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EXECUTIVE SUMMARY

This is the third Five-Year Review of the Hassayampa Landfill Superfund Site (Site) located in
Maricopa County, Arizona. The purpose of this 2011 Five-Year Review is to review information
from the previous five years to determine if the remedy is and will continue to be protective of
human health and the environment. Section 121(C) of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) requires a five-year review whenever
hazardous substances remain on-site as part of a remedy. This statutory Five-Year Review has
been prepared by the U.S. Environmental Protection Agency (EPA), in coordination with the
Arizona Department of Environmental Quality (ADEQ).

The Superfund Site is a ten acre portion of a seventy-seven acre property owned by Maricopa
County that was used for the disposal of hazardous wastes during an 18 month period from April
1979 to October 1980. The Site was discovered and subsequently investigated in the early and
mid-1980s after the Arizona Department of Health Services (ADHS) discovered volatile organic
compounds (VOCs) in the groundwater in monitoring wells installed at the landfill. While forty-
seven acres of the property were used for the disposal of municipal and domestic solid wastes,
only the ten-acre hazardous waste disposal area in the northwest section of the landfill was
designated a Superfund Site and listed on the National Priorities List (NPL) in July 1987.

In 1992, EPA selected the following remedy for the landfill to protect long-term human health
and the environment:

Groundwater extraction, treatment, reinjection and monitoring;

Soil vapor extraction and treatment;

A multi-layer cap; and

Deed and access restrictions.

The Groundwater Remediation System (GRS), utilizing air-stripping treatment, began operation
in 1996. From 1996 to 1999, a soil vapor extraction (SVE) system utilizing thermal oxidation as
a treatment technology operated at the Site. In 2006, the SVE system was restarted using a
proprietary cryogenic treatment technology combined with carbon polishing of the contaminated
vapors.

This 2011 Five-Year Review concludes that the landfill cap is sound and in good condition. The
groundwater treatment is operating as required, with the exception of one break-through event in
2008, and groundwater monitoring has been conducted as planned. More frequent oversight and
maintenance measures on the GRS have been implemented during this last year. The soil vapor
extraction (SVE) system is generally operating effectively; however, this Review includes some
recommendations for increasing the efficiency of the extraction system. Some minor Site
maintenance deficiencies were identified during 2010 and early 2011 that were subsequently
addressed.

The review determined that there are several potential issues that may affect protectiveness in the
long-term. The review of the groundwater and soil vapor monitoring data identified several new
findings that impact the Conceptual Site Model. While the overall 5-year and 10-year trends for
the VOCs in groundwater and soil vapor are declining, after 15 years of continuous groundwater
treatment and 5 years of soil vapor treatment, the VOC concentrations are still significantly high.
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In recent years, consistent, continuing declining trends are not evident in soil vapor or
groundwater in the immediate source area, nor in the groundwater extraction wells. When
analyzed pursuant to EPA’s Non-Aqueous Phase Liquid (NAPL) guidance, it appears that
residual NAPL is present in soils at the Site. This finding may impact the long-term cleanup
time projections for the Site and suggests that more aggressive source area reduction is needed to
accelerate the removal of VOCs from the soils. It also indicates that additional monitoring wells
and more selective monitoring of the deeper drinking water aquifer (Unit B) are needed to make
sure undetected downward migration of contamination is not occurring. Prior to the 2007 Phase
I Study, it was assumed that the basalt layer between the Unit A and Unit B aquifers provided a
protective barrier from downward migration of contamination.

Another finding was that nitrate present in the Unit A groundwater (upper aquifer) at the Site is
being reinjected into the lower Unit B aquifer at concentrations (13-15 milligrams per liter
(mg/L) which are slightly above the drinking water standard of 10 mg/l (parts per million). This
is happening because the treatment system was designed to only remove VOCs, not nitrate.
Nitrate present in the shallow Unit A groundwater underlying the Site is still present in the
treated effluent. Because of this on-going practice, during the Five-Year Review, EPA re-
evaluated the currently available nitrate data. The review concluded that additional nitrate data
needs to be collected from the surrounding agricultural and desert areas to confirm current nitrate
background levels near the Site. The limited nitrate data from the Site for the period of 2006 to
the present indicates that the Site is a source. There is no current regional nitrate data in the
vicinity of the Site to compare the Site data. Nitrate studies were conducted in the 1980’s and
1990’s, but none since.

A review of the existing CERCLA-related plans, including the Performance Monitoring and
Verification Plans for Site O&M and eventual Site closure, indicated that updated plans are
needed for both soil vapor and groundwater. The updating of these plans will make the long-
term O&M and oversight of the treatment systems more effective and consistent with current
operating procedures and will ensure that future close-out of the remedy considers the impact of
the soil vapor and potential NAPL on the overall groundwater cleanup goals.

No other specific issues potentially affecting protectiveness were identified during this Review.
However, the Review does make follow-up recommendations to address the above described
issues related to long-term protectivenesss. It also includes additional suggestions to optimize
the soil vapor extraction system, by installing additional SVE extraction wells, and conducting
aggressive source treatment of the subsurface soils to accelerate the removal of NAPL from
impacted soils. The Review also recommends increased monitoring of the deeper Unit B
drinking water aquifer to verify continual control and capture of Site contamination by installing
new groundwater monitoring wells in Unit B, and initiating depth-specific monitoring of existing
Unit B groundwater wells at the Site. It also discusses, in more detail, improvements needed for
performance monitoring and verification. The Review also includes suggestions for utilizing
solar energy as a power source for the operation of the groundwater treatment system.

The remedy at the Hassayampa Landfill Superfund Site is protective of human health and the
environment. Currently, there are no environmental exposure pathways that result in
unacceptable risks, and none are expected as long as the engineered and institutional controls
selected in the decision documents continue to be properly operated, monitored, and maintained,
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and the land use at the Site allows for the integrity of the remedy to continue. To remain
protective for the long-term, the Site will need to be continually monitored and the soil vapor and
groundwater contamination will need to be continually captured and controlled, as needed
indefinitely, because of the high concentration of VOCs and NAPL present in the soils, the
potential leakage of contaminants through the permeable basalt layer, and the reinjection of
untreated nitrate into the Unit B drinking water aquifer.

Five-Year Review Summary Form

SITE IDENTIFICATION

Site name (from WasteLAN): Hassayampa Landfill Superfund Site
EPA ID (from WasteLAN): AZ D980735666

Region: IX State: AZ City/County: Hassayampa/ Maricopa County

NPL status: [OX Final Deleted [l Other (specify)

Remediation status (choose all that apply): Under Construction X[Operating X Complete

Multiple OUs?* YES X NO Construction completion date: September 30, 1997

Has site been put into reuse? YES X NOl

REVIEW STATUS

Lead agency: XEPA [ State [Tribe [ Other Federal Agency

Author names: Andria Benner

Author titles: Remedial Project Manager Author affiliations: EPA
Review period: 01/01/2011 to 09/30/2011
Date(s) of site inspection: 01/11-12 /2011 and 01/19-20/2011

Type of review:
X Post-SARA 0 Pre-SARA ONPL-Removal only
[ Non-NPL Remedial Action Site [ NPL State/Tribe-lead
[ Regional Discretion

Review number: [1 (first) 02 (second) X 3 (third) Other (specify)

Triggering action:

U0Actual RA Onsite Construction at OU # O0Actual RA Start at OU#
O0Construction Completion XUPrevious Five-Year Review Report
U0other (specify) Change in land use plans. Consideration of updated toxicity information.

Triggering action date (from WasteLAN): September 22, 2006

Due date (five years after triggering action date): September 22, 2011




Five-Year Review Summary Form, cont’d.
Issues:

The Site is located in a rural agricultural area within a landfill and there are no known existing
pathways for exposure to Site contaminants. All required Land Use Restrictions and other ICs
are in place.

There are several potential issues that may affect protectiveness in the long-term:

1) Consideration needs to be given to more aggressive source area treatment to accelerate
removal of VOCs in the subsurface and to reduce the potential future risk of impacts to the
deeper Unit B drinking water aquifer;

2) The current groundwater monitoring network needs some new wells for the long-term
monitoring of the Site;

3) The continued reinjection of nitrate into the drinking water aquifer needs to be reassessed;
4) The current O&M, sampling and analysis, and performance monitoring and verification
procedures are out of date and need updating to be consistent with current operating procedures
for the treatment systems and to consider the impact of soil vapor and what appears to be
residual NAPL present in soils on the groundwater cleanup.

Recommendations and Follow-up Actions:

1) Evaluation of soil vapor data, and application of EPA’s guidance for assessing the potential
for DNAPL in groundwater, suggest that residual DNAPL appears to be present in the vadose
zone soils and saturated zone beneath the Site. The data analysis (see Appendix A) suggests that
previous estimates of the time required to attain clean up goals under current remedial actions is
overly optimistic. Consequently, methods to optimize or accelerate the volatilization of VOCs
are recommended, including the installation of additional soil vapor wells, and aggressive source
area treatment of the subsurface soils to accelerate VOC removal.

2) To improve the groundwater monitoring network for long-term verification of the Site
remedy, an upgradient Unit B monitoring well is needed to confirm background concentrations
in the drinking water aquifer. Also, a new paired Unit B well is needed, in conjunction with
replacement of a Unit A well, to document capture and verify no downward migration of
contamination in the area near the southeast margin of the groundwater contamination.

3) Additionally, nitrate present in the source area groundwater is being reinjected at
concentrations of 13-15 mg/l into the deeper drinking water aquifer because the treatment system
was designed to treat for VOCs only, not nitrate. These levels are slightly above the drinking
water standard of 10 mg/l. A regional nitrate study is needed to evaluate background levels and
other potential sources of nitrate, and to determine whether the nitrate being injected is mixing
and dispersing into the aquifer or whether this reinjection could potentially impact public health
in the long-term future.

4) The CERCLA-related Plans, including the Performance Monitoring and Verification Plans,
need to be updated to include current procedures and close out requirements that consider the
impact of soil vapor and potential NAPL on the cleanup of the groundwater.
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Protectiveness Statement:

The remedy at the Hassayampa Landfill Superfund Site is protective of human health and the
environment. Currently, there are not environmental exposure pathways that result in
unacceptable risks, and none are expected as long as the engineered and institutional controls
selected in the decision documents continue to be properly operated, monitored and maintained,
and the land use at the Site allows for the integrity of the remedy to continue. To remain
protective for the long-term, the Site will need to be continually monitored and the soil vapor and
groundwater contamination will need to be continually captured and controlled, as needed
indefinitely, because of the high concentration of VOCs and NAPL present in the soils, the
potential leakage of contaminants through the permeable basalt layer, and the reinjection of
untreated nitrate into the Unit B drinking water aquifer.

Other Suggestions and Comments:

The Review includes a number of suggestions for improving the effectiveness of the Site remedy
including: modifying the SVE system, improving the groundwater quality monitoring,
modifying groundwater monitoring frequency, using solar power to run the groundwater
treatment system, and updating the regional well inventory.

Minor, recurring O&M maintenance issues, including landfill cap erosion and treatment system
equipment maintenance issues, require continual, on-going O&M. The HSC has addressed all
identified problems in 2010-2011, so no current corrective actions are recommended.

l. INTRODUCTION

The purpose of a Five-Year Review is to determine whether the remedy at a site is protective of
human health and the environment. The methods, findings, and conclusions of reviews are
documented in Five-Year Review Reports. In addition, Five-Year Review Reports identify
issues found during the review, if any, and recommendations to address them.

The Agency is preparing this Five-Year Review pursuant to the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) and the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP). CERCLA 8121 states:

If the President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review such
remedial action no less often than each five years after the initiation of such remedial
action to assure that human health and the environment are being protected by the
remedial action being implemented. In addition, if upon such review it is the judgment of
the President that action is appropriate at such site in accordance with section 104 or
106, the President shall take or require such action. The President shall report to the
Congress a list of facilities for which such review is required, the results of all such
reviews, and any actions taken as a result of such reviews.
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The agency interpreted this requirement further in the NCP. 40 CFR 8§300.430(f)(ii) states:

If a remedial action is selected that results in hazardous substances, pollutants, or
contaminants remaining at the site above levels that allow for unlimited use and
unrestricted exposure, the lead agency shall review such action no less often than every
five years after the initiation of the selected remedial action.

The EPA in coordination with the ADEQ has conducted a Five-Year Review of the remedial
actions implemented at the Hassayampa Landfill Superfund Site. This review was conducted
from January through September 2011. This report documents the results of the review.

The August 6, 1992 Record of Decision (ROD) selected a remedy that allowed hazardous
substances, pollutants, or contaminants to be left on-site at levels that would prohibit unlimited
use and unrestricted exposure. This Five-Year Review is therefore required by statute because
the remedy allows buried and capped landfill wastes to remain on the site indefinitely. This is
the third Five-Year Review for the site. The triggering action for this statutory review is the
signature date September 22, 2006, of the previous Five-Year Review Report, as shown in
EPA’s CERCLIS database.

Il. Site Chronology

Table 1: Chronology of Site Events

Event Date
Hazardous Waste Disposal (liquids and solid waste in the 10-acre April 20, 1979 to
Hazardous Waste Disposal Area of the Landfill October 28, 1980
Site listed on National Priorities List (NPL) by EPA July 22, 1987
Administrative Consent Order No. 88-08 to conduct RI/FS February 19, 1988
Remedial Investigation (RI) Report April 4, 1991
Results from Vadose Zone Monitor Borings, Hazardous Waste Area August 30, 1991
Feasibility Study (FS) Report May 20, 1992
Record of Decision (ROD) August 6, 1992

Unilateral Administrative Order No. 93-09 to design & implement remedy | March 30, 1993

Consent Decree No. CIV 94-1821 for remedy November 28, 1994

Groundwater Pilot Study (GW Pilot Study) August 1993 to
June 1995

Soil Cap - Design and Construction March 1994 to

September 1995
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Table 1: Chronology of Site Events

Event

Date

Hydraulic Containment Evaluation Report - Established Groundwater
Remediation System (GRS)

June 1, 1995

Soil Cap — Remedial Action Report

September 25, 1995

Soil Venting and Treatment System (SVTS) — Design and Construction

October 1995 to
July 1996

Groundwater Remediation System (GRS) began to operate

March 1996 to present

GRS - Performance Standards Verification Plan

March 26, 1996

GRS — Remedial Action Report

September 19, 1996

SVTS - Performance Standards Verification Plan

August 29, 1996

Preliminary Close-out Report

September 30, 1997

Remedial Action Report

April 30, 1998

SVTS Shutdown

September 6, 1998

First Five-Year Review Report

September 28, 2001

GRS - Revised O&M Manual

December 26, 2001

Addendum to First Five-Year Review Report

April 24, 2002

Treatment of Soil Vapor in Non-Capped Area (North) —
Passive Venting Pilot Test (PVPT)

February 2001 to

July 2003
PVPT Postponement of Expanded System July 18, 2003
Re-evaluation of Site Conceptual Model (SCM) — Additional Investigation |May 2004 to

January 2006
SCM - Phase | Workplan July 14, 2005

SCM — Revised Phase | Workplan

December 8, 2005

SCM - Estimation of Pneumatic Properties Report

January 24, 2006

Soil Vapor Extraction (SVE) System redesign & start-up

March 2006

Second Five Year Review Report

September 22, 2006

SCM - Final Phase | Report

October 17, 2007

GRS — Unit A Vertical Conductivity Analysis & Groundwater Model Report

January 10, 2008

GRS — MW-21UA Completion Report

October 17, 2008

GRS — EPA Letter re: Breakthrough Incident

December 16, 2008
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Table 1: Chronology of Site Events

Event

Date

GRS - Optimization Report

December 19, 2008

SVE - Restarted SVE System Optimization and Closure Protocols Report

January 23, 2009

SVE — Thermal Treatment Analysis Powerpoint Presentation April 29, 2009
Review of Solar Power Incentives in Arizona - Powerpoint Presentation June 2, 2009
GRS - Proposed Site Pilot Test: 6-Month Shutdown of 2 Extraction Wells |June 3, 2009

SVE — Summary of Soil Vapor Extraction Remedy Component

October 2, 2009

Explanation of Significant Difference (ESD) #1

December 23, 2009

GRS — Optimization 6-Month Pilot Test Results and July 2010 Study

March 29, 2010

SVE - SVE Pipe Integrity Testing Memorandum

February 9, 2011

Updated Comprehensive Quality Assurance Project Plan (QAPP)

Under EPA review

Updated Comprehensive Operations & Maintenance Plan

Under EPA review

Updated Comprehensive Monitoring and Verification Plan

Under EPA review

M. Background

Physical Characteristics

The Superfund Site is geographically situated approximately forty miles west of Phoenix and
approximately three miles north of Arlington, in Maricopa County, Arizona (see Figure 1). This
former hazardous waste disposal area (Site) is located in the northeast section of closed
municipal solid waste landfill that was operated by Maricopa County. The entire property is
seventy-seven acres, of which forty-seven acres were used for the disposal of municipal and

domestic solid waste. The 10-acre hazardous waste disposal area is part of the 47 acres used for
disposal of municipal solid waste (see Figure 2).

The Site lies within the drainage area of the ephemeral Hassayampa River, which is located half
a mile east of the Site, but outside of the 100-year floodplain. The Site is located in an alluvial-
filled basin, which has been influenced by the nearby river and the Arlington Mesa (Quaternary
basalt flows). A regional aquifer consisting of basin-fill deposits underlies the Site and comprises
the principal source of groundwater to wells in the area. The groundwater flow direction is
generally to the south-southwest. Wells within three miles of the site provide drinking water for
approximately 350 people and irrigation water for an estimated 2,800 acres of farmland. The
nearest downgradient residential well is about 1,000 yards south of the hazardous waste area.
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At the Site, based on the predominant soil types identified in field studies, the subsurface
conditions include two general units in the vadose zone (unsaturated soils): an upper coarse
grained zone and a lower fine-grained zone. The coarse-grained zone generally extends from
ground surface to approximately 30 feet below ground surface (bgs). Beneath the fine-grained
zone exists a basaltic lava flow unit that is variable in thickness and tapers out or is not present in
the most northern area underneath Pit 1. A vadose zone is also present beneath the basalt unit.
Two groundwater units, Unit A and Unit B, have been defined at depth beneath the basalt unit
and the vadose zone (see Figure 11). Further details regarding the physical and hydrogeologic
conditions are found in Appendix A, Data Review and Appendix D, Remediation System
Evaluation.

