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Executive Summary
This Feasibility Study (FS) for the 16th Street and Camelback Road Water Quality Assurance
Revolving Fund Site (Site) has been prepared for the Arizona Department of Environmental
Quality (ADEQ), in accordance with Arizona Administrative Code R‐18‐16‐407. This FS identifies
a reference remedy and alternative remedial strategies to meet the remedial objectives (ROs)
developed for this Site. The proposed remedies have been developed to assure the protection
of public health and welfare, provide for the maximum beneficial use of waters of the state (via
control, management and/or cleanup of hazardous substances). The proposed remedies
comply with the requirements of Arizona Revised Statutes (A.R.S.) § 49‐282.06.
The Site’s former businesses (a dry cleaning operation and vehicle service station) are the
suspected sources of tetrachloroethene (PCE) and 1,2‐dicholoroethane (1,2‐DCA) in
groundwater at the Site. Concentrations of PCE in soil at the former dry cleaner and 1,2‐DCA at
the vehicle service station are below Arizona soil cleanup standards so soil remediation is not
required (and no ROs for land use or soil remediation have been established or are necessary).
Based on recent groundwater sampling in 2015, concentrations of 1,2‐DCA within groundwater
monitoring wells at the Site are currently below the Aquifer Water Quality Standards (AWQS) of
5 micrograms per liter (µg/L). Concentrations of PCE in the groundwater currently exceed the
AWQS of 5 µg/L.
The reference remedy is monitored natural attenuation (MNA). The more aggressive remedy
includes MNA with the addition of well‐head treatment as a contingency, if needed at some
point in the future. The less aggressive remedy is no action.
These remedial alternatives were compared side‐by‐side regarding achievement of Site ROs,
practicability, risk, cost, and benefit and consistency with management plans of local water
providers. After a review of the detailed comparative analysis of the three remedial
alternatives in this FS, the reference remedy is the proposed remedy for the Site.
Based on the evaluation presented in this FS, the reference remedy (MNA) has been judged to
be protective of human health and the environment, cost‐effective and technically feasible. It
appears that the low concentrations of PCE in groundwater have reached a steady‐state phase
and are expected to decline (via dispersion and degradation) to below the AWQS within the
next 10‐15 years. This recommended remedy allows for the maximum beneficial use of the
waters of the State and is compliant with applicable State laws.
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1.0

INTRODUCTION

1.1

PURPOSE AND SCOPE

This report presents a Feasibility Study (FS) for the 16th Street and Camelback Water Quality
Assurance Revolving Fund (WQARF) Site (Site), located in Phoenix, Arizona. This FS has been
prepared for the Arizona Department of Environmental Quality (ADEQ) as a Task Order under
contract number ADEQ15‐077538. The FS has been prepared in accordance with Arizona
Administrative Code (A.A.C.) R‐18‐16‐407.
The Site is located in a commercial area of East Central Phoenix (Figure 1‐1). The Site’s former
businesses (a dry cleaning operation and vehicle service station) are the suspected sources of
tetrachloroethene (PCE) and 1,2‐dicholoroethane (1,2‐DCA) in both the soil and groundwater.
The purpose of this FS is to identify and evaluate remedial alternatives to meet/achieve the
remedial objectives (ROs) developed for the Site as part of the 2015 Final RI Report (ADEQ and
Brown and Caldwell (B&C), 2015).

1.2

REPORT ORGANIZATION

This FS is organized into the following sections:


Section 1.0 – Introduction – This section presents a summary of the FS objectives and
organization.



Section 2.0 – Site Background and Conceptual Site Model – This section presents a summary
of the Site, nature and extent of contamination, remedial action history, regulatory
requirements, and conceptual site model.



Section 3.0 – Identification and Screening of Remediation Technologies and Alternatives –
This section presents the ROs, identification and screening of remedial alternatives
considered, and the remedial alternatives retained for further consideration.



Section 4.0 – Development of a Reference Remedy and Alternative Remedies – This section
carries forward those remedial alternatives retained from Section 3.0. It presents a
reference remedy, a more aggressive remedy, and a less aggressive remedy.



Section 5.0 – Comparison of the Reference Remedy and Alternative Remedies – This section
outlines the selected remedies and compares them against various criteria such as
demonstration of RO achievement, consistency with water management plans,
practicability, risk, cost, and benefit.
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Section 6.0 – Proposed Remedy – This section outlines the remedial strategy recommended
after comparing the selected remedies in Section 5.0.



Section 7.0 – References – This section presents the references cited in this FS.

Appendix A‐ This appendix includes detailed cost estimates for the three alternatives.
Appendix B‐ This appendix includes graphs and calculations used to estimate the attenuation
rate of PCE in groundwater.
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2.0

SITE BACKGROUND AND CONCEPTUAL SITE MODEL

The Site is approximately 35 acres in size and is bounded by East Camelback Road to the north,
East Highland Avenue to the south, North 15th Street to the west and North 17th Street to the
east (Figure 1‐1). Data collected during the RI indicate that contaminant releases occurred at
the property located in the southeastern corner of 16th Street and Camelback Road (property).
The property was purchased by Bank One in 1989 and was subsequently redeveloped between
1997 and 2002. Previous occupants of the property included a landscape and nursery
company, a dry cleaning operations (suspected source of the north plume), an exterminator, a
vehicle service station (suspected source of the south plume), and a plumbing shop. These
businesses discontinued their operations over 20 years ago. Future land use at the property is
expected to remain similar to current use and may include further commercial development.
PCE in groundwater is the contaminant of concern (COC) in the northern plume area and 1,2‐
DCA is the COC in the southern plume area. Site boundaries are defined by the extent of the
historical and/or current groundwater contaminant plumes (Figure 2‐1).
2.1

WQARF REGISTRY

In 1993, ADEQ was approached by Bank One to consider reaching a settlement agreement
regarding the vacant property located at the southeast corner of 16th Street & Camelback Road
in Phoenix (ADEQ, 2014). A consent decree was signed in 1994 between Bank One and ADEQ
regarding the investigation and cleanup of the property. From 1994 through 1999, ADEQ
conducted several investigations, and monitoring well installations. In 1999, the Site was added
to the WQARF Registry with an eligibility and evaluation score of 23 out of a possible 120
(ADEQ, 2015a).
2.2

CHRONOLOGY OF SITE ACTIVITIES

2.2.1 Summary
Multiple investigations and cleanup actions have been implemented at the Site from 1992 to
the present. Initial projects consisted of several Site assessments, a soil vapor survey and
monitoring well installations. In 1993, a 1000‐gallon underground storage tank (UST) was
removed along with over 400 tons of petroleum‐contaminated soils. From 1994 through 2003,
additional monitoring wells were installed, a second soil vapor study was performed and
groundwater monitoring was conducted. In 2003, a soil vapor extraction/air sparging pilot
study was conducted in an effort to mitigate suspected PCE contamination in the source area
soils. The results of the pilot study were inconclusive, and a full scale system was never
16th St & Camelback Rd. FS
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designed or installed. From 2003 through 2008, additional monitoring wells were installed and
groundwater monitoring continued. No monitoring was conducted from 2009 through 2012.
From 2013 through the current date (May, 2015), groundwater monitoring has continued. A
Final Remedial Investigation (RI) Report was completed in 2015 (ADEQ and B&C, 2015) and the
results of that RI were used to develop the remedial alternatives for this FS.
2.2.2 Chronological History
1989: Bank One acquires the property that becomes the 16th Street & Camelback WQARF Site.
1992: A Phase I Environmental Assessment was completed. Based on previous land uses of
the property (landscape and nursery, dry cleaner, exterminator, service station, and plumbing
shop), several potential sources of contamination were identified.
1992: A Phase II Environmental Assessment was completed, which included a soil vapor
survey, soil borings, and monitor well installations. Groundwater samples indicated elevated
levels of PCE, benzene, and 1,2‐DCA. Soil samples indicated that total petroleum hydrocarbons
(TPH) were limited to the upper 5 feet of soils within the area that was formerly the service
station (ADEQ and B&C, 2015). The detected concentrations were less than current standards
for petroleum hydrocarbons.
1993: A Phase III Environmental Assessment was completed, which included additional soil
borings, and monitoring well installations. Groundwater samples indicated elevated levels of
PCE, benzene, and 1,2‐DCA. A 1,000‐gallon UST and approximately 405 tons of petroleum‐
contaminated soils were excavated and thermally‐treated on‐site by ADEQ (ADEQ and B&C,
2015).
1993: Bank One approached ADEQ to consider reaching a settlement agreement regarding the
Site (ADEQ, 2014).
1994: A consent decree was signed between Bank One and ADEQ, in which Bank One paid a
settlement to ADEQ to be used for the investigation and cleanup of the Site (ADEQ, 2014).
ADEQ performed groundwater monitoring during this time.
1995: A follow‐up soil vapor survey was conducted. Volatile organic compound (VOC) results
detected in soil vapor samples indicated that a strong PCE source no longer exists in shallow
soils near the former dry cleaner; this follow‐up vapor sampling validated previous soil vapor
investigations (ADEQ and B&C, 2015).
16th St & Camelback Rd. FS
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1996 – 1999: Additional groundwater monitoring wells were installed and groundwater
sampling continued during this time. PCE concentrations in groundwater were detected above
the Aquifer Water Quality Standard (AWQS) of 5 µg/L. Concentrations of 1,2‐DCA were
detected; but below the AWQS of 5 µg/L. In 1999, the Site was added to the WQARF Registry
with an eligibility and evaluation score of 23 out of a possible 120 (ADEQ, 2015a).
2000 – 2008: Additional groundwater monitoring wells were installed and groundwater
sampling continued during this time. In 2003, a soil vapor extraction/air sparging pilot study
was conducted as an Early Response Action (ERA) in an effort to mitigate suspected PCE
contamination in the source area soils. The results of the pilot study were inconclusive, and a
full system was never designed or installed. The ERA report was completed in 2006, and ADEQ
continued to monitor the groundwater plumes through 2008 (ADEQ, 2015a).
2009 – 2012: No groundwater monitoring activities were conducted.
2013 – 2015: Groundwater monitoring sampling resumed and additional groundwater
monitoring wells were installed. A Draft RI was completed in 2014 and the Final RI in 2015. The
results of the Final RI were used to develop the remedial alternatives for this FS. The most
current groundwater sampling data (February/March 2015) indicates that there are no longer
detectable concentrations of 1,2‐DCA and PCE concentrations have been steadily declining over
the past 10 years, with concentrations now being less than 25 µg/l from a high of almost 270
µg/l in 2000 (Table 2‐1).

