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This Feasibility Study (FS) was developed in accordance with the Arizona Administrative Code
(A.A.C.) Title 18, Chapter 16, Section 407 (A.A.C. R18-16-407) to identify a Reference Remedy
and alternative remedies that are capable of achieving project remedial objectives (ROs) for the
Park-Euclid Water Quality Assurance Revolving Fund (WQARF) Site (Site). The Site is located
east of downtown Tucson, Arizona and includes facilities located at both 299 and 301 South Park
Avenue, where laundry and dry cleaning operations began in the late 1930s. The Site contains
soil, soil vapor, and groundwater contamination originating from releases of tetrachloroethene
(PCE) used in dry cleaning operations at the 301 South Park Avenue facility (the Mission Plant).
Dry cleaning operations were discontinued at the Mission Plant in 1985.

PCE and its degradation products have been observed in four zones including the upper vadose
zone (UVZ) from 0 to 85 feet below ground surface (bgs), the Perched Aquifer (PA) from 85 to
95 feet bgs, the lower vadose zone (LVZ) from 110 to 200 feet bgs, and the Regional Aquifer
(RA) located deeper than 200 feet bgs. A significant quantity of free product diesel fuel
originating from upgradient offsite sources to the south of the Site is present on the water-table
surface of the PA beneath the Mission Plant. The diesel fuel also contains dissolved PCE and its
degradation products.

The ROs include restoration of soil conditions to the remediation standards and protection of the
RA groundwater supply for the University of Arizona (UA) and the City of Tucson (CoT).
Several early response actions (ERAs) have been implemented at the Site to reduce risk and
decrease the remedial timeframe including soil vapor extraction (SVE) in the UVZ, multiphase
extraction (MPE) in the PA, and SVE in the LVZ.

Presently soil concentrations in the UVZ are calculated to be below soil standards and no
unacceptable risk is posed to potential receptors due to vapor intrusion. There is no anticipated
risk of exposure to PA contamination as (1) PA groundwater is not used as a potable resource
currently or in the foreseeable future; (2) there is no unacceptable risk posed from vapor
concentrations in the UVZ; and (3) the upper aquitard immediately beneath the PA is an
effective hydraulic barrier separating the UVZ and PA from direct migration of contaminants
into the LVZ and RA.

Existing LVZ contamination beneath and downgradient of the Site is believed to be a residual
source of contamination to the RA,; therefore, SVE has been implemented in the LVZ as an ERA.
Based on long-term monitoring (LTM), the RA PCE plume is approximately 1,200 feet wide,
3,200 feet long, and 130 feet deep (from approximately 200 feet to 330 feet below ground
surface [bgs]). The migration of the RA groundwater plume is largely influenced by
groundwater withdrawals by the UA potable supply wells and is estimated to travel
approximately 60 feet per year toward the north-northeast under current groundwater extraction
rates although downgradient LTM data suggests some stability in the distal RA PCE plume.

Remedial measures and strategies were evaluated for vapor, soil, and groundwater in the four
zones (UVZ, PA, LVZ and RA) to achieve the ROs. A total of 68 individual technology process
options were screened for applicability, of which 37 were carried forward for a more detailed
evaluation against effectiveness, implementability, and relative cost to arrive at a retained subset
of technologies and process options that are carried into further alternative development.

As required by A.A.C. R18-16-407, a Reference Remedy, a Less Aggressive Remedy, and a
More Aggressive Remedy as summarized in the table below.
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Zone Reference Remedy Less Aggressive Remedy | More Aggressive Remedy
UVZ | Pulsed SVE for 10 years, MNA until Year 30 SVE as vapor control to
then MNA until Year 30 PA sparging for 5 years,
then MNA until Year 35
PA MNA until Year 200 MNA until Year 30 In-well sparging for
includes contingency option 5 years, then MNA until
Year 35
LVZ Implementing pulsed SVE | Implementing pulsed SVE | Implementing pulsed SVE
for 10 years at 2 wells for 10 years at 2 wells at 2 wells for 1 year, then
followed by expanded followed by current LTM installing an additional
LTM until Year 30 until Year 30 SVE well and operating
until Year 11, followed by
expanded LTM until
Year 31
RA Installing a 775-foot long MNA with UA wellhead Pump and treat at a single

PlumeStop™ barrier from
200 to 330 feet bgs with
LTM until Year 40

treatment for 200 years

extraction well at 50
gallons per minute and
(A) conveying treated
water to UA,

(B) discharging to High
School Wash, or

(C) reinjecting to the RA,
for 30 years, followed by
LTM until Year 40

The Reference Remedy and two alternative remedies were further evaluated against comparison
criteria (practicability, risk, cost, and benefit) and with respect to one another. Based on the
comparative analysis and numeric scoring given to the various alternatives, the highest scoring
alternatives for each zone were assimilated to develop the Proposed Remedy, which utilizes a
combination of alternatives from the reference, less aggressive, and more aggressive remedies.
The Proposed Remedy includes:

The Reference UVZ Alternative: Pulsed SVE for 10 years followed by MNA until
Year 30;

The Less Aggressive PA Alternative: MNA for 30 years with the potential for
implementing a PlumeStop™ barrier contingency measure;

The Reference LVZ Alternative: Implementing pulsed SVE at 2 wells for 10 years with
an expanded LTM network for monitoring until Year 30; and

The More Aggressive RA Alternative: Pump and treat with a single extraction well at
50 gallons per minute (gpm) and ex situ GAC treatment for 30 years, followed by LTM
until Year 40. Several options were evaluated for use of the treated water including (A)
conveyance to UA, (B) discharging to High School Wash, and (C) reinjecting to the RA.

At this time, discharging to High School Wash is the recommended option.

URS
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The total estimated cost for implementing the Proposed Remedy in the first year (Year 0) is
approximately $3,280,000, with an anticipated total remedy cost of $11,130,000 (current dollar)
and $9,420,000 (net present value) by remedy completion. The Proposed Remedy is anticipated
to meet the requirements of the Arizona Revised Statues (8§49-282.06), as it will:

Protect public health and welfare, as well as the environment by:

a.

d.

Reducing and monitoring UVZ vapors to levels below those presenting a vapor
intrusion risk and reducing UVZ soil concentrations below non-residential soil
remediation levels (SRLs) beneath the Mission Plant area and confirming they are
below residential SRLs elsewhere via soil vapor monitoring;

Monitoring PA contamination to confirm its stability and long-term attenuation,
establish institutional controls for future drilling in this area, and identifying a
contingency measure;

Remediating LVZ soils to concentrations below groundwater protection levels
(GPLs) that are protective of RA groundwater; and

Capturing and treating the RA groundwater plume.

To the extent practicable, provide for the control, management or cleanup of the
hazardous substances in order to allow the maximum beneficial use of the waters of the
state by:

a.

b.

Remediating LVZ soils to concentrations below GPLs that are protective of RA
groundwater; and

Capturing and treating the RA groundwater plume.

Be reasonable, necessary, cost-effective, and technically feasible by:

a.

Implementing only technically feasible and necessary actions, specifically with
respect to MNA in the PA;

Utilizing existing remedial infrastructure for SVE in the UVZ and LVZ; and

Selecting a remedial technology with the lowest degree of risk, fewest
complications and disruptions to the City and nearby residents.
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SECTIONONE Introduction

A Feasibility Study (FS) is a process to identify a Reference Remedy and alternative remedies
that are capable of achieving the Remedial Objectives (ROs) for a site. This FS report was
prepared for the Park-Euclid Water Quality Assurance Revolving Fund (WQARF) study area
(Site) in accordance with the FS Work Plan (WP) completed by URS Corporation (URS) on
behalf of the Park-Euclid Group (the Group) in June 2013. The Site is located in Tucson,
Arizona (Figure 1-1).

1.1 FEASIBILITY STUDY PURPOSE AND SCOPE

This FS was developed in accordance with the Arizona Administrative Code (A.A.C.) Title 18,
Chapter 16, Section 407 (A.A.C. R18-16-407) to identify a Reference Remedy and alternative
remedies that are capable of achieving project ROs. At least two alternative remedies shall be
developed for comparison with the Reference Remedy, one of which must be more aggressive
than the Reference Remedy, and one of which must be less aggressive than the Reference
Remedy. The objectives of this FS include:

e Developing alternatives and remedies (Section 5) that are evaluated with respect to
comparison criteria given in Arizona Revised Statues (ARS) §49-282.06 (Section 6).

e Recommending a Proposed Remedy (Section 7) capable of achieving the ROs.
According to ARS 849-282.06, the Proposed Remedy shall:
e Protect public health and welfare, as well as the environment;

e To the extent practicable, provide for the control, management or cleanup of the
hazardous substances in order to allow the maximum beneficial use of the waters of the
state; and

e Be reasonable, necessary, cost-effective, and technically feasible.

1.2 REFERENCED DOCUMENTS

Although there are numerous documents referenced as listed in Section 8, this FS summarizes
and largely relies on information contained in the following documents:

e The Vadose Zone Confirmation Study (URS 2003a);

e The Remedial Objectives Report (Arizona Department of Environmental Quality
[ADEQ] 2008);

e The Final Remedial Investigation Report (RI) (Tetra Tech GEO [TTG] 2011);

e The Baseline Report for Long-Term Monitoring and Remedial System Performance
(URS 2011); and

e The 2015 Annual Report for Long-Term Monitoring (URS 2015).

The information contained in the FS is drawn from and, in some instances, quoted directly from
the above-referenced documents without attribution other than that noted here.




SECTIONONE Introduction

1.3

REPORT ORGANIZATION

This FS report is presented according to the following sections:

1.
2.

Introduction: states the purpose and scope of the FS.

Site Background and History: discusses Site information including its hydrogeological
conditions; operational, investigative, and remedial history; and the project ROs.

Site Contamination and Conceptual Model: summarizes the current Site conditions,
presents the Site conceptual model including exposure pathways, and states the strategy
and goals for each zone in achieving the ROs.

Identification and Screening of Remedial Technologies: identifies and screens
potentially applicable remedial technologies beginning with a broad evaluation and
moving to a more detailed evaluation for each zone.

Development of Remedial Alternatives: retained technologies from Section 4 are
assimilated into alternatives, whose implementation details are described at a conceptual
design level. The developed remedies are comprised of the individual alternatives from
each zone.

Remedy Analysis: the three remedies (Reference, Less Aggressive, and More
Aggressive) are analyzed on an individual basis with respect to comparison criteria and
then with respect to each other.

Proposed Remedy Description: a Proposed Remedy is selected and described based on
the analysis in Section 6.

References: presents literary sources and reports referenced during the preparation of
this FS report.




SECTIONT WO Site Background and History

This section describes the Site location, hydrogeological conditions, and Site history including its
operational, investigative, and remedial history. Figures 2-1 and 2-2 depict well locations for the
overall Site and Mission Linen Supply (Mission) facility (Mission Plant) area, respectively.

21 SITE DESCRIPTION AND PHYSICAL SETTING

The Park-Euclid Site is located east of downtown Tucson, Arizona and covers an area of
approximately 255 acres 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
(TTG 2011). The Site is essentially flat with a very gradual northward slope (approximately

50 feet per mile) and is physically bounded by 8th Street to the north, 14th Street to the south,
Park Avenue to the west, and Mountain Avenue to the east (Figure 1-1). The Site vicinity is
urban and includes commercial businesses, light industry, warehouses, residential neighborhoods
and apartments.

The Mission Plant is located at 301 South Park Avenue and a Mission-owned facility exists just
to the north at 299 South Park Avenue. The 299 South Park Avenue property is partially leased
to non-industrial tenants from Mission. The main campus for the University of Arizona (UA) is
located approximately 0.5 miles north of the Mission Plant area bordering the Park-Euclid Site
boundary (Figure 2-1).

The 301 South Park Avenue facility is currently owned and operated by Mission, which provides
industrial laundry and linen supply services to the Tucson area, primarily for restaurants, service
stations, hotels, and janitorial services. Products cleaned include uniforms, bed linens, towels,
industrial shop rags, dust mops, and dust mats. Since June 1985, Mission’s operations have not
included dry cleaning or the use of any chlorinated solvents in its industrial laundry process.

2.2 SITE GEOLOGY AND HYDROGEOLOGY

This section describes Site-specific geology, but details on regional geology can be found in the
RI (TTG 2011). Current groundwater flow conditions are discussed in Section 3.1. The Park-
Euclid Site is located within the western portion of the Tucson Basin, which is drained by the
Santa Cruz River (approximately 1.4 miles west of the Site) and several smaller tributaries
including the Arroyo Chico that crosses the northern area of the Site from east to west.

With respect to environmental investigations, the subsurface beneath the Site has been divided
into the following five hydrostratigraphic zones: the upper vadose zone (UVZ) from 0 to 85 feet
below ground surface (bgs), the Perched Aquifer (PA) from 85 to 95 feet bgs, the upper aquitard
from 95 to 110 feet bgs, the lower vadose zone (LVVZ) from 110 to 200 feet bgs, and the
Regional Aquifer (RA) located deeper than 200 feet bgs. Each of these zones is comprised of
interbedded sands, silts, and clays. The sediments are largely unconsolidated, although thin
intervals of partially indurated sediments were encountered during drilling.

Upper Vadose Zone

Lithologically, the UVZ is comprised of unconsolidated to partially indurated sediments,
including fine to coarse sands and gravel, clayey sands, silty sands, and sandy clays, in a variety
of combinations and textures. Individual lithologic units vary in thickness from inches to tens of
feet. The fine-grained sediments generally have low plasticity and the coarser sands are

URS 2-1



SECTIONT WO Site Background and History

muscovite-rich. Larger gravels and cobbles are present at many borehole locations, especially
within the uppermost 60 feet of the interval. Flexible wall parameter tests conducted on samples
from the UVZ indicated hydraulic conductivities ranging from 0.001 to 4.3 feet per day (3.6x10”
to 1.5%x1073 centimeters per second [cm/s]) (TTG 2011).

Perched Aquifer

The PA consists of diverse mixtures of sand, silty sand, clayey gravel, and clayey sand.
Lithologically, the upper aquitard consists of clayey sand, sandy clays, clayey gravels, and
occasionally thin clay units. It should be noted that it is difficult to observe the top of the upper
aquitard when conducting field investigations based on a review of boring logs and field notes.

The PA is relatively thin and laterally discontinuous in extent, with the saturated thicknesses
ranging from 1 to 8 feet (mean of 3.5 feet) based on drilling observations. The saturated
thickness is greatest southwest of the Mission Plant and decreases to the northeast (Figure 2-3).
Slug tests of select PA wells conducted by several firms (TTG 2011) indicated hydraulic
conductivity values ranging from 0.074 to 14 feet per day (2.6x10 to 4.9x10° cm/s), which is
within the expected range for the variety of aquifer materials (sandy clay to clayey gravel).

The PA extends horizontally at least 1,200 feet south of the Mission Plant, based upon the
presence of floating free product that reportedly originates south of Aviation Parkway, and
extends at least as far north as 9™ Street based on the presence of groundwater in well PBP-7.

Upper Aquitard

A structure contour map of the top surface of the upper aquitard (Figure 2-4) was created using
32 data points and indicates that the upper aquitard elevation is highest east and northeast of the
Site and dips to the west-northwest. The upper aquitard thickness ranges from approximately

4 to 27 feet (mean of 16.5 feet) based upon observations at 15 boring locations where the
aquitard was observed and fully penetrated (Figure 2-5). The upper aquitard thickness is greatest
southwest of the Mission Plant, and gradually thins toward the northeast. Flexible wall
parameter tests conducted on two samples from the upper aquitard indicated hydraulic
conductivities of 0.001 to 0.5 foot per day (3.2x10” to 1.7x10™ cm/s) (TTG 2011).

The upper aquitard was not observed during drilling of wells UAM-1, UAM-2, and UAM-3, nor
was water noted at a depth consistent with the PA in other areas while drilling at UAM-2B. This
suggests that the upper aquitard pinches out moving northeast between 9™ Street and UAM-2/2B
located approximately 2,100 feet north-northeast from the Mission Plant. At this interpreted
aquitard extent, the sediments at similar depths and elevations are coarser-grained with sufficient
permeability to allow groundwater to migrate downward such that the PA is not present in the
northeastern portion of the Site.

Lower Vadose Zone and Regional Aguifer

The LVZ is composed of multiple individual fining-upwards sequences where coarser sand and
gravel (when present) are located at the base of the sequence and are overlain by various
admixtures of poorly sorted sand, silty sand, clayey sand, and clay. The fine-grained portions of
some of these deeper fining-upwards sequences could serve as lower confining layers for other
perched zones, although there is no evidence of deeper perched zones in boring logs.
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The RA is considered to be hydraulically connected throughout the Tucson Basin is a regional
aquifer and produces most of the potable drinking water for the City of Tucson. The saturated
thickness of the RA is several thousand feet thick and is composed of interbedded sands, silty
sands, clayey sands, and clays. Miller-Brooks Environmental, Inc. (MBE) reported hydraulic
conductivity and transmissivity values for the upper alluvium within the RA of 30 to 40 feet per
day and 1,500 to 4,000 square feet per day, respectively, and a specific yield of approximately
0.15 (MBE 2004). Most of the RA monitoring wells at the Site are screened in the upper portion
of the aquifer; however, UA production wells (located north of the site) extend into deeper
portions of the RA (i.e., 400 to 680 feet bgs).

2.3  SITE OPERATIONAL HISTORY

The Mission Plant was originally owned and operated by Haskell Linen as early as 1938. The
plant was purchased by Mission on February 16, 1983 and is currently owned and operated by
Mission to provide industrial laundry and linen supply services to the Tucson area. Dry cleaning
was conducted at this facility utilizing tetrachloroethene (PCE) from 1971 until June 11, 1985.

The 299 South Park Avenue property to the north of the Mission Plant is also owned by Mission
and is partially leased to non-industrial tenants. This facility was originally owned and operated
by Cascade Linen, recorded as early as 1949, until Haskell Linen purchased the property in the
mid-1960s. Dry cleaning was conducted at the 299 South Park Avenue facility until
approximately 1971 when the dry cleaning equipment was moved to 301 South Park Avenue.

The dry cleaning equipment consisted of two large dry cleaning machines and one 2,000-gallon
aboveground PCE storage tank with aboveground piping. The machines and the storage tank
were removed in 1985. Employee interviews that were conducted by Earth Tech (Earth Tech
1991) indicated that spills occurred in the former dry cleaning area of the Mission Plant.
Releases reportedly included accidental overfills of PCE tanks and accidental spills from the dry
cleaning machines. These spills likely moved through joints and cracks in the floor of the
building to underlying soils and also likely reached sewer lines through floor drains and sumps
(TTG 2011). The sewer line was later discovered during the Remedial Investigation to be in
disrepair and leaking and was subsequently abandoned and replaced.

24  SITE CONTAMINANT CHARACTERISTICS

As discussed above, PCE spills occurred in the former dry cleaning area of the Mission Plant.
These spills likely moved through joints and cracks in the floor of the building to underlying
soils and also likely reached sewer lines through floor drains and sumps (TTG 2011). Leaks
from the sewer lines are likely a former pathway for PCE to migrate to the subsurface. Releases
reportedly included accidental overfills of PCE tanks and accidental spills from the dry cleaning
machines.

Sampling activities performed during previous investigations identified elevated concentrations
of chlorinated solvents including PCE and degradation products, such as trichloroethene (TCE),
cis-1,2-dichloroethene (cDCE), trans-1,2-dichloroethene (tDCE), and vinyl chloride (VC), in
both the upper and lower vadose zones and perched and regional groundwater beneath the Site.
Previous investigations suggest that residual PCE may have been adsorbed on the clayey shallow
soils and low permeability layers within the UVZ. A significant thickness of free product diesel
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fuel (product or light non-aqueous phase liquid [LNAPL]), originating from upgradient offsite
petroleum release(s) to the south of the Site, is present on the water-table surface of the PA
immediately underlying the UVZ. The diesel fuel contains dissolved PCE and its degradation
products in groundwater samples collected during the remedial investigation beneath the Mission
Plant.

The annular spaces surrounding two former water-supply wells at the Mission Plant are the
presumed conduits allowing vertical contaminant migration through the upper aquitard extending
to the deeper RA at approximately 200 feet bgs. Historically, the decreasing elevation of the RA
water table, subsequent to petroleum product migrating down these conduits to the RA, also is
interpreted to have resulted in contaminant smearing in the LVZ as the regional water table
declined. The former supply wells, Old Well and MP-1, were abandoned in 1992 and 1994,
respectively (EMCON 1994). Following well abandonment, dissolved PCE and TCE
concentrations in the RA began decreasing. Figure 2-6 depicts the Site Conceptual Model
where:

e PCE and its degradation products are present in soil and as soil vapor within the UVZ
beneath the Mission Plant.

e PCE and its degradation products are dissolved in LNAPL (diesel) overlying the PA.
e PCE and its degradation products are also dissolved within the PA groundwater.

e Diesel fuel, PCE, and PCE degradation products are present in soil within the LVZ as a
result of Old Well and MP-1 likely acting as conduits from the PA to the RA. As the
elevation of the RA water table decreased, these contaminants were believed to have
smeared through the LVZ.

e Dissolved PCE and TCE are present in the RA.

2.5 SITE INVESTIGATIVE BACKGROUND

The WQARF Site encompasses soil and groundwater that have been impacted by chlorinated
volatile organic compounds (CVOCs). The contaminants of concern (COCs) related to the Site
are the dry cleaning chemical PCE and its biological breakdown products TCE, cDCE, tDCE,
and VC. Well locations within the Site and Mission Plant are depicted in Figures 2-1 and 2-2,
respectively. The site investigative background is summarized below, but activities are
described in more detail in the Rl (TTG 2011).

e 1990 — ADEQ sampled a well on Mission’s property, identified as MP-1, as part of a
study referred to as “The Downtown Tucson Study Area.” ADEQ collected a sample of
green liquid from the top of the water table, which was subsequently identified as diesel
fuel containing concentrations of PCE at 2,700 micrograms per liter (ug/L) and TCE
concentrations of greater than 15 pg/L. Analysis of a groundwater sample collected from
beneath the LNAPL (diesel) layer in MP-1 indicated a PCE concentration of
11,000 pg/L.

e March-June, 1991 — The first groundwater monitoring at the Site was performed by
Earth Technology under contract to ADEQ in 1991 (Earth Technology 1991). Three RA
monitoring wells (MLR-1, MLR-2, and MLR-3) were installed and sampled, and samples
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from these wells contained diesel and PCE. The PA was not identified during this
investigation (Earth Tech 1991). The activities also included an on-site soil vapor survey
and an assessment of the on-site production wells MP-1 and Old Well, both of which
indicated elevated concentrations of PCE and the presence of diesel product containing
PCE.

e 1992 — EMCON, contracted to Mission, conducted an on-site investigation (Phase 1) of
soil and groundwater impacts on the 299 and 301 South Park Avenue properties
including a shallow soil vapor survey, geophysical logging and abandonment of Old
Well, LNAPL removal, depth-specific sampling at MP-1, and groundwater monitoring
and sampling of the three RA monitoring wells. The soil vapor survey indicated that
PCE was present at concentrations of 7,837 to 11,900 parts per million by volume (ppmv)
in soil vapor beneath the former dry-cleaning area at 301 South Park Avenue. The PA
was first identified during the Phase 1 investigation (EMCON 1994).

e 1993 — EMCON was contracted to Mission for a Phase 2 RI and installed three PA
monitoring wells (MLS-4, MLS-5, and MLS-6) and four soil vapor extraction (SVE)
wells (SVE-1 through SVE-4). Following well installation, four wells (MLS-4, MLS-5,
SVE-101, and SVE-103) were observed to contain LNAPL (EMCON 1995).

e 1993 to 1994 — EMCON performed Phase 3 RI activities including additional evaluations
of liquid and sediments within MP-1, removal of LNAPL from MP-1, and abandonment
of MP-1. RA well MLR-7 was installed and an aquifer test performed. A thin layer of
LNAPL was observed in MLR-7. PCE was measured at 630 pg/L in a groundwater
sample collected from MLR-7.

e 1998 — The United States Environmental Protection Agency (EPA) conducted activities
in support of a Preliminary Assessment/Site Investigation (PA/SI) including installation
of two upgradient PA monitoring wells, MLS-12 and MLS-13. Although LNAPL was
observed within the two new wells, PCE was not detected above the reporting limit in
groundwater samples collected from these wells.

e 1998 to 1999 - Following the Phase 3 investigation, Mission retained URS (formerly
Dames & Moore) to continue investigation of the Site. URS’ Phase 4 investigation
included an investigation of the sanitary sewer, a vadose zone contaminant
characterization, and a shallow aquifer investigation. Quarterly monitoring of the
existing PA and RA monitoring wells was conducted for one year. Based on these
monitoring results, the Phase 4 report (Dames & Moore 2000) concluded that the product
plume and chlorinated solvent concentrations in the PA were relatively stable, and that
the PA plume did not extend beyond the Arroyo Chico Wash. Concentrations of PCE in
the RA beneath the Site generally decreased after the abandonment of the onsite
production wells. Mission installed an SVE system to extract VOCs from the UVZ, as
described in Section 2.6.

e 1999 — The Site was placed on the WQARF registry with a score of 51 out of a possible
120. ADEQ assumed the lead role in the Rl and began sampling UA water supply wells.

e 2000 — ADEQ installed three sentinel RA wells (UAM-1, UAM-2, and UAM-3) between
the Park-Euclid Site and the downgradient UA water supply wells. Monthly sampling of
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the sentinel wells began in 2000 and continued through 2009. ADEQ also began
sampling the Agriculture (Aggie), Architecture, Huachuca, Martin Street, and Optical
supply wells on a monthly basis continuing through 2009. ADEQ also installed seven
PA monitoring wells (PEP-8 through PEP-11, and PEP-16 through PEP-18) and two RA
monitoring wells (PER-14 and PER-15) in 2000.

e 2001 — ADEQ performed an assessment to identify historical land uses and potential
users of PCE, chlorinated compounds, and diesel fuel in the vicinity of the Park-Euclid
Site. A pilot study was conducted to remove diesel LNAPL from the PA.

e 2002 to 2003 — ADEQ installed two PA monitoring wells (PEP-19 and PEP-24) and six
RA monitoring wells (PER-21, PER-22, PER-23, PER-25, PER-26, and PER-27). In
addition, ADEQ installed two LVZ vapor monitoring wells (VML-01 and VML-02) and
one LVZ vapor extraction well (VEL-03).

e 2003- Mission collected soil vapor samples at various depths. Four borings were
completed inside the Mission Plant, and 16 remaining borings were completed outside
the plant on Mission property and in the surrounding area. Mission completed four of the
borings as nested vapor/vacuum monitoring wells (VW-04, VW-05, VW-06, and
VW-07) with two-foot screened intervals located at approximately 5 feet bgs, 30 feet bgs,
55 feet bgs, and 85 feet bgs. ADEQ also installed three nested vapor monitoring wells
(VW-01, VW-02, and VW-03) within the City of Tucson (CoT) right-of-way with
screened intervals corresponding to the vapor monitoring wells installed by Mission.
Mission also installed a multi-phase extraction (MPE) well (MPE-1) and a monitoring
point (MPM-1) located east of the Mission laundry building within the PA for the
purpose of testing MPE as a method to remove LNAPL containing CVOCs.

e 2004 — ADEQ evaluated health risks to residents adjacent to the 301 South Park Avenue
facility and to on-site workers from soil vapors potentially volatilizing from subsurface
soils into indoor air. Vapor flux testing was conducted at five locations within the
Mission laundry facility and at eight ground surface locations near the property boundary.
A screening health risk assessment indicated that VOCs and polycyclic aromatic
hydrocarbons did not pose a significant risk to current and future residential receptors
north and south of the facility, but potentially posed a risk to on-site industrial workers.

URS performed quarterly vapor monitoring at a series of seven multi-depth well clusters
screened in the UVZ to evaluate changes in chlorinated solvent concentrations in soil gas
over time in response to ongoing SVE. Soil vapor monitoring was performed for a period
of five quarters. The reports of these monitoring events concluded that average
concentrations of chlorinated solvents decreased dramatically in nearly all wells and
depths during this five-quarter period (May 2004 to April 2005).

e 2008 — ADEQ’s contractor, TTG, installed sentinel well UAM-2B and RA monitoring
well PER-14A. Well UAM-2B was screened beneath the screened interval for UAM-2 to
assess the vertical extent of CVOCs. Well PER-14A was drilled near the existing well
PER-14 and was screened across the top of the aquifer (180 to 250 feet bgs), while well
PER-14 is screened in a deeper portion of the aquifer (i.e., 473 to 523 feet bgs) and
consistently exhibits higher water levels than the surrounding wells. Groundwater
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2.6

concentrations within PER-14A exhibited PCE concentrations of 1.2 to 12 pg/L
following installation. TTG concluded that the PCE plume had not migrated vertically
downward near the distal plume extent based on data from UAM-2B and that the deeper
RA is confined below the Mission Plant based on vertical gradients observed between
PER-14 and PER-14A (TTG 2011). Semiannual groundwater monitoring was performed
by TTG through the second half of 2008, after which groundwater monitoring
temporarily ceased due to ADEQ budget constraints.

2008 — ADEQ finalized the Remedial Objectives Report for the Park-Euclid WQARF
Site (ADEQ 2008).

2008 to 2009 — Mission installed five MPE wells (MPE-2 through MPE-6) in the PA in
preparation for installation of a multi-phase extraction remediation system (See Section
2.6). An MPE system was constructed with pilot phase operation occurring from April
16, 2008 to June 3, 2009 (see Section 2.6).

2011 — TTG published the Final RI for the Park-Euclid WQARF Site (TTG 2011).

2011 to 2014 — The Group completed periodic monitoring and sampling activities at the
Site including soil vapor sampling, PA LNAPL and groundwater monitoring and
sampling, and RA groundwater monitoring sampling The MPE system was re-started in
August 2011 and operated through April 2014 at which time the system was shut down
pending results of the FS. MPE system operation is described further in Section 2.6.

2014 to Present — The Group has continued ongoing long-term monitoring (LTM) of the
UVZ, PA, LVZ, and RA.

SITE REMEDIAL HISTORY AND EARLY RESPONSE ACTIONS

An early response action (ERA) is an action initiated prior to selecting a remedy under
A.A.C. R18-16-410 and is implemented if the action is necessary to:

1. Address current risk to public health, welfare, and the environment;

2. Protect or provide a supply of water;

3.

4. Control or contain contamination where such actions are expected to reduce the scope or

Address sources of contamination; or

cost of the remedy needed at the site.

Several remedial activities and ERAs have occurred at the Park-Euclid WQARF Site including:

1982 — Removal of PCE-Containing Waste;
1992 to 1994 — Production Well Abandonment;
2001 — LNAPL Removal Pilot Testing;

2001 to 2005 — UVZ Soil Vapor Extraction;
2005 to 2014— Multi-Phase Extraction;

2005 to 2006 — Sewer Line Replacement;
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e 2014 to Present — LVZ Soil Vapor Extraction; and
e 2014 — PA Enhanced Reductive Dechlorination (ERD) Bench Scale Testing.
These activities are discussed in detail below.

2.6.1 1982 - Removal of PCE-Containing Waste

The removal of PCE-containing waste occurred prior to the identification of contamination at the
Park-Euclid Site, but is included here for completeness. As described in the Rl Report (TTG
2011):

“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.” 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 ...”

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.
Two samples collected from the waste on the vacant lot were found to contain

10.6 mg/kg and 200 mg/kg PCE.”

“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), 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. On April 26, 1982, ADHS notified Haskell
Linen that “Haskell Linen has satisfactorily completed the perchloroethylene cleanup.”

“The exact location of the waste disposal area is not known, but is assumed to be on and
adjacent to the unpaved 13th Street right-of-way. The soil samples collected by Haskell
Linen indicate the waste was distributed over an area approximately 100 feet by 150 feet.
The entire area appears to be within or on the edge of the proposed area of excavation for
Arroyo Chico Detention Basin One.”

2.6.2 1992 to 1994 — Production Well Abandonment

Remedial investigations (see Section 2.5) at the Site indicated that the production wells, Old
Well and MP-1, created a conduit for LNAPL and groundwater from the PA to migrate through
the aquitard from the LVVZ to the RA. Groundwater monitoring results showed elevated PCE and
diesel concentrations in MP-1 and the Old Well.

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
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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 by pumping using a tremie pipe at the base of the well
(TTG 2011).

In June 1994, MP-1 was abandoned by perforating the casing over the entire depth. The well
was then filled with sand/cement slurry via tremie from the total depth to 240 feet bgs, and then
with neat cement to the ground surface (TTG 2011). 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
VOCs (TTG 2011). This sample was collected after reaming so that the knifing tools and tremie
tube could be lowered to the total well depth for abandonment by grouting.

Subsequent to well abandonment, the water table in the RA continued its long-term decline
potentially perching diesel product on or smearing it within lower permeability layers in the LVZ
above the RA. Onsite concentrations of PCE in the RA were noted to be generally decreasing as
a result of abandoning the onsite production wells (URS 2015).

2.6.3 2001 - LNAPL Removal Pilot Testing

A pilot study was conducted to remove diesel fuel LNAPL from the PA. Two portable free
product recovery units were designed and installed by Mission in SVE-101 and SVE-103, and
ADEQ conducted joint testing with Mission 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.
Operation of the portable units resulted in limited LNAPL recovery and pilot testing of the units
ceased in 2002.

2.6.4 1999 to 2005 — Upper Vadose Zone Soil Vapor Extraction

Using the results of the Phase 4 UVZ site characterization, URS performed an Engineering
Evaluation/Cost Analysis (EE/CA) in accordance with the EPA Non-Time Critical Removal
Action guidance document. The final EE/CA report (Dames & Moore 1999) evaluated a number
of options for removing soil contamination beneath the Site and recommended SVE as the
preferred alternative. Design and construction of the SVE system was performed during the
summer and fall of 1999. The SVE system consisted of four extraction wells (SVE-101,
SVE-102, SVE-103, and SVE-104) screened across the vadose zone from 30 feet to a depth of
90 feet bgs. These wells were plumbed to a manifold where a vacuum pump and four granular
activated carbon (GAC) canisters containing 6,400 pounds (Ibs) of carbon were located.

After permitting of the system was completed in early 2000, normal operation of the SVE system
was initiated on June 26, 2000. Normal operation consisted of a 12-hour operational day.
Approximately 6,000 Ibs, or 430 gallons, of VOCs were removed from the subsurface at the site
by the SVE system between June 26, 2000 and July 2002. During that operational period,
influent PCE concentrations declined from initial values of up to 6,000 ppmv to less than

100 ppmv during July 2002. 1,000 Ibs of permanganate impregnated zeolite beads (P1ZB) were
added to one of the 2,000-1b carbon vessels on July 2, 2002, resulting in a total of 4,400 Ibs of
GAC in three vessels. The system hoses were reconfigured so that the P1ZB vessel was the last
vessel in series.

Monitoring results indicated that vapor concentrations reached asymptotic conditions and
minimal additional PCE mass would be removed, using the existing vapor extraction well
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system. During this ERA, there were several extended periods during which the system was not
operating. Monitoring events following the longest shutdown period (December 2001 through
April 2002) indicated minimal rebound in contaminant concentrations. Therefore, system
operation was discontinued at the end of July 2002 pending a confirmation study.

The confirmation study (URS 2003a) concluded the following:

e Operating the SVE system resulted in a significant reduction in magnitude and extent of
the soil vapor plume in the UVZ,

e PCE concentrations were reduced by approximately 90 percent;

e The interval above 30 feet indicated a smaller magnitude reduction in PCE concentration
in soil vapor; and

e Degradation products of PCE including TCE, cDCE, tDCE, and VC were observed,
indicating that reductive dechlorination was occurring beneath the Mission Plant.

Based on recommendations from the confirmation study, Mission re-initiated SVE in the UVZ in
August 2004, eventually adding a fifth extraction well (SVE-105) screened in the interval
between 5 and 30 feet bgs and adjacent to SVE-103. Operation with SVE-105 began on
November 16, 2004 and continued through February 2006. The SVE system removed a total of
7,982 Ibs of VOCs or about 584 gallons during the life of the SVE system (i.e., June 2000
through February 2006). The SVE system was shut down on February 15, 2006.

2.6.5 2005 to 2014 — Multi-Phase Extraction
This section discusses the MPE ERA operation from 2005 to 2014.

MPE Pilot Testing

In 2003, Mission installed MPE-1 and MPM-1 within the PA for the purpose of testing MPE as a
remedial technology to remove LNAPL containing CVOCs from the PA. MPM-1 was
constructed using 4-inch Schedule 40 polyvinyl chloride (PVC) with 0.020-inch slot installed
from 89 to 99 feet bgs. MPE-1, located about 14 feet from the monitor well MPM-1, was
constructed using 4-inch-diameter Schedule 80 PVVC with 0.020-inch slotted screen installed in
the interval from 89.5 to 99.5 feet bgs (URS 2003b).

Pilot testing activities consisted of bail-down testing, vapor extraction testing, and MPE testing.
MPE testing commenced on September 10, 2003 and continued through September 16, 2003.
Based on the results of the pilot test, URS concluded that MPE was a technically feasible option
for the removal of the LNAPL containing PCE from the surface of the PA beneath the Mission
Plant. The capture zone for vapor and for liquids was estimated to be 60 and 14 feet,
respectively. Vapor flow rates ranged from 15 to 29 standard cubic feet per minute (scfm).
Water flow rate averaged about 0.15 gallons per minute (gpm). LNAPL represented about

30 percent of the total liquid recovery. VOC concentrations in extracted vapor were similar to
those concentrations observed in extracted from the SVE system at the conclusion of SVE
activities in 2002 (i.e., PCE concentrations from 40 to 130 ppmv).

Full-Scale MPE System Operation

Based on the results of the pilot test, Mission began design and installation of a full-scale MPE
system. Mission installed four MPE wells (MPE-2 through MPE-5) within the footprint of the
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Mission Plant. An additional well, MPE-6 was installed adjacent to the facility. The well
locations were selected based on the highest observed PCE concentrations in LNAPL and PA
groundwater, inferred radius of capture, and adjusted for surface obstructions. The wells were
constructed of 6-inch-diameter Schedule 80 PVC with 0.020-inch slotted screen installed in the
interval from 86 to 96 feet bgs for MPE-2, MPE-3, and MPE-5, from 85 to 95 feet bgs for
MPE-4, and from 89.5 to 99.5 feet bgs for MPE-6.

Construction of the MPE system began on December 12, 2007 and was completed on April 11,
2008. Initial system start-up occurred on April 16, 2008. The original design plans were
developed by URS. The system was constructed by Environmental Response Inc., under the
supervision of URS.

The MPE system consists of six multi-phase extraction wells (locations shown on Figure 2-2), a
60 horsepower (hp) liquid ring vacuum pump, a vapor-liquid separation vessel, a vapor treatment
train, and a liquid treatment system. The vapor treatment system consists of an air-cooled heat
exchanger and condensate knockout vessel, followed by three 2,000-Ib GAC vessels, one 500-Ib
PIZB vessel, and the vapor discharge location. The vapor system also maintains a separate
discharge point which conveys vented vapors from the liquid system oil/water separator and
product storage tank through a 200-1b GAC vessel and discharges to atmosphere. The liquid
treatment system consists of an oil/water separator, product storage tank, and groundwater
particulate filters followed by clay vessels intended to remove excess product from the separated
groundwater. The water is then conveyed through liquid phase 200-Ib GAC vessels to a
6,500-gallon treated water storage tank. The discharge from the storage tank is routed to either
the facility’s hot water supply or to Mission’s onsite industrial pre-treatment facility. The as-
built drawings for the treatment system are included as Appendix A.

The pilot phase of MPE system operation began on April 16, 2008 and was completed on June 3,
2009. A detailed description of the pilot phase of operation can be found in URS’ 2009 report
titled “Multi-Phase Extraction System Operation Summary” (URS 2009). Mass removal rates
for the pilot phase of operation are summarized below:

e The total mass of VOCs removed as vapor was about 1,400 Ibs, inclusive of 586 Ibs of
PCE and 577 Ibs of TCE;

e The total volume of groundwater removed from the PA was 38,851 gallons;
e The total mass of dissolved VOCs removed in groundwater was about 0.4 Ib; and
e The total volume of LNAPL removed was 750 gallons containing about 0.4 Ib of VOCs.

Mission’s consultant, URS, concluded that the MPE system (1) reduced VOC concentration in
the diesel in the subsurface; (2) reduced diesel LNAPL thickness in the vicinity of the extraction
wells; and (3) removed VOC mass from groundwater in the PA (URS 2009). URS
recommended preparation of an ERA Work Plan for MPE system operation, re-initiation of MPE
system operation in the current configuration for continued VOC mass removal from diesel and
PA groundwater, and development of criteria to establish an endpoint for MPE operation.

MPE operation was re-initiated following ADEQ approval (ADEQ 2011) of the Multi-Phase
Extraction System Early Response Action Work Plan (URS 2011). The MPE system was
re-started on August 19, 2011 and operation continued through April 11, 2014. During that time
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the system removed VOC mass of about 2,250 Ibs as vapor, 1.22 Ibs dissolved in water, and
about 49 Ibs dissolved in diesel. The MPE system removed approximately 6,500 gallons of
diesel and 71,600 gallons of water. Cumulatively, the MPE system removed about 3,700 Ibs of
VOCs, primarily as vapor. The MPE system was shut down in April 2014 pending completion
of the FS.

Since startup of the MPE system in 2008, the concentration of PCE in extracted vapor has
decreased with time as may be observed in Figure 2-7. In addition, the concentration of
degradation product TCE has decreased, while the concentrations of degradation products cDCE,
tDCE and VC have remained relatively constant. Figure 2-7 depicts the mass removal rate of
PCE and its degradation products as a function of time since re-initiation of MPE system
operation in 2011. Because the degradation products cDCE and VC do not readily adsorb to
GAC, and because these compounds now make up a higher percentage of the total VOCs
extracted by the MPE system, and because the adsorption capacity of the GAC decreases with
decreasing concentrations, the vapor-phase GAC usage rate has increased substantially. Thus,
the cost effectiveness of the MPE system operation has decreased with time due to reduced mass
removal rates and increased GAC usage.

2.6.6 2005-2006 — Sewer Line Replacement

Pursuant to an agreement between Mission and Pima County, Mission replaced the Pima County
8-inch-diameter sanitary sewer main located beneath the Mission Plant at 301 South Park
Avenue. Pima County paid Mission to conduct the sewer replacement work. PCE was believed
to have entered this sewer line through miscellaneous spills that were broomed into the floor
drain and by other means (TTG 2011). The County had previously conducted a video survey of
the sewer main and determined that the main was unsatisfactory for continued service, as it
appeared to be deteriorated to the point of showing perforations.

Mission abandoned a floor sump that discharged to the Pima County main sewer, constructed
new sewer lines, connected existing laterals to the new lines, and connected the new sewer lines
to existing sewer mains on East Manlove Street and 13" Street. The abandoned sewer line was
filled with grout. During construction, Mission performed vapor monitoring and tested
excavated soil for VOCs in accordance with a Site Health & Safety Plan.

2.6.7 2014 to Present — Lower Vadose Zone Soil Vapor Extraction

This section discusses SVE in the LVZ, including its pilot testing in January 2014 and initiation
as an ERA in February 2015.

Pilot Testing

As discussed in Section 2.5, ADEQ installed two LVZ vapor monitoring wells (VML-01 and
VML-02) and one LVZ vapor extraction well (VEL-03) in 2002. ADEQ’s contractor, Hydro
Geo Chem (HGC) performed soil gas sampling on the three LVZ wells in January 2003 (HGC
2003). Based on the sampling, HGC concluded that elevated concentrations of VOCs existed in
the LVZ above the RA. Analytical results indicated the presence of PCE and its degradation
products TCE, cDCE, and VC. HGC concluded that soil vapor concentrations at 167 feet bgs
were sufficiently high to cause exceedances of Arizona Aquifer Water Quality Standards
(AWQSs).
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As part of the FS, URS conducted LVZ pilot testing consisting of a Pneulog test on the screened
intervals of RA well PER-14A and the LVVZ vapor extraction well VEL-03 and an SVE pilot test
on VEL-03. The pilot test was conducted in January 2014 with follow-up rebound vapor
sampling occurring in February 2014. The results and conclusions from the LVZ SVE Pilot Test
are detailed in a Technical Memorandum from URS to ADEQ dated June 2, 2014 (URS 2014a)
which is presented in Appendix B-1 to this FS Report.

Notable findings from the LVZ SVE pilot test include:
e SVE was believed to be a feasible technology to effectively remove VOCs from the LVZ.

e The contamination source within the LVZ was estimated to be relatively limited
(i.e., approximately 36,400 cubic yards of soil) based on VOC vapor concentration
decreases during the test and a lack of rebound during the 30 days following cessation of
the SVE pilot test.

e The radius of influence (ROI) for the test extraction well (VEL-03) varied by depth
interval and was estimated from observed vacuums and concentration changes in
observation points. The ROI was calculated to be approximately 66 feet and greater than
150 feet at depth intervals of 170 and 190 feet bgs, respectively.

e Implementation of SVE was anticipated to improve groundwater quality near PER-14A.

e The operational life for LVZ SVE was estimated to be about 9 months to remove the
VOC mass in the LVZ estimated from the pilot test, based on predictive modeling.

ERA Implementation

Based on the 2014 pilot test results, URS implemented SVE in the LVZ as an ERA. URS
prepared a Work Plan (URS 2014b), which ADEQ approved with comments on July 7, 2014
(ADEQ 2014). URS applied to the Pima County Department of Environmental Quality (PDEQ)
to include SVE as a permitted operation in the renewal of Air Permit Number 2144, which is
included as an appendix to the Work Plan (Appendix B-2). The final permit conditions allow
operation of either the MPE blower or the SVE blower with emissions controlled by the three
existing GAC vessels and the PIZB vessel. A process flow diagram is provided in Figure 2-8.
The revised permit 2144 allows a 5-year operation and was issued on October 28, 2014, as
included in Appendix B-3.

The SVE system consists of a 1 hp regenerative blower connected to wells PER-14A and
VEL-03. The discharge of the SVE blower is connected to the piping leading to the MPE system
vapor treatment equipment (i.e., GAC and PIZB). The SVE system was tested on January 19,
2015 and started for continuous operation on February 2, 2015. The expected operational period
was 9 months followed by a shutdown period to evaluate potential rebound of soil vapor
concentrations in the LVZ. The system was shut down on November 9, 2015, having removed a
total of approximately 1,933 Ibs of volatile hydrocarbons from the LVVZ, of which approximately
254 Ibs were PCE. Monthly sets of rebound vapor samples have been collected in January,
February, and March 2016 and the decision whether to resume operation has not yet been made.
However, rebounding concentrations have been observed, as discussed further in Section 3.4.3.
The operation and maintenance plan for the MPE/SVE system is included as Appendix B-4.
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2.6.8 2014 - Perched Aquifer Enhanced Reductive Dechlorination Bench Scale Testing

LTM of the PA indicates that the concentrations of dissolved PCE and TCE in groundwater and
in LNAPL have been decreasing with time (URS 2015 and see Attachment D of Appendix C for
time series graphs). These decreases are concurrent with an increase in cDCE and, in several
wells, detectable VC concentrations. Based on the observed degradation of the chlorinated
ethenes, reductive dechlorination could potentially be enhanced by the addition of an electron
donor or dehalococcoides (Dhc) bacteria to promote complete degradation of PCE and its
degradation products to ethene and/or ethane.

In accordance with the FS Work Plan, URS collected groundwater samples from the PA on
January 22, 2014 for the purpose of testing for the Dhc bacteria and for the VC reductase gene
trait that have been shown to promote the complete degradation of PCE and its degradation
products to ethene and ethane. Overall, Dhc was present (or quantifiable) in five of the nine
samples collected. The greatest Dhc population was represented in the sample collected from
SVE-103, which corresponds to the elevated VC and ethene concentrations observed in this well.
SVE-103 is the only location where VVC concentrations are greater than cDCE concentrations
indicating that biodegradation processes at this location have progressed past the dechlorination
of cDCE. Results of laboratory analyses are included in Appendix C (Attachment C).

In addition to laboratory analysis, combined groundwater and diesel samples were collected for
the purpose of bench-scale testing ERD as a remedial technology for the PA. The samples were
shipped to SIREM Laboratory for analysis and assessment. Lactate was selected as the electron
donor for microcosm testing. Five microcosms were constructed in triplicate consisting of the
following:

e An anaerobic sterile control

e An anaerobic active control

e Lactate amended treatment

e KB-1® (a cultured Dhc used for bioaugmentation) amended treatment
e Lactate and KB-1® amended treatment

Following construction, the microcosms were amended with PCE and cDCE to achieve target
concentrations of 1.0 and 50 mg/L, respectively, which are representative of PA concentrations
beneath the Mission Plant. The TCE concentration in the microcosms was equivalent to the
target concentration of 1.0 mg/L without amendment. The specified microcosms were amended
with lactate to a target concentration of 366 mg/L and bench scale testing began on January 31,
2014. The specified microcosms were bioaugmented with KB-1® bacteria on February 28, 2014,
when the microcosms were confirmed to be anaerobic. The control and treatment microcosms
were sampled approximately every other week throughout the bench scale test. Due to slow
degradation rates, the electron donor (lactate) amended microcosms were amended with lactate
again on May 8, 2014 and again on July 3, 2014, and the bioaugmented microcosms were
bioaugmented again on May 30, 2014.

Overall, the total ethenes (PCE, TCE, cDCE, tDCE, VC, and ethene measured in moles) did not
decrease in any of the control or treatment microcosms throughout the duration of the study, nor
was ethane produced in any of the microcosms. The study ended upon receipt of analytical
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results from July 15, 2014, because it was determined that since complete anaerobic degradation
could not be achieved in a controlled microcosm with several amendment events, that the field
application of bioaugmentation would not be feasible or effective. The technical memorandum
summarizing the sampling and bench-scale testing results is presented as Appendix C to this
report.

Therefore, complete anaerobic biodegradation appears to be a localized phenomenon (such as in
the vicinity of SVE-103) that could not feasibly be replicated elsewhere in the PA, and therefore,
bioaugmentation is likely not a viable groundwater remedy for the entire PA beneath the site.
Product thicknesses have historically varied considerably at SVE 103, but have remained at or
below 0.03 foot for the last two years, which may have enabled biodegradation processes to
progress with less hindrance from direct contact with free-phase diesel product. The field-scale
pilot testing of bioaugmentation in the PA as proposed in the FS Work Plan was not conducted.

Based on the results of the bench scale testing, bioaugmentation was not considered as a viable
remedial strategy in the development of this FS, as further discussed in Section 4.3.