Surrounding land use includes mostly desert (undeveloped) land with some cultivation
(approximately one-sixth of the total surrounding land use). Vegetation is sparse and includes
creosote and salt bushes. There are no residents living in the immediate vicinity of the Site,
although there were several landfill employees who worked in the non-hazardous portion of the
landfill until it was closed in 1997. In 2010, a new transfer station was established on a nearby
portion of the Maricopa County Landfill. Future residential land use of the landfill property is
considered unlikely. There is some increase of residential development near the Site in recent
years. However, most of the residential development has been in the Town of Buckeye located
more than 5 miles to the north-east of the Site.

Land and Resource Use
Historical Use

Maricopa County began operating Hassayampa as a municipal solid waste landfill beginning in
1961. During an 18-month period from April 20, 1979 to October 28, 1980, hazardous wastes
were disposed in unlined pits in the 10 acre area (Site) in the northeast section of the larger
landfill. This disposal occurred under a manifest program operated by the Arizona Department
of Health Services (ADHS) in response to an “extreme emergency’ that resulted from an ADHS
ban on the disposal of industrial waste at City of Phoenix landfills. When landfills along the Salt
River were closed to industrial waste disposal due to flooding, industrial waste was transported
and disposed of at the Hassayampa Landfill site. The manifest program screened and tracked
industrial waste deliveries to the Site.

Under this program, a wide range of hazardous wastes were approved by ADHS for disposal at
the Site, including up to 3.4 million gallons of liquid wastes and 4,100 tons of solid wastes. The
wastes were disposed of in five unlined pits, of which Pit 1 and the Special Pits area received the
bulk of the hazardous wastes containing VOCs. Manifests were used to document the volume
and type of wastes and the names of the generators and transporters. The hazardous waste pits
were subsequently covered with native soil and restored to grade at the end of the 18-month
period in 1980. Disposal of domestic wastes to the other areas of the municipal landfill ceased in
June 1997.
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Water Resources

Water resources are very valuable in this arid, southwest environment. There are two main water
providers in the general area. The Town of Buckeye owns production wells and recharge basins,
also known as constructed underground storage facilities (USF) located east of the Hassayampa
River. The Water Utility of Greater Tonopah and Hassayampa Utility Company (both owned by
Global Water Resources) owns production wells and in the future plans to construct recharge
basins west of the Hassayampa River. Both the Town of Buckeye and Global Water Resources
have a large array of existing wells, as well as long-range plans for expansions of their respective
water supply and recharge systems. The closest public supply wells are over two miles east of
the Superfund site, across or upgradient of the regional groundwater flow and separated from the
site by the Hassayampa river channel. These wells will not be affected by the Superfund Site.
Several private domestic and industrial wells are located within about one half mile generally
down-gradient from the site. These wells are not thought to have been affected by the Site. (See
Section VI, Five Year Review Process, Water Resource Analysis, and separate Appendix B,
Water Resources Analysis.)

Current and Future Use

The Town of Buckeye’s current population is approximately 50,000; however build-out
projections for the town have been as high as 1.8 million residents. Recent evaluations by
Arizona Department of Water Resources (ADWR) have estimated that the Town of Buckeye
could sustain a population of 900,000. Estimated projected populations for Global Water
Resources’ service area are not available. While the Town of Buckeye is located quite a distance
from the Hassayampa Superfund Site, depending on future expansion demands, production wells
and/or recharge facilities could be sited closer to the Site. However, due to the housing market
recession of 2008-2011, such an expansion seems unlikely in the near term.

History of Contamination
Site Discovery

In 1981, shortly after disposal at the hazardous waste disposal area stopped, the ADHS began
investigating the Site. ADHS constructed three groundwater monitoring wells at the
Hassayampa Landfill to evaluate potential impacts from hazardous waste disposal activities. The
samples collected from the wells were contaminated with VOCs. In 1984, ADHS conducted a
site inspection of the Hassayampa Landfill and the surrounding area. Results of this sampling
and analysis effort, as well as additional investigations conducted later, indicated that soil and
groundwater in the hazardous waste area of the landfill were contaminated primarily by VOCs.

Five unlined disposal pits (each designated for a specific type of waste) were identified within
the hazardous waste portion of the landfill. These areas had elevated levels of VOCs present in
waste, soil, and soil gas, especially beneath Pit 1. Substantial downward percolation of these
compounds was also discovered in this area. Metals (including chromium, copper, and lead)
were detected in waste and soil beneath several pits with concentrations of chromium and copper
exceeding State hazardous waste regulatory levels. Groundwater samples from several
monitoring wells indicated that groundwater in the uppermost water-bearing unit (Unit A)
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beneath portions of the hazardous waste area were contaminated with VOCs. Additionally,
groundwater monitoring wells installed south of the hazardous waste area showed contaminant
migration in a southerly direction away from the Site.

In June 1986, based on these findings, EPA proposed the Hassayampa Landfill Superfund Site
for listing on the Superfund list. In July 1987, the Site was added to the National Priorities List
(NPL).

Site Investigative and Remedial Activities

The potential responsible parties (PRPs) for the contamination at the Site conducted a
remediation investigation (RI) during the late 1980s. Soil borings were drilled adjacent to the
hazardous waste disposal pits as well as other locations across the Site. Samples were collected
at various depths for laboratory analysis of organic and inorganic constituents. Additional Unit
A and Unit B groundwater wells were installed in 1998-1989 as part of the RI. The first soil
vapor survey of the Site was conducted in October 1991, following completion of the Rl Report
in April 1991. The PRPs completed the FS in May 1992. In August 1992, EPA signed the ROD
for the Site that described the selected cleanup remedy.

The groundwater and soil vapor remedies for the Site were constructed and implemented during
the period of 1995 to 1996. In 1996, the PRPs began conducting operations and maintenance
(O&M) for the Site remedies. The groundwater pump and treat remedy has been operating
continuously since 1996. The initial soil vapor remedy operated for the period of 1996 to 1998,
until it was shut down due to problems with the thermal oxidation treatment system. In 2006, the
soil vapor remedy was restarted with a new cryogenic treatment system (with carbon polishing
for the VOC vapors).

Currently, EPA and ADEQ are working together to oversee the long-term O&M of the Site
remedies. EPA is the lead regulatory agency with technical support being provided by ADEQ.

Enforcement History

In 1987, EPA sent Special Notice Letters informing 108 individuals and companies of their
potential responsibility for wastes contaminating the Hassayampa Superfund site. In February
1988, several PRPs entered into an Administrative Consent Order with EPA to conduct the site
investigation under EPA oversight.

Following the 1992 ROD, EPA commenced negotiations with 89 PRPs to enter into a Consent
Decree, (CD) for design and construction of the remedy. However, in March 1993, EPA issued a
Unilateral Administrative Order (UAQ) after negotiations became prolonged. The UAO was
issued to eleven of the parties to conduct additional investigation activities and begin remedial
design (RD) and remedial action (RA) activities on the groundwater treatment system and soil
cap while CD negotiations continued. In November 1994, EPA signed a CD with the
Hassayampa Steering Committee (HSC) comprised of the 12 major PRPs.

The 1994 CD required the PRPs to design, construct and operate the remedy selected in the
ROD. These PRPs, known as the Hassayampa Steering Committee (HSC), consist of Maricopa
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County (the landfill owner at the time of disposal), Bull, DEC, Honeywell, Alcatel, General
Instrument, AT&T, Shell, Arizona Public Service Co., Intel, National Can, and Reynolds Metals.
Hewlett Packard subsequently became an additional member of the HSC.

Basis for Taking Action

A large quantity of hazardous liquids was disposed of at the Hassayampa Landfill Superfund Site
during an 18-month period between 1979-1980. The following Chemicals of Potential Concern
(COPCs) were identified in the ROD at the Hassayampa Site: 1,1-dichloroethene (1,1-DCE);
1,1-dichloroethane (1,1-DCA); (trichlorotrifluoroethane (Freon 113); 1,1,1-trichloroethane
(1,1,1-TCA); trichloroethene (TCE); tetrachloroethene (PCE); trichlorofluoromethane (Freon
11); 1,2-dichloroethene (1,2-DCE); 1,2-dichloropropane (1,2-DCP); and toluene.

The soils and soil vapor beneath the waste pits contain VOCs, heavy metals, solvents, pesticides,
petroleum distillates, oil, acids, bases, cesspool and septic tank wastes, and lime wastes. The
waste types disposed of in the unlined pits varied greatly. Risk assessment results indicated that
potential health risks may exist for individuals who ingest the contaminated groundwater or
come into direct contact with hazardous wastes present in several of the trenches and pits.

V. Remedial Actions
Remedy Selection and Remedial Action Objectives

EPA’s August 6, 1992 ROD selected the following remedy for the Site:
e Groundwater extraction, treatment, reinjection and monitoring;
e Soil vapor extraction and treatment;
e A multi-layer cap; and
e Deed and access restrictions.

These four elements addressed the two primary remedy components: the groundwater and the
soil vapor. The ROD identified a threat of exposure to groundwater contaminants as a result of
future offsite migration. The ROD also stated that the soil vapor in the vadose zone offered a
potential continued source for groundwater contamination. The selected remedy allowed
contaminated waste and soil to remain on-site above levels for unrestricted use.

EPA’s 1992 ROD did not include specific Remedial Action Objectives (RAOs). However, the

ROD included groundwater cleanup standards and EPA’s 2009 ESD #1 included cleanup
standards for the soil vapor.
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Table 2. Ground Water Cleanup Goals

Compound Cleanup Goal
Benzene 5
Dichlorodifluoromethane 1400
1,1-dichloroethene 7
1,1-dichloroethane N/A
1,1,1-trichloroethane 200
1,2-dichloroethane 5
1,2-dichloroethene (cis/trans) 70/100
1,2-dichloropropane 5
Acetone 700
Chlorobenzene 100
Trichlorofluoromethane 2100
Trichlorotrifluoroethane (Freon 113) 210000
Methy! ethyl ketone (2-butanone) 170
Dichloromethane (methylene chloride) 5
Tetrachloroethene 5
Toluene 1000
Trihalomethanes 100
Trichloroethene 5
Chromium (total) 50
Xylenes (total) 10000
Vinyl chloride 2

Table 3. Soil Vapor Performance Standards per 2009 ESD

Volatile Organic Arizona Site- Vapor Equivalent
Compound GPLs Specific Soil Vapor
(mg/kg) Screening Performance
Levels Standards (ug/L)
(mg/kg)
Acetone - 76.260 - 1.04E+03
Benzene 0.71 - 8.07E+02
2-Butanone - 19.159 3.64E+02
Chlorobenzene - 33.01 1.43E+04
Dichlorofluoromethane - 2682.03 2.15E+07
1,2-Dichloroethane 0.21 - 6.13E+01
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1,1-Dichloroethene 0.81 - 2.85E+03
1,2-Dichloroethene (cis) 4.9 - 4.81E+03
1,2-Dichloroethene (trans) 8.4 - 1.52E+04
1,2-Dichloropropane 0.28 - 1.87E+02
Methylene Chloride . 0.645 4.2E+02
Tetrachloroethene 1.3 - 2.74E+03
Toluene 400 - 3.31E+05
1,1,1 -Trichloroethane 1 - 2.30E+03
Trichloroethene 0.61 . 7.80E+02
Trichlorofluoromethane - 1318.402 7.80E+06
Trichlorotritluoroethane - 541710.2 3.86E+09
Vinyl Chloride - 0.492 2.08E+03
Xylene (total) 2200 - 1.14E+06

The selected remedy also required compliance with all Federal and more stringent State ARARs
identified in Appendix A of the ROD, and with the To Be Considered (TBCs) requirements
identified in Appendix A.

EPA’s ROD selected the federal and state maximum contaminant levels (MCLs) established at
the time as the cleanup standards for the groundwater. For those contaminants for which MCLs
had not been established, EPA selected proposed MCLs or Health Based Guidance Levels
(HBGLs) developed by the ADHS.

In December 2009, EPA signed an Explanation of Significant Difference (ESD) #1 to update the
soil vapor remedy and the soil vapor performance standards (see Appendix C). The ESD #1
modified the treatment technology for the SVE system from thermal oxidation to a proprietary
cryogenic treatment system. The ESD also revised the original 1992 soil vapor performance
standards that were established through site-specific analytic computer modeling (SESOIL). The
revised 2009 soil vapor performance standards are based on Arizona Minimum Groundwater
Protection Levels (GPLs) and the EPA methods used to develop site-specific Soil Screening
Levels (SSLs).

Remedy Implementation
Remedy Design
After the 1993 UAO was issued by EPA, the PRPs conducted additional investigation activities

and began remedial design (RD) and remedial action (RA) activities on the groundwater
treatment system and soil cap.
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Remedy Construction

In 1994, the HSC completed construction of a multi-layer membrane and soil cap meeting the
requirements of Subtitle C of RCRA for the 10-acre hazardous waste disposal area to prevent
erosion and infiltration of contaminants into the groundwater.

In 1994, the HSC also constructed a pump and treat Groundwater Remediation System (GRS) to
capture VOC-contaminated groundwater in Unit A, downgradient of the disposal pits, and pipe it
for treatment by an air stripper (see Figure 2). Until 2011, the GRS was designed to use 4
extraction wells, and is now reduced to two extraction wells based on the results of recent studies
in 2010. Treated groundwater is then re-injected into the lower Unit B drinking water aquifer
through an upgradient injection well. The system has been operating relatively continuously
since 1994. As of December 2010, 48,600,000 gallons of groundwater have been treated and
approximately 328 pounds of VOCs have been removed.

In 1996, a soil vapor extraction (SVE) system was constructed using thermal oxidation to treat
the VOC:s in the soil vapor extracted from the contaminated soils. The system included: eleven
SVE monitoring/extraction wells drilled into the coarse grained, upper vadose zone; eleven wells
drilled into the fine-grained, lower vadose zone; and eight dual-completion passive vent wells.

In September 1997, EPA completed a Preliminary Close-Out Report (PCOR) for the
groundwater and soil vapor remedies at the Site. In April 1998, EPA certified the completion of
construction of the remedial action. These actions documented the completion of the
construction phase and the beginning of long-term operation and maintenance (O&M) of the Site
remedy. The SVE system was operated until September 1998. In March 1999, the thermal
oxidation treatment system was shut down after it failed several compliance tests for destruction
efficiency the previous year. Approximately 3,700 pounds of VOCs were removed from the
subsurface soils while the system operated between 1996 and 1999.

During the subsequent Phase I investigation (after the SVE system had been shut off for 7 years),
new data collected in 2005 indicated the need for SVE at the Site. Significant upward trends in
the concentration of the VOCs in the vadose zone soil vapor plume were detected. There also
was unexpected contamination of groundwater in an upgradient groundwater monitoring well
(MW-11UA) due to vapor migration. After this discovery, the HSC began an investigation in
2006 to further characterize the migration of subsurface soil vapors at the Site. Additional
groundwater and soil vapor monitoring wells were installed. Results from these new monitoring
wells indicated soil vapor concentrations exceeding 900,000,000 ug/kg total VOCs beneath a
deep basalt layer (approximately 90 feet below ground surface) near the liquid disposal pit, Pit 1.

In response to these findings, in 2006, the HSC installed a new SVE system with a proprietary
cryogenic technology and carbon treatment to polish the VOCs vapors from the system (see
Figure 3). This new technology includes extraction of the soil vapors, pressurization of the
vapors, and cooling of the vapor stream. During the high pressure and low temperature treatment
steps, the majority of VOCs change from a vapor to a liquid phase (condensation step). The
liquids are disposed of an an EPA-approved disposal site. The residual vapors are then treated
with granular-activated carbon, which is recycled. This system has been operating continuously
since 2006. As of March 2011, approximately 126,780 pounds of VOCs have been recovered.
The SVE system currently consists of 17 active wells.
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Operation and Maintenance (O&M)

The HSC has been performing all O&M activities at the landfill in accordance with several
separate O&M Manuals prepared for the groundwater treatment system installed in 1996, the
original SVE system installed in 1996, and the new SVE system installed in 2006. While many
of the earlier O&M requirements were consistent with current practices, other practices had
changed (in particular the O&M procedures for the new SVE system installed in 2006).

At the request of EPA in 2010, the HSC is currently updating a comprehensive O&M Plan to
describe current field procedures and practices for conducting the O&M for the groundwater and
soil vapor remedies. The HSC is also updating a Quality Assurance Project Plan (QAPP) to
document current sampling and analysis procedures, and to be consistent with the O&M Plan.
Additionally, in 2011, EPA requested an updated Performance Monitoring and Verification Plan
for the two Site remedies, which also needs to be consistent with these other plans.

The key O&M requirements for the Site include:

e Quarterly and/or annual sampling of selected groundwater and soil vapor monitoring
wells;

e Inspecting the landfill during and after storm events;

¢ Recording and maintaining inspection and monitoring results in appropriate logs;

o Performing appropriate maintenance of the cap, perimeter drainage system, access roads,
and security fencing;

e Performing O&M of the groundwater remediation system (GRS), including the capture
of the contaminated groundwater, the maintenance of monitoring wells, and inspecting,
operating, and maintaining the air stripper treatment system for removing the VOCs
from the contaminated groundwater;

o Performing O&M of the soil vapor extraction, control, and monitoring system, including
inspecting, operating, and maintaining the SVE system, managing the condensate that is
generated in the SVE piping, and managing the hazardous waste disposal of liquids and
used carbon generated from the cryogenic treatment system; and

e Submitting quarterly and semi-annual monitoring reports;

During this third Five-Year Review period (2006 to 2011), the HSC continued to conduct the
O&M of the landfill. The HSC monitored the groundwater and soil vapor, and conducted
routine O&M activities at the Site.

O&M Costs

In 2010, the annual cost for conducting the O&M activities for the remedy was approximately
$943,000, excluding agency oversight costs, based on data reported by the HSC. The 1992 ROD
projected O&M costs to be approximately $490,500 per year. In current dollars, that would be
approximately $786,300 per year. Historical O&M costs for the years 2004 through 2010 are
summarized in Table 2.

Prior to the restart of the SVE system, the annual operations costs were under $300,000 in 2004
and nearly $630,000 in 2005. However, since the restart of the SVE system in 2006, costs have
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been consistently over $1,000,000, with the exception of 2010 when the O&M costs were
$943,000. Additional information on the O&M costs, including a detailed breakdown of the
types of operational costs, are provided in the Optimization Study Report in Appendix D.