2.3

CONCEPTUAL SITE MODEL

A conceptual site model (CSM) has been developed for this FS based on information from the
Site RI. The CSM presented in Figure 2‐2 provides a graphical illustration of Site conditions
applicable to the primary contaminants released at the Site and the related distribution of soil
and groundwater contamination. The CSM discussion presented herein differs somewhat from
the CSM discussion presented in the RI Report (ADEQ and B&C, 2015); this CSM is
revised/streamlined to focus on information relevant to Site remediation and includes
information on operational history, site‐specific geology and hydrogeology, contaminated
media and potential source areas, groundwater quality, groundwater transport at the Site,
potential receptors, exposure pathways, and contaminants of concern with their applicable
standards. The CSM will ultimately be used in the future to test the performance of proposed
and implemented remedies and is intended to evolve as performance monitoring data are
collected during remedial actions.
16th St & Camelback Rd. FS
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2.3.1 Operational History
Previous occupants of the property included a landscape and nursery company, a dry cleaning
operation, an exterminator, a vehicle service station, and a plumbing shop. These businesses
discontinued their operations over 20 years ago. Future land use is expected to remain similar
to current use and may include further commercial development.
The former dry cleaner is the suspected source of the PCE; however investigations did not
identify PCE in soil at concentrations greater than cleanup standards within the vicinity of the
former dry cleaner. Concentrations of PCE in the groundwater are currently less than 13 µg/l,
which is above the AWQS of 5 µg/L. The former service station is presumed to be the source of
TPH contamination. Historical soil sampling data indicates that TPH contamination was limited
to upper 5 ft. of subsurface soils. However, concentrations were less than current soil cleanup
standards. Recent groundwater monitoring (February/March 2015) shows 1,2‐DCA at
concentrations below the laboratory reporting limit of 0.5 µg/L (Table 2‐1).
2.3.2 Geology
The Site is located in the Salt River Valley Basin (SRVB) of Central Arizona. It is part of the
overall Basin and Range geologic province which is characterized by broad alluvial valleys and
gently sloping, fault‐blocked mountain ranges that trend northwest to southeast. The SRVB fill
deposits are Quaternary unconsolidated to semi‐consolidated layers of fine‐ to coarse‐grained
sediments overlaying mid‐Tertiary rocks, and range from hundreds to thousands of feet in
thickness. They are generally divided into three (3) water‐bearing hydrogeologic zones, which
consist of gravel, sand, silt, clay, and evaporite deposits (Corkhill, et al., 1993). These are, from
oldest to youngest, the Lower Alluvial Unit (LAU), Middle Alluvial Unit (MAU), and Upper
Alluvial Unit (UAU). For the purposes of this FS, only the UAU is discussed in greater detail.
2.3.3 Hydrogeology
The principal aquifers at the Site consist of three (3) discrete water‐bearing zones within the
basin‐fill deposits – the LAU, MAU and UAU. The soil and groundwater contamination
associated with the Site is limited to within the UAU, so the summary of specific hydrology and
aquifer characteristics in this section is focused on that specific unit.
The LAU lies unconformably on top of metamorphic and granitic rocks and can be extensively
faulted. The MAU, which is less extensively faulted, overlies the LAU. Both of these units were
16th St & Camelback Rd. FS
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deposited in a closed basin. Generally, unconfined conditions are found throughout the basin‐
fill units; however, confined conditions exist locally due to inter‐fingering of fine‐grained
deposits (ADEQ and B&C, 2015).
The aquifer underlying the Site is located within the UAU, which is approximately 200 feet thick
and comprised primarily of silt and sand, with variable amounts of gravel and clay in thinner
lenses. The UAU is typically considered an unconfined aquifer (Corkhill, et al., 1993). Depth to
groundwater at the Site is approximately at 75 ft. below ground surface (bgs) and the deepest
groundwater monitoring well at the Site is at 120 ft. bgs. Figure 2‐3 shows the locations of the
monitoring wells at the Site and Figure 2‐4 illustrates a cross‐section along the main axis of the
PCE plume.
Groundwater recharge occurs through infiltration of precipitation (limited), runoff from nearby
mountains, releases by reservoirs along the Salt River, canal seepage, agricultural irrigation, and
urban/artificial recharge. Rainfall averages approximately 8 inches annually, and potential
evaporation is approximately 72 inches annually. Groundwater generally flows in a west‐
northwesterly direction, with an average hydraulic gradient of approximately 0.0033 foot/foot.
Groundwater levels in monitoring wells have declined between 11 and 13.5 ft. over the past
decade (ADEQ and B&C, 2015). The hydraulic conductivity of the UAU is 69 feet/day
(Freihoefer, et al., 2009).
2.3.4 Source Area Delineation
Historical soil sampling data did not identify PCE levels in soil at the area of the former dry
cleaner that exceeded State cleanup standards. Soil vapor sampling did identify low levels of
PCE in the vadose zone. However, the vapor sampling data did not identify a continuing PCE
source near the former dry cleaner. At the former service station (the suspected source of the
1,2‐DCA contamination), TPH contamination within the subsurface soils was limited to the
upper 5 feet. Current and historical groundwater data indicates that both 1,2‐DCA and PCE
concentrations in groundwater have decreased significantly over the past 10 years which
suggests that the source areas for these contaminants are no longer contributing to
groundwater contamination (there are no longer any detectable concentrations of 1,2‐DCA in
the groundwater at the Site).
2.3.5 Groundwater Contamination
As noted in Section 2.2.2 above, there have been multiple well installation events and over 20
years of groundwater monitoring data collected at the Site (Table 2‐1). PCE is present only in
the northern portion of the Site, and the plume extent has been sufficiently defined. The PCE
16th St & Camelback Rd. FS
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plume is generally bounded to the north by MW‐13 and to the south by MW‐2. It extends from
wells MW‐1 and OW‐1D (area of former dry cleaner) to the downgradient well MW‐14 (Figure
2‐1). Concentrations of COCs in both the north (PCE) and south plumes (1,2‐DCA) have declined
significantly since the start of groundwater monitoring in 1992 (Table 2‐1). Figure 2‐5 shows
the analytical results from samples collected in February/March 2015.