2.7 PROJECT REMEDIAL OBJECTIVES

A remedial objective is a goal established through the process in A.A.C. R18-16-406 to be
achieved by a selected remedy and includes the following elements:

e Protecting against the loss or impairment of identified uses of land and waters of the
state;

e Restoring, replacing, or otherwise providing for identified uses of land and waters of the
state;

e Time-frames when action is needed to protect against or provide for the impairment or
loss of the use; and

e The projected duration of the action needed to protect or provide for the use.

ADEQ prepared a Remedial Objectives Report in 2008. The ROs, as stated in the Final RI
Report (TTG 2011), for land and groundwater use at the Park-Euclid WQAREF Site are:

“To restore soil conditions to the remediation standards for non-residential use
specified in A.A.C. R18-7-203; specifically background remediation standards
prescribed in R18-7-204, predetermined remediation standards prescribed by
R18-7-205, or site-specific remediation standards prescribed by R18-7-206 that
are applicable to the hazardous substances identified (tetrachloroethene (PCE),
trichloroethene (TCE), cis-1,2-dichloroethene (cDCE) and trans-
1,2-dichloroethene (trans-1,2-DCE), and vinyl chloride).”

“To protect for the use of the groundwater supply by the University of Arizona
(UA) near the Park-Euclid WQAREF site from contamination from the site. This
action is needed for the present time and for as long as the UA wells are used for
potable purposes, the resource remains available, and their use is threatened as a
result of contamination from the Park-Euclid WQAREF site. This action is also
needed to protect potential future use of the groundwater supply for the City of
Tucson, which is not expected within the next five to ten years.”

URS 2-15



SECTIONT WO Site Background and History

The above ROs were used as the basis for remedial alternative evaluation in the FS. The
following bullets further detail what is required for soil remediation by the ROs:

e A.A.C. R18-7-203 requires that soil concentrations (1) are protective of surface water
quality and aquifer water quality, not resulting in a violation of water quality standards;
(2) do not exhibit hazardous waste characteristics beyond toxicity; (3) do not threaten
ecological receptors. UVZ and LVZ soils do not exhibit hazardous waste characteristics
beyond toxicity, nor are they believed to threaten ecological receptors based on land use.
The potential for leaching to groundwater is evaluated in Section 3.2.4.

e A.A.C. R18-7-204 allows soil concentrations to be remediated to background conditions
above soil standards; however, for this Site, the COCs are not naturally occurring in the
environment and background concentrations are not applicable.

e A.A.C. R18-7-205 requires that soil concentrations (1) meet residential standards on any
property where there is residential use at the time remediation is completed; (2) meet a
107 excess lifetime cancer risk for known human carcinogens and a 10 excess lifetime
cancer risk for other carcinogens, except for properties containing a child care facility or
school a 10°® excess lifetime cancer risk must be used. Therefore, non-residential
standards are considered for the Mission Plant area, but residential standards are used
elsewhere. Of the Site COCs, VC is a known human carcinogen while the remaining are
other carcinogens.

e A.A.C. R18-7-206 states that site-specific remediation standards for soil may be derived
by risk assessment considering exposure pathways and land use.

Therefore, soils in the UVZ must be remediated to non-residential levels in the Mission Plant
area and residential levels elsewhere; as well as to levels that do not present an unacceptable
vapor intrusion risk or impact water quality above applicable groundwater standards. Due to the
depth of the LVZ soils and the overlying aquitard, contaminated soil does not pose a significant
risk to humans via exposure or vapor intrusion; thus, only the migration to groundwater pathway
is considered.

The second RO pertains to protecting the RA groundwater supply for UA and CoT, but does not
require that numeric standards be met in groundwater or that contaminant mass be destroyed.
Because the second RO pertains to RA water quality, the RO relates to the PA only with regards
to whether PA contamination would inhibit achieving the ROs for soil remediation and/or RA
water quality. Exposure pathways and the conceptual site model are discussed further in
Section 3.2.
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This section summarizes the current Site conditions, presents the Site conceptual model
including exposure pathways, and states the strategy and goals for each zone in achieving the
ROs.

3.1  SUMMARY OF CURRENT CONDITIONS AND CONTAMINATION EXTENT

This section summarizes current conditions and contaminant distribution for each of the zones
based on the most recent analytical results from the annual sampling event conducted in January
and February 2015 and utilizes figures from the 2015 Annual LTM report (URS 2015).
Sampling activities were conducted in late March/early April 2016; however, results were not
available for reporting during the preparation of this FS.

3.1.1  Upper Vadose Zone

A relatively small number of soil samples have been collected from the UVZ, from which PCE
was detected at concentrations between 0.0047 and 3.1 mg/kg, TCE was detected in one sample
at a low concentration (0.02 mg/kg), and all other degradation products were not detected. None
of the UVZ 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 (TTG 2011).

Overall, the maximum VOC vapor concentrations observed in the UVZ have historically been at
cluster VW-07 located nearest to the primary source area at each of the four depth intervals

(5, 30, 55, and 85 feet bgs) (URS 2015). In general, VOC vapor concentrations have decreased
and remained at low levels since the baseline sampling event (July 2011) as a result of MPE
system operation, which was shut down on April 11, 2014. Vapor samples were collected from
UVZ wells in February 2015 to assess whether rebound had occurred and VOC concentrations
remained fairly consistent with the exception of considerable increases at each of the four depth
intervals of VW-07 and the 85 foot interval for VW-05. These increases likely reflect the
presence of residual contamination, with the exception of the deepest interval which may reflect
CVOC contamination contained in the diesel fuel. Each of the four intervals at VW-07 had PCE
concentrations greater than 10 ppmv, while all other locations had VOC vapor concentrations
were below 1 ppmv (except for PCE at 3.1 ppmv at VW-05-85) in 2015 (URS 2015).

3.1.2 Perched Aquifer

In February 2015, petroleum product was observed at 14 PA wells, each of which have
historically contained product, including at only 1 of the 6 MPE wells, which is unusually low.
The horizontal extent of the product does not appear to have significantly changed since 2006.
In wells where product was observed in April 2014, product thickness ranged from 0.01 foot at
SVE-103 to 3.41 feet at WR-347A, for an average thickness of approximately 1.38 feet. The
average decrease in product thickness from April 2014 to February 2015 is likely attributed to
the Site wide increase in PA groundwater elevations spreading the product through the smear
zone and trapping the product in a residual phase within the saturated zone thereby resulting in
decreased product accumulations within monitoring wells. Historically, the LNAPL thickness
has decreased since the operation of the MPE system.
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Regarding product chemistry, cDCE is the most prevalent component, which has gradually
increased in proportion over the years (February 2015 conditions are reflected in Figure 3-2).
Long-term decreases in PCE and TCE concentrations at several PA wells, accompanied by
increases in cDCE and VC concentrations, indicate that natural biodegradation by reductive
dechlorination is occurring in the PA. The presence of LNAPL along with dissolved phase
contamination has created anaerobic conditions that promote reductive dechlorination of the
target VOC compounds. This interpretation is consistent with studies conducted by UA students,
faculty and others (Carredn-Diazconti et. al. 2009). However, bench scale testing (described in
Section 2.6.8) suggested that this diesel layer inhibits achieving complete degradation past
cDCE.

Depth to groundwater in the PA ranged from approximately 85 to 97 feet bgs during the
February 2015 event, with groundwater elevations ranging from 2320.96 to 2326.09 feet above
mean sea level (amsl) and an average elevation of 2323.83 feet amsl. The PA saturated thickness
generally ranges from 1 foot to 8 feet and is underlain by a clayey aquitard ranging in thickness
from 14 to 26 feet (Figures 2-3 and 2-5, respectively). In general, the February 2015
groundwater flow direction in the PA varied from west-southwest to west-northwest with a
gradient ranging from approximately 0.0025 to 0.004 foot per foot. Groundwater elevations are
generally highest near the Arroyo Chico, reflecting infiltration, and no longer reflect localized
depressions beneath the Site as the MPE system has not operated since April 2014. Lateral
groundwater flow under perched conditions is largely dictated by geologic conditions including
permeability contrasts and structure of the underlying aquitard, which is described in Section 2.2.

In general, the PA groundwater VOC plumes extend to the northwest, which is generally
consistent with groundwater flow direction excepting the area northeast of the Mission Plant.
The highest observed total VOC concentrations are located near the center of the Mission Plant
area. The PA PCE and TCE groundwater plumes are smaller, having footprints of approximately
400 and 500 feet longitudinally and 300 and 400 feet laterally, respectively. The cDCE and VC
groundwater plumes are larger, interpreted to have footprints of approximately 850 and

1,150 feet longitudinally by 650 feet laterally, respectively (the February 2015 VC distribution is
reflected in Figure 3-4). The VC plume extends beyond the most downgradient well in the PA
(PEP-10). However, the concentration in this well has been declining for several years
suggesting that the VC plume is contracting.

3.1.3 Lower Vadose Zone

The LVZ was characterized by ADEQ and its consultants during the RI (TTG 2011), which
included completing three LVZ soil vapor wells (i.e., VML-01, VML-02, and VEL-03). In
addition to soil vapor samples from the three vapor wells, discrete soil samples were collected
from the LVZ for laboratory analysis in VML-01 and VML-02 and from RA groundwater
monitoring wells PER-14, PER-14A, and WR-347B during drilling. The RI analytical results
documented significant PCE concentrations (up to 170 milligrams per kilogram [mg/kg]) in the
LVZ above the RA in the immediate vicinity of the Mission Plant, particularly in the interval
from 165 to 190 feet bgs (TTG 2011). Routine vapor sampling has been conducted at VML-01
and VML-02 since 2012 and has identified PCE and its degradation products TCE and cDCE in
soil vapor at both soil vapor monitoring wells, with typically greater concentrations at VML-02.
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Two LVZ well clusters (VML-1 and VML-2) with four individual wells each comprise the LVZ
LTM monitoring network. VML-1 generally exhibits low vapor concentrations, whereas
elevated vapor concentrations at VML-2 have indicated a residual contaminant source, which
prompted the pilot testing and ERA described in Section 2.6.7 to mitigate this potential source to
RA groundwater. Prior to the implementation of SVE in the LVVZ, vapor concentrations at
VML-2 generally were one to two orders of magnitude higher than those measured at VML-1.

3.1.4 Regional Aquifer

Depth to groundwater in the RA ranges from approximately 181 to 231 feet bgs, with elevations
ranging from about 2201.5 to 2216.4 feet amsl. Groundwater is estimated to flow at 0.3 foot per
day generally toward the north-northeast with a gradient between approximately 0.004 and 0.006
(February 2015 conditions are reflected in Figure 3-5). Groundwater monitoring data shows
there is a strong upward hydraulic gradient in the RA beneath the Mission Plant that transitions
to a slight downward vertical gradient further downgradient (by PER-15, PER-21, and PER-22).

Groundwater samples collected during the February 2015 event from 19 RA wells included 10
samples that exceeded the AWQS for PCE, and 1 location (PER-14A) that also exceeded the
AWQS for TCE and cDCE. tDCE and VC were not detected in any RA groundwater samples.
With the exception of results from PER-14A, concentration trends in RA wells suggest
continuing detachment from the source area and shifting of the center of the VOC plume
downgradient from the Mission Plant, where the highest PCE concentration in the RA is believed
to be located between PER-26 and PER-28. PCE, TCE, and cDCE concentrations continue to
remain elevated at PER-14A but, overall, have exhibited a decreasing trend since February 2012.
VOC concentrations in the four downgradient UAM “sentinel” wells remain below reporting
limits (<1 pg/L) with the exception of consistently low PCE detections at UAM-2 below the
AWQS (5 pg/L).

The dissolved VOCs within the RA extend to the north-northeast, which is generally consistent
with the interpreted groundwater flow direction. The migration of the RA groundwater plume is
largely influenced by groundwater withdrawals by the UA potable supply wells and is estimated
to travel approximately 60 feet per year toward the north-northeast under current groundwater
extraction rates based on groundwater modeling as described in Section 3.3. The RA PCE
groundwater plume is approximately 1,200 feet wide, 3,200 feet long, and 130 feet deep (from
approximately 200 feet to 330 feet bgs). The TCE and cDCE plumes are constrained to the
vicinity of PER-14A having footprints of approximately 100 feet in diameter. The interpreted
February 2015 PCE plume is shown on Figure 3-6, which also displays long-term PCE
concentration trends.

The RA groundwater plume is anticipated to reside mostly within a 130-foot thick interval
between the water table at approximately 200 feet bgs and 330 feet bgs. The lower vertical
extent of 330 feet is assumed based on the presence of lower permeability materials beneath the
Mission Plant beginning at approximately 330 feet bgs (particularly with plastic clay layers
between 345 and 395 feet bgs) that create a confining layer and induce a strong upward gradient
in this region. However, the lower permeability layer pinches out between the Mission Plant and
PER-15/21/22 cluster (located approximately 750 feet to the north-northeast of PER-14/14A),
where a slight downward hydraulic gradient has been historically observed.
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The lower extent of the PCE plume has not been fully delineated. Samples from the deepest well
in the cluster, PER-21 screened from 339 to 389 feet bgs, have historically contained PCE
concentrations with a maximum of 52 pg/L observed in July 2011. Furthermore, results from
depth-specific sampling conducted at PER-28, installed in July 2014 with a screen from 195 to
285 feet bgs and located approximately 2,100 feet to the north-northeast of PER-14/14A, has
shown increasing PCE concentrations with depth. Samples collected at 220, 250, and 280 feet
bgs in September 2014 contained PCE concentrations of 21, 49, and 65 pg/L, respectively, and
this trend continued in February 2015 with PCE concentrations of 49, 71, and 79 ug/L,
respectively, and in November 2015 with PCE concentrations of 48, 48, and 74 pg/L,
respectively, at these depths (URS 2015). Therefore, it is possible that the plume extends below
330 feet bgs, which should be confirmed prior to final remedy design, as discussed in

Section 5.1.4.

Physical attenuation processes such as volatilization, dilution, dispersion, and adsorption appear
to be occurring in the RA. Although some degree of natural biodegradation is likely also
occurring in the RA, the degradation rate is much slower than in the PA where the petroleum
hydrocarbon contamination enhances anaerobic biodegradation. There is little analytical
evidence of long-term biodegradation in the RA, and the predictive modeling assumed no
biodegradation (see Appendix G and Section 5.1.4.2 for additional discussion regarding this
uncertainty).

3.2 CONCEPTUAL SITE MODEL AND EXPOSURE PATHWAYS
This section identifies exposure pathways for potential current and future receptors. The purpose

of this exposure assessment was to estimate the type and magnitude of exposure to humans.

3.2.1 Overview of Potential Exposure Pathways
For risk to occur, a complete exposure pathway must exist, which requires:

e A source and mechanism for release of contamination;
e A transport medium;

e A point of potential human contact; and

e An exposure route at the exposure point.

If any one of the pathway items is missing, the pathway is considered incomplete. In addition,
potentially complete pathways may be eliminated from the evaluation based on any of the
following:

e The exposure resulting from the pathway is much less than that from another pathway
involving the same medium and the exposure point;

e The potential magnitude of exposure for the pathway is low;

e The probability of exposure occurring is very low, and the risks associated with the
occurrence are not high (if a pathway may have catastrophic consequences, it is evaluated
even if its probability is very low); and

URS 34



SECTIONTHREE Site Contamination and Conceptual Model

e Uncertainties associated with the exposure estimates are too large to justify an
assessment.

Potentially exposed populations were considered when selecting pathways for inclusion in the
assessment. Despite the current land use as a commercial business, land use in the future could
potentially change from commercial to residential, which could require a Declaration of
Environmental Use Restriction (DEUR) for the Site property to be recorded. Construction
workers, laundry employees, site visitors, adjacent residents, and employees and students at the
UA are considered to be potential receptors to Site contaminants.

An exposure scenario evaluates the sources, pathways, and receptors at a specific location during
a specified exposure period. An exposure route is the manner in which a chemical comes in
contact with the human body. The following exposure routes were considered as potential routes
of exposure due to contact with surface soil (0 to 15 feet bgs), subsurface soil (greater than

15 feet bgs) in the UVZ, the PA, subsurface soil in the LVZ, and/or RA groundwater:

e Ingestion;
e Dermal Contact; and
e [nhalation.

A schematic depicting affected media and the associated potential exposure scenarios for the
Park Euclid site is provided as Figure 3-7. The exposure scenarios considered for the Site are:

e Future exposure to dust and vapors resulting from soil exposed as a result of future
construction or excavation activities in the source area of the Site. It should be noted that
based on soil sampling conducted at the 301 South Park facility, none of the UVZ soil
sample concentrations exceeded ADEQ’s NR-SRL of 13 mg/kg (TTG 2011). Because
SVE was conducted as an ERA, soil and soil vapor concentrations are expected to be less
than those measured during remedial investigation activities reducing the risk of
exposure.

e VVOC migration from UVZ soil and/or the PA to indoor air is considered to be a
potentially complete pathway that could affect current and/or future on-site (employees,
visitors) and off-site (adjacent residents) receptors. This potential exposure pathway has
been evaluated based on soil vapor sampling and analysis and is discussed further in
Sections 3.2.2 and 3.2.3.

e Contaminant leaching from LVZ soil to the RA is considered to result in minor transport,
as described in Section 3.2.2. LVZ vapors presently are believed to be in communication
with RA groundwater via the filter pack and well screen at PER-14A.

e Dissolved VOC migration in groundwater to the UA production wells is considered to be
a future exposure pathway that could result in exposure to UA employees and students
through inhalation, dermal contact, and ingestion. The potential migration of VOCs is
discussed further in Section 3.2.5.
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3.2.2 Human Health Risk Assessment

URS collected soil vapor samples in 2014 from 13 shallow vapor sampling locations across the
Site for the purpose of evaluating the potential for vapor intrusion to indoor air. Each of the
samples was analyzed for PCE, TCE, cDCE, tDCE, and VC. The method used to evaluate the
potential for vapor intrusion to indoor air and the accompanying human health risk assessment
(HHRA) are presented in a technical memorandum titled “Human Health Risk Assessment for
Feasibility Study and Associated Activities” dated November 17, 2014 (URS 2014c) and the
Technical Memorandum is provided herein as Appendix D-1.

Using a screening process, PCE and TCE were selected as contaminants of potential concern
(COPCs) and the indoor air modeled using the Johnson & Ettinger (J&E) model. Predicted
indoor air concentrations of PCE and TCE as determined with the J&E model were then
compared to the EPA Regional Screening Levels (RSLs) for residential indoor air. The RSLs
were developed based on an excess cancer risk of 1 per million and a non-cancer hazard quotient
of 1. Exposure of residents or commercial/industrial workers to PCE and TCE (predicted indoor
air concentrations less than residential RSLs), and tDCE and VVC (not detected) would not pose
an unacceptable threat to human health. Based on the conditions at the time of sampling

(April 2014), vapor intrusion to indoor air does not pose a risk to human health under a
residential exposure scenario.

Because the February 2015 UVZ vapor results were higher than those previously used to
evaluate the potential for vapor intrusion to indoor air, the 2014 vapor intrusion risk assessment
was revisited using February 2015 results as described in Appendix D-2. The February 2015
data were split into two datasets representative of potential residential and industrial receptors, as
opposed to a single dataset for residential receptors as was done with the 2014 data. Using
current indoor air Regional Screening Levels (RSLs) (January 2015) for a cancer risk of 10 and
a hazard quotient of 0.1, PCE exceeded its screening level in the commercial dataset

(e.g., beneath the Plant). Therefore, the Johnson and Ettinger model was used to calculate a
predicted indoor air concentration that was compared to the industrial RSLs, resulting in a hazard
quotient of 1 and a cancer risk of 4x10°®. Because the other Site-related vapor intrusion
chemicals were either not detected, were present at low levels relative to their RSLs (the target
cancer risk for Arizona workers is 10°), or cannot be evaluated quantitatively, the February 2015
UVZ vapor results do not suggest an unacceptable risk assuming the Plant area remains as
commercial use.

There is uncertainty associated with estimating potential impacts from human exposure to cDCE
in indoor air because there are no toxicity values or screening levels for inhalation of cDCE. An
additional point of uncertainty in the risk assessment is the potential for long-term rebound of
soil vapor concentrations following shut-down of the MPE system at the Site, resulting in
elevated COC concentrations and associated risk.

3.2.3 Predictive Shallow Vapor Concentration Estimations

Because UVZ vapor concentrations were likely reduced during ERA implementation and have
the potential to rebound due to underlying PA contamination, a predictive analysis was
conducted to evaluate the potential for future vapor intrusion based on numerical modeling of
contaminant mass present in the perched aquifer groundwater and product, as documented in
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Appendix E. Overall, it was estimated that the timeframe to reach steady state shallow vapor
concentrations due to PA contamination would be between 20 and 30 years. Based on the
available lines of evidence and median groundwater concentrations from April 2014, PA
contamination is not anticipated to pose an unacceptable vapor intrusion risk or hazard in the
future.

No soil samples have been collected following the implementation of the SVE and MPE ERAS,
which have likely reduced soil concentrations from those discussed in Section 3.1.1. Therefore,
URS assessed the need for a DEUR by evaluating the likelihood that shallow soil concentrations
are below residential SRLs using recent soil vapor concentration data. Per A.A.C.
R18-7-203(C), soil vapor concentrations may be used to estimate the contaminant concentration
in soil; therefore, allowable soil vapor concentrations were back-calculated from residential
SRLs to estimate vapor concentrations for which residential SRLs would be met assuming
equilibrium conditions. It is reasonable to assume that vapor concentrations are in equilibrium
outside of the anticipated zone of influence from the MPE ERA, but vapor concentrations may
still be equilibrating within the MPE zone of influence.

These allowable vapor concentrations were compared to April 2014 and February 2015 UVZ
vapor concentrations as shown in Appendix F-1. Overall, vapor concentrations (if in
equilibrium) at 26 of the 28 individual wells indicate that soils would likely meet residential
SRLs. Vapor concentrations at the lower two depth intervals of VW-07 exceeded residential
SRLs; however, at these depths (e.g., greater than 50 feet) human exposure pathways to soil
would be eliminated. The results of the vapor intrusion study indicated that while commercial
standards are met, residential levels would be exceeded, thus necessitating a DEUR based on
current site conditions. It is assumed that a remedy will be implemented to remove additional
contaminant mass from the UVZ (see Section 5.1.1) such that soil and soil vapor concentrations
are reduced to a level such that a DEUR would not be required.

3.2.4 Potential for Transport from LVZ Soil to the RA

Per A.A.C. R18-7-203, soil concentrations must be protective of surface water and aquifer water
quality, not resulting in a violation of water quality standards. Based on the ROs presented in
Section 2.7, the potential additional water quality impacts from UVZ contamination leaching to
the PA are not of concern for reasons described in Section 3.4.2. However, contamination in the
LVZ is believed to serve as a source to RA groundwater, necessitating the LVZ SVE ERA. As a
reference for LVZ remediation, allowable vapor concentrations were back-calculated from
groundwater protection levels (GPLs) (assuming equilibrium conditions) that would likely be
protective of RA groundwater preventing a violation of aquifer water quality standards. These
allowable vapor concentrations could be used as an action threshold for when to stop or resume
active remediation in the LVVZ and are presented in Appendix F-2. PCE vapor concentrations
indicated that soil concentrations likely exceed calculated GPLs in portions of the LVZ,
justifying the implementation of SVE as an ERA.

3.2.5 Transport of PCE to UA Production Wells

Groundwater modeling simulations (see Section 3.3) predict that with no action, the
concentration of PCE will not exceed the EPA maximum contaminant level (MCL) of 5 pg/L in
any UA production well in the long term (i.e., more than 30 years in the future), but that PCE
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concentrations would exceed the action threshold of 2.5 pg/L in two UA production wells

(i.e., Aggie and S-Hospital). Furthermore, depending on the UA pumping rates simulated in the
long-term, there are up to four UA production wells whose PCE concentrations are predicted to
exceed 2.5 pg/L, reaching a maximum concentration greater than 9 pg/L.

Overall, this exposure route is not considered to be complete under current conditions, but is
likely to be complete in the future. Although some degree of natural biodegradation is likely
occurring in the RA at a very slow rate, the groundwater modeling assumes that no
biodegradation occurs (see Appendix G and Section 5.1.4.2 for additional discussion regarding
this uncertainty).

3.3 REGIONAL AQUIFER GROUNDWATER MODELING

Groundwater modeling of the RA was conducted in support of the FS to evaluate the
effectiveness and feasibility of various remedial alternatives used to address the RA groundwater
contaminant plume, as well as improving the understanding of the conceptual site model

(e.g., flow conditions). Model simulation results and conclusions were used primarily for
screening technology process options in the RA (Section 4.4.4) and in developing viable
alternatives (Section 5.1.4). Details beyond those found in these sections are included in the
Groundwater Modeling Report, included as Appendix G. Interim results regarding model
construction and calibration were also presented in a technical memorandum from URS to
ADEQ on March 21, 2014 (URS 2014d).

The RA groundwater flow and transport models were developed based on review of the site
hydrogeological conceptual model (URS 2011; TTG 2011; URS 2013) and review of the
previous numerical groundwater flow and transport models (GeoTrans 2008). Groundwater
migration in the RA is largely influenced by regional pumping, particularly from UA production
wells. Assumptions regarding future pumping rates were developed in coordination with UA
facilities personnel to most appropriately reflect anticipated future conditions. UA groundwater
use, future planning, and water use considerations are summarized in Section 3.4.4 and detailed
in Appendix H.

3.4 FEASIBILITY STUDY STRATEGY AND ASSUMPTIONS

This section summarizes the strategy and priorities in addressing environmental risks presented
by each zone to achieve the Site ROs. The description of risk by zones is discussed in the
subsections below and provides a foundation for the technology screening process and remedy
development discussed in Sections 4 and 5, respectively. Additional requirements or
considerations, such as UA water use and planning, are also discussed herein. For each zone,
generic objective(s) are presented as steps or components in achieving the project ROs
(Section 2.7).

3.41 Upper Vadose Zone

The historic implementation of SVE as an ERA and operating the MPE in the PA as an ERA for
several years cumulatively have removed considerable amounts of contamination from the UVZ.
Therefore, SVE and MPE as ERAs have reduced risk by reducing contaminant mass.
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Presently soil concentrations in the UVZ are understood to be below soil standards and no
unacceptable risk is posed to potential receptors due to vapor intrusion under current land use
conditions (see Sections 3.2.2 and 3.2.3). However, there is the potential for vapor
concentrations to rebound over time to levels presenting an unacceptable risk. Although the RO
is driven by soil concentrations, another objective is to confirm via monitoring or control by
remediation that vapor concentrations remain below concentrations posing an unacceptable
vapor intrusion risk.

3.4.2 Perched Aquifer

PA groundwater is not currently used as a potable resource nor is it anticipated to be in the
foreseeable future. Therefore, it is reasonable to conclude that the contamination in PA
groundwater and the LNAPL layer overlying the PA does not pose an unacceptable risk due to
consumption. Potential exposure pathways of PA contamination to receptors include (1) vapors
volatizing from the PA migrating and accumulating in shallow soils at hazardous concentrations
that pose a vapor intrusion risk; and (2) contaminant migration through the upper aquitard into
the LVZ and ultimately leaching to the RA at levels that impact groundwater, which is then
eventually extracted and consumed. If these two exposure pathways can be eliminated or
adequately controlled, the ROs can still be achieved with PA contamination remaining in place.

Concerning the vapor pathway, results from the vapor intrusion modeling (Appendix E) indicate
that present PA conditions are not anticipated to pose an unacceptable risk to residential
receptors. Should VC concentrations in groundwater increase significantly, there is the potential
for VC vapors to accumulate at levels that would pose an unacceptable vapor intrusion risk due
to its characteristics of diffusing rapidly and having higher toxicity. Diffusivity calculations
estimate that it takes approximately 20 to 30 years for the COCs to reach steady-state conditions
in the shallow depths of the UVZ as a result of PA contamination. Outside of the influence of
any active remedies (where vapors were extracted during SVE and MPE ERAS), the shallow
vapor concentrations should already be at steady state and are not expected to present an
unacceptable risk. In the event that unacceptable vapor concentrations accumulate, vapor
mitigation measures could be implemented.

Concerning the migration pathway to the LVZ and ultimately to RA groundwater, the upper
aquitard is believed to effectively protect RA groundwater in the long term for the following
reasons:

e The source and pathway for residual contamination remaining in the LVZ and RA
contamination was via the two former water supply wells (Old Well and MP-1) that
penetrated the upper aquitard creating a conduit for vertical contaminant migration to the
RA. These wells were abandoned in 1992 and 1994, respectively, thus eliminating
further contaminant migration.

e The upper aquitard thickness ranges from 14 to 26 feet beneath much of the PA plume
and then thins out to 4 feet at UAM-2B, approximately 2,000 feet downgradient to
slightly crossgradient from the distal portion of the plume. The hydraulic conductivity of
the upper aquitard is generally lower than the Subtitle D landfill requirement of hydraulic
conductivities no greater than 1x10 cm/sec (Interstate Technology & Regulatory
Council [ITRC] 2003). Furthermore, many landfills effectively operate in compliance
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employing considerably thinner clay liners (i.e., 3 to 6 feet) than the aquitard underlying
the PA.

e There is no evidence of contaminant migration through the upper aquitard in the vicinity
of the Mission Plant based on analytical results from nested LVZ vapor wells. If
contamination were slowly leaching through the aquitard, one would expect to observe
the greatest concentrations in the shallowest intervals. However, the highest
concentrations are observed at 170 feet bgs, followed by lower concentrations at 150 and
190 feet bgs, with the lowest concentrations at 130 feet bgs. Vapor contamination in the
upper LVZ intervals (e.g., at 130 and 150 feet bgs) likely reflect volatilization from
residual contamination in lower intervals (e.g., below 160 feet bgs) that originated from
contaminant smearing with the decreasing water table, rather than contamination
migrating through the overlying aquitard. Furthermore, analysis of soil samples collected
from PER-14 in the upper LVZ (from 105 to 160 feet bgs) did not detect PCE or
degradation products, but considerable concentrations were detected in samples from
165 to 170 feet bgs, which is the likely depth at which LNAPL floated on the historical
groundwater table. This pattern reflects the presence of residual contamination in the
LVZ originating from the former water supply wells and does not support ongoing
vertical contaminant migration through the upper aquitard.

Nevertheless, even if contamination hypothetically did migrate through the upper aquitard, it
would likely be in very small quantities and unable to reach the RA located 90 feet deeper due to
low permeability lenses present throughout the LVVZ. Furthermore, if any contamination did
eventually migrate through the upper aquitard and LVVZ and reach the uppermost RA
groundwater, it would likely occur at such an insignificant mass flux that groundwater
concentrations would remain below MCLs across a monitoring well screen. Therefore, the
objective is to confirm that PA contamination is not posing an unacceptable vapor intrusion risk,
nor migrating through the upper aquitard at rates resulting in impacted RA groundwater. The
contaminant mass has been reduced by implementing MPE as an ERA for the last several years,
which has removed considerable amounts of contamination from the LNAPL layer and
groundwater. Furthermore, operating the MPE system has assisted in degrading much of the
contaminant mass from PCE to its less toxic daughter product, cDCE.

3.4.3 Lower Vadose Zone

Residual contamination in the LVZ appears to be an ongoing source of contamination to the RA,
particularly in the vicinity of PER-14A, and unless addressed is anticipated to continue
impacting groundwater via soil vapor. The abandonment of the old supply wells and the
presence of the aquitard prevent current contaminant migration from the LVZ reaching the RA.
Contaminant mobilization via leaching from contact with infiltrating water from above is not
considered a viable mechanism due to the presence of the aquitard above the LVVZ that prevents
water infiltration. However, in the event that the groundwater elevation of the RA increases over
time, the potential exists for groundwater to contact and saturate contaminated soil intervals. An
ERA of SVE in the LVZ was initiated in early February 2015, as described in Section 2.6.7, to
prevent further delay or inhibition to achieving ROs, particularly in the RA.

LVZ soil also needs to meet soil standards, specifically for GPLs. Estimated allowable vapor
concentrations were back-calculated from GPLs assuming equilibrium conditions and compared
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to measured vapor concentrations in April 2014 and January 2015 (see Section 3.2.4 and
Appendix F-2). Estimated PCE concentrations in soil did exceed calculated GPLs, further
justifying the implementation of SVE as an ERA. Upon completion of the ERA, a similar
comparison to GPLs will be conducted to verify compliance.

Vapor concentrations in samples collected from the LVZ from January through March 2016 have
displayed increasing trends for PCE and its degradation products. Presently, concentrations do
not exceed the estimated allowable vapor concentrations back-calculated from GPLs; however, if
trends continue as observed, it is likely that further remedial action will be necessary. Another
consideration in shutting down the system in November 2015 was the rapid consumption of
GAC due to elevated concentrations of total volatile hydrocarbons despite decreased PCE
concentrations. Analytical results from samples collected following system startup showed
rapidly increasing concentrations in total volatile hydrocarbons to levels significantly higher than
what had been observed during MPE operation in the UVZ (e.g., up to 1,800 ppmv in the LVZ
compared to a maximum observed concentration of approximately 130 ppmv in the UVZ). The
increasing concentration trend over time in LVZ samples during startup is strong evidence that a
nearby contamination source exists outside the immediate project vicinity. These elevated
volatile hydrocarbon concentrations quickly consumed the GAC, increasing treatment costs. The
Group assumes that ADEQ will evaluate this information and take appropriate action to
investigate and, if possible, identify the party or parties responsible for that nearby contamination
source and require appropriate and necessary remedial action to achieve source control so as to
avoid negative impacts to the Site. Therefore, future potential remedies in the LVZ need to
account for this increased contamination load and whether ADEQ is able to identify the
responsible party or parties and effectuate timely source control.

3.44 Regional Aquifer

The RA PCE groundwater plume is approximately 1,200 feet wide, 3,200 feet long, and 130 feet
deep (from approximately 200 feet to 330 feet bgs). Potential receptors include production wells
operated by the UA, as well as potential future groundwater withdrawals by the CoT or other end
users. The nearest UA production well is approximately 2,300 feet north of the distal portion of
the plume. CoT does not currently operate any production wells near the plume, nor does it have
plans to do so in the near future. However, groundwater in the RA is considered a potable
resource that must be protected.

The RA plume is migrating to the north-northeast at approximately 60 feet per year and, if not
addressed, is anticipated to reach the first UA production well (Aggie) in approximately 30 years
if left unmitigated based on projected pumping rates. Based on a Site visit with the UA Facilities
superintendent and discussions with UA utilities and engineering staff, there are several
considerations that need to be taken into account as they affect the project objectives and remedy
development. Appendix H-1 includes the UA’s response to a water provider survey, Appendix
H-2 includes photographic documentation of the setup and space associated with select UA
production wells, and Appendix H-3 includes a memorandum describing their future pumping
projections.
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This section presents remedial measures and strategies to address vapor, soil, and groundwater in
the four zones and believed to be capable in achieving the ROs. Potentially applicable remedial
technologies and process options are identified and screened to arrive at a retained subset of
technologies and process options that are carried into alternative development.

41 PROCESS OVERVIEW AND SCREENING CRITERIA

A screening process is used to evaluate remedial strategies and remedial measures starting from a
broad screening of technology types proceeding to general screening of individual process
options. Retained remedial technologies from the screening process are further evaluated in
greater detail with respect to each of the corresponding target intervals (i.e., UVZ, PA, LVZ, and
RA). Retained technologies are then incorporated into alternatives and ultimately are combined
into remedies that will address the four intervals (i.e., UVZ, PA, LVZ, and RA), as discussed in
Section 5.

In developing a remedy, it must be capable of achieving ROs per A.A.C. R18-16-407(A). A
Reference Remedy and alternative remedies, pursuant to A.A.C. R18-16-407(E), must be
developed and described in sufficient detail to allow evaluation using the comparison criteria.
Remedies were developed based on professional engineering, geological and/or hydrogeological
judgment, and following scientific standards of practice. Information built into the Site
Conceptual Model and in evaluating technologies includes information from the RI report,
ongoing monitoring and investigation efforts, best available information on remedial methods
and technologies, a remedy analysis consistent with A.R.S. § 49-282.06.

Each of the subsections below summarizes the various levels of technology screening; however,
a majority of the rationale is presented in Tables 4-1 through 4-3.

42 SCREENING REMEDIAL MEASURES AND STRATEGIES

This section discusses potential remedial strategies and measures considered acceptable by
ADEQ for achieving the ROs and to comply with the requirements of A.A.C. R18-16-407. A
remedial strategy is an approach or combination of approaches to address contamination to
achieve the ROs. A remedial measure does not address contamination directly, but provides a
means of attaining a clean water supply.

As stipulated by A.A.C. R18-16-407(F), the following strategies were considered in
development of the reference and alternative remedies:

e Plume remediation to achieve water quality standards for COCs in waters of the state
throughout the Site;

e Physical containment to contain contaminants within specific boundaries;

e Controlled migration to control the direction or rate of migration, but not preventing
migration;

e Source control to eliminate or mitigate a continuing contamination source;
e Monitoring to observe and evaluate Site contamination over time; and

e No action.
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As stipulated by A.A.C. R18-16-407(G), remedial measures may include but are not limited to:
e Well Replacement;
e Well Modification;
e Water Treatment;
e Provision of Replacement Water Supplies; and
e Engineering Controls.

Table 4-1 provides a summary of screened technology types within each of the six remedial
strategies based on their applicability to each of the four zones. The applicability of remedial
measures was also evaluated. If any process option within a technology type had the potential to
possibly be applicable to at least one of the four zones, it was retained and carried forward to
Table 4-2. From this level of screening, only one remedial strategy (Controlled Migration) was
completely eliminated.

4.3 SCREENING TECHNOLOGY PROCESS OPTIONS

Individual technology process options within retained technology types from Table 4-1 were
described and screened in Table 4-2. Screening included whether the specific process option
was (1) applicable to the COCs; and (2) feasibly implemented in one or more of the four zones
considering their characteristics, contamination distribution, and geology. Of the 68 individual
technology process options evaluated in Table 4-2, 31 were eliminated from further
consideration and 37 were carried forward for further evaluation with respect to the four zones in
Tables 4-3A through 4-3D (Section 4.4).

Overall, general information was used at this level of screening, with a more detailed evaluation
summarized in Tables 4-3A through 4-3D; however, site-specific information from pilot testing
and previous site experience was used to effectively screen technologies in Table 4-2. SVE was
retained as a potentially effective technology to address LVZ contamination based on results
from field-scale pilot testing conducted in January 2014, as discussed in Section 2.6.7
(Appendix B-1). As discussed in Section 2.6.8, bioremediation was rejected as a viable
technology for the PA as the diesel LNAPL layer is believed to inhibit biological activity of the
Dhc based on laboratory bench-scale testing using site-specific groundwater-diesel mixtures in
microcosms (Appendix C).

44 TECHNOLOGY EVALUATION BY ZONE

Individual technology process options retained in Table 4-2 were evaluated against effectiveness,
implementability, and relative cost for their respective zones, as summarized in Tables 4-3A
through 4-3D and discussed in the following subsections. A description of these criteria is
provided below.

e Effectiveness addresses whether the technology would reduce risk and/or achieve the
objectives for contaminants in the targeted zone. Data and information to evaluate
effectiveness is derived from current literature, historical case studies, similar ongoing
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projects, hands-on technology experience, vendor/subcontractor data, and the bench-scale
treatability studies.

e Implementability (technical and administrative) addresses the degree of difficulty in
carrying out the technology or process option. Data and information to evaluate
implementability are obtained from historical case studies, similar ongoing projects,
hands-on technology experience, vendor/subcontractor data, and pilot studies. At the
Park-Euclid Site, a key implementability factor is restricted Site access due to the densely
developed project vicinity. Access restrictions will limit the implementability of many
technologies, particularly those dependent on injection on closer well spacing. Another
influential factor for implementability in the LVZ or RA is the depth of contamination
and institutional controls to prevent cross contamination while drilling through the upper
aquitard where overlying contamination is present.

e Relative costs (capital and operation and maintenance [O&M)]) were considered for this
level of screening. Technologies and process options that were screened ranged from
having little to no capital and O&M cost to significant capital (construction, equipment,
materials) and O&M costs for ongoing operation of a system. Data and information to
evaluate cost is derived from historical case studies, similar ongoing projects, hands-on
technology experience, and vendor/subcontractor data.

Technologies or process options were evaluated relative to each other and those determined to be
the most effective, implementable, and cost effective are retained for the development of
remedial alternatives.

Ex situ treatment technologies to address extracted groundwater and vapor were not individually
evaluated with respect to each of the four zones because their suitability (effectiveness,
implementability, and relative cost) would vary based on the chosen remedial strategy combining
alternatives across multiple target intervals. Influential factors in selecting the appropriate ex
situ treatment include the average values and variations (anticipated ranges) in contaminant
concentrations and flow rates, as well as end use for treated water (e.g., offsite disposal,
discharge to surface water, storm sewer, reinjection, conveyance to the UA, etc.). Furthermore,
technologies employed across various intervals (i.e., the UVZ, PA, LVZ, and/or RA) may benefit
from sharing a common ex situ treatment, whereas if they were evaluated individually, different
options may have been selected. For example, if SVE were implemented at only one location in
the LVZ, it may not extract enough contamination or have a sufficient flow rate to economically
select a catalytic oxidizer and GAC may be more suitable; however, if extracted flow from the
LVZ were joined with extracted flows from SVE in the UVZ, GAC may be less economical.

Commonly implemented ex situ technologies were assumed for each of the alternatives and
remedies, but without a detailed evaluation. The ex situ treatment technologies were evaluated
against effectiveness, implementability, and relative cost only for the Proposed Remedy (see
Section 7.1) rather than for separate intervals (alternatives) and each of the three remedies.

441 Upper Vadose Zone

Six technology process options were evaluated for the UVZ and two options were retained as
follows (Table 4-3A):
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e Rejected: no action, bioslurping, MPE, and anaerobic bioventing
e Retained: MNA and SVE

Soil concentrations in the UVZ are calculated to meet residential standards based on vapor
concentrations measured in April 2014 and do not pose an unacceptable risk to potential
receptors due to vapor intrusion; therefore, no active remedial action is deemed necessary at this
time. However, the risk for vapor intrusion is possible from rebound in shallow vapor
concentrations and potentially from long-term diffusion from the PA (though unlikely per
Section 3.2.3), and UVZ vapor concentrations should be monitored until steady-state conditions
from volatilization from COCs remaining in low permeability soil intervals or from “PA oft-
gassing” (diffusion) are confidently established and understood. Therefore, the no action option
was eliminated while MNA was retained.

In the event that an active remedy is triggered by elevated shallow vapor concentrations, pulsed
operation of SVE is the most suitable option for the UVZ. In areas where SVE cannot be
implemented, individual vapor mitigation systems (e.g., those used for radon mitigation in
homes) could be installed in a localized manner on an as-needed basis.

4.4.2 Perched Aquifer

Twelve technology process options were evaluated for the PA and six options were retained as
follows (Table 4-3B):

e Rejected: no action, skimmer pumps, SVE, PlumeStop™ with ERD, in situ chemical
oxidation (ISCO), and in situ chemical reduction (ISCR).

e Retained: MNA, bioslurping, MPE, PlumeStop ™ with MNA (contingency), air sparging,
and in-well stripping.

As discussed in Section 3.4.2, an unacceptable risk to potential receptors is not anticipated to
result from PA contamination because (1) PA groundwater is not a potable resource, (2) PA
contamination is not anticipated to result in elevated steady-state shallow vapor concentrations;
and (3) the upper aquitard is believed to be an adequate hydraulic barrier preventing contaminant
downward migration. Although it is possible that the project ROs could be achieved without
further action in the PA, reducing the monitoring network and monitoring frequency is
appropriate until concerns of vertical migration and diffusion into shallow soils have been
thoroughly addressed. Therefore, the no further action option was rejected while MNA is
retained.

Implementing an active remedy would be desirable if PA contamination conditions were to
change such that contamination would migrate through the upper aquitard in meaningful
quantities or if VC concentrations were to significantly increase and pose a vapor intrusion risk
from upward diffusion. In this event, the present remedial equipment could be utilized to
implement bioslurping or MPE in existing wells or an expanded network to address source area
contamination in the diesel layer and PA groundwater. Air sparging wells could also be installed
in lines, or fences, downgradient of the source area. Although these active technologies would
be well suited to address the source area, they would not be economical or feasibly implemented
to address the larger PA groundwater plume.
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If continued horizontal migration of the PA groundwater plume became a concern as MNA
progressed, active remedies could be evaluated and implemented at that date. If the distal
portion of the plume encroached on the interpreted extent of the upper aquitard or migrated
beneath sensitive properties, an active remedy could be implemented near the downgradient
portion of the PA groundwater plume. If VVC concentrations increased to significant
concentrations and posed vapor intrusion risks, an active remedy could be implemented in a
localized area. One contingency option is to inject a PlumeStop™ barrier along a portion of the
PA that would effectively sorb contamination and significantly enhance any naturally-occurring
biodegradation. This contingency option is further described in Section 5.1.2. PlumeStop™ is
an injectable colloid containing micro-sized GAC used to stop plume migration and enhance
biodegradation, as further described in Sections 5.1.4.1 and Appendix I.

4.4.3 Lower Vadose Zone

Three technology process options were evaluated for the LVZ and one option was retained as
follows (Table 4-3C):

e Rejected: MNA and anaerobic bioventing.
e Retained: SVE.

Because SVE is already underway as an ERA for the LVZ, MNA and anaerobic bioventing were
rejected as alternatives and SVE was retained. Following the conclusion of the SVE ERA, LTM
will be implemented for a time to (1) assess potential rebound in vapor concentrations from
residual soil contamination; and (2) evaluate whether contamination is migrating through the
upper aquitard.

4.4.4 Regional Aquifer

Ten technology process options were evaluated for the RA and five options were retained as
follows (Table 4-3D):

e Rejected: well modification, provision of replacement water supplies, anaerobic
bioremediation via amendments, ISCO, and ISCR.

e Retained: wellhead treatment, MNA, groundwater extraction, PlumeStop™ with MNA,
and PlumeStop™ with ERD (contingency).

As discussed in Section 3.3, groundwater modeling was conducted to evaluate the effectiveness
and feasibility of various remedial alternatives used to address the RA groundwater plume. For
the purposes of this FS evaluation, a threshold of 2.5 ppb was used for PCE. This concentration
threshold is half of the MCL and is assumed to be conservatively protective for groundwater
users and provide a sufficiently early warning to implement wellhead treatment. As summarized
in Table 4-3D and detailed in Appendix G, results from model simulations were used in
conjunction with other effectiveness concerns or implementability limitations as a basis to reject
ERD (anaerobic bioremediation via amendments) and ISCO/ISCR from further consideration.

As mentioned at the beginning of this section, there are several implementability factors that
complicate remediating RA groundwater contamination. The densely developed land use with
homes, businesses, and streets occupying most of the surface area, considerably limits points of
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access to drill. Options requiring numerous injection points on a grid or multiple lines, such as
ERD, ISCO, and ISCR, become impractical as not enough locations are available to install
injection points to adequately address the plume. Implementing these technologies would
require repeat injections across a few “barriers,” lines, or zones, which even then may not result
in adequate groundwater residence time within the injected material to accomplish the desired
treatment. Further complicating matters, is the depth and thickness of the contaminated interval,
from approximately 200 to 330 feet bgs. Injecting across a single interval of such length would
result in little to no distribution in lower permeability strata and preferential distribution in high
permeability strata. Therefore, individual injection intervals would need to be established.
Additional complexity is introduced in requiring drilling precautions to prevent cross-
contamination when drilling through the upper aquitard.

Due to the aforementioned limitations, only MNA, groundwater extraction, and PlumeStop™
were retained for incorporation into alternatives. Each of these three technologies could
potentially be implemented to achieve ROs and they have their own respective strengths and
weaknesses. MNA would be accompanied with wellhead treatment on an as-needed basis
dependent on monitoring results and is readily implemented and effective; however, it involves a
very lengthy remediation timeframe, which introduces considerable uncertainty as conditions
and the regulatory environment could change significantly over a couple centuries. Groundwater
extraction would involve installing a single extraction well downgradient of the plume’s core and
pumping to capture the contaminated interval. Attaining access for a single well location
downgradient of the upper aquitard’s extent would not be difficult to implement; however, the
water would require continual treatment and reuse for a few decades. PlumeStop™ is more
difficult to implement in the short-term, as it would involve injecting and extracting across
multiple intervals via a line of multiple injection and extraction wells. There is also some
uncertainty in the degree of distribution that would be achieved; however, once implemented, the
alternative would be essentially complete with little long-term involvement.




SECTIONFI\VE Development of Remedial Alternatives

This section describes the development of the remedial alternatives from retained technologies
and then their incorporation into remedies. Three remedies were developed including a
Reference Remedy and two alternative remedies, one of which is less aggressive and the other
more aggressive. “More aggressive” relative to the Reference Remedy is understood to require
fewer remedial measures, to achieve the ROs in a shorter period of time, and/or to be more
certain in the long term requiring fewer contingencies. These remedies are developed at a
conceptual level and described in sufficient detail to allow evaluation using the comparison
criteria, but not with sufficient detail for planning construction and implementation.

5.1  ALTERNATIVE DEVELOPMENT

This section develops and incorporates retained technology process options from Tables 4-3A
through 4-3D (see Section 4.4) into alternatives that, if implemented, would address the remedial
goals/objectives specified for each of the four zones (see Section 3.4). Although this step is not
required per Section 407 in Chapter 16 of Title 18 in the A.A.C., individual alternatives were
developed for each zone that could be combined into remedies given the nature of the Site (each
zone presenting its own unique challenges), rather than solely developing remedies without this
“interim alternative step,” which helps facilitate discussion and analysis.

To borrow terminology from the remedies, a reference alternative (Alternative 1), a less
aggressive alternative (Alternative 2), and a more aggressive alternative (Alternative 3) were
developed for each of the zones. This readily facilitates their incorporation into remedies, as the
four reference alternatives are assimilated into a single Reference Remedy, and so forth. Table
5-1 summarizes the developed alternatives by zone.

The components, approach, and anticipated duration of each alternative are described in the
subsections below. Uncertainties and contingencies are also described for each alternative;
however, for the purposes of the FS, it is assumed that the alternatives described are adequate
and the contingency measures are not included in the cost estimates (Appendix J). As mentioned
in Section 4.4, the alternatives assume commonly implemented ex situ technologies, but ex situ
treatment technologies are not evaluated or selected except for the Proposed Remedy (see
Section 7.1). Additional information regarding implementation details and durations is reflected
in the cost estimates included as Appendix J.

