceeded the minimum GPL of 1.3 mg/kg;

e Detected soil contamination consists primarily of PCE, with only one detection of
TCE;

® Since these wells are also used as perched aquifer monitor wells, they are presented in both Tables 4-2 and 4-3.
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¢ Below the former dry-cleaning area, soil contamination extends vertically through
the entire depth of the upper vadose zone to the perched aquifer at a depth of
about 90 feet bgs;

¢ Below former sumps, sanitary sewers, and other equipment, soil contamination
may extend to at least 55 feet bgs zone;

¢ In the area of PER-14, soil contamination extends through the entire depth of the
upper vadose zone to the regional aquifer;

e At the vacant lot to the east of the Haskell/Mission Linen Facility, across
Freemont Avenue, there may be some residual soil contamination extending to
unknown depths;

e Soil vapor contamination in the upper vadose zone is directly associated with the
source areas and consists primarily of PCE and lower concentrations of TCE,
cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride.

e The highest levels of PCE in shallow soil vapors were detected beneath the
sewer/wastewater lines. The highest levels of PCE at greater depths were
detected underneath the former dry-cleaning area and extended radially beyond
the Haskell/Mission Linen Facility boundaries. Much lower concentrations of soil
vapors were detected in soils on the vacant lot east of the Haskell/Mission Linen
Facility;

e Evaluation of the vertical PCE distribution in soil vapors beneath the
Haskell/Mission Linen Facility and the vacant lot showed increases in
concentrations with depth; the highest concentrations were observed at depths of
85 feet bgs at the majority of the sampling locations. Groundwater in the
perched aquifer was typically encountered between 85 and 90 feet bgs. The
lower portions of the upper vadose zone appeared to have been impacted by
PCE as follows: density-driven®® downward vapor migration from the source
areas and spreading laterally when a barrier, such as groundwater, is
encountered; vapor migration from groundwater; and volatilization from the
smear zone; and

¢ Results of SVE activities suggest that PCE and its degradation products in soil
vapor are mobile, with detectable concentrations migrating to the extraction
points. Because baseline and post-MPE sampling was not performed, the extent
of vapor contamination is difficult to define, since SVE operations and MPE pilot
operations have influenced migration of vapor contamination and induced
volatilization of dissolved, adsorbed, and free-product PCE (if present).

% The vapor density of PCE is 5.7 times that of air.
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4.2 PERCHED AQUIFER AND UPPER AQUITARD
4.2.1 Groundwater Movement

Observed water levels in the perched aquifer monitor wells have shown seasonal variations,
typically rising during the winter and spring, and falling during the summer and fall (see
hydrographs in Appendix C). Groundwater well construction details, including measured
elevation and screened intervals, are presented in Table 4-3. November 2008 groundwater
elevations and groundwater contours are presented on Figure 4-4. A summary of historical
depth-to-water measurements and groundwater elevations is presented in Table 4-4.

Monitor wells in the immediate vicinity of the Arroyo Chico consistently show larger variations in
water levels (approximately 4 to 6 feet), possibly due to recharge from the Arroyo Chico. Since
2002, water levels have risen in wells PEP-11 and WR-345A to the northeast of Arroyo Chico,
and ADOT-1 and PEP-18 to the south of it. A similar pattern was observed in perched wells
further south of the Arroyo Chico, specifically PEP-9, PEP-10, and MLS-6. In general,
groundwater levels increased to a lesser degree (approximately 2 to 4 feet) with greater
distance from the Arroyo Chico, in perched wells PBP-3, PBP-8, MLS-4 and MLS-5.

Based on the November 2008 depth-to-water measurements, the perched aquifer gradient
across the Park-Euclid Site was calculated to be approximately 0.009 feet per foot (ft/ft) to the
north-northwest in the area north of the Haskell/Mission Linen Facility, and 0.004 ft/ft to the
west-southwest in the area south of the Mission Linen property (Figure 4-4).

4.2.2 Soil Contamination

Soil samples have been collected from the saturated zone at the water table and about 2 feet
below the water table of the perched aquifer during drilling of several wells, and from the upper
aquitard during drilling of PER-14. The corresponding data is presented in Table 4-1. The
highest PCE concentrations are associated with the former dry-cleaning area: in borings SVE-
102 (1,300 mg/kg) and SVE-103 (1,900 mg/kg) at depths of 90 feet bgs, just below the water
table. These high concentrations may be a result of adsorption onto soil of PCE dense non-
aqueous phase liquid (DNAPL) or PCE present in the floating diesel free product. At PEP-8,
PCE soil contamination was detected at 93 feet bgs (18 mg/kg) and 94 feet bgs (14 mg/kg),
exceeding the R-SRL of 0.51 mg/kg and the GPL of 1.3 mg/kg. At PEP-9, 39 mg/kg PCE and
11 mg/kg TCE detected at 93 feet bgs exceeded both R-SRLs and GPLs for these two
contaminants.