PCE concentrations at well MW‐1 decreased from 210 µg/L in 1992 to 11.4 µg/L in April
2014, but increased to 25.2 µg/L in February 2015. Monitoring wells MW‐1 and OW‐1D
are located approximately 8 feet from each other. The February 2015 analytical results for
OW‐1D show PCE at 2.06 ug/L and both samples were collected from the same depth
interval (collected with a passive diffusion bag (PDB) sampler). The declining water table
may be low enough that the data from MW‐1 represents water solely from the sump at
the base of the well.1 These conditions noted above and discussed in the footnote below
suggest that the data from OW‐1D are a more reliable representation of the current
aquifer conditions at the Site.
Three wells had PCE concentrations above the 5 µg/L AWQS in April 2014; MW‐1 at 11.4
µg/L, MW‐10 at 13.3 µg/L, and MW‐12 at 5.65 µg/L. In February 2015, the same three
wells (MW‐1, MW‐10 and MW‐12) were the only wells at the Site with PCE concentrations
above the AWQS, 25.2 µg/L, 12.9 µg/L, and 8.98 µg/L, respectively. The analytical data
from wells MW‐10 and MW‐12 indicate that PCE concentrations within the central portion
of the plume are relatively stable. However, the PCE concentration in MW‐14, located
near the western toe of the plume, has increased slightly which is consistent with the
groundwater flow direction and the advective transport of PCE to the west. The data
from MW‐1 need to be considered in combination with the adjacent well OW‐1D.
The 1,2‐DCA plume has significantly reduced in size with all monitoring wells showing 1,2‐
DCA concentrations below the AWQS of 5 µg/L (all samples in February 2015 were below
the method detection limit, <0.5 µg/L) (Figure 2‐5).

The 2015 RI indicates that the PCE plume in the north area does not appear to be a significant
threat to current and future groundwater use at the Site. The interpretation is based on the
1

Well MW‐1 was originally installed with the casing at elevation 1142.27 ft and screened from 64.2‐79.5 feet
below ground surface, survey information from the more recent RI indicate the casing is now at 1145.20 ft. The
increase in elevation is likely a result from redevelopment of the site and re‐contouring of the area; as such the
well screen interval and total depth may have increased up to 3 feet (screen interval 67.23‐82.5 and total depth of
83 feet) dependent upon the amount of well casing added during site redevelopment (an unknown). The PDB in
OW‐1D was deployed at ~81 feet bgs, which is screened from 70‐100 feet and would not be impacted by solids
collected in the well sump.
16th St & Camelback Rd. FS
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observed trends of declining PCE concentrations, the limited extent of the PCE contamination in
the groundwater that is above the AWQS, and the location of water supply wells relative to PCE
plume (ADEQ and B&C, 2015). Presently, groundwater is not used for potable supply; however,
groundwater is designated as a potable resource in the future. The 1,2‐DCA plume in the south
area has fully attenuated as all samples from the February/March 2015 groundwater sampling
event were non‐detect for 1,2‐DCA, and all other VOCs.
2.3.6 Fate and Transport
Chlorinated VOCs can be persistent in the environment. The distribution of VOCs in
groundwater is controlled by the presence or absence of an ongoing source, geochemistry in
the aquifer, and transport processes. Attenuation can occur by adsorption to soil,
biodegradation, or by dispersion from the core of the plume into surrounding groundwater as it
travels downgradient.
The presence of biodegradation daughter products such as
trichloroethene (TCE), and cis‐1,2‐dichloroethene (cis‐1,2‐DCE) generally indicate that
biodegradation is occurring within the plume. A review of most data from 2013 through 2015
(Table 2‐1) indicates that PCE concentrations within the groundwater plume have generally
declined with some “daughter products” being present.
This indicates that some
biodegradation is occurring. The 2015 RI noted that the remaining PCE in groundwater at North
Plume area is likely attenuating under advection and hydrodynamic dispersion (ADEQ and B&C,
2015).
Based on historical and the most recent 2015 monitoring well data, the PCE plume in the north
area appears to be attenuating slowly, likely due to slow degradation and dispersive/adsorption
processes. Analytical data indicates that degradation is likely occurring at two wells near the
leading edge of the plume. At MW‐12, low levels of TCE have been detected since 2013 at
relatively stable concentrations that are approximately 8 percent of the total VOCs (by mass)
detected at that location. Further downgradient, at MW‐14, low levels of TCE, at approximately
30 percent of the total VOCs (by mass), were measured in 2014 and 2015 (the well was installed
in 2014).
With dispersion as an important attenuation process affecting the north plume, the footprint of
the plume may expand slightly (as noted with the slight increase in PCE concentrations at MW‐
14). It is expected that concentrations of PCE within the plume will decrease over time. Based
on the historical and current data from several monitoring wells in the north plume, the
concentrations of PCE appear to be decreasing at a rate that corresponds to an estimated half‐
life of 3.2 to 4.5 years (Appendix B). Given this estimate, it is probable that PCE concentrations
within the plume will decrease to levels below the AWQS within the next 10‐15 years.
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2.3.7 Potential Receptors and Exposure Pathways
Currently, there are no Arizona Department of Water Resources (ADWR) registered water
supply wells within approximately one mile down gradient of the Site and no known municipal
wells are within one mile down gradient of the Site. One active Salt River Project (SRP) well
(#55‐608421), which is used for irrigation, is within ½ mile of the Site and one inactive well
(#55‐607749) is located ¼ mile north of the Site. These wells are not considered a complete
groundwater exposure pathway since they are cross gradient to the Site and the existing
contaminant plume.
Future use of groundwater in the area is designated for irrigation and municipal use (similar to
current use as the SRP anticipates that wells will transition to drinking water supply wells as the
area develops). Additionally, potential exposure to surface water derived from or associated
with the PCE plume in groundwater is extremely unlikely. Exposure via a surface water
pathway for partial or full body contact is considered incomplete.
Other potential exposure pathways are human contact with soil (construction scenario) and
inhalation of vapor (if vapor intrusion were to occur). Much of the Site is covered by asphalt,
buildings and concrete. In addition, soils at the Site do not contain contaminant concentrations
above soil remediation standards, and given the low concentrations of PCE in groundwater, the
soil contact and vapor intrusion pathways are also considered incomplete (ADEQ and B&C,
2015). The RO Report indicates that ROs for land use and soil contamination are not needed
based on the results of the RI (ADEQ, 2015).
2.3.8 Contaminants of Concern and Applicable Standards
As noted in the beginning of Section 2.0, the COCs identified at the Site are PCE and 1,2‐DCA.
Groundwater is the most significantly impacted environmental medium for PCE. Also, as noted
in Section 2.3.5 above, the 1,2‐DCA plume has attenuated, with no detections above laboratory
detection limits. The groundwater standards for the COCs are shown in Table 2‐2.
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3.0

IDENTIFICATION AND SCREENING OF REMEDIAL MEASURES

This section provides a description of the remedial measures (i.e., specific technologies) that
were screened as part of this FS. The remedial measures and subsequent remedial actions
evaluated in this FS are developed exclusively for the north plume because the south plume has
attenuated (no action is warranted). Remedial alternatives proposed for this FS include
representative technologies for passive remediation (e.g., MNA); in‐situ remediation (e.g.,
enhanced bioremediation); containment (e.g., pump and treat); and receptor protection (e.g.,
well‐head treatment). The general remedial strategies [adapted from A.A.C., R18‐16‐407(F) and
Arizona Revised Statues (A.R.S.) § 49‐282.06] considered in developing remedial alternatives
include:
1. Plume remediation (as a strategy) to achieve water quality standards for COCs
throughout the Site.
2. Physical containment (as a strategy) to contain COCs within definite boundaries.
3. Controlled migration (as a strategy) to control the direction or rate of migration of COCs
in groundwater.
4. Source control (as a strategy) to eliminate or mitigate a continuing source of
contamination.
5. Monitoring (as a strategy) to observe and evaluate the contamination at the Site
through the collection of data.
6. No action (as a strategy) that consists of no action at a site.

3.1

REMEDIAL OBJECTIVES

The ROs developed for the Site are described in the Final RI Report (ADEQ and B&C, 2015). The
ROs for the Site were developed for the current and reasonably foreseeable uses of land and
waters of the State and included public review (ADEQ, 2015b). The Site ROs include:
ROs for land use are established for those properties known to be contaminated with hazardous
substances above a Soil Remediation Level (SRL) or a risk‐based level. However, all soil
investigations conducted in the southeast corner of 16th Street and Camelback Road indicate
that COCs are no longer present in soils at the Site. Based on the information presented in the
RI, the COCs are not present in soil at concentrations greater than Arizona remediation
standards. Therefore, no ROs are needed for land use or soil remediation.
The ROs for regional groundwater at the Site are to protect for the use as a groundwater supply
by the City of Phoenix and SRP. This action is currently not needed but may be needed if/when
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groundwater use changes to municipal/drinking water. This action will be needed for as long as
the level of contamination in the groundwater threatens the use of the regional groundwater
for municipal/drinking water uses.
ROs for surface water at the site are established to protect the use of surface water for
irrigation purposes. However, current surface water use in the Site is for irrigation and comes
from groundwater sources outside the Site; SRP’s reasonably foreseeable plans are to use the
surface water for drinking water purposes. However the source of this surface water is from
groundwater outside the Site and is discharged to concrete lined canals. Contaminated
groundwater within the Site does not discharge to these canals and therefore no RO is
necessary. When SRP opts to construct their drinking water treatment plant, the water will be
adequately protected for drinking water use.
3.2

ALTERNATIVES SCREENING

This section summarizes the various criteria used to compare remedial measures/technologies
in accordance with A.R.S. § 49‐282.06 and A.A.C. R18‐16‐407(H). A comparative analysis
process was used to evaluate and compare the ability of remedial alternatives to achieve the
Site ROs. Each remedy is evaluated based on comparison criteria including practicability,
cost, risk, and benefit and the capability of achieving the Site ROs. Specific actions (i.e.,
remedial measures) to be implemented with remedial strategies are described in the following
sections.
Based on A.R.S. § 49‐282.06(A), the remedial actions shall:
1. Assure the protection of public health and welfare and the environment.
2. 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.
3. Be reasonable, necessary, cost‐effective, and technically feasible.