5.1.1 Upper Vadose Zone

This section discusses the three alternatives developed for the UVZ to control or confirm that
shallow vapors remain below concentrations posing an unacceptable vapor intrusion risk. Figure
5-1 illustrates the locations of proposed additional shallow UVZ monitoring points for the three
alternatives, which is based on the existing monitoring network and underlying VC groundwater
plume. Each of the three UVZ alternatives assumes that two additional shallow monitoring
locations (e.g., screened from 4 to 5 feet bgs) and two replacement wells (assuming two are
damaged over the project duration) would be installed for monitoring vapor intrusion risk, for a
total of 36 UVZ individual wells comprising the initial monitoring network (Figure 5-1).

Uncertainties and Contingencies

As discussed in Section 3.1.1, soil samples have not been collected from the UVZ since
implementing several years of ERAS; therefore, soil vapor concentration data have been used to
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back-calculate estimated soil concentrations as discussed in Section 3.2.3 and Appendix F-1.
Based on historic soil samples, ERA implementation, and recent vapor concentration data, it is
assumed that soil concentrations meet non-residential levels beneath the Mission Plant Area and
residential standards elsewhere. However, if additional contamination were to be encountered
above acceptable levels, several remedial options could be implemented including SVE,
excavation, or in situ treatment (e.g., ISCO) depending on the nature and extent of the material.
Due to the number of monitoring points installed across the Site, it is unlikely that significant
additional soil contamination remains that has not already been encountered or reflected in LTM
vapor data.

One contingency measure that can be readily implemented under each alternative at the Mission
Plant or neighboring properties, in the event that unacceptable vapor intrusion risk arises, is to
install sub-slab vapor mitigation systems (e.g., similar to those used for radon mitigation) at each
impacted property. This is a non-invasive, readily implemented, and inexpensive measure to
protect receptors from exposure to vapor-phase COCs.

5.1.1.1 Alternative 1 - Reference

The reference alternative for the UVZ involves pulsed SVE operation for 10 years to address
residual contamination, followed by MNA until Year 30. Based on approximate calculations of
vapor in the subsurface subject to extraction, it is assumed that the SVE blower would be in
operation for one week each quarter to extract accumulated vapors and then allow for rebound.
This alternative assumes that four of the five existing former SVE wells could be retrofitted and
utilized for focused SVE in the source area.

This alternative includes soil vapor monitoring at each location on an annual basis during SVE
and for the first year following SVE completion, after which the network would be refined
(assumed reduction to 25 locations) and the frequency reduced to biannual until Year 15, and
once every 5 years thereafter. Implementation details, durations, and assumptions for this
alternative are reflected in Appendix J, Sheet J-3.1.

Uncertainties and Contingencies

In the event that vapor concentrations continue to rebound, (1) the system could continue
episodic operation with longer shutdown periods allowing rebound; (2) new horizontal shallow
SVE wells could be installed via directional drilling or trenching; and/or (3) individual sub-slab
vapor mitigation systems could be installed at impacted properties.

5.1.1.2 Alternative 2 - Less Aggressive

The less aggressive alternative for the UVZ involves MNA for 30 years with the assumption that
residual contamination does not result in rebounded soil concentrations to unacceptable levels
unable to naturally attenuate within a reasonable timeframe. A period of 30 years was chosen as
a conservative timeframe by which steady-state shallow vapor concentrations would be
established and could be evaluated for vapor intrusion risk once more prior to discontinuing
monitoring (no unacceptable risk is anticipated based on soil gas diffusion modeling — see
Section 3.2.3 and Appendix E).

This alternative shares a MNA component similar to the reference alternative in its
implementation, except that annual monitoring is conducted for 5 years and biannual monitoring
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is conducted for 10 years. No further action is assumed after Year 30. Implementation details,
durations, and assumptions for this alternative are reflected in Appendix J, Sheet J-3.2.

Uncertainties and Contingencies

In the event that vapor concentrations do rebound to unacceptable levels, (1) SVE could be
implemented episodically at existing SVE wells; and/or (2) individual sub-slab vapor mitigation
systems could be installed at impacted properties.

5.1.1.3 Alternative 3 - More Aggressive

The more aggressive alternative for the UVZ involves continuously operating SVE to address
residual contamination and/or serve as a vapor capture control for an active mechanical remedy
in the PA (e.g., air sparging). The operational time-period would be contingent upon analytical
results and influences from PA remedial efforts. The system could also operate in a pulsed or
episodic manner. For the purposes of this FS, it is assumed that SVE would continuously
operate for 5 years, after which pulsed SVE would ensue until Year 10, followed by MNA until
Year 30 per the same program described in the less aggressive UVZ remedy. Therefore, this
alternative assumes no further action takes place after Year 35. Implementation details,
durations, and assumptions for this alternative are reflected in Appendix J, Sheet J-3.3.

Uncertainties and Contingencies

Similar to Alternative 2, if vapor concentrations do rebound, (1) SVE could be implemented
episodically at existing SVE wells; and/or (2) individual sub-slab vapor mitigation systems could
be installed at impacted properties.

5.1.2 Perched Aquifer

This section discusses the three alternatives developed for the PA to monitor or confirm that PA
contamination does not pose an ingestion risk, nor does it result in accumulating vapors in
shallow soils at concentrations posing an unacceptable vapor intrusion risk. Figure 5-2 presents
the locations of proposed additional PA groundwater monitoring wells for the three alternatives.
Each of the three PA alternatives assume that an additional seven PA groundwater monitoring
locations would be installed to enhance plume delineation and analysis, particularly near the
distal portion of the VVC plume, for an initial monitoring network containing 30 PA wells
(Figure 5-2). Furthermore, select PA monitoring wells would be analyzed for dissolved gasses
(i.e., methane, ethene, and ethane by Method RSK-175) to assess whether complete reductive
dechlorination is occurring from VC to ethene.

Uncertainties and Contingencies

Each of the alternatives includes enforcing administrative controls related to drilling through
contaminated portions of the PA to reduce the risk of inadvertently creating a conduit for PA
contamination to vertically migrate through the upper aquitard. The Arizona Department of
Water Resources (ADWR) and ADEQ have established a process that restricts drilling or
specifies well construction requirements in contaminated areas as communicated when
processing a notice of intent (NOI).

In the unlikely event that PA contamination does migrate through the upper aquitard and into the
LVZ (as detected by LVVZ monitoring), SVE would be implemented in the upper portion of the
LVZ to remove contamination prior to it reaching the RA. If sustained meaningful long-term
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contaminant migration is suspected, an active remedy could be implemented in the PA to prevent
periodic SVE operation in the LVZ in perpetuity. Considering that this is not anticipated based
on currently available knowledge, an “active” contingency PA remedy for the entire plume or
source area was not evaluated in this FS.

An “active” contingency PA remedy was, however, conceptually considered and costed for
implementation at the distal portion of the plume for plume migration control. The proposed PA
contingency option is strictly hypothetical at this stage and is not necessarily believed to be
required in the future based on currently available knowledge of Site conditions and project
objectives. However, given the anticipated longevity of the PA contamination, there is the
potential for continued lateral migration beyond the existing footprint. The decision of whether
to implement an active remedy would be based on ongoing evaluation of future monitoring data
and Site conditions. If additional remedial action were deemed necessary many years in the
future, Site conditions and available technologies may have changed considerably from what
they are presently, which could significantly influence technology selection and costing.
However, for the purposes of this FS, a conceptual implementation of installing a PlumeStop™
barrier at the distal portion of the plume to limit lateral migration was evaluated as discussed
below.

Contingency PlumeStop™ Barrier in the PA

This contingency option assumes the barrier would be implemented once the distal portion of the
plume has migrated beneath a sensitive environment or to a portion where the integrity and
effectiveness of the upper aquitard is questionable. Although it is uncertain when or where this
might occur, if at all, it is assumed for cost estimating purposes that an 800-foot barrier would be
installed along a side street at Year 25. The assumed location is not shown on a map as its actual
location, if implemented, would be evaluated on an as-needed basis given land-use
considerations at that time. However, wherever it would be located, it would likely parallel a
street edge to avoid disruptions to traffic and homes. The width of the current configuration of
the cDCE and VC plumes spans approximately 600 feet; however, because the plume is not
oriented perpendicular to the street network, the barrier would have to be approximately 800 feet
in length to adequately span the plume’s width.

For conceptual design purposes, it is assumed that cDCE and VC concentrations would be near
100 and 25 pg/L, respectively, when entering the barrier with a groundwater Darcy flux of
approximately 80 cubic feet per day, assuming a saturated thickness of 4.5 feet for the PA. Due
to the low hydraulic conductivity of the PA and small saturated thickness, it is anticipated that
the PlumeStop™ material would be most efficiently delivered to the subsurface gradually via
gravity draining into injection wells, as opposed to pressurized injections or groundwater
circulation. It is assumed that injection wells would be screened from 90 to 95 feet bgs and
spaced 30 feet apart (assuming a 15-foot ROI); however, the ROI should be determined through
pilot testing. Therefore, the barrier would require approximately 27 flush-mounted injection
wells constructed with 2-inch PVC. Assuming two drill crews, the well installation effort would
likely require three weeks to complete.

Approximately 1,200 gallons of PlumeStop™ solution diluted to 4% is roughly estimated to be
required at each injection well to achieve adequate distribution across the barrier. This could
also be achieved by applying concentrated PlumeStop™ solution initially and chasing it with
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unamended water to push it out into the formation. Assuming a passive injection (formation
reception) rate of 0.5 gpm across the screened interval, each well would require approximately
40 hours of passive injection; however, this rate could vary significantly and should be derived
through pilot testing. Assuming that 9 wells could be gravity fed simultaneously and that setups
were moved every other day (48 hours), the injection effort would likely require a full week.
Pre- and post-injection geophysical surveys would aid in delineating the distribution of the
injected PlumeStop™ and pre-injection results could be used to assist in identifying well depths
and locations. Additional implementation details, durations, and assumptions for this
contingency option are reflected in Appendix J, Sheet J-4.2. This contingency is assumed to be
applicable only for the less aggressive PA alternative and is only reflected in its costs.

5.1.2.1 Alternative 1 - Reference

The reference alternative for the PA involves MNA as long as significant contamination is
present in the PA, stable conditions have not been met, and vertical migration is still a concern.
Considerable contamination will remain in the PA for many years without active remediation,
however; it was assumed that the contaminant migration will be minimal and does not pose an
unacceptable risk nor prevent achieving ROs for reasons discussed in Section 3.4.2. However,
for the purposes of comparative evaluation, the reference alternative for the PA would involve
MNA for a very long duration (i.e., 200 years) prior to receiving a no further action
determination (NFAD). This alternative further assumes that each location would be monitored
on an annual basis for the first 5 years, after which the network would be refined (assumed
reduction to 20 locations) and the frequency reduced to biannual for the next 10 years, and once
every 5 years thereafter. Implementation details, durations, and assumptions for this alternative
are reflected in Appendix J, Sheet J-4.1.

Uncertainties and Contingencies

It is likely that a NFAD would be issued or that a remedial action would be required before
200 years have passed. However, given the uncertainty in when a NFAD would be granted or
what type of remedial action would be implemented, this option evaluates MNA for 200 years.
Potential changes to this alternative from its present assumptions include differing monitoring
locations and sampling frequency.

5.1.2.2 Alternative 2 - Less Aggressive

This alternative is similar to the PA reference alternative in its implementation, except that no
further action is conducted after Year 30. Similar to the less aggressive alternative for the UVZ,
a period of 30 years was chosen based upon the time to establish steady-state vapor
concentrations in shallow soil and confirm what is anticipated to not present a vapor intrusion
risk (Appendix E) prior to discontinuing monitoring. Implementation details, durations, and
assumptions for this alternative are reflected in Appendix J, Sheet J-4.2.

Uncertainties and Contingencies

Potential changes to this alternative from its present assumptions includes extending the MNA
timeframe, as well as changes to the number of locations and sampling frequency. Although
unlikely, it is possible that a PlumeStop™ barrier would need to be installed at the distal portion
of the plume in the future. For the purposes of cost estimating, it is assumed that the 800-foot
barrier is installed at Year 25, as previously discussed.

URS 5-5



SECTIONFI\VE Development of Remedial Alternatives

5.1.2.3 Alternative 3 - More Aggressive

The more aggressive alternative in the PA involves air sparging in the source area for focused
mass reduction for 5 years, followed by MNA for 30 years. This alternative assumes some form
of vapor capture technology would be implemented in the UVZ (i.e., SVE) for the duration of
sparging in the PA. Sparging would be conducted at the base of the PA (along the top of the
upper aquitard) allowing air bubbles to spread laterally, rise vertically, and strip VOCs out of the
groundwater and overlying diesel layer where they would be captured in the lower UVZ via
SVE. For the purposes of this FS, the MPE wells are proposed to be retrofitted for sparging at
the base of the well screens with flanges or sealing disks inserted at the top of the well screen to
prevent short-circuiting. The MNA component of this alternative is identical to the less
aggressive alternative for the PA, except that its timing initiates 5 years later and no further
action is assumed after Year 35. Implementation details, durations, and assumptions for this
alternative are reflected in Appendix J, Sheet J-4.3.

Uncertainties and Contingencies

Although this alternative does include active remediation, it is only implemented in the existing
MPE wells with the objective of reducing contaminant mass within a portion of the source area.
Therefore, there is still the potential need to implement an active remedial action addressing the
remaining portion of the plume contingent on LTM results in the PA and upper LVZ. Potential
changes to the present alternative include extending the sparging timeframe, installing additional
sparging locations, and changes to the LTM program.

5.1.3 Lower Vadose Zone

This section discusses the three alternatives developed for the LVZ to remediate residual
contamination potentially providing a long-term contamination source to RA groundwater and to
evaluate the potential for vertical migration of PA contamination through the upper aquitard.
Figure 5-3 illustrates proposed additional LVZ locations associated with the reference and more
aggressive alternatives. Under Alternatives 1 and 3, four additional LVZ monitoring well
clusters would be installed with similar completion intervals as the two existing clusters

(i.e., screens at 130, 150, 170, and 190 feet bgs). These four clusters are shown on Figure 5-3
and are purposed to better delineate LVZ contamination and monitor the upper portion of the
LVZ for the potential of contaminant migration from the PA through the upper aquitard. Surface
conductor casing would need to be installed into the top of the upper aquitard prior to advancing
to the LVZ to prevent cross contamination during the installation of new locations. Alternative 2
does not include any new locations as it only utilizes the existing network.

Per the discussion in Section 3.4.3, each of these LVZ remedies assumes that the vapor
concentrations continue to rebound and that the estimated allowable vapor concentrations back-
calculated from GPLs are exceeded such that additional remediation is required beyond the SVE
ERA as planned. Evaluation of the effectiveness of the LVZ ERA is still ongoing and additional
consideration will need to be given to developing the specifics of the LVZ remedies as
monitoring data continues to be collected. Further evaluation also is required of recent
increasing total volatile hydrocarbon concentration trends that strongly suggest the existence of a
nearby contaminant source outside the immediate project vicinity as discussed in Section 3.4.3.
For the purposes of this FS, it is assumed that the LVZ SVE system would be operated in a
similar pulsed manner as the UVZ SVE system with operation for about one week per quarter.
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For project efficiencies, it is likely that a shared blower would be sized to adequately operate
vapor extraction wells in both the UVZ and LVZ simultaneously and vapors would pass through
a shared treatment train (e.g., GAC vessels).

5.1.3.1 Alternative 1 - Reference

The reference alternative for the LVZ involves operating pulsed SVE operation for 10 years to
address residual contamination, followed by MNA until Year 30, with the addition of the four
new monitoring clusters. The SVE blower would be in operation for approximately one week
per quarter to extract accumulated vapors and then allow for rebound the remaining 11 or 12
weeks. The assumed LTM network would include 6 clusters (4 new plus 2 existing) each with
4 individually nested wells under an annual frequency during operation and for 5 years following
shutdown for rebound (until Year 15). After 15 years, only the uppermost well locations

(6 wells) would be monitored, assuming the residual soil contamination has been remediated, on
a biannual basis until Year 20 and then once every 5 years thereafter. No further action is
assumed after Year 30. Implementation details, durations, and assumptions for this alternative
are reflected in Appendix J, Sheet J-5.1.

Uncertainties and Contingencies

The primary uncertainties to this alternative include (1) encountering additional contamination
upon installing additional vapor monitoring clusters; (2) the treatment timeframe takes longer
than anticipated to reach target levels; and (3) vapor concentrations either increase resulting from
an unknown source in the LVZ or rebound to unacceptable levels that continue to impact RA
groundwater. Potential contingency responses include (1) installing an additional SVE well to
address the newly encountered soil contamination (as planned in Alternative 3); and

(2) increasing the SVE system operational duration. Another consideration is to abandon or seal
off the upper portion of the PER-14A screened interval that enables lower LVZ vapors to readily
diffuse into upper RA groundwater.

5.1.3.2 Alternative 2 - Less Aggressive

The less aggressive alternative for the LVZ involves operating pulsed SVE for 10 years to
address residual contamination, followed by MNA until Year 30 using the existing network
without installing additional monitoring locations. This alternative assumes MNA using the

8 existing individual wells (2 clusters of 4 wells) using the same frequency/program as the
reference alternative (annual through Year 15, biannual through Year 20, and once every 5 years
until Year 30). No further action is assumed after Year 30. Implementation details, durations,
and assumptions for this alternative are reflected in Appendix J, Sheet J-5.2.

Uncertainties and Contingencies

The primary uncertainties to this alternative include (1) the treatment timeframe takes longer
than anticipated to reach target levels; and (2) vapor concentrations either increase resulting from
an unknown source in the LVZ or rebound to unacceptable levels that continue to impact RA
groundwater. As no additional LVZ locations are installed under this alternative, there is no
potential to encounter additional contamination. Potential contingency responses include
running the SVE system longer and under a pulsed approach following rebound. The upper
portion of the screened interval at PER-14A could also be sealed off to hinder diffusion of lower
LVZ vapors to upper RA groundwater.
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5.1.3.3 Alternative 3 - More Aggressive

The more aggressive alternative for the LVZ is similar to the Reference Remedy involving
pulsed SVE operation for 10 years with an enhanced LTM network, but also assumes that
additional contamination is identified during monitoring well installation/monitoring and that
one new SVE well would be installed in the LVZ during the second year of operation (Year 1).
This alternative assumes pulsed SVE from two existing locations (i.e., VEL-3 and PER-14A)
during the first year (Year 0), from three locations (two existing and one new) during the second
year (Year 1), followed by MNA until Year 31. The assumed LTM network would include

6 clusters (4 new plus 2 existing) each with 4 individually nested wells under an annual
frequency through Year 15, after which only the uppermost 6 well locations would be monitored
biannually until Year 21, and once every 5 years thereafter. No further action is assumed after
Year 31. Implementation details, durations, and assumptions for this alternative are reflected in
Appendix J, Sheet J-5.3.

Uncertainties and Contingencies

Similar to Alternative 1, the primary uncertainties to this alternative include (1) encountering
additional contamination; (2) requiring a longer treatment timeframe; and (3) observing vapor
concentration increases as a result of an unknown source in the LVZ or rebound to unacceptable
levels that continue to impact RA groundwater. Contingency responses include (1) installing a
fourth additional SVE well; and (2) running the SVE system longer. The upper portion of the
screened interval at PER-14A could also be sealed off to hinder diffusion of lower LVZ vapors
to upper RA groundwater.

5.1.4 Regional Aquifer

This section discusses the three alternatives developed for the RA to address groundwater
contamination potentially posing an unacceptable risk to receptors by groundwater consumption.
Figures 5-4 and 5-5 illustrate proposed additional RA locations associated with Alternatives 1
and 3, respectively.

One common component to each of the three RA alternatives is to conduct additional
characterization of the deeper RA as a pre-design effort. As discussed in Section 3.1.4,
analytical results from incremental passive groundwater sampling across the well screen at
PER-28 have indicated increasing concentrations with depth. Furthermore, there are few wells
in the project area with deeper screened intervals similar to UAM-2B (approximately 330 to
410 feet bgs). PER-21 is screened from 339 to 389 feet bgs and detected a maximum PCE
concentration of 52 ppb in July 2011; however, the plume is believed to have migrated
downgradient from PER-21 and the next well with a deeper screened interval is UAM-2B, from
which PCE or its degradation products have never been detected. The absence of PCE at
UAM-2B may be due to an absence of deeper contamination, but it may also be that the distal
portion of the deeper plume has not yet arrived at the sampled interval.

Therefore, additional characterization of the deeper RA interval will be completed prior to
finalizing the remedy design. For the purposes of the FS, each RA alternative assumes that three
deeper RA wells will be installed to 400 feet bgs each, with three discrete groundwater samples
collected from approximately 330, 360, and 390 feet bgs. Their proposed locations are shown on
Figures 5-4 and 5-5, and attempt to “twin” existing wells at two locations (PBR-10 and PER-28)
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to form a cluster allowing measurement of vertical gradient. For the purposes of this FS, it is
assumed that the wells would each be sampled once and that the additional characterization
effort would demonstrate that the target interval remains from 200 to 330 feet bgs and that the
alternatives described in the subsections below do not require modification. However, the
implications of extending the targeted treatment zone an additional 70 feet to approximately
400 feet bgs are discussed for each of the RA alternatives in their respective uncertainties and
contingencies subsections below.

Uncertainties and Contingencies

A significant uncertainty common to each alternative is the vertical extent of the RA
groundwater plume and whether treatment depths may increase considerably. This would further
complicate Alternative 1, making it even less feasible to implement. There would be no
meaningful change to Alternative 2. An additional extraction well may be needed, and the
extraction well’s completion interval and pumping rates would certainly change under
Alternative 3. However, as mentioned above, it is assumed that the results of the deeper RA
characterization effort would not meaningfully alter the present understanding of Site conditions
nor the alternative approaches as presently described.

Another significant uncertainty common to each alternative is whether the CoT, or another end
user, would decide to install and operate a production well to extract water from the RA aquifer
in the vicinity of the RA groundwater plume. The present understanding is that the CoT does not
operate any nearby water supply wells nor does CoT, or another end user, have any current plans
to withdraw groundwater from the project vicinity. However, the CoT does consider the RA in
the Site area to be an integral part of the City's drinking water supply and may potentially seek to
withdraw water from within the plume's footprint in the future, especially considering the long
remedial timeframes (e.g., from 40 to 200 years) associated with each of the RA alternatives. In
the event that impacted groundwater is withdrawn from the RA plume, ex situ treatment could be
implemented at the wellhead (e.g., GAC).

Another related uncertainty is whether the UA production wells change their current pumping
rates and durations from what is assumed in the modeling simulations. The assumed production
rates in model predictions are likely not representative of future conditions in the distant future
(e.g., over 30 years). Simulations generally assumed gradually increasing pumping rates
according to long-term pumping projections obtained from the UA, as described in Appendices
G and H-3. The pumping rate configuration is influential as much of the groundwater flow in the
RA is induced by regional pumping and changes in production rates could alter the groundwater
flow direction and rate. An uncertainty analysis was performed comparing simulation results
using projected pumping rates to fixed rates based on historical averages, as described in Section
7.8 of Appendix G.

5.1.4.1 Alternative 1 - Reference

The reference alternative for the RA involves distributing PlumeStop™ in the RA via a series of
injection and extraction wells to form a 775-foot long in situ treatment/containment barrier to the
RA groundwater plume. The PlumeStop™ barrier would span the PCE plume across the
targeted depth interval from 200 to 330 feet bgs and would be oriented east-west along the
southern side of 8" Avenue (Figure 5-4). The RA groundwater plume would passively flow
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through the barrier where it is “treated.” Following barrier installation, LTM would be
conducted until Year 40, when a NFAD is assumed to be given.

PlumeStop ™ Information

PlumeStop™ is colloidal mixture manufactured by Regenesis containing micron-sized GAC,
mixed with polymers to prevent clumping, and can be easily injected to the subsurface having a
viscosity similar to water and being highly dispersible. The individual GAC particles coat the
soil grains without influencing aquifer permeability and these GAC particles provide sorption
sites, capturing and concentrating dissolved-phase contaminants within its structure, stopping
their transport and making them available for biodegradation at an accelerated rate.
PlumeStop™ effectively captures a wide variety of VOCs, including the Site COCs, and would
effectively stop downgradient migration of the RA groundwater plume. Additional information
regarding PlumeStop™ and its applications is included in Appendix I.

The PlumeStop™ barrier would effectively protect downgradient receptors (e.g., UA production
wells) and would enhance attenuation from any naturally occurring biodegradation processes.
However, as little to no natural biodegradation is assumed to be occurring in the RA groundwater
plume, this approach essentially contains contamination by binding up aqueous-phase
contamination in a stable sorbed phase by the same mechanisms as occur via ex situ treatment
using conventional GAC. If natural biodegradation processes were occurring, the PlumeStop™
barrier would significantly enhance the degradation rate.

The sorptive effect of PlumeStop™ is expected to last indefinitely or until all sorption sites are
occupied, with little to no impact on aquifer geochemical conditions. Sorption sites are
continually being “freed up” or regenerated as the volatiles are consumed. Regardless of
whether biodegradation would occur, the amount of PlumeStop™ required to achieve adequate
distribution across the 130-foot thick by 775-foot long barrier significantly exceeds the estimated
quantity needed to capture the contaminant mass resulting from the portion of the RA
groundwater plume predicted to flow through the barrier, approximately by a factor of 20
(Appendix 1).

Modeling and Barrier Installation

As summarized in Table 4-3D, there are implementability challenges to injecting across a
130-foot thick interval at the targeted depths in a densely developed area. Therefore, the
proposed delivery approach uses a combination of injection and extraction between wells
completed across multiple intervals to focus and improve distribution across the intervals.
Actual well completion design and injection/extraction rates would be determined, at a later
detailed design stage following geophysical efforts, to assess where primary flow intervals exist
with an attempt to isolate the flow intervals. For the purposes of the FS, it was assumed that the
wells would have seven 15-foot screen intervals separated by six 4-foot blank sections
accounting for 129 feet of the 130-foot thick target interval.

Using extraction wells to pull groundwater via a cone of depression in conjunction with
pressurized injection of amended groundwater will result in increased distribution distances and
fewer well locations. Particle tracking model simulations injecting and extracting 100 gpm at
well locations predicted varied travel path distances from 50 to 75 feet after one week’s time.
Iterations of particle tracking in the groundwater model determined locations for the injection
and extraction wells, as presented in Figure 7-6 of Appendix G. The proposed locations shown
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on Figure 5-4 were slightly modified/shifted from the modeled locations to reflect the differences
between simulated and observed plume conditions and to account for practicability concerns,
such as installing a parallel line of injection and extraction wells along the City’s right-of-way
(near the sidewalk) on the south side of 8" Avenue, as opposed to the modeled staggered
approach within the roadway. Therefore, eight injection wells and nine extraction wells are
proposed for installing the 850-foot long PlumeStop™ barrier, spaced approximately 50 feet
from one another, as shown in Figure 5-4. Additional options for well spacing and
injection/extraction durations were considered, as discussed later in this section, but the
configuration depicted on Figure 5-4 was used for evaluation and costing purposes in this FS.

This alternative is essentially a groundwater recirculation approach and no source water would
be needed, nor would extracted water need to be treated or discharged at the surface. Installing
the barrier would involve withdrawing groundwater from eight extraction wells, blending the
PlumeStop™ with the extracted water via in-line mixing/dosing, and immediately reinjecting the
amended water via the seven injection wells. The modeled flow rate of 100 gpm per location
assumes approximately 1 gpm per foot of screened interval, or 15 gpm per injection/extraction
interval (resulting in 105 gpm per location). Packers would be placed within the upper and lower
blank sections to isolate the subject injection/extraction screened intervals.

The GAC colloids within PlumeStop™ coat the soil particles as the product flows, resulting in a
slight “product consumption” as the mixture flows. Therefore, the transport of the
“PlumeStop "™ front” is slightly retarded with respect to groundwater, conservatively estimated
by a retardation factor of 1.25, meaning a 7-day travel time for groundwater per particle tracking
is assumed to take up to 8.75 days. This alternative assumes a continuous circulation period of
9 days per screened interval, requiring 63 days per location. Assuming 3 crews, the injection-
extraction component of this alternative would require approximately 150 days for
implementation. The injection and extraction process would operate 24/7, but once setup and
running, the pumping and in-line mixing/dosing could proceed with minimal oversight.

Additional Components
There are several other components to this alternative including:

e The installation of five additional monitoring wells to assist in evaluating the
performance of the PlumeStop™ barrier, as shown in Figure 5-4. The additional wells
would allow a comparison of pre- and post-barrier concentrations at two locations along
the barrier, as well as monitoring concentrations potentially flowing around the barrier.

e Borehole contamination and flow vertical profiling to locate screen placement of the
injection and extraction screen intervals. This would be conducted at monitoring wells in
the vicinity of the barrier prior to installation to aid in screen placement, well spacing,
and injection quantities.

e Pre- and post-installation geophysics to evaluate and delineate the PlumeStop™
distribution. One potential technology, called GeoTrax by Aestus, LLC, is a high-
resolution electrical resistivity survey that would detect changes in aquifer conductivity
from GAC coating the soil particles and illustrate the emplaced barrier if conducted
before and after installation. Low levels of a benign salt (i.e., bromide or chloride) could
also be used as a tracer to further differentiate the contrast between pre- and
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post-injection (only a 20% difference in electrical signature is needed to delineate the
injection). Pre-installation geophysics could also assist in locating different strata and
used in conjunction with the borehole flow profiling to target the water bearing zones for
PlumeStop '™ delivery.

e Ongoing plume monitoring with an assumed network of 25 monitoring wells on an
annual basis for the first 5 years, then reducing to biannually for the next 10 years, and
once every 5 years thereafter until Year 40 when a NFAD is assumed to be given.

Additional implementation details, durations, and assumptions for this alternative are reflected in
the cost estimate presented on Sheet J-6.1 of Appendix J.

Uncertainties and Contingencies

A significant uncertainty associated with this alternative is if the groundwater flow direction
were to change beyond what has been simulated due to a significant change in UA pumping rates
or if the CoT, or another end user, were to install and operate a nearby extraction well in the RA.
If the groundwater flow direction changed considerably, RA groundwater contamination may
flow past 8" Avenue without encountering the installed PlumeStop™ barrier. With the
exception of the first year, this alternative is passive and once implemented cannot be altered
without significant effort and cost. Therefore, ex situ treatment (e.g., GAC) may be required at
the wellhead of production wells potentially intercepting the plume if it were to bypass the
installed barrier.

A related uncertainty is if poor distribution of PlumeStop™ were obtained across the injected
barrier. Modeling simulations indicate that approximately 80% of the contaminant mass needs to
be treated/sorbed to not exceed the action threshold of 2.5 ppb for PCE at production wells
(specifically at Aggie). Therefore, if PlumeStop™ is distributed across less than approximately
80% of the targeted interval due to implementation difficulties, ex situ treatment may still be
required at downgradient production wells.

An alternate injection-extraction configuration was considered in an attempt to reduce costs and
implementability difficulties involving approximately half of the wells (3 injection and 4
extraction wells), but with recirculating water for 3 weeks instead of one. However, the
estimated cost savings was low (approximately 6% of the installation component and 4% of the
alternative’s total) as the increase in field time largely offset the savings in planning and well
installation efforts. The benefit to a small reduction in estimated cost does not outweigh the
increased uncertainty and decreased control in PlumeStop™ distribution from nearly doubling
the travel distances.

In the event that the deeper RA characterization effort (installing three wells screened from 320
to 400 bgs) indicates that contamination needs to be treated as deep as 400 feet bgs, this would
extend the needed barrier depth an additional 70 feet. Assuming 15-foot screens separated by
4-foot blanks, this would require an additional 4 injection intervals. This would increase drilling
and material costs, but more significantly would increase the field time by approximately

36 days per location for a total estimated field time of approximately 312 field days. Given the
necessary field time involving continuous groundwater recirculation, this alternative would
become nearly impractical from an implementability standpoint.
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5.1.4.2 Alternative 2 - Less Aggressive

The less aggressive alternative for the RA involves long-term MNA and ex situ treatment of
extracted groundwater on an as-needed basis at the wellhead of UA production wells prior to
distribution for consumption. Most of the details of this alternative (e.g., assumed monitoring
and treatment durations and locations) are based on modeling simulations (see Appendix G) and
have considerable cost implications (Appendix J). Overall, modeling simulations predicted that
the RA groundwater plume would impact two UA production wells (e.g., exceeding a PCE
concentration of 2.5 ppb), reaching the first production well (Aggie) by Year 30 and leaving by
Year 75, and then reaching the second production well (S-Hospital) by Year 110 and being
completely extracted by Year 195 (see Sheet J-6.4 of Appendix J).

Modeling Assumptions

This alternative assumes that natural attenuation occurs by diffusion and dispersion, as well as
dilution when mixed with extracted groundwater across lengthy screened intervals represented
by multiple layers in the model. However, based on a lack of historical evidence for
biodegradation and in order to be consistent with assumptions used in the RI, it was
conservatively assumed that no biodegradation is occurring in the RA for the purposes of the FS.
It is likely that biodegradation processes are occurring at very slow rates in portions of the RA
groundwater plume, such that there is no site-specific empirical evidence of degradation given
the duration of monitoring data. Therefore, the conservative assumption of no biodegradation
has been made in order to develop a remedy that can meet ROs with reasonable certainty.
Potential implications, if biodegradation were to occur at very slow Kinetics, are discussed later
in this section.

Simulated pumping rates varied for the eight modeled UA production wells according to
pumping projections provided by the UA, as specified in Appendix H-3 and tabulated in

Table 7-1 of Appendix G. Pumping was simulated by assuming continuous pumping at an
average rate throughout the year, averaging around 100 to 180 gpm across the 8 wells depending
on the time period; however, the actual pumping occurs episodically at much higher rates

(e.g., 300 to 450 gpm). The assumed pumping rates based on UA projections are important
assumptions to this alternative as UA pumping is the primary influence on groundwater flow
velocity and direction in the Site vicinity. A change in pumping rates and locations could
considerably influence the migration of the RA plume.

Wellhead Monitoring and Treatment

Quarterly wellhead monitoring was assumed to occur upon detection and/or at least 10 years
prior to reaching the action threshold level of 2.5 ppb for PCE. Wellhead treatment via GAC and
wellhead monitoring are assumed to occur while extracted groundwater concentrations exceed
2.5 and 0.25 ppb for PCE, respectively. Modeling simulations predict that wellhead treatment is
necessary at two production wells (Aggie and S-Hospital), each at different times and for varying
durations. Durations of monitoring and treatment are presented along with yearly estimated PCE
concentrations in extracted groundwater for the four production wells in Sheet J-6.4 of
Appendix J. The estimated PCE concentrations are based off Figure 7-2 from Appendix G and
were used in conjunction with simulated pumping rates from UA’s projections to calculate
carbon consumption rates presented in Sheet J-6.4 of Appendix J.
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Although GAC consumption was estimated from average flow rates, the GAC vessels were sized
using maximum anticipated flow rates. The maximum flow rates observed at these two wells
from 2008 to 2013 ranged from 380 to 425 gpm (Table 2-2 of Appendix G); therefore, vessels
capable of managing up to 500 gpm were selected (e.g., HP® 810SYS of Evoqua). Each
treatment train would consist of two vessels in series, each containing 10,000 Ibs of GAC, with a
manifold that allows the flow direction to reverse (swapping lag and lead vessels) and with
sampling ports installed within and between the vessels. GAC sorption capacities were
estimated from vendor isotherms using site-specific data and included an inefficiency factor
assuming other compounds (non-COCs) increased the GAC consumption by 20%. A change out
was scheduled when approximately 10,000 Ibs of GAC have been consumed, as shown in

Sheets J-6.2 and J-6.4 of Appendix J.

For the purposes of the FS, it was assumed that treatment equipment would remain functional for
the necessary duration at each wellhead given proper maintenance, but that it could not be reused
at other locations or sold for a credit. As a result of the configuration of UA’s water distribution
system, there is not a centralized collection point and treatment would have to occur at the
wellhead. Due to observed space limitations near UA’s production wells, the treatment vessels
would be housed in underground vaults. Additional information on UA’s system is included in
Appendix H-2. The Group would be responsible for utility services, routine maintenance, and
changing out GAC. Based on UA’s projected pumping plan (Appendix H-3), it is assumed that
the UA would not install additional production wells in the plume vicinity necessitating
additional treatment systems and monitoring efforts.

Plume Monitoring and Well Installation

The RA groundwater plume is not under stable conditions, likely because of pumping the UA
wells, and contaminant migration is estimated at approximately 60 feet per year. Installing
additional monitoring wells would be necessary to continue monitoring the downgradient portion
of the plume as it moves beyond the extent of the existing monitoring well network. Therefore,
this alternative assumes that 10 additional downgradient monitoring wells are installed and

10 existing upgradient monitoring wells are abandoned every 30 years, estimating that the plume
migrates approximately 1,800 feet during this timeframe. Therefore, 60 wells are assumed to be
installed and abandoned, with the remaining monitoring wells abandoned upon site closeout,
over the assumed 200-year project duration. The total number of groundwater monitoring wells
sampled during a given event does not change over time.

Plume monitoring is assumed to occur at 20 wells each event with a biannual frequency for the
first 10 years after which the frequency would be reduced to once every 5 years until the RA
groundwater plume is in the proximity of a production well upon which the frequency would
return to biannual monitoring. Therefore, the frequency is assumed to be biannual for the first
10 years and from Year 30 to 200, for a total of 95 monitoring events over the 200-year duration.

Uncertainties and Contingencies

A significant uncertainty associated with this alternative is whether natural biodegradation
processes do occur, even if at very slow rates. The modeling simulations assuming zero
biodegradation (an infinite half-life) resulted in maximum predicted PCE concentrations of
approximately 2.7 ppb at year 50 at Aggie and approximately 3.8 ppb at Year 140 at S-Hospital
(Figure 7-2 of Appendix G). At these simulated concentrations and durations, half-lives of
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approximately 390 and 230 years should be sufficient to naturally reduce concentrations below
the action threshold of 2.5 ppb for PCE by the time the peak concentration would arrive at Aggie
and S-Hospital, respectively. While there may be minimal biodegradation occurring in the RA,
it is likely reasonable to assume that some degree of biodegradation is occurring at an average
half-life less than (faster than) 230 years. Therefore, there is the possibility that wellhead
treatment might never be needed under this alternative; however, there is also the possibility that
incomplete biodegradation processes may occur and result in concentrations of the more toxic
degradation product VC. Because VC does typically degrade more rapidly than PCE under
aerobic conditions, PCE is anticipated to remain as the primary COC unless anaerobic conditions
were encountered.

Overall, there is considerable uncertainty in the need for treatment at any of the UA production
wells. If biodegradation processes were occurring at slow rates, or even in localized areas

(e.g., as potentially observed at UAM-2), and future withdrawal rates were to change
(influencing flow rate and direction), wellhead treatment may never be needed and this
alternative would only include MNA. However, treatment was assumed to be necessary at both
Aggie and S-Hospital to be conservative for the purposes of this FS.

In the event that the deeper RA characterization effort (installing three wells screened from

320 to 400 bgs) indicates that contamination needs to be treated as deep as 400 feet bgs, this
alternative would remain essentially unchanged with the exception of slightly increased costs due
to slightly increased GAC consumption.

5.1.4.3 Alternative 3 - More Aggressive

The more aggressive alternative for the RA involves groundwater extraction from a single
withdrawal well with ex situ treatment via GAC near the wellhead. There are three viable water
disposal or reuse options associated with this alternative, which include conveyance to the UA,
discharge to High School Wash, or reinjection. These discharge options are discussed in detail
in Section 5.1.4.4.

Groundwater modeling simulations (Appendix G) predict that the RA groundwater plume is
adequately captured and completely withdrawn within approximately 30 years of pumping at

50 gpm from an extraction well positioned between PER-28 and UAM-2 (Figure 5-5).
Groundwater would be treated via GAC at or near the wellhead prior to conveyance to the UA,
discharge to High School Wash, or reinjection. LTM would be conducted until Year 40, when a
NFAD is assumed to be given.

Modeling Simulations

Groundwater simulations were run iteratively to identify the optimal extraction well location and
pumping rate for plume capture, as described in Section 7.4 of Appendix G. The proposed
extraction well location shown on Figure 5-5 is shifted slightly to the southeast from the location
determined in the model (Figure 7-3 of Appendix G) to reflect differences between simulated and
observed plume conditions and to account for practicability concerns. The proposed location shown
on Figure 5-5 is along the edge of a parking lot (approximately 85 feet by 95 feet) where it would be
located out of the way of traffic and there would be adequate space to situate a rig to install the well
and stage GAC vessels for above ground treatment. Reverse particle tracking was simulated to
delineate the capture zone, illustrating that the width of the plume in Layer 1 (approximately 200 to
330 feet bgs) is captured if continuously pumped at 50 gpm (Figure 5-5).
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Well Installation and Ex Situ Treatment

This alternative involves installing one 8-inch extraction well via air rotary between PER-28 and
UAM-2 screened from 200 to 330 feet bgs. For the purposes of this FS, Schedule 10, stainless steel
Type 304 blank casing and Type 304, wire-wrap stainless steel screen was assumed; however, the
material specifications and screen sizing would be determined following borehole installation. It
was also assumed that a 2-inch Schedule 80 PVC piezometer would be co-located within the
12-inch boring to allow gauging.

Following well installation, the well would be developed and an aquifer test conducted (or flow
profiling). The deployment depth of the submersible pump would be determined during aquifer
testing, but likely near the bottom of the well and would need to be capable of delivering 50 gpm
with sufficient pressure at the surface. For the purposes of this FS, it was assumed that using a
4-inch, 10 hp submersible pump (e.g., American Turbine ATP 60-18) would deliver 50 gpm at
sufficient pressure to overcome the 200 feet of hydraulic head, plus friction losses in the GAC
vessels and piping conveying the water to either the UA, wash, or reinjection location without
requiring an inline booster pump.

The wellhead would be housed within a 4-foot by 4-foot concrete well vault rated for heavy-vehicle
traffic and conveyance piping would daylight at the GAC vessels and then return underground for
conveyance to UA. In the event that adequate space does not exist to locate the GAC vessels at the
surface, they could be located in underground vaults, which would incur greater expenses and
maintenance requirements. The extraction well would be equipped with a programmable logic
controller (PLC) and a high/low switch that turns the pump off if the pumping water level falls
above or below the expected range. The PLC would be connected to a nearby transformer for an
electricity source. In the event that it is not feasible to connect to an existing transformer, a new one
would be installed. This FS assumed that a property parcel would be purchased to host the well and
treatment accessories for the 40-year project duration, upon which it would be sold.

Simulated PCE concentrations withdrawn from the extraction well were predicted via groundwater
modeling and used to estimate the treatment timeframe and GAC consumption rates, as shown in
Sheets J-6.3 and J-6.4 of Appendix J. Groundwater extraction and treatment would occur until the
plume is sufficiently remediated, which for the purposes of this FS was assumed to occur after
approximately 30 years of system operation.

The proposed treatment train would include two vessels in series, each containing 2,000 Ibs of GAC
and capable of managing up to 100 gpm (e.g., HP2000 adsorbers by Evoqua). Similar to
Alternative 2, a manifold would be installed to allow directing the flow to either vessel, enabling
swapping of the lag and lead vessels, and sampling ports would be installed within and between the
vessels. GAC sorption capacities were estimated from vendor isotherms including a 20%
inefficiency factor, with change outs occurring when approximately 2,000 Ibs of GAC have been
consumed (Sheets J-6.2 and J-6.4 of Appendix J).

Plume Monitoring and Well Installation

This alternative includes the installation of four additional groundwater monitoring wells in the
vicinity of the proposed extraction well (Figure 5-5) to improve potentiometric and chemical
control in delineating the capture zone and be used in conjunction with existing wells in
evaluating whether any portion of the plume is bypassing it. Biannual plume monitoring with an
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assumed network of 24 monitoring wells lasts throughout the project duration until Year 40
when a NFAD is assumed to be given, for a total of 21 events.

Uncertainties and Contingencies

This alternative has a lower degree of uncertainty than Alternative 1 with respect to changes in
groundwater flow direction and rate, as the pumping rate could be increased or decreased
accordingly to change the capture zone. As a contingency measure, a second extraction well
could be installed. Also, the concern to Alternative 1 with not achieving adequate distribution
across zones is not as great of a concern in this alternative as a hydraulic gradient can be exerted
across the entire screened interval irrespective of the permeability of the aquifer materials.

Potential uncertainties in this alternative include breaking components, a fouled well screen, and
system down-time due to various reasons. Costs for standard maintenance were included, but
catastrophic damages were not included. Another uncertainty is if access could not be obtained,
or a property could not be purchased, to acquire a suitable location for the extraction well and
associated treatment equipment. In this instance, the well would likely need to be located within
the CoT right-of-way and untreated water piped to a nearby property housing the treatment
vessels. The danger in piping untreated water is if a leak or rupture were to occur, releasing
contamination to shallow soils.

In the event that the deeper RA characterization effort (installing three wells screened from 320
to 400 bgs) indicates that contamination needs to be treated as deep as 400 feet bgs, it would
need to be evaluated whether a single extraction well screened from 200 to 400 feet bgs could
effectively capture the plume and at what pumping rate. Depending on the pumping rate, the
pump size may be too large to fit within an 8-inch well, necessitating a larger well or installing
two extraction wells operating at lower pumping rates. The ex situ treatment costs would be
increased due to increasing GAC consumption, power demands, and vessel/equipment sizing.

5.1.4.4 Alternative 3: Extracted Water Handling Options

The following four options were evaluated to handle water extracted from the RA under
Alternative 3:

e Discharge untreated to the sanitary sewer (eliminated);

e Convey treated water to the UA (Alternative 3A);

e Discharge treated water to High School Wash (Alternative 3B); and
e Reinject treated water to the RA (Alternative 3C).

Of the above options, discharging to the sanitary sewer was eliminated from further
consideration following discussions with Pima County, whereby it became apparent that this
alternative would be cost prohibitive in fees associated with a sustained 50 gpm of remediated
water (Class Code 6) for 30 years. The three remaining viable options are discussed in their
respective sections below, shown on Figure 5-5, and costed in Sheets J-6.3A,B,C in Appendix J.

Alternative 3A: Convey to the UA

This option assumes that treated ground water would be conveyed at no cost to the UA, as costed in
Sheet J-6.3A of Appendix J. Consideration was initially given to supplying treated water for
consumption by directly tying into their water distribution system; however, following a Site visit
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and discussions with UA, this was deemed difficult to implement and may be poorly perceived by
the public (see Appendix H-2 for information on such constraints). Therefore, the preferred option
entails conveying treated groundwater to UA by connecting directly to their cooling system at the
Central Heating and Refrigeration Plant (CHRP) at Mountain Ave and Fourth Street.

Due to the numerous complications with surface trenching (e.g., vehicle traffic, buried utilities,
potential for redevelopment), the preliminary design maximizes the use of directional drilling. The
current plan includes installation of 4-inch SDR11 high density polyethylene (HDPE) conveyance
piping using conventional surface trenching from the well head to the UA parking lot northeast of
the intersection of Mountain Avenue and Eighth Streets where the treatment vessels will be housed
assuming space limitations prohibit locating the compound adjacent to the wellhead. The route for
this section of piping would be east from the wellhead to Mountain Avenue then north along the
east side of Mountain to the parking lot (about 425 feet). This run of pipe will convey untreated
groundwater, and although the concentrations of chlorinated solvents in the extracted water are
expected to be very low, secondary containment of this section of piping will be used.

The preliminary design includes construction of the GAC treatment compound described above on
the UA parking lot. Conveyance piping from the treatment compound to the UA north of 6™ Street
would be beneath Mountain Ave. installed at a depth of approximately 20 feet bgs via horizontal
drilling (approximately 980 feet). A depth of 20 feet bgs was chosen to be clear of the deepest
utility (e.g., sewer) and potential future developments. The pipin% would then continue north,
northeast underneath the Highland Commons building north of 6" Street approximately 400 feet to
the open field just southeast of the CHRP. Drilling beneath the City right-of-way and potentially
adjacent properties would require coordination with the City and landowners, and potentially with
the Pima County Regional Wastewater Reclamation Department (PCRWRD) during directional
drilling operations concerning crossings of the public sanitary sewer.

The entry point for the horizontal boring requires a sizable clearing to stage the rig, drill pipe, mud
pit, and store cuttings; therefore, the UA parking lot was selected for this activity. The boring exit
requires a long and narrow corridor of approximately 40 feet by 200 feet to stage and connect the
HDPE conveyance piping as it is pulled back through the boring. Therefore, the open field
southeast of the CHRP described above was selected as the exit point, as shown in Figure 5-5. The
angle at which the boring can move vertically is 1V:5H, therefore, the actually entry and exit points
would be influenced by the presence of subsurface features (e.g., utilities and foundations) until the
clearance depth is reached.

Upon reaching the exit point, the 4-inch HDPE pipe segments (typically 40 feet in length) would be
connected via butt fusion or electrofusion welding. The installed piping would be pressure tested at
greater than 1.5 times the operating pressure, prior to system startup. The field duration is estimated
to require approximately 15 days to complete the drilling and 1 to 2 days to install the piping.

Considering the long-term nature of this alternative, it is uncertain whether the UA would be willing
or able to continuously accept 50 gpm of water at the same location for their CHRP.

Alternative 3B: Treat and Discharge to High School Wash

This option assumes that the extracted water would be treated via above ground GAC vessels at
or near the wellhead and that treated water would be piped approximately 60 feet directly south
to High School Wash. In the event that adequate space does not exist to locate the GAC vessels
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at the surface, they could be located in underground vaults, which would incur greater expense
and maintenance requirements. The costs associated with the extraction and treatment of
groundwater are identical to those of Alternative 3A; however, this option has lesser costs
associated with conveyance, but greater costs associated with monitoring and permitting, as
shown in Sheet J-6.3B of Appendix J.