PCE concentrations in soil decrease with depth within the perched aquifer below the floating
diesel-fuel free product. Contamination within the aquitard is evidenced by soil samples
collected during drilling of PER-14 and PEP-8. At PER-14, COCs were detected within the
aquitard at depths of 90 to 100 feet bgs, and at PEP-8 at 94 feet bgs (see Table 4-1).

The lateral extent of the perched aquifer soil contamination is assumed to coincide with the
lateral extent of the perched aquifer groundwater contamination (see Section 4.2.3 below). The
vertical extent of the perched aquifer soil contamination is assumed to extend through the depth
of the perched aquifer and into and possibly through the underlying aquitard within the perched
aquifer plume footprint.
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4.2.3 Perched Aquifer Groundwater Contamination

Based on the November 2008 data, the estimated lateral extent of the perched aquifer
contamination by PCE, TCE, cis-1,2-DCE, vinyl chloride, and 1,1-DCE is presented on Figure 4-
5. The plume extends approximately 800 feet northwest from beneath the former dry-cleaning
operation at the Haskell/Mission Linen Facility, approximately 250 feet to the southwest, and
approximately 400 feet to the southeast and northeast. Perched water groundwater quality data
for the Park-Euclid Site is provided in Table 4-5.

In November 2008, PCE was detected in 4 of 15 perched aquifer monitoring wells sampled,
with TCE in 4 wells, cis-1,2-DCE in 7 wells, and vinyl chloride in 2 wells. 1,1-DCE was not
detected at or above LRLs. Concentrations of PCE, TCE, cis-1,2-DCE, and vinyl chloride are
highest north and northeast of the former dry-cleaning area at the 301 South Park Avenue
building (Figure 4-5.).

Historically, the highest level of perched aquifer groundwater contamination with PCE
(62,000 pg/L) was detected in SVE-104, followed by up to 40,000 ug/L in SVE-102 and SVE-
104 (see Table 4-5), and 31,000 ug/L in SVE-102. All of these wells are located in the former
dry cleaning area. These high concentrations suggest the possible past presence of a DNAPL,
based on the PCE solubility in water of 125,000 pg/L.*

Aqueous PCE concentrations have generally decreased since 2000 to November 2008 in a
number of wells (MLS-4 through MLS-6, MPM-1, PEP-8 through PEP-10, PEP-16, PEP-17, and
WR-347A, and to a lesser extent in wells SVE-101 and SVE-103).

This decrease in PCE concentrations coincides with increases in concentrations of PCE
breakdown products, such as: TCE (observed in PEP-8, SVE-103, SVE-104, and WR-347A);
cis-1,2-DCE (observed in PEP-9, PEP-10, SVE-101 through 104, and WR-347A); and vinyl
chloride (observed in PEP-9, PEP-10, SVE-101 and SVE-103). These trends are illustrated on
the hydrographs presented in Appendix C.

During the period May 2006 through July 2009, groundwater samples were collected as part of
the MPE performance monitoring (see Section 5). In June 2009, perched aquifer water samples
were collected the same day as the MPE system shutdown, and then a month later. These
data, presented in Table 4-6, illustrate that PCE is no longer the predominant COC in
groundwater; cis-1,2-DCE was the primary perched aquifer contaminant in most of samples
beneath the Haskell/Mission Linen Facility.

4.2.4 Summary - Perched Aquifer and Upper Aquitard Contamination
e Water levels in the perched aquifer show seasonal variations and impacts of

recharge from the Arroyo Chico, the latter decreasing with distance from the
wash;

A total of 19 perched groundwater wells were sampled in November 2008. However, 4 of the wells were from the

Park-Broadway area and have not been included in this discussion. However, depth-to-water measurements and
analytical results for these wells are included in Tables 4-4 and 4-5, respectively.

2 Cohen and Mercer (1993) found that aqueous concentrations above 1 percent of the theoretical maximum indicate
presence of a free- phase non-aqueous phase liquid.
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e The perched aquifer gradient is to the north-northwest, north of the
Haskell/Mission Linen Facility, and to the west-southwest south of the Facility;

¢ The lateral extent of soil contamination within the perched aquifer is assumed to
coincide with the Ilateral extent of the perched aquifer groundwater
contamination;

e The vertical extent of soil contamination within the perched aquifer decreases
with depth as a result of lower contaminant concentrations below the floating
diesel-fuel free product, but is assumed to extend within the perched aquifer
plume footprint through the depth of the perched aquifer and into and possibly
through the underlying aquitard;

e The lateral extent of perched aquifer contamination by PCE, TCE, cis-1,2-DCE,
trans-1,2-DCE, 1,1-DCE, and vinyl chloride extends from beneath the former dry-
cleaning area approximately 800 feet to the north-northwest, 250 feet to the
southwest, and 400 feet to the southeast and northeast; and

e In July 2009, cis-1,2-DCE and vinyl chloride were the primary contaminants in
the perched aquifer beneath the Haskell/Mission Linen Facility.