3.3

DESCRIPTION OF POTENTIAL REMEDIAL MEASURES

The remedial measures that were screened as part of this FS include:




No action (as a baseline);
Enhanced bioremediation;
Chemical oxidation;
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Groundwater pump and treat;
Soil vapor extraction/air‐sparging;
Alternate water supply;
MNA; and
Well‐head treatment.

The initial screening of applicable technologies is based on the Site conditions, ROs, and the
requirement that the remedy be necessary, cost‐effective and practicable. Current and
historical analytical data indicate that PCE concentrations at most locations in groundwater
(northern plume) have been declining steadily over time (Table 2‐1). Based on these
conditions, the remedial technologies of enhanced bioremediation, chemical oxidation, and
groundwater pump and treat are not considered practicable or cost‐effective remedies for this
Site. Since current drinking water supplies are not threatened from the Site, the use of an
alternate water supply is not considered further.
Additionally, since a soil vapor extraction/air‐sparging pilot test was already conducted at the
Site with inconclusive results, and the fact that Site soils are below applicable standards, those
specific remedial technologies for soil are also not considered to be cost‐effective or practical
and are not included in the retained technologies.
Lastly, since PCE and 1,2‐DCA contamination in soils and groundwater is limited in size and
degree, the most practicable and cost‐effective remedial solutions include MNA and a
contingency for well‐head treatment. The potential for future water supply impacts (if a future
water supply well were to be situated nearby) needs to be considered, so well‐head treatment
is included as a remedial alternative. It does not appear that there is a significant continuing
source of groundwater contamination for the northern plume; therefore additional source
control options were not considered within this FS.
The following subsections describe the remedial alternatives to be screened for comparison as
potential remedies for the Site.
3.3.1 Remedial Measure 1: No Action
This remedial measure would neither involve the implementation of remedial actions to
address groundwater contamination nor prevent human or ecological exposure to groundwater
contamination. The “no‐action” alternative is included for use as a baseline for comparison to
other potential remedial alternatives.
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3.3.2 Remedial Measure 2: Monitored Natural Attenuation
MNA is a remedial measure that involves routine groundwater sampling and analysis to
monitor the results of one or more naturally occurring physical, chemical, or biological
processes that reduce the mass, toxicity, volume, or concentration of chemicals in
groundwater. MNA is a mechanism by which COCs are reduced (often slowly) by natural means
without other control, removal, treatment, or aquifer‐modifying activities. These in‐situ
processes may include biodegradation, dispersion, dilution, sorption, and volatilization of
contaminants. MNA is not typically implemented as a sole remediation method while source
areas remain (i.e., remaining contaminant residues in soil) but is applicable at sites where
source control has been substantially achieved. This remedial measure typically requires
groundwater monitoring over a period of several years to verify that attenuation is occurring
and to ensure that progress is made in terms of meeting the ROs.
3.3.3 Remedial Measure 3: Well‐head Treatment
Well‐head treatment is a remedial action that involves treating extracted groundwater with an
appropriate method (activated carbon, air stripping, oxidation, or some other means) to meet
the applicable criteria for safe use of the water. Typically, this remedial measure is used only
when the groundwater resource is currently used as a potable water supply but may also be
used for irrigation supply wells if the end use at that time exceeds the applicable criteria.
Groundwater at the Site is not currently used for potable water supply.
Well‐head treatment is a feasible technology for treating a water supply well and can be
effectively used as a contingency measure if a supply well (drinking water or irrigation water) is
installed in the future. Well‐head treatment has been retained for future consideration.

3.4

RETAINED REMEDIAL MEASURES

The following remedial measures have been retained for further evaluation:
1. No Action;
2. MNA alone; and
3. MNA with well‐head treatment as a contingency measure
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These remedial measures have been evaluated and assembled as alternatives, and further
screened in the subsequent sections of this FS. The retained remedial measures were used to
develop the proposed reference remedy and the more aggressive and less aggressive
alternative remedies. Section 4.0 provides a more detailed evaluation of each of the remedies
including; their ability to achieve the groundwater ROs; their compatibility with applicable
regulations; their effectiveness at treating target contaminants; their operational and
maintenance requirements; and their overall costs.
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4.0

REFERENCE REMEDY AND ALTERNATIVE REMEDIES

This section includes descriptions of a reference remedy (Section 4.1) and two alternative
remedies (more aggressive and less aggressive, Sections 4.2 and 4.3, respectively) that were
developed to achieve the Site ROs and to satisfy the requirements of A.A.C., R18‐16‐407(E) and
A.R.S. § 49‐282‐06(A & B). The reference remedy has been developed based on:
1. The information from the RI;
2. Best available scientific information concerning available remedial technologies; and
3. Preliminary analysis of the comparison criteria and the ability of the reference remedy
to comply with A.R.S. § 49‐282.06.
Additional comparison of these remedial alternatives is also described in more detail in Section
5.0.

4.1

REFERENCE REMEDY

Concentrations of PCE in the northern plume have been decreasing steadily across most of the
Site for the past decade (Table 2‐1). Based on this trend, concentrations of PCE for all
monitoring wells are expected to fall below the AWQS (5 µg/L for PCE) within the next 10‐15
years. Given these conditions, MNA is proposed as the reference remedy. The MNA remedy
would include monitoring of selected Site wells on a periodic basis for several years. The
proposed MNA sampling approach for the northern plume would be to sample wells once a
year for five (5) years, then every other year until the target remediation levels are met, and
then a final sampling when the Site is being proposed for closure for confirmation purposes.
The total duration is assumed to be 20 years for cost estimation purposes. The layout of
existing monitoring wells is shown in Figure 2‐1.

4.2

MORE AGGRESSIVE REMEDIAL ALTERNATIVE

The more aggressive remedial alternative includes strategies that are intended to achieve the
Site ROs in the event that a water supply well is installed at a location that would be impacted
by Site contaminants. This would be accomplished by the addition of well‐head treatment (as a
contingency if needed), to the reference remedy (MNA), to create the more aggressive
remedial alternative.
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Well‐head treatment is a remedial action that involves treating extracted groundwater by an
appropriate method (activated carbon, air stripping, oxidation, or some other means) to meet
the applicable criteria for its intended use (e.g., drinking water use). Well‐head treatment
should only be considered if water supply wells (current or planned) become impacted by Site
contamination. At present, there are no known water supply wells impacted from the Site. For
the purposes of this FS, it is assumed that a future water supply well would be installed at a
location that is impacted by the Site plume and would consequently need well‐head treatment.
This FS assumes that treatment using granular activated carbon would likely be the preferred
choice and the cost estimate has been developed accordingly. For the purpose of the FS cost
estimates, the well‐head treatment system is assumed to be necessary in 10 years and operate
for a 10‐year period.
4.3

LESS AGGRESSIVE REMEDIAL ALTERNATIVE

No Action is proposed as the less aggressive remedial alternative for the site. As implied by the
name, no actions would be taken to treat contaminants in the subsurface or to monitor
groundwater chemistry to evaluate changes over time since concentration trends show
declining numbers. Because there are no current receptors, the No Action alternative is
deemed protective given current land and water use at the Site. If water use in the immediate
area were to change in the future (i.e., a supply well installed near the existing VOC plume), the
protectiveness of this alternative would need to be re‐evaluated and the actions modified as
necessary.
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5.0

COMPARISON OF THE REFERENCE REMEDY AND ALTERNATIVE REMEDIES

This section summarizes the comparative analysis of the remedies evaluated. It includes an
evaluation of the reference remedy, the less aggressive remedy, and the more aggressive
remedy in terms of performance relative to the evaluation criteria summarized in A.A.C. R18‐
16‐407. The reference remedy, more aggressive remedy and less aggressive remedies meet the
Site ROs and are anticipated to be consistent with long‐term plans of local water providers. No
active supply wells are currently impacted. Tables summarizing the comparative analysis from
this Section are presented in Tables 5‐1 and 5‐2.
5.1