There are number of ordinances and regulations that would apply to discharging
treated/remediated groundwater to High School Wash, which is a drainage used for flood control
south of the proposed extraction well location. The following regulations, permits, and
procedures need to be considered for this option and were identified via a review of local, State,
and federal regulations and coordination with various agencies:

e Alterations within a Floodplain: the proposed location for the extraction well and
treatment compound is within the floodplain, but there is no floodway shown for the
stretch of High School Wash. Rationale could be provided for why no impacts are
anticipated given the size of the treatment compound, whose base could be elevated on
stilts 1-foot above the base flood elevation and a no-rise analysis could be performed if
necessary. Discharging 50 gpm (or 0.1 cubic feet per second [cfs]) is negligible during a
storm event where the regulatory 100-yr flow is 2,098 cfs along this stretch.

e Sediment and Erosion Transport: the discharge point would involve a standard outfall
design (e.g., concrete apron with armored channel banks) and gabions to reduce erosion
and prevent scouring within the drainage. An analysis could be performed to optimize
the outfall design based on sediment properties and flow conditions.

e Channel Alterations: any alteration of channel properties within a drainage classified as a
water of the United States (WOTUS) would require approval from the US Army Corps of
Engineers (USACE) per Section 404 of the Clean Water Act.

e Riparian Habitat: the proposed site is located outside and west of a riparian zone;
therefore, no impacts are anticipated.

e Mosquito Abatement: will be addressed in the general permitting process in accordance
with Tucson’s mosquito control and abatement measures in their watercourse
maintenance ordinance and mitigation documents.

e Discharge Permitting and Monitoring: regulated by ADEQ under the Arizona Pollutant
Discharge Elimination System (AZPDES) likely as a minor Industrial Facility. This
permit would require routine monitoring and reporting to demonstrate that surface water
quality standards are being met.

o Beneficial Use Evaluation: Likely required by ADWR and an evaluation of whether
discharging complies with the Water Management Plan for the Tucson Active
Management Area.

Overall, none of the identified requirements are believed to be obstructive to implementing this
option for handling extracted groundwater. The requirements and considerations are detailed
further in Appendix K.
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Alternative 3C: Treat and Reinject

This option includes reinjecting treated groundwater via two injection wells in a manner that
does not negatively influence the extraction efficacy. The treatment vessels would be located
above ground at or near the wellhead; however, if space restrictions do not permit the GAC
vessels to be located at the surface, they could be placed in underground vaults, which would
incur greater expenses and maintenance requirements.

The two injection wells would be screened across similar intervals to the extraction well (from
200 to 330 feet bgs) and located adjacent to one another. Two injection wells are recommended
because a formation typically receives water via injection at approximately half the rate that it
produces water under extraction, and also so that extraction could continue (perhaps at a reduced
rate) while one injection well is undergoing rehabilitation and maintenance activities.

An orifice would be designed and installed within the drop tube to each of the injection wells
that restricted the flow such that a continuous water column would be maintained within the
well. This maintains a higher hydrostatic head to induce flow into the formation and prevents
the water flow from free-falling or cascading within the well, causing aeriation that would lead to
fouling. Several reinjection configurations were evaluated, as discussed in Appendix G, four of
which were retained as viable options for evaluation. The four retained options, along with their
pros and cons, include locating the two injection wells:

e Adjacent to the extraction well but screened in a deeper interval, approximately from 500
to 630 feet bgs (Alternative 3C-1)

o Pros: eliminates the need to convey the water or coordinate additional property
access; creates an upward gradient preventing downward plume migration.

o Cons: requires deeper injection wells and increases the remedial timeframe by
approximately 0.25 years (relative to without injection).

 Downgradient of the extraction well near 7" and N Santa Rita Ave (Alternative 3C-2)

o Pros: slightly improves capture zone; is located on a straight line along the City
right-of-way from the property where the extraction well will be installed with
only one major street crossing, likely avoiding the need for directional drilling to
install conveyance piping.

o Cons: increases the remedial timeframe by approximately 2.0 years (relative to
without injection).

e Crossgradient of the extraction well near 8" and N Tyndall Ave (Alternative 3C-3)

o Pros: causes the least impact on the non-injection capture of the plume under the
groundwater extraction alternative other than the upgradient injection scenario.

o Cons: conveyance crosses several major intersections in the City right-of-way
likely necessitating directional drilling to reach the injection location; slightly
increases the remedial timeframe by approximately 0.75 years (relative to without
injection).
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e Upgradient of the plume along E Manlove St, between S Park Ave and S Fremont Ave
(Alternative 3C-4)

o Pros: decreases the remedial timeframe by approximately 1.5 years (relative to
without injection).

o Cons: furthest conveyance distance; considerable coordination and property
access efforts needed. Directional drilling would be required.

Rather than completely cost out each of the above four options separately, a relative cost
comparison is presented in Sheet J-6.3C1 of Appendix J that displays incremental costs unique to
each option that would be beyond shared costs inherent to each alternative. Based on this
analysis and the pros and cons stated above, Alternative 3C-2 (the downgradient option) was
selected as the preferred reinjection option and is used as the basis for the costs of Alternative 3C
presented in Sheet J-6.3C2. The downgradient injection option will be carried forward for
remedy development, whereas the other three options will no longer be discussed but are
reserved as contingency options.

5.2 SUMMARY OF REMEDIES

This section summarizes the reference and alternative remedies that were developed from the
alternatives discussed in Section 5.1. As mentioned in Section 5.1, reference, less aggressive,
and more aggressive alternatives were developed for each of the zones (UVZ, PA, LVZ, and RA)
such that the four reference alternatives are assimilated into a single Reference Remedy, the four
less aggressive alternatives are assimilated into a single Less Aggressive Remedy, and the four
more aggressive alternatives are assimilated into a single More Aggressive Remedy.

5.21 Remedy 1 - Reference
The Reference Remedy (Remedy 1) includes:

e Pulsed SVE for 10 years followed by MNA until Year 30 in the UVZ;
e MNA for 200 years in the PA,;

e Implementing pulsed SVE at two wells for 10 years in the LVZ, but with an expanded
LTM network and monitoring until Year 30; and

e Installing a 775-foot long in situ PlumeStop™ barrier from 200 to 330 feet bgs along
8™ Avenue in the RA, accompanied by LTM until Year 40.

Upon the completion of this remedy, it is assumed that vapor concentrations in the UVZ would
be below levels presenting a vapor intrusion risk and soil concentrations would be below
NR-SRLs beneath the Mission Plant area and residential SRLs elsewhere. Contamination would
still likely exist above water quality standards in the PA, but would not be anticipated to impair
RA water quality or shallow UVZ vapor concentrations. Soil contamination in the L\VVZ would
have been remediated to levels below GPLs and would not impact RA groundwater above water
quality standards. The RA groundwater plume would have been passively treated/sorbed by the
barrier and would cease to exceed water quality standards, thus no longer posing a threat to
receptors via downgradient production wells.
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5.2.2 Remedy 2 - Less Aggressive
The Less Aggressive Remedy (Remedy 2) includes:

e MNA inthe UVZ until Year 30;
e MNA for 30 years in the PA, with a contingency PlumeStop™ barrier at Year 25;

e Implementing pulsed SVE at two wells for 10 years in the LVZ with the current LTM
network and monitoring until Year 30; and

e MNA with wellhead treatment at production wells in the RA until Year 200.

This remedy is considered to be less aggressive because it requires more remedial measures
(wellhead treatment), a longer duration to achieve ROs (e.g., 200 yrs for the RA), and involves
greater uncertainty. Similar to the Reference Remedy, it is assumed that upon completion of this
remedy UVZ contamination would not present a vapor intrusion risk nor exceed SRLs. PA
contamination would remain above water quality standards, but is assumed to not impair RA
water quality or shallow UVZ vapor concentrations, particularly with the option to implement
the PlumeStop ™ barrier contingency remedy. LVZ contamination would be below GPLs and
would not impact RA groundwater above water quality standards. The RA groundwater plume
would have slowly attenuated and undergone ex situ treatment upon extraction at various
production wells.

5.2.3 Remedy 3 - More Aggressive
The More Aggressive Remedy (Remedy 3) includes:

e In-well sparging with vapor capture by continuous SVE within the MPE wells for
5 years, followed by pulsed SVE until Year 10 and MNA in the UVZ and PA until Year
35;

e Implementing pulsed SVE at two wells for 1 year in the LVZ, followed by installing an
additional SVE location and 10 years of pulsed SVE, and LTM with an expanded
network until Year 31;

e Pump and treat with a single extraction well at 50 gpm and ex situ GAC treatment for 30
years followed by LTM until Year 40; and

e Disposal of treated groundwater either by conveying water to UA (3A), discharging to
High School Wash (3B), or reinjecting to the RA at a downgradient location (3C-2).

This remedy is considered to be more aggressive because no remedial measures are anticipated,
additional treatment of the UVZ, PA, and LVZ occurs, the RA plume is captured in a shorter
period of time and with greater certainty/control. Similar to the other two remedies, it is
assumed that upon completion of this remedy the UVZ contamination would not present a vapor
intrusion risk nor exceed SRLs. PA contamination would be reduced but portions of the plume
would still remain above water quality standards; however, it would not impair RA water quality
or shallow UVZ vapor concentrations. The LVZ contamination would be below GPLs and not
impair RA groundwater. The RA groundwater plume would be captured and treated over time,
preventing unacceptable risk to receptors consuming groundwater from production wells
downgradient of the plume.
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This section individually evaluates the Reference Remedy and two alternative remedies against
comparison criteria and then compares the remedies relative to one another.

6.1 COMPARISON CRITERIA

This section describes the comparison criteria specified in A.A.C. R18-16-407(H.3) used to
evaluate the Reference Remedy and two alternative remedies, including practicability, risk, cost,
and benefit.

Practicability

The evaluation of the practicability of the remedies includes the consideration of feasibility, short
and long-term effectiveness and reliability, site-specific conditions, contamination
characteristics, performance capabilities of available technologies, and institutional
considerations (e.g., access issues, easements and right of ways, utilities, etc.).

Risk
The evaluation of risk must include consideration of the overall protectiveness of public health

and the environment under reasonably foreseeable use scenarios and end uses of the water.
Specifically, this includes an evaluation of:

e The contaminant’s fate and transport, concentration, and toxicity over the remedial
timeframe.

e Current and future land and water uses.

e Exposure pathways and durations, including the protection of human health and the
environment during remedy implementation.

e Changes in risk over the remedial timeframe, including residual risk upon remedy
conclusion.

Cost

The cost analyses (Appendix J) provide the estimated cost of each alternative, including direct
and indirect capital/construction costs and long-term O&M costs. Costs estimated for the three
remedies are pre-design, conceptual level estimates to support relative comparisons among
alternatives, and are not to be used for establishing project budgets. At the FS stage, the remedy
design is still conceptual, not detailed; however, detailed assumptions must be made in
developing the costs. Such assumptions are subject to change and the expected level of accuracy
of the cost estimates developed ranges from approximately -30% to +50%. Furthermore, costs
projected in the distant future (e.g., greater than 30 years from the present) have increasing
uncertainty. A more detailed design will be completed of the Proposed Remedy prior to
implementation, which will refine and increase the level of accuracy of the cost estimate.

Direct capital costs include costs for equipment, materials, labor, subcontractors (e.g., drillers,
vendors, etc.), laboratory, treatment, etc. Indirect capital costs include costs for engineering and
design and project management. Long-term O&M costs include costs for continued operation,
maintenance, and monitoring of the Site following implementation. The duration under which
the long-term costs were applied varied by alternative and ranged from 30 to 200 years.
Typically a FS does not consider costs exceeding a 30-year timeframe; however, costs are
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presented for the entire duration necessary to achieve ROs, which in the case of Alternative 2 for
the RA is estimated at 200 years.

A flat rate of 10% was applied to each task to account for anticipated project management
efforts. A variable contingency factor was applied to each to task item in the cost estimates and
ranged from 5 to 20% (Appendix J). Tasks with relative predictability and consistency, such as
LTM, were assigned lower contingency factors, whereas tasks with less certainty in the scope
and performance, such as installing the PlumeStop™ barrier, were assigned higher contingency
factors.

Present worth analyses are included in the cost estimates to discount current dollar costs to net
present value (NPV) costs. Given a long-term project life (e.g., over 30 years), this discounting
effect can be very significant with NPV costs significantly lower than current costs. This is
particularly true for alternatives that incur the majority of expenses later in their project life. The
discount factor is calculated for each year over the project duration taking into account inflation
and the expected return on investment. For costing purposes, the analysis assumes an annual
inflation of 1.5%, based on average inflation rates in Tucson between 2009 and 2013 (Making
Action Possible 2016), and a conservative return on investment rate of 3.5% based on the
nominal interest rates forecast by the Office of Management and Budget (White House
Administration 2015) for long-term (30 year) investments. At these rates, discount factors of
0.907, 0.557, 0.142, and 0.020 are applied at Years 5, 30, 100, and 200, respectively.

These rates are assumed for the purposes of this FS and can be altered upon remedy design, but
overall result in conservatively low discount factors. According to a study by Forbes in 2014,
average returns on investment for bonds from 2004 to 2013 was 4.6% (Forbes 2014), which
would result in a higher discount rate. The EPA costing guidance recommends a discount rate of
7%, and occasionally higher discount rates are used (EPA and USACE 2000). Therefore, this FS
cost analysis is conservative by using lower discount rates yielding higher discount factors and
have less influence on the NPV calculation. Using a discount rate of 7%, which is common
among FSs, would have resulted in extremely low discount factors of 0.713, 0.131, 0.001, and
0.000001 applied at Years 5, 30, 100, and 200, respectively.

Benefit
The benefit, or value, of each remedy is evaluated and considers:

e lowered risk to humans and the environment;

e reduced concentrations and volumes of contaminated water;

e decreased liability and anticipated degree of public acceptance;

e aesthetic aspects and the preservation or enhancement of land and water uses; and

e improvements to local economies.

6.2 INDIVIDUAL ANALYSIS

This section presents the individual analysis of the three remedies against the comparison
criteria. The remedies are evaluated against the individual subcriteria of practicability in
Tables 6-1, 6-2, and 6-3, for Remedies 1, 2, and 3, respectively. Various potential risks are listed

URS 6-2



SECTIONSI X Remedy Analysis

for each remedy in the subsections below. The first year costs and total remedy completion costs
are summarized in the subsections below, but detailed costs are presented in Appendix J.

Sheet J-1.0 summarizes costs for the three remedies, as well as a fourth remedy (the Proposed
Remedy discussed in Section 7). Sheets J-2.1 to J-2.4 summarize alternative costs for each
remedy. Sheets J-3.1 to J-6.4 correspond to individual alternatives for their respective zones.
The remedy benefits are summarized in a “big-picture” sense considering the remedy as a whole.

6.2.1 Remedy 1 - Reference

This section evaluates the Reference Remedy against the comparison criteria in the following
subsections.

6.2.1.1 Practicability

Table 6-1 presents the practicability analysis of the Reference Remedy for each alternative and
its respective target zone.

6.2.1.2 Risk
The following are potential risks associated with the Reference Remedy:

e Rebound of soil vapor concentrations in the UVZ as a result of residual VOCs diffusing
out of less permeable zones within the UVZ or diffusing upward from the PA. Further
degradation of cDCE to VC in the PA potentially resulting in vapor intrusion of VC to
indoor air. An evaluation of the potential for vapor intrusion to indoor air indicates that
current vapor concentrations do not pose an unacceptable risk to human health under a
residential exposure scenario (Appendix E). LTM of the PA and soil vapor within the
UVZ will identify the occurrence and severity of the risk associated with rebounding soil
vapor concentrations and accumulating vapor concentrations from PA diffusion thereby
allowing for implementation of contingency actions (e.g., vapor mitigation systems), if
necessary.

e Migration of VOCs within the PA laterally downgradient or vertically through the upper
aquitard and into the LVZ. Based on LTM at the site and for reasons presented in
Section 3.4.2, this risk is considered to be low.

e The 200-year timeframe associated with MNA of the PA is considered to be a risk given
the uncertainties and unknowns associated with agency oversight, land use, and projected
water use over this length of time.

e Installation of L\VVZ vapor monitoring wells penetrating the upper aquitard. The
installation of wells penetrating the aquitard may result in a conduit for contaminants
within the PA to be transported to the UVZ and the RA. This risk can be mitigated by
completion of an outer casing within the upper portion of the aquitard prior to
advancement of a boring through the aquitard and into the LVZ.

e Rebound of soil vapor concentrations in the LVZ resulting in potential impact to the RA.
LTM of soil vapor within the LVZ and of groundwater in the RA will identify the
occurrence and severity of this risk thereby allowing for implementation of contingency
actions, if necessary.
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o Well installation by an independent party penetrating the upper aquitard and releasing
contaminants from the PA to the LVZ and RA. This risk may be addressed through the
use of institutional controls whereby the ADWR reviews all drilling permits within the
affected area and imposes special well construction requirements.

e Incomplete distribution of PlumeStop™ within the targeted zone. This risk may be
partially addressed by conducting detailed design following geophysical efforts to assess
where primary flow intervals exist. Post-installation geophysics would assist in
understanding the achieved distribution and resulting associated risks. Monitoring
downgradient of the barrier will provide data regarding the removal efficiency of the
PlumeStop™ barrier.

e Variation in the long-term pumping rates of UA wells and/or installation and operation of
additional production wells in the vicinity (e.g., by CoT) could alter the groundwater flow
direction resulting in portions of the plume bypassing the PlumeStop™ barrier. This risk
may be evaluated by performance monitoring (specifically gauging or using transducers)
of wells in the barrier’s vicinity. This is a significant risk and would require continuous
monitoring of the bypassed plume until it is intercepted and COCs can be mitigated by
wellhead treatment.

6.2.1.3 Cost

Estimated costs for the Reference Remedy are summarized in Sheet J-2.1 with detailed costs and
assumptions reflected for the individual alternatives in Sheets J-3.1, -4.1, -5.1, and -6.1 for the
UVZ, PA, LVZ, and RA, respectively (Appendix J). The total estimated cost for implementing
the Reference Remedy in the first year (Year 0) is approximately $8,110,000, with an anticipated
total remedy cost of $12,090,000 (current dollar) and $11,080,000 (NPV) by remedy completion.

6.2.1.4 Benefit

It is assumed that SRLs and AWQSs would be met in the UVZ, LVZ, and RA upon the
completion of the Reference Remedy. Contamination would still likely exist above AWQSs in
the PA, but would not be anticipated to impair RA water quality or shallow UVZ vapor
concentrations. None of the alternatives offer aesthetic aspects or enhance land and water uses,
beyond remediating contaminated groundwater in the RA that will likely be extracted for
consumption in the future. The alternatives do not meaningfully improve local economies, with
the exception providing work for field and consulting services, specifically during the
implementation of the RA.

Implementing pulsed SVE in the UVZ and LVZ for 10 years under this remedy does result in
reduced potential risk and future liability, but also produces spent GAC and PI1ZB needing to be
disposed as hazardous waste. A benefit to the RA remedial alternative is that groundwater would
be treated in situ and would not generate waste. LTM of the PA and RA would produce small
quantities of investigation derived waste (IDW) requiring disposal for 200 years.

6.2.2 Remedy 2 - Less Aggressive

This section evaluates the Less Aggressive Remedy against the comparison criteria in the
following subsections.
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6.2.2.1 Practicability

Table 6-2 presents the practicability analysis of the Less Aggressive Remedy for each alternative
and its respective target zone.

6.2.2.2 Risk
The following are potential risks associated with the Less Aggressive Remedy:

e Rebound of soil vapor concentrations in the UVZ as a result of residual VOCs diffusing
out of less permeable zones within the UVZ or diffusing upward from the PA, as well as
further degradation of cDCE to VC in the PA potentially resulting in vapor intrusion of
V/C to indoor air. LTM of the PA and soil vapor within the UVZ will identify the
occurrence and severity of the risk associated with soil vapor concentrations thereby
allowing for implementation of contingency actions, if necessary.

e Migration of VOCs within the PA laterally downgradient or vertically through the upper
aquitard and into the LVZ. Based on LTM at the site and for reasons presented in
Section 3.4.2, this risk is considered to be low and this remedy includes a contingency
option to install a PlumeStop™ barrier in the PA to mitigate migration.

e Rebound of soil vapor concentrations in the LVZ following termination of SVE, thereby
resulting in potential impact to the RA. LTM of soil vapor within the LVZ and of
groundwater in the RA will identify the occurrence and severity of this risk thereby
allowing for implementation of contingency actions, if necessary.

e Well installation by an independent party penetrating the upper aquitard and releasing
contaminants from the PA to the LVZ and RA. This risk may be addressed through the
use of institutional controls by ADWR.

e Variation in the long-term pumping rates of UA wells resulting in variation in flow
direction and transport velocity of the untreated dissolved plume and uncertainty
regarding time and duration of contaminant impact to the UA wells. This risk may be
mitigated through LTM of the RA.

e Potential for CoT, or another end user, to install and operate a production well in the
vicinity of the plume resulting in uncertainty in the flow direction and transport velocity
of the untreated dissolved plume and uncertainty regarding time and duration of
contaminant impact to UA wells and/or to possible CoT wells.

e Unknown long-term liabilities associated with the expected greater than 200-year life of
the RA groundwater plume.

6.2.2.3 Cost

Estimated costs for the Less Aggressive Remedy are summarized in Sheet J-2.2 with detailed
costs and assumptions reflected for the individual alternatives in Sheets J-3.2, -4.2, -5.2, and -6.2
for the UVZ, PA, LVZ, and RA, respectively (Appendix J). The total estimated cost for
implementing the Less Aggressive Remedy in the first year (Year 0) is approximately $840,000,
with an anticipated total remedy cost of $14,890,000 (current dollar) and $5,730,000 (NPV) by
remedy completion. This cost includes a contingency remedial barrier installed in the PA at
Year 25, as discussed in Section 5.1.2.2.
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6.2.2.4 Benefit

It is assumed that SRLs and AWQSs would be met in the UVZ, LVZ, and RA upon the
completion of the Less Aggressive Remedy. Contamination would still likely exist above
AWQSs in the PA, but would not be anticipated to impair RA water quality or shallow UVZ
vapor concentrations. None of the alternatives offer aesthetic aspects or enhance land and water
uses, but may hinder land use in the vicinity of UA production wells by staging large GAC
treatment vessels for a couple decades per well, even if located underground (Appendix H-2).
The alternatives do not meaningfully improve local economies, with the exception providing
work for field and consulting services, specifically for the routine installation and abandonment
of RA monitoring wells and O&M of the wellhead treatment systems for the RA alternative.

Implementing MNA in the UVZ and PA instead of an active remedy does not result in as great a
reduction in potential risk and future liability, but also does not produce as much waste streams
requiring offsite disposal. LTM of the PA and RA would produce small quantities of IDW
requiring disposal for 200 years.

6.2.3 Remedy 3 - More Aggressive

This section evaluates the More Aggressive Remedy against the comparison criteria in the
following subsections.

6.2.3.1 Practicability

Table 6-3 presents the practicability analysis of the More Aggressive Remedy for each
alternative and its respective target zone.

6.2.3.2 Risk
The following are potential risks associated with the More Aggressive Remedy:

e Rebound of soil vapor concentrations in the UVZ as a result of residual VOCs diffusing
out of less permeable zones within the UVZ or diffusing upward from the PA, as well as
further degradation of cDCE to VC in the PA potentially resulting in vapor intrusion of
VC to indoor air. With air sparging of the PA, the risk of significant upward diffusion is
reduced as vapors are captured by SVE in the lower portion of the UVZ. LTM of the PA
and soil vapor within the UVZ will identify the occurrence and severity of the risk
associated with soil vapor concentrations thereby allowing for implementation of
contingency actions, if necessary.

e Migration of VOCs within the PA laterally downgradient or vertically through the upper
aquitard and into the LVZ. Based on LTM at the site and for reasons presented in
Section 3.4.2, this risk is considered to be low. This risk is further reduced with
contaminant mass reduction from sparging of the PA in the source area.

¢ Installation of LVVZ vapor monitoring wells and an LVVZ vapor extraction well penetrating
the upper aquitard, potentially resulting in a conduit for contaminants within the PA to be
transported to the UVZ and the RA. This risk can be mitigated by completion of an outer
casing within the upper portion of the aquitard prior to advancement of a boring through
the aquitard and into the LVZ.
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e Rebound of soil vapor concentrations in the LVZ resulting in potential impact to the RA.
LTM of soil vapor within the LVZ and of groundwater in the RA will identify the
occurrence and severity of this risk thereby allowing for implementation of contingency
actions, if necessary. The addition of an additional extraction well and extension of SVE
operational time lowers the risk for the More Aggressive Remedy.

e Well installation by an independent party penetrating the upper aquitard and releasing
contaminants from the PA to the LVZ and RA. This risk may be addressed through the
use of institutional controls by ADWR.

e Potential failure of a single groundwater extraction well to capture the dissolved plume.
Following installation the extraction well should be tested and an evaluation be
conducted regarding the suitability of the well to capture the plume and the design
modified as necessary to meet ROs. Performance monitoring (specifically gauging or
using transducers) of nearby monitoring wells will assist in evaluating capture.

e There may be uncertainty associated with long-term acceptance of extracted water by the
UA (Alternative 3A) or in potential changes to flood control regulations that influence
discharging to High School Wash (Alternative 3B). Furthermore, land use and
development may change considerably over a 30-year period, necessitating realignments
or alterations to conveyance piping and/or injection locations associated with reinjection
(Alternative 3C).

6.2.3.3 Cost

Estimated costs for the More Aggressive Remedy are summarized in Sheet J-2.3 with detailed
costs and assumptions reflected for the individual alternatives in Sheets J-3.3, -4.3, -5.3,

and -6.3A,B,C for the UVZ, PA, LVZ, and RA, respectively (Appendix J). The total estimated
cost for implementing the More Aggressive Remedy in the first year (Year 0) is approximately
$3,650,000, $3,280,000, and $3,620,000 for Alternatives 3A, 3B, and 3C in the RA, respectively.
The anticipated total cost for the More Aggressive Remedy is $10,540,000, $11,130,000, and
$12,250,000 in current dollars for Alternatives 3A, 3B, and 3C in the RA, respectively; and
$9,050,000, $9,420,000, and $10,340,000 in NPV for Alternatives 3A, 3B, and 3C in the RA,
respectively, by remedy completion.

6.2.3.4 Benefit

It is assumed that SRLs and AWQSs would be met in the UVZ, LVZ, and RA upon the
completion of the More Aggressive Remedy. Contamination would still likely exist above
AWQSs in the PA, but would not be anticipated to impair RA water quality or shallow UVZ
vapor concentrations. The UVZ, PA, and LVZ alternatives do not offer aesthetic aspects or
enhance land and water uses; however, depending on the RA alternative selected, it would
supplement UA’s cooling water (Alternative 3A), slightly increase localized groundwater
recharge (Alternative 3B), or return water to the RA (Alternative 3C). The alternatives do not
meaningfully improve local economies, with the exception providing work for field and
consulting services.

Implementing sparging in the PA with vapor capture by SVE in the UVZ for 5 years, along with
pulsed SVE for 5 additional years, under this alternative, results in reduced potential risk and
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future liability, but also produces considerable amounts of spent GAC and PIZB needing to be
disposed as hazardous waste.

6.3 COMPARATIVE ANALYSIS

Table 6-4 provides a side-by-side comparison of the practicability, risk, cost, and benefits
associated with the Reference Remedy, Less Aggressive Remedy, and More Aggressive Remedy
for each of the four zones considered for treatment. The evaluation criteria given are based upon
the information summarized in Section 6.2. Table 6-4 also presents numeric scores for each
criterion, each remedy, and each zone.

As the More Aggressive Alternative was selected for the RA, the bullets below summarize which
of the three water use/discharge options (e.g., 3A, 3B, or 3C-2) is most favorable:

e Practicability: discharging to High School Wash is the easiest and least disruptive
alternative to implement and its logistics are mostly administrative in nature. Conveying
treated water to the UA involves some difficult logistics associated with directional
drilling and securing a long-term use agreement with the UA. Reinjecting treated water
is relatively simple from an administrative standpoint, but involves the greatest level of
maintenance and operational logistics.

e Risk: none of these options have differing risk from a contaminant exposure standpoint,
as extracted groundwater is treated at the same proposed compound location. There is
the greatest long term uncertainty associated with conveying water to the UA as
operational changes may prevent continued receipt of treated water. Although
unforeseen at this time, there is the potential for floodplain regulations to impede
continual discharge to High School Wash. There is no perceived long-term uncertainty
associated with reinjecting treated groundwater.

e Cost: conveyance to UA’s cooling towers is the least expensive, followed by discharging
to High School Wash (approximately 10% more expensive), and reinjection is the most
expensive (approximately 30% more expensive).

e Benefit: none of these options offer great reductions in contamination or liability than
one another; however, there is a slight benefit in using the water in UA’s cooling towers
or in reinjecting to the RA (aquifer recharge).

In summary, these three discharge or reuse options are comparable in risk and benefit to one
another. Given the increased cost and complexity associated with reinjection relative to
conveyance to the UA or discharging to High School Wash, reinjection is not selected for the
Proposed Remedy. Although High School Wash is slightly more expensive than conveying to
the UA, it is easier to implement and is a more certain long-term solution for handling water.
Therefore, discharging to High School Wash is selected for inclusion in the Proposed Remedy.
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This section presents the Proposed Remedy, explaining its selection, describing its components,
and evaluating it against the comparison criteria. The Proposed Remedy is defined as “a
combination of remedial strategies and remedial measures which, as a whole, is capable of
achieving remedial objectives that is identified at the conclusion of a feasibility study and is
incorporated in the proposed remedial action plan” (A.A.C. R18-16-401).

7.1 PROPOSED REMEDY SELECTION AND OVERVIEW

Based on the comparative analysis described in Section 6.3 and scoring shown in Table 6-4, the
highest scoring alternatives for each zone were assimilated to form the Proposed Remedy, which
utilizes a combination of alternatives from the reference, less aggressive, and more aggressive
remedies. The Proposed Remedy includes:

e UVZ Alternative 1: Pulsed SVE for 10 years followed by MNA until Year 30;

e PA Alternative 2: MNA for 30 years in the PA, with a contingency PlumeStop™ barrier
at Year 25;

e LVZ Alternative 1: Implementing pulsed SVE at two wells for 10 years with an expanded
LTM network for monitoring until Year 30; and

e RA Alternative 3B: Pump and treat with a single extraction well at 50 gpm and ex situ
GAC treatment prior to discharging water to High School Wash for 30 years, followed by
LTM until Year 40.

The Proposed Remedy is anticipated to meet the requirements of ARS §49-282.06 (mentioned in
Section 1.1), as it will:

I.  Protect public health and welfare, as well as the environment by:

a. Reducing and monitoring UVZ vapors to levels below those presenting a vapor
intrusion risk and reducing UVZ soil concentrations below NR-SRLs beneath the
Mission Plant Area and confirming they are below residential SRLs elsewhere via
soil vapor monitoring;

b. Monitoring PA contamination to confirm its stability and long-term attenuation,
as well as applying institutional controls to future drilling efforts and potentially
installing a PlumeStop ™ barrier for additional protection;

c. Remediating LVZ soils to concentrations below GPLs that are protective of RA
groundwater; and

d. Capturing and treating the RA groundwater plume.

Il.  To the extent practicable, provide for the control, management or cleanup of the
hazardous substances in order to allow the maximum beneficial use of the waters of the
state by:

a. Remediating LVZ soils to concentrations below GPLs that are protective of RA
groundwater; and

b. Capturing and treating the RA groundwater plume.
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1. Be reasonable, necessary, cost-effective, and technically feasible by:

a. Implementing only necessary actions, specifically with respect to conducting
MNA in the PA with a potential contingency rather than an over-designed
expensive remedy with limited technical benefit;

b. Utilizing existing remedial infrastructure for SVE in the UVZ and LVZ; and

c. Selecting the most proven and implementable RA alternative involving the least
complications and disruptions to the City and nearby residents.

7.2 EXSITU TREATMENT TECHNOLOGY SELECTION

As mentioned in Section 4.4, commonly implemented ex situ technologies were assumed for the
Reference Remedy and two alternative remedies with the intention of evaluating ex situ
treatment technologies against effectiveness, implementability, and relative cost only for the
Proposed Remedy. Under the Proposed Remedy there are essentially two waste streams:

(1) combined extracted vapors from SVE in the UVZ and LVZ, and (2) groundwater withdrawn
from the RA by the single extraction well that is proposed for treatment and beneficial reuse.

Table 7-1 presents the technology screening for ex situ vapor treatment for the Proposed Remedy
and considers the following relevant factors:

e Vapors will be extracted beneath the Mission Plant Area, and portions of the plant’s
parking lot can be made available for staging equipment.

e Existing remedial infrastructure for GAC and PIZB already exist and are in use at the
Site. Similarly, there is already an approved air permit in place.

e Contaminant vapor concentrations are expected to be initially high but are anticipated to
quickly decrease over time.

e The SVE system may operate in a pulsed mode for some time and can be operated
beyond the proposed timeframes if needed based on the existing infrastructure.

e cDCE and VC comprise a considerable portion of the contaminant stream.

e Short-term costs are more relevant than long-term costs as the UVZ and LVZ SVE
operation are anticipated to be intermittent (four weeks per year).

Table 7-1 presents the technology screening for ex situ water treatment for the Proposed Remedy
and considers the following relevant factors:

e Treatment must occur as close to the wellhead as practicable to avoid potentially
releasing contamination to the environment by leaking untreated water from conveyance
piping. Based on this, it is expected that private property will need to be leased or
purchased to accommodate the treatment compound. Due to the nature of the location
and property use (amongst residences), the treatment system must:

o Be relatively quiet and/or use noise mitigation measures.
o Require infrequent O&M as the system will be unmanned.
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o Not present physical or chemical hazards to potential trespassers, and ideally be
“tamper-free.”

o Be fairly compact, occupying a small footprint, due to the space constraints in the
vicinity of the wellhead and location adjacent to a floodplain.

e Groundwater is anticipated to be extracted at 50 gpm; however, the flow rate may vary
(x30%) and will completely cease during maintenance and shutdown periods.

e PCE concentrations are fairly low and will vary from approximately 5 to 70 ppb
(Sheet J-6.4) and must be reduced to below 2.5 ppb.

e The end use of the groundwater must meet AZPDES requirements, having water quality
criteria beyond treating COCs (e.g., cannot directly supply effluent from an anaerobic
bioreactor).

e Lower long-term costs are advantageous considering the 30 year duration.

Overall, GAC was selected as the most appropriate ex situ treatment technology for both
extracted vapor and water contaminated with CVOCs. The vapor treatment options between
GAC, catalytic oxidation, and thermal oxidation are fairly comparable; however, the estimated
break-even cost between using existing GAC treatment system and implementing catalytic
oxidation occurs slightly after 1.5 years of continuous operation, which would not occur until
after Year 12 under pulsed SVE operation. Considering that this is longer than the predicted
operation time (which is likely conservative) of the SVE system, GAC was chosen. For ex situ
water treatment, GAC had the advantages of being installed in compact vessels that can be stored
amongst residences, require little maintenance, and enable discharge of treated water to High
School Wash without any additional treatment.

7.3 PERMITTING AND APPROVALS

Potentially applicable permits and approvals that are anticipated to be associated with
implementing the Proposed Remedy include:

e Air Permit: a PDEQ Air Quality Permit for a Class Il synthetic minor stationary source
would be needed. The MPE system and LVVZ SVE system are currently permitted
(Permit No. 2144) to operate at 150 scfm in either of two modes of operation (MPE or
SVE) with vapor abatement consisting of three 2,000-Ib GAC vessels operating in series
followed by flow through one 500-Ib P1ZB vessel prior to discharge to atmosphere. Any
change or addition to equipment or flow rate or vapor treatment method would require a
modification to the permit. The addition of a blower for operation of a UVZ SVE
system would fall into this category. Because SVE is proposed for both the UVZ and the
LVZ, the permitted flow rate may need to be increased.

e Waste Manifesting and Disposal: spent GAC resulting from vapor treatment from SVE
in the UVZ and LVVZ would be considered a listed hazardous waste due to recovery of
the spent dry cleaning solvent and its degradation products and could potentially be
characteristically hazardous depending upon analytical results. Tracking of hazardous
waste manifests, reporting, and payment of generation fees will be required during
operation of the SVE system. The treatment compound in which the GAC is housed
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would need to be constructed in accordance with the International Building Code and
International Fire Code.

Development Services Permit: adding a blower for implementing SVE in the UVZ will
require developing electrical plans, submitting them to CoT Development Services for
review and approval, and inspecting the installation prior to final approval. The
construction of an ex situ groundwater treatment system for the RA alternative will also
require a CoT Development Services permit(s) including electrical, structural, and
commercial review.

Right-of-Way Permit and Fees: paying right-of-way permit and access fees will continue
to be required for existing soil vapor monitoring points (UVZ and LVZ) and
groundwater monitoring wells (PA and RA) installed within the CoT right-of-way, as
well as new permits and fees for installing additional monitoring locations (as reflected
in Appendix J).

Access Agreements: installing new monitoring locations (UVZ, PA, LVZ, and RA) on
private property will require negotiation of access agreements with private landowners
and the City. Installing conveyance piping for the treated extracted groundwater would
also require coordination with the City and landowners, and potentially with PCRWRD
during trenching operations concerning crossings of the public sanitary sewer.

Institutional Controls: coordination with ADWR to require special construction
requirements for wells or soil borings that may penetrate the upper aquitard and allow
cross-contamination of the PA to the RA.

Poor Quality Groundwater Withdrawal Permit (PQGWP): extracting groundwater at a
rate greater than 35 gpm requires a PQGWP application from ADWR.

NOI to Drill a Well: in conjunction with the PQGWP, a completed Well Construction
Supplement (DWR form 55-90) must be submitted for the new extraction well installed
in the RA.

Arizona Pollutant Discharge Elimination System (AZPDES): a NOI to discharge under
the De Minimis General Permit (DMGP) under AZPDES provides for the discharge of
groundwater generated by well/aquifer pump testing associated with remediation
activities, provided the discharge (1) does not exceed 72 hours; (2) the water is treated to
meet the surface water quality standards; and (3) a “Specific Approval” has been issued.
Discharge to surface water (High School Wash) would also be regulated under AZPDES
and the groundwater remediation system would likely be considered a minor Industrial
Facility. This permit would require routine monitoring and reporting to demonstrate that
surface water quality standards are being met.

Access or Sales Agreements: installing an extraction well and treatment system will
require a long-term lease agreement or purchase of land on which to install the extraction
well and the treatment system compound. In addition, installing the underground
conveyance pipe through the public right-of-way will require a right-of-way permit and
payment of the associated fees.
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Additional permitting and regulations for consideration under discharging treated water to High
School Wash are detailed in Appendix K.

7.4  INDIVIDUAL ANALYSIS

This section presents the individual analysis of the Proposed Remedy against the comparison
criteria of practicability, risk, cost, and benefit. This analysis is essentially a compilation of
factors considered in Section 6.2 for the individual alternatives.

7.41 Practicability

Table 7-2 presents the practicability analysis of the Proposed Remedy for each alternative and its
respective target zone. This information is identical to what is presented in Tables 6-1 to 6-3, but
is “reorganized” for the respective alternatives comprising the Proposed Remedy.

7.4.2 Risk

e Rebound of soil vapor concentrations in the UVZ as a result of residual VOCs diffusing
out of less permeable zones within the UVZ; however, implementing pulsed SVE for
10 years in the UVZ will assist in reducing residual contamination. Vapors diffusing
upward from the PA, specifically from further degradation of cDCE to VC in the PA,
may result in vapor intrusion concerns. LTM of the PA and soil vapor within the UVZ
will identify the occurrence and severity of the risk associated with soil vapor
concentrations thereby allowing for implementation of contingency actions, if necessary.

e Migration of VOCs within the PA laterally downgradient or vertically through the upper
aquitard and into the LVZ. Based on LTM at the site and for reasons presented in
Section 3.4.2, this risk is considered to be low, particularly with the option for
implementing the contingency PlumeStop™ barrier in the PA.

e Installation of LVVZ vapor monitoring wells penetrating the upper aquitard. The
installation of wells penetrating the aquitard may result in a conduit for contaminants
within the PA to be transported to the UVZ and the RA. This risk can be mitigated by
completion of an outer casing within the upper portion of the aquitard prior to
advancement of a boring through the aquitard and into the LVZ. Similarly, concerns of
well installation by an independent party penetrating the upper aquitard could be
addressed by institutional controls whereby the ADWR reviews all drilling permits
within the affected area and imposes special well construction requirements.

¢ Rebound of soil vapor concentrations in the LVZ following termination of SVE, thereby
resulting in potential impact to the RA. LTM of soil vapor within the LVZ and of
groundwater in the RA will identify the occurrence and severity of this risk thereby
allowing for implementation of contingency actions, if necessary.

e Potential failure of a single groundwater extraction well to capture the dissolved plume.
Following installation the extraction well should be tested and an evaluation be
conducted regarding the suitability of the well to capture the plume and the design
modified as necessary to meet ROs. Performance monitoring (specifically gauging or
using transducers) of nearby monitoring wells will assist in evaluating capture.

URS -5
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e |f deeper RA contamination (e.g., as deep as 400 feet bgs) needs to be treated, the number
of wells and pumping rate would need to be evaluated for effectively capturing the
plume.

e Although unforeseen at this time, there may be potential changes to flood control
regulations that influence discharging to High School Wash.

74.3 Cost

Estimated costs for the Proposed Remedy (identified as Remedy 4 in Appendix J) are
summarized in Sheet J-2.4 with detailed costs and assumptions reflected for the individual
alternatives in Sheets J-3.1, -4.2, -5.1, and -6.3 for the UVZ, PA, LVZ, and RA, respectively
(Appendix J). The total estimated cost for implementing the Proposed Remedy in the first year
(YYear 0) is approximately $3,280,000, with an anticipated total remedy cost of $11,130,000
(current dollar) and $9,420,000 (NPV) by remedy completion.

7.4.4 Benefit

It is expected that SRLs and AWQSs will be met in the UVZ, LVZ, and RA upon the completion
of the Proposed Remedy providing the significant benefits of contaminant mass reduction and
achieving the Remedial Objectives for the RA. Contamination would still likely exist above
AWQSs in the PA, but would not be anticipated to impair RA water quality or shallow UVZ
vapor concentrations. The UVZ, PA, and LVZ alternatives do not offer aesthetic aspects or
enhance land and water uses. The alternatives do not meaningfully improve local economies,
with the exception providing work for field and consulting services.

Implementing MNA in the UVZ and PA, instead of more aggressive alternatives, does not result
in as great a reduction in potential risk and future liability, but also does not produce the waste
streams requiring offsite disposal included in the other alternatives. Considering that the HHRA
and vapor intrusion assessment did not predict future unacceptable risks (Sections 3.2.2 and
3.2.3), the less aggressive MNA alternatives are considered acceptable. Implementing pulsed
SVE in the LVZ for 10 years under this alternative does result in reduced potential risk and
future liability, but also produces spent GAC and P1ZB requiring disposal as hazardous waste.
Long-term treatment of extracted RA also produces spent GAC (estimated at 58,300 Ibs per
Sheet J-6.4). LTM of the PA and RA would also generate small quantities of IDW requiring
disposal for 30 to 40 years.
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TABLE 4-1
SCREENING OF REMEDIAL MEASURES AND STRATEGIES
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL TECHNOLOGY TECHNOLOGY TYPE POTENTIALLY APPLICABLE?
STRATEGIES TYPES UVZ | PA | LVZ | RA COMMENT
The PA does not contain any water supply wells and nor is it
Remedial Water Supply i i i Yes of sufficient aquifer thickness and transmissivity to be an
Measures® Solutions economical water supply source. Process options will be
screened for the RA.
The RAOs may still be achievable even if no action is
No Action None ves | ves | ves | No |_mplemented in tr_]e UVZ, PA, and LVZ; ho_w«_aver_, no action
is not an appropriate strategy to address existing impacts to
groundwater in the RA.
Monitoring Monitoring Yes | Yes | Yes | Yes Process options will be screened for each zone.
Implementing a cap attempts to prevent additional migration
. of residual contamination in the vadose zone; however,
Physical - Surface . o
Capping No - - - _ underlying groundwater has already l_)ee_n significantly
impacted. Furthermore, much of the Site is already paved
and developed.
Impractical and unsafe to implement due to the vertical and
. lateral extent of impacted area. Removal is better suited to
Soil Removal No - - - - —
remove sorbed and residual free-phase contamination, as
opposed to vapor phase.
Ex Situ Soil No i i i Ex situ soil treatment is not needed as soil removal is not
Treatment applicable.
Solidification No i No i Purposed Fo tr_ap sorbed and residual free-phase
contamination, as opposed to vapor phase.
Purposed to immobilize sorbed and residual free-phase
Source Control Stabilization No No No No | contamination, as gpposeq tc? vapor phase. Not applicable
as technology relies on ionically charged contaminants.
Although this technology would address COC vapors in the
vadose zone, it is most effective in addressing significant
Destructive Thermal guantities of residual free-phase and sorbed phase
No = No = L L .
Treatment contamination. As contamination in the UVZ is largely
present in the vapor phase, this technology would be
overdesigned.
Free Product i Yes i No Process options will be screened for the PA, where free
Extraction product containing COCs is present.
Recovery Enhanced No No No i These technologies are generally used to enhance recovery
Thermal Treatment of residual product, which is not needed.
Biological Treatment | Yes - Yes - Process options will be screened for the UVZ and LVZ.
Phy.smal and/or Yes - Yes - Process options will be screened for the UVZ and LVZ.
Chemical Treatment
There are no receptors in the PA. For the RA, controlled
Controlled Groundwater i No i No migration could be used to divert the groundwater plume
Migration Extraction around the UoA, but it would not address that the entire

project vicinity is subject to potential CoT water use.
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TABLE 4-1

SCREENING OF REMEDIAL MEASURES AND STRATEGIES
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL TECHNOLOGY TECHNOLOGY TYPE POTENTIALLY APPLICABLE?
STRATEGIES TYPES UvZz | PA | LVZ | RA COMMENT
This would be impractical considering the depth to
Barriers - No - No groundwater, width of the plumes, and the densely
developed land.
Groundwater in the PA is not used for drinking water and
the PA has a limited extent. Groundwater extraction in the
Physical PA will be evaluated to the_degree that it_ is a component of
Containment source control extraf:tlon tech_nologles; however,
Groundwater groundwater extraction applying solely to the PA
. = No - Yes . .
Extraction groundwater plume (particularly beyond the footprint of the
diesel layer) was not retained as it does not pose an
unacceptable risk to receptors, making its extraction an
overdesigned and impractical technology. Process options
will be screened for the RA.
Plume Biological Treatment | - Yes - Yes Process options will be screened for the PA and RA.
Remediation -
(in situ) Phy.5|cal and/or - Yes - Yes Process options will be screened for the PA and RA.
Chemical Treatment
Plume I_Dispc?sal or Reuse - Yes - Yes Process opt?ons W?” be screened for the PA and RA.
Remediation BIOlOgI(-:al Treatment | - Yes - Yes Process options will be screened for the PA and RA.
(ex situ) Physical and/or - Yes - Yes Process options will be screened for the PA and RA.

Chemical Treatment

Notes & Acronyms

The identification and implementation of remedial measures involves consultation with water providers and well owners, including the quantity
and quality of water, water rights, other legal constraints, reliability of water suppliers, and any operational implication.