4.3 LOWER VADOSE ZONE
4.3.1 Soil Contamination

A very limited number of soil samples have been collected from lower vadose zone. Soil
samples in the lower vadose zone were collected during drilling of wells PER-14, VML-1, and
VML-2, all of which are located in the vicinity of MP-1. COCs were detected in soil at depths
between 165 and 190 feet bgs. The highest PCE concentrations of 170, 160, and 140 mg/kg
were detected at depths between 165 and 170 feet bgs; concentrations decreased steadily at
greater depths. TCE and cis-1,2-DCE were detected at the same depth intervals, in
concentrations up to 1.5 and 1.4 mg/kg, respectively. The results are summarized in Table 4-1.

In addition, during drilling of MLR-7, in response to detected odor, a core sample was collected
from 180 to 195 feet bgs. The analysis detected 10 mg/kg C10-C22 TPH (i.e., diesel), but no
PCE.

These findings indicate that contamination potentially flowed down the annulus of MP-1 into the
regional aquifer, where it spread laterally and vertically. As the water table in the regional
aquifer declined over time to the present levels due to production well pumping, residual
contamination was left behind within the lower vadose zone.

4.3.2 Soil Vapor Contamination

Soil vapor samples were collected in the lower vadose zone from wells VEL-3, VML-1, VML-2,
and WR-347B; the results are tabulated in Table 4-7. Vapor concentrations of PCE, TCE, and
cis-1,2-DCE in the lower vadose zone are highest near MP-1 (VML-1 and VML-2), at depths
ranging from approximately 125 feet bgs to the regional aquifer at about 200 feet bgs.™ Based

B soil vapor samples were collected in the middle of screened intervals.
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on the 2008 soil vapor sampling results, about 65 percent of the contaminant vapor mass in the
lower vadose zone was PCE, 5 percent was TCE, and 15 percent was cis-1,2-DCE.*
Comparison of 2004 and 2008 soil vapor data in Table 4-7 shows about 53 percent increase in
total chlorinated hydrocarbons content in 2008 in VML-1 and VML-2.

As with soil samples, the detected soil vapor contamination appears to be directly associated
with the movement of contamination down the annulus of MP-1."> However, the soil vapor
samples have a wider extent of detectable concentrations than soil samples, which is likely to
be caused by a combination of vapor migration from the areas of higher concentrations and off-
gassing from the contaminated regional aquifer.

4.3.3 Summary — Lower Vadose Zone Contamination

e Based on limited sampling of soil and soil vapors in the lower vadose zone,
contamination is the highest near MP-1:

o Soil contamination was found at depths of 165 to 190 feet bgs,
consisting primarily of PCE and much lower concentrations of TCE
and cis-1,2-DCE; and

o Soil vapor contamination was detected at depths from
approximately 125 feet bgs to the regional aquifer at about 200 feet
bgs, consisting primarily of PCE and lower concentrations of cis-1,2-
DCE and TCE.

e Contamination appears to be directly associated with the movement of
contamination down the annulus of MP-1 and into the regional aquifer, where it
spread laterally and vertically. As the water table in the regional aquifer declined
over time to the present levels, residual contamination was left behind within the
lower vadose zone.

4.4 REGIONAL AQUIFER

In addition to the regional aquifer characteristics presented below, other pertinent information is
presented in Section 3.5.1.4.

4.4.1 Groundwater Movement

Hydrographs presenting groundwater elevation trends are included in Appendix C.
Groundwater well construction details, including measured elevation and screened intervals, are
presented in Table 4-3.

A significant decrease in water levels has been measured in wells MLR-1 through MLR-3, which
have had declines of up to 30 feet since the early 1990’s. Water levels in the most
downgradient wells, UAM-1, UAM-2, and UAM-3, have declined less than those in upgradient
wells at the Park-Euclid Site. The overall declines are sometimes interrupted or reversed during
the winter months, presumably due to seasonal aquifer recharge or decreased pumping
stresses.

14 By contrast, DCE concentrations are negligible in the upper vadose zone soil gas samples.
* MP-1 was abandoned in 1994.
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Since 2002, water levels in the regional aquifer monitor wells at the Park-Euclid Site have
shown a consistent decline of two feet or more. A rise in water levels from 2005 to late 2007
(followed by a decrease in water levels in 2008) measured in wells PER-21 through PER-23 and
PER-25 through PER-27 may be indicative of decreased pumping stress in the region. A similar
rising trend since 2005 was observed in well PER-14; however, the PER-14 groundwater level
appears to trend upward which maybe the result of groundwater affected by upwelling along the
nearby Santa Cruz Fault Zone.

The overall decline in water levels observed at the Park-Euclid Site are similar to the longer
term decline in potentiometric head in the regional aquifer since 1940. In the Tucson Basin, a
decline in groundwater of up to 100 feet has been observed, with annual declines ranging from
approximately 2 to 4 feet per year (EMCON, 1995e).

Based on the November 2008 depth-to-water data, the regional aq