THRESHOLD CRITERIA

Each remedial alternative must meet two threshold requirements:
1. The remedy must achieve the Site ROs (A.A.C. R18‐16‐407.H.1);
2. The remedy must include an evaluation of the consistency with water management plans of
affected water providers and the general land use plans of local governments with land use
jurisdiction (A.A.C. R18‐16‐407.H.2).
The discussion in this section applies to all of the remedial alternatives evaluated. All of the
remedies presented have been developed to meet the Site ROs. Based on the Site conditions
and relevant exposure pathways, this FS focuses on groundwater contamination. All remedies
are anticipated to be consistent with the water management plans of local water providers; no
active supply wells are impacted by the plume and remedial actions are proposed to restore
water quality. The less aggressive alternative has some uncertainty with respect to these
criteria should water providers develop new/revised plans to install a production well in a
location that could be impacted by the plume (a hypothetical concern). In order to address the
uncertainty with the less aggressive remedy, the cost estimate includes a contingency for well‐
head treatment at some time in the future.
With regards to land use impacts, the proposed remedial actions are expected to be consistent
with the existing commercial land use. The detailed summary of each remedy is presented in
Section 4 and the comparative evaluation is summarized in the following Sections.

5.2
COMPARISON CRITERIA: PRACTICABILITY, RISK, COST, AND BENEFIT
Based on the objectives outlined in A.A.C. R18‐16‐407 (H), each remedy is evaluated for
practicability, risk, cost and benefit. The following sections describe the evaluation and
comparison of the remedies.
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5.2.1 Practicability
Each proposed remedy is evaluated in terms of its practicability, including its feasibility, short‐
and long‐term effectiveness, and reliability, considering the site‐specific conditions, the
characteristics of the contamination resulting from the release, the performance capabilities of
available technologies, and institutional factors.
Reference Remedy: The reference remedy of MNA is a feasible and practicable remedial
approach for the Site. The existing Site data indicate that down gradient portions of the plume
demonstrate attenuation is occurring, most likely dominated by advection and dispersion.
There is an indication of slow dechlorination/degradation in some monitoring wells based on
the presence of intermediate degradation products. Long‐term monitoring (the monitoring
portion of MNA) has been occurring over the past 10 years. MNA is a proven remedial
alternative that provides both short and long‐term effectiveness given that PCE concentrations
at the Site have decreased over the past 10 years (Table 2‐1). Further, it is estimated that, at
the current degradation rate (see Section 2.3.6), PCE concentrations in groundwater at the Site
are estimated to be below the AWQS (5 µg/L) within the next 10 to 15 years, which would meet
the ROs for the Site. MNA is also consistent with potentially affected water providers and their
long‐term plans. The MNA remedy is considered to be reliable based on the relatively low
concentrations in groundwater and the lack of a continuing/ongoing source of contamination in
soil.
More Aggressive Remedy: The more aggressive remedy uses the reference remedy (MNA),
while incorporating well‐head treatment as a contingency. The practicability of the more
aggressive remedy meets and exceeds that of the reference remedy discussed previously
(reliable short‐term and long‐term effectiveness/performance).
The well‐head treatment contingency is considered a practicable remedial solution if a water
supply well is installed in the future in a location where it could be impacted. Well‐head
treatment is a reliable and proven remedial technology. It would be considered if a local water
provider wished to develop groundwater in the vicinity of the Site for potable water supply use.
Use of well‐head treatment would provide both short‐term and long‐term effectiveness since
water supply regulations (and requisite monitoring) would ensure that the water supply is
effectively treated. Well‐head treatment is expected to be generally consistent with potentially
affected water providers and their long‐term plans. However, the specific details would need
to be established at such time as a water supply was to be developed. With the installation of a
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well‐head treatment system, the RO goals for the Site would be met. The well‐head treatment
remedy is considered to be reliable based on the site‐specific conditions, nature of the plume
and institutional considerations.
Less Aggressive Remedy: No Action may achieve the same endpoint as the reference remedy,
that is, concentrations of COCs may decrease until they are less than AWQS over time.
However, there is no monitoring associated with the No Action alternative so there will be no
documentation that AWQS have been achieved.
5.2.2 Risk
Each proposed remedy is evaluated for risk, including the overall protectiveness of public
health and aquatic and terrestrial biota under reasonably foreseeable scenarios for future use
and end uses of water. The comparative analysis of this factor considers the following aspects:
1.
2.
3.
4.
5.

Fate and transport of contaminants and concentrations and toxicity over the life of
the remediation;
Current and future land and resource use;
Exposure pathways, duration of exposure, and changes in risk over the life of the
remediation;
Protection of public health and aquatic and terrestrial biota while implementing the
remedial action and after the remedial action; and
Residual risk in the aquifer at the end of remediation.

Reference Remedy: MNA is considered to be a remedial alternative that is protective of public
and ecological health since the current exposure pathway to Site groundwater is incomplete.
Based on current and historical groundwater data (Table 2‐1), PCE appears to be slowly
attenuating due to dispersion with some chemical degradation near the current leading edge of
the plume. Since the fate and transport of contaminants is readily known (see Section 3.4), and
PCE concentrations are expected to decline over time to below AWQS standards within the next
10 to 15 years, the residual risk to the aquifer after MNA is completed is anticipated to be low.
Presently, groundwater in the vicinity of the Site is not being used for drinking water; however,
groundwater is designated as a potable resource for the future, if needed. Additionally, there
are no ADWR registered water supply wells or known municipal wells within approximately one
mile down gradient of the Site. Given the existing land use and COCs detected the exposure
threat from contamination in the Site subsurface soils is minimal. Lastly, exposure to the COCs
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via air pathway is also considered incomplete due to the low concentrations of VOCs in the
upper 5 ft. of soils.
More Aggressive Remedy: The various factors described above for the reference remedy with
respect to MNA are identical for the more aggressive remedy. In the event that a water supply
well was installed, well‐head treatment could be used as a contingency. Well‐head treatment
of a water supply well is a remedial alternative that is protective of public and ecological health
since contaminants are treated to applicable standards, prior to delivery into the water supply
system, mitigating potential human and ecological exposure to groundwater contamination.
Well‐head treatment would not affect the current and future use of the Site, but residual risk
(assuming contaminants are still above AWQS) will remain in the aquifer.
Additionally, given that the more aggressive remedy uses all of the components of the
reference remedy (MNA), while incorporating well‐head treatment, the risk associated with its
implementation is equivalent to or less than that of the reference remedy noted above.
Less Aggressive Remedy: No Action is considered to be protective of human health and the
environment because the residual risk to the aquifer is hypothetical unless a production well is
installed in a location impacted by Site groundwater. The residual risk could be realized if such
a well were installed. However, it is assumed that analytical testing that would occur if a
production well was installed and the test results could potentially trigger the need for well‐
head treatment for that well.
5.2.3 Cost
Each proposed remedy is evaluated in terms of its costs: including capital costs, operating
costs, maintenance costs, transactional costs necessary for implementation, and life‐cycle costs.
The comparison of costs for the reference remedy, more aggressive remedy, and less
aggressive remedy are summarized in Table 5‐2. Backup details of the cost estimates for each
remedy are included in Appendix A.
The remedial actions described in this FS include construction costs (for well‐head treatment
only) that are expended at the initiation of the project (e.g., capital construction costs in a
specific year) and costs in subsequent years that are required to implement and maintain the
remedy after the initial construction period (e.g., annual operations and maintenance [O&M]
costs and periodic costs). Present value analysis is the common economic method used to
evaluate expenditures, including both capital and O&M costs, which occur over different time
periods. This standard methodology allows for cost comparisons of different remedial
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alternatives on the basis of a single, comparable cost basis for each alternative (i.e., the Net
Present Value).
For long‐term projects (e.g., projects with a duration greater than 30 years), U.S. Environmental
Protection Agency (EPA) guidance for FS costing recommends that the cost evaluation also
include a present value analysis with a “no discounting” scenario (EPA, 2000). The non‐
discounted constant dollar cash flow over the project duration is important to illustrate the
impact of a discount rate on the total present value cost and the relative amounts of future
annual expenditures (i.e., the real costs to be funded in the future). This FS presents costs as
both the non‐discounted constant dollar cash flow (i.e., sum of all project expenses over the
duration) and the Net Present Value using a discount rate2 of 7%.
Reference Remedy: MNA is a proven, cost‐effective remedial alternative. The estimated cost
associated with the implementation of MNA over a 20‐year period is approximately $460,000.
The empirical degradation rate data suggest that a time frame of 10‐15 years may be required
to meet the AWQS and a conservative 20‐year period is used in the FS cost estimates. As
previously noted in Section 4.1, the proposed MNA sampling plan would be to sample strategic
Site monitoring wells once a year for five (5) years, then every other year (if remediation goals
are being met) for 7 more events and then a final sampling when the Site is being proposed for
closure for confirmation purposes. Considering the timing of expenses and present value
evaluation (with a discount rate of 7 percent), the corresponding Net Present Value is
approximately $260,000.
More Aggressive Remedy: The cost for the more aggressive alternative includes MNA as
described for the reference remedy and it also includes well‐head treatment as a contingency.
Well‐head treatment is expensive relative to the other remedial technologies for the Site. It
would include a long‐term O&M cost until contaminants in the groundwater are no longer a
threat to human and ecological heath. Given the currently low concentrations of PCE in
groundwater, a simple granular activated carbon treatment system would be added to a water
supply well (if such a well was to be installed within the Site area prior to achieving the ROs).
The overall costs of installation, operations and maintenance over a 10‐year period would be
approximately $3.2M. For the purposes of a Net Present Value evaluation, the well‐head
2