COC = chemical of concern

CoT = City of Tucson

LVZ = lower vadose zone

PA = perched aquifer

RA = regional aquifer
RAOs = remedial action objectives
UoA = University of Arizona
UVZ = upper vadose zone

Page 2 of 2



TABLE 4-2

SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
REMEDIAL TECHNOLOGY TECHNOLOGY PROCESS o
STRATEGIES TYPES OPTIONS BRIEF DESCRIPTION APPLICABL?E TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? Uvz | PA | LVZ | RA
Not applicable with respect to CoT, as they do not
presently have any production wells in the project
. . . . - . vicinity. Replacing a UoA production well doesn't
Involves replacing contaminated water with uncontaminated water by drilling a new well (or using Y P 9 P . .
Well Replacement . - . - - - - No |address the concern that CoT considers the RA in the
an existing unused well) located outside of the contaminated area. - . L
Site area to be an integral part of the City's drinking
water supply and may seek to withdraw water from
within the plume's footprint in the future.
Modifying existing water supply wells that are impacted or threatened by selectively extracting Retained for the RA with particular focus on the
Remedial Water Supply Well Modification water from uncontaminated intervals by deepening wells and/or sealing off contaminated intervals. i i ) i Yes active UoA production wells. CoT does not actively
Measures Solutions Another option is to seal off uncontaminated zones and use the well for contaminant extraction at operate any production wells in the project vicinity,
higher concentrations. but still considers the RA in the Site area to be an
Extracted waters are either actively treated by destroying or removing contaminants or they are integral part of the City's drinking water supply.
Wellhead Treatment passively treated by dilution from mixing contaminated water with treated water, or untreated Yes - - - Yes
water with lower contaminant concentrations.
Provision of Replacement Extraction ceases from impacted locations and water demands are met with clean water from i i i i Yes
Water Supplies another source such as municipal water, another well owner, and/or bottled water.
Implemented to reduce or eliminate exposure to contaminants by restricting the use of or exposure Rejected as it reduces water supply and would not
Engineering Controls to contaminated water, such as measures preventing point-source discharges of concentrated - - - - No |improve water quality nor meet current or future
contaminants or access and use restrictions for impacted surface waters. water supply demands.
The remedial objectives may still be achievable even
No further actions or responses would be implemented. Current remedial operations and if no action is implemented in the UVZ, PA, and
No Action None No Action monitoring would cease. Contamination would remain in place with no plans for future - Yes Yes Yes No |LVZ; however, no action is not an appropriate
monitoring, control, treatment, removal, or evaluation. strategy to address existing impacts to groundwater
in the RA.
Routine groundwater and/or vapor monitoring would be conducted to evaluate changes in
oo oo . . |contaminant concentrations and natural attention parameters over time. Natural processes Retained for further consideration for each target
Monitoring Monitoring Monitored Natural Attenuation |, ., . . . . L . . . Yes Yes Yes Yes Yes |.
(dilution, dispersion, adsorption, volatilization, biodegradation, and chemical processes) gradually interval.
reduce contaminant concentrations.
. . A well or series of wells are pumped to withdraw NAPL mixed with groundwater. Free product . .
Groundwater Extraction via pump . g . P Rejected, as MPE or other strategies would prove
. would be separated from groundwater and potentially treated, recycled, and/or disposed. Yes - No - - .
Pumping Wells ; more effective for the purpose of product removal.
Groundwater would require treatment as well.
Retained for further consideration to address UVZ
and PA contamination. This bioventing element of
Purposed to remove LNAPL while gently aerating the unsaturated zone (similar to bioventing) to this technology is most applicable to fuels that
Bioslurping enhance aerobic biodegradation. A "slurp" tube extends into the LNAPL layer and draws LNAPL, Yes Yes Yes - - |degrade aerobically; however, the COCs
groundwater, and air in the same process stream. LNAPL is separated from water and air. preferentially degrade under anaerobic conditions.
Product removal with minimal water extraction is
preferred.
Free Product A high-vacuum system removes contaminated groundwater, LNAPL, and soil vapors from an
Source Control . extraction well screened across the water table. Extraction depresses the water table, inducing . . .
Extraction . . S . . . - . . Retained for further consideration to address UVZ
Multi-Phase Extraction (MPE) [liquid flow to the well and exposing residual LNAPL and contaminated soils (capillary fringe) that Yes Yes Yes - - L
. . L and PA contamination.
are stripped by vapor extraction. Extracted vapors and liquids are separated and treated above
ground.
Utilizes a skimmer pump with a hydrophobic filter, collection tank, solar panel, and control box to
Skimmer Pumps intermittently recover only p.roduct without water at the rgte matchlng the forma.tlon recovery rate. Yes i Yes i - |Retained for further consideration in the PA.
Does not produce water or air waste streams. Only effective in recovering mobile NAPL. Capable
of recovering low to high viscosity LNAPLs and DNAPLSs.
A canister with a slotted screen and hydrophobic filter slowly receives LNAPL or DNAPL from . . . .
. . . . . L . . . Rejected as this technology is best used for thin
Passive Collection (canisters or |the well without collecting water. Collection is passive and NAPL can be containerized at time of . - .
. . . . L . Yes - No - - |product layers in lower permeability settings for long
adsorptive socks) manual collection/retrieval. Adsorptive socks gradually fill with NAPL and are disposed upon fermirecovery
retrieval. '
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SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
sl?rirfgcl;?és TEC_F';“P(;;OGY TECHN%‘}ST%(IE;OCESS BRIEF DESCRIPTION APPLICABLE TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? Uvz | PA | LVZ | RA
Can be achieved through injection of nitrogen amended with gaseous electron donor, or by soil
vapor extraction, with amendment and reinjection of the extracted vapors. The nitrogen or
Anaerobic Bioventing anaerobic vapors flush oxygen f.r(.)m the soil gas. Solvents are degraded thI’OL.Jgh reductive Yes Yes i Yes - |Retained for further consideration.
processes under anaerobic conditions in the presence of electron donor. Typical donors that are
sufficiently volatile to be supplied as gases include hydrogen, carbon dioxide, and alkanes (e.g.,
propane, methane, hexane).
Elologlcal Air or oxygen is |nject§d (sometimes amen(.ied_) j[o the vadose zone to create condlthns conducive Rejected. The COCs preferentially degrade under
reatment R . to aerobic biodegradation. Flow rates are significantly lower than those used for soil vapor . o e .
Aerobic Bioventing . . . . . . L No anaerobic conditions, therefore, if biostimulation
extraction, because bioventing seeks only to induce enough air flow to provide sufficient oxygen . .
o . .. were implemented, anaerobic would be preferred.
to sustain microbial activity.
A biological process that uses various plants to remove, transfer, stabilize, and destroy constituents Rejected. The land is highly developed in vicinity of
Phytoremediation in soil or shallow groundwater. Contaminants are reduced via enhanced rhizosphere Yes No - - - |shallow vadose zone contamination and groundwater
biodegradation, phyto-degradation, and phyto-volatilization. is too deep for phytoremediation.
A vacuum is applied to the vadose zone creating a pressure gradient that induces volatilization and Retained for further consideration to remove soil
Soil Vapor Extraction (SVE) [mobilizes contaminants toward extraction wells. SVE can also be accomplished using a MPE Yes Yes Yes Yes - |contamination in the UVZ and LVZ, and to strip
system with limited deployment. solvents from the diesel product in the PA.
Air is injected or bubbled through the affected saturated zone. Volatile contaminants partition into
Air Sparging Fhe air bubbles; thereby transferring from the aqueous phase to the gaseous pha.se. Vapors migrate Yes i Yes i _ |Retained f(?r further consideration to strip. solvents
into the unsaturated zone where they are captured, extracted, and treated. The introduced air also from the diesel product and groundwater in the PA.
promotes aerobic biodegradation, though that is a secondary means of treatment.
A water extraction/reinjection system that consists of injecting a solvent or surfactant solution to Rejected as unnecessary because COCs are not
Surfactant or Cosolvent enhance constituent solubility, physically displace contamination, and leads to contaminant No present in a free-phase (NAPL) form and the
Flushing (Soil Flushing) desorption. Mobilized contaminants are extracted with groundwater and the flushing solution. availability of sorbed phase mass for treatment is not
Source Control Adequate hydraulic control must be provided to prevent further migration of contamination. believed to be limited by desorption.
A strong oxidizing compound is delivered (e.g., hydrogen peroxide, permanganate, 0zone, Better suited to address aqueous phase
In Situ Chemical Oxidation persulfate, etc.) to chemically react with organics. The reaction requires direct contact between the Yes No No No _ |contamination, as opposed to sorbed and residual
Physical and/or  [(ISCO) via Injections reagent and contaminant, which destroys the organic compound by breaking bonds. Sufficient free-phase. The diesel layer would compete heavily
Chemical Treatment contact results in complete mineralization yielding carbon dioxide and water as byproducts. for oxidant consumption.
The mirror process of ISCO, involving the transfer of electrons from one compound to another.
One compound is oxidized (loses electrons) and the target COC is reduced (gains electrons). Better suited to address aqueous phase
In Situ Chemical Reduction ISCR is a combination of abiotic chemical reduction, using zero valent iron (ZV1), for example, Yes No No No _ |contamination, as opposed to sorbed and residual
(ISCR) coupled with anaerobic bioremediation for the effective treatment of chlorinated solvents, free-phase. The diesel layer would compete heavily
pesticides, and energetics. One product commonly used to address solvents in the vadose zone is for oxidant consumption.
Daramend.
Also referred to as ElectroGeoChemical-Oxidation (EGCO). Proprietary AC/DC converters Primarily used to remove metals and radionuclides in
produce a low-voltage, low-amperage electrical field that polarizes the soil, causing soil particles low permeability soils, but can be used to address
. _ to charge and discharge electricity. This causes redox reactions that occur at all interfaces within volatile organics. Better suited to address sorbed and
Electrochemical Remediation . . - : o - . Yes No No No - . L
the system, which mineralizes organics and mobilizes metals. Metals and ions migrate to and residual free-phase contamination, as opposed to
collect at charged electrodes. Also can be modified for use in a specific technology referred to as vapor phase. Less effective in applications deeper
Lasagna. than 40 feet bgs.
Process to remove ions from soil by inducing a direct current electric field that causes water and Electrokinetics is primarily used to remove metals
Electrokinetic Separation contaminants to flow between electrodes. Flow can be induced through treatment or extraction No and radionuclides in low permeability soils. Has
zones. Anions move toward the cathode, where they can be extracted. limited effectiveness with organics.
o Uses a permeable trench or bed extending into and across the targeted zone as a method of RejecFed as hone Of. Ul .reta}lned technologles LBI7 413
Distribution and Infiltration Gallery nassively allowing|gravity-driven delivery of liquids. - No - No - UVZ_ |r1volve injecting I|qU|d§. The LVZ is too deep
Delivery and is isolated by the PA aquitard.
Trenching Digging and excavation of soils using heavy machinery (i.e., backhoe). May require shoring or i No i No - |Rejected due to depth of contamination.

sheet piling for stability depending on depth, soil type, and moisture.
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TABLE 4-2

SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
REMEDIAL TECHNOLOGY TECHNOLOGY PROCESS 2
STRATEGIES TYPES OPTIONS BRIEF DESCRIPTION APPLICABL?E TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? Uvz | PA | LVZ | RA
. . . . . Commonly used - retained for alternative
Vertical Wells Vertical wells installed with perforated casing across targeted zone. - Yes - Yes - y
development.
Directionally drilled wells are positioned horizontally or at an angle and can be double-or single-
o N ended. A navigation tool is located close to the drill bit allowing steering. Slow drill head Rejected for deep depths, but retained for further
Distribution and [Directional Wells . o . . - Yes - No - . ..
Source Control Deliver rotation cuts and compacts the soil into the borehole wall (sometimes cuttings are removed). consideration in UVZ.
y Useful for increased extraction or injection distribution. May be limited by depth and cobbles.
. . .. Mixing chemical amendments into affected soil via augering or caissons to achieve distribution Dl.d .not retain any techpologles e |nv.0Ive
Soil Mechanical Mixing . . . - - No - No - |mixing an amendment in the UVZ. The LVZ is too
and contact for chemical processes that decrease contaminant concentrations and/or mobility. o
deep for soil mixing.
A trench is installed across the groundwater flow path and backfilled with granular material and a
perforated pipe (drain) to collect groundwater. Groundwater extraction serves as a hydraulic Rejected. Impractical as depth to groundwater is too
Interceptor Trench L L . L Yes - No - No .
. control to limit further migration of affected water and removes contaminated liquids for great to install a trench to groundwater.
Physical Groundwater .
. . subsequent treatment and/or disposal.
Containment Extraction - — -
. . A well or series of wells are pumped to create a capture zone for the groundwater. Aids in Rejected for the PA there are no receptors and lateral
Groundwater Extraction via : — . ; . A - R .
. preventing further migration and in capturing dissolved phase contamination. Extracted liquids Yes - No - Yes [migration is not a concern. Retained for further
Pumping Wells . . L . S
would require treatment and/or disposal or reinjection. consideration in the RA.
Rejected for the PA as the diesel layer is believed to
Involves the addition of microorganisms (e.g., fungi, bacteria, or microbes) and/or substrate (e.g. inhibit biological activity of the dehalococcoides
Anaerobic Bioremediation via |carbon or hydrogen source) to the subsurface to accelerate anaerobic biodegradation processes. based on laboratory bench-scale testing using site-
- S NPT . o Yes - No - Yes - . . S
Amendments Amendments are delivered via injection wells or infiltration galleries. The addition and specific groundwater-diesel mixtures in microcosms.
consumption of carbon will cultivate and maintain an anaerobic (oxygen limited) environment. Retained for further consideration to biologically
degrade groundwater contamination in the RA.
Rejected for the PA as the diesel layer provides
— . . . sufficient substrate for biological activity, which it
A . Injection of a gaseous substrate (i.e., hydrogen gas) into the saturated zone. Considered an A . .
Anaerobic Biosparging innovative or exerimental technolo Yes - No - No |may also inhibit. Rejected for the RA as the entire
P 9y 130-foot contaminated interval cannot be effectively
sparged.
Plume _ ) PlumeStop is a new technology developed by Regenesis in 2014 designed to address the
Remediation Biological challenges of excessive time and end-point uncertainty in groundwater bioremediation.
(in situ) Treatment PlumeStop is a colloidal mixture of micron-sized GAC mixed with polymers to prevent clumping
and can be easily injected to the subsurface having a viscosity similar to water and being highly
_ _ _ dlsper5|b_lt_e. The individual GAC particles c_oat the soil grains W|th_out mflu_en_cm_g aquifer Retained for further consideration in the PA and RA
PlumeStop Colloidal Biomatrix|permeability and capture and concentrates dissolved-phase contaminants within its structure, . L N
. . - - . . Yes - Yes - Yes |[to immobilize groundwater contamination and
(PlumeStop™) making them available for biodegradation at an accelerated rate. PlumeStop is effective on most . - .
. . - . . potentially enhance biodegradation.
organic groundwater contaminants including hydrocarbons, halogenated compounds, and a wide
variety of volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs).
PlumeStop inhibits spreading plumes and can protect sensitive receptors or prevent contaminant
migration across property boundaries. Once in place, PlumeStop is expected to last for decades
with minimal impact on aquifer oxidation-reduction potential or geochemistry.
o o . Involves the addition of microorganisms (e.g., fungi, l?act{erla, or mlt_:robes) and/or am.epdments Rejected. The COCs preferentially degrade under
Aerobic Bioremediation via (e.g. oxygen) to the subsurface to accelerate the aerobic biodegradation process. Addition of . .. S .
No - anaerobic conditions, therefore, if biostimulation

Amendments

oxygen will cultivate and maintain an aerobic (oxygen-rich) environment through oxygen release
compounds or sparging air into system.

were implemented, anaerobic would be preferred.
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TABLE 4-2

SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
REMEDIAL TECHNOLOGY TECHNOLOGY PROCESS 2
STRATEGIES TYPES OPTIONS BRIEF DESCRIPTION APPLICABL?E TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? uvz | PA [ Lvz | RA
Air or oxygen (som_etlrpes amendgd) is |njec_te_d Fo the satura_ted zone to create cor_ldltlons _ Rejected. The COCs preferentially degrade under
. . conducive to aerobic biodegradation. The air injection rate is lower than conventional sparging, . o e .
Aerobic Biosparging . . A A . . No = anaerobic conditions, therefore, if biostimulation
which removes contaminants primarily through volatilization, as the purpose of biosparging is to . .
. . . . . s L were implemented, anaerobic would be preferred.
Biological increase dissolved oxygen levels without mobilizing volatiles into the vadose zone.
Treatment
A treatment wall/barrier is filled with highly porous, slowly degradable, carbon-based material that . . .
. . . . Rejected as impractical because the depth to
. . serves as an energy source and supports the growth of indigenous microbial populations capable of . -
Biobarrier (trenched) . . S Yes - No - No |groundwater is too great to install a trench to
destroying biodegradable compounds. Commonly used materials include mulch, pecan shells,
o - groundwater.
cottonseed, chitin, vegetable oils, and mushroom compost.
Retained for further consideration to strip solvents
Air is injected or bubbled through the affected saturated zone. Volatile contaminants partition into from the diesel product and groundwater in the PA.
Air Sparain the air bubbles; thereby transferring from the aqueous phase to the gaseous phase. Vapors migrate Yes i Yes i No Rejected for the RA as the entire 130-foot
parging into the unsaturated zone where they are captured, extracted, and treated. The introduced air also contaminated interval cannot be effectively sparged
promotes aerobic biodegradation, though that is a secondary means of treatment. and air sparging is better used in higher
concentration applications.
Retained for further consideration to remove vapors
from the base of the UVZ and strip solvents from the
diesel product and uppermost groundwater in the
Somewhat of a combination of SVE and air sparging within a single well location. Air is injected PA. Rejected for the RA as the entire 130-foot
into a vertical well screened at two depths that are sealed off from each other with a form-fitting contaminated interval could not be effectively
In-Well Air Stripping disc. The lower screen is in groundwater and the upper screen is in the unsaturated zone. Yes - Yes - No |sparged and air sparging is better used in higher
Pressurized air is injected in groundwater and bubbles out the lower screen and up into the vadose concentration applications. Although vapor
zone where the vapors are extracted through the upper screen and are treated. contamination would be removed by this technology
Plume in the UVZ if implemented in the PA, this
Remediation technology would not be implemented primarily to
(in situ) address the UVZ.
Delivery of a strong oxidizing compound (e.g., hydrogen peroxide, permanganate, ozone,
Phvsical and/ In Situ Chemical Oxidation persulfate, etc.) to chemically react with organics. Reaction requires contact between reagent and Yes i Yes i Yes Retained for further consideration to destroy
ch ¥5|c|z:1Tan or (ISCO) via Injections contaminant, which destroys the organic compound by breaking bonds. Sufficient contact results groundwater contamination in the PA and RA.
emical Treatment in complete mineralization to carbon dioxide and water.
Uses a surfactant to increase the physical displacement, desorption, and solubility of Rejected. Though a_ppllcable, t_here 15 1O reason o
. L T . suspect that contaminant mass is not readily
Surfactant-enhanced In Situ contamination. Aqueous contamination is then available for ISCO processes that destroy the . .
- N S - . . - Yes - No - No [accessible to ISCO without the use of surfactants.
Chemical Oxidation (SISCO) [contamination in place. This technology essentially increases the amount of contamination .
. Furthermore, some oxidants already have surfactant-
available for treatment by ISCO. . .
like effects on sorbed contaminants.
The mirror process of ISCO, involving the transfer of electrons from one compound to another.
In Situ Chemical Reducti One compound is oxidized (loses electrons) and the target COC is reduced (gains electrons). Retained for furth ideration to dest
:]SCIF:J emical Reduction ISCR is a combination of abiotic chemical reduction, using zero valent iron (ZV1), for example, Yes = Yes = Yes |~° alrlje tor ur ter Fonil era lﬁn P?A esdr(gA
( ) coupled with anaerobic bioremediation for the effective treatment of chlorinated solvents, groundwater contamination in the an '
pesticides, and energetics. One product commonly used to reduce solvents is EHC®.
Impacted groundwater is remediated through in situ chemical reactions with chemically active
materials (e.g., ZVI) contained in a subsurface wall installed downgradient of a contaminant
Permeable Reactive Barriers  |plume. Contaminants passively react (no pumping) with the media to either break the compound Yes i No i No Rejected as impractical because the depth to
(PRBs) down into harmless products or immobilize contaminants by precipitation or sorption. Funnel- groundwater is too great to install a trench into.
gate method employs slurry walls at the edges of the wall to prevent contaminated groundwater
from flowing around the barrier.
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TABLE 4-2

SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
REMEDIAL TECHNOLOGY TECHNOLOGY PROCESS 2
STRATEGIES TYPES OPTIONS BRIEF DESCRIPTION APPLICABLvE TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? UvzZ PA LVZ RA
A Uses a permeable trench or bed extending into and across the targeted zone as a method of ReJectqu as depth to groundwater n the PA is too
Infiltration Gallery assively allowing gravity-driven delivery of liquids - - No - No |deep to install a trench to. The RA is even deeper
P y 99 y orliguids. and isolated by the PA aquitard.
Trenching Digging a_ngl excavatlop_of soils using heavy machl_nery (e, a bac_:khoe) and may require shoring i i No : No |Rejected due to depth to groundwater.
or sheet piling for stability depending on depth, soil type, and moisture.
Vertical Wells Vertical wells installed with perforated casing across targeted zone. - - Yes - Yes |Retained for further consideration.
Directionally drilled wells are positioned horizontally or at an angle and can be double-or single-
Plume S N ended. A navigation tool is located close to the drill bit allowing steering. Slow drill head Groundwater is too deep for directional wells to be
. Distribution and | Directional Wells . o . . - - No - No .
Remediation Deliver rotation cuts and compacts the soil into the borehole wall (sometimes cuttings are removed). practical.
(in situ) y Useful for increased extraction or injection distribution. May be limited by depth and cobbles.
Recirculation Wells A network of vertical wells is used to extract and inject amended water to improve distribution of i i Yes i ves |Retained for further consideration.
amendment.
The solid form of chemical oxidants (e.g., permanganate solids) or biological amendments (e.qg.,
Hydraulic Fracturing - Solid HRC or EHC™) can pe dellvergd to the _subsurface via fracturing |f_m|xed with the carrier fluid _ _ _
Amendment Emplacement (e.g., guar). The delivered solid or undiluted amendment can provide a longer-term source of - = Yes - Yes [Retained for further consideration.
treatment that gradually dissolves over time. Amendments can be injected in a pattern or "fence"
to create a treatment zone similar to an injected treatment wall.
Offsite Disposal or Recycling [Extracted liquids are temporarily stored onsite until they are transported to an offsite facility for Rejected for extracted W?‘e" as quantmgs would be
Eacilit treatment (e.g., incineration) Yes - Yes - No |immense. However, retained for potentially
y 9 ' extracted product from Perched Aquifer.
Discharge Treated Water to Treated water is discharged to the surface, potentially in a drainage, pond, or at a creek. Would Retained for futher consideration in the RA. _qumds
. . - . . . - Yes - No - Yes |extracted from the PA may have poor aesthetics
Surface Water require permitting, conveyance piping, and meeting discharge concentrations requirements. .
(e.g., odor) following treatment.
. - Extracted waters are treated for COCs (e.g., GAC, stripping, etc.) and are then discharged to the Retained for _the_ PA. The onsite facility plant can
Onsite Treatment Facility ) - : , only handle limited volumes and would not be able
. - Plant's wastewater treatment system equalization tank. Ultimately the Plant's wastewater treatment Yes - Yes - No . - . -
Associated with Plant . . to receive the anticipated extraction quantities from
system discharges to the sanitary sewer.
the RA.
Retained for evaluation for the RA as considerable
. T . volumes of water may be extracted. Will need UoA's|
Plume Give to UoA or CoT for Reuse Treated w_ater 1S (?on\_/eyed to the UoA or CoT water distribution system for their Yes - No - Yes |and CoT's input. Rejected for the PA due to lower
e . consumption/utilization. .
Remediation | Disposal or Reuse volumes, longer conveyance distances, and
(ex situ) potentially poor aesthetics.
Retained for further consideration for extracted
. . Treated or untreated water is discharged directly to the sanitary sewer system to be conveyed to groundwater from the PA and RA. Some level of
Discharge to Sanitary Sewer \ Yes - Yes - Yes -
CoT's treatment plant. pre-treatment would be certainly needed for PA
groundwater and potentially for RA groundwater.
Typically used in rural areas. Cannot implement in
Irrigation as Treatment A relatively simple technology used to volatilize VOCs and distribute extracted groundwater. Yes - No - No dens_e ly _populated nelghborhc_)od due to limited
application areas and contaminant exposure
concerns, as well as public perception.
Treated water is returned to the subsurface through a series of injection wells and/or infiltration Retained for the RA as reinjection would serve as a
Reinjection of Treated Water |galleries. Treated water can often further enhance in situ natural attenuation processes by the Yes i No i Yes beneficial use. However, rejected for the PA due to
to the Subsurface addition of clean water (e.g., dilution), especially if supplemented with nutrients and heat to the presence of product and the potential to increase
promote biodegradation. contaminant and product migration.
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TABLE 4-2

SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
REMEDIAL TECHNOLOGY TECHNOLOGY PROCESS 2
STRATEGIES TYPES OPTIONS BRIEF DESCRIPTION APPLICABL7E TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? Uvz | PA | LVZ | RA
Rejected for treating vapors from the UVZ and LVZ
An above ground system that biologically degrades dissolved contaminants with the addition of a |mpller.nent|ng. an anaerobic bioreactor fo.r air1s
. . . . . . . . . very difficult to implement and not as efficient as
Bioreactor nutrients, heat, and microorganisms. A typical system uses fixed-film bioreactors that contain Yes No Yes No Yes . . .
lastic media to support films of biological arowth other air treatment technologies. Retained for further
P PP gicalg ' consideration for extracted groundwater from the PA
. . and RA.
Biological
Treatment A wetland is constructed to use natural geochemical and biological processes to treat dissolved

Constructed/Engineered contaminants in groun_dwa_lter through f||trat|o_n, blodegr_adatlon, phytoremediation, volatilization, Used primarily for explosives and nitrates,

: and photochemical oxidation. Constructed with a base impermeable layer (e.g., clay), a gravel . : . .

Wetlands or Terrestrial . . . Yes - No - No |Degradation of organic compounds via plants is slow

Phytoremediation layer to provide nutrients and support for roots, and a vegetation zone. The gravel layer and root and often incomplete
zone is where water flows and bioremediation and denitrification take place. Both aerobic and plete.
anaerobic systems exist within the wetland, which can be divided into separate cells.

Strong oxidizing compounds are mixed with contaminated water. The reaction requires direct Retained for further consideration for extracted

Chemical Oxidation contact between the reagent and contaminant, which destroys the organic compound by breaking Yes - Yes - Yes roundwater from the PA and RA
bonds. Sufficient contact results in complete mineralization producing carbon dioxide and water. g '

Strong reducing compounds are mixed with contaminated water. The reaction requires direct Retained for further consideration for extracted

Chemical Reduction contact between the reagent and contaminant, which destroys the organic compound by breaking Yes - Yes - Yes roundwater from the PA and RA

Plume bonds. Sufficient contact results in complete mineralization producing carbon dioxide and water. g '
Remediation Separates ions from solution using an electric field applied between electrodes, where cations and Reiected as the COCs do not have an ionic charge
(ex situ) Capacitive Deionization anions are electrosorbed onto the cathode and anode, respectively, while treated water passes No ) . g
p : and would not be targeted by this process.
through. The positively charged electrode attracts anions.
A direct current (DC) voltage potential field is applied across semipermeable and permeable ion-
Electrodialvsis exchange membranes to induce ion separation in the water flowing through the channels. Cations No Rejected as the COCs do not have an ionic charge
¥ and anions move through the transfer membranes and they migrate toward the anode and cathode, and would not be targeted by this process.
Physical and/or respectively.
Chemical Treatment . . . . . - L .
Organic constituents in groundwater or air are oxidized by strong oxidizers and irradiation with Retained because easilv oxidized oraanic
ultraviolet light. Oxidation is achieved by high intensity UV light with the addition of ozone y . g .
. A . . . . . . compounds, such as PCE and its degradation

Ultraviolet Oxidation and/or hydrogen peroxide to break their chemical bonds. Highly reactive hydroxyl radicals destroy Yes Yes Yes Yes Yes roducts. are rapidly destroved in UV/oxidation
most organic compounds leaving carbon dioxide, water, and salts. Ozone would be generated processe’s picly Y
onsite. Could be used to treat water or vapor from an extraction system. P '

Vapor treatment for an extraction system (i.e., SVE, MPE, or an air stripper unit) using a metal
catalyst (commonly platinum or palladium) to oxidize contaminants at lower temperatures. The . . .

Catalytic Oxidation catalyst accelerates the rate of oxidation beyond thermal oxidation by sorbing oxygen and the Yes Yes - Yes - R;tear']rt]gilfog)f;:gi; (i:)ans(;(rjse?:(t;;ntﬁz i}t\r/ezatgzngfzr
contaminant onto the catalyst surface where they react forming carbon dioxide, water, and P y P '
hydrochloric gas.

Vapor treatment for an extraction system (i.e., SVE, MPE, or an air stripper unit) by heating the . . .
Thermal Oxidation vapor stream to a temperature that oxidizes the organic contaminants. These units typically have a Yes Yes - Yes . |Retained for further consideration as a treatment for

single chamber and are equipped with a propane or natural gas burner and stack.

potentially extracted vapors from the UVZ and LVZ.
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TABLE 4-2

SCREENING OF POTENTIALLY APPLICABLE REMEDIAL TECHNOLOGY PROCESS OPTIONS

Park Euclid Feasibility Study, Tucson, AZ

POTENTIALLY POTENTIALLY APPLICABLE TO
REMEDIAL TECHNOLOGY TECHNOLOGY PROCESS 2
STRATEGIES TYPES OPTIONS BRIEF DESCRIPTION APPLICABL7E TO SITE CHARACTERISTICS? SCREENING COMMENTS
COCs? Uvz | PA | LVZ | RA
Although this technology could potentially treat
Air is injected or bubbled through contaminated water and volatile contaminants partition into the extracted liquids from the PA and RA, air stripping
Air Sparaing or Aeration air bubbles; thereby, transferring from the aqueous phase to the gaseous phase where the vapors Yes i No i No is more effective and efficient (particularly with
parging are extracted and treated. The introduced air also promotes aerobic biodegradation, though that is respect to surface area footprint). Considering that
a secondary means of treatment. aerobic biodegradation is not a means of destroying
COCs, simple aeration is not beneficial.
Typically takes place in a packed tower where water is injected/sprayed at the top of the column
. _— and percolates downward through baffles or packed media while an upward air flow is induced Retained for further consideration as a treatment for
Air Stripping . . . . Yes - Yes - Yes . C o
throughout the tower. Volatile contaminants partition out of groundwater (aqueous phase) into the potentially extracted liquids from the PA and RA.
air flow (gaseous phase) where the vapors are collected and treated.
Removes organics by adsorption onto the carbon's microporous surface. Typically applied to Retained for further consideration as a treatment for
Plume . Granular Activated Carbon remove contaminants that are not readily biodegraded or to polish low level concentrations beyond potentially extracted vapors from the UVZ and LVZ,
e Physical and/or . . . . . . Yes Yes Yes Yes Yes . .
Remediation . Adsorption those attained by biological treatment. Feed water must be free of suspended solids to avoid bed and potentially extracted liquids from the PA and
. Chemical Treatment .
(ex situ) fouling. RA.
Rejected because reverse osmosis has limited
. . . . effectiveness with solvents and VOCs. There are
The membrane separation process removes suspended particles and select dissolved species based .
. L S . methods that can successfully remove PCE and its
on size, shape, or charge. Ultrafiltration/ microfiltration occurs when particles are separated by . ) .
S . . . . . degradation products; however, this technology
Membrane Filtration/Reverse [forcing fluid through a semipermeable membrane. Only the particles whose sizes are smaller than A . .
. . . No primarily removes inorganics. Any removal of PCE
Osmosis the pores of the membrane are able to flow through. Reverse osmosis passed water through a semi . .
- and its degradation products would be a secondary
permeable membrane at high pressure. Both processes leave a concentrated waste stream - - . .
. . benefit. Therefore, it is not practical to use this
requiring disposal or further treatment. .
technology as the primary treatment for solvent
contamination.
. Groundwater or air is passed through a resin bed where ions are removed by the exchange of Retalnfed for further consideration as a treatment for
lon Exchange/Resin . . . . potentially extracted vapors from the UVZ and LVZ,
. electrical charges between resin and water. The resins can be disposed or regenerated for reuse. Yes Yes Yes Yes Yes . L
Adsorption . . . . and potentially extracted liquids from the PA and
Regeneration of resins results in a concentrated brine. RA

Notes & Acronyms
Technology process options were screened against site conditions (e.g., contaminant characteristics and geology) to determine whether the technology is potentially applicable and should be carried forward for further evaluation.

No

Yes

AC/DC = alternating current/direct current

Denotes that technology process option is not applicable for this particular media (e.g., for water or soil).
Denotes that technology process option would not be effective or practical and will not be carried forward for further evaluation.
Denotes that technology process option is potentially applicable for addressing contamination in one or more of the target intervals and will be carried forward for further evaluation.

COC = chemical of concern

CoT = City of Tucson

EGCO = ElectroGeoChemical Oxidation
GAC = granular activated carbon

HRC = hydrogen release compound

ISCO = in-situ chemical oxidation
ISCR = in-situ chemical reduction

LNAPL = light non-aqueous phase liquid
LVZ = lower vadose zone

MPE = multi-phase extraction

NAPL = non-aqueous phase liquid

PCE = tetrachloroethene

PRB = permeable reactive barriers

RAOs = remedial action objectives

SISCO = surfactant-enhanced in-situ chemical oxidation
SVE = soil vapor extraction

SVOCs = semi-volatile organic compounds

UoA = University of Arizona

UVZ = upper vadose zone

PA = perched aquifer
RA = regional aquifer

VOCs = volatile organic compounds

ZVI = zero valent iron
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TABLE 4-3A

TECHNOLOGY EVALUATION FOR THE UVZ
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

No Action

No Action

Low: soil concentrations do not presently exceed soil standards and no
unacceptable risk is posed to potential receptors due to vapor intrusion. The
implementation of SVE as an ERA, in addition to operating the MPE in the PA
as an ERA, for several years cumulatively has removed considerable amounts
of contamination from the UVZ. Therefore, SVE and MPE as ERAs have
reduced risk by reducing contaminant mass. However, vapor intrusion risks are
possible if shallow vapor concentrations rebound to hazardous levels.
Although the most recent analytical results indicated acceptable levels,
concentrations may have been abnormally low due to prior operation of the
MPE system as considerable rebound has been historically observed following
remedial system shutdown periods. The level of anticipated rebound in vapor
concentrations is believed to be less than historically observed, however, vapor
concentrations should be monitored until the trend is well understood.

High: easily implemented as no further action would be required. Current
monitoring would cease.

None: no costs would be incurred
as no further action would be
required.

Rejected due to low effectiveness,
despite its high implementability and no
cost.

Monitoring

Monitored Natural
Attenuation

Moderate to High: soil concentrations do not presently exceed soil standards
and no unacceptable risk is posed to potential receptors due to vapor intrusion.
Ongoing monitoring will assess the potential for rebound and allow for
contingency measures to be implemented in the event that concentrations
rebound to levels posing an unacceptable vapor intrusion risk.

High: relatively easily implemented by conducting routine sampling events
using the existing monitoring network. Additional shallow vapor monitoring
points could be installed with relative ease, however, the present network is
believed to be adequate and no additional locations are anticipated.

Low: no additional capital costs are
anticipated under this technology.
Additional shallow vapor
monitoring locations could be
installed at low capital costs.
Relatively low O&M costs would
be would be associated with long-
term monitoring.

Retained for incorporation into remedy
development due to relatively high
effectiveness, high implementability,
and low cost.

Source Control

Bioslurping

Low to Moderate: soil concentrations do not presently merit an active remedy.
In the event of rebounded concentrations, this technology may assist in
removing vapors volatizing from the diesel product layer (or as a vapor capture
for a PA sparging remedy), but will not influence upper portions of the UVZ.
Vapor generation from the product layer is also reduced with product removal
under this technology. Because the COCs preferentially degrade under
anaerobic conditions, the secondary effect of aerobic bioventing is not
desirable.

Moderate: the existing MPE system could be altered to operate as a bioslurping
system by adjusting the stinger heights to sit at the product-air interface.
Additional wells may be recommended based on the desired treatment area, but
the extraction and central collection network may be difficult to install as the
land in the project vicinity is densely developed. System O&M can be time
intensive. Extracted product would need to be collected for disposal or
recycling. Extracted air would require treatment. Little to no groundwater
would be extracted.

Moderate to High: minor capital
costs would be incurred in
modifying existing MPE wells.
Installing new wells to the product
layer is expensive. System O&M
and treatment is relatively
expensive.

Rejected because it has relatively low
effectiveness, is moderately difficult to
implement, and is relatively expensive.
SVE is a better option for removing
contaminated vapors.

Multi-Phase Extraction
(MPE)

Moderate: soil concentrations do not presently merit an active remedy. In the
event of rebounded concentrations, this technology would assist in removing
vapors volatizing from the diesel product layer (or as a vapor capture for a PA
sparging remedy). Historical operation of the MPE system as an ERA has
successfully reduced concentrations in both the lower and upper portions of the
UVZ. Vapor generation from the product layer is also reduced with product
removal under this technology.

Low to Moderate: the existing MPE system would continue to operate as
installed. If the stingers are lowered into the saturated zone, it would extract
water, product, and air. However, the stinger heights could be set above the
product-air interface to operate as a SVE system. Additional wells may be
recommended based on the desired treatment area, but the extraction and
central collection network may be difficult to install as properties in the project
vicinity are densely developed. System operation involves significant O&M
efforts. Extracted liquid would require treatment and/or disposal or reuse.
Extracted product would be collected for disposal or recycling. Extracted air
would require treatment.

High: no capital costs would be
incurred in using the existing MPE
wells and system, however, capital
costs would be associated with
implementing a different ex situ
treatment technology from what the
system is presently set up for (see
Table 7-1 for ex situ treatment
screening). Moderate capital costs
would be involved in installing new
wells to the product layer, if
desired. System O&M and
treatment of extracted vapor and
liquids is expensive.

Rejected as a sole technology to use for
the UVZ as it is over-designed and
costly for the level of effort needed to
control vapors in the UVZ. However, if
it is employed to address the PA, it
would have benefits in reducing
contamination in the UVZ. SVE is
better suited to remove rebounded vapor
contamination.
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TABLE 4-3A

TECHNOLOGY EVALUATION FOR THE UVZ
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Anaerobic Bioventing

Low to Moderate: soil concentrations do not presently merit an active remedy.
It is uncertain whether indigenous microorganisms could completely degrade
PCE and its daughter products. Adequate distribution may be difficult to
achieve given the thickness of the UVZ. This technology would not provide
vapor capture in the event that vapors are generated from a PA remedy.

Low to Moderate: existing SVE and MPE wells could be modified to inject
gaseous substrates across the vadose zone. Additional wells may be
recommended based on the desired treatment area, but it may be difficult to
install the injection/substrate delivery network as the land in the project vicinity
is densely developed.

If electron donor is not consumed, or is oversupplied, potentially hazardous
conditions could develop if explosive/ignitable gasses are used. System O&M
can be time intensive and require frequent deliveries or recharges of the
substrate supply. It may be difficult to attain and sustain anaerobic conditions
across such a thick vadose zone.

Moderate to High: moderate capital
costs would be incurred in
modifying existing SVE and MPE
wells as injection wells and
installing substrate delivery
infrastructure. New injection wells
can be costly depending on depth.
System O&M and substrate supply
is moderately expensive in the long
term.

Rejected because it has relatively low
effectiveness and is moderately difficult
to implement and is relatively
expensive. SVE is a better option for
removing contaminated vapors.
Bioventing may have been more
attractive if ongoing vapor generation
due to residual or sorbed contamination
was anticipated to pose an unacceptable
risk.

Source Control

Soil Vapor Extraction
(SVE)

High: soil concentrations do not presently merit an active remedy; however, if
vapor concentrations rebounded to hazardous levels, SVE would be ideal in
removing contaminated vapors and reducing residual sorbed contamination
throughout the UVZ. SVE would also assist in removing vapors volatizing
from the diesel product layer, serving as a vapor capture technology for a PA
sparging remedy, and/or stripping solvents from the product layer. Historical
operation of the SVE system as an ERA successfully removed significant
guantities of contamination in the UVZ.

Moderate to High: there are four existing SVE wells that could be utilized
along with the existing MPE wells if the stinger heights were adjusted
sufficiently above the product-air interface to operate as a SVE system.
Additional wells may be recommended based on the desired treatment area, but
the extraction and central collection network may be difficult to install as the
land in the project vicinity is densely developed. System O&M can be time
intensive. Extracted air would require treatment; limited liquids would be
generated from condensation.

Moderate to High: minor capital
costs would be incurred in
modifying the MPE system and
connecting to the SVE wells. If
installing new SVE wells was
desired, shallow directional wells
would be relatively inexpensive
and could be drilled beneath the
Plant building without impacting
their operations. System O&M and
vapor treatment is expensive.

Although it may not be necessary based
on current soil and vapor
concentrations, SVE is retained for
incorporation into the more aggressive
remedy as it is the most practical vapor
remedy in the UVZ.

Vertical Wells

Directional Wells

Because only SVE was retained as an active remedy for the UVZ, the four existing SVE wells will be used. However, in the event that shallow vapor concentrations rise to levels posing a vapor intrusion risks, the need for installing
additional wells would be evaluated. Shallow horizontal wells would be more effective in extracting vapors in shallow soils, could be installed beneath buildings and roads without disrupting site activities, and are generally less expensive
than deep vertical wells. Additional vertical wells would not be recommended as soil contamination has already been remediated to acceptable levels and SVE would be implemented solely as a protective measure against vapor intrusion.

Ex Situ
Treatment

To Be Determined
(see Table 7-1)

The suitability of technologies (effectiveness, implementability, and relative cost) for ex situ treatment of air and/or water will vary based on the chosen remedial strategy. Factors to consider include the average values and variations
(anticipated ranges) in contaminant concentrations and flow rates. Furthermore, technologies employed across various intervals (e.g., UVZ, PA, LVZ, and RA) may benefit from sharing a common ex situ treatment, whereas evaluated
individually different option(s) may have been selected. For example, if SVE were implemented at only one location in the LVZ, it may not extract enough contamination or have a sufficient flow rate to economically select a catalytic
oxidizer and GAC may be more suitable; however, if extracted flow from the LVVZ were joined with extracted flows from SVE in the UVZ, GAC may become uneconomical. Therefore, the ex situ treatment technologies will be evaluated

only for the proposed remedy.

Notes & Acronyms

ERA = early response action

COCs = chemicals

of concern

GAC = granular activated carbon
LVZ = lower vadose zone

MPE = multi-phase extraction
O&M = operations and maintenance
PCE = tetrachloroethene

PA = perched aquifer

RA = regional aquifer
SVE = soil vapor extraction
UVZ = upper vadose zone
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TABLE 4-3B

TECHNOLOGY EVALUATION FOR THE PA

Park

Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

No Action

No Action

Low to Moderate: because PA groundwater is not used for potable water and
does not have the economic potential for use in the future, contamination in
groundwater and product does not pose an unacceptable risk due to
consumption. The implementation of MPE as an ERA for a few years has
removed considerable amounts of contamination from the diesel layer and
some from the PA groundwater. Furthermore, operating the MPE system has
assisted in degrading much of the contaminant mass from PCE to its less toxic
daughter product, cDCE. Therefore, MPE as an ERA has reduced risk by
reducing contaminant mass and its toxicity.

No further action would be effective as long as (1) vapors volatizing from the
PA do not migrate and accumulate in shallow soils at hazardous
concentrations posing a vapor intrusion risk; and (2) the PA aquitard
continues to prevent or significantly retard downward migration into the LVZ
and ultimately the RA. It is believed that the PA aquitard effectively protects
the RA for reasons discussed in Section 3.4.2.

Overall, no action in the PA could likely achieve the remedial objectives;
however, without monitoring it would not be possible to assess contaminant
migration toward the northern extent of the PA aquitard. Therefore, some
degree of infrequent routine monitoring is likely merited.

High: easily implemented as no further action would be required. Current
monitoring would cease.

None: no costs would be incurred
as no further action would be
required.

Rejected due to relatively low
effectiveness despite its high
implementability and no cost.

Monitoring

Monitored Natural
Attenuation

Moderate: for the reasons stated above (in No Action), the PA contamination
is not believed to present an unacceptable risk via vapor intrusion or RA
water supply wells. Ongoing monitoring will allow for continued evaluation
of risk to human health and the environment, enabling contingency measures
to be implemented in a timely manner to be protective of receptors in the
event that an unacceptable risk is posed.

It is recommended that monitoring efforts focus on the migration of the distal
portion of the plume and its location with respect to the estimated extent of
the PA aquitard. Another effective means of monitoring potential vertical
migration of contamination from the PA through the aquitard would be
monitoring changes in vapor concentrations in the LVZ.

High: relatively easily implemented by conducting routine sampling events
using the existing monitoring network. Additional monitoring wells could be
installed without much difficulty; however, the current network is believed to
be adequate and no additional locations are anticipated in the near future. In
the event that the PA groundwater plume continues to migrate further
downgradient, additional PA groundwater monitoring wells may be
appropriate to assess the plume's proximity to the estimated edge of the PA
aquitard. Also, installing additional vapor monitoring points in the LVZ
would assist in evaluating the potential for vertical migration through the PA
aquitard.

Low: no additional capital costs
are anticipated under this
technology. Additional PA
monitoring locations could be
installed at fairly low capital costs.
Installing additional L\VZ vapor
monitoring points would involve
higher capital costs. Relatively
low O&M costs would be would
be associated with long-term
monitoring.

Retained for incorporation into remedy

development due to moderate
effectiveness, high implementability,
and low cost.
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TABLE 4-3B

TECHNOLOGY EVALUATION FOR THE PA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL, | TECHNOLOGY PROCESS SCREENING CRITERIA
STRATEGIES OPTIONS EFFECTIVENESS IMPLEMENTABILITY L E G SCREENING COMMENTS
Moderate to High: this technology would effectively remove product within  [Moderate: the existing MPE system could be altered to operate as a Moderate to High: minor capital |Retained for incorporation into remedy
the immediate vicinity of the extraction wells; however, the product layer is  [bioslurping system by adjusting the stinger heights to sit at the product-air costs would be incurred in development due to its moderately high
fairly extensive and covers a much larger area than the present MPE wells interface. Additional wells may be recommended based on the desired modifying existing MPE wells. effectiveness and moderate
could influence. However, for the reasons presented under "No Action,” the |treatment area, but the extraction and central collection network may be Installing new wells to the product [implementability, despite its
Bioslurping current condition of the PA is not believed to pose a threat to receptors. difficult to install as the land in the project vicinity is densely developed. layer and their above ground moderately high cost. This option

Source Control

Therefore, implementing bioslurping in a limited portion of the diesel layer
beneath the Plant area still achieves some additional protectiveness.
Additional extraction wells could be installed if a greater treatment footprint
were desired.

System O&M can be time intensive. Extracted product would need to be
collected for disposal or recycling. Extracted air would require treatment.
Little to no groundwater would be extracted.

extraction network is relatively
expensive. System O&M and
treatment is relatively expensive.

would be more advantageous than MPE
if only product were desired to be
recovered.

Multi-Phase Extraction
(MPE)

High: this technology would effectively remove groundwater and product
within the immediate vicinity of the extraction wells; however, contamination
in groundwater and product layer covers a much larger area than the present
MPE wells could influence. However, for the reasons presented under "No
Action," the current condition of the PA is not believed to pose a threat to
receptors. Therefore, implementing MPE in a limited portion of the PA
beneath the Plant area still achieves additional protectiveness. Additional
extraction wells could be installed if a greater treatment footprint were
desired. Historical operation of the MPE system as an ERA has successfully
reduced concentrations in both the lower and upper portions of the UVZ.

Low to Moderate: the existing MPE system would continue to operate as
installed. If the stingers are lowered into the saturated zone, it would extract
water, product, and air. Additional wells may be recommended based on the
desired treatment area, but the extraction and central collection network may
be difficult to install as properties in the project vicinity are densely
developed. System operation involves significant O&M efforts. Extracted
liquid would require treatment and/or disposal or reuse. Extracted product
would be collected for disposal or recycling. Extracted air would require
treatment.

High: no capital costs would be
incurred in using the existing MPE
wells and system, however, capital
costs would be associated with
implementing a different ex situ
treatment technology from what
the system is presently set up for
(see Table 7-1 for ex situ treatment
screening). Moderate capital costs
would be involved in installing
new wells to the product layer, if
desired. System O&M and
treatment of extracted vapor and
liquids is expensive.

Bioslurping would be more
advantageous than MPE if only product
were desired to be recovered.

However, MPE is retained as a
contingency option in the event that
groundwater extraction is desired or if
residual product trapped below the
water table needs to be accessed via
dewatering.

Skimmer Pumps

Low: relatively low volumes of product would be continuously recovered
over long periods of time. Based on pilot testing of this technology
conducted for several weeks in the fall of 2001, this technology was deemed
unsuccessful. Problems encountered included recovering large volumes of
water and low recovery of free product.

Low: pumps would be deployed in each well with a connection to pressurized
gas (e.g., nitrogen) and would discharge product through tubing to storage
containers at the surface. Permanently deployed systems would likely
interfere with Plant operations, though a centralized gathering system would
aid in reducing the surface footprint. Numerous challenges were encountered
during its pilot testing.

Low: relatively low capital costs
and low O&M costs are associated
with this technology.

Rejected due to its low effectiveness
and low implementability based on
prior pilot testing of this technology at
the Site.

Soil Vapor Extraction
(SVE)

Low: if SVE were implemented in the lower portion of the UVZ immediately
above the diesel product layer, some COC mass would be extracted from the
diesel layer by creating a stronger diffusion gradient out of the product and
into the soil vapor. However, the contaminant mass removal process would
be relatively inefficient as only the uppermost portion of the diesel layer
would be subject to an increased diffusion rate. It would require significant
periods of time before meaningful amounts of contaminant mass are removed
from the entire diesel layer.

Moderate to High: there are four existing SVE wells that could be utilized
along with the existing MPE wells if the stinger heights were adjusted
sufficiently above the product-air interface to operate as a SVE system.
System O&M can be time intensive. Extracted air would require treatment;
limited liquids would be generated from condensation.

Moderate to High: minor capital

costs would be incurred in
modifying the MPE system and
connecting to the SVE wells.
System O&M and vapor treatment
is expensive.

Rejected as a primary technology to
address the PA, as bioslurping or MPE
are more effective physical means of
removing contaminant mass in the
saturated zone. SVE is retained as
secondary as a UVZ treatment
technology or as vapor capture for a PA
technology (e.g., air sparging).
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TABLE 4-3B

TECHNOLOGY EVALUATION FOR THE PA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Plume
Remediation
(in situ)

PlumeStop with MNA

High: this technology would be used as a contingency in the event that the PA
plume appears to be migrating with elevated concentrations toward the
estimated extent of the PA and poses a threat for vertical migration to the RA.
PlumeStop would transfer contamination from the aqueous phase to the
sorbed phase, as well as enhancing natural biodegradation processes. When
contaminants come in contact with the micron-sized GAC, they sorb to the
surface of the GAC where they remain indefinitely or until consumed via
biodegradation processes. Overall this technology would immobilize and
subsequently reduce contaminant mass, effectively eliminating the potential
risk of migration beyond the PA aquitard and ultimately to the RA.
Regardless of the level of natural biodegradation occurring, the plume would
essentially "stop” at the treatment barrier; therefore, this technology is as
effective as its distribution is complete.

Similar to processes involved with ex situ GAC treatment, once the GAC
becomes fully saturated (or reaches its sorption capacity), contamination will
"break through™ and continue migrating downgradient fairly uninhibited.
However, PlumeStop could be delivered at quantities capable of sorbing the
entire plume without breakthrough occurring (even without ongoing
degradation) and biodegradation will continue to "regenerate” the carbon
making more sorption sites available.

Moderate: PlumeStop would be injected in a series of injection wells or
temporary points to create a continuous barrier spanning the width of the PA
plume. To reduce the number of injection points and material used, the
treatment barrier could selectively focus on the elevated portion of the plume
(e.g., concentrations above 1,000 ppb). Assuming a plume width of 500 feet
(running east-west), approximately 16 injection wells would be needed
assuming an injection radius of 15 feet. The treatment depth would extend
from the water table to the top of the aquitard - the saturated thickness
(treatment zone) is a few thick.

PlumeStop easily injects and does not reduce the formation's permeability. It
has a viscosity similar to water and the GAC particles are generally 1-micron
in size (significantly smaller than most pore throat diameters) allowing it to
freely flow in the aquifer without clogging or reducing permeability. The
GAC particles are negatively charged and do not adhere together, but will
continuously coat the surfaces of the soil grains as it flows through the
aquifer. Essentially, the PlumeStop distribution is limited only by the volume
injected and the injection method's ability to distribute water. In general,
PlumeStop will migrate with water for a period of a couple months prior to
losing its polarity and settling out. Therefore, the distribution achieved is
controlled mostly by the injection hydraulics and quantities of PlumeStop
injected.

Moderate: this option involves
high capital costs associated with
well installation/drilling, labor,
and material costs; however, there
are no O&M costs associated with
this technology beyond
groundwater sampling as part of
performance monitoring.

Retained as a contingency measure in
the event that the PA plume appears to
be migrating with elevated
concentrations toward the estimated
extent of the PA and poses a threat for
vertical migration to the RA.

PlumeStop with ERD

High: this technology is identical to the PlumeStop technology described
above, except it is paired with biostimulation and potentially bioaugmentation
to enhance reductive dechlorination processes within the treatment zone. The
plume would still be stopped irrespective of biodegradation processes, as
aqueous phase contamination is transferred to the sorbed phase; however, the
contamination would be biologically consumed instead of being immobilized
indefinitely. Therefore, the net contaminant mass in the PA would be reduced
under this technology.