Table 4. Historical Operational and Management Costs from 2004 to 2010 for Hassayampa
Landfill Superfund Site (excludes agency oversight costs). (Source: HSC Communication, 2011)

Year Site Management Operation & Total Annual Costs
Maintenance

2004 $20,446 $237,463 $257,910

2005 $54,491 $572,735 $627,227

2006 $103,114 $1,044,862 $1,147,976

2007 $90,531 $926,236 $1,016,767

2008 $125,404 $1,244,174 $1,369,578

2009 $109,403 $1,114,972 $1,224,375

2010 $240,000 $703,000 $943,000

V. Progress Since the Last Five-Year Review

The 2006 Five Year Review (Section 9.0) reached the following conclusion regarding

protectiveness of the remedy:

“The remedy at the Hassayampa Landfill Superfund Site is considered protective to human
health and the environment in the short-term, because no current exposures are occurring.
The Unit B groundwater has not been impacted and there are restrictions on well-drilling
and future property use in place that would prevent usage. Existing institutional controls to
prevent access to the property and use of groundwater have not been violated. However, a
determination about whether the remedy will be protective in the long-term will need to be
deferred until additional data is collected which will lead to changes in the performance
standards for operation of the soil vapor extraction system and may lead to changes to the

remedial design.”

The 2006 Five-Year Review identified two major issues. The actions taken by the HSC and EPA
to address these issues are summarized in Table 3.

Table 5: Actions Taken Since the Last Five-Year Review

Issues from Previous
2006 Five Year Review

Recommendations/Follow-up
Actions

Action Taken and Outcome

1. Current design and
implementation of SVE remedy
may not be able to capture all
soil vapor mass.

Continue with implementation of
Revised Phase | Work Plan and
subsequent iterations of
investigation, as determined
necessary.

The HSC continued to conduct the
Phase | tasks during 2006-2007,
including: evaluating the extent of
residual source material at Pit 1;
evaluate the capture zone for the
groundwater extraction system;
and re-start the SVE system to
control vapor plume migration from
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Issues from Previous Recommendations/Follow-up Action Taken and Outcome
2006 Five Year Review Actions
Pit 1. In October 2007, the HSC
completed a Final Phase | Report.
2. Soil vapor performance Continue with implementation of In 2006-2007, the HSC collected
standards may not be Revised Phase | Work Plan and additional physical subsurface
protective of Unit A subsequent iterations of data. The HSC also reevaluated
groundwater. investigation, as determined the SESOIL vadose zone model
necessary by EPA. Following against site conditions. It was
revised definition of the conceptual | determined to not be protective of
site model, reevaluate standards groundwater. In January 2009,
and revise as necessary. the HSC completed a Restarted
SVE System and Optimization
Closure Protocols Report that
evaluated the soil vapor cleanup
standards and proposed
replacement standards. In
December 2009, EPA signed an
ESD #1 to revise the soil vapor
cleanup standards.
VI. Five-Year Review Process

Administrative Components

The 2011 Third Five-Year Review was led by Andria Benner, EPA Remedial Project Manager.
The following EPA team members assisted in the review:
e Cynthia Wetmore, EPA Engineer, Region 9 Five Year Reviewer
e Herb Levine, EPA Hydrogeologist
e David Cooper, EPA Community Involvement Coordinator (CIC)
e Harrison Karr, Attorney, EPA Region 9, Office of Regional Counsel

The following ADEQ personnel provided background information, written material and/or
technical support on this 2011 Five-Year Review:
e Wendy Flood, State Project Manager
e Tina LePage, State Hydrogeologist

o Felicia Calderon, State CIC

As part of the initial planning process for the Review, during the period of November-December,
2010, the EPA Review team established a schedule for the following activities:
e Community Involvement;

Data Review;
Site Inspection;

Document Review;

Community and Technical Interviews; and
Five-Year Review Report Development and Review.
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The Five-Year Review process was conducted from December 2010 through September 2011.
Community Notification and Involvement

In February 2011, EPA distributed a Fact Sheet announcing the start of the Five-Year Review
process (see Appendix E). The Fact Sheet was also posted on EPA’s and the State’s respective
web sites. The Fact Sheet provided a summary of Site background information and history and
explained that EPA intended to conduct community interviews during the FYR process, and to
prepare a final Fact Sheet summarizing the review’s findings and conclusions.

On May 4, 2011, EPA and ADEQ conducted several face-to-face community interviews with
local community members, elected officials, and water providers who may have an interest in the
Hassayampa Landfill Superfund Site. A total of 10 individuals were interviewed with the same
set of questions for each interview (see Appendix F). The interview results are summarized in
Section VI (Five Year Review Process, Interviews). In addition, written technical interview
questionnaires were sent to eight technical experts working for the HSC, EPA, and ADEQ, who
have technical knowledge about Site conditions. The results of these technical questionnaires are
included in Appendix G.

A final Five-Year Review Fact Sheet summarizing the conclusions of the evaluation, including a
discussion of the protectiveness of the remedy, will be prepared and distributed once the Report
is signed in September 2011.

The 2011 Five-Year Review Report will be available to the public at the following locations:
e City of Buckeye Public Library
310 North 6th Street
Buckeye, AZ 85326
(623) 386-2778

e Arizona Department of Environmental Quality (ADEQ)
1110 W. Washington Street
Phoenix, AZ 85007
(602) 771-4380

e U.S.EPA, Region 9
Superfund Records Center,
95 Hawthorne Street, Room 403
Mail Stop SFD-7-C
San Francisco, CA 94105
(415) 820-4700

Document and ARARsS Review
Document Review

The document review included a review of historical documents and records for the Site,
including O&M records and monitoring data. (Appendix H) This work was completed in
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accordance with Appendix B (Document Review) of the Comprehensive Five-Year Review
Guidance, OSWER Directive 9355.7-03B-P (EPA, June 2001).

ARARS Review

As part of the Review Process, an analysis was conducted of Applicable or Relevant and
Appropriate Requirements (see attached Appendix I, ARARs Analysis). Additional ARARs
were identified that were not included in the original ARARs list at the time of the 1992 ROD
and which have been revised or enacted since remedial activities were initiated at the Site (See
Table 2, Appendix I).

Review of these potential ARARs concluded that these rules, laws or regulations do not impact
the protectiveness of the Site remedy.

There were no TBC criteria, advisories, guidance, or proposed standards identified as helpful or
necessary for the protection of the public health or the environment that were not adequately
addressed by the original set of ARARs summarized on Table 1 (see Appendix I). There were
no new TBCs identified that would have an impact on the protectiveness of the remedy for the
Hassayampa Landfill Superfund Site.

Institutional Controls Review

EPA reevaluated the institutional controls (ICs) for the Site during this Five Year Review. EPA
concluded that existing ICs are adequate at this time. However, if future growth and
construction result in increased population density in the vicinity of the Site and increased
demand on groundwater resources, additional ICs may be needed to restrict production wells
and/or recharge facilities near the Site. An appropriate buffer zone would need to be calculated
based on aquifer permeability and transport rates to ensure contamination at the Site does not
contaminate groundwater resources, specifically the deeper Unit B drinking water aquifer. This
is not an issue at this time, but the potential impact of future growth should be reevaluated during
subsequent five-year reviews. Also, if Site conditions should change, EPA should reevaluate
during future reviews whether use of an Arizona Declaration of Environmental Use Restriction
(DEUR) under A.R.S. 49-152 would increase protectiveness of the existing ICs.

Data Review

In support of the third five-year review for the Hassayampa Landfill Superfund site, a data
review and analysis of soil vapor and groundwater data was undertaken. The analysis included a
critical review of the current conceptual site model and the performance of the existing remedy.
The Data Review evaluated the soil vapor and groundwater data as separate media, but also
analyzed the interrelationship of these media when considering potential contaminant transport
between the soils, soil vapor and groundwater.

Soil Vapor Data Review

The HSC collected quarterly soil vapor samples from monitoring wells within the SVE system
during the Five Year Review period of 2006 to the present. The results of this soil vapor
monitoring is summarized and analyzed in the attached Data Review Report (Appendix A).
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Trends in soil vapor concentrations for six primary contaminants (TCE, PCE, 1,1-DCE, 1,2-
DCP, 1,1,1-TCA, and trichlorotrifluoroethane (Freon 113) since 2006 were evaluated using a
Mann-Kendall test for trends. The results of the analysis indicate that though most
well/contaminant combinations had decreasing trends as would be expected with active soil
vapor extraction. However, a number of wells had increasing, stable, or no statistically
significant trends. Most notable of these were wells in the vicinity of Pit 1 including:
e V-12 Fine had increasing 1,1-DCE, Freon 113, 1,1,1-TCA, and TCE
e P-01 Fine, P-03 Fine, SP-01 Fine, SP-02 Fine, V-11 Fine, V-13 Fine, and W-01
Fine had stable or “no trend” for most constituents considered in the analysis
e P-01 Coarse (stable or no trend for all constituents except TCE), V-12 Coarse
(increasing for all constituents), and W-01 Coarse (all constituents stable or “no
trend”)

Contaminant mass removal rates for the SVE system, though reduced from 10,000 to 12,000
pounds per quarter (Ib/gtr) since the first year of operation, have remained at levels near 50%
(5,000 to 6,000 Ib/qtr) of the initial rates, even after 5 years of operation. Approximately half of
the mass removal is from two wells (MW-18UA and MW-19UA) screened below the basalt
layer and above the current water table, despite only 3% of the air flow coming from these two
wells. An exponential decay curve fit through the mass recovery data would project that it
would take approximately another 4 to 5 more years for removal rates to drop to 2,000 pounds
(one ton) per quarter.

The SVE system is working reasonably well, despite a recent issue with piping separation and
minor piping leaks. Though delivering large mass removal rates, there are questions about the
adequacy of air through-put in the source areas, especially beneath the basalt layer.

The basis for the soil gas performance standards that were established in EPA’s December 2009
ESD #1 were re-evaluated. The standards do not appear to consider the potential for vapor-phase
transport to the ground water table. A simplistic evaluation of the maximum soil gas
concentrations that could exist in the vadose zone that would not cause exceedances of MCL
values for several site contaminants was conducted, using observed soil gas concentrations and
ground water concentrations observed in MW-12UA. MW-12UA was used to “calibrate” the
magnitude of contaminant mixing, as a consensus existed that contaminants in groundwater at
MW-12UA got to groundwater through vapor-phase transport. The computed values were
comparable to or less than the existing soil vapor performance standards.

Due to the remote location of the site, there does not appear to be a complete vapor intrusion
pathway to any potential receptors at or near the Site. The closest off-site structure is the
intermittently occupied office at the adjacent municipal waste transfer station, about a quarter
mile northeast of the site. It is well outside the extent of soil vapor and contaminated
groundwater. Buildings on-site are used to house the groundwater treatment equipment and
other storage space. They are entered only occasionally for brief periods. An un-skirted trailer
houses equipment for the soil vapor treatment system.
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Coarse Grained Soils Above Basalt Layer

The extent and concentrations of VOCs in subsurface soil vapor have been greatly reduced in the
coarse grained soils overlying the basalt layer during the period of 2006 to 2010. In 2006, the
extent of VOC contamination above 500 ug/L in the coarse grained soils extended beyond the
Site boundaries. However, by 2010 the areal extent of VOC contaminants above 500 ug/L in the
coarse grained soils was contained within the Site and limited to the Pit 1 and Special Pit areas
(see Figure 4).
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Figure 4. Soil Vapor VOC Contamination in Coarse Grained Material Above Basalt from 2006 to 2010.
Fine Grained Soils Above Basalt Layer

During the period of 2006 to 2010, there was a similar reduction in the extent and concentration
of VOC contamination in the lower fine grained soils above the basalt. VOC contamination with
the highest concentrations were identified in the Pit 1 and Special Pits area; however, the
concentrations and extent is greater in the fine grained zone as compared to the coarser grained
soils. Additionally, in the Pit 1 area, the VOC concentrations in soil vapor above 500 ug/L still
extend beyond the Site boundary (see Figure 5).
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Figure 5. Soil Vapor VOC Contaminated Plume in Fine Grained Material Above Basalt from 2006 to 2010

However, despite the significant reductions overall, a number of SVE wells in the fine-grained
soils above the basalt had increasing, stable, or no statistically significant trends. Most notable
of these were wells in the vicinity of Pit 1 (see Figure 6). The trend analysis for the fine-grained
zone indicates that concentrations at most points have decreased. Only 3% (4) of the fine-
grained zone well/CoC combinations had a probably increasing or increasing trend - 1,1-DCE,
Freon 113, 1,1,1-TCA, and TCE all in V-12 Fine. Other wells near Pit 1 had largely stable or
“no trend” for most contaminants, including P-01 Fine, P-03 Fine, SP-01 Fine, SP-02 Fine, V-11
Fine, V-13 Fine, and W-01 Fine. The locations of these wells are shown on Figure 6. The lack
of a clear decreasing trend for most contaminants in these wells (except V-13 Fine) is
particularly unexpected given that these wells are actively used as SVE wells. The lack of a
clear decreasing trend suggests there is a substantial source mass remaining in the fine-grained
zone in the vicinity of these wells and that SVE is likely to need to continue. The relatively
stable vapor concentrations in V-13, the farthest northeast extent of the vapor, reflect the
likelihood that the location is outside the reach of the SVE system. Vapor in the vicinity of V-13
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is considered an isolated remnant no longer connected to the source area. It can be expected to
dissipate slowly over time.
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Figure 6. Summary of Mann-Kendall Trends in Fine-Grained Zone, Above Basalt Monitoring Probes
Fine Grained Soils Below Basalt Layer

The extent and concentrations of VOC contamination in the fine grained vadose zone below the
basalt have also been significantly reduced between 2006 and 2010; however unlike above the

basalt, the elevated VOC concentrations in the vicinity of Pit 1 still extend a distance beyond the
Site boundary (see Figure 7). The concentrations in some wells completed below the basalt layer
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are remaining constant or not reducing in concentration at the rate expected in an area with active
SVE (see Figure 8). In some instances concentrations have increased in specific wells and the
overall concentrations are still quite elevated. The VOCs below the basalt layer appear, however,
to be contained by the current SVE system (See Appendix A, Data Review).
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Figure 7. Soil Vapor VOC Contaminated Plume in Fine Grained Material Sub-Basalt from 2006 to 2010

The concentration trends since mid-2006 (prior to the start of extraction from MW-06UA, MW-
18UA, and MW-19UA in 2007) have indicated substantial declines in concentrations of most
constituents. However, concentrations since 2007 in the current sub-basalt extraction wells,
MW-18UA, MW-19UA, and MW-06UA, have been relatively stable as indicated in Figures 13,
14, and 15 in Appendix A, Data Review. Concentrations of 1,1-DCE have actually increased
since 2006 in MW-12UA as shown in Figure 16 in Appendix A. This corresponds to an increase
in ground water concentrations in the same well. Again, the stability of the relatively high (>500
ug/L) concentrations in the wells near the Pit 1 source area suggests that there is a substantial
inventory of mass below the basalt layer in this area. The locations of these wells and a
summary of the Mann-Kendall trends for the six CoCs in all the sub-basalt sampling points are
provided on Figure 8.
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Conclusions

The restart of the SVE system has been very successful at collapsing the vapor plumes back to
the likely source areas; however, the concentration trends for wells in the vicinity of these source
areas suggest that there is substantial remaining contaminant mass in the source areas that will
take a substantial amount of time to extract using the current SVE system. The increasing vapor

concentrations in MW-12UA potentially represent a broader issue with the source of the
contamination in both vapor and ground water.

The analysis concludes that there is a substantial amount of mass that remains in the immediate
vicinity of and below Pit 1, including the soil below the basalt layer. The presence of large
amounts of contaminant mass below the basalt is not consistent with the current conceptual site

model. Consideration of alternatives to more aggressively address this mass is recommended
and discussed in Appendix D, Remediation System Evaluation.
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Groundwater Data Review

During the Five Year Review period, the HSC has continued to conduct quarterly groundwater
sampling and depth to groundwater measurements. The groundwater samples were submitted
for analysis at an EPA approved laboratory. The HSC prepared and submitted quarterly and
annual reports to the Agencies. The groundwater treatment system has been effective in
capturing and controlling further lateral or downward migration of the groundwater contaminants
at the Site, with the exception of nitrate.

The groundwater data were evaluated as part of the Review process to assess:

1. Concentration trends and progress toward attaining the groundwater performance standards,
2. Effects of contaminant mass removal by soil vapor extraction,

3. Effectiveness of the pump and treat system in maintaining hydraulic containment of
contaminated groundwater, and

4. Adequacy of the current conceptual site model that has guided remedial activities.

The principal groundwater contaminants are the same VOCs as those in soil vapor (TCE, PCE,
1,1-DCE, 1,2-DCP, 1,1,1-TCA, and Freon 113), however their relative abundances are different.
Other than Freon 113, 1,1-DCE is the most abundant and widespread VOC contaminant in
groundwater.

Groundwater Capture

The lateral extent of VOC contamination in the groundwater has not been greatly reduced
between 2006 and 2010. The extent of VOC contamination at the 1,000 ug/L contour is
approximated for the years 2006, 2009 and 2010 in Figure 9. Concentrations in wells upgradient
and wells near the margins of the groundwater plume, thought to result largely from vapor phase
transport from the overlying vadose zone, have decreased, presumably in response to SVE over
the last five years. VOC concentrations in wells downgradient from the source area, including
the extraction wells, have remained stable, showing little or no response to SVE. Groundwater
in the two source area groundwater monitor wells that were connected directly to the SVE
system for vapor extraction from below the basalt layer have shown very large spikes and
extreme fluctuations in VOC concentrations in response to their use as vapor extraction wells.
The magnitudes of the concentration spikes suggest that SVE may change contact between
residual DNAPL VOCs and groundwater. Whether the residual VOC source is within the
vadose zone and saturated zone is not known with certainty, but is likely based on the analysis
presented below.