The National Contingency Plan suggests the use of a discount rate of 7 percent in the development of present
value cost estimates for remedial action alternatives during a FS. This specified rate of 7 percent represents a
“real” discount rate in that it approximates the marginal pretax return on an average investment in the private
sector, and it is adjusted to eliminate the effect of expected inflation. The recommended 7 percent rate should,
therefore, be used with “constant” or “real” dollars that have not been adjusted for inflation.
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treatment remedy is assumed to be required in 10 years (starting in 2025) and operate for a 10‐
year period (both of these are assumptions). Considering the timing of expenses and present
value evaluation (with a discount rate of 7 percent), the corresponding Net Present Value is
approximately $1.35M.
Less Aggressive Remedy: There is no cost associated with the No Action alternative except as a
contingency. For a scenario where a production well is installed in a location impacted by the
plume, well‐head treatment would be required. It is assumed that this would occur 10 years in
the future and accordingly, the cost is discounted to a net present value. The net present value
cost for this alternative is $0 unless well‐head treatment is needed; if that contingency is
needed, the cost would be $470,000 on a Net Present Value basis.
5.2.4 Benefit
Each proposed remedy is evaluated in terms of the benefit, or value, of the remediation. This
comparative analysis includes the following factors:
1.
2.
3.
4.
5.
6.

Lowered risk to human and aquatic and terrestrial biota;
Reduced concentration and reduced volume of contaminated water;
Decreased liability; acceptance by the public;
Aesthetics; preservation of existing uses;
Enhancement of future uses; and
Improvements to local economies.

Reference Remedy: MNA is a proven remedial technology that has been implemented at many
sites and has been publicly accepted. The implementation of MNA at the Site would not impact
the current and projected future use of the Site. As noted in Section 5.1.3, the risk to human
and ecological receptors associated with MNA is low. Additionally, both the concentrations and
the volume of contaminated water will be reduced over time. Documenting Site cleanup with
MNA will decrease liability associated with the Site. The aesthetics of the project are
anticipated to be compatible with the existing and future land use. This remedy is considered
to have a neutral impact in terms of enhancement of future land uses and impacts on local
economies.
More Aggressive Remedy: The benefits of the more aggressive remedy are similar to the
reference remedy for the MNA component with the added benefit offered by well‐head
treatment, assuming a production well is needed in the vicinity of the plume. It is a publicly
accepted remedial technology that reduces risk to human and ecological receptors by treating
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groundwater prior to being made available for either drinking or irrigation water supply use.
Additionally, since the fate and transport of contaminants is known (see Section 2.3.6), the
installation of well‐head treatment for a supply well installed at or near the Site may decrease
the restoration time period as contaminants would be removed by the extraction and
treatment system (potentially faster than may occur under MNA processes). Well‐head
treatment reduces the Site liabilities over time. The aesthetics of this remedial alternative are
anticipated to be compatible with the existing and future land use; there may be minor
aesthetic impacts associated with the well‐head treatment system but these are manageable
with appropriate fencing. This remedy is considered to have a neutral impact in terms of
enhancement of future land uses and impacts on local economies.
Less Aggressive Remedy: No Action offers the least benefit of all of the remedial alternatives
identified. There may be lowered risk to human and ecological receptors by the expected
decrease in COC concentrations over time but because there is no monitoring, there is no way
to verify this condition and demonstrate this to the public. This remedy is considered to have a
neutral impact in terms of enhancement of future land uses and impacts on local economies.
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6.0

RECOMMENDED REMEDY AND BASIS FOR SELECTION/RECOMMENDATION

Based on the results of the comparative analysis presented in this FS, the reference remedy is
the proposed remedy for the Site. As specified in A.A.C. R18‐16‐407, the rationale for selecting
the proposed remedy shall include:
1. How the proposed remedy will achieve the ROs;
2. How the comparison criteria were considered; and
3. How the proposed remedy meets the requirements of A.R.S. § 49‐282.06.
6.1

ACHIEVING SITE REMEDIAL OBJECTIVES

As noted in the Introduction, the objective of this FS is to identify and evaluate remedial
alternatives to address COCs in groundwater at the Site. Based on the Site conditions and
relevant exposure pathways, this FS focused on groundwater contamination since the
suspected source areas of the Site do not have soil at concentrations greater than Arizona
remediation standards. The reference remedy, MNA, meets the Site ROs for groundwater. The
reference remedy will also protect the groundwater supply for future use and ensure that wider
areas are not impacted for future water development options.
6.2

COMPARISON CRITERIA

The evaluation criteria, including achievement of the Site ROs, consistency with management
plans of local water providers, practicability, risk, cost and benefit, were considered for each of
the alternative remedies and discussed throughout Section 5. The comparison of these criteria,
as evaluated in relation to each other, is included in Table 5‐1.
All of the remedies considered meet the minimum threshold requirements (meet the ROs, and
consider the needs of local water providers that may be impacted in the future). All of the
remedies considered effectively address current and anticipated future Site risks. The
reference remedy provides the best balance of the practicability, risk, cost and benefit
considerations.
6.3

REQUIREMENTS OF A.R.S. § 49‐282.06

A.R.S § 49‐282.06 (A) requires that remedial actions shall:
1. Assure the protection of public health and welfare and the environment;
2. Provide for the control, management or cleanup of the hazardous substances in order to
allow the maximum beneficial use of the [impacted] waters of the state; and,
3. Be reasonable, necessary, cost‐effective and technically feasible.
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As discussed in this FS Report, the reference remedy, MNA, meets these requirements. The
reference remedy has been judged to be protective of human health and the environment,
compliant with applicable laws, and allows for the maximum beneficial use of the waters of the
State with the lowest cost. Further, MNA is the best combination of practicability, risk, cost,
and benefit to achieve the ROs (see Section 3.1).
6.4

COMMUNITY INVOLVEMENT

The FS Work Plan was previously posted for public review on May 14 and 21, 2015. Public
notification regarding completion and availability of this FS will be completed in accordance
with the Site Community Involvement Plan.
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Table 2‐1: Summary of Site Groundwater Sampling Data
Well Name

MW‐1

MW‐2

Sample Date

Tetrachloroethene
(PCE) (ug/L)

Trichloroethene
(TCE) (ug/L)

1,2‐Dichloroethane
(1,2‐DCA) (ug/L)

12/28/1999
3/27/2000
6/12/2000
9/23/2000
12/27/2000
3/30/2001
6/28/2001
12/12/2002
3/27/2003
6/23/2003
9/23/2003
1/28/2004
5/13/2004
12/14/2005
3/14/2006
6/14/2006
9/14/2006
12/14/2006
3/14/2007
6/14/2007
8/15/2007
5/20/2013
2/5/2014

160
140
270
76
160
130
130
56
48
28
24
17
39
9.6
7.25
11
17.9
5.95
11
18
3.1
5.9
3.3

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
<2.0
<0.5
<0.5

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
<2.0
<0.5
<0.5

4/17/2014
2/18/2015

11.4
25.2

<0.5
<0.5

<0.5
<0.5

12/28/1999

26

N/A

N/A

3/27/2000

32

N/A

N/A

6/12/2000

55

N/A

N/A

9/24/2000

4.1

N/A

N/A

12/27/2000

4.2

N/A

N/A

3/30/2001

7.1

N/A

N/A

6/28/2001

10

N/A

N/A
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Table 2‐1: Summary of Site Groundwater Sampling Data
Well Name