There are multiple benefits to pairing PlumeStop and ERD, which include (1)
downgradient migration of the plume is "stopped" and risk posed to drinking
water receptors is eliminated without concern about whether complete or
successful biodegradation was achieved; (2) the PlumeStop GAC creates
biologically active "sites" where microorganisms can readily access the
contaminant to respire; and (3) biological processes are accelerated within the
treatment zone because the contaminants are more accessible and the
microorganism colonies are not as stressed (or starved). Overall, contaminant
mass can be destroyed within a much narrower treatment zone because the
biological processes are considerably more active and the contaminant is
immobilized until it is consumed.

Low to Moderate: the PlumeStop implementation portion of this technology
would be implemented in an identical manner to the technology described
above, except the injection solution would be a mixture of water, PlumeStop,
and an amendment for ERD (e.g., EVO) instead of just PlumeStop and water.
The EVO would yield anaerobic conditions over a period of a few months
that would be conducive to ERD. Distributing the EVO may be more difficult
than the PlumeStop and it may not spread out as far as the PlumeStop;
therefore, non-biologically active pockets may reside within the injected
barrier. Repeat injections of EVO may be required depending on how self-
sufficient the biological treatment zone becomes with the natural organic
content in the aquifer concentrated on the GAC particles.

The reason why PlumeStop with ERD would be more desirable and
implementable than the ERD only option is that the PlumeStop would
significantly increase the contaminant's retention/retardation within the
biologically active treatment zone, necessitating only one treatment zone/row,
as opposed to multiple treatment zones.

Depending on the species of indigenous microorganisms present,
bioaugmentation (the addition of select microorganisms) may be needed to
promote ERD. Prior to injecting microbial culture, the system would need to
have well established anaerobic conditions and would require a separate
injection event multiple months later. Anaerobic chase water would need to
be used to push the microbes further into the formation, possibly using the
recirculation wells to further distribute the microbes. Although the
distribution achieved would be more limited than that achieved by the
PlumeStop, the microorganisms tend to slowly spread or bloom out over time.

Moderate to High: this option

involves high capital costs
associated with well
installation/drilling, labor, and
material costs; however, there are
no O&M costs associated with this
technology beyond groundwater
sampling as part of performance
monitoring.

Rejected as the first contingency
measure, as PlumeStop with MNA is
likely to achieve the same level of
protection. Considering that there is
evidence of natural biodegradation in
the PA, adding amendment may be
redundant. However, if enhanced
biodegradation is desired, this
technology could be implemented.
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TABLE 4-3B

TECHNOLOGY EVALUATION FOR THE PA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Plume
Remediation
(in situ

Air Sparging

High: air sparging removes volatile contaminants relatively quickly as long as
adequate distribution is achieved. This technology would involve sparging air
at the base of the PA (or top of the aquitard) and the air would bubble through
the saturated zone and the diesel product layer until reaching the UVZ where
it would be captured by SVE, or a similar vapor control technology. Placing
the sparging diffuser immediately above the top of the aquitard would assist
in increasing the sparging radius of influence as pressurized air would be
forced laterally outward by the impermeable layer prior to moving upward.

Moderate: some degree of sparging could be achieved if the stingers in the
MPE wells were lowered to the base of the wells and retrofitted for air
injection (instead of extraction). Sealing discs or gaskets would need to be
placed immediately above the bottom of the stinger to force air into the filter
pack and prevent air moving up the well casing. Even this configuration is
less than ideal as air would likely move up the well's filter packs.

If it were desired to treat the plume within the 1,000 ppb cDCE contour via
sparging, a row of injection wells could be installed at the downgradient edge
of the 1,000 ppb contour, spanning approximately 400 feet. Approximately
13 injection wells would be needed for such a configuration if installed on 30-
foot spacing. However, air sparging should be conducted at additional
locations beneath the plant if the objective is to remove contaminant mass
from the product layer. Injection wells would have 1 to 2-foot screened
intervals above the base of the PA aquitard.

Moderate to High: this technology

would involve considerable capital
costs associated with the numerous
injection points and the above
ground infrastructure to pressurize
the wells. High O&M costs would
be associated with continually
supplying pressurized air and
performance monitoring. SVE, or
another vapor capture technology,
would also be required.

Retained due to high effectiveness and
moderate implementability, despite the
relatively high cost.

In-Well Air Stripping

High: this technology is somewhat of a combination of SVE and air sparging,
and therefore, shares their respective effectiveness.

Moderate: this technology would be implemented in essentially the same
manner as described in the air sparging technology above. The advantage to
in-well stripping is that a single boring can be advanced to house both the
sparging and SVE capabilities, saving on costs and requiring fewer locations.
The disadvantage is that typically SVE can achieve a considerably greater
radius of influence than sparging and a larger borehole would need to be
advanced to house both components. Therefore, an optimal scenario may be
to have every other well be an in-well air stripping setup and the remaining
wells as strictly air sparging. The separation disc would need to form a good
seal to prevent short-circuiting.

Moderate to High: this technology

would involve considerable capital
costs associated with the numerous
injection points and the above
ground infrastructure to supply
pressurized air and extract vapors
from the wells. High O&M costs
would be associated with
continually supplying pressurized
air, extracting vapors, and
conducting performance
monitoring.

Retained due to high effectiveness and
moderate implementability, despite the
relatively high cost.

In Situ Chemical
Oxidation (ISCO) via
Injections

Low: this technology oxidizes aqueous-phase contamination that it comes into
contact with, but does not address contamination in the sorbed phase or
NAPL phase. Most oxidants have a brief longevity ranging from less than a
month (e.g., Fenton's) to a few years (e.g., permanganate). Contaminant mass
in the sorbed phase or in the diesel product would be secondarily treated by
increasing the diffusion gradient from the product to the groundwater.
Considering that the significant majority of contaminant mass is present
within the diesel layer, this technology would not be very effective.

Low: oxidant would be delivered to the PA via injection wells, or temporary
injection wells throughout the desired treatment area. Assuming a treatment
area within the 1,000 ppb cDCE contour, approximately 130 or 90 injection
locations would be required assuming a radius of influence of 20 or 25 feet,
which is fairly large. Considering the densely developed project vicinity,
injecting at this many locations is not feasible. Furthermore, repeat injections
would be needed as contaminant mass would continue to diffuse from the
diesel into groundwater following oxidant consumption. Organic content
from the diesel layer would strongly compete for oxidant demand. Solid
oxidant (e.g., potassium permanganate solids) could be emplaced with
hydraulic fracturing; however, great care would need to be taken to not
compromise the PA aquitard during the fracturing process.

High: this technology would
involve significant capital costs
associated with the numerous
injection points and considerable
quantities of oxidant required.
O&M costs would also be high
due to repeat injections and
performance monitoring.

Rejected due to low effectiveness,
difficult implementability, and high

cost.

In Situ Chemical
Reduction (ISCR)

Low: this technology would not be effective for similar limitations shared
with ISCO.

Low: this technology shares similar implementation difficulties with ISCR.

High: same reasons as ISCO.

Rejected due to low effectiveness,
difficult implementability, and high

cost.

Vertical Wells

Because the PA is too deep for directional wells and there is no additional benefit in using recirculation wells, standard vertical wells would be utilized for remedy implementation.

Recirculation Wells

Because none of the retained active remedies involve injecting material, the advantage gained by recirculation wells in increased distribution is not needed.

Hydraulic Fracturing -
Solid Amendment
Emplacement

Because none of the retained active remedies involve injecting material, the advantage gained by emplacing solid amendments (e.g., KMnQ, solids) is not needed.
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TABLE 4-3B
TECHNOLOGY EVALUATION FOR THE PA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL | TECHNOLOGY PROCESS SCREENING CRITERIA
STRATEGIES OPTIONS EFFECTIVENESS [ IMPLEMENTABILITY | L E G SCREENING COMMENTS
The suitability of technologies (effectiveness, implementability, and relative cost) for ex situ treatment of air and/or water will vary based on the chosen remedial strategy. Factors to consider include the average values and variations
(anticipated ranges) in contaminant concentrations and flow rates. Furthermore, technologies employed across various intervals (e.g., UVZ, PA, LVZ, and RA) may benefit from sharing a common ex situ treatment, whereas evaluated
TEX tSitU t (TO B_? 'ﬁfte;”I;ned individually different option(s) may have been selected. For example, if SVE were implemented at only one location in the LVZ, it may not extract enough contamination or have a sufficient flow rate to economically select a catalytic
reatmen see Table 7-

oxidizer and GAC may be more suitable; however, if extracted flow from the LVZ were joined with extracted flows from SVE in the UVZ, GAC may become uneconomical. Therefore, the ex situ treatment technologies will be
evaluated only for the proposed remedy.

Notes & Acronyms

c¢DCE = cis-1,2-Dichloroethene

ERA = early response action

ERD = enhanced reductive dechlorination
EVO = emulsified vegetable oil

GAC = granular activated carbon

ISCO = in situ chemical oxidation

ISCR = in situ chemical reduction

KMnO, = potassium permanganate PA = perched aquifer

LVZ = lower vadose zone PCE = tetrachloroethene
MNA = monitored natural attenuation ppb = parts per billion
MPE = multi-phase extraction RA = regional aquifer
NAPL = non-aqueous phase liquid SVE = soil vapor extraction
O&M = operations and maintenance UVZ = upper vadose zone
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TABLE 4-3C

TECHNOLOGY EVALUATION FOR THE LVZ
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL [ TECHNOLOGY PROCESS SCREENING CRITERIA
STRATEGIES OPTIONS EFFECTIVENESS IMPLEMENTABILITY A EIGOET SCREENING COMMENTS
Low: there is known contamination in the LVZ that is believed to contribute [High: easily implemented as no further action would be required. Current None: no costs would be incurred |Rejected, as no action would not
to elevated groundwater concentrations in the RA, particularly in the vicinity [monitoring would cease. as no further action would be address the LVZ as a source to the RA
of PER-14A. Under no action, this contamination is anticipated to continue required. and may inhibit achieving remedial
impacting groundwater via volatilization and infiltration, likely serving as a objectives. RA groundwater would
long-term source. Some degree of natural attenuation is likely to occur over remain impacted directly beneath and
. . time; however, no monitoring would be conducted to evaluate vapor downgradient of the Plant area. The
No Action  [No Action . . . . iy
concentrations and the progress of attenuation. If the recent increasing condition of the LVVZ could not be
groundwater elevation trend continues in the RA, groundwater may come into monitored.
contact with additional residual contamination in the LVZ, further impacting
groundwater. Therefore, no action in the LVZ may delay or inhibit achieving
the remedial objectives.
Low to Moderate: for the reasons stated above, the LVZ is believed serves as [Moderate: implemented relatively easily by conducting routine sampling of a [Low to Moderate: moderate capital |Rejected, as MNA would not address
a continuing source for groundwater contamination in the RA in the vicinity |monitoring network. The existing network would benefit from installing a costs would be incurred in the LVZ as a source to the RA and may
of PER-14A and may increasingly impact the RA if groundwater elevations  |few additional nested monitoring points, which would involve considerable |installing additional monitoring [inhibit achieving remedial objectives.
continue to increase. Monitoring the LVVZ would assist in evaluating risks effort to install. An improved monitoring network would also assist in points. Relatively low O&M costs |RA groundwater would remain
posed by vapor concentrations in the LVZ and the potential for natural evaluating the potential for vertical migration of contamination through the  |would be would be associated with [impacted directly beneath and
Monitoring Monitored Natural attenuation, but residual contamination is likely to serve as a source to RA PA aquitard into the LVZ. long-term monitoring. downgradient of the Plant area.

Attenuation

groundwater for the long term. Extracted groundwater from UoA production
wells is anticipated to remain below MCLs due to attenuation and dilution
with MNA in the LVZ; however, a considerable portion of the present plume
footprint would have degraded water quality negatively impacting CoT,
should CoT decide to extract from the area in the future.

Anaerobic Bioventing

Low: it is uncertain whether the indigenous microorganisms could completely
degrade PCE and its daughter products. If able to do so, the process would
likely be slow and the LVVZ would continue to serve as a source to RA
groundwater in the interim. Furthermore, anaerobic bioventing could increase
risks by achieving only partial degradation resulting in elevated
concentrations of the more toxic compound, vinyl chloride, in groundwater.

Low: the existing VEL-03 well could be modified to inject gaseous substrates
across the vadose zone; however, additional injection wells would be needed
to obtain and sustain anaerobic conditions across the vadose zone. Installing
wells into the LVZ beneath the plant must be done with care to avoid carrying
contamination from the PA into the LVZ or creating a conduit for
contaminant migration through the PA aquitard. System O&M can be time
intensive and require frequent deliveries or recharges of the substrate supply.

High: relatively high capital costs
would be incurred in modifying
VEL-03 and installing new
injection well locations, as well as
installing substrate delivery
infrastructure. System O&M and
substrate supply is moderately
expensive in the long term.

Rejected, as it has low effectiveness, is
relatively difficult to implement and is
relatively expensive. SVE is a better
option for remediating contaminated
vapors.

Source Control

Soil Vapor Extraction

High: a pilot test of SVE in the LVZ was conducted in January 2014 and was
found to be a successful technology in removing COCs and significantly
reducing vapor concentrations in the LVZ. An early response action of SVE
in the LVZ was implemented in early 2015 and deemed effective. Additional
SVE operation may be required going forward based on future monitoring

Moderate to High: based on pilot testing, it is anticipated that adequate
treatment could be achieved using VEL-03. In this instance, SVE could be
readily implemented with relative ease. In the event that a larger treatment
area is desired, additional SVE wells could be installed and incorporated to
the central collection network. Installing wells into the LVVZ beneath the plant

Moderate: small capital costs
would be incurred in modifying
the MPE system and connecting to
the VEL-03. Relatively high
capital costs would be incurred if

SVE is retained for incorporation into
remedy development as it is the most
practical technology to address
contamination in the LVZ.

(SVE) results. must be done with care to avoid carrying contamination from the PA into the [new SVE wells were installed.
LVZ or creating a conduit for contaminant migration through the PA aquitard. [System O&M and vapor treatment
System O&M can be time intensive. Extracted air would require treatment; |can become expensive in the long-
limited liquids would be generated from condensation. term.

Vertical Wells As the LVZ is too deep for directional wells, standard vertical wells would be utilized for remedy implementation.

Ex Situ
Treatment

To Be Determined
(see Table 7-1)

The suitability of technologies (effectiveness, implementability, and relative cost) for ex situ treatment of air and/or water will vary based on the chosen remedial strategy. Factors to consider include the average values and variations
(anticipated ranges) in contaminant concentrations and flow rates. Furthermore, technologies employed across various intervals (e.g., UVZ, PA, LVZ, and RA) may benefit from sharing a common ex situ treatment, whereas evaluated
individually different option(s) may have been selected. For example, if SVE were implemented at only one location in the LVZ, it may not extract enough contamination or have a sufficient flow rate to economically select a catalytic
oxidizer, so GAC may be more suitable. However, if extracted flow from the LVVZ were joined with extracted flows from SVE in the UVZ, GAC may become uneconomical. Therefore, the ex situ treatment technologies will be

evaluated only for the proposed remedy.

Notes & Acronyms

COCs = chemicals of concern

CoT = City of Tucson

GAC = granular activated carbon
LVZ = lower vadose zone

MCLs = maximum contaminant levels

MNA = monitored natural attenuation
MPE = multi-phase extraction

O&M = operations and maintenance
PA = perched aquifer

PCE = tetrachloroethene

RA = regional aquifer

SVE = soil vapor extraction
UoA = University of Arizona
UVZ = upper vadose zone
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TABLE 4-3D

TECHNOLOGY EVALUATION FOR THE RA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Remedial
Measures

Well Modification

Low: sealing off the upper interval (from approximately 200 to 330 feet bgs)
of the UoA production wells would result in decreased groundwater
production, affecting UoA water supplies. Because the natural groundwater
surface has a mild gradient, groundwater flow is considerably influenced by
groundwater extraction. Therefore, withdrawing greater quantities from a
deeper depth would result in a negative vertical gradient inducing downward
migration of the plume. Extracted groundwater concentrations would remain
above acceptable levels (requiring wellhead treatment) and the plume would
be spread across an even greater vertical extent. Furthermore, it is anticipated
that groundwater contamination will exist in the deeper intervals (though to a
lesser extent than in the upper interval) due to diffusion and dispersion by the
time the plume has migrated to the UoA production wells based on
preliminary model simulations.

High: the upper layer (approximately 200 to 330 feet bgs) of the UoA production wells
would be sealed off using a liner bounded by well packers. For example, a "GRIFFITTS
Double-locking well seal” could be deployed with the upper packer set above the water table
and the PVC liner extending to the lower packer set below 330 feet bgs. The packers would
have an outer diameter matching the inner diameter of the well casing and have multiple
flexible flanges that create an effective seal. The PVVC liner would have a large enough
diameter to allow the water conveyance tubing from the well's submersible or turbine pumps
to pass through. The well packers and liner would be assembled at the wellhead during
deployment and would require a standard work-over rig.

Very Low: the capital costs
involved in implementing this

technology would be the materials

for the packer-liner assembly,

which is inexpensive, and the labor
involved in its installation. There
are no O&M costs associated with

this technology.

Rejected due to its low
effectiveness, despite its
high implementability and
low cost.

Wellhead Treatment

High: numerous treatment technologies can be effectively implemented at the
wellhead to treat or remove contamination from extracted groundwater,
preventing unacceptable risks from receptors exposure to contamination.
Individual treatment technology types are evaluated in Table 7-1.

Moderate to High: the degree of ease with which wellhead treatment is implemented depends
on the chosen technology considering the O&M involved (frequency of maintenance,
operational demands, administrative coordination, etc.) and the surface area (footprint)
required to implement the treatment process. Many of the technologies are well-understood
and commonly used.

High: this technology involves

relatively low to moderate capital
costs depending on the process
implemented; however, long-term
O&M costs are high and involve

labor costs, performance
monitoring, power supply, and
materials used.

Retained due to its high
effectiveness and relatively
high implementability,
despite the high costs. This
technology would be
implemented as a
contingency factor, if plume
remediation alone is not
protective.

Provision of Replacement
Water Supplies

Low to High: if CoT were willing and able to connect UoA to city water, they
could provide clean water to the UoA users and the existing UoA production
wells would be taken offline, thereby eliminating potential risks to receptors
from exposure to groundwater contamination. This option, however, is not
effective from the standpoint of CoT in the event that they seek to install and
operate production wells within the footprint of the groundwater plume. In
this instance, wellhead treatment would need to be implemented.

If CoT was not able to provide treated water to UoA, another option would be
providing bottled water services to UoA for drinking water consumption. This
option has limited effectiveness though as the UoA campus is very large and
water is used for many uses beyond drinking (e.g., hand washing, showering,
irrigation, sanitary, cooking uses, etc.) for which exposure to contamination
could not be controlled. Furthermore, the UoA already has established
infrastructure for drinking water supplies (e.g., drinking fountains, soda
fountains, etc.) that would need to be discontinued.

Low to Moderate: if CoT were willing and able to connect UoA to city water, city water
would replace the groundwater production wells and the existing infrastructure could be
readily used. However, it is anticipated that CoT could not meet all of UoA's water demands
without negatively affecting their water supply capabilities. Furthermore, should CoT seek
to withdraw water supplies from the RA within the footprint of the groundwater plume, this
option does not apply and cannot be implemented. As mentioned in the “effectiveness"
discussion, providing bottled water to UoA is not a feasible option as it cannot achieve
adequate protection.

Moderate to High: there would be

moderately low capital costs

involved in connecting City water
to the UoA, however, the long-

term utility costs of using City
water are relatively high.

Rejected as this technology
cannot be implemented or
effective to protect CoT's
water supply. Furthermore,
its implementability is
doubtful and expensive for
the UoA.
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TABLE 4-3D

TECHNOLOGY EVALUATION FOR THE RA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Monitoring

Monitored Natural
Attenuation

Low: because little to no biodegradation is believed to naturally occur in the
RA, contaminant mass is not reduced, but rather redistributed via diffusion,
dispersion, volatilization, and sorption. As the UoA extraction wells span
deep intervals, vertical dispersion and diffusion does not assist in reduced
extracted concentrations as the net mass extracted is unchanged. Sorption and
desorption helps lengthen the plume with decreased aqueous concentrations;
however, modeled simulations predicted a peak extraction concentration of
approximately 9.1 ppb of PCE at the Agriculture well under MNA conditions,
with concentrations greater than 2.5 ppb of PCE for approximately 43 years.
Wellhead treatment could be implemented for the period during which
concentrations exceed the action threshold level (i.e., 2.5 ppb) to protect
groundwater users.

High: implemented relatively easily by conducting routine sampling events using the
existing monitoring network. Installing additional monitoring wells would require
considerable effort. The current network is believed to be adequate until elevated
concentrations are detected at the UAM sentinel wells. Therefore, no additional locations
are anticipated in the near future, but several more monitoring wells may need to be installed
once the plume has migrated beyond the most downgradient wells.

Low: no additional capital costs
are anticipated under this
technology. Additional
monitoring locations could be
installed at fairly low capital costs.
Relatively low O&M costs would
be would be associated with long-
term monitoring.

Rejected without remedial
measures, but retained for
incorporation into remedy
development with wellhead
treatment due to high
implementability and low
cost.

Physical
Containment

Groundwater Extraction
via Pumping Wells

High: contaminated groundwater can be effectively captured and prevented
from downgradient migration to the UoA production wells. This technology
captures the plume, protecting downgradient water users but does not address
upgradient contamination. Modeling identified a configuration that
completely captures groundwater contamination in the RA and does not result
in concentrations greater than 2.5 ppb of PCE at the UoA production wells. In
the event that CoT wanted to extract groundwater within the RA plume
upgradient of the extraction well, wellhead treatment would need to be
implemented.

Moderate: this technology has been frequently employed and is well-understood.
Contaminated groundwater is withdrawn from an extraction well screened across the
impacted portion of the RA and is then treated at the surface prior to discharge, reuse, or
reinjection. Preliminary optimization modeling simulations identified the ideal extraction
scenario (fewest locations with minimum extraction rate to achieve adequate plume capture)
to include one extraction well located approximately 200 feet north of PER-28, screened
from 200 to 330 feet bgs, and pumping at 50 gpm for approximately 30 years. Ex situ water
treatment would need to be implemented at the surface prior to reinjection, reuse, or
discharge (see Table 7-1 for screening ex situ treatment technologies).

Moderate to High: there would be
moderate capital costs associated
with installing an extraction well to
330 feet bgs and for configuring
the ex situ treatment and
reuse/reinjection conveyance
system. The long-term O&M costs
of operating the pump, treating the
water, and discharging/reinjecting
the treated water are relatively
high.

Retained due to high
effectiveness and moderate
implementability, despite
the relatively high long-
term costs.
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TECHNOLOGY EVALUATION FOR THE RA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Plume
Remediation
(in situ)

Anaerobic Bioremediation
via Amendments

Moderate: this technology is partially effective, as it reduces contamination in
RA groundwater but wellhead treatment would still likely be required to
protect groundwater users based on preliminary modeling that was conducted
to evaluate the effectiveness of enhanced reductive dechlorination (ERD).
Modeling results show a decrease from a peak extraction concentration of
approximately 9.1 ppb of PCE at the Agriculture well under MNA conditions
to approximately 4.0 ppb of PCE using one row of wells to implement ERD.
If three rows of injection wells are used to implement ERD, a peak extraction
concentration of approximately 1.8 ppb of PCE is predicted at the Agriculture
well.

Another concern is that if complete degradation is not achieved in RA
groundwater prior to being extracted for consumption, the daughter products
produced by partial degradation (i.e., vinyl chloride) could be considerably
more hazardous than if no degradation were achieved. Considering that
complete degradation is not anticipated to occur using one or three rows of
ERD treatment zones, the potential for increased risk is a real possibility.
Overall, some mass reduction is achieved under this technology, but it could
actually increase risk to receptors and cannot be implemented as a sole
technology while being conservatively protective.

Very Low: given the nature of the Site, this technology would be very difficult and costly to
implement. Assuming that the targeted treatment area is within the 10 ppb contour for the
PCE plume, the treatment barrier (or line of injection wells) would need to span a distance of
approximately 600 feet laterally (running east-west). The treatment depth would extend to
330 feet bgs with a 130-foot thickness. Assuming a radius of influence (ROI) of 15 feet,
approximately 20 injection locations would be required for a single row and 60 wells for
three rows.

In order to inject across such a thick interval, one option would be using nested injection
wells screened at differing depths to control the injection distribution. Injection could occur
simultaneously at multiple wells per location. Assuming injection intervals occur across
screens between 10 to 12 feet in length, approximately 11 to 13 individual wells would be
nested at each injection location. Assuming a maximum of four nested wells could be co-
located within a single boring, four borings would need to be advanced for every injection
location. This would result in approximately 80 borings for a single row and 240 borings
for three rows.

Another option would be to use a single well per location with individually screened
segments to control the injection distribution. For example, the well could include
approximately 10 discrete 10-foot screened intervals separated by brief 3-foot blank sections.
The well construction would be complex and bentonite seals would need to be precisely
placed to avoid communication through filter packs. Individual screens could be isolated by
inflating packers in the blank casing portions above and below the targeted screen interval.
Only one screen interval could be injected at a time, which would significantly increase field
time as each well would involve 10 separate injection intervals before moving on to the next
injection location.

The treatment area would need to be located between PER-28 and UAM-2 in order to
capture the targeted treatment zone of the plume (10 ppb). Given the densely populated land
use and the difficulty in carefully installing a RA well through the PA aquitard, installing
this many locations is not feasible. Significant administration coordination would be
required in obtaining land access and clearing utilities.

Furthermore, the ERD treatment zone would need to remain effective for at least 35 years
based on the simulated duration it would take the plume to flow through the treatment zone.
Because most substrates for ERD have a longevity of approximately 3 to 5 years, this
technology would require between 7 and 12 injection events. This would require an
immense volume of amendment. Another difficulty is that separate injection events would
be needed - first for the substrate to drive the system anaerobic, and second to deliver the
proper microbial culture (e.g., dehalococcoides) It is likely that a portion of the injection
wells would be damaged or fouled over the 35 year period with minimal use, likely requiring
the reinstallation of a portion of wells throughout the project life. Overall, this technology
cannot be feasibly implemented to address RA contamination.

High: this technology involves
very high capital costs associated
with the installation of numerous
injection wells, the field time spent
injecting large volumes of
amendment, and the material costs
for such large quantities. O&M
costs would include repeat
injections, as well as long-term
performance monitoring.
Considerable long-term costs
would also be associated with
ongoing wellhead treatment at RA
production wells.

Rejected due to very low
implementability, high
costs, and the continued
need for wellhead
treatment.
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Plume
Remediation
(in situ)

PlumeStop™ and MNA

Moderate to High: PlumeStop™ paired with MNA essentially transfers
contamination from the aqueous phase to the sorbed phase. When
contaminants come in contact with the micron-sized GAC, they sorb to the
surface of the GAC where they remain indefinitely or until consumed via
biodegradation processes. Given that minimal to no biodegradation is
assumed to naturally occur in RA groundwater, it is anticipated that the plume
would be removed from the aqueous phase and transferred to the sorbed phase
within the PlumeStop injection/treatment zone, while the total contaminant
mass would remain essentially unchanged.

Although this technology would not result in a meaningful reduction of
contaminant mass (minor long-term degradation may occur), it would be
effective in reducing or eliminating potential risk from exposure to drinking
water receptors. The plume would essentially "stop™ at the treatment barrier;
therefore, this technology is as effective as its distribution is complete.
Drinking water supply wells could be installed downgradient of the treatment
zone (where the plume has been removed); however, production wells should
not be installed within the treatment barrier to avoid potential disturbance and
remobilization of sorbed contaminant mass.

Similar to processes involved with ex situ GAC treatment, once the GAC
becomes fully saturated (or reaches its sorption capacity), contamination will
"break through" and continue migrating downgradient fairly uninhibited.
However, the observed Site plume concentrations (generally between 10 and
100 ppb of PCE) are relatively dilute for what PlumeStop™ is capable of and
it could be delivered in quantities great enough to sorb the entire plume
without breakthrough occurring (even without ongoing degradation). If
incomplete distribution or breakthrough was a concern, monitoring wells
could be installed within the treatment zone to evaluate groundwater
concentrations moving through the zone.

Overall, the disadvantage to this technology is that given the aerobic
conditions of the RA, little to no biodegradation is anticipated and
contaminant mass is essentially transferred from one phase to another without
a meaningful net reduction. The advantage is that the plume is essentially
removed (or immobilized) indefinitely and this technology effectively protects
groundwater uses without the need for wellhead treatment. However, in the
event that CoT wanted to extract groundwater within the RA plume upgradient
of the treatment zone, wellhead treatment would need to be implemented.

Moderate: this technology is ideal for sites with large and dilute plumes, which the RA
plume resembles. Using PlumeStop™ enables long-term treatment across a single treatment
barrier using a single injection event, as opposed to complete coverage of the plume or
numerous injections and numerous rows. Therefore, this technology is relatively more
implementable than most other injection-based technologies for the RA. However, given the
nature of the Site, it still has implementability challenges. Assuming that the targeted
treatment area spans the 5 ppb contour simulated to flow past 8th Avenue for the PCE
plume, the treatment barrier would need to span a distance of approximately 775 feet in
length (running east-west). The treatment depth would extend to 330 feet bgs with a 130-
foot thickness.

PlumeStop™ was designed specifically for easy injection without reducing the permeability
of the formation. It has a viscosity similar to water and the GAC particles are generally 1-
micron in size (significantly smaller than most pore throat diameters) allowing it to freely
flow in the aquifer without clogging or reducing permeability. The GAC particles are
negatively charged and do not adhere together, but will continuously coat the surfaces of the
soil grains as it flows through the aquifer. Essentially, the PlumeStop™ distribution is
limited only by the volume injected and the injection method's ability to distribute water. In
general, PlumeStop™ will migrate with water for a period of a couple months prior to losing
its polarity and settling out. Therefore, the distribution achieved is controlled mostly by the
injection hydraulics and quantities of PlumeStop injected (see Appendix H).

In order to minimize injection locations, PlumeStop™ could be delivered using recirculation
wells where a series of injection and extraction wells are installed and PlumeStop™ solution
is injected into the injection wells and pulled across the formation to the nearby extraction
wells where it is extracted, dosed again with PlumeStop™ and reinjected. After some time,
the process can then be reversed where the solution is injected into the former extraction
wells and the former injection wells are used for extraction. This "push-pull" method allows
for increased distribution with fewer well locations. Particle tracking modeling suggests that
injection and extraction wells could be spaced approximately 60 feet apart with continuous
injection/extraction rates of 100 gpm per injection location across the 130-foot interval for a
one-week period in order to achieve adequate distribution across the 775-foot treatment
barrier. Therefore, a total of approximately seven injection wells and eight extraction wells
would be installed under this alternative. Given the densely populated land use, significant
administrative coordination would be required in obtaining land access and clearing utilities.

In order to inject across such a thick interval (130 feet), injection/extraction wells would be
installed with individually screened segments to control the injection distribution. For
example, the well could include approximately 7 discrete 15-foot screened intervals
separated by 4-foot blank sections. Under this example, approximately 15 gpm would be
injected/extracted at each 15-foot screened interval. Bentonite seals would need to be
precisely placed to avoid communication through filter packs. Individual screens could be
isolated by inflating packers in the blank casing portions above and below the targeted
screen interval. Only one screen interval could be injected at a time, which would increase
field time as each well would involve five separate injection intervals before moving on to
the next injection location. Because this delivery method requires extraction using a
submersible pump (or similar), the extraction wells need to have a large enough diameter to
lower a pump; therefore, smaller nested wells could likely not be implemented making a
single well with multiple screened intervals the preferred approach. Overall, this technology
does have some implementation challenges but is easier to implement relative to other
injection-based remedial technologies in addressing RA contamination.

Moderate: this technology involves
high capital costs associated with
the installation of a series of
injection/extraction wells, the field
time spent injecting and extracting
large volumes of PlumeStop™, and
the material costs for such large
quantities needed. However, this
technology would not include
repeat injections, does not require
wellhead treatment, and includes
fewer injection well installations
than other injection-based
technologies. O&M costs would
include long-term performance
monitoring.

Retained due to its
relatively high
effectiveness, moderate
implementability, and
moderate costs.

Page 4 of 6



TABLE 4-3D

TECHNOLOGY EVALUATION FOR THE RA
Park Euclid Feasibility Study, Tucson, AZ

REMEDIAL
STRATEGIES

TECHNOLOGY PROCESS
OPTIONS

SCREENING CRITERIA

EFFECTIVENESS

IMPLEMENTABILITY

RELATIVE COST

SCREENING COMMENTS

Plume
Remediation
(in situ)

PlumeStop™ and ERD

High: this technology is identical to the PlumeStop™ technology described
above, except it is paired with biostimulation and potentially bioaugmentation
to enhance reductive dechlorination processes within the treatment zone. The
plume would still be stopped irrespective of biodegradation processes, as
aqueous phase contamination is transferred to the sorbed phase; however, the
contamination would be biologically consumed instead of being immobilized
indefinitely. Therefore, the net contaminant mass in the RA would be reduced
under this technology.

There are multiple benefits to pairing PlumeStop™ and ERD, which include
(1) downgradient migration of the plume is "stopped" and risk posed to
drinking water receptors is eliminated without concern about whether
complete or successful biodegradation was achieved; (2) the GAC in
PlumeStop™ creates biologically active "sites" where microorganisms can
readily access the contaminant to respire; and (3) biological processes are
accelerated within the treatment zone because the contaminants are more
accessible and the microorganism colonies are not as stressed (or starved).
Overall, contaminant mass can be destroyed within a much narrower treatment
zone because the biological processes are considerably more active and the
contaminant is immobilized until it is consumed.

Low to Moderate: the PlumeStop™ implementation portion of this technology would be
implemented in an identical manner to the technology described above, except the injection
solution would be a mixture of water, PlumeStop™, and an amendment for ERD (e.g., EVO)
instead of just PlumeStop™ and water. The EVO would yield anaerobic conditions over a
period of a few months that would be conducive to ERD. Distributing the EVO would be
more difficult than the PlumeStop™ and would not spread out nearly as far as the
PlumeStop™ (i.e., less than 30 feet); therefore, non-biologically active pockets would reside
within the injected barrier. However, PlumeStop™ alone (without ERD) would still be
effective in protecting groundwater users, where any reduction in contaminant mass is an
added benefit, but not essential in meeting remedial objectives. Repeat injections of EVO
may be required depending on how self-sufficient the biological treatment zone becomes
with the natural organic content in the aquifer concentrated on the GAC particles.

The reason why PlumeStop™ with ERD would be more desirable and implementable than
the ERD only option is that the PlumeStop ™ would significantly increase the contaminant's
retention/retardation within the biologically active treatment zone, necessitating only one
treatment zone/row, as opposed to the three under ERD alone (which may potentially still
result in incomplete degradation). Depending on the species of indigenous microorganisms
present, bioaugmentation (the addition of select microorganisms) may be needed to promote
ERD. Prior to injecting microbial culture, the system would need to have well established
anaerobic conditions and would require a separate injection event multiple months later.
Anaerobic chase water would need to be used to push the microbes further into the
formation, possibly using the recirculation wells to further distribute the microbes. Although
the distribution achieved would be more limited than that achieved by the PlumeStop™, the
microorganisms tend to slowly spread or bloom out over time. The EVO distribution and
degree of microbial activity could be evaluated using an electro-resistivity survey such as
GeoTrax.

Moderately High: this technology
involves high capital costs
associated with the installation of a
series of injection/extraction wells,
the field time spent injecting and
extracting large volumes of
PlumeStop™ and EVO, and the
material costs for such large
quantities needed. Additional
costs would be associated with
bioaugmentation (if needed).
However, this technology would
not require wellhead treatment and
includes fewer injection well
installations than other injection-
based technologies. There may be
the need for repeat injections of
EVO. O&M costs would include
long-term performance monitoring.

Retained due to its high
effectiveness despite its
moderately low
implementability and
moderately high costs. If
Site closure can be granted
with immobilized sorbed
contamination remaining in
the RA, then PlumeStop™
with MNA would be just as
effective, but easier to
implement and less costly
than this technology.

In Situ Chemical
Oxidation (ISCO) via
Injections

Moderate: this technology is partially effective, as it reduces contamination in
RA groundwater but wellhead treatment would still likely be required to
protect groundwater users based on preliminary modeling that was conducted
to evaluate the effectiveness of ISCO. Modeling results show a decrease from
a peak extraction concentration of approximately 9.1 ppb of PCE at the
Agriculture well under MNA conditions to approximately 2.0 ppb of PCE
assuming that the entire plume area within the 10 ppb contour is treated with
post-treatment concentrations of 10 ppb (to account for imperfect contact).
Overall, some mass reduction is achieved under this technology, but it could
not be implemented as a sole technology while being conservatively
protective.

Very Low: given the nature of the Site, this technology would be very difficult and costly to
implement. Assuming a targeted treatment zone within the 10 ppb contour for the PCE
plume, the amendment would need to cover an area of approximately 500 feet laterally by
1600 feet longitudinally and a depth of approximately 130 feet.

Injecting oxidant would not have persistence great enough to treat in rows or fences,
therefore, much of the treatment would need to be “covered" with injection ROIls. Even
assuming an optimistic ROI of 30 feet, the treatment area would require approximately 250
injection locations, many of which access could not be obtained for given the densely
populated nature of the area. Even if staggered rows were used and only half of the injection
locations were utilized, 125 locations is still an impractical number of locations to install to a
depth of 330 feet bgs and through the PA aquitard. Significant administration coordination
would be required in obtaining land access and clearing utilities.

An alternative approach would be to install one or two rows of injection wells and do
repeated injections as the plume migrates downgradient. However, this would involve
between 25 and 50 injection events over a 35-year time period which is impractical and it is
highly unlikely that the injection wells could be used for so many injection events.

Similar to the concerns for ERD, delivery the oxidant across such a thick interval is
problematic and would necessitate numerous nested wells or complex well construction and
the use of packers while injecting. It would also require an immense volume of oxidant.
Furthermore, ISCO processes rely on direct contact, which does not address sorbed phase
mass or contamination in secondary-permeability strata. This often results in rebound and
necessitates repeat injections. Overall, this technology cannot be feasibly implemented to
address RA contamination.

Very High: this technology
involves extremely high capital
costs associated with the
installation of numerous injection
wells, the field time spent injecting
large volumes of oxidant, and the
material costs for such large
oxidant quantities. O&M costs
would include potential repeat
injections, as well as long-term
performance monitoring.
Considerable long-term costs
would also be associated with
ongoing wellhead treatment at RA
production wells.

Rejected due to very low
implementability, high
costs, and the potential need
for wellhead treatment.
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In Situ Chemical
Reduction (ISCR)

The treatment process for this technology is essentially the mirrored image of ISCO and utilizes the same delivery mechanisms. ISCR would share very similar implementability challenges and likely obtain
similar effectiveness. Therefore, this technology is rejected due to very low implementability, high costs, and the continued need for wellhead treatment.

Rejected based on similarity|
to ISCO.

Plume Vertical Wells

Remediation |Recirculation Wells

Vertical wells would be used in each of the retained remedial technologies, with recirculation methods employed in better distributing the PlumeStop and potentially EVO for ERD.

Both are retained for use.

(in situ) Hydraulic Fracturing -
Solid Amendment
Emplacement

Hydraulic fracturing was retained for use in delivery solid or viscous amendments or oxidants to the subsurface. However, the only retained technology that includes injections involves low-viscosity liquid,
making hydraulic fracturing unnecessary.

Rejected as this delivery
method is not needed for
retained technologies.

Ex Situ To Be Determined
Treatment  |(see Table 7-1)

The suitability of technologies (effectiveness, implementability, and relative cost) for ex situ treatment of air and/or water will vary based on the chosen remedial strategy. Factors to consider include the average values and variations
(anticipated ranges) in contaminant concentrations and flow rates. Furthermore, technologies employed across various intervals (e.g., UVZ, PA, LVZ, and RA) may benefit from sharing a common ex situ treatment, whereas evaluated
individually different option(s) may have been selected. For example, if SVE were implemented at only one location in the LVVZ, it may not extract enough contamination or have a sufficient flow rate to economically select a catalytic
oxidizer and GAC may be more suitable; however, if extracted flow from the LVZ were joined with extracted flows from SVE in the UVZ, GAC may become uneconomical. Therefore, the ex situ treatment technologies will be evaluated

only for the proposed remedy.

Notes & Acronyms
COCs = chemicals of concern
CoT = City of Tucson

ERD = enhanced reductive dechlorination

EVO = emulsified vegetable oil
GAC = granular activated carbon
gpm = gallons per minute

ISCO = in-situ chemical oxidation

ppb = parts per billion

RA = regional aquifer

ROI = radius of influence
SVE = soil vapor extraction
UoA = University of Arizona
UVZ = upper vadose zone

ISCR = in-situ chemical reduction
LVZ = lower vadose zone

MNA = monitored natural attenuation
MPE = multi-phase extraction

O&M = operations and maintenance
PA = perched aquifer

PCE = tetrachloroethene
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TABLE 5-1
ALTERNATIVES AND REMEDY DEVELOPMENT AND DESCRIPTIONS
Park Euclid Feasibility Study, Tucson, AZ

ALTERNATIVES AND REMEDIES

INTERVAL RETAINED
TECHNOLOGIES 1. REFERENCE 2. LESS AGGRESSIVE 3. MORE AGGRESSIVE
Pulsed SVE, then MNA MNA for 30 years SVE as Vapor Control, then MNA
Pulsed SVE for 10 years, then MNA of Continuous SVE in MPE wells as vapor
Upper MNA UVZ vapor wells until Year 30, then Site MNA of Uvi::a%r;ﬁ!z for 30 years, control for sparging in PA for 5 years
Vadose SVE Closure followed by pulsed SVE for 5 more years
Zone Directional Wells Install 4 additional shallow locations and monitor 36 individual wells initially
Refine to 25 individual wells and reduce sampling frequency
No further action after Year 30 No further action after Year 35
MNA MNA for 200 years MNA for 30 years Sparging with SVE as Vapor Control
Bioslurping MNA of PA wells for 30 years Sparge and SVE for 5 years in modified
MPE MNA of PA wells for 200 years PlumeStop barrier at Year 25 MPE wells
Perched : — : ——— —
Aquifer PlumeStop with MNA Install 7 additional locations and monitor initially 30 individual wells
Air Sparging - -
In-Well Air Stripping Refine network to 20 wells and reduce sampling frequency
Vertical Wells No further action after Year 200 No further action after Year 30 No further action after Year 35
SVE & Expanded LTM SVE & Current LTM Enhanced SVE & Expanded LTM
. Pulsed SVE in 2 wells first year, install a
Pulsed SVE for 10 twi Il ‘
Lower SVE uise or Z0years In two Wefls 3rd SVE well and operate to Year 11
Vadose Vertical Wells Install 4 additional monitoring clusters | Use current LTM network Install 4 additional monitoring clusters
Zone Annual initial monitoring of LVZ vapor wells to assess post SVE rebound
Infrequent LTM to assess vertical migration of PA contamination through aquitard
No further action after Year 30 No further action after Year 31
In-Situ PlumeStop Barrier MNA with Wellhead Treatment Groundwater Pump & Treat
Install a 850-foot long PlumeStop barrier | MNA at approximately 25 RA groundwater Install an extraction well screened from 200
Wellhead Treatment from 200 to 330 feet bgs along 8th Ave wells for 200 years
MNA using 8 injection and 9 extraction wells itori |10 330 feet bgs between PER-28 and UAM-
Groundwater Extraction with multiple screened intervals Qualrlterlyr/] monlltorln.g oA r;roductlon 2 and operate at 50 gpm for 30 years
Regional via Pumping Wells wells when plume is near capture zone
Aquifer PlumeStop with MNA In Situ passive treatment Ex Situ treatment when extracted PCE concentration exceeds 2.5 ppb

PlumeStop with ERD
Vertical Wells
Recirculation Wells

Install 5 additional wells for performance
monitoring of the barrier

Install & abandon 10 wells every 30 years
as plume moves

Install 4 additional wells (for chemical and
potentiometric control)

LTM at 25 wells at with reducing frequency

Varied LTM program depending on plume
location

LTM at 25 wells at with reducing frequency

No further action after Year 40

No further action after Year 200

No further action after Year 40

Notes & Acronyms

ERA = early response action

ERD = enhanced reductive dechlorination
LTM = long term monitoring

LVZ = lower vadose zone
MNA = monitored natural attenuation

PA = perched aquifer

RA = regional aquifer
SVE = soil vapor extraction
UVZ = upper vadose zone
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TABLE 6-1

PRACTICABILITY EVALUATION OF THE REFERENCE REMEDY
Park Euclid Feasibility Study, Tucson, AZ

CRITERIA

uvz
PULSED SVE, THEN MNA

PA
MNA FOR 200 YEARS

LvZ
SVE & EXPANDED LTM

RA
IN-SITU PLUMESTOP ™ BARRIER

Implementing SVE in the UVZ beneath the Plant is feasible. The
necessary well network already exists in four usable SVE wells and
six MPE wells. The SVE and MPE piping networks also exist and
are usable.

Regarding MNA, the addition of four shallow monitoring points is
feasible. Continued long-term soil vapor monitoring within the

Implementing MNA is feasible for the PA and installing six
additional PA monitoring wells to enhance plume delineation and
analysis is also feasible.

Implementing SVE in the LVVZ at wells VEL-03 and PER-14A is
very feasible. An existing SVE system began operation on
February 2, 2015 as an ERA and incorporates elements of the
existing MPE system. The system could be operated for additional
years with existing infrastructure.

Implementing MNA in the LVZ is feasible. Installing four

As discussed in Section 5.1.4.1, this remedy has inherent
implementability challenges associated with injecting across a 130-
foot thick interval at such depths in a densely developed area. The
implementation assumes that a barrier will be installed to “trap” the
VOC plume as it migrates downgradient. The most efficient
barrier would be a line of wells perpendicular to the flow direction;
however, due to surface development, the most feasible layout for

E UVZ is feasible as such monitoring is already occurring. additional nested vapor monitoring wells in the LVZ is feasible, but{injections wells is in the public right-of-way, along a street, which

= carries risk due to the penetration of the aquitard beneath the PA  [is not perpendicular to flow direction. Thus, the line of barrier

§ (see Section 6.2.1.2). wells must be lengthened to treat the plume width.
Implementing MNA in the RA is feasible and has been conducted
routinely for over a decade. This remedy includes the installation
of five additional wells for performance monitoring of the barrier.

As has been demonstrated during former ERA implementations, In the short-term, MNA is not expected to result in reduced PA Based on pilot testing in 2014, SVE is projected to be effective Assuming that the injectability issues can be overcome,

2 short-term operation of the SVE system and/or of the MPE system |concentrations; however, MNA is considered to be effective in that [within a one-year timeframe. Additional operation may be required|PlumeStop™ is expected to immediately decrease VOC

§ is very effective in reducing soil vapor concentrations within the  |VOCs within the PA are not expected to pose a threat to human contingent on future monitoring results. MNA is considered to be |concentrations within the area of injection. Upgradient

5 UVZ. The existing well network is sufficient to address soil vapor [health, to significantly migrate laterally, and to migrate vertically. |a long-term rather than a short-term remedy. contamination would not be treated until it flows into contact with

£ across the source area. The PA is not used for potable or non-potable purposes. The the barrier.

UEJ observed degradation to cDCE means that, in the short-term, the

E MNA is considered to be a long-term effort. The former SVE ERA|VVOCs within the PA are less toxic than the released constituent

b has already addressed much of the contamination in the UVZ PCE.

% source area.

Pulsed SVE will result in additional VOC mass reduction within ~ [MNA is expected to continue to result in decreased PCE and TCE |Based on pilot testing, SVE is projected to effectively remove mass|As the VOC plume migrates downgradient and encounters the

. the source area, which reduces the long-term risks associated with [concentrations due to biodegradation and accumulation of cDCE. [within a one-year timeframe. Rebound of soil vapor concentrations |PlumeStop barrier, VOCs will be adsorbed and eventually

§ VOCs within the UVZ. VC concentrations are also expected to increase in the future due to|within the LVZ is possible due to mass retained within low- biodegraded. However, VOCs will migrate through portions of the

g ongoing degradation of cDCE. Although VC is more toxic than permeability intervals. The existing SVE operational plan includes |barrier where PlumeStop™ was not effectively distributed.

3 MNA provides the means for continued attenuation of VOCs cDCE, it is expected to continue to breakdown to ethene in the long|monitoring for rebound of VOCs in the LVZ. Assuming 83 percent distribution/contact efficiency, the highest

E within the UVZ and a long-term means to monitor and address term. Soil vapor monitoring within the UVZ will provide a means concentration of PCE that is predicted to be observed at the UcA

= potential risks associated with such VOCs. Should increasing VOC [to evaluate whether VC in the PA poses a risk to human health as a |Following mass removal in the source area using SVE, natural Agricultural Well in the future is 2.2 pg/L.

'GT) concentrations be identified, the risk can be addressed by result of vapor intrusion to indoor air. attenuation of VOCs is expected to be effective over the long-term.

g’ contingency measures. Monitoring will provide sufficient data to demonstrate the

| effectiveness of the remedy.
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TABLE 6-1
PRACTICABILITY EVALUATION OF THE REFERENCE REMEDY
Park Euclid Feasibility Study, Tucson, AZ

CRITERIA

uvz
PULSED SVE, THEN MNA

PA
MNA FOR 200 YEARS

LvZ
SVE & EXPANDED LTM

RA
IN-SITU PLUMESTOP ™ BARRIER

Performance Capabilities

SVE is a proven technology that has been shown to be effective at
the Site. The existing vapor treatment equipment has, however,
been shown to be less effective at capturing PCE degradation
products cDCE and VC, resulting in higher operating costs.
Because SVE operation is proposed to be pulsed operation, the
high consumption of vapor-phase GAC is expected to be
manageable.

Under MNA, natural attenuation is expected to continue to occur at
the Site as a result of physical and biological processes. Long-term
soil vapor monitoring is a proven method of observing and
evaluating such attenuation.

The existing PA monitoring well network expanded by six wells is
expected to provide the coverage required to demonstrate the
performance of MNA.

SVE is a proven technology and has been shown to be effective at
the Site during pilot testing. The existing vapor treatment
equipment has, however, been shown to be less effective at
capturing the degradation products cDCE and VC, resulting in
higher operating costs when extracting vapor from the UVZ. If the
ratio of PCE to cDCE in extracted vapor from the LVZ decreased
over time, the performance of the vapor treatment equipment (i.e.,
vapor-phase GAC) may decrease resulting in higher operational
costs.