Four groundwater extraction wells operated more or less continuously from 2006 to 2009 when
the two southwestern-most wells (EW-1UA and EW-2UA), which historically had not shown
any contamination were turned off for periods of time as part of a groundwater remediation
system optimization pilot test. The combined discharge from the four wells, about 5 gallons per
minute, was reduced to about 3.5 gallons per minute. Reduction in the extent of the horizontal
capture zone was primarily in the area west of the contaminant plume and had little if any effect
on capture of contaminated groundwater, and the inconsequential contaminant mass removal
rates via the extraction wells and air stripper treatment system were unaffected.
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Groundwater levels in the monitor well network indicate that complete capture of contaminated
groundwater by the extraction wells may be marginal at the southeast limit of the contaminant
plume. The water level in monitor well MW-21UA is not consistent with the water levels in the
other Unit A groundwater monitor wells and may be affected due to an imperfect seal being
installed following over-drilling of the borehole into the Unit B. This over-drilling may also
allow small amounts of contamination from Unit A to migrate downward into Unit B.
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Figure 9. Groundwater Total VOC Contamination Lateral Extent from 2006 to 2010
VOC Concentrations in Unit A Groundwater

Concentrations of VOCs in Unit A groundwater have responded in different ways to SVE during
the last five years. Some monitor wells have fluctuated in a manner consistent with the existing
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Conceptual Site Model (CSM). Until SVE was resumed in 2006, increasing concentrations of
soil vapor were spreading in the vadose zone by vapor phase transport in soil gas. The primary
factor affecting Unit A groundwater was inferred to be significant soil vapor concentrations
below the basalt in contact with the water table surface (Geosyntec/Hargis, 2008). High
concentrations of VOC contaminants in soil vapor contaminate underlying groundwater. This
vapor phase contamination has been considered a significant source and mechanism for the
contamination of groundwater at the site. The historical groundwater concentration trends,
particularly in peripheral wells, contributed to development of this CSM and led to resumed
SVE.

Responses in the groundwater wells since SVE was resumed range from significant declines in
VOC concentrations in some wells (e.g. MW-07UA), to significant spikes in concentrations in
others (e.g. >100,000 micrograms/L total VOCs in MW-18UA). See Data Evaluation Section
and Appendix A for details. Concentrations in other wells have shown little change. VOC
concentrations in the groundwater extraction wells have remained fairly constant. Groundwater
concentrations in Unit A monitor wells that have been connected to the SVE system and used for
vapor extraction (MW-6UA, MW-18UA, and MW-19UA) rose significantly immediately after
being connected to SVE, and have fluctuated dramatically since. The elevated groundwater
concentrations observed following the start of SVE from these wells have persisted. Locations of
example wells, below, are shown on Figure 10.

Dense Non-Aquaeous Phase Liquids in Soils

Although DNAPL has been directly detected only by NAPL-sensitive tape in the vadose zone
above the basalt beneath the Pit 1, there are multiple lines of evidence from the groundwater data
that a potentially significant, ongoing DNAPL contaminant source is present in the saturated
zone. These observation include:

e The continued presence of 1,1,1-TCA at substantial concentrations in wells MW-18UA
and MW-19UA. The fact the TCA is not observed with co-contaminants at significant
concentration outside the immediate source area, suggests that it degrades relatively
quickly and is eliminated within a relatively short groundwater travel distance. A
probable half-life of less than 1 to 2 years for dissolved-phase TCA is estimated based on
the relatively high ground water temperatures. The persistence of TCA released over 30
years ago suggests an ongoing NAPL phase source continuing to dissolve in the saturated
zone.

e The near complete absence of the 1,2-DCE isomers (particularly cis-1,2-DCE), and the
absence of 1.1-DCA, indicate that the sustained high concentration and wide distribution
of 1,1-DCE is likely to result mainly from the abiotic degradation of 1,1,1-TCA rather
than from TCE.

e Back-calculation of the 1,1,1-TCA concentration necessary to generate the 1,1-DCE
concentrations observed in the source area exceeds by roughly an order of magnitude the
1% of solubility rule generally used to infer the presence of DNAPL nearby.
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results, January 2011 (Hargis / Geosyntec, 2011)
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e The observation that depth-specific PDB sampler profiles showed greater VOC
concentrations with depth in the source area suggests that residual DNAPL remains not
only in the overlying vadose zone, but also within the saturated zone.

e The stable VOC concentrations in downgradient groundwater monitor wells (e.g., MW-
04UA) and extraction wells (e.g., EW-04UA), and the sustained high concentrations in
source area monitor wells (e.g., MW-18UA) despite removal of over 120,000 pounds of
VOCs from the vadose zone by SVE, are consistent with steady-state dissolution of
residual NAPL below the current water table.

e The reported presence of 1,4-dioxane in well MW-18UA, while not conclusive by itself,
is consistent with ongoing dissolution of DNAPL TCA.

Analysis of the groundwater data, in context with other site information, suggests that a sustained
source of residual VOC mass is likely to be present in groundwater in the immediate vicinity
beneath Pit 1. A significant portion of residual mass may be present as DNAPL near the
capillary fringe and deeper within the saturated zone. The idea of residual DNAPL in the
saturated zone is not incorporated in the conceptual site model that has guided site management
over the last five years. Rate-limited dissolution of DNAPL in the saturated zone, as well as
volatilization from residual DNAPL in the vadose zone, would significantly extend the
anticipated time frame for achieving the groundwater performance standards.

Downward Migration Potential.

Water level elevation data from paired Unit A and Unit B groundwater monitoring wells show
that water levels in Unit B wells are higher than the top of the Unit B lithologic zone, i.e. the
Unit B groundwater is semi-confined by groundwater in the overlying Unit A. However, the
unconfined water table elevation of Unit A is higher than the Unit B levels, thus the overall
vertical hydraulic gradient at the site is downward from Unit A into Unit B. The rate of
downward movement of groundwater from Unit A into Unit B is limited by the low vertical
hydraulic conductivity of Unit A and the confined water levels of Unit B groundwater that in part
support the Unit A groundwater.

Groundwater extraction for hydraulic containment has lowered the Unit A water table across
much of the site, reducing but not eliminating the driving force for migration of contaminated
Unit A water into Unit B. In January 2011, groundwater elevation data in the immediate vicinity
of the active extraction wells (EW-3 and EW-4) showed a downward potential of about 5 feet.
The downward vertical potential beneath the most contaminated area of Unit A groundwater, in
the vicinity of MW-18UA and MW-19UA in the Pit 1 source area, was about 8 to 10 feet. The
downward vertical gradient has remained relatively stable since Unit A water levels stabilized in
about 1998, 4 years after the start of groundwater extraction.

The absence of detectable contaminant concentrations in all of the Unit B wells is cited in
numerous reports as a line of evidence that significant downward migration of contaminated Unit
A groundwater is not occurring. However, it is very important to note that all of the Unit B
monitor wells have screened intervals of 30 to 40 feet or more in length, and that all groundwater
samples collected from Unit B have been collected by high flow rate purging and sampling.
These screens are excessively long and, given the sampling method, relatively insensitive for
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detecting contamination moving into the top of Unit B by the acknowledged downward vertical
hydraulic gradient from Unit A.

Conclusions and Impact on Conceptual Site Model

Meaningful mass removal over the last five years has consisted only of SVE. The contaminant
removal rate for the groundwater pump and treat system is relatively insignificant. The remedial
activities have been guided by a CSM developed during the Phase I investigations that infers
that the majority of VOC mass resides in the unsaturated zone, and that vapor phase transport is
the principal mechanism for groundwater contamination. Although vapor phase transport from
the vadose zone clearly is a significant VOC migration pathway to groundwater, several
observations are not readily explained by the present CSM.

While the present CSM has served well to guide remedial activities during the last five years,
and SVE has been effective in removing mass and reversing the spread of vapor phase
contaminants, thorough analysis of recent groundwater monitoring data suggests that the present
site conceptual model may need to be refined to accommodate all of the observations and data
implications. In addition to vapor phase transport, it is highly likely that the presence of DNAPL
and other liquids have migrated downward in areas where the basalt is not present as well as
through permeable areas of the basalt. An updated visual presentation of the CSM is shown in
Figure 11.
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Figure 11. Updated Conceptual Site Model (CSM) — Residual DNAPL Below Basalt Layer
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Water Resources Analysis

A separate Water Resources Analysis was completed to document the regional pumping and
recharge activities and other data relevant to understanding the regional groundwater dynamics.
The detailed findings are included in Appendix B, Water Resource Analysis.

The Town of Buckeye currently owns and operates three production wells between a 3-mile and
a 5-mile radius of the Site. The number of production wells owned by Global Water Resources
within a 3 to 5-mile radius of the Site is unknown. Drilling permit applications submitted to
ADWR for new wells within one mile of a Superfund site are sent to the ADEQ for review and
coordination with EPA. In addition, the Town of Buckeye’s Draft Well Design Manual states
that wells shall not be located within one mile of ADEQ’s or EPA’s estimated plume boundary
for a Water Quality Assurance Revolving Fund (WQARF) Registry Site, National Priority List
Site, or Department of Defense Site. This buffer would apply to wells that are installed by or for
the Town of Buckeye and to existing wells that are to be conveyed to the Town of Buckeye.
Furthermore, the Town of Buckeye Water Resources Director reserves the right to review the
location and design of any proposed wells which are within 2 miles of the Hassayampa Landfill.

In addition, recharge basins are also being planned for construction in the regional area. In this
regional area, recharge has been known to cause groundwater levels to rise by 20 feet or more.
There are no known restrictions at this time on the amount of allowable recharge within a close
proximity of the Site. However, the Town of Buckeye’s Water Resources Plan (Brown and
Caldwell, 2011) includes recharge site feasibility criteria which supports a buffer zone of 1 to 2
miles from the Hassayampa Landfill.

Groundwater in Unit A travels quite slowly, approximately a few tens of feet per year.
Groundwater velocities in Unit B are higher, perhaps ten times faster (approximately 200 feet per
year). In the short term, any Site contaminants present in both the Unit A and Unit B aquifers at
the Site are moving at such a slow or diluted rate that it does not pose a risk to public health or
welfare. The nearest downgradient receptors are the Hickman Egg Farm wells located
approximately one mile downgradient. It would take an estimated 20 years for any contamination
to reach these wells.

Nitrate Analysis

A Nitrate Analysis was completed to evaluate current nitrate data at the Site and regionally to
identify whether the continued reinjection of nitrate into the deeper Unit B aquifer may need
further remedial action. Nitrate present in the Unit A groundwater (upper aquifer) at the Site is
being reinjected into the lower Unit B aquifer at concentrations of 13-15 millograms per liter
(mg/l) which are slightly above the drinking water standard of 10 mg/l. This is happening
because the treatment system was designed to only remove VOCs, not nitrate. Nitrate present in
the shallow Unit A groundwater underlying the Site is still present in the treated effluent.
Because of this on-going practice, during the Five-Year Review, EPA re-evaluated the currently
available nitrate data. The review concluded that additional nitrate data needs to be collected
from the surrounding agricultural and desert areas to confirm current nitrate background levels
near the Site. The limited nitrate data from the Site for the period of 2006 to the present indicates
that the Site is a source. There is no current regional nitrate data in the vicinity of the Site to
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compare the Site data. Regional studies of nitrate concentrations in groundwater conducted in
the 1980’s and 1990’s provided a basis for the attributing nitrate concentrations in groundwater
at the site to regional agricultural activities , but no studies have been done since. See Appendix
J, Nitrate Analysis for additional information.

Remediation System Evaluation

An optimization study, termed a Remediation System Evaluation (RSE), was conducted by the
US Army Corps of Engineers for the Hassayampa Landfill extraction and treatment systems.
The RSE report is provided as Appendix D. The RSE evaluated the opportunities to both
improve effectiveness and reduce costs.

The prlmary findings included:
Evaluate more aggressive source area treatment, using in-situ thermal remediation,
multi-phase extraction, or bioremediation for both soil and ground water.

- Modify the SVE system to improve air throughput in the Pit 1 area (HSC is
implementing these recommendations)

- Update vertical profiling of contaminant concentrations in ground water in Unit A
monitoring wells and use of passive-diffusion bag samplers in the uppermost
screened interval of Unit B monitoring wells to assess vertical migration from Unit A
to Unit B.

- Re-evaluate the ground water sampling frequency to reflect the slow migration rates
in Unit A.

- Reduce detailed site reporting and meeting frequency.

- Use asingle blower instead of two for the SVE system.

- Reduce unnecessary operation of the air stripper blower through updated controls.

- Implement a simple and regular testing of piping integrity.

- Report PID readings taken to monitor the use of the vapor-phase carbon.

- Provide time history figures of VOC concentrations for SVE wells.

- Measure and report dissolved oxygen concentrations in ground water during
sampling.

The opportunities for green and sustainable remediation actions were also evaluated in the RSE
report. The potential to power the ground water extraction and treatment system via a grid-tied
fixed solar array was evaluated with a target capacity of 6 kW. The Site offers excellent
potential for photovoltaic energy production due to the latitude and many days of sunshine per
year. The cost for this would be minor with a payback period of about six years. The cost for
such a system is small, so even if the costs are underestimated by a significant fraction and
would be a reasonable investment for the long expected life of the ground water extraction and
treatment system. The cost of electricity may rise in the future, making the photovoltaic system
even more attractive.
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Treatment System Emissions Data Review
Groundwater Treatment System Emissions

Emissions from the air stripper for the groundwater treatment system are very low due to the low
volume of groundwater pumped which is approximately 5 gallons per minute (gpm). The
emission rates can be computed based on the differences in the water influent and effluent
concentrations and flow rates. Per the 2010 Annual Report, mass removal rates of VOCs from
groundwater were very low. The GRS removed 6.5 pounds in the fourth quarter 2010 and 31
pounds for the year. This translates into an average of 0.072 pounds per day of VOC emissions
in the fourth quarter, or an average of 0.085 pounds per day for the year. Therefore, the GRS is
considered minimal source and no active monitoring of the GRS air stripper system has been
required by EPA.

SVE Treatment System Emissions

However, emissions monitoring is required for the cryogenic treatment system on the SVE
system because of the large quantities of high concentration VOC-contaminated soil vapor that
are extracted from the subsurface soils. EPA’s 1992 ROD cited a Maricopa County Air Quality
District (MCACD) standard of 3 pounds per day limit for VOCs. The Maricopa County Air
Permit, currently under review for renewal, allows 9 pounds of VOC emissions per day (and 6
pounds of Hazardous Air Pollutants (HAPS). It is unclear if the rules cited in Table 3 of the
ROD have been changed. The expired permit required VOC emissions monitoring data to be
collected to ensure there is no break-through in the carbon treatment vessels used to polish the
remaining VOCs from the emissions from the treatment system. The emissions data has not
been routinely provided to EPA during the Five-Year Review period. However, EPA did request
the data in April 2011. The data provided was primarily collected using a PID and minimal
VOC analyses were performed by a laboratory. The data appeared to be inconsistent and
inadequate to prove that there are no emissions from the SVE treatment system. EPA is now
requiring the emissions monitoring, sampling and analysis requirements to be incorporated by
the HSC into an updated O&M Plan and QAPP/SAP currently under Agency review.

During cool weather, condensation of water vapor in the SVE piping system also generates
liquid condensate that periodically needs to be collected and disposed of into the GRS, along
with the extracted groundwater from the contaminated Unit A aquifer. This condensate is being
properly managed. Liquids are also condensed in the GEO unit and these include solvents that
are manifested and properly disposed off site via a separate contractor.

Site Inspection

The site inspection was conducted by the Army Corps of Engineers, on behalf of EPA, on
January 11-13, 2011. The Corps made additional observations during a follow-up visit on
January 18-19, 2011. Overall, the Corps concluded that the Site facilities were in good condition
and well maintained. The Site security is effective. The site inspection checklist and site
photographs are provided in Appendix K, Site Inspection Check List.
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Soil Cap

The hazardous waste disposal area cover is in good condition, though vegetation is very sparse.
Erosion is limited and, when it occurs, is repaired quickly. There was some erosion noted outside
the site fence north of the main gate, but this does not affect the integrity of the cap.

Groundwater Treatment System

The ground water extraction wells, monitoring wells and reinjection well for the GRS are in
good working order. The groundwater monitoring wells are properly secured. The filter sock on
the air intake to the GRS air stripper was torn in places, however, this has a minor impact on the
operation of this groundwater treatment unit.

Soil Vapor Treatment System

Piping for the SVE system has had leaks (most recently observed by the Agencies during a Site
visit in October 2010), but repairs to the SVE piping were conducted in October 2010 and again
during the January 2011 site visit. Subsequently, in April 2011, the HSC painted the above-
grade polyvinyl chloride SVE piping with UV resistant paint to reduce degradation due to
exposure to ultraviolet rays in sunlight. The soil vapor monitoring wells are secured and
functional. Monitoring data to document the effectiveness of the Site’s treatment facilities is
adequate and available, with the exception of sampling results from the effluent from the SVE
treatment system to document that no releases have occurred from the carbon treatment vessels
prior to carbon change-out.

Deficiencies Noted

The following O&M deficiencies were identified that need attention, however, these deficiencies
do not impact the effectiveness or prove the effectiveness of the remedy.
e Some erosion was noted outside the site fence north of the main gate needing repair.
e The filter sock on the air intake to the GRS air stripper was torn in places and needs to be
replaced.
¢ Insufficient sampling data was provided (although for the emissions from the SVE
treatment system to document that no releases have occurred from the carbon treatment
vessels prior to carbon change-out.

Interview Summary

Community interviews were conducted with community leaders, City of Buckeye officials, and
other local water providers as to how they felt about the Site, any management concerns about Site
O&M, and what they ideally would like to see the Site become in the near future. The community
members interviewed were also asked if they were aware of any new regulations or ordinances
that would affect the Site and what effects they felt the Site had on the community. The interview
form used for these discussions is attached to this Review (see Appendix F, Community Interview
Questionnaire).
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Technical interviews, in the form of a written questionnaire, primarily targeted individuals who
are knowledgeable about the operation of the site remedy. Interviewees included the HSC
contractors, EPA contractors and ADEQ technical staff. The purpose of these interviews was to
identify issues or problems associated with the remedy and how various technical experts
currently view the Site remedy. The completed technical questionnaires for each are included in
Appendix G, Technical Interview Forms.

The primary comments and opinions provided during the community interviews and from the
technical interview forms:

e Most of the community interviewees were either unfamiliar with the Site or had recalled
some historical events related to the Site remedy, but did not have current knowledge of
Site conditions. A certain amount of time during the community interviews was spent
providing an overview of current activities for the soil vapor and groundwater remedies.

e The most significant finding during the community interviews was provided from the
water providers who described the long-term planning objectives, future growth
projections and water demand requirements for the regional area.

e The response in the technical interview questionnaires ranged from consultants for the
HSC generally indicating that the remedy is moving forward as conceptually designed and
there are no significant issues and problems. The ADEQ technical staff and the EPA
contractors raised new issues related to the need to further optimize the SVE remedy, the
presence of NAPL based on the data review, and concern that proceeding with no changes
to the current remedy will prolong the cleanup. The concerns expressed were that delays
could potentially place the Unit B drinking water aquifer at greater risk due to the potential
for increased downward migration of contaminated Unit A groundwater with time. Future
groundwater withdrawal from the regional aquifer and lowering of Unit B water levels
could increase the downward gradient and rate of downward movement of Unit A
groundwater.