Sample Date

Tetrachloroethene
(PCE) (ug/L)

Trichloroethene
(TCE) (ug/L)

1,2‐Dichloroethane
(1,2‐DCA) (ug/L)

12/12/2002

26

N/A

N/A

3/27/2003

10

N/A

N/A

6/20/2003

18

N/A

N/A

9/23/2003

11

N/A

N/A

1/28/2004

5.8

N/A

N/A

5/13/2004

3.1

N/A

N/A

6/1/2005

4

N/A

N/A

9/14/2005

7.6

N/A

N/A

12/14/2006

25

N/A

N/A

3/14/2006

12

N/A

N/A

6/14/2006

12

N/A

N/A

9/14/2006

19.2

N/A

N/A

12/14/2006

13

N/A

N/A

3/14/2007

11

N/A

N/A

6/14/2007

15

N/A

N/A

8/15/2007

6.3

<2.0

<2.0

5/20/2013
2/5/2014
4/17/2014
2/18/2015

<0.5
1.17
0.65
1.43

0.57
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5

MW‐3

5/20/2013
2/5/2014
4/17/2014
2/18/2015
2/18/20151

<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
0.62
<0.5
<0.5

MW‐3A

8/30/2007

<2.0

<2.0

<2.0

MW‐4

Abandoned

N/A

N/A

N/A

MW‐5

8/15/2007
5/20/2013
2/5/2014
4/17/2014
2/18/2015

<2.0
<0.5
<0.5
<0.5
<0.5

<2.0
<0.5
<0.5
<0.5
<0.5

<2.0
<0.5
<0.5
<0.5
<0.5

MW‐2

16th St. & Camelback Rd. FS

Matrix‐CALIBRE Team

Table 2‐1: Summary of Site Groundwater Sampling Data
Well Name

Sample Date

Tetrachloroethene
(PCE) (ug/L)

Trichloroethene
(TCE) (ug/L)

1,2‐Dichloroethane
(1,2‐DCA) (ug/L)

MW‐6

8/30/2007
2/18/2015

<2.0
<0.5

<2.0
<0.5

<2.0
<0.5

MW‐7

8/30/2007

<2.0

<2.0

<2.0

5/20/2013
2/5/2014
4/17/2014
2/18/2015

<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5

<0.5
<0.5
<0.5
<0.5

8/30/2007

<2.0

<2.0

<2.0

5/20/2013

<0.5

<0.5

<0.5

5/20/2013¹

<0.5

<0.5

<0.5

2/18/2015

<0.5

<0.5

<0.5

MW‐9

8/30/2007
5/20/2013
2/5/2014
4/17/2014
2/18/2015

<2.0
<0.5
<0.5
<0.5
<0.5

<2.0
<0.5
<0.5
<0.5
<0.5

7.6
<0.5
<0.5
<0.5
<0.5

MW‐10

3/27/2000

34

N/A

N/A

6/12/2000
10/2/2000
12/27/2000
3/30/2001
12/12/2002
3/27/2003
6/20/2003
9/23/2003
1/28/2004
5/13/2004
12/14/2005
3/14/2006
6/14/2006
9/14/2006
12/14/2006

44
24
66
76
120
92
100
87
29
45
39
70
71
89.4
74

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

MW‐8
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Table 2‐1: Summary of Site Groundwater Sampling Data
Well Name

MW‐10

MW‐11

MW‐12

Sample Date
3/14/2007
6/14/2007
8/15/2007
5/20/2013
5/20/2013¹
2/5/2014
2/5/2014¹
4/17/2014
4/17/2014¹
2/18/2015

Tetrachloroethene
(PCE) (ug/L)
77
27
20
25.1
31.9
12.5
13.8
13.3
10.6
12.9

Trichloroethene
1,2‐Dichloroethane
(TCE) (ug/L)
(1,2‐DCA) (ug/L)
N/A
N/A
N/A
N/A
<5.0
<2.0
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5

8/30/2007

<2.0

<2.0

<2.0

5/20/2013
2/5/2014

<0.5
<0.5

<0.5
<0.5

<0.5
<0.5

2/18/2015

<0.5

<0.5

<0.5

1/29/2004
3/1/2005
6/1/2005
9/14/2005
12/14/2005
3/14/2006
6/14/2006
9/14/2006
12/14/2006
3/14/2007
6/14/2007

11
12
12.95
13.67
23.6
5.85
4.1
6.59
2.95
7
2.35

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

8/15/2007
5/20/2013
2/5/2014
4/17/2014
2/18/2015
2/18/20151

2.9
8.94
4.73
5.65
8.98
7.67

<2.0
0.59
<0.5
0.61
0.68
0.57

2.4
<0.5
<0.5
<0.5
<0.5
<0.5

2/5/2014

1.88

<0.5

<0.5
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Table 2‐1: Summary of Site Groundwater Sampling Data
Tetrachloroethene Trichloroethene
(PCE) (ug/L)
(TCE) (ug/L)
1.68
<0.5
3.77
<0.5

1,2‐Dichloroethane
(1,2‐DCA) (ug/L)
<0.5
<0.5

2/5/2014
4/17/2014
3/21/2015

1.42
2.33
4.29

0.95
1.34
1.36

<0.5
<0.5
<0.5

1/28/2004
5/13/2004
11/29/2004
3/1/2005
6/1/2005
9/14/2005
12/14/2005
3/14/2006
6/14/2006
9/14/2006
12/14/2006
3/14/2007
6/14/2007

57
8
14
47
10
16
58
13
15
13.7
14
5.9
35

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

8/15/2007
5/20/2013
2/5/2014

3.1
20.58
1.45

<2.0
<0.5
<0.5

<2.0
<0.5
<0.5

4/17/2014

1.84

<0.5

<0.5

2/18/2015

2.06

<0.5

<0.5

Well Name Sample Date
MW‐13
4/17/2014
3/21/2015
MW‐14

OW‐1D

Notes:
¹ ‐ Duplicate sample
ug/L ‐ Micrograms per liter
N/A ‐ Not Available
Data Sources:
Arizona Department of Environmental Quality (ADEQ) and Brown and Caldwell (B&C), 2015,
Final Remedial Investigation Report, 16th Street and Camelback WQARF Site
Matrix and CALIBRE, 2015, Summary of Groundwater Sampling: First Quarter 2015, 16th Street
and Camelback WQARF Site
Historical Data from Site Database
16th St. & Camelback Rd. FS
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Table 2‐2: Relevant Groundwater Standards for Primary Contaminants of Concern

Contaminant of Concern
PCE
TCE
1,2‐DCA

AWQS (µg/L)
5
5
5

Notes:
AWQS – Aquifer Water Quality Standard
1,2‐DCA – 1,2‐Dichloroethane
PCE – Tetrachloroethene
TCE – Trichloroethene
µg/L – micrograms per liter

16th St. & Camelback Rd. FS

Matrix‐CALIBRE Team

Reference Remedy:
MNA
More Aggressive
Remedy: MNA +
Well‐head Treatment
Less Aggressive
Remedy: No Action

Yes

Low

Low

Yes

Yes

Yes

Low

Med to
Most
High

Possibly

Needs to be
Yes
determined

Low

Low

Cost

Benefit

Yes

Risk

Yes

Practicability

Is the remedy consistent
with local water
management plans?

Remedial Alternative

Will achieve Site ROs?

Table 5‐1: Summary of Comparison of Reference Remedy and Alternative Remedies

Acceptable

Least

Notes:
MNA – Monitored Natural Attenuation
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Table 5‐2: Summary of Relative Cost Comparisons for Remedial Alternatives

Alternative
Reference Remedy – MNA
More Aggressive – MNA + Well‐
head Treatment
Less Aggressive – No Action5
(with contingency for Well‐head
Treatment)

Costs Presented as
Net Present Value4

Total Cost1,2

Projected
Restoration
Timeframe3

$460,000

20 Years

$260,000

$3,200,000

20 years

$1,350,000

$0 up to
$910,000

20 years

$0 up to
$450,000

Notes:
1. All costs are estimates and should not be interpreted as final construction, or project bid
costs. Costs are in present dollars (2015) and do not include inflation.
2. All costs include a 20% markup for project indirect costs (reporting/design/project
oversight) and a 30% contingency as a FS cost estimate (pre‐design).
3. Projected restoration timeframes are estimates to achieve AWQS based on existing Site
data and current Conceptual Site Model; the actual restoration timeframe may be different.
4. The Net Present Value is based on a 7% discount rate.
5. The less aggressive alternative cost is $0 (no action, the first number in the cost columns)
unless a water purveyor installs a water supply well in the plume, which necessitates
installation of well‐head treatment (the second number in the cost columns).
MNA – Monitored Natural Attenuation
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Appendix A
Detailed Cost Estimates

16th Street & Camelback Road WQARF Site
Table A-1 Reference Remedy—Monitored Natural Attenuation

Quantity
LONG TERM MONITORING COSTS (MNA)
Monitoring Well Sampling (Years 0-20)

13

Subtotal:
INDIRECT COSTS
Reporting/Design/Project Oversight3

1

Unit

Unit Cost 1

Event $

LS

$

2

Detail

22,000

$

286,000 Monitoring of 9 wells to be completed 1/ yr for 5 yrs,
1/2 yrs for the next 7 events, and then year 20.
Includes labor, equipment, and laboratory analysis.
Assumes 20 year timeframe.
$286,000

57,200

$

60,000 Assumes 20% of overall cost for project oversight,
management, permits, work plans, regulatory
interaction, etc., over the 20-year project period.