Natural attenuation is expected to continue to occur at the Site as a
result of physical and biological processes. Long-term soil vapor
monitoring is a proven method of observing and evaluating such
attenuation.

The evaluation of the technology estimates 83 percent efficiency in
VOC removal by the PlumeStop™ barrier. Performance will be
measured at downgradient monitoring wells. Assuming 83 percent
distribution/contact efficiency, the highest concentration of PCE
that is predicted to be observed at the UoA Agricultural Well in the
future is 2.2 pg/L.

Institutional considerations

Operating a SVE system beneath the Plant is not expected to
interfere with existing laundry operations. Treatment of extracted
vapor to meet ambient air guidelines (based on air permit emission
limits) is expected to be accepted by PDEQ and nearby residents.
Noise abatement may be required to meet CoT code.

MNA of the UVZ is anticipated to be acceptable to project
stakeholders due to the previous SVE ERA activities at the Site.
LTM over a period of 30 years will confirm that the UVZ meets
remedial objectives for the Site.

Institutional controls will be required to regulate that future wells
installed within the area are constructed properly to prevent cross-
contamination from the PA to the RA.

Operating a SVE system at the Plant is not expected to interfere
with existing laundry operations. Treatment of extracted vapor to
meet ambient air guidelines (based on air permit emission limits) is
expected to be accepted by the PDEQ and nearby residents. Noise
abatement may be required to meet CoT code.

MNA of the LVZ is anticipated to be acceptable to project
stakeholders following SVE ERA activities at the Site. LTM over
a period of an additional 29 years will provide confirm that the
LVZ meets remedial objectives for the Site.

This technology requires the installation of 17 wells across an 850-
foot stretch within the CoT public right-of-way, followed by
several weeks of groundwater recirculation by injection and
extraction. Temporary lane closures of portions of the City street
would be required. In addition, noise abatement is of concern
during well installation activities.

Acronyms:

c¢DCE = cis-1,2-dichloroethene

CoT = City of Tucson

ERA = early response action

GAC = granular activated carbon
LTM = long-term monitoring

LVZ = lower vadose zone

MNA = monitored natural attenuation

MPE = multi-phase extraction

pg/L = micrograms per liter

O&M = operations and maintenance

PA = perched aquifer

PCE = tetrachloroethene

PDEQ = Pima County Department of Environmental Quality

RA = regional aquifer

SVE = soil vapor extraction

UoA = University of Arizona

UVZ = upper vadose zone

VC = vinyl chloride

VOCs = volatile organic compounds
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TABLE 6-2
PRACTICABILITY EVALUATION OF THE LESS AGGRESSIVE REMEDY
Park Euclid Feasibility Study, Tucson, AZ

IR uvz PA LVZ RA
MNA FOR 30 YEARS MNA FOR 30 YEARS SVE & CURRENT LTM MNA WITH WELLHEAD TREATMENT
Installing four shallow monitoring points is feasible. Continued Implementing MNA is feasible for the PA and installing six Implementing SVE in the LVZ at wells VEL-03 and PER-14A is  |Implementing MNA in the RA is feasible using the existing
long-term soil vapor monitoring within the UVZ is feasible and additional PA monitoring wells to enhance plume delineation and |very feasible. An existing SVE system began operation on monitoring well network with additional wells to be installed as the
g already occurring. analysis is also feasible. February 2, 2015 as an ERA and incorporates elements of the dissolved plume continues to move downgradient toward the UoA
% existing MPE system. Implementing MNA in the LVZ using the  [production wells. Implementing wellhead treatment at impacted
§ existing network is feasible and already occurring. The system UoA wells is also feasible.
could be operated for additional years with existing infrastructure.
a MNA is considered to be a long-term effort. The former SVE ERA |In the short-term, MNA is not expected to result in reduced PA Based on pilot testing in 2014, SVE is projected to be effective In the short-term, the dissolved plume will continue to migrate
§ has already addressed much of the contaminant mass in the UVZ  |concentrations; however, MNA is considered to be effective in that |within a one-year timeframe. Additional operation may be required|downgradient untreated, but is not expected to impact the UcA
B source area. VOCs within the PA are not expected to pose a threat to human contingent on future monitoring results. MNA is considered to be [production wells within the next 30 years.
% health, to significantly migrate laterally, and to migrate vertically. |a long-term rather than a short-term remedy.
= The PA is not used for potable or non-potable purposes. The
E observed degradation to cDCE means that, in the short-term, the
e VOCs within the PA are less toxic than the released constituent
% PCE.
MNA provides the means for continued attenuation of VOCs MNA is expected to continue to result in decreased PCE and TCE |Based on pilot testing, SVE is projected to effectively remove mass|As the VOC plume migrates downgradient and as monitoring wells
- within the UVZ and a long-term means to monitor and address concentrations due to biodegradation and accumulation of cDCE. [within a one-year timeframe. Rebound of soil vapor concentrations |are impacted upgradient of the UoA production wells, wellhead
é potential risks associated with such VOCs. If VOC concentrations [V C concentrations are also expected to increase in the future due to|within the LVZ is possible due to mass retained within low- treatment will be designed and implemented at affected UoA
2 increase, the risk can be addressed by contingency measures. ongoing degradation of cDCE. Although VC is more toxic than permeability intervals. The existing SVE operational plan includes |production wells. This remedial measure is considered to be
g cDCE, it is expected to continue to breakdown to ethene in the long{monitoring for rebound of VOCs in the LVZ. effective in the long-term.
E term. Soil vapor monitoring within the UVZ will provide a means
= to evaluate whether VVC in the PA poses a risk to human health as a [Following mass removal in the source area using SVE, natural
'i.J result of vapor intrusion to indoor air. attenuation of VOCs is expected to be effective over the long-term.
2 Monitoring will provide sufficient data to demonstrate the
3 effectiveness of the remedy.
Natural attenuation is expected to continue to occur at the Site as a | The existing PA monitoring well network expanded by six wells is [SVE is a proven technology and has been shown to be effective at [Wellhead treatment using GAC is a proven and frequently
result of physical and biological processes. Long-term soil vapor |expected to provide the coverage required to demonstrate the the Site during pilot testing. The existing vapor treatment implemented technology.
monitoring is a proven method of observing and evaluating such  [performance of MNA. equipment has, however, been shown to be less effective at
" attenuation. capturing the degradation products cDCE and VC, resulting in
2 higher operating costs when extracting vapor from the UVZ. If the
= ratio of PCE to cDCE in extracted vapor from the LVZ decreased
§ over time, the performance of the vapor treatment equipment (i.e.,
g vapor-phase GAC) may decrease resulting in higher operation costs
2 and more downtime of the SVE system.
=
£ Natural attenuation is expected to continue to occur at the Site as a
& result of physical and biological processes. Long-term soil vapor

monitoring is a proven method of observing and evaluating such
attenuation.
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TABLE 6-2
PRACTICABILITY EVALUATION OF THE LESS AGGRESSIVE REMEDY
Park Euclid Feasibility Study, Tucson, AZ

uvz

CRITERIA MNA FOR 30 YEARS

PA
MNA FOR 30 YEARS

LVZ
SVE & CURRENT LTM

RA
MNA WITH WELLHEAD TREATMENT

MNA of the UVZ is anticipated to be acceptable to project
stakeholders as ongoing LTM are presently being implemented at
the Site. LTM over a period of 30 years will confirm that the UVZ
meets remedial objectives for the Site.

Institutional considerations

Institutional controls will be required to regulate that future wells
installed within the area are constructed properly to prevent cross-
contamination from the PA to the RA.

Operating a SVE system at the Plant is not expected to interfere
with existing laundry operations. Treatment of extracted vapor to
meet ambient air guidelines (based on air permit emission limits) is
expected to be accepted by the PDEQ and nearby residents. Noise
abatement may be required to meet CoT code.

MNA of the LVZ is anticipated to be acceptable to project
stakeholders following SVE ERA activities at the Site. LTM over
a period of an additional 29 years will provide confirm that the
LVZ meets remedial objectives for the Site.

This remedy requires the UoA to agree to wellhead treatment on
their property and to accept the use of treated water in their supply
system. In addition, this remedy assumes that CoT will not develop
the water supply within the Park-Euclid area over the long term
(i.e., greater than 30 years).

Acronyms:

cDCE = cis-1,2-dichloroethene

CoT = City of Tucson

ERA = early response action

GAC = granular activated carbon
LTM = long-term monitoring

LVZ = lower vadose zone

MNA = monitored natural attenuation

MPE = multi-phase extraction
Mg/l = micrograms per liter

O&M = operations and maintenance

PA = perched aquifer
PCE = tetrachloroethene

PDEQ = Pima County Department of Environmental Quality

RA = regional aquifer

SVE = soil vapor extraction

UoA = University of Arizona

UVZ = upper vadose zone

VC =vinyl chloride

VOCs = volatile organic compounds
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TABLE 6-3
PRACTICABILITY EVALUATION OF THE MORE AGGRESSIVE REMEDY
Park Euclid Feasibility Study, Tucson, AZ

IR uvz PA LVZ RA
SVE. AS VAPOR CONTROL, THEN MNA SPARGING WITH SVE AS VAPOR CONTROL EXPANDED SVE & EXPANDED L.TM GROUNDWATER PUMP & TREAT
Implementing SVE in the UVZ beneath the Plant is feasible, as the | The existing MPE wells may be adapted to allow in-well sparging [Implementing SVE in the LVZ at wells VEL-03 and PER-14A and |Extracting and treating groundwater is feasible at the Site.
necessary well network already exists in four usable SVE wells within the PA. Existing MPE piping may be adapted to transport |one new LVZ extraction well is very feasible. An existing SVE Groundwater modeling has predicted that the plume is extracted
with associated SVE piping networks. The existing vapor pressurized air to the MPE wells and connected to an air sparge system began operation on February 2, 2015 as an ERA and within 30 years and that the downgradient UoA production wells
treatment system may also be used, where vapor-phase GAC isa  |blower at the well manifold. incorporates elements of the existing MPE system. Operation in  |are protected. Implementability issues for this remedy include
feasible treatment technology. A SVE blower can be readily conjunction with the UVZ SVE will require a control strategy and |acquiring or leasing property to stage the extraction well and
> procured and installed. Implementing MNA in the PA is feasible and installing six modification of the air permit, both of which are feasible. The groundwater treatment equipment, as well as for routing a treated
= additional PA monitoring wells to enhance plume delineation and  [system could be operated for additional years with existing water pipeline through the public right-of-way to the UA (Alt 3A)
= The addition of four shallow monitoring points is feasible. analysis is also feasible. infrastructure. or a reinjection location (Alt 3C). There are also several
§ Continued long-term soil vapor monitoring within the UVZ is permitting steps involved in discharging to High School Wash (Alt
feasible and already occurring. Implementing MNA in the LVZ is feasible and installing four 3B).
additional nested vapor monitoring wells in the LVVZ and one
additional extraction well is feasible, but carries risk (see Section
6.2.1.2) due to the penetration of the aquitard beneath the PA.
As has been demonstrated during ERA implementation, short-term |Air sparging is expected to be effective in removing contaminants [Based on pilot testing in 2014, SVE is projected to be effective Groundwater extraction is expected to be effective in containing
operation of the SVE system and/or of the MPE system is very in the PA and in LNAPL floating on the PA in the vicinity of the  |within a 1-year timeframe. However, with an additional well, the  |the dissolved plume to prevent further downgradient contaminant
effective in reducing soil vapor concentrations within the UVZ. sparge wells. Following initial startup of the air sparge system, SVE system will require operation for an additional year. migration.
. The existing extraction well network is sufficient to address soil dissolved concentrations are expected to increase temporarily due [Additional operation may be required contingent on future
§ vapor across the source area. to increased mixing. monitoring results. MNA is considered to be a long-term rather
g than a short-term remedy.
S MNA is considered to be a long-term effort. The former SVE ERA |In the short-term, MNA is not expected to result in reduced PA
i has already addressed much of the contaminant mass in the UVZ  [concentrations; however, MNA is considered to be effective in
£ source area, addressing the short-term concern. monitoring the distribution and stability of VOCs within the PA to
& evaluate risks to human health. The PA VOC plume is not
‘g expected to significantly migrate laterally and is not expected to
& migrate vertically. The PA is not used for potable or non-potable
purposes. The observed degradation to cDCE has, in the short-
term, resulted in VOCs within the PA that are less toxic than the
released constituent PCE.
SVE will result in additional VOC mass reduction within the Air sparging will result in additional VOC mass reduction within  |SVE is expected to effectively remove mass within a 1- to 2-year  [Groundwater extraction is expected to be effective in the long-term
source area, which will reduce the long-term risks associated with [the source area which reduces the long-term risks associated with  [timeframe. Rebound of soil vapor concentrations within the LVZ |with cleanup of the dissolved plume projected within 30 years
VOCs within the UVZ. VVOCs within the PA. Rebound of contaminant concentrations may |is possible due to mass retained within low-permeability intervals. [based on groundwater modeling.
. be observed following cessation of air sparging. The existing SVE operational plan includes monitoring for rebound
§ MNA provides the means for continued attenuation of VOCs of VOCs in the LVZ.
g within the UVZ and a long-term means to monitor and address MNA is expected to observe decreasing PCE and TCE
S potential risks associated with such VOCs. If VOC concentrations [concentrations in the long-term due to biodegradation and Following mass removal in the source area using SVE, natural
E increase, the risk can be addressed by contingency measures. accumulation of cDCE. VC concentrations are also expected to attenuation of VOC:s is expected to be effective over the long-term.
£ increase in the future due to degradation of cDCE. Although VC is|Monitoring will provide sufficient data to demonstrate the
2 more toxic than cDCE, it is expected to continue to breakdown to |effectiveness of the remedy.
é’ ethene over the long term. LTM of soil vapor within the UVZ will
3 provide a means to evaluate whether VVC in the PA poses a risk to

human health as a result of vapor intrusion to indoor air.
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TABLE 6-3
PRACTICABILITY EVALUATION OF THE MORE AGGRESSIVE REMEDY
Park Euclid Feasibility Study, Tucson, AZ

uvz

CRITERIA SVE AS VAPOR CONTROL, THEN MNA

PA
SPARGING WITH SVE. AS VAPOR CONTROL

LVZ
EXPANDED SVE & EXPANDED L.TM

RA
GROUNDWATER PUMP & TREAT

SVE is a proven technology and has been shown to be effective at
this site. The existing vapor treatment equipment has, however,
been shown to be less effective at capturing PCE degradation
products cDCE and VC resulting in higher operating costs.

Natural attenuation is expected to continue to occur at the site as a
result of physical and biological processes. Long-term soil vapor
monitoring is a proven method of observing and evaluating such
attenuation.

Performance Capabilities

Air sparging is a proven technology that, used in conjunction with
SVE in the UVZ, can result in source mass reduction. The existing
vapor treatment equipment has, however, been less efficient in
capturing PCE degradation products cDCE and VC, resulting in
higher operating costs when extracting vapor from the UVZ.

Based on observed high concentrations of cDCE in the PA, the
adsorption performance of the vapor treatment equipment (i.e.,
vapor-phase GAC) is likely to be low, resulting in higher operation
costs and more downtime of the SVE system. A catalytic oxidizer
and scrubber system could be a more efficient vapor treatment
option depending on the project timeframe.

The existing PA monitoring well network expanded by six wells is
expected to provide the coverage required to demonstrate the
performance of MNA.

SVE is a proven technology and has been shown to be effective at
this Site during pilot testing. The addition of another extraction
well in a nearby area will increase the SVE system's zone of
influence. The existing vapor treatment equipment has been shown
to be less efficient at capturing PCE degradation products cDCE
and VC, resulting in higher operating costs. If the ratio of PCE to
cDCE in extracted vapor from the LVZ decreases over time, the
performance of the vapor treatment equipment (i.e., vapor-phase
GAC) may decrease resulting in higher operation costs and more
downtime of the SVE system.

Natural attenuation is expected to continue to occur as a result of
physical and biological processes. Long-term soil vapor
monitoring is a proven method of observing and evaluating such
attenuation.

Groundwater extraction is an accepted technology for containment
and cleanup of large, diffuse VOC plumes. When there is a
continuing source present and/or if residual contaminants adhere to
soil, groundwater extraction systems may require very long
operational times to achieve cleanup goals. In this case, the
dissolved plume had detached from the source area and appears to
be moving downgradient indicating removal of the contaminant
source and no apparent residual mass adhering to soil.

Operating a SVE system at the Plant is not expected to interfere
with existing laundry operations. Treatment of extracted vapor to
meet ambient air guidelines (based on air permit emission limits) is
expected to be accepted by the PDEQ and nearby residents. Noise
abatement may be required to meet CoT code.

MNA of the UVZ is expected to be acceptable to project
stakeholders as SVE will have addressed much of the contaminant
mass. LTM over a period of 30 years will confirm that the UVZ
meets remedial objectives for the Site.

Institutional considerations

Operating an air sparge system at the Plant is not expected to
interfere with existing laundry operations. Treatment of extracted
vapor to meet ambient air guidelines (based on air permit emission
limits) is expected to be accepted by the PDEQ and nearby
residents. Noise abatement may be required to meet CoT code.

Institutional controls will be required to regulate that future wells
installed within the area are constructed properly to prevent cross-
contamination from the PA to the RA.

Operating a SVE system at the Plant is not expected to interfere
with existing laundry operations. Treatment of extracted vapor to
meet ambient air guidelines (based on air permit emission limits) is
expected to be accepted by the PDEQ and nearby residents. Noise
abatement may be required to meet CoT code.

MNA of the LVZ is expected to be acceptable to project
stakeholders following SVE ERA activities at the Site. LTM over
a period of an additional 29 years will confirm that the LVVZ meets
remedial objectives for the Site.

This remedy requires the UA to accept the long-term conveyance
of treated water to their cooling towers under Alternative 3A.
There are several permitting steps and regulations that need to be
met for discharging to High School Wash under Alternative 3B.
Reinjecting under Alternative 3C has few controls as reinjection of
restored water is exempt from needing an aquifer protection permit.

The remedy relies on CoT acceptance of a water transport pipeline
within the public right-of-way. Also, a property must be available
to place the treatment system and groundwater extraction well that
is correctly positioned within the plume.

Acronyms:

cDCE = cis-1,2-dichloroethene

CoT = City of Tucson

ERA = early response action

GAC = granular activated carbon
LTM = long-term monitoring

LVZ = lower vadose zone

MNA = monitored natural attenuation

MPE = multi-phase extraction

Mg/l = micrograms per liter

O&M = operations and maintenance
PA = perched aquifer

PCE = tetrachloroethene

PDEQ = Pima County Department of Environmental Quality

RA = regional aquifer

SVE = soil vapor extraction

UoA = University of Arizona

UVZ = upper vadose zone

VC =vinyl chloride

VOCs = volatile organic compounds
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TABLE 6-4

COMPARATIVE ANALYSIS AND SCORING OF REMEDIES
Park Euclid Feasibility Study, Tucson, AZ

Criteria

Upper Vadose Zone Perched Aquifer
Reference Remedy Less Aggressive Remedy More Aggressive Remedy Reference Remedy Less Aggressive Remedy More Aggressive Remedy
Pulsed SVE, then MNA MNA for 30 years SVE as Vapor Control, then MNA MNA for 200 years MNA for 30 years Sparging with SVE as Vapor Control

Practicability

The remedy is feasible, effective in
the short term and long term, a
proven technology that has been
demonstrated at the Site. The
system can be operated without
interfering with land use at the Site.
Additional wells may be added to
expand the MNA monitoring
network.

The remedy is feasible, is less
effective in the short term, but is
expected to be effective in the long
term. Natural attenuation including
biodegradation has been observed at
the site. Long term soil vapor
monitoring is a proven method of
evaluating such attenuation.

The remedy is feasible, effective in the
short term and long term, a proven
technology that has been demonstrated
at the Site. The system can be operated
without interfering with land use at the
Site. Additional wells may be added to
expand the MNA monitoring network.

Installing additional wells and
implementing MNA for the PA is feasible.
MNA is not expected to be effective in the
short term, but attenuation is expected in
the long term. An expanded monitoring
network will provide the coverage required
to evaluation potential future risks. The
200-year timeframe for monitoring is
considered to be less practicable than the
other options.

Installing additional wells and implementing
MNA of the PA is feasible. MNA is not
expected to be effective in the short term, but
attenuation is expected in the long term. An
expanded monitoring network will provide
the coverage required to evaluation potential
future risks.

Installing the PlumeStop™ contingency
barrier would pose implementability
challenges.

Air sparging is feasible and effective in
the short term, with long term impact
on MNA due to the removal of mass
from the PA. Air sparging is a proven
technology. The efficiency of the
existing GAC vapor treatment is lower
due to lower adsorption capacity for
c¢DCE and VVC.

Risk

There is potential for rebound of soil
vapor concentrations from less
permeable soil intervals and for
degradation product VVC to pose a
risk to indoor air. This risk can be
monitored and addressed.

There is potential for rebound of soil
vapor concentrations from less
permeable soil intervals and for
degradation product VVC to pose a risk
to indoor air. This risk can be
monitored.

There is potential for rebound of soil
vapor concentrations from less
permeable soil intervals is reduced due
to longer term operation of the SVE
system with associated reduced risk for
degradation product VC to pose a risk to
indoor air. This potential risk can be
monitored.

VC in soil vapor originating from the
degradation of PCE, TCE, and cDCE in
the PA is a possibility and may pose a risk
to indoor air. This potential risk can be
monitored. The potential for lateral and
vertical downward migration of
contaminants is considered to be minimal.
The risk of cross-contamination between
the perched and regional aquifers can be
mitigated using institutional controls.

VC in soil vapor originating from the
degradation of PCE, TCE, and cDCE in the
PA is a possibility and may pose a risk to
indoor air. This potential risk can be
monitored. The potential for lateral and
vertical downward migration of contaminants
is considered to be minimal. The risk of
cross-contamination between the perched and
regional aquifers can be mitigated using
institutional controls and installing the
PlumeStop™ contingency barrier.

There is potential for rebound in soil
vapor concentrations originating from
the PA is reduced due to operation of
the SVE system and reduction in mass
within the PA reducing potential for
degradation product VC to pose a risk
to indoor air. This potential risk can be
monitored. The potential for lateral
and vertical downward migration of
contaminants is considered to be
minimal. The risk of cross-
contamination between the perched and
regional aquifers can be mitigated
using institutional controls.

Cost to Completion (current dollar)

$1,190,000

$330,000

$2,390,000

$1,010,000

$1,440,000

$560,000 without the contingency barrier

$990,000

Benefit Reduced potential risk and future Less hazardous waste generation Reduced potential risk and future No hazardous waste generation Reduced potential risk and future Reduced potential risk and future
environmental liability. from GAC usage. environmental liability. environmental liability. Minor amounts of environmental liability.
IDW from drilling.
Scoring

Practicability

e  Practicable =2

e LessPracticable =1 2 ! ! ! ! !
e Not Practicable =0
Risks
e Low=3 3
e Medium=2 3 2 3 2 with the contingency 3
e High=1
Costs
e Least Expensive =3 9 3 1 2 1 5
e  Mid-range Cost = 2 with the contingency
e  Most Expensive = 1
Benefits
e Beneficial = 1 0 1 0 1 1 0
e Not Beneficial = 0
7 6
Total Numeric Score has the potential to be higher if 7 5 6 has the potential to be higher if the 6

pulsed SVE operation were shorter

contingency barrier were not implemented

Acronyms

cDCE - cis-1,2-dichloroethene
GAC - granular activated carbon
IDW — investigation derived waste

MNA — monitored natural attenuation
PA — Perched Aquifer
PCE — tetrachloroethene

The highlighted zone alternatives had the highest comparative analysis scores and were combined into the Proposed Remedy (see Section 7.1).

SVE - soil vapor extraction
TCE - trichloroethene
VC —vinyl chloride

Page 1 of 2




TABLE 6-4

COMPARATIVE ANALYSIS AND SCORING OF REMEDIES
Park Euclid Feasibility Study, Tucson, AZ

Lower Vadose Zone

Regional Aquifer

Criteria Reference Remedy Less Aggressive Remedy More Aggressive Remedy Reference Remedy Less Aggressive Remedy More Aggressive Remedy
SVE ERA & Expanded LTM SVE ERA & Current LTM Expanded SVE ERA & Expanded LTM In-Situ PlumeStop™ Barrier MNA with Wellhead Treatment Groundwater Pump & Treat

Practicability SVE is a proven technology and has | SVE is a proven technology and has SVE is a proven technology and has The technology has challenges associated Implementation of MNA with additional Extraction and potential treatment of
been tested in the LVZ at this site. been tested in the LVZ at this site. been tested in the LVZ at this site. with implementation across a wide barrier | monitoring wells and UA wellhead treatment | groundwater is feasible, expected to
Installation of additional wells in the | Based on pilot testing SVE is Installation of additional wells in the length and across a 130-foot depth. The is considered to be feasible, will be effective | result in the short-term containment of
LVZ is considered feasible, but effective in the short term and MNA LVZ is considered feasible, but carries base technology (activated carbon) is a in the short-term, and effective in the long- the dissolved RA plume, and expected
carries risk. Based on pilot testing is considered to effective in the long risk. Based on pilot testing SVE is proven technology for the adsorption of term. GAC treatment is a proven to be effective in remediating the
SVE is effective in the short term term. The existing vapor-phase GAC | effective in the short term and MNA is VOCs. Although cDCE and VC are not as | technology. Wellhead treatment may dissolved plume in the long term.
and MNA is considered to effective | treatment is less effective in treating considered to effective in the long term. | easily adsorbed to carbon, the primary require underground systems due to space Implementation of the remedy requires

in the long term. The existing
vapor-phase GAC treatment is less
effective in treating degradation

degradation products cDCE and VC. The existing vapor-phase GAC
treatment is less effective in treating
degradation products cDCE and VC.

contaminants in the RA are PCE and TCE. | restrictions. This alternative assumes that
Surface development limits the locations CoT will not develop the water supply in the
at which injection wells may be installed. area within the foreseeable future.

long-term lease or purchase of property
for a treatment system and groundwater
extraction well.

products cDCE and VVC.

Risk Installing wells in the LVZ that Rebound in soil vapor concentrations | Installation of wells in the LVZ that Incomplete distribution of PlumeStop™ Variation in UA long-term pumping rates or | Potential failure of a single extraction
penetrate the aquitard may result in from low permeability zones may penetrate the aquitard may result in a within the targeted zone or a change in installation of a CoT production well in the well to capture the dissolved plume
a conduit for contamination of the pose a risk to the RA. This risk may conduit for contamination of the RA. groundwater flow direction may allow vicinity of the Site may result in a variation thereby allowing contaminants to
RA. This risk may be mitigated be monitored using MNA. Havinga | This risk may be mitigated using proper | transport of contaminants past the in flow direction and transport velocity of migrate to the UoA production wells.

using proper well construction
procedures. Rebound in soil vapor
concentrations from low
permeability zones may pose a risk

limited monitoring network may not well construction procedures. Rebound
allow adequate LTM for potential in soil vapor concentrations from low
migration through the upper aquitard. | permeability zones may pose a risk to
the RA. This risk may be monitored

treatment zone with potential impact to the | the untreated dissolved plume thereby

UA wells. Variations in permeability are resulting in uncertainty regarding time and
expected to result in uneven distribution of | duration of wellhead treatment. This risk
PlumeStop™. To account for this, an 83% | may be mitigated through long-term

The time required to remediate the
plume may extend beyond the proposed
30 years.

to the RA. This risk may be using MNA. efficiency in VOC removal is assumed. monitoring of the RA. There are unknown
monitored using MNA. long-term liabilities associated with the
expected persistence of the dissolved plume
(over 200-years).
$5,990,000 (3A)
Cost to Completion (current dollar) $1,920,000 $1,390,000 $2,350,000 $7,890,000 $14,890,000 $6,590,000 (3B)
$7,710,000 (3C)
Benefit None. None. Reduced potential risk and future Groundwater is treated in situ with no None, as generates considerable amounts of | None, as generates considerable
environmental liability, but consumes production of waste streams or spent GAC. amounts of spent GAC.
more GAC for disposal. consumption of product. Minor amounts
of IDW from drilling.
Scoring

Practicability
e  Practicable =2

e  Less Practicable =1 ! ! ! 1 2 2
e  Not Practicable =0

Risks
e Low=3
e Medium=2 3 2 2 1 2 3
e High=1

Costs
e  Least Expensive =3
e  Mid-range Cost = 2 2 3 ! 2 ! 3
e  Most Expensive = 1

Benefits
e Beneficial =1 0 0 0 1 0 0
e  Not Beneficial =0

Total Numeric Score 6 6 4 5 5 8

Acronyms
cDCE - cis-1,2-dichloroethene

CoT - City of Tucson

GAC — granular activated carbon
IDW — investigation derived waste
LTM — long term monitoring

LVZ — lower vadose zone

MNA — monitored natural attenuation
PCE — tetrachloroethene

RA — Regional Aquifer

SVE - soil vapor extraction

The highlighted zone alternatives had the highest comparative analysis scores and were combined into the Proposed Remedy (see Section 7.1).

TCE - trichloroethene

UA — University of Arizona

VOCs — volatile organic compounds
VC — vinyl chloride
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TABLE 7-1

EX SITU TREATMENT TECHNOLOGY EVALUATION FOR THE PROPOSED REMEDY
Park Euclid Feasibility Study, Tucson, AZ

SCREENING CRITERIA AND SCORING

SVE VAPOR TREATMENT RA WATER TREATMENT
Effectiveness Implementability | Cost Effectiveness Implementability Cost
c |5 2
TECHNOLOGY PROCESS | S = = s ol 5 5 2| @ s
= < = o -
OPTIONS o i% oz | S8 z £ § 513 |0 g
8- % e o © ...C_) S| > § a8 sl o T = S 9 -l o % 5 =
- |S& 2l|1egleg|l©S=s|l £ | sle2 © |°e2[(BE| 2| B e
2 |2 8| w £ |22 &l= B| £ ks Sla=| @ |g=2|cg 2| & = = '
2185/ Q | 8|z8|2&l25| s | 5 (o5|8S8| 2 |z28|R8| 88X 8
2 1860|198 |5 |JE|dsS|laa|l s | Slacloel 2 S8zl a5 [ S |0 | &
Catalytic Ox.ldat.lon 2 1 2 2 2 1 1 11 Not Applicable
Thermal Oxidation 2 1 2 2 2 1 1 11
Granular Activated Carbon 2 2 1 2 2 2 2 13 2 2 2 2 2 2 2 2 2 18
Bioreactor 1 1 1 2 1 1 1 1 1 10
Chemical Oxidation 1 1 1 2 1 1 1 1 1 10
Chemical Reduction 1 1 1 2 1 1 1 1 1 10
Ultraviolet Oxidation Not Applicable 0 0
Air Stripping
(with vapor treatment) 2 2 2 ! 1 ! 1 ! 1 12
lon Exchange 2 1 2 2 2 2 2 2 1 16

Scoring and Acronyms

0 = technology cannot meet criterion/requirement and must be rejected
1 = technology can meet criterion/requirement but is not ideal
2 = technology is well-suited for the requirement

cDCE = cis-1,2-dichloroethene
O&M = operations and maintenance

PCE = tetrachloroethene

SVE = soil vapor extraction
VC = vinyl chloride
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TABLE 7-2
PRACTICABILITY EVALUATION OF THE PROPOSED REMEDY
Park Euclid Feasibility Study, Tucson, AZ

IR uvz PA LVZ RA
PULSED SVE, THEN MNA MNA FOR 30 YEARS SVE & EXPANDED L.TM GROUNDWATER PUMP & TREAT
Implementing SVE in the UVZ beneath the Plant is feasible. The |Implementing MNA is feasible for the PA and installing six Implementing SVE in the LVZ at wells VEL-03 and PER-14A is  |Extracting and treating groundwater is feasible at the Site.
necessary well network already exists in four usable SVE wells and |additional PA monitoring wells to enhance plume delineation and |very feasible. An existing SVE system began operation on Groundwater modeling has predicted that the plume is extracted
six MPE wells. The SVE and MPE piping networks also exist and |analysis is also feasible. February 2, 2015 as an ERA and incorporates elements of the within 30 years and that the downgradient UoA production wells
> are usable. existing MPE system. The system could be operated for additional |are protected. Implementability issues for this remedy include
E years with existing infrastructure. acquiring or leasing property to stage the extraction well and
3 Regarding MNA, the addition of four shallow monitoring points is groundwater treatment equipment, as well complying with the
e feasible. Continued long-term soil vapor monitoring within the Implementing MNA in the LVZ is feasible. Installing four permitting steps and regulations involved with discharging to High
UVZ is feasible as such monitoring is already occurring. additional nested vapor monitoring wells in the LVZ is feasible, but{School Wash.
carries risk due to the penetration of the aquitard beneath the PA
(see Section 6.2.1.2).
As has been demonstrated during former ERA implementations, In the short-term, MNA is not expected to result in reduced PA Based on pilot testing in 2014, SVE is projected to be effective Groundwater extraction is expected to be effective in containing
a short-term operation of the SVE system and/or of the MPE system [concentrations; however, MNA is considered to be effective in that |within a one-year timeframe. Additional operation may be required|the dissolved plume to prevent further downgradient contaminant
§ is very effective in reducing soil vapor concentrations within the  |\VOCs within the PA are not expected to pose a threat to human contingent on future monitoring results. MNA is considered to be [migration.
S UVZ. The existing well network is sufficient to address soil vapor |health, to significantly migrate laterally, and to migrate vertically. [a long-term rather than a short-term remedy.
e across the source area. The PA is not used for potable or non-potable purposes. The
"'EJ observed degradation to cDCE means that, in the short-term, the
E MNA is considered to be a long-term effort. The former SVE ERA|VOCs within the PA are less toxic than the released constituent
o has already addressed much of the contamination in the UVZ PCE.
% source area.
Pulsed SVE will result in additional VOC mass reduction within ~ |[MNA is expected to continue to result in decreased PCE and TCE |Based on pilot testing, SVE is projected to effectively remove mass|Groundwater extraction is expected to be effective in the long-term
- the source area, which reduces the long-term risks associated with |concentrations due to biodegradation and accumulation of cDCE. [within a one-year timeframe. Rebound of soil vapor concentrations |with cleanup of the dissolved plume projected within 30 years
§ VOCs within the UVZ. VC concentrations are also expected to increase in the future due to|within the LVZ is possible due to mass retained within low- based on groundwater modeling.
g ongoing degradation of cDCE. Although VC is more toxic than permeability intervals. The existing SVE operational plan includes
3 MNA provides the means for continued attenuation of VOCs cDCE, it is expected to continue to breakdown to ethene in the long{monitoring for rebound of VOCs in the LVZ.
E within the UVZ and a long-term means to monitor and address term. Soil vapor monitoring within the UVZ will provide a means
= potential risks associated with such VOCs. Should increasing VOC [to evaluate whether VC in the PA poses a risk to human health as a |Following mass removal in the source area using SVE, natural
|1|’ concentrations be identified, the risk can be addressed by result of vapor intrusion to indoor air. attenuation of VOCs is expected to be effective over the long-term.
g’ contingency measures. Monitoring will provide sufficient data to demonstrate the
- effectiveness of the remedy.
SVE is a proven technology that has been shown to be effective at [The existing PA monitoring well network expanded by six wells is |SVE is a proven technology and has been shown to be effective at |Groundwater extraction is an accepted technology for containment
the Site. The existing vapor treatment equipment has, however, expected to provide the coverage required to demonstrate the the Site during pilot testing. The existing vapor treatment and cleanup of large, diffuse VOC plumes. When there is a
been shown to be less effective at capturing PCE degradation performance of MNA. equipment has, however, been shown to be less effective at continuing source present and/or if residual contaminants adhere to
2 products cDCE and VC, resulting in higher operating costs. capturing the degradation products cDCE and VC, resulting in soil, groundwater extraction systems may require very long
g Because SVE operation is proposed to be pulsed operation, the higher operating costs when extracting vapor from the UVZ. If the [operational times to achieve cleanup goals. In this case, the
-CE_ high consumption of vapor-phase GAC is expected to be ratio of PCE to cDCE in extracted vapor from the LVVZ decreased [dissolved plume had detached from the source area and appears to
8 manageable. over time, the performance of the vapor treatment equipment (i.e., [be moving downgradient indicating removal of the contaminant
o vapor-phase GAC) may decrease resulting in higher operational source and no apparent residual mass adhering to soil.
é Under MNA, natural attenuation is expected to continue to occur at costs.
5 the Site as a result of physical and biological processes. Long-term
E soil vapor monitoring is a proven method of observing and Natural attenuation is expected to continue to occur at the Site as a

evaluating such attenuation.

result of physical and biological processes. Long-term soil vapor
monitoring is a proven method of observing and evaluating such
attenuation.
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TABLE 7-2
PRACTICABILITY EVALUATION OF THE PROPOSED REMEDY
Park Euclid Feasibility Study, Tucson, AZ

uvz

CRITERIA PULSED SVE, THEN MNA

PA
MNA FOR 30 YEARS

LVZ
SVE & EXPANDED LTM

RA
GROUNDWATER PUMP & TREAT

Operating a SVE system beneath the Plant is not expected to
interfere with existing laundry operations. Treatment of extracted
vapor to meet ambient air guidelines (based on air permit emission
limits) is expected to be accepted by PDEQ and nearby residents.
Noise abatement may be required to meet CoT code.

MNA of the UVZ is anticipated to be acceptable to project
stakeholders due to the previous SVE ERA activities at the Site.
LTM over a period of 30 years will confirm that the UVZ meets
remedial objectives for the Site.

Institutional considerations

Institutional controls will be required to regulate that future wells
installed within the area are constructed properly to prevent cross-
contamination from the PA to the RA.

Operating a SVE system at the Plant is not expected to interfere
with existing laundry operations. Treatment of extracted vapor to
meet ambient air guidelines (based on air permit emission limits) is
expected to be accepted by the PDEQ and nearby residents. Noise
abatement may be required to meet CoT code.

MNA of the LVZ is anticipated to be acceptable to project
stakeholders following SVE ERA activities at the Site. LTM over
a period of an additional 29 years will provide confirm that the
LVZ meets remedial objectives for the Site.

There are several permitting steps and regulations that need to be
met for discharging to High School Wash under Alternative 3B.
The remedy relies on CoT acceptance of a water transport pipeline
within the public right-of-way. Also, a property must be available
to place the treatment system and groundwater extraction well that
is correctly positioned within the plume.

Acronyms:

cDCE = cis-1,2-dichloroethene

CoT = City of Tucson

ERA = early response action

GAC = granular activated carbon
LVZ = lower vadose zone

MNA = monitored natural attenuation

MPE = multi-phase extraction

Mg/l = micrograms per liter

O&M = operations and maintenance

PA = perched aquifer

PCE = tetrachloroethene

PDEQ = Pima County Department of Environmental Quality

RA = regional aquifer

SVE = soil vapor extraction

UoA = University of Arizona

UVZ = upper vadose zone

VC =vinyl chloride

VOCs = volatile organic compounds
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VOC Mass Removal Rate (pounds per hour)

Figure 2-7
MPE System VOC Mass Removal Rates as a Function of Time

10
N
\\W/\\/ 4
0.01 \Y V ’%
0.001
0.0001 = — — S
0.00001 T T T T T T T T T
8/1/2011 11/9/2011 2/17/2012 5/27/2012 9/4/2012 12/13/2012 3/23/2013 7/1/2013 10/9/2013 1/17/2014

Date

—o— TCE Removal Rate —m—PCE Removal Rate —4—cDCE Removal Rate VC Removal Rate




Figure 2-8

SVE and/or MPE System Process Flow Diagram
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A b © 20115 DigRelElobe [MEgs CoUREsy O+

PRODUCT THICKNESS AND DISTRIBUTION
FEBRUARY 2015
PARK-EUCLID WQARF SITE

Project Name: Park-Euclid WQARF Site TUCSON, ARIZONA
Aerial Imagery Source: Bing Maps aerial imagery web mapping
service, (¢) 2010 Microsoft Gorporation and its data suppliers. Job No: 22241866 Date: April 2016 Projects15/Feas_Study/mxds/Figd-1_PD_thickness_PA_Feb2015.mxd Figure 3-1

Note:
If no number is posted then free product was not present at that
location.




Explanation

Tetrachloroethene

Trichloroethene

cis-1,2-Dichloroethene
trans-1,2-Dichloroethene

Vinyl Chloride

Perched Aquifer Well
Multi-Phase Extraction Well
Vapor Extraction Well

Mission Plant Property Boundary

LI, T o T T e Scale in Feet
Note: The size of the chart is relatively proportional to the total VOC /N

concentrations. Small equal values were assigned for non-detects, PCE AND DEGRADATION COMPONENTS IN PRODUCT
rather than utilizing reporting limits, which varied and falsely

portrayed various compositions. FEBRUARY 2015

* Insufficient product volume was present at SVE-103 to collect a PARK-EUCLID WQARF SITE

sample. Product samples are no longer collected from wells MLS-12 i i

LS P 9 Project Name: Park-Euclid WQARF Site TUCSON, ARIZONA

Aerial Imagery Source: Bing Maps aerial imagery web mapping service, . i

(c) 2010 Microsoft Corporation and its data suppliers. Job No: 22241866 Date: April 2016 Projects15/Feas_Study/mxds/Fig3-2_PD_PA_pie_charts_Feb2015.mxd Flgure 3-2
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Mission Plant Property Boundary

Notes: PERCHED AQUIFER POTENTIOMETRIC MAP
Groundwater elevations at wells containing product reflect corrected
elevations accounting for LNAPL thicknesg 'st a specific gravity of 0.87. FEBRUARY 201 5

PARK-EUCLID WQARF SITE

() Data point omitted in developing the potentiometric surface as

it I ith by lls.
O ey el Project Name: Park-Euclid WQARF Site TUCSON, ARIZONA

NM There was an obstruction in well WR-345A at the time of measurement.

Aerial Imagery Source: Bing Maps aerial imagery web mapping service,
(¢) 2010 Microsoft Corporation and its data suppliers. Job No: 22241866 Date: April 2016 Projects15/Feas_Study/mxds/Fig3-3_PA_potentiometric_Feb2015.mxd Figure 3-3
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Perched Aquifer Monitoring Well ID:
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Scale in Feet

VC DISTRIBUTION IN PERCHED GROUNDWATER,
FEBRUARY 2015
PARK-EUCLID WQARF SITE

Note:
The AWQS for VC is 2 pg/L.
In regions with non-detections at elevated reporting limits, historical

concentration data were used to assist in contouring.
Project Name: Park-Euclid WQARF Site TUCSON, ARIZONA
Aerial Imagery Source: Bing Maps aerial imagery web mapping
service, (¢) 2010 Microsoft Corporation and its data suppliers. Job No: 22241866 Date: April 2016 Projects15/Feas_Study/mxds/Fig3-4_PA_VC_Feb2015.mxd Figure 3-4
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Mission Plant Property Boundary

University of Arizona Property
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+ PER-14 is screened in a deeper zone than surrounding wells. Project Name: Park-Euclid WQARF Site TUCSON, ARIZONA

Job No: 22241866 Date: April 2016

Aerial Imagery Source: Bing Maps aerial imagery web mapping .
Projects15/Feas_Study/mxds/Fig3-5_RA_potentiometric_Feb2015.mxd Flgure 3-5

service, (c) 2010 Microsoft Corporation and its data suppliers.
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Figure 3-7

Diagram of Park-Euclid Exposure Scenarios
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Note:
UVZ = Upper Vadose Zone

Aerial Imagery Source: Orthophoto provided by
f Pima Association of Governments, Pima County,
Arizona, 2010
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Project Name: Park-Euclid WQARF Site

TUCSON, ARIZONA

Job No: 22241866 Date: April 2016
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Figure 5-1
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B LvZSVE Well
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A Vapor Extraction Well

A Vapor Monitoring Well Cluster ' 0 80 160

Former Production Well Scale in Feet

D Mission Plant . Aerial Photography Source: Pima County, Arizona GIS 2010

LVZ LOCATIONS FOR REMEDIAL ALTERNATIVES

PARK-EUCLID WQARF SITE

301 SOUTH PARK AVENUE
Park_Euclid/Projects15/Feas_Study/mxds/Fig5-3_LVZ_Locations.mxd Figure 5-3
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Anpendix A
MPE System As-Built Drawings



Appendix A
MPE System As-Built Drawings
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GENERAL PROJECT NOTES

1. CONTRACTOR IS ADVISED THAT SOIL AND GROUNDWATER BENEATH THE SITE IS
IMPACTED WITH KNOWN CONTAMINANTS OF DIESEL FUEL, TETRACHLOROETHENE
(PCE) AND ASSOCIATED DAUGHTER PRODUCTS TRICHLOROETHENE, (TCE), CIS-1, 2
DICHLOROETHENE (CIS-1,2-DCE), AND VINYL CHLORIDE. THESE CONTAMINANTS MAY
BE ENCOUNTERED DURING CONSTRUCTION AND INSTALLATION OF SUBGRADE
INFRASTRUCTURE. ALL PERSONNEL WORKING FOR THE CONTRACTOR MUST POSSESS
ON HIS OR HER PERSON AT ALL TIMES, A VALID CERTIFICATION IN CONFORMANCE
WITH OSHA REQUIREMENTS UNDER 29 CFR 1910.120.

2. THE CONTRACTOR IS RESPONSIBLE FOR CONDUCTING A SITE VISIT AND FOR
VERIFYING ALL EXISTING INFORMATION SHOWN OR SPECIFIED ON THE DRAWINGS.
THE CONTRACTOR SHALL NOT SCALE WORKING DIMENSIONS FROM PLANS, SECTIONS
OR DETAILS SHOWN ON THE DRAWINGS.

3. ALL NOTES SHALL APPLY TO ALL CONSTRUCTION DISCIPLINES INVOLVED IN THIS
PROJECT. ALL WORK SHALL BE COMPLETED BY LICENSED CONTRACTORS
REGISTERED, INSURED AND BONDED WITH THE STATE OF ARIZONA REGISTRAR OF
CONTRACTORS. CONSTRUCTION SHALL CONFORM TO CURRENT CODE REQUIREMENTS
AND STANDARDS RECOGNIZED BY THE LOCAL PERMITTING AUTHORITY.

4. THE WORD OWNER OR PLANT SHALL BE REFERRED TO INTERCHANGEABLY WITHIN
THE DRAWINGS, NOTES AND PROJECT SPECIFICATIONS. EACH WORD IN TEXT SHALL
REFER TO THE MISSION LINEN & SUPPLY COMPANY.

5. THE WORD CITY, AND ABBREVIATED TEXT COT IS USED INTERCHANGEABLY WITHIN
TEXT ON THE DRAWINGS TO REFER TO THE CITY OF TUCSON.

6. THE CONTRACTOR SHALL BE RESPONSIBLE FOR ARRANGING AND COORDINATING
CONSTRUCTION OF ALL APPLICABLE WORK TO BE DONE "BY OTHERS."

7. CONTRACTOR EQUIPMENT STAGING AND STORAGE AREAS, SANITATION FACILITIES,
AND TEMPORARY OFFICE TRAILERS LOCATIONS SHALL BE APPROVED BY THE OWNER
OR ENGINEER PRIOR TO COMMENCEMENT OF WORK.

8. THE CONTRACTOR IS RESPONSIBLE FOR PROTECTING THE WELFARE OF THE
GENERAL PUBLIC FOR THE DURATION OF THE PROJECT (24-HOURS PER DAY FOR EACH
CALENDAR DAY OF THE PROJECT DURATION) AND THE CONTRACTOR SHALL PROVIDE
PROTECTION (INCLUDES INSTALLING FENCING, TRAFFIC BARRICADES, LIGHTING,
SECURITY PERSONNEL, ETC.) OF ALL WORK AREAS AT NO ADDITIONAL COST TO THE
OWNER OR ENGINEER.

8. THE CONTRACTOR SHALL PROVIDE THE ENGINEER WITH A GANT CHART SCHEDULE
OUTLINING PROJECT MILESTONES AND COMPLETION DATES.

10. ALL WORK AND MATERIALS MUST CONFORM TO THE PROJECT SPECIFICATIONS
SHOWN ON THE DRAWINGS, APPLICABLE CODES, RELATED DOCUMENTS (REQUEST
FOR QUOTATION FOR MPE SYSTEM, AND CONSTRUCTION OF MPE SYSTEM), AND CITY
AMENDMENTS.

11. THE CONTRACTOR SHALL MAINTAIN ON-SITE A COPY OF THE APPROVED PLANS, A
COPY OF ALL APPROVED SHOP DRAWINGS, SUBMITTALS, SCHEDULES, PERMITS AND
PLANS. ALL SUCH RECORDS SHALL BE MADE READILY AVAILABLE ON REQUEST, AS
REQUESTED BY THE OWNER, ENGINEER, AND COT AS REQUIRED BY PERMIT.

12. COMPACTION BY WATER JETTING OR WATER SETTLING IS NOT ALLOWED FOR
SUBGRADE PIPING TRENCH BACKFILL. ONLY EQUIPMENT SPECIFICALLY DESIGNED FOR
MECHANICAL COMPACTION ARE ALLOWED.

13. DAMAGED ASPHALT AND/OR DISPLACED CONCRETE CURB, GUTTER, SIDEWALK, OR
DRIVEWAY SLABS SHALL BE REPLACED OR REPAIRED AS DIRECTED BY THE OWNER
BEFORE FINAL ACCEPTANCE OF THE WORK.

14. THE CONTRACTOR'S CONSTRUCTION SUPERINTENDENT SHALL BE ON-SITE AT ALL
TIMES THAT CONSTRUCTION ACTIVITIES ARE IN OPERATION. THE SUPERINTENDENT
SHALL HAVE A MOBILE PHONE ON HIS OR HER PERSON SUCH THAT COMMUNICATION IS
READILY AVAILABLE BETWEEN THE OWNER, ENGINEER AND CONTRACTOR.

15. THE CONTRACTOR IS RESPONSIBLE TO FOLLOW ALL APPLICABLE GUIDELINES,
STANDARDS AND RECOMMENDATIONS SET FORTH BY OSHA. THE CONTRACTOR IS
RESPONSIBLE FOR PROVIDING A HEALTH AND SAFETY PLAN TO THE ENGINEER FOR
APPROVAL PRIOR TO COMMENCEMENT OF ANY WORK ACTIVITIES. THE PLAN SHALL BE
PREPARED IN CONFORMANCE WITH OSHA STANDARDS.