¢ None of the interviewees indicated that they would like to see or expected a future use for
the Site now that the remedy is in place, other than it remaining a closed part of the
landfill.

VI Technical Assessment
Question A: Is the remedy functioning as intended by the decision documents?
Plans and Documentation

The remedy is generally functioning as intended in the decision documents, with the exceptions
noted in the Data Review Section and Appendix A,

e Soil vapor is contained, but despite substantial contaminant mass removed by the SVE
system over the last five years, progress toward achieving soil vapor performance
standards in the Pit 1 source area has slowed and not met expectations.

e Contaminant concentrations in groundwater outside the source area have declined over the
last five years; however, progress toward achieving the groundwater performance
standards is not evident in the groundwater data from the source area monitor wells or
from the groundwater extraction wells.
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e Contaminated Unit A groundwater appears to be captured by the groundwater extraction
wells. However, the anomalous water levels in monitor well MW-21UA suggest that
capture may be marginal along the southeastern edge of the plume. A new well may be
required.

e The historical groundwater sampling technique used for Unit B wells is not sufficiently
sensitive to detect slow or low downward migration or low levels of contaminants from
Unit A.

Most of the appropriate plans and documentation are present or are in the process of being
updated, for example the O&M Plan, the QAPP/SAP and Performance Monitoring and
Verification Plan.

Institutional Controls

In June 2006, as part of the Second Five-Year Review Report, a detailed Institutional Controls
Evaluation was completed by CH2M Hill for EPA. It describes in detail the procedures followed
to implement the institutional controls (ICs) for the Site. The 1992 ROD required that deed
restrictions be imposed to restrict future use of the Site and also to restrict use of the groundwater
beneath the Site. A Consent Decree (Case No. 94-1821), signed in 1994 by EPA and the HSC,
required that the owner of the property place a copy of the decree on file with the Maricopa
County Recorder’s Office. A title report subsequently obtained by EPA confirmed that the CD
was recorded as required. In 1994, a restrictive covenant was recorded for the Hassayampa
Landfill, which encompasses the Site. The restrictive covenant was recorded pursuant to
Arizona Revised Statutes (A.R.S.) 49-771, which required the recording of restrictive covenant
for solid waste landfills before they can be allowed to operate.

The 2006 CH2M Hill Technical Memorandum concluded that the recording of the restrictive
covenant for the Hassayampa Landfill imposes an effective use restriction for the Site. It further
states that because the Site is owned by Maricopa County and transfer is unlikely, the existing
restrictive covenant is protective. Based on the Site Inspections conducted by the Army Corps of
Engineers during the weeks of January 11 and 18, 2011, no violations of the ICs described in the
ROD were observed. Therefore, this 2011 Review concludes that the ICs related to restricting
access and future use of the Site are effective and protective.

The only potentially outstanding 1C issue may whether additional restrictions are needed to
control any potential impact on the remedy of regional groundwater pumping and recharge in
close vicinity to the Site. While this is not an issue at the time of this 2011 Review, EPA should
reevaluate this issue in 2016 at the time of the next review. EPA should also reevaluate whether
execution and recording of a Declaration of Environmental Use Restriction (DEUR) under
A.R.S. 49-152 would increase protectiveness of the existing ICs, if any Site conditions or plans
for future use should change.

Remedial Action Performance

The multi-layer landfill cap has been effective in containing the waste and contaminants, and
preventing human exposure to the contaminants at the Site.
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The GRS is functioning as intended by the ROD. Groundwater containing VOC-contamination
is being captured and controlled at and in the immediate vicinity of the Site. While the restart-up
of the SVE system in 2006 appears to have mobilized contaminants and caused the groundwater
contamination to increase in some wells and decrease in others, it has had little effect on
concentrations in other wells, including the extraction wells. Despite the anomalous water levels
reported at MW-21UA, capture of contaminated groundwater in Unit A appears to be maintained
by the extraction system (which was recently reduced from 4 to 2 extraction wells).

The SVE system which was restarted in 2006 is also functioning as intended by the ROD,
although its operation could be made more effective if certain measures are taken in the future to
more aggressively treat the source areas (Pit 1 and Special Pits). The residual contaminant mass
is the fine grained materials of the vadose zone both above and below the basalt layer is
impacting soil vapor and, based on the current data, the groundwater at the Site.

System O&M

In general, the HSC has been performing O&M activities effectively and efficiently in recent
years, with the exception of a “breakthrough event” with the GRS in 2008. Untreated
groundwater was reinjected to the drinking water aquifer when the air stripper malfunctioned due
to lack of maintenance. Since this event and the payment of penalties under the Consent Decree
(CD) by the HSC in 2009, the GRS and the water quality data are monitored more rigorously by
both the HSC and the Agencies. In addition, the HSC has been routinely submitting quarterly
monitoring and annual reports to EPA and ADEQ. The HSC has routinely reported, in the
quarterly reports, on-going maintenance and repair activities conducted on the landfill cap, storm
water drainage, groundwater and soil vapor monitoring wells, the GRS treatment system and the
SVE extraction and treatment system. In Fall 2010 and Spring 2011, at the request of EPA, the
HSC conducted a series of vacuum tests on the SVE piping to identify and repair weak joints and
valves with air leaks. In Spring 2011, the entire SVE piping system was painted with ultraviolet
(UV) resistant paint to prevent any potential additional degradation of the polyvinyl chloride
(PVC) pipes.

Early Indicator of Potential Operational Issues

The HSC performs regular checks, conducts quarterly, semi-annual and annual monitoring,
maintains logs for the GRS and SVE treatment systems, and performs all other necessary O&M
activities at the Site to ensure compliance with procedures required by the ROD, CD, and the
convenant restriction to ensure protection of human health and the environment. In 2011, the
HSC installed an additional alarm system for the SVE system to provide real-time notification of
any system failure. The GRS system has an existing alarm notification system if it should have
any unexpected operational failures.

Question B: Are the exposure assumptions, toxicity data, cleanup levels, and
remedial action objectives (RAOs) used at the time of the remedy still valid?

Exposure Assumptions
The exposure assumptions have not significantly changed. Currently there are no known

=45 -



complete routes of exposure to contaminants from the Site. Engineering controls are in place
and well maintained. Institutional controls are in effect that prevent/prohibit human incursion
onto the site. The long-term monitoring and engineering and institutional controls will need to
remain in place and be maintained in perpetuity because contamination has been left in place.
Monitoring results for soil vapor show the extent of vapor contamination to have been
substantially reduced. The concentration trends are generally stable in the near-source area, or
decreasing over time in areas away from the source. However, since the construction of the Site
remedy in 1996 and the subsequent restart of the SVE system in 2006, there have been changes
to the SVE treatment system; therefore, some of the procedures and standards prescribed in the
1994 CD, and the 1996 O&M Plans and QAPP/SAP need updating.

Changes in Exposure Pathway

The continued reinjection of untreated nitrate into the Unit B drinking water aquifer may not be
protective of human health in the long-term. This issue was not raised in prior 2001 and 2006
Five Year Reviews. The RI/FS and 1992 ROD concluded that the primary source of nitrate was
not Site-related, but due to regional agricultural sources or was naturally-occurring. However,
transport manifests document that two PRPs disposed of nitrate and nitric acid in Pits 2 and 3 in
the hazardous waste disposal area during 1979-1980. At the time of the RI and FS, this disposal
was considered de minimis; however, over time, nitrate levels in groundwater extracted and
treated at the Site have remained above the MCL.

Almost 20 years later, based on the limited quantity and frequency of nitrate sampling now
conducted, the current data suggests that nitrate is also coming from the Site, not just from an
outside regional source. The upgradient well at the Site contains nitrate at levels below the
maximum contaminant level (MCL) or drinking water standard of 10 ug/L. Nitrate samples
collected from the on-Site wells and downgradient wells show nitrate at the same concentrations
above the MCL (13-15 ug/L). This may not be an issue in the short-term because of the slow
groundwater flow. However, it may be an issue in the future for long-term protectiveness in
downgradient potable water supply wells. As long as the current remedy continues to allow
reinjection of the untreated nitrate into the Unit B drinking water aquifer, expanded and more
frequent monitoring should be conducted to make sure that nitrate above the MCL originating
from the Site does not reach potable water supply wells.

Toxicity Data and Cleanup Levels

There have been a number of changes to the toxicity values for specific COCs in soil and
groundwater at the Site since the final baseline risk assessment was submitted in 1991. These
changes would have only impacted conditions as they existed at the Site prior to remediation.
Post-remediation site conditions eliminated or reduced the exposure pathways, effectively
negating the impact of the change in toxicity factors. Therefore, these changes do not affect the
protectiveness of the remedy.

In 2001, EPA released a draft toxicity evaluation for TCE following the current cancer
guidelines and incorporating data and physiological/biochemical understanding. This review
concluded TCE was “highly likely to produce cancer in humans.” With this determination, a
range of cancer slope factors were developed, some of which would result in more stringent
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cleanup levels than the current MCL. This toxicity evaluation has been under review by several
external scientific panels for more than five years and no new decision has been reached. This
issue will need to be updated in subsequent Five-Year Reviews.

Question C: Has any other information come to light that could call into question
the protectiveness of the remedy?

No additional information has been identified at the Site that would call into question the
protectiveness of the remedy selected in the 1992 ROD. However, the continued reinjection of
nitrate that passes through the GRS treatment system untreated and which is then injected into
the Unit B drinking water aquifer may pose a potential risk in the future if it should reach a
receptor. Currently, the closest downgradient drinking water well is over one mile away, so
there is no current risk to human health. The extent and distribution of the nitrate will need to be
monitored more frequently both within the Site and in the downgradient direction from the Site.

Technical Assessment Summary

According to the review of relevant documents and data, site inspections, and interviews with the
personnel within the HSC, EPA, ADEQ, Town of Buckeye,and Maricopa County, the remedy is
functioning as intended by the EPA ROD. There have been no changes in the physical
conditions of the Site that would affect the protectiveness of the remedy. There is no other
information that calls into questions the protectiveness of the remedy.

VIIl.  Issues
The Site is located in a rural agricultural area within a landfill and there are no know existing
pathways for exposure to Site contaminants. All required Land Use Restrictions and other ICs

are in place.

However, there are several potential issues that may affect protectiveness in the long-term.
These potential issues fall into the following areas:

Issue Currently Affects Future
Affects Protectiveness
Protectiveness | (Y/N)
(Y/N)

Prolonging Site cleanup by not implementing more aggressive

source treatment may pose a long-term risk to the potential N Y

contaminant migration downward to the drinking water

aquifer,

Inadequate monitoring of the lower drinking water aquifer

(Unit B) may not provide the needed earlier warning system if N Y

contamination has migrated;

Lack of treatment for nitrate (if Site-related) may pose a risk to N Y

downgradient drinking water supplies;

Lack of adequate Performance Monitoring and Verification
and other CERCLA-related plans for determining potential
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performance failure of treatment systems, and for determining N Y
Site closure because of the impact that soil vapor and potential
DNAPL has on the soils and groundwater
IX. Recommendations and Follow-up Actions
B Affects
Issue Recommendations / Follow- Party sight Milestone | Protectiveness?
— Up Actions Responsible S1gnt Date (Yes or No)
Agw Current Future
Evaluation of soil vapor
data, and application of
EPA’s guidance for
assessing the potential for
DNAPL in groundwater,
Prolondin suggest that residual
Site Clgang o | DNAPL is likely to be
not Py present in the vadose zone
implementin soils and saturated zone
mopre 9 | beneath the Site. The data
agaressive analysis (see Appendix A)
sggrce suggests that previous Hassa- Next
treatment ma estimates of the time yampa Five
ose 3 lond- y required to attain clean up | Steering EPA Year No Yes
Ferm risk t% the goals under current Commit- Review
otential remedial actions is overly | tee (HSC) (2016)
Eontaminant optimistic. Consequently,
miaration methods to optimize or
dogvnwar dto accelerate the
the drinkin volatilization of VOCs are
water a uifger' recommended, including
d ' | the installation of soil
vapor wells, and
aggressive source area
treatment of the
subsurface soils to
accelerate VOC removal.
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Affects

Issue Seczr:tr_gtragdations/ Follow- ;&;gt\g bl gg_T II\D/I&iIigstone P;otectixjeness?
I p | P 1
e - (Cufrse;gr oz‘uture

Inadequate To improve the
monitoring of | groundwater monitoring
the lower network for long-term
drinking water | verification of the Site
aquifer (Unit remedy, an upgradient
B) may not Unit B monitoring well is
provide the needed to confirm
needed earlier | background
warning concentrations in the HSC EPA Decemb No Yes
system if drinking water aquifer. B = er2012 | — —
contamination | Also, a new paired Unit B
has migrated; | well is needed, with

replacement of a Unit A

well, to the southeast to

document capture and

verify no downward

migration of

contamination in that area.

Affects
e Sec’zr;r_gir;dations [ Follow- Ezgt\g bl ggﬁ I\D/I;izstone ?;otectixlel;ess?
— p | D | €S oI NO
Agm e Current Future

Nitrate present in
the source area
groundwater is
being reinjected
at concentrations | A site specific and region-al
of 13-15 mg/l nitrate study is needed to
into the deeper evaluate background levels
drinking water and other potential sources
aquifer because of nitrate, and determine
the treatment whether the nitrate being HSC EPA Decembe No Yes
system was reinjected is mixing and — = r2012 — —

designed to treat
for VOCs only,
not nitrate.

These levels are
slightly above the
drinking water
standard of 10
mg/l (parts per
million)

dispersing into the aquifer or
whether this reinjection
could potentially impact
public health in the long-
term future.
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Affects

Issue Secznlr_‘nendations [/ Follow- ;artv o _g_?’%' II\D/Iiiestone P;otectixjeness?

_— p Actions esponsible ate es or No
e - (Cur-rel_lg z‘uture

The performance | The performance

monitoring plans | monitoring, sampling,

prepared in 1996 | analysis and verification

for the original requirements for the soil

Site remedy need | vapor cryogenic treatment

to be updated. system installed in 2006

These plans need | need to be incorporated into

to be revised to an EPA-approved O&M

provide clear Plan, QAPP, and

performance Performance Monitoring

monitoring Verification Plan. Changes June

requirements for | have also been made to the HSC EPA 2012 No Yes

on-going O&M groundwater monitoring and

and Site closure.

treatment system in the
intervening years that need
updating. The performance
monitoring requirements
need to be redesigned to take
into consideration the impact
of soil vapor and potential
DNAPL on meeting Site
closure requirements.

Other Suggestions and Comments

The Review also includes additional suggestions for improving the effectiveness of the Site
remedy. Further details on most of these Suggestions are found in Appendix D, Remediation

System Evaluation.

The Suggestions fall into the following areas:

Suggestions to Improve Effectiveness of Remedy

Improve Effectiveness of Remedy
Reduce Costs

Technical Improvement

Improve Management of O&M
Accelerating Site Close Out

Energy Conservation and Sustainability

Modifications to SVE System. Historically, two wells in Pit 1 were used for dual purposes: to

monitoring the groundwater and also for soil vapor extraction and monitoring, thus limiting the
full capability of these wells. Based on EPA’s recommendation, the HSC has proposed
constructing two new soil vapor wells near Pit 1 that will be dedicated to soil vapor extraction
and monitoring. In the future, the other older two wells will be dedicated to groundwater
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monitoring. This should enhance the SVE performance in Pit 1. However, EPA recommends
that these two new SVE wells be located in Pit 1, rather than adjacent to it, to avoid reducing
flow through portions of the target area.

Recommend additional SVE wells be installed in the fine-grained zone above the basalt and in or
adjacent to Pit 1 with deeper screened intervals limited to the lower portion of the zone above the
basalt to improve mass removal. Also recommend that these new wells be coupled with air
injection in the vicinity of existing wells SP-1 and SP-2, after evaluating the performance of the
new SVE wells in Pit 1.

Also, recommend periodic, pulsed extraction from the coarse-grained zone in the V-12, SP-01,
SP-02 clusters to reduce concentrations and recover mass.

Improve Groundwater Quality Monitoring. Remedial activities clearly have affected
groundwater conditions during the last five years. To assess the current vertical distribution of
contamination in the Unit A (upper aquifer) and the potential future risk to Unit B (lower
drinking water aquifer), recommend updated vertical profiling using passive diffusion bag
(PDBs) sampling devices be conducted in the Unit A groundwater monitoring wells, most
importantly those near Pit 1, and wells MW-12UA, and MW-20UA.

Recommend that the PDBs be used to sample the Unit B groundwater monitoring wells. PDBs
should be placed in the uppermost portion of the screened intervals of the Unit B wells, where
contamination from the downward migration of Unit A groundwater most likely would be
detected.

Recommend the condition of MW-21UA be reassessed. The anomalously low water level in this
well may be due to over-drilling of the borehole into the Unit B. Water levels at this location
have important implication for evaluation of ground water flow and capture of contaminated
groundwater. The anomalously low water level diminishes confidence in the conclusion that all
groundwater is being captured. The well may need to be properly abandoned and replaced.
Also, recommend that a paired Unit B well should be installed just north of MW-21UA.

Suggestions to Reduce Costs

Modify Groundwater Monitoring Frequency. Recommend the groundwater sampling frequency
be reduced to a semi-annual October and April cycle given the groundwater velocities in the
fine-grained materials are very slow. The contaminant plume is estimated to only travel 20 feet
per year. At these slow transport rates, continued quarterly sampling of Unit A appears
unnecessary.

Reduce Report and Meeting Frequency. If the sampling frequency is reduced, the reporting
frequency and meeting frequency could be reduced accordingly. If needed, conference calls
could be convened during the intervals between face-to-face meetings to conserve resources,
including reducing the Site’s carbon footprint.

Operate the SVE System and Geo Treatment System Using a Single Blower. Review of the
manufacturer’s performance curve indicates that the blowers for both treatment systems are
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operating far below their capacity. The performance curve indicates that a single blower would
be sufficient to maintain air extraction rate in the area of 200 cubic feet per minute (cfm), and
that the blower would operate more efficiently at this flow rate than it would at 100 cfm.

Reduce Unnecessary Operation of GRS Air Stripper Blower. The efficiency of the GRS
treatment system would be improved by changing the controls so that the blower does not
operate when there is no water flowing through the air stripper. The controls would need to be
modified so that they are synchronized with the transfer pump. It should be possible to program
this scenario into a programmable logic computer (PLC).