0

Subtotal:

Total Cost

$60,000

Alternative Cost (Plus IDCs and LTM)

$346,000

Contingency (30 Percent) 4

$110,000

TOTAL ALTERNATIVE COST

$460,000

Appropriate contingency for feasibility-level planning.

Notes:
1 All cost values are estimates and should not be interpreted as final project costs. Costs are in present dollar and do not include inflation costs.
2 Total values are rounded up to the nearest $10,000.
3 Anticipated indirect costs are assumed as 20% of the estimated remediation cost.
4 Contingency is appropriate for feasibility-level planning and will be reduced during the remedial design phase of the project.
Abbreviations:
IDC
LS
YR
ADEQ
ADWR

Indirect Cost
Lump Sum
Year
Arizona Department of Environmental Quality
Arizona Department of Water Resouces

Feasibility Study March 2016

16th Street & Camelback Road WQARF Site
Table A-2 More Aggressive Remedy: MNA plus Well-head Treatment at Supply Well

Quantity

Unit

Unit Cost 1

Total Cost 2 Detail

1
1

LS
LS

$ 150,000
$ 250,000

$
$

Site development and building for treatment system
Control Systems
Installation and Start-up of System

1
1
1

LS
LS
LS

$
$
$

75,000
50,000
25,000

$
$
$

Equipment Replacement and Maintenance

0

LS

$

25,000

$

Contingency Remediation Tasks
Well-head Treatment
Land Purchase Price
Capital Costs for Treatment System

Remediation Cost
LONG TERM O&M
Operation and Maintenance, Years 11-20

10

Subtotal: O&M
COMPLIANCE MONITORING COSTS
Annual Compliance Monitoring, Years 11-20

10

Subtotal:
LONG TERM MONITORING COSTS (MNA)
Monitoring Well Sampling (Years 0-20)

13

Subtotal:
INDIRECT REMEDIATION COSTS
Reporting/Design/Project Oversight3

1

YR

$ 112,500

$

$
YR

150,000 Includes acquisition of property for treatment system.
250,000 Includes carbon units, electrical drop, and plumbing
associated with up to 750 gpm wellhead treatment
system.
75,000 Includes site work and building
50,000 Instrumentation, PLC, Programming, other misc.
25,000 Includes monitoring workplan,startup tests, and
reporting
Includes periodic replacement costs such as meters,
valves, pumps, hoses, misc., etc.
$550,000
1,125,000 Assumes routine operation and maintenance
(including carbon & electricity consumption) for years
11-20 years after construction.
1,125,000
50,000 Assumes quarterly sampling events per year (for years
11-20 post construction) for influent, mid-point, and
effluent.
$50,000

$

5,000

$

Event $

22,000

$

286,000 Monitoring of 9 wells to be completed 1/ yr for 5 yrs,
1/2 yrs for the next 7 events, and then year 20.
Includes labor, equipment, and laboratory analysis.
Assumes 20 year timeframe.
$286,000

402,200

$

410,000 Assumes 20% of overall cost for project oversight,
management, permits, work plans, regulatory
$410,000

LS

$

Subtotal:
Alternative Cost (Plus IDCs and LTM)

$2,421,000

Contingency (30 Percent) 4

$730,000

TOTAL ALTERNATIVE COST

$3,151,000

Appropriate contingency for feasibility-level planning.

Notes:
1 All cost values are estimates and should not be interpreted as final construction or project costs. Costs are in present dollar and do not include inflation costs.
2 Total values are rounded up to the nearest $10,000.
3 Anticipated indirect costs are assumed as 20% of the estimated remediation cost.
4 Contingency is appropriate for feasibility-level planning and will be reduced during the remedial design phase of the project.
Abbreviations:
GPM
IDC
LS
MO
YR
ADEQ
ADWR

Gallons per Minute
Indirect Cost
Lump Sum
Month
Year
Arizona Department of Environmental Quality
Arizona Department of Water Resouces
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16th Street & Camelback Road WQARF Site
Table A-3 Less Aggressive Remedy: No action, with a contingency for well-head treatment if a supply well is installed
Quantity

Unit

Unit Cost 1

Total Cost

2

Detail

Well-head Treatment
Land Purchase Price

1

LS

$

150,000

$

150,000 Includes acquisition of property for treatment system.

Capital Costs for Treatment System

1

LS

$

250,000

$

Site development and building for treatment
Control Systems

1
1

LS
LS

$
$

75,000
50,000

$
$

Installation and Start-up of System

1

LS

$

25,000

$

Equipment Replacement and Maintenance

1

LS

$

25,000

$

Subtotal:
INDIRECT COSTS
Project Oversight3

250,000 Includes carbon units, electrical drop, and plumbing
associated with up to 750 gpm wellhead treatment
system.
75,000 Includes site work and building
50,000 Instrumentation, PLC, Programming, other misc.
controls, etc.
25,000 Includes monitoring workplan,startup tests, and
reporting
25,000 Includes periodic replacement costs such as meters,
valves, pumps, hoses, misc., etc.
$575,000

1

LS

$

115,000

$

Subtotal:

120,000 Assumes 20% of overall cost for project oversight,
management, etc., over the 10-year project period.

Alternative Cost (Plus IDCs)

$120,000
$695,000

Contingency (30 Percent) 4

$210,000

Appropriate contingency for feasibility-level planning.
TOTAL COST from $ 0 to $910,000

Notes:
1 All cost values are estimates and should not be interpreted as final project costs. Costs are in present dollar and do not include inflation costs.
2 Total values are rounded up to the nearest $10,000.
3 Anticipated costs for permitting, engineering design, reporting, and construction oversight are assumed as 20% of the estimated source area remediation cost.
4 Contingency is appropriate for feasibility-level planning and will be reduced during the remedial design phase of the project.
Abbreviations:
IDC Indirect Cost
LS Lump Sum
YR Year
ADEQ Arizona Department of Environmental Quality
ADWR Arizona Department of Water Resouces

Feasibility Study March 2016

16th Street & Camelback Road WQARF Site

Table A-4
NET PRESENT VALUE SUMMARY, USING A 7% DISCOUNT RATE
Less Aggressive Remedy

Reference Remedy

More Aggressive Remedy

Cost Summary
2016 Dollars
Capital Costs
$575,000
Compliance/Long‐Term Monitoring/O&M
Years 0‐10 (LT Monitoring)
$0
Years 11‐20 (LT monitoring)

$0

NPV
$292,301

2016 Dollars

NPV

2016 Dollars
$550,000

NPV
$279,592

$0

$154,000

$115,871

$154,000

$115,871

$0

$132,000

$46,288

$132,000

$46,288

$50,000
$1,125,000

$17,852
$401,674

Year 11‐20 (compliance)
Year 11‐20 (O&M)
Life Cycle Costs (ie Reporting, Project Management)
Years 0‐10
$0
Years 11‐20
$120,000

$0
$42,845

$30,000
$30,000

$21,071
$10,711

$30,000
$380,000

$21,071
$135,676

FS Contingency (at 30%)

$210,000

$110,000

$110,000

$60,000

$730,000

$310,000

Total Costs

$910,000

$450,000
as NPV

$460,000

$260,000
as NPV

$3,160,000

$1,330,000
as NPV

Feasibility Study March 2016

Appendix B
Concentration Time Series Graphs and
Evaluation of Attenuation Rates
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Figure4Ͳ1TimeSeriesofPCEConcentrationsinMWͲ1andAttenuationRate
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Figure4Ͳ2TimeSeriesofPCEConcentrationsinOWͲ1DandAttenuationRate
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Figure4Ͳ3TimeSeriesofPCEConcentrationsinMWͲ2andAttenuationRate
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Figure4Ͳ4TimeSeriesofPCEConcentrationsinMWͲ10andAttenuationRate
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