16. WITH THE EXCEPTION OF THE HAUL PLAN, THE ENGINEER WILL OBTAIN ALL
CONSTRUCTION AND BUILDING PERMITS AND COORDINATE ALL APPLICABLE
INSPECTIONS. THE CONTRACTOR AND ALL RELATED TRADE DISCIPLINES SHALL BE
RESPONSIBLE FOR BEING READILY AVAILABLE TO SUPPORT THE ENGINEER AT THE
SITE FOR ALL ON-SITE INSPECTIONS WHERE REQUIRED.

17. CONTRACTOR IS ADVISED THAT THE PERIMETER OF THE BUILDING IS LOCATED ON,
AND/OR ENCROACHES ON OR OVER THE OWNERS PROPERTY LINE AT THE NORTH,
EAST AND SOUTH BOUNDARIES. DRAWING C-1 SHOWS THE BOUNDARY AS
REFERENCED BY SURVEY. SURVEY DATA SHOWN IN THE CONTEXT OF THE DRAWINGS
IS REPRESENTATIVE OF A SITE SURVEY COMPLETED BY A REGISTERED LAND
SURVEYOR AS REFERENCED ON DRAWING C-1.

18. CONTRACTOR SHALL PROVIDE THE ENGINEER WITH A LIST OF COMPANIES THAT
CAN BE RELIED UPON TO BE READILY AVAILABLE 24-HOURS PER DAY/7 DAYS PER
WEEK TO PROVIDE EMERGENCY REPAIR SERVICES FOR COMMERCIAL AND INDUSTRIAL
TRADE WORK RELATED TO: 1) PLUMBING SYSTEMS, 2) MECHANICAL - HVAC SYSTEMS,
3) ELECTRICAL SYSTEMS, AND 4) CONCRETE AND MASONRY.

19. CONTRACTOR IS ADVISED THAT THE SITE WORK FOR THIS PROJECT WILL BE
CONDUCTED AT AN ACTIVE LAUNDRY FACILITY. THE FACILITY IS AN INDUSTRIAL PLANT
THAT PROVIDES SERVICES TO: 1) PICK-UP, 2) PROCESS, 3) CLEAN, AND 4) DELIVER
COMMERCIAL AND INDUSTRIAL TYPE LAUNDRY. UNLESS SPECIFIED OTHERWISE THE
PROJECT'S WORK HOURS SHALL BE BETWEEN THE HOURS OF 4:00 PM AND 4:00 AM,
MONDAY THROUGH FRIDAY, EXCEPT HOLIDAYS. WEEKEND WORK MAY BE
CONDUCTED BETWEEN FRIDAY 4:00 PM AND MONDAY 4:00 AM.

20. THE CONTRACTOR SHALL PROVIDE TEMPORARY PROTECTION AS NECESSARY
SUCH THAT FACILITY OPERATIONS ARE NOT HINDERED OR IMPEDED IN ANY WAY.
PRIOR TO INSTALLATION, THE ENGINEER MUST APPROVE ALL TEMPORARY
PROTECTION.

21. CONTRACTOR SHALL MAINTAIN ALL WORK AREAS SUCH THAT THE FACILITY
REMAINS CLEAN AT ALL TIMES.

22. CONTRACTOR SHALL IMMEDIATELY NOTIFY THE ENGINEER WHEN CONFLICTS

BETWEEN THE DRAWINGS AND ACTUAL CONDITIONS ENCOUNTERED ON SITE ARE
DISCOVERED.

PRESSURE TESTING

1. CONTRACTOR SHALL CONDUCT A PRESSURE TEST USING WATER FOR EACH
SECTION OF INSTALLED PIPE. PRESSURE TESTING FOR PVC PIPE SHALL BE
CONDUCTED UNDER MODERATE PRESSURE (25 PSI) FOR A PERIOD OF 1 HOUR. ANY
PRESSURE LOSS DURING ONE HOUR IS CONSIDERED A FAILURE. CONTRACTOR
SHALL FURNISH AND INSTALL ALL TESTING EQUIPMENT; INCLUDING BUT NOT
LIMITED TO BLIND FLANGES, CAPS, AIR RELEASE VALVE AND PRESSURE GAUGES
THAT MAY BE NEEDED TO TEST PIPING SECTIONS.

2. TESTING SHALL BE CONDUCTED AFTER BACKFILLING PIPING AND BEFORE
PLACEMENT OF PERMANENT SURFACE COMPLETIONS.

3. THE CONTRACTOR MAY PERFORM SIMULTANEOUS OR SEPARATE PRESSURE
TESTS ON PIPING SECTIONS AS APPROVED BY THE ENGINEER. PIPING SHALL NOT
LEAK. THE CONTRACTOR AT NO ADDITIONAL COST TO THE ENGINEER OR OWNER
SHALL IMMEDIATELY REPLACE LEAKING OR FAILED PIPING.

UNDERGROUND FACILITIES

1. THE CONTRACTOR IS NOTIFIED THAT UNDERGROUND FACILITIES (REFERED TO
HEREIN AS SUBGRADE UTILITIES, CONDUITS, DRAINAGE DEVICES, PIPING, VALVES,
ETC.) ARE LOCATED BENEATH SEVERAL WORK AREAS AS IDENTIFIED IN THE
DRAWINGS. THE DRAWINGS MAY NOT SHOW ALL UTILITIES LOCATED BENEATH THE
SITE AND UTILITIES SHOWN ARE BASED ON UTILITY MARKOUT LOCATIONS THAT
MAY NOT DEPICT THE EXACT LOCATION OF THE UTILITIES. PRIOR TO COMMENCING
CONSTRUCTION THE CONTRACTOR SHALL CONTACT THE ARIZONA BLUE STAKE
CALL CENTER (1-800-782-5348) FOR UTILITY LOCATION MARKOUTS. THE
CONTRACTOR SHALL NOT PROCEED WITH ANY SITE WORK UNTIL THE CONTRACTOR
HAS RECEIVED CONFIRMATION FROM ALL RELATED UNDERGROUND FACILITY
COMPANIES.

CONTRACTOR SHALL MAINTAIN VALID BLUE STAKE CASE NUMBERS FOR THE
DURATION OF THE PROJECT WORK. CASE NUMBER RECORDS MUST BE MAINTAINED
ON-SITE AT ALL TIMES.

2. UNDERGROUND FACILITIES ENCOUNTERED BY THE CONTRACTOR NOT SHOWN
ON THE DRAWINGS SHALL BE REPORTED TO THE ENGINEER. THE CONTRACTOR
SHALL MARK THE LOCATION OF THE FACILITY ON THE DRAWINGS FOR REFERENCE
AND SHALL PROVIDE THE DEPTH AND SIZE OF THE UNDERGROUND FACILITY. THE
CONTRACTOR SHALL ALSO REPORT TO THE ENGINEER ANY DISCREPANCIES
RELATIVE TO UNDERGROUND FACILITIES SHOWN ON THE DRAWINGS.

3. THE CONTRACTOR SHALL NOT DISTURB, SHUT DOWN, COMPROMISE OR
INTERRUPT ANY EXISTING FACILITY WITHOUT AUTHORIZATION FROM THE SPECIFIC
UTILITY OR ORDER BY THE ENGINEER. THE CONTRACTOR SHALL PROVIDE ALL
NECESSARY PROTECTION OR SHORING OF UTILITIES, IF NECESSARY AT NO
ADDITIONAL COST TO THE OWNER OR ENGINEER.

VALVES & SPECIALTY FITTINGS

1. UNLESS SPECIFIED OR SHOWN OTHERWISE ON THE DRAWINGS:

A. BALL VALVES - SHALL BE SOCKET TYPE, SCH 80 PVC - TYPE 1, GRADE 1
CONFORMING TO ASTM D-1784, TRUE UNION BALL VALVES EQUIPPED
WITH VITON SEALS

B. CHECK VALVES - SHALL BE SOCKET TYPE, SCH 80 PVC - TYPE 1, GRADE 1
CONFORMING TO ASTM D-1784, TRUE UNION BALL CHECK VALVES
EQUIPPED WITH VITON-O-RINGS.

C. LOCAL INDICATOR ISOLATION VALVES - SHALL BE SOCKET TYPE, SCH 80 PVC

D. GAUGE GUARDS - SHALL BE SCH 80 PVC - TYPE 1, GRADE 1 CONFORMING
TO ASTM D-1784 AND EQUIPPED WITH A VITON MEMBRANE.

E. GAUGES - VACUUM AND PRESSURE GAUGES SHALL BE LIQUID FILLED,
STAINLESS STEEL CASE GAUGES AND EQUIPPED WITH A PROTECTIVE
DIAPHRAGM. DIAL SIZES, SCALES AND RANGES SHALL BE PROVIDED
AS SHOWN ON THE DRAWINGS.

SITE GRADING, EXCAVATION, GRADING AND BACKFILL ACTIVITIES

1. SITE GRADING SHALL BE PERFORMED IN ACCORDANCE WITH THE PROVISIONS OF
CHAPTER 18 OF THE INTERNATIONAL BUILDING CODE (CITY OF TUCSON APPROVED EDITION)
AND CONTRACT DOCUMENTS.

2. RELATIVE COMPACTION OF 95% SHALL MEAN SOIL COMPACTED TO A DRY DENSITY
EXCEEDING 95% OF THE MAXIMUM DRY DENSITY IN ACCORDANCE WITH A STANDARD
PROCTOR IN ACCORDANCE WITH ASTM D-698.

3. CONTRACTOR IS ADVISED THAT ROCK OR UNACCEPTABLE FILL MATERIAL MAY BE
ENCOUNTERED DURING GENERAL EXCAVATION AND TRENCHING ACTIVITIES. WHERE SUCH
MATERIAL IS ENCOUNTERED CONTRACTOR SHALL (AT NO ADDITIONAL COST TO THE
OWNER) EXCAVATE SAID ROCK OR UNACCEPTABLE FILL MATERIAL AND REMOVE IT OFFSITE
TO A LOCATION APPROVED BY THE ENGINEER AND OWNER.

4. CONTRACTOR SHALL FURNISH AND INSTALL SELECTED FILL MATERIAL IN ACCORDANCE |
WITH THE REQUIREMENTS SHOWN ON THE DRAWINGS.

5. ALL SURFACES AND EXCAVATIONS TO RECEIVE FILL SHALL BE GRADED AND SCARIFIED
TO ADEPTH OF AT LEAST 8-INCHES. THE SURFACE TO BE FILLED SHALL ALSO BE WORKED
UNTIL IT IS FREE FROM ROOTS, ORGANIC MATTER AND OTHER MATERIALS THAT MAY CAUSE
AN UNEVEN SURFACE OR UNWARRANTED SOIL ARCHING OR BRIDGING THAT MAY CAUSE
UNEVEN COMPACTION.

6. ALL CONCRETE SHOWN ON THE DRAWINGS UNLESSkOTHERWISE NOTED SHALL HAVE A

MINIMUM COMPRESSIVE STRENGTH OF 4,000 PSI.

7. AS APPROVED BY THE ENGINEER, SUITABLE, APPROVED NATIVE MATERIAL MAY BE USED
FOR THE REMAINING TRENCH BACKFILL OPERATION BEING THAT THE COMPACTION
REQUIREMENTS ARE MET. ~

8. CONTRACTOR SHALL NOT SAW-CUT, REMOVE AND/OR EXCAVATE ANY CONCRETE OR
SOIL THAT CANNOT BE FOLLOWED BY THE IMMEDIATE INSTALLATION OF SUBGRADE PIPING,
FITTINGS, VAULTS AND CONCRETE SURFACE PAVEMENT.

9. CONTRACTOR SHALL SECURE A CERTIFIED INDEPENDENT GEOTECHNICAL TESTING FIRM
TO VERIFY CIOMPACTION REQUIREMENTS FOR ALL ORIGINAL GRADES/SUBGRADES, LIFTS
AND FINISHED GRADE SURFACES WHERE APPLICABLE.

10. CONTRACTOR SHALL PROVIDE ALL SHORING, TRENCH BOXES, AND EQUIPMENT TO
INSTALL SUBGRADE INFRASTRUCTURE. ALL WORK SHALL BE PERFORMED IN ACCORDANCE
WITH OSHA 29 CFR 1926 SUBPART P.

FENCING

1. FENCING SHALL BE CONSTRUCTED AT THE LOCATIONS SHOWN ON THE DRAWINGS. ALL
FENCE POSTS AND GATE FRAMES SHALL BE HOT DIPPED GALVANIZED INSIDE AND OUT.

2. UNLESS SPECIFIED OTHERWISE FENCING SHALL BE INSTALLED TO A HEIGHT OF
72-INCHES.

3. FABRIC SHALL CONFORM TO ASTM A315 AND BE CONSTRUCTED OF NO. 11 GAUGE WIRE
WOVEN IN A 2-INCH MESH. FABRIC SHALL HAVE A HOT-DIPPED GALVANIZED COATING NOT
LESS THAN 1.2 OUNCES OF ZINC PER SQUARE FOOT.

4. LINE POSTS, CORNER POSTS AND TOP RAILS SHALL BE STANDARD WEIGHT SCHEDULE 40
AND CONFORM TO ASTM A120.

LINE POSTS SHALL BE 1.5 INCH NOMINAL DIAMETER (1.9-INCH O.D)

CORNER POSTS SHALL BE 2-INCH NOMINAL DIAMETER (2.375-INCH O.D.)

TOP RAILS SHALL BE 1.25-INCHES NOMINAL DIAMETER (1.66-INCH O.D.)

5. ALL JOINTS FOR LINE POSTS, CORNER POSTS, TOP RAILS AND GATES SHALL BE WELDED
AND BRACED WHERE NECESSARY.

6. FRAMES FOR GATES SHALL BE 1.5-INCH NOMINAL DIAMETER. GATES SHALL BE COVERED
WITH FABRIC TO MATCH FENCING.

7. ALL POSTS SHALL BE EMBEDDED IN CONCRETE FOOTINGS INSTALLED TO A DEPTH OF

36-INCHES BELOW EXISTING GROUND SURFACE. FOOTINGS SHALL BE COMPLETED TO
GROUND SURFACE AND ROUNDED TO DRAIN WATER.

SITE CONTROL

1. CONTRACTOR IS RESPONSIBLE FOR PROVIDING SECURITY FOR ITS PERSONNEL,
SUBCONTRACTORS AND ALL RELATED EQUIPMENT (RENTED, LEASED OR OWNED) AND
PROJECT MATERIALS (RENTED, LEASED OR PURCHASED).

2. A HAUL PLAN MAY BE REQUIRED FOR MATERIAL IMPORTED OR EXPORTED TO AND FROM
THE SITE. PIMA COUNTY AND/OR ADEQ PERMITS MAY BE REQUIRED. CONTRACTOR IS
RESPONSIBLE TO OBTAIN AND PAY ALL COSTS ASSOCIATED WITH OBTAINING APPLICABLE
PERMITS AND IS RESPONSIBLE FOR ADHERING TO THE REQUIREMENTS STATED IN THE
PERMIT(S).

3. THE FACILITY LOADING DOCK MUST REMAIN UNDISTURBED FOR THE DURATION OF THE
PROJECT. THE CONTRACTOR WILL BE RESPONSIBLE FOR ANY DISTURBANCE THAT
CAUSES FINANCIAL IMPACT OR LOSS TO THE OWNER AT NO ADDITIONAL COST TO THE
ENGINEER OR OWNER.

4. UNLESS SPECIFIED OTHERWISE, CONTRACTOR IS RESPONSIBLE FOR MAINTAINING
PROPER AND ADEQUATE ACCESS TO AND FROM THE FACILITY (INCLUDING LOADING DOCK
AREA) AT ALL TIMES. FACILITY PERSONNEL MUST HAVE UNIMPEDED ACCESS TO VEHICLES
AND EQUIPMENT

5. THE CONTRACTOR SHALL PROVIDE DUST CONTROL MITIGATION AND SOUND ABATEMENT
WHERE NECESSARY AT NO ADDITIONAL COST TO THE OWNER OR ENGINEER.

6. CONTRACTOR AGREES TO PROTECT ALL ADJACENT PROPERTIES AND EXISTING
IMPROVEMENTS, INCLUDING POSITIVE CONTROL OF EARTH SPILLAGE, CONSTRUCTION
WATER AND STORM WATER RUNOFF. THIS INCLUDES BUT IS NOT LIMITED TO TRAFFIC
CONTROL SIGNS, BARRIERS, TEMPORARY LIGHTING, TEMPORARY FENCING AND ROAD
PLATES. CONTRACTOR AGREES TO PROVIDE SOUND ATTENUATION BARRIERS AS NEEDED
TO DAMPEN SOUND DURING EVENING HOURS.

7. UNLESS SPECIFIED OTHERWISE, CONTRACTOR IS ADVISED THAT INTERNAL COMBUSTION
EQUIPMENT IS STRICTLY PROHIBITED FROM OPERATING INSIDE THE BUILDING.

8. CONTRACTOR IS ADVISED THAT THE BUILDING CURRENTLY ENCROACHES ON, AT ORE
BEYOND THE OWNERS PROPERTY LINE AT THE BUILDING.

PIPING AND FITTINGS

1. PIPING MATERIALS AND FITTINGS SHALL BE SUBJECT TO THE TEST PRESSURES SHOWN ON
THE DRAWINGS, INCLUDING VACUUM PRESSURES.

2. PROVIDE DOUBLE CONTAINMENT PIPING WHERE SHOWN ON THE DRAWINGS.

3. UNLESS OTHERWISE NOTED, PIPING MATERIALS SHALL BE SCHEDULE 80 PVC WITH SOLVENT
WELDED SOCKET FITTINGS.

4. OPEN ENDS AND OPEN PENETRATIONS OF ALL PIPING AND FITTINGS SHALL BE TEMPORARILY
CAPPED TO PREVENT DEBRIS OR UNWARRANTED MATTER FROM ENTERING THE PIPING.
CAPPING SHALL INCLUDE BUT NOT BE LIMITED TO INSTALLATION OF BLIND FLANGES, THREADED
CAPS, OR THREADED PLUGS. USE OF DUCT TAPE, TOWELS OR RAGS IS PROHIBITED.

5. PIPING RUNS SHALL BE LABELED AND IDENTIFIED AS SHOWN ON THE DRAWINGS. LABELING
SHALL BE INSTALLED ON BOTH BELOW GROUND AND ABOVE GROUND INSTALLATIONS FOR THE
DURATION OF CONSTRUCTION ACTIVITIES SUCH THAT PIPING IS READILY IDENTIFIED AT ALL
TIMES.

6. PVC PIPING WHERE SHOWN ON THE DRAWINGS, SHALL BE SOLVENT WELDED IN
ACCORDANCE WITH THE REQUIREMENTS OF ASTM F656-93 FOR PRIMER AND ASTM D2564 FOR
SOLVENT CEMENT. SOLVENT SHALL BE APPLIED DELIBERATELY AND WITHOUT DELAY.

7. FLANGED CONNECTIONS WHERE SHOWN ON THE DRAWINGS SHALL BE COMPLETED IN
ACCORDANCE WITH THE MANUFACTURE'S RECOMMENDATIONS.

8. NO THREADED OR FLANGED CONNECTIONS SHALL BE MADE BELOW GROUND SURFACE.

9. PIPE SHALL BE SUPPORTED WITH HANGERS, STANCHIONS, ANCHORED SUPPORTS OR
SUPPORT MANIFOLDS AS SHOWN ON THE DRAWINGS.

10. ALL PIPE AND FITTINGS SHALL BE PROTECTED FROM DIRECT EXPOSURE TO SUNLIGHT AND
AMBIENT CONDITIONS. :

11. IF AN OBSTRUCTION THAT IS NOT SHOWN ON THE DRAWINGS IS ENCOUNTERED AND
INTERFERES WITH THE INSTALLATION OF WORK, THE CONTRACTOR SHALL NOTIFY THE
ENGINEER BEFORE PROCEEDING WITH THE INSTALLATION OF SAID WORK. THE ENGINEER
SHALL APPROVE ALTERATIONS, RELOCATION AND REALIGNMENT OF PIPING DUE TO THE
OBSTRUCTION.

12. CUTS SHALL BE SMOOTH AND SQUARE. ALL ENDS SHALL BE BEVELED WITH A HAND-FILE
AND DEBURRED. PIPE SHAVINGS, CHIPS AND OTHER DEBRIS RESULTING FROM CUTTING MUST

BE REMOVED FROM PIPING TO PREVENT UNWARRANTED MATTER FROM ACCUMULATING IN THE
SYSTEM.

13. THREADED CONNECTIONS SHALL MEET THE FOLLOWING REQUIREMENTS:

A. INSTALLED WITH AN APPROVED PIPE SEALANT: 1) TEFLON TAPE WITH A THICKNESS NOT
TO EXCEED 3.5 MILS, OR A MANUFACTURER APPROVED 2) PIPE DOPE WITH TEFLON.

B. MALE METAL THREADS SHALL NOT BE INSTALLED INTO PLASTIC FEMALE THREADED
FITTINGS. :

C. CLOSE NIPPLES ARE PROHIBITED.

D. PLASTIC TO PLASTIC CONNECTIONS SHALL BE INSTALLED AS SHOWN ON THE
DRAWINGS OR AS APPROVED BY THE ENGINEER. ‘

E. PLASTIC TO METAL CONNECTIONS SHALL MEET THE FOLLOWING CONDITIONS:
1. AMALE PLASTIC THREAD CAN BE INSERTED INTO A FEMALE METAL THREADED JOINT
IF HEAT IS NOT INVOLVED AND BOTH LINES BEARING THE DISSIMILAR MATERIALS
ARE IMMEDIATELY ANCHORED AND SECURED.

2. METAL FLANGE TO PLASTIC FLANGE FITTINGS MAY BE USED WITH A COMPRESSIBLE
GASKET.

Two working days before you dig,
CALL FOR THE BLUE STAKES

{-000-STANET

1-800-782-5348

(OUTSIDE MARICOPA COUNTY)
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CONCRETE FOR PIPE TRENCHES INSIDE BUILDING

1. ALL CONCRETE FURNISHED AND INSTALLED FOR PIPE TRENCHES SHALL BE ASTM TYPE
I, HIGH EARLY STRENGTH, WITH 28 DAY COMPRESSIVE STRENGTH OF 6,000-PSI.

2. CONCRETE COVERING PIPE TRENCHES SHALL BE LEVEL AND SMOOTH FINISHED TO
MATCH ADJACENT FINISHED FLOOR.

3. MINIMUM THICKNESS OF NEW CONCRETE FLOOR SHALL BE 6 INCHES.

4. ALL CONCRETE DELIVERED TO THE JOB SITE MUST INCLUDE A WEIGHMASTER TICKET IN
ACCORDANCE WITH MAG SPECIFICATIONS.

5. NO HAND MIXING WILL BE PERMITTED.

6. COMPACTED BASE MATERIAL MUST BE APPROVED BY ENGINEER PRIOR TO PLACING
CONCRETE.

7. CONTRACTOR SHALL PULL AND TEST ONE CORE FOR EACH OF THE WELL PIPE RUNS.

8. CONCRETE REINFORCING SHALL CONFORM TO ASTM A615, GRADE 60

ASPHALT REPLACEMENT FOR PIPE TRENCHES OUTSIDE BUILDING

1. ALL PIPE TRENCHES ON ASPHALT SURFACES SHALL BE SAW-CUT.

2. PIPE TRENCHES MUST BE COVERED WITH 3/4" THICK STEEL PLATES AND BARRICADED
WHEN LEFT OPEN OVERNIGHT.

3. BACKFILL AND PAVEMENT REPLACEMENT SHALL BE PER MAG SECTION 601 AND
STANDARD DETAIL 200.

CONTAINED PIPING SYSTEMS

1. SECONDARY CONTAINMENT PIPING SYSTEMS SHALL BE PROVIDED AT THE LOCATIONS SHOWN ON THE
DRAWINGS.

2. SECONDARY CONTAINMENT PIPING SHALL BE TERMINATED INSIDE THE SYSTEM ENCLOSURE OR AS
DIRECTED BY THE ENGINEER.

- 3. PRIMARY CONTAINMENT PIPING SHALL BE SUPPORTED WITHIN THE SECONDARY CONTAINMENT PIPING

WITH POLYPROPYLENE CENTRA-GUIDE SUPPORTS SIMILAR OR PRE-APPROVED EQUAL TO PEP
PRODUCTS.

PRIMARY CONVEYANCE PIPING

1. UNLESS OTHERWISE SPECIFIED, ALL PRIMARY PIPING AND FITTINGS WHERE SHOWN ON THE DRAWINGS
SHALL BE CARBON STEEL ""BLACK PIPE™ IN CONFORMANCE WITH ASTM A-53 GRADE A.

2. PRIMARY PIPING SHALL CONFORM TO ASTM A-53 GRADE A AND FITTINGS SHALL CONFORM TO ASTM
A105.

3. THREAD SEALANTS SHALL BE PRE-APPROVED FOR USE BY THE ENGINEER.

4. ALL THREADS SHALL CONFORM TO NPT STANDARDS.

SECONDARY CONTAINMENT PIPING

1. SIZES, DIMENSIONS AND MATERIAL GRADES OF CONTAINMENT PIPING SHALL BE PROVIDED FOR THE
FLOW STREAMS SHOWN ON THE DRAWINGS AND AS LISTED IN THE CONVEYANCE PIPE SCHEDULE.

2. EACH SYSTEM SHALL BE PROVIDED WITH SUITABLE DRAINS AND VENTS TO PROVIDE COMPLETE
DRAINAGE OF THE SECONDARY CONTAINMENT PIPING SYSTEM.
DRAIN AND VENT FITTINGS SHALL BE PLACED AS DIRECTED BY THE ENGINEER.

3. ALL TERMINATION FITTINGS BETWEEN PRIMARY CONVEYANCE PIPING AND SECONDARY CONTAINMENT
PIPING SHALL BE PRE-APPROVED BY THE ENGINEER.

4. ALL UNLISTED COMPONENTS THAT ARE INTENDED FOR USE IN THE SECONDARY CONTAINMENT SYSTEM
SHALL BE SUITABLE FOR THE MATERIAL BEING
CONTAINED AND RATED FOR THE PRESSURES SHOWN IN THE CONVEYANCE PIPE SCHEDULE.

5. SECONDARY CONTAINMENT JOINTS SHALL BE SOLVENT-CEMENTED USING A HEAVY-BOND SLOW SET
PVC CEMENT (ASTM D-2564).

6. CONTAINMENT PIPING INSTALLED OUTDOORS SHALL BE CONTINUOUSLY SUPPORTED WITH UNISTRUT
SUPPORT SYSTEMS OR APPROVED EQUAL.

Reference Documents
Document No. General Description Date Prepared by: Prepared for/Submitted To:
1 Bench-Scale Analysis of Diesel-PCE Mixture 6/25/2002 |Mark L. Bresseau & Kenneth C. Carroll ADWR
Behavior for the Park-BEuclid WQARF Site: University of Arizona, in collaboration with
Final Report for the Task | and Task II. Golder Associates, Inc.
2 Mssion Linen Pllot Test Report 11/26/2003 | URS Corporation Mr. Patrick Thurman, Mssion Linen Supply
3 Hazardous Area Classification Letter Document 8/9/2005 |URS Corporation Ms. Linda Pazinsky, City of Tucson Development Services Department
4 Remediation System Intent Letter Document 8/25/2005 |URS Corporation Mr. Wallter Tellez, City of Tucson Development Services Department
5 Air Permit (In Progress) In Progress|URS Corporation Fima County Department of Environmental Quality
6 Poor Quality Groundw ater Withdraw al Permit (In Progress) In Progress|URS Corporation ADWR
7 Industrial Wastew ater Discharge Permit - Permit No. 51 10708, 6/15/2005 |Mssion Linen FAma County Wastew ater Management Department
Reapplication No. 01237
8 Flood Insurance Rate Map, Panel 2229 of 4700 - Map No. 04019C2229K |2/8/1999 |National Flood Insurance Rate Map NA

INTENT OF SYSTEM OPERATION

1. FOR REMEDIATION OF IMPACTED GROUNWATER AND SUBSURFACE SOIL. CONTAMINANTS WILL BE RECOVERED IN LIQUID AND VAPOR PHASES AND INCLUDE RECOVERY OF WEATHERED DIESEL FUEL AND
CHLORINATED VOC's, CINSISTING PRIMARILY OF TETRACHLOROETHENE ‘PCE) AND ASSOCIATED DAUGHTER PRODUCTS OF TRICHLOROETHENE (TCE), cis-1,2-DICHLORETHENE (cis-1,2-DCE) AND VINYL

CHLORIDE. RECOVERED FLUID HAS BEEN CATEGORIZED AS A COMBUS

TIBLE LIQUID. CLASS Il

2. ANTICIPATED SYSTEM OPERATING PERIOD IS FOR 3 TO 5 YEARS, 24 HOURS PER DAY /7 DAYS PER WEEK AFTER WHICH ALL EQUIPMENT SHALL BE REMOVED BY MISSION LINEN AND SUPPLY.

3. SYSTEM INSTALLATION AND OPERATION IS DUE IN PART OF AN EARLY RESPONSE ACTION ON BEHALF OF MISSION LINEN SUPPLY TO REMOVE SUBSURFACE CONTAMINANTS BENEATH THE SITE.

SITE CONTAMINANT BACKGROUND

1. SITE IS LOCATED WITHIN THE ADEQ PARK-EUCLID WQARF AREA.
2. KNOWN CONTAMINANTS BENEATH THE SITE ARE ASSOCIATED WITH HISTORICAL DRY CLEANING ACTIVITIES.
3. REFER TO NOTE 1 - INTENT OF SYSTEM OPERATION.

SITE HYDROLOGY / FLOOD ZONE CLASSIFICATION

1. THE SITE IS LOCATED IN AN AREA OUTSIDE OF THE 500 YEAR FLOOD ZONE
04019C2229K), 2/8/99 PREPARED BY THE NATIONAL FLOOD INSURANCE PROG

2. DESIGN PRECIPITATION FOR CONTAINMENT FOR THE PRODUCT RECOVERY TANK AND OIL-WATER SEPARATOR IS BASED ON A 25 YEAR/24 HOUR STORM EVENT.

Isghi_”SlGNATION - UNSHADED X) AS SHOWN ON THE MOST RECENT FLOOD INSURANCE RATE MAP (COMMUNITY MAP NO.

OCCUPANCY CLASSIFICATION - FACTORY GROUP: LAUNDRIES; SECTION 306_IFC 2003

CONTROL AREA LOAD SUMMARY®

FACTORY INDUSTRIAL F-1 MODERATE HAZARD OCCUPANCY

CONTROL LOCATION

LOCATION

AREA

TOTAL VOLUME?®

DESRIPTION

(")

Solids (ft®) | Liquid (gals)

Inside Building

Former Storage Area

1,620.00

NA 95

Outside Building

2Hi-vacuum extraction blow er total recovery vessel contains a maximum volume of 95 gallons of total recovered product that |

Loading Dock Area

2,360.00

NA 2030¢

i

consists of a Class Il Combustible liquid. All other containers in Control Area 1 are considered to contain a mixture of groundw afer w ith dissolved phase V

OCs.

bMaximum allow able quantity per control area is not exceeded; Table 2703.1.1(1) - Allow able 120 gallons x 100% (240 gallons) for facilty's automatic

w et-pipe sprinkler system. Materials generated as result of remediation efforts are process orientated and are not considered long-term storage or use.

°Load summary based on combustible liquid only, Chapter 27 - IFC 2003.

d(1)Convault Storage Tank at 2,000 gallons, nom. capacity, (2) OWS Unit - Product Reservoir 30 gallons.

CONTROL ARE

A LOAD DESCRIPTION

UNIT

MATERIAL WT

VOLUME

(Pounds)

Solids (ft%)

Liquid (gals)

|
1
I
|
|
|
|
|
i
|
|
|
|
|
|
|
|

|

|
|
|

Liquid Phase Carbon-1

200.00

6.70

40.00

Liquid Phase Carbon-2

200.00

6.70

40.00

Liquid Phase Carbon-3

200.00

6.70

40.00

Liquid Phase Carbon-4

200.00

6.70

40.00 Non Combustable

Particle Filter-1

NA

NA

12.00

Particle Filter-2

NA

NA

12.00

Organophillic-1

300.00

55.00

Organophillic-2

300.00

55.00

Total Fluid Recovery Vessel

NA

95.00

TOTAL INDOOR AGGREGATE —p

1,400.00

389.00

Vapor Phase Carbon-1

2,000.00

NA

Vapor Phase Carbon-2

2,000.00

NA

Vapor Phase Carbon-3

2,000.00

NA

Impreganated Zeolite

500.00

NA

OWS Vent Scrub

200.00

NA

Product Tank Vent Scrub

200.00

NA

Product Tank

NA

NA

2,000.00

OWS

NA

NA

920.00

TOTAL OUTDOOR AGGREGATE —p

Table Notes

6,900.00

231.40

2,920.00

1) Cubic feet of carbon based on reference density of 30 pcf; Ref: Carbtrol Corporation.

2) Values show n are approximate and may vary depending upon manufacturers' equipment and materials.

3) Liquid volume contained w ithin liquid phase carbon drums less than vessel capacity due

to volume of carbon. - Information provided by US Filter Westates.

Two working days before you dig,
CALL FOR THE BLUE STAKES

-000-STANET

1-800-782-5348

{OUTSIDE MARICOPA COUNTY)
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CONVEYANCE PIPE TABLE NOTES

RMA STANDARDS.

MIXTURE OF THE FOLLOWING CONSTITUENTS:
GROUNDWATER CONTAINING A MIXTURE OF PCE (10% BY WEIGHT), DIESEL FUEL, AND VINYL CHLORIDE

2. GASKETS FOR ALL HOSE ADAPTORS/FITTINGS SHALL BE VITON OR ALTERNATE EQUAL.
3. ABOVE GROUND NONMETALIC PIPING INSTALLED OUTDOORS SHALL BE CONTINUOQUSLY SUPPORTED.
4. PIPING SHALL BE PRESSURE TESTED AS SHOWN ON THE DRAWINGS.

5. ALL THREADED JOINTS SHALL BE MADE WITH A PRE—APPROVED THREAD SEALANT.

'CONVEYANCE PIPE SCHEDULE -
[ Flow L Diameter . . .
Stream Piping System Bystem Type (inches) Material Grade Containment Pipe

1 Vacuum Fiping Lateral Vacuum 2 PvC Schedule 80 None
2 Vacuum Piping Lateral Vacuum 2 PvC Schedule 80 None
3 Vacuum Fiping Lateral Vacuum 2 PvC Schedule 80 None
4 Vacuum Fiping Lateral Vacuum 2 PVC Schedule 80 None
5 Vacuum Fiping Lateral Vacuum 2 PvC Schedule 80 None
6 Vacuum Piping Lateral Vacuum 2 PvC Schedule 80 None
7 Future Vacuum Fiping Lateral Vacuum 2 PvC Schedule 80 None
8 Future Vacuum Fiping Lateral Vacuum 2 PvC Schedule 80 None
9 Future Vacuum Piping Lateral Vacuum 2 PC Schedule 80 None
10 Future Vacuum Piping Lateral Vacuum 2 PC Schedule 80 None
1 Future Vacuum Fiping Lateral Vacuum 2 PVC Schedule 80 None
12 Future Vacuum Fiping Lateral Vacuum 3 nC Schedule 80 None
13 Future Vacuum Piping Lateral Vacuum 3 PvC Schedule 80 None
14 Future Expansion Bypass Vacuum 3 PvC Schedule 80 None
15 Blow er Recovery Vessel Discharge Pressure 1.25 CS (Black Pipe) |ASTMA-53 GR A 4-inch Dia. Sch. 80 PVC

-16 Future Blow er Recovery Vessel Dischargd Pressure 1.25 CS (Black PFipe) |ASTMA-53 GR A 4-inch Dia. Sch. 80 PVC
17 Not Used
18 OWS Product Discharge Pressure 1.00 CS (Black Pipe) |ASTMA-53GR A 3-inch Dia. Sch. 80 PVC
19 Not Used
20 OWS Water Discharge Pressure 1.25 CS (Black Fipe) |ASTMA-53GR A 4-inch Dia. Sch. 80 PVC
21 OWS Vent ATM 1.00 PvC Schedule 80 None
22 Biomin Vessel Inflow Pressure 2.00 Rubberized Hosg Green XLPE None
23 Biomin Vessel Inflow Pressure 2.00 Rubberized Hos¢g Green XLPE None
24 Vapor Phase Carbon Influent Pressure 3.00 PvC Schedule 80 None
25 Future Vapor Phase Carbon influent Pressure 3.00 PVC Schedule 80 None
26 Treated Discharge to WWET Pressure 1.00 PvC Schedule 80 None
27 Treated Discharge to HAST Pressure 1.00 PvC Schedule 80 None

FLUID MEDIA

1. HOSE SHALL BE PROVIDED SIMILAR OR PRE—APPROVED EQUAL TO GREEN XLPE CONFORMING TO

1
1 TF 23 313 182 27 NA
2 TF 23 313 NA 182 27 NA
3 TF 23 313 NA 182 27 NA
4 TF 23 313 - NA 182 27 NA
5 TF 23 313 NA 182 27 NA
6 TF 23 313 NA 182 27 NA
78 TF 23 313 NA 182 27 NA
88 TF 23 313 NA 182 27 NA
98 TF 23 313 NA 182 27 NA
108 TF 23 313 NA 182 27 NA
118 TF 23 313 NA 182 27 NA
12 TF 23-24 326 NA 980 ~150 NA
138 TF 23-24 326 NA 980 ~150 NA
14 TF 25 326 NA A980,980 | A~150, ~150| #0.486, 0.41 A1.93, 1.61 NA
15 TF NA NA 8 NA NA NA NA 3-5
168 TF NA NA 8 NA NA NA NA 3-5
17 DELETED
18 NAPL NA NA 5 NA NA NA NA 10.0
19 w NA NA 10 NA NA NA NA 10
20 ' NA NA 10 NA NA NA NA 10
21 Vv NA NA >AT™ NA ~4 NA NA NA
22 w NA NA 10 NA NA NA NA 5
23 w NA NA 10 NA NA NA NA 5
24 \Y NA NA 35 inH20 NA 150 NA NA NA
258 w NA NA 10 inH20 NA NA NA NA 10
26 W NA NA 10 NA NA NA NA 10
27 ™ NA NA 5-10 NA NA NA NA 2-5

BFUTURE
TF: TOTAL FLUIDS
in.Hg: INCHES OF MERCURY
gpm: GALLONS PER MINUTE

NA: NOT APPLICABLE

acfm: ACTUAL CUBIC FEET PER MINUTE

NAPL: NON—AQUEOUS PHASE LIQUID
W: RECOVERED WATER
psi: POUNDS PER SQUARE INCH
V: VAPOR
scfm: STANDARD CUBIC FEET PER MINUTE
NA: PARAMETER NOT APPLICABLE
TW: TREATED WATER

7

"AS-BUILT DRAWINGS"™

EXPIRES 09--30-2010

AFLOW AND/OR LIQUID RECOVERY RATES WILL VARY BASED UPON EXTRACTION STAGE USED.

VALVES AND ACTUATORS
NORMALLY NORMALLY
OPEN VALVE TYPE CLOSED
><}— | GATE VALVE >«
| #'}— | BUTTERFLY VALVE | + {
@K BALL VALVE y X
™~ CHECK VALVE N/A
—\_— | FLEX HOSE N/A
VACUUM N/A
RELIEF VALVE
% PRESSURE RELIEF VALVE N/A
i DR A VI Ve Ve Ve VR Y Vi Vg b Vo VR Ve Ve VI
%}» THREE WAY VALVE N/A

A A A A CALACA A CACA A A A A AN A A
Dl< CONTROL VALVE >}<
LPS LOW PRESSURE SWITCH N/A
FS FLOW SWITCH N/A

GENERAL PUMP SCHEDULE
PUMP PUMP PUMP PUMP| PERFORMANCE
IDENTIFICATION FUNCTION/PERFORMANCE TYPE (HP) | DATA
LRP1 MULTI PHASE EXTRACTION LIQUID RING 60 24 inHg @ ~1000 ACFM
LRP2 (FUTURE) | MULTI PHASE EXTRACTION (FUTURE) | LIQUID RING 60 24 inHg @ ~1000 ACFM
P1 (FUTURE) CONVEY TF TO OWS CENTRIFUGAL | 1
P2 CONVEY TF TO OWS CENTRIFUGAL | 1 5 GPM @ 39 psi A
P3 DELETED
P4 DELETED
P5 CONVEY PRODUCT FROM OWS CENTRIFUGAL | 1 10 GPM @ 35 psi A
P6 CONVEY IMPACTED WATER FROM OWS| CENTRIFUGAL | 1 10 GPM @ 35 psi A
P7 DELETED
P8 DELETED
P9 DELETED
P10 DELETED
P11 TRANSFER TW FOR REUSE CENTRIFUGAL | 1 10 GPM @ 35 psi A
P12 DELETED - REMOVED FROM DESIGN

A PERFORMANCE DATA BASED ON PUMP PERFORMANCE CURVE SHOWING FLOW RATE IN US GPM
IN  CORRELATION TO TOTAL OPERATING HEAD IN FEET OF WATER

FLOW METER SCHEDULE

METER FLOW RANGE
IDENTIFICATION | TYPE SIZE (IN) (GPM) TOTALIZER®
FM-14 MULTI-WING TURBINE 3/4 022-11 US GALLONS
FM-2 FUTURE USE

FM-34 MULTI-WING TURBINE 1 05-264 US GALLONS
FM-4 MULTI-WING TURBINE | 0.22-20 US GALLONS
FM-5 MULTI-WING TURBINE 0.22-20 US GALLONS

A SUPPLIED BY EQUIPMENT VENDOR
B TOTALIZERS SHALL RECORD IN US GALLONS AND BE NONRESETTABLE

PIPE SPECIALTIES

SYMBOL

TYPE

FLOW METER

FLOW DIRECTION

FLOW STREAM INDICATOR

PROCESS FLOW DIAGRAM LEGEND

MAJOR PROCESS
INSTRUMENT SUPPLY OR

Tl

CONNECTION TO PROCESS

CONTROL INTERFACE

FUTURE PROCESS EQUIPMENT/PIPE/VALVES

PROCESS FLOW DIAGRAM ABBREVIATIONS

ACTUAL CUBIC FEET PER MINUTE

.
O ACFM
AFF AUTOMATIC FLUSH FILTER
ABOVE GROUND SURFACE
™ REDUCER A ATMOSPHERIC
AW AIR VENT/VACUUM RELIEF VALVE
PRESSURE INDICATOR BA BALL VALVE
BF BAG FILTER
BGS BELOW GROUND SURFACE
BV BUTTERFLY VALVE
PRESSURE SWITCH CONC  CONCENTRIC REDUCER
DIFFERENTIAL PRESSURE ggv gg}gﬁg{l}l\&AngEfRESSURE/RELIEF VALVE
INDICATOR DPI DIFFERENTIAL PRESSURE INDICATOR
ECC ECCENTRIC REDUCER
@ VACUUM INDICATOR FCV FLOW CONTROL VALVE
Fl FLOW INDICATOR
FM FLOW METER
@ FLOW INDICATOR FS FLOW SWITCH
FT FEET
GAC GRANULATED ACTIVATED CARBON
GAL GALLON
g CENTRIFUGAL PUMP GBV GLOBE VALVE
GPM GALLONS PER MINUTE
GR GRADE
GV GATE VALVE
@ LIQUID RING PUMP HP HORSE POWER
HS HIGH LEVEL SWITCH
HWT HOT WATER
] 1Z IMPREGNATED ZEOLITE
S/ SAMPLE PORT INHG INCHES OF MERCURY
IWC INCHES OF WATER COLUMN
— | BLIND FLANGE LB POUND
LPC LIQUID PHASE CARBON
LSP LIQUID SAMPLE PORT
NA NOT APPLICABLE
CARTRIDGE FILTER NC NORMALLY CLOSED
(DUAL ASSEMBLY) NO NORMALLY OPEN
P RECOVERED PRODUCT
PCV  PNEUMATIC CONTROL VALVE
=] PRESSURE INDICATOR
EXHAUST FILTER PLC PROGRAMMED LOGIC CONTROLLER
AR\ PS  PRESSURE SWITCH
, PSI POUNDS PER SQUARE INCH
PVC POLYVINYL CHLORIDE
® PRESSURE GAUGE Q FLOW RATE
SP SAMPLE PORT
SCFM  STANDARD CUBIC FEET PER MINUTE
Q) VACUUM GAUGE SCH  SCHEDULE
SS STAINLESS STEEL
TBD TO BE DETERMINED
TDH TOTAL DYNAMIC HEAD
NOTE: TEMP TEMPERATURE
SEE ELECTRICAL DRAWINGS FOR SWITCHES TF TOTAL FLUIDS
OR OTHER ELECTRICAL SYMBOLS SHOWN TH TANK HIGH—-LEVEL SENSOR
ON PROCESS FLOW DRAWINGS THH TANK HIGH—HIGH LEVEL SENSOR
Tl TEMPERATURE INDICATOR
TL TANK LOW—LEVEL SENSOR
TP TRANSFER PUMP
TW TREATED WATER
TYP TYPICAL
VG VAPOR GAS
VFD VARIABLE FREQUENCY DRIVE
Vi VACUUM INDICATOR
VSP VAPOR SAMPLE PORT
W RECOVERED WATER
. WEQ  WATER EQUAUIZATION .
FLOW INDICATOR SCHEDULE
INDICATOR . FLOW RANGE
IDENTIFICATION | TYPE | (SCFM)
Fl-1 PITOT TUBE W/ MAGNEHELIC GAUGE 0-150
Fl-2 PITOT TUBE W/ MAGNEHELIC GAUGE 0-150
FI-3 (FUTURE) 0-150

*STATlC TIP SENSOR PITOT TUBE COMBINED WITH A DIFFERENTIAL PRESSURE GAUGE.
- PITOT TUBES SHALL BE SS SIMILAR OR PREAPPROVED EQUAL TO DWYER SERIES 160.
- MAGNEHELIC GAUGE SHALL BE CAPABLE OF READING 0 - 1.0 IWC. SIMILAR OR
PREAPPROVED EQUAL TO DWYER MAGNEHELIC SERIES 2000.

Two working days before you dig,
CALL FOR THE BLUE STAKES

{-000-STAE-T

1-800-782-5348

(OUTSIDE MARICOPA COUNTY)
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T ST T T T T | NOTES: 6. ELECTRICAL CONTROL INTERFACE, FLOW SWITCHES,
: a | C V) % | -~ 1. ALL SUBGRADE LATERALS SHALL BE 2—INCH DIA. SCH SHOWN ON THISIGHES, AND/OR ACTUAT OR VALVES
BLOWER SKID , \ | ~ ~ | _ /Pl 80 PVC. REFER TO SHEET C—1 FOR SUBGRADE LATERAL
 STAGE 2 (INSIDE) """ -/ | r r , SN PIPING PLAN OF THE PROCESS FLOW ONLY. ELECTRICAL DESIGN OF
: = _{V , 5P T -— 5P , R ' SUCH CONTROL LOGIC, ELECTRICALLY OPERATED
MULT-PHASE  ° o | AN | SR -~ P A 2. MANIFOLD PIPING INSTALLED ABOVE GROUND SURFACE [\)/ék\\;\/ﬁﬁbssngHEEzs ’é’;‘)D A‘SEEREZACES ARE SHOWN ON
EXTRAGTION y Y s A ] :\\r/ ) V)'Z \ 3 <2Y5>E SHALL BE 3—INCH DIA SCH 80 PVC. » B2 B9, :
s S s e I NS R NI, oI N U LA
TOTAL FLUID < SHE - . | £y | _ 7. VAPOR PHASE CARBON UNITS FOR TANK VENT
PR o “5X3‘““*““*I_Recoveﬁvesse_u]' Ty A T A S oL _'Lm___L___J_.___j e W I RODUCT AND RECOVERY TANKS SHALL BE TREATMENT SHALL HAVE A SAMPLE PORT INSTALLED IN
| -4 Iy | R { EACH EFFLUENT DISCHARGE.
| I 7 ,
| X = (o | L \ 4. THE MANIFOLD PIPING IS SHOWN ON THIS DRAWNG FOR . . DISCHARGE. EMISSIONS TO ATMOSPHERE
| X LRP.2 <>’ | e O CLARIFICATION OF PROCESS FLOW ONLY AND DOES NOT SHALL BE REGULATED BY PIMA COUNTY Dennii -
| | PR £ - | T ! REPRESENT THE TRUE LOCATION OF THE PIPING. THE OF ENVIRONMENTAL QUELITY = oemt |
A | | KFM—Z\_ﬂ B | 17 | | VACUUM SIDE PIPING MANIFOLDS SHALL BE LOCATED '
| ; - »>=A S L _J '(E\JEIQDSXJSEM{/’;C'UW BUILDING “AS - SHOWN "ON. DRAWINGS 9. FLOW STREAMS 26 AND 27 ARE REFERENCED IN
| | | 1 AN i ' THE FACILITY INDUSTRIAL WASTEWATER PERMIT AS
.................... L. | — INDUSTRIAL WASTEWATER GENERATED PRIMARILY FROM
------------------ | | 4 P CONDENSATE | 5. ALL PIPING AND VALVES ASSOCIATED WITH LOCAL LAUNDRY OPERATIONS AND RENEpie- CRIMAZ
[~ Pl | INDICATOR GAUGES, TANK VENTS AND CARBON VENTS
A | > KNOCKOUT GROUNDWATER
<135 ] T | SHALL BE CONSTRUCTED OF THE MATERIALS AND :
Vor o , vy | 'DIAMETERS SHOWN ON DRAWINGS M—1, M—2, M—4, M—5,
\‘ N | | 21& s | M=6, M~7, AND M-8. M~~~
| |
: (T e | AN FCV
2" SCH _ | | L
MPE.1 soPVC [ ) R e | - AN | > Gy L
L el ~ <16 , FACIL
SRt EEO T , : oL
I_A_M;E?’_.J IR e 1, ........... Sk T R | S J\__/L_/L_]
V-2 |- | VAPOR PHASE @ VAPOR PHASE. | .
. | CARBON UNIT CARBON UNIT | TREATED @ L e :
\ 8> i | |} VENT TO CARBON UNIT | = =S = = JNATER X Fs| [PV :
2" SCH - : Q - OFF LOAD | % . : I :
MPE2 80 PVC A by L gl P <] OX/S VENT TO CARBON UNIT PI RECOVERY | | LSP-3 LSP5 | LSP-7 LSP-9 TANK - ; }14 )
‘ __[__l</l ™~ -1 l : % —-—‘@ N ‘—-l 2n GREEN | v v A\ e s e s s s e e e e s e e e e e s
BERER AT T - = - | 7 i AND PNEUMATIC
L] Q - 3 | Z f - S8 1" Cs PRIMARY PIPING P T._\. R<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>