Suggestions for Technical Improvement

Inspection and Testing of SVE Piping. The SVE piping should be periodically tested to assess
leakage and identify potential points of separation. Instead of pressure testing, consider the use
of the system vacuum to assess leaks as a less time-consuming approach. Where the vacuum
loss suggests more than 5% dilution for the flow in that portion of the system, then further
diagnosis would be recommended. The pressure sensor upstream of the air/water separator on
the SVE treatment system should eliminate the need to do this testing more than once per 1-2
years.

SVE Treatment System Emissions Testing Data. Data to document that there has not been
break-through on the carbon vessels used to polish the soil vapor phase of the cryogenic
treatment system for the SVE system was not provided to EPA in either quarterly or annual
reports during the Five Year Review period. Now that the Maricopa County Air permit for the
SVE system is up for renewal, the lack of data has become evident, as well as the lack of
sampling and analysis procedures for this emissions testing in the O&M Plan, QAPP/SAP and
the Performance Monitoring and Verification Plans. In the future, this data must be provided in
the quarterly and annual reports, at the time it is collected. And the identified Plans need to be
updated to include the appropriate requirements to comply with the 1992 ROD and 1994 CD
requirements.

Technical Evaluation of SVE and Groundwater Data in Annual Report. More in-depth analysis
should be included in the Annual Report, including analysis of the data trends, comparisons to
prior year and/or model results, and specific recommendations on how to optimize the
groundwater and soil vapor extraction and treatment systems in the following year. Graphic
depictions of the VOC concentrations from SVE wells and groundwater monitoring wells over
time should be prepared and presented in the Annual Report. If the groundwater or soil vapor is
not showing declining concentrations or reduction in the extent of contamination, then ideas
should be presented each year for increasing the effectiveness of that specific extraction and
treatment system.

Groundwater Measurements. No dissolved oxygen (DO) data could be located in any of the
monitoring reports or in the Site database. DO is an important field stabilization parameter for
low-flow sampling, and also an important monitoring parameter for in-situ bioremediation
alternatives. DOD During future groundwater monitoring events, DO should be measured and
recorded as a stabilization parameter during low-flow sampling.
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Suggestions for Improving O&M Management

O&M Treatment System Deficiencies: During the January 2011 site inspections, a few minor
deficiencies that do not impact the protectiveness of the remedy were identified for correction,
including some cap erosion and the need for a new flag on the GRS air stripper. Increasing the
frequency of cleaning the GRS air stripper from annually to a more frequent, as needed basis, has
also been implemented.

Update O&M Plan, QAPP/SAP, and Performance Monitoring and Verification Plan. The
sampling analytical methods specified in the 1996 O&M Plan and related QAPP have changed
for certain compounds and need updating. The restart of the SVE system with a new treatment
system requires different types of emission testing to document there is no break-through. The
performance monitoring and verification plans for soil vapor and groundwater did not take into
consideration the close interrelationship between the two media. Until the SVE system was
turned off from 1998 to 2006, the impact of one media on the other had not been known.
Therefore, the prior documents were out of date. New comprehensive documents that address
both media together are currently being developed by the HSC and reviewed by the Agencies.

Groundwater Buffer Zone IC: Currently, there is no enforceable buffer zone to restrict the
potential siting of new production wells or recharge facilities in too close proximity to the Site.
This may be an issue in the future if a high-level of growth should resume in the regional area to
the levels before the economic downturn in 2008.

Annual Updating of Well Inventory and Other Regional Water Management Changes. The only
well inventory available for this Review was Table 10, attached to the 2000 Five-Year Review,
which summarizes the construction details for the Site’s monitor wells. A well inventory and a
corresponding map showing all other private (domestic and agricultural) and public water supply
wells located within a one-mile radius of the Site should also be prepared for the Site. The
purpose of this larger well inventory is to document that there are no wells used for drinking
water purposes that could potentially be impacted by the intermittent exceedances of drinking
water standards observed in the immediate vicinity of the Site. Additionally, the long-term
population growth projections indicate that there could be increasing demands on groundwater in
the future. These demands in turn could potentially impact the remedy if production wells or
recharge facilities are installed too close to the Site. The well inventory and maps for this
regional area should be reviewed and updated on an annual basis.

Suggestions for Accelerating Site Close Out

Aggressive Source Area Treatment. The current data indicate that substantial contaminant mass
has migrated below the basalt layer in the vicinity of Pit 1, and DNAPL likely exists in the
vadose zone near and below the current water table in this same area. The duration of the SVE
system has been underestimated and mass removal rates remain high. A review of potentially
applicable source area remediation technologies has been completed as part of this 2011 Five
Year Review. In-situ thermal remediation, in-situ bioremediation, and multi-phase extraction
were identified as having the highest level of possible success. For a detailed discussion of
recommended alternatives, see Appendix L, Source Area Analysis. This issue is also discussed
above under potential issues for long-term protectiveness.
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Enhanced Anaerobic Bioremediation for Source Area Groundwater Treatment. Most of the Site
contaminants are amenable to treatment by enhanced anaerobic bioremediation (EAB). This
may be applicable to this Site, assuming that the levels of Freon 113 have been biodegraded to a
sufficiently low concentration that dechlorination of chloroethenes will proceed and that arsenic
is not present in large enough quantities to be mobilized. Pilot-scale testing would have to be
conducted first to determine the feasibility of EAB at the Site. For a detailed discussion of
recommended alternatives, see Appendix L, Source Area Analysis.

Suggestions for Energy Conservation and Sustainability

Groundwater Treatment System Powered by Solar Energy. The potential to power the GRS
extraction and treatment system via a grid-tied fixed solar array was evaluated using the RET
screen tool. The results of the analysis are provided in Appendix A, Source Area Analysis. The
Site offers excellent potential for photovoltaics (PV) due to the latitude and days of sunshine.
The analysis concluded that 27 fixed (hon-movable) solar panels covering less than 1,600 square
feet of area would be required. The projected costs were significantly less than those projected
in a study by the HSC in 2009 to be necessary to power both the GRS and SVE system.

X. Protectiveness Statement

The remedy at the Hassayampa Landfill Superfund Site is protective of human health and the
environment. Currently, there are no environmental exposure pathways that result in
unacceptable risks, and none are expected as long as the engineered and institutional controls
selected in the decision documents continue to be properly operated, monitored, and maintained,
and the land use at the Site allows for the integrity of the remedy to continue. To remain
protective for the long-term, the Site will need to be continually monitored and the soil vapor and
groundwater contamination will need to be continually captured and controlled, as needed
indefinitely, because of the high concentration of VOCs and potential DNAPL present in the
soils, the potential leakage of contaminants through the permeable basalt layer, and the
reinjection of untreated nitrate into the Unit B drinking water aquifer.

XIl. Next Review

The Hassayampa Landfill Superfund Site requires ongoing statutory Five-Year Reviews as a
matter of statute, because the remedy does not allow for unrestricted use and unrestricted
exposure. The next review for the Site will be conducted within five years of the completion date
of this Five-Year Review Report. The completion date will be the date of signature shown on the
cover of this Report.
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Figure 1 - Site Location Map
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Figure 2 - Site Plan — Groundwater Monitoring Network
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Figure 3 - Site Plan — Soil Vapor Monitoring Network
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Hassayampa Landfill Superfund Site

Data Review — June 2011

EXECUTIVE SUMMARY

In support of the third five-year review for the Hassayampa Landfill Superfund site, an analysis of soil
vapor and groundwater data was undertaken. The analysis included a critical review of the current
conceptual site model and the performance of the existing remedy.

Trends in soil vapor concentrations for six primary contaminants (TCE, PCE, 1,1-DCE, 1,2-DCP, 1,1,1-TCA,
and trichlorotrifluoroethane (Freon 113) since 2006 were evaluated using a Mann-Kendall test for
trends. The results of the analysis indicate that though most well/contaminant combinations had
decreasing trends as would be expected with active soil vapor extraction. However, a number of wells
had increasing, stable, or no statistically significant trends. Most notable of these were wells in the
vicinity of Pit 1.

Contaminant mass removal rates for the SVE system, though reduced from 10,000 to 12,000 |b/quarter
since the first year of operation, have remained at levels near 50% (5,000 to 6,000 Ib/quarter) of the
initial rates, even after 5 years of operation. Approximately half of the mass removal is from two wells
screened below the basalt layer and above the current water table, despite only 3% of the air flow
coming from these two wells. An exponential decay curve fit through the mass recovery data would
project that it would take approximately another 4 to 5 more years for removal rates to drop to 2,000 Ib
(one ton) per quarter.

The SVE system is working reasonably well, despite a recent issue with piping separation and minor
piping leaks. Though delivering large mass removal rates, there are questions about the adequacy of air
throughput in the source areas, especially beneath the basalt layer.

The basis for the soil gas performance standards were evaluated and the standards do not appear to
consider the potential for vapor-phase transport to the ground water table. A simplistic evaluation of
the maximum soil gas concentrations that could exist in the vadose zone that would not cause
exceedances of MCL values for several site contaminants was conducted, using observed soil gas
concentrations and ground water concentrations observed in MW-12UA. MW-12UA was used to
“calibrate” the magnitude of contaminant mixing because a consensus existed that contaminants in
groundwater at MW-12UA got there through vapor-phase transport. The computed values were
comparable to or less than the existing soil vapor performance standards.

Due to the remote location of the site, there does not appear to be a complete vapor intrusion pathway
at the site.

The analysis concludes that there is a substantial amount of mass that remains in the immediate vicinity
of and below Pit 1, including the soil below the basalt layer. The presence of large amounts of
contaminant mass below the basalt is not consistent with the current conceptual site model.
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Consideration of alternatives to more aggressively address this mass is recommended (and discussed in
Appendix L).

Groundwater data were evaluated to assess 1) concentration trends and progress toward attaining the
groundwater performance standards, 2) effects of contaminant mass removal by soil vapor extraction,
3) the effectiveness of the pump and treat system in maintaining hydraulic containment of
contaminated groundwater, and 4) adequacy of the current conceptual site model that has guided
remedial activities during the five year review period.

The principal groundwater contaminants are the same VOCs as those in soil vapor (TCE, PCE, 1,1-DCE,
1,2-DCP, 1,1,1-TCA, and Freon 113), however their relative abundances are different. Other than Freon
113, 1,1-DCE is the most abundant and widespread VOC contaminant in groundwater.

Concentration trends for the major groundwater contaminants are varied at wells across the site.
Contaminant concentrations in wells upgradient and wells near the margins of the groundwater plume,
thought to result largely from vapor phase transport from the overlying vadose zone, have decreased,
presumably in response to SVE over the last five years. VOC concentrations in wells downgradient from
the source area, including the extraction wells, have remained stable, showing little or no response to
SVE. Groundwater in the two source area groundwater monitor wells that were connected directly to
the SVE system for vapor extraction from below the basalt layer have shown very large spikes in VOC
concentrations. The magnitudes of the concentration spikes suggest that SVE from these source area
groundwater wells may be mobilizing residual DNAPL VOCs. Whether the residual VOC source is in the
vadose zone, within the saturated zone, or both is unknown.

Four groundwater extraction wells operated more or less continuously from 2006 to 2009 when the two
southwestern-most wells (EW-1UA and EW-2UA), which historically had not shown any contamination
were turned off as part of a groundwater remediation system optimization pilot test. The combined
discharge from the four wells, about 5 gallons per minute, was reduced to about 3.5 gallons per minute.
Reduction in the extent of the horizontal capture zone was primarily in the area west of the
contaminant plume and had little if any effect on capture of contaminated groundwater, and the
inconsequential contaminant mass removal rates via the extraction wells and air stripper treatment
system were unaffected. Groundwater levels in the monitor well network indicate that complete
capture of contaminated groundwater by the extraction wells is marginal at the southeast limit of the
contaminant plume.

Analysis of the groundwater data, in context with other site information, suggests that a sustained
source of residual VOC mass is likely to be present in groundwater in the immediate vicinity beneath Pit
1. Asignificant portion of residual mass may be present as DNAPL within the saturated zone. The idea
of residual DNAPL in the saturated zone is not consistent with the conceptual site model that has guide
site management over the last five years. However, the rate limited dissolution of DNAPL would have
significant consequence on the anticipated time frame for achieving the groundwater performance
standards.
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1. SOIL VAPOR DATA

1.1 Background.

1.1.1 Objectives. The available data on soil vapor concentrations and distributions were
assessed to: 1) verify the progress being made toward attainment of cleanup goals, 2) verify the
protectiveness of the current soil vapor extraction remedy, and 3) identify enhancements or changes
appropriate to attain cleanup and/or protectiveness in a more cost-effective way.

1.1.2  Brief History of SVE at the Site. The disposal of significant quantities of volatile organic
chemical into Pit 1 and, to a much lesser extent, other disposal trenches at the site above the water
table has led to the historical presence of elevated soil vapor concentrations in the soils around the site,
including off-site locations. To address these contaminant vapors and the residual VOC mass present as
non-aqueous-phase liquids and as adsorbed mass in soil, soil vapor extraction (SVE) was selected in the
site ROD. SVE was first implemented in July, 1996 and terminated in September, 1998 (EPA, 2006a).
This SVE system addressed a wide area of vapor contamination in the coarse and fine-grained soils
above the basalt. Vapors removed by the system were treated by thermal oxidation. Vapor
concentrations rebounded over a large area of the site following cessation of SVE, and vapors migrated
laterally to areas well outside the site fence. Vapor-phase mass transfer to ground water has been
hypothesized to explain elevated ground water concentrations in wells such as MW-12UA and MW-
20UA (Geosyntec/Hargis, 2011). The elevated soil vapor concentrations led to the decision to restart
SVE in March of 2006.

Vapors were initially extracted from soils above the basalt layer, but in 2007 vapor extraction
was initiated from unsaturated soils below the basalt layer via available monitoring wells, MW-06UA,
MW-18UA, and MW-19UA. Certain wells have been used as passive vents to allow atmospheric air entry
at depth. Vapor treatment since the 2006 restart has included compression and condensation of VOC
vapors with carbon adsorption polishing (Geosyntec/Hargis, 2011).

1.1.3  Past Soil Vapor Concentrations. Based on a review of data in the database provided by
the HSC, soil vapor concentrations for 1,1,1-TCA and Freon 113 in soils above the basalt layer exceeded
300,000 ug/L in the vicinity of Pit 1 prior to the first SVE operation period. Concentrations of these
constituents were measured in the early 2000s at levels comparable to the pre-SVE concentrations. The
concentrations for other constituents, including 1,1-DCE, TCE and PCE were at least an order of
magnitude lower. Concentrations of VOCs in vapor below the basalt layer were comparable to the
highest concentrations observed in soils above the basalt, with concentrations of 1,1,1-TCA, Freon 113,
and 1,1-DCE measured over 100,000 ug/L in VP-19UA in 2006, prior to SVE operations below the basalt.

1.1.4  Current Monitoring Program. Soil gas sampling is conducted in 58 soil sampling points
in January. A subset of these wells is sampled in July (Geosyntec/Hargis, 2011). Sampling is conducted
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using a vacuum pump for purging and 1-liter Summa canisters. The connected soil gas sampling train is
tested for leaks by applying a vacuum to the system with the well closed and monitoring the vacuum in
the system. Samples are submitted for TO-15 analysis and data are provided electronically by the lab
and managed via a site database (made available to EPA in Microsoft Access format in August 2010).

1.2 Soil Vapor Concentration Trends

1.2.1 General. The soil vapor concentrations for 1,1,1-TCA, 1,1-DCE, Freon 113, 1,2-DCP, TCE,
and PCE were reviewed as commonly detected constituents and as primary risk drivers. Concentrations
observed since January 2006 were initially assessed, but the restart of the SVE system in late March
2006 resulted in an initial decline that biased the observed trends, particularly for wells at distance from
the primary source areas. As a result, trends in concentrations were assessed from mid-2006 to January
2011. Concentration trends were assessed for each soil vapor monitoring point using the Mann-Kendall
test for trend. The Monitoring and Remediation Optimization Software v2.2 -07 (MAROS, GSI
Environmental) was used to conduct the trend analysis. MARQOS identifies the trends based on the
statistical confidence in the trend and the coefficient of variation (COV) of the data. The following table
provides the rationale for the assigned trends. Note that if all data are non-detects, a “ND” trend is
assigned.

Mann-Kendall Confidence Concentration
Statistic in Trend Trend

5=0 =93% Increasing
5=0 90 -93% Probably Increasing
5=0 = 90% Mo Trend
520 <90% and COV 21 No Trend
520 <90% and COV =1 Stable

5=0 90-95% Probably Decreasing
5<0 93% Decreasing

The soil vapor concentrations have generally declined from levels observed before the restart of the SVE
system. Attachment 1 presents trend analysis results for all points and the six CoCs.

1.2.2 Coarse-Grained Zone. The overwhelming majority of the coarse-zone monitoring probes
with significant percentage of detections have shown decreasing concentration trends, with a few
exceptions. These include P-1 Coarse (for 1,1-DCE and Freon 113), V-11 Coarse (though concentrations
are relatively low), V-12 Coarse (all constituents increasing or probably increasing, though the most
recent sampling round showed a decrease for all six contaminants evaluated), and W-01 Coarse. These
wells have had stable or no clear trends and MK statistics near 0. These monitoring points are near the
Pit 1 area. The lack of declines suggests there is on-going release of vapors from the nearby coarse (and
possibly underlying fine) soils. Of these coarse-zone points, only P-1 Coarse is used for vapor extraction.
Trends for P-1 Coarse, W-01 Coarse, and V-12 Coarse are shown in Figures 1, 2, and 3, respectively.
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P-1 Coarse
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Figure 1. Concentrations of select VOCs in vapor probe P-1 Coarse since SVE restart in mid-2006.
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Figure 2. Concentrations of select VOCs in vapor probe W-01 Coarse since SVE restart in mid-2006.
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V-12 Coarse
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Figure 3. Concentrations of select VOCs in vapor probe V-12 Coarse since SVE restart in mid-2006.

1.2.3  Fine-Grained Zone. The trend analysis for the fine-grained zone indicates that
concentrations at most points have decreased. Of the concentration trends for the six CoCs analyzed in
wells with adequate amounts of detections for the Mann-Kendall method (greater than or equal to four
events), 52% had decreasing or probably decreasing trends. An additional 21% had stable trends and
24% had no clear statistically clear trend. Only 3% (4) of the fine-grained zone well/CoC combinations
had a probably increasing or increasing trend - 1,1-DCE, Freon 113, 1,1,1-TCA, and TCE all in V-12 Fine,
as shown in Figure 4. Other wells near Pit 1 had largely stable or “no trend” for most contaminants,
including P-01 Fine, P-03 Fine, SP-01 Fine, SP-02 Fine, V-11 Fine, V-13 Fine, and W-01 Fine. The
locations of these wells are shown on Figure 5. Trends are shown on figures 6, 7, 8, 9, 10, 11, and 12,
respectively. The lack of a clear decreasing trend for most contaminants in these wells (except V-13
Fine) is particularly unexpected given that these wells are actively used as SVE wells. The lack of a clear
decreasing trend suggests there is a substantial source mass remaining in the fine-grained zone in the
vicinity of these wells and that SVE is likely to need to continue. The relatively stable vapor
concentrations in V-13, far northeast of the site, reflect the likelihood that the location is outside the
reach of the SVE system.
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V-12 Fine
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Figure 4. Concentrations of select VOCs in vapor probe V-12 Fine since SVE restart in mid-2006.

Page 7



@
h-CG_
PCE 1,ADCE

o BT-110A
F 1

TCE

HE-03
1M1TCA . o
Freon 1,2 DCP .
113
L
| ML e |
.r NN “-‘_[; \ e-,.-_..L
I o2 | Sz
Ir wz_ h J‘ FENCE
— T — QP o
— B \. P -1 ~ -
I ara e | a .',,;. VEDT  Tm, o :
\ . [ L vBner =
I L __ -z _._;',f""u-{:e L .v{3°!'¢ﬂ-2-; ~
— 1 e (5@
| i L2
s - - SEA
| o P . _ arm 3\
P # "-CI—. =~ 1 WOz P2 A"
| r/ Lo Q - . Y
| L | SPECHL l- o PIT 3¢ / r" \"'- b
Pl Y PTAREA | I N L A
4@ 1N | P | R Y
WAPOR TREA NT o ! 1 Lok RS i e W2 % SH-O1
FEg T N e @ e ;
| | | T A engy Q A ' 12U
| sPECIAL \| -~
| Toppe | PTaREss ok MITUR 1
! L g™ | @ FORMER HAZARDOUS \".k
i I | Wi WASTE DISPOS AL AREA
Y T \
1 r ! A
' | | | SPIT it
| SPEGIAL & ) \
! | PITSAREA | . oy | L
I. .'_ i 1978 | - | o 3= | [l nereasing
Ll Wl 1 e 1 -
1 7 5P-03 | \ VhoAr iy 4 .| O Prob Increasing
1 I i VPTG 4 \_J
S | | | LoE Y '-_m-: [ stable
i W | I PR B Ho Trend
\ | II W -
| M = ———— — [ Prob Decreasing
i I s ‘{ SR - b
| _ v N | Bl becreasing \
1 P A [] Ho Data or All HD
| - " e
| -\ - - A= Hassayampa Landfill N
| T Soll Gas Mann-Kendall Trends
HASS AYAMPA MUNICIPAL \ L
SOUID WASTE LANDFILL \

2006-2011

Figure 5. Summary of Mann-Kendall trends for 6 CoCs in probes set in the fine-grained zone above the
basalt layer.
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P-01 Fine
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Figure 6. Concentrations of select VOCs in vapor probe P-01 Fine since SVE restart in mid-2006.

P-03 Fine
1.000E+01
/’\\ N —4—1,1,2-TRICHLORO-1,2,2-
1.000E+00 / ~— TRIFLUOROETHANE

e —#—1,1-DICHLOROETHENE
1.000E-01 l/ —y—

1.000E-02 ;ﬁﬁ%

1.000E-03

=r—1,2-DICHLOROPROPANE

Concmg/L

===TETRACHLOROETHYLENE(PCE)

3

====TRICHLOROETHYLENE (TCE)

1.000E-04

05-Jun-06 05-Jun-07 04-Jun-08 04-Jun-09 04-Jun-10 04-Jun-11

Figure 7. Concentrations of select VOCs in vapor probe P-03 Fine since SVE restart in mid-2006.
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Figure 8. Concentrations of select VOCs in vapor probe SP-01 Fine since SVE restart in mid-2006.
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Figure 9. Concentrations of select VOCs in vapor probe SP-2 Fine since SVE restart in mid-2006. Note
the inconsistencies in duplicate samples in January 2010.
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V-11 Fine
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Figure 10. Concentrations of select VOCs in vapor probe V-11 Fine since SVE restart in mid-2006.
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Figure 11. Concentrations of select VOCs in vapor probe V-13 Fine since SVE restart in mid-2006.
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Figure 12. Concentrations of select VOCs in vapor probe W-01 Fine since SVE restart in mid-2006.

1.2.4 Sub-Basalt Unsaturated Soils. Vapor samples have been collected from ground water
monitoring wells with a portion of the screened interval above the water table. In addition, two vapor
probes were installed just below the basalt layer nested with MW-18UA and MW-19UA. The
concentration trends since mid-2006 (prior to the start of extraction from MW-06UA, MW-18UA, and
MW-19UA in 2007) have indicated substantial declines in concentrations of most constituents.
However, concentrations since 2007 in the current sub-basalt extraction wells, MW-18UA, MW-19UA,
and MW-06UA, have been relatively stable as indicated in Figures 13, 14, and 15. Concentrations of 1,1-
DCE have actually increased since 2006 in MW-12UA as shown in Figure 16. This corresponds to an
increase in ground water concentrations in the same well. Again the stability of the relatively high
(>1000ug/L) concentrations in the wells near the Pit 1 source area suggests that there is a substantial
inventory of mass below the basalt layer in this area. The locations of these wells and a summary of the
Mann-Kendall trends for the six CoCs in all the sub-basalt sampling points are provided as Figure 16.
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Figure 13. Concentrations of select VOCs in vapor probe W-01 Fine since SVE restart in mid-2006.
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Figure 14. Concentrations of select VOCs in vapor probe W-01 Fine since SVE restart in mid-2006.
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Figure 15. Concentrations of select VOCs in vapor probe W-01 Fine since SVE restart in mid-2006.
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Figure 16. Summary of Mann-Kendall trends in sub-basalt monitoring probes.

1.25

Conclusions. The restart of the SVE system has been highly successful at collapsing the

vapor plumes back to the likely source areas; however, the concentration trends for wells in the vicinity
of these source areas suggest that there is substantial remaining contaminant mass in the source areas

that will take time to extract using the current SVE system. The increasing vapor concentrations in MW-
12UA potentially represent a broader issue with the source of the contamination in both vapor and
ground water.

1.3 Soil Vapor Extraction Performance.

1.3.1

Introduction. The performance of the SVE system was assessed to verify the

protectiveness of the remediation and to identify potential improvements in cost-effectiveness. This

evaluation, in particular, considers the longer term prospects for the source remediation using the SVE
system. The operators of the system have been working to improve the performance of the system

through the variation of extraction and passive injection points based on observed vapor concentration
changes (Geosyntec/Hargis, 2011). This is not unexpected given the focus on the use of vapor

concentrations as the basis for attainment of adequate cleanup. The performance evaluation currently
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conducted by the operators does not appear to consider the degree of air throughput relative to the
amount of air contact that would be necessary to attain the desired goals, nor does the monitoring
include measuring the vacuum distribution as a metric of the degree of air movement.

1.3.2  Subsurface Performance. The SVE system has made excellent progress at reducing the
extent of elevated vapor concentrations surrounding the likely source areas. With the exception of
vapor probes at V-13, far northeast of Pit 1, most of the distal points have had significant decreases or
had low concentrations prior to the restart of the SVE system in 2006. As noted above, the relatively
constant SVE mass removal and concentrations in extraction wells indicates that significant mass
remains in the soils above and below the basalt layer. Figure 17 is taken from the Draft 2010 Annual
Report for the site and shows the quarterly and cumulative mass removal of all VOCs. Though removal
rates are approximately 50% of the initial removal rates in 2006, the rates continue to hover around
5000 Ib/quarter, a very substantial rate. For this rate to be sustained for almost 5 years is unlike most
sites. Almost all sites display a significant exponential (first order) decline in concentration over time,
but this site has had at best a very slight exponential decay in removal rate since Spring of 2007. This
sustained rate is probably due in part to the ongoing optimization of the system, and the initiation of
sub-basalt extraction in 2007. Still, a projection of the trend in mass removal would suggest that mass
removals would likely stay above 2000 Ib/quarter for perhaps another five years. Assuming the SVE
system is not significantly modified in the future, an exponential fit (using Excel) to the quarterly
removal rates yielded an equation of:

Y = 7884 e(-0.0004x)

Where Y = quarterly mass removal in pounds
X = time in days since startup

Solving for x where Y = 2000 Ib yielded 3430 days (about 9.4 years)

The SVE system is removing a total of approximately 190 cubic feet of air per minute (cfm).
Most of the air flow is being extracted from above the basalt. In assessing the mass recovery by active
extraction well, the majority of the mass is coming from below the basalt from MW-18UA and MW-
19UA despite the flow rates being quite low (<5 cfm) from those wells. Properly designed, located, and
constructed SVE wells would potentially increase the removal rate from below the basalt. For wells
screened above the basalt, the greatest removal is not surprisingly from the P-1 Fine and P-1 Coarse
wells. The other wells provide a modest amount of mass removal.

Since vacuum measurements are not apparently used to a large extent to assess air flow
paths, it is difficult to assess if the air flow is contacting all soils that host significant contaminant mass.
It is likely, due to the geometry of air flow to vertical wells and the generally lower permeability, that
limited air flow is occurring at the base of the fine-grained zone above the basalt. Most air will traverse
a slightly to significantly downward path to the well screen. It is also likely, given the increasing
proportion of clay (and probable decreasing air permeability) with depth that most flow to extraction
points is entering the well screens near the upper portion of the screened interval. As such, the time
frame to remove mass in the lower portion of the fine-grained zone will likely be long.
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The limited flow from MW-18UA and MW-19UA suggests that fewer than 100 pore volumes
would be flushed per year through the soils below the basalt assuming an average of 10 feet of vadose
zone below the basalt, modest moisture content, and flow rates less than 10 cfm total. The target
volume below the basalt is not complete clear, but would likely extend from just north of MW-18UA to
at least MW-19UA, and a comparable dimension in the east-west direction. This would equate to a
circle with a radius of approximately 50 feet or 7,850 square feet. Assuming 10 feet of unsaturated
materials below the basalt, this would represent 78,000 cubic feet. Assuming an air-filled porosity of
0.2, one pore volume would be 15,700 cu ft of air in one pore volume. At roughly 3.5 cfm (5,040 cf/day),
it would take roughly 3 days to remove one pore volume. ltis likely that many multiples of that will be
required to significantly reduce the remaining mass below the basalt, as discussed below, particularly
since it is likely that the current air flow is traveling in preferential paths, above the capillary fringe, even
though the monitoring wells have open screen in the lower part of the sub-basalt vadose zone.
According to the USACE manual on SVE (USACE, 2002), 1000 to 1500 pore volumes may be needed to
overcome various limitations in heterogeneous soils. Note also that the use of both MW-18UA and
MW-19UA as extraction points likely results in low velocities (near stagnation points) directly under Pit
1. This will further limit mass recovery.

Hassayampa Landfill Site

140,000 17 T 1 T 1 T T T T T T T T T 1 T ] i i T
1 i i i 1 I 1 1 1 i I i I i 1 I I I : I
I i i i i i 1 1 1 i I i I i i i | \ | I
1 i I 1 I 1 1 1 i I I I i 1 i
i i i 1 I 1 1 1 i I i I i 1 I ! ' . |
120,000 19 I 1 1 I 1 1 1 i I I I I 1 i 1 I 1 12,000
i i i I I 1 1 1 i I i I i i i I I
1 i 1 1 I 1 1 1 i ' I I i 1 i I
i i i 1 I 1 i 1 i I i I i i I
S i I I 1 i 1 i I i I i i I D
e | I 1 I | 1 1 i I I I I 1 10,000 =
= 1 i I I 1 1 1 i I I ' i I o
z i i i 1 i 1 I I I i %
2 i i I 1 i 1 I i I =
L i i 1 i 1 I i -
g £0.000 1y i i i i i B,000 ]
[ 1 i 1 1 1 I o
9 1 | 1 1 1 =
Lo i i 1 1 i B
= 1 i 1 I =
o 50.000 14 i i 6000 D
& 1]
= 1 I =
] I 2
= i o
= i =
5 000 4 | 4000
£ i =
3 i
o i
1 I
- 1 | - -
20,000 5 ! | 2,000
1 I ]
1 I I
' i
1
0 ¥ ! . 4 L 1l g

-0 Sep-06 Mar-o7 Sep-07 Mar-0E S=p-08 Mar-03 Sep-05 kar-10 Sep-10

Figure 17. Mass removal history for the SVE system.

1.3.3  Extraction Equipment and Piping. The extraction system includes two rotary lobe
blowers, with associated particulate filters, air/water separators, and gauges and controls. The piping
consists of a header pipe extending northeastward from the treatment pad toward Pit 1. A lateral
leads to extraction at SP-1 Fine and SP-2 Fine. The header is connected to a manifold system at a pad
north of Pit 1. Laterals extend from the manifold pad to the various wells that have been or are
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currently used for extraction. The extraction system equipment is located on a treatment pad covered
by a sun shade and is generally well maintained. The blowers are generally not working at their
capacity, largely due to downstream limitations of the treatment system. The piping network has been
demonstrated to have minor leakage, though a separation of the main header piping was observed in
July 2010. More thorough inspection and testing procedures for the piping have been recommended
by the agencies.

1.3.4 Treatment System Performance. The treatment system is a proprietary system owned
and operated by GEO Inc. Contaminant vapors extracted by the blowers are compressed by large air
compressors and cooled to cause condensation of the VOCs. The organic liquids are recovered for off-
site treatment. Residual vapors are treated by a pair of 400-pound vapor-phase carbon vessels in lead-
lag configuration. The system operates under an air discharge permit issued by Maricopa County Air
Quality Department that expires in April 2011. In 2010, the GEO system operated at approximately 98%
up-time (Geosyntec/Hargis, 2011).

1.3.5 Opportunities for Improvement. Methods to increase the rate of mass recovery from
the Pit 1 (and possibly the Special Pits 1 and 2) would be highly beneficial. Appendix D provides a more
complete discussion of the optimization options. The general recommendations are listed below:

- Add properly designed and screened SVE wells below the basalt layer in the Pit 1 area

- Evaluate air flow paths and estimate pore volume exchange rates through assessment of
air velocities or travel times through the target zones both above and below the basalt.
Vacuum monitoring would be necessary. Add additional wells as necessary to reduce
travel times or increase air velocities. Consider active air injection

- Improve inspection and testing protocols for system piping

- Include pulsed extraction from V-12 Coarse

Most importantly, there needs to be a holistic evaluation of the appropriate enhancement to the
current SVE system that would dramatically shorten the time to attainment of overall remedial goals for
all site media. Appendix L provides an analysis of additional technologies that would potentially be
considered. It is recognized that some of the technologies have been considered by the HSC previously,
but such analyses were done with an alternative conceptual site model than the one based on the
analysis of site conditions presented here. A re-evaluation of the applicable technologies is strongly
recommended. The economic aspects of such alternatives are discussed further in the optimization
study in Appendix D.

1.4 Vapor Contaminant Fate / Transport, Potential Exposures, and Possible Future Control Actions
1.4.1 Contaminant Distribution in Unsaturated Soils above and below the Basalt Layer. Based

on the amount of mass recovered since 2007 from vapor extraction from MW-18UA, MW-19UA, and
MW-6UA, there is a substantial mass of CoCs that have migrated below the basalt layer. If the primary
mechanism for mass transfer to the ground water was through vapor-phase transfer, the mass present
below the basalt would have quickly been removed. To demonstrate this, equation F-1 in the USACE
Soil Vapor Extraction and Bioventing Engineer Manual 1110-1-4001 (USACE, 2002) was used to estimate
the mass that would be present in the soil above the water table assuming pore water concentrations
and mass sorbed onto soil organic matter were in equilibrium with soil gas concentrations observed at
VP-18UA before initiation of SVE from below the basalt layer. See Attachment 2 for the calculations.
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Using accepted values for Henry’s Law constants and organic-carbon partitioning coefficients and
conservative estimates for porosity, soil saturation, organic carbon content, and soil density, as well as
the observed vapor composition, the VOC mass that would be present in a 100 foot by 100 foot by 10
foot thick volume below the basalt would be on the order of 70-100 kg. This mass would typically be
extracted in one month’s time based on recent observations of concentrations and flow rates from sub-
basalt extraction wells. Clearly, based on this observation, and the high concentrations of CoCs in the
ground water, there are substantial quantities of NAPL present below the basalt layer.

1.4.2 Pneumatic Effect of the Basalt Layer. The impact of the basalt layer on air flow paths
and vacuum distribution was evaluated through a baro-pneumatic study conducted for the HSC by
HydroGeoChem (2005). This study used observed measured subsurface air pressure responses to
atmospheric pressure changes and modeling to assess, in part, the integrity of the basalt as a barrier to
vapor movement. The report concluded that the basalt was not impermeable to vapor flow and
estimated a permeability of 0.1, with some areas having a permeability of 0.3 darcies. This was 30-1000
times the original estimate of basalt permeability estimated by early tests on cores of the basalt. This
result shows that, although the basalt has a low vertical permeability, it is not impermeable to vapor
(and thus leachate) migration.

1.4.3 Vapor Migration and Vapor Intrusion Potential. The SVE system has significantly
diminished the soil vapor plume in the vicinity of the site. Additional vapor migration is not expected
provided the SVE system continues to operate. As previously mentioned, some off-site areas are
outside the influence of the SVE system and vapor concentrations have remained relatively stable,
including vapor probes V-13 Fine and NW-01 Fine. These areas are outside the fence but there are no
residences in this area so there are no completed exposure pathways. Monitoring of these areas should
continue.

1.4.4 Ground Water Protection and Vapor Performance Standards. The 2009 Explanation of
Significant Difference (ESD; US EPA, 2009c) updated the remedial goals for soil vapor based on an
analysis of the equilibrium vapor concentrations in contact with soil containing concentrations of CoCs
at the Arizona Groundwater Protection Levels given the site soil characteristics. The methodology used
in the ESD to compute the soil vapor performance standards does not appear to consider vapor phase
transport, only infiltration of moisture, albeit at a very slow rate. A more rigorous evaluation of the
exchange of mass between vapor and the capillary fringe and saturated zone may yield different results.
USEPA (2001) offers some insight in modeling mass transfer between the vadose zone and the ground
water and describes a program, VFLUX, for use in predicting the mass loading. Recent work by Oostrom,
et al. (2010) offers a method to assess mass transfer to the water table in arid locations. It is suggested
that the current performance standards be evaluated using methods such as these.

The increasing ground water concentrations observed in MW-12UA had been hypothesized to
be due to vapor transport to ground water. Vertical distribution of contaminant concentrations in
ground water are apparently consistent with this mechanism (concentrations are highest near the water
table and decrease with depth). If this is true, the concentrations in MW-12UA represent a possible
“data point” that could allow estimation of the “dilution factor” due to mixing of mass transferred by
vapor to the water table. Using the maximum soil gas concentration at vapor points upgradient of MW-
12UA, NE-03 (2,200 ug/L), V-14 (5,500 ug/L), and V-15 (780 ug/L) and the Henry’s Law constant for 1,1-
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DCE, equilibrium water concentrations for 1,1-DCE would be comparable (6100 ug/L) to the
concentrations in ground water observed in MW-12UA (about 10,000 ug/L). This would suggest the
dilution factor may be close to one. If the soil gas concentrations along the flow paths for ground water
reaching MW-12UA were comparable to the highest concentrations measured on site (~100,000 ug/L),
the dilution factor would be about 10. If such a dilution factor is applied to vapor concentrations in

equilibrium with water at the MCL, the resulting soil gas standards would be comparable to or lower

than the current vapor performance standards.

Table 1. Computed equilibrium soil-gas concentrations resulting in MCL concentrations in groundwater

accounting for mixing.

Constituent® Henry’s Law Groundwater MCL or Soil Gas ESD Soil Gas
Constant MCL/Standard | Standard X10" Equilibrium Performance
dimensionless | ug/L ug/L (ug/L) Standard ug/L

1,1,1-TCA 0.6 200 2000 3300 2300

1,1-DCE 1.1 7 70 64 2850

1,2-DCP 0.11 5 50 450 187

TCE 0.28 5 50 180 780

PCE 0.47 5 50 106 2740

'Accounts for dilution into the groundwater column
’Freon 113 was not considered given the low toxicity of the compound
1.4.5 Relationship between Soil Gas, Ground Water, and Sub-Basalt Contaminant Migration.

Based on the analysis described above, the soil gas data suggest there is substantial contaminant mass
that has migrated below the basalt. If this has happened, it is likely that contaminant mass has migrated
to and below the current ground water table. The subsequent sections discuss the nature and

distribution of contaminants in the Unit A ground water in light of this hypothesis.

1.5 Conclusions. The SVE system has successfully and substantially diminished the vapor plume
surrounding the source(s) of VOCs at the site. The system has, however, encountered significant

limitations that would likely result in large mass removal rates over a long period of time. Though

additional optimization of the SVE system could realize an improvement in cost effectiveness, additional
alternative technologies could result in a shortened time to attainment of site remedial goals.
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2 SOURCE AREA GROUNDWATER DATA ANALYSIS

2.1 Introduction. Soil vapor extraction during the last five years has removed a surprisingly large
mass of VOC vapor and greatly reduced the extent of vapor phase contamination in subsurface soil. The
substantial progress achieved by SVE has cleared the way for better evaluation of the residual sources of
VOC contamination. Groundwater data, particularly from monitor wells in the Pit 1 source area, are of
particular interest in evaluating progress toward achieving the ultimate remedial goal at the site,
attainment of the Groundwater Performance Standards.

2.2 Site-specific Groundwater Setting. The sediments underlying the basalt layer beneath the site
have been subdivided into two zones based on texture, hydrologic properties. These zones are defined
at the site as an upper Unit A and lower Unit B (Figure 18).

Unit A is described as a silt, clayey silt, or silty clay. It is composed of 85 to 95 percent silt and
clay, with minor sandier interbeds. It is similar to the fine-grained zone of the unsaturated material
overlying the basalt and has low hydraulic conductivity. Unit B directly underlies Unit A and is generally
described as interbedded sandy silt, silty sand, and sand. Although generally fine-grained, Unit B
contains more sand and sandy interbeds than Unit A. The hydraulic conductivity of Unit B is
significantly greater than that of Unit A. The top of Unit B has generally been identified as the top of the
highest sand bed beneath the silt and silty clay of Unit A, generally about 100 feet below ground surface

(bgs).

The water table beneath the former hazardous waste landfill is within Unit A, generally about
80 to 90 feet below ground surface (bgs) and about 8 to 14 feet below the base of the basalt layer.
Groundwater in Unit A is under unconfined conditions. However, groundwater in Unit B is under
confined conditions beneath Unit A. These units are hydraulically connected to some degree, with an
overall downward vertical gradient. Thus, the potential exists for groundwater to migrate vertically
downward from Unit A into Unit B. Water levels in wells screened in Unit B vary seasonally, typically by
6 to 7 feet, in response to regional effects of pumping for irrigation. Water levels in Unit A are relatively
stable, varying seasonally only between 0.25 and 0.5 feet (Geosyntec/Hargis + Associates, 2007); they do
not show the seasonal variation seen in Unit B water levels. The absence of seasonal variation in Unit A
water levels suggests that the hydraulic connection between the units is limited. Groundwater flow in
the area of the Hassayampa site is to the south-southeast, toward the Gila River near Arlington, at a
gradient of approximately 0.005 (~26 feet per mile).
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Figure 18. Schematic diagram showing generalized relationships between Unit A, Unit B, the water
table, and Unit B potentiometric level within the lower part of the Unit A groundwater zone.

A groundwater pump and treat system designed to capture VOC-contaminated groundwater
in Unit A, downgradient of the disposal pits, was completed in 1994. The system has been in nearly
continuous operation since then. Beneath most of the site, the hydraulic gradient and direction of
groundwater flow in Unit A are toward the composite cone of depression caused by the pumping (Figure
19). Outside the influence of the extraction wells, the direction of Unit A groundwater flow is southeast.

Until 2010, Unit A groundwater was pumped from four extraction wells (EW-1UA throughEW-
4UA) at a combined rate of about 5.5 gallons per minute (gpm). Because VOC contaminants historically
were not detected in extraction wells EW-1 and EW-2, these wells were turned off as part of the
Groundwater Remediation System Optimization Pilot Test (Hargis + Associates, March 2011).

Unit B piezometric contours are shown on Figure 20.
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Figure 19. Unit A Groundwater monitor wells, water table elevation contours, and VOC concentration
results, January 2011 (Hargis / Geosyntec, 2011)
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Figure 20. Unit B groundwater monitor wells and water level elevation (potentiometric) contours,
January 2011 (Hargis / Geosyntec, 2011)

2.3 Contaminant Concentrations in Groundwater. Groundwater of Unit A has been impacted
primarily by VOC contaminants released in the Pit 1 area, and to a lesser extent the Special Pits area.
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Major VOC contaminants in groundwater include, in order of generally decreasing abundance, 1,1-
dichloroethene (1,1-DCE); Freon 113 (TCTFA); 1,1,1-TCA; trichloroethene (TCE); 1,2-dichloropropane;
and tetrachloroethene (PCE). Although at high concentrations in groundwater, Freon-113 is not
considered a contaminant of major concern at the site because of its relatively low toxicity. VOC
contaminants have never been detected in groundwater samples from any of the Unit B wells.

2.3.1 Groundwater Response in Non-Source Area Wells to SVE. Concentrations of VOCs in
Unit A groundwater have responded in different ways to SVE during the last five years. Some monitor
wells have fluctuated in a manner consistent with the existing Conceptual Site Model (CSM). Until SVE
was resumed in 2006, increasing concentrations of soil vapor were spreading in the vadose zone by
vapor phase transport in soil gas. The primary factor affecting Unit A groundwater was inferred to be
significant soil vapor concentrations below the basalt in contact with the water table surface
(Geosyntec/Hargis, 2007). This vapor phase contamination has been considered a significant source
and mechanism for the spread of groundwater contamination. The historical groundwater
concentration trends, particularly in peripheral wells, contributed to development of this CSM and led to
resumed SVE.

Responses in the groundwater wells since SVE was resumed range from significant declines in
VOC concentrations in some wells, to significant increase in concentrations in others. Concentrations in
other wells have shown limited response to SVE. VOC concentrations in the groundwater extraction
wells have remained fairly constant. Groundwater concentrations in Unit A monitor wells that have
been connected to the SVE system and used for vapor extraction (MW-6UA, MW-18UA, and MW-19UA)
rose significantly immediately after being connected to SVE, and have fluctuated dramatically since. The
elevated groundwater concentrations observed following the start of SVE from these wells have
persisted. Locations of example wells, below, are shown on Figure 19.

Examples of Unit A groundwater monitor wells showing declines in VOC concentrations since
SVE was resumed include MW-7UA and MW-11UA are provided below as Figures 21 and 22 . Note that
the following stacked area charts show the proportional contribution of each constituent, plotted as a
band (area). The height of each band reflects the concentration of that constituent. The bands are
stacked, so that top of the top band equals the sum of the concentrations of the plotted constituents.
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Figure 21. Groundwater concentration trends for MW-07UA.
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Figure 22. Groundwater concentration trends for MW-11UA.




Examples of Unit A monitor wells where VOC concentrations have remained relatively stable

since SVE was resumed at the site in March 2006 include MW-4UA, directly downgradient from the Pit 1
source area as shown on Figure 23.

MW-04UA Groundwater
__ 1800
<< 1600
2 1400
g 1200
1000

2 ® TCTFA
© 800
c 600 m PCE
7] o - - Y /
S 200
] 0 m11-DCE

888855555858888833937 nuLta

C = = s — o A= 4 = 4

a D © a 3 © a D © a S o o 3 0
Sg"o08gc~"o08ag~"o08c~"08«g>0 8
Date

Figure 23. Groundwater concentration trends in MW-04UA.

Examples of Unit A groundwater monitor wells outside the main source area showing general
increases in VOC concentrations since SVE was resumed include MW-12UA, shown on Figure 24.
Groundwater contamination at MW-12UA was originally attributed to upgradient vapor phase transport
and migration to groundwater. Although recently declining, groundwater VOC concentrations at MW-
12UA reached levels difficult to explain solely by this mechanism.
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Figure 24. Groundwater concentration trends in MW-12UA.

2.3.2  Abrupt increase in source area well groundwater concentrations after SVE. Abrupt and
dramatic increases the ground water concentrations of VOC that were observed in source area Unit A
monitor wells MW-18UA, MW-19UA (and MW-6UA) immediately after these wells were connected to
the SVE system and used for active vapor extraction . Concentration trends are shown on Figures 25-27.
This response seems inconsistent with the concept that most of the mass in the ground water has been
transferred from the vapor phase in the unsaturated zone. If contaminants are more concentrated at
depth, upwelling due to applied vacuum may lift more contaminated water to the sample depth.
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Figure 25. Groundwater concentration trends in MW-18UA.
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*Data from April 2006 sampling event was omitted since PDB profiles were taken during that sampling event.

Figure 26. Groundwater concentration trends in MW-19UA.
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Figure 27. Groundwater concentration trends in MW-6UA.

Time-series plot of extraction well EW-4UA (Figure 28) show that contaminant proportions and
concentrations have remained relatively stable throughout the five-year review period.

EW-04UA Groundwater

__ 8000
< 7000
2 6000 l = TCE
c 5000 m PCE
2 4000 m TCTFA
(18]
S 3000 m 12DCP
c
3 2000 m 11DCE
¢ 1000 W 111TCA
o 0

M <t 1 W N0 OO A N N < 1N W ™~ Y O

Oy Oy Oy Oy Oy Oy Oy O O OO0 0O o0 o0 oo o -

S S S

O O v v v v Vv VYvw Yw v v e w o o oo o w

i T T T T TR s T Y s T 4 T T 4 TN T T 4 T 4 T 4 T R

Figure 28. Groundwater concentration trends in EW-04UA since prior to initiation of groundwater
extraction.
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2.4 Assessment of the Existing Conceptual Site Model. Meaningful mass removal over the last five
years has consisted only of SVE. The contaminant removal rate for the groundwater pump and treat
system is relatively insignificant. The remedial activities have been guided by a CSM developed during
the Phase | investigations (Geosyntec/Hargis, 2007) that infers that the majority of VOC mass resides in
the unsaturated zone, and that downward vapor phase transport is the principal mechanism for
groundwater contamination. Although vapor phase transport from the vadose zone clearly is a
significant VOC migration pathway to groundwater, several observations are not readily explained by
the present CSM.

While the present conceptual site model (CSM) has served well to guide remedial activities
during the last five years, and SVE has been effective in removing mass and reversing the spread of
vapor phase contaminants, thorough analysis of recent groundwater monitoring data suggests that the
present site conceptual model may need to be refined to accommodate all of the observations and data
implications.

It is important to mention that different methods being used for routine groundwater sample
collection from the monitor wells:

1. depth-specific, passive polyethylene diffusion bag (PDB) samplers for most of the Unit A monitor
wells, including all in the source area

2. low-flow pumped sample collection for a few unit A monitor wells,

3. high-flow purge from the 30-foot and longer screened intervals for the unit B wells.

Data from the different sampling methods provide somewhat different information regarding the
aquifer and groundwater contaminant distributions. The different characteristics afford an opportunity
to refine the CSM and identify important, but unanswered questions.

2.4.1 PDB Profiles — Groundwater Concentration Trends with Depth. PDB samplers have been
used since about 2005 for long term monitoring of VOC compounds in most of the Unit A monitor wells
at the site. These passive samplers provide depth-specific samples. In accordance with recommended
best practices, all of the groundwater monitor wells for which the depth-specific PDB samplers are being
used for long-term monitoring were profiled for vertical contaminant concentration gradients by
deploying multiple samplers in vertical series for the initial PDB sampling event. This snapshot profile
identified any stratification in contaminant concentrations in the water column of the well under
ambient flow conditions, so that any zone of higher concentration could be identified and selected for
long term trend monitoring using a single PDB. Although vertical in-well mixing (e.g. vertical flow) can
occur under certain ambient conditions in the water columns of some wells, the presence of
contaminant stratification in the water column of a well generally reflects stratification in the adjacent
aquifer (US Geological Survey, 2001; ITRC, 2004; ITRC 2007).

All of the Unit A monitor wells were completed down to within a very few feet of the top of the
Unit B aquifer, and the screened intervals intersect most of the saturated thickness of Unit A. At the
time of their initial profiling in 2005 and 2006, vertical concentration gradients (i.e. VOC contaminant
stratification) were identified in wells MW-12UA, MW-18UA, MW-19UA, and MW-20UA. Profiles in
other wells were not clearly stratified. Concentration vs. depth plots of the initial vertical profile data
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from wells MW-18UA and MW-19UA, at the north and south edges of the former Pit 1 footprint,
respectively, clearly showed higher VOC concentrations at greater depth (Figures 29 and 30). The
deepest interval sampled in these wells had the highest total VOC concentration, and was selected for
long term monitoring. With the exception of Freon 113 (1,1,2-TCTFA) in well MW-18UA, each of the
individual principal VOC constituents also showed significantly higher concentration in the deepest
intervals sampled.

An increasing concentration of dissolved VOCs with depth can be associated with Dense Non-
Aqueous Phase Liquid (DNAPL) VOC presence in the saturated zone (US EPA, 2009b). The initial vertical
concentration profiles in the stratified water columns of wells MW-18UA and MW-19UA show the
highest concentration of VOC contaminants near the bottom of the water column. This suggests that
the greatest source of dissolved VOC contaminants is at or near the base of the Unit A aquifer. If
residual VOC contamination in the overlying vadose zone was primarily responsible, through vapor
transport, for the continued VOC contamination in Unit A groundwater, as proposed by the current
CSM, the highest dissolved VOC concentrations would be expected at the top of the stratified water
columns of these wells.

Vertical hydraulic conductivity values (Kv) of 0.001 to 0.0001 feet per day, and horizontal to
vertical conductivity ratios (anisotropy) of 10,000:1 to 100,000:1 were determined for Unit A by
Geosyntec/Hargis (2008) and Geosyntec / Hargis (2007, App. E). Similar very low vertical conductivity
values and extremely low horizontal to vertical conductivity ratios (three to five orders of magnitude
difference) were estimated in a previous investigation (Montgomery & Associates/CRA, 1995). If these
values are generally correct, it becomes difficult to accept a vapor phase vadose zone VOC source alone
to explain the vertical distribution of and concentration gradients seen in the source area and other Unit
A wells. Virtually no downward advective transport of VOCs from the groundwater surface would occur
over the horizontal distances involved.
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MW-18UA PDB Profile April 25, 2006
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Figure 29. Concentration profile in MW-18UA based on passive-diffusion bag sampling.
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Figure 30. Concentration profile in MW-19UA based on passive-diffusion bag sampling.
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The initial vertical profiles in wells MW-12UA and MW-20 UA, where much of the VOC
contamination was inferred to be primarily from vapor phase transport in the vadose zone, showed the

highest VOC concentration near the top of the water column (Figure 31).
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Figure 31. Concentration profile in MW-12UA based on passive-diffusion bag sampling.

Typically, little change is seen in a well’s vertical profile over time unless ambient flow

conditions are altered. Re-profiling generally is not necessary unless conditions in ambient groundwater

flow through the well screen are changed by some new activity (ITRC, 2004). The sudden changes in
VOC concentration data in wells MW-18UA, MW-19UA, and MW-6UA after these groundwater wells
were connected to the SVE system suggest that the ambient flow conditions and contaminant

distribution in these wells are strongly affected by the applied vacuum. Re-profiling of these wells is

recommended to confirm that long term monitoring continues in the zone of highest concentration, and

to help understand the effects of SVE on contaminant movement and the source of VOCs in

groundwater in the Pit 1 area.

2.4.2

The Phase | Report Hydrophobic Dye Testing. Hydrophobic dye-impregnated absorbent

fabric ribbon was used to test freshly recovered soil samples from the unsaturated zone above the

basalt flow for the presence of NAPL during the additional characterization effort of the Phase | drilling

in the Pit 1 source area (Geosyntec / Hargis, 2007). The ribbon indicated the presence of NAPL in

samples from two depths in the unsaturated material of soil boring B-1 near the center of the former Pit
1 footprint (a clayey silt at 56.9 feet below ground surface, and a 0.1-foot thick clay layer atop the basalt
surface at 62.1 feet bgs), and possibly in soil boring B-5 at 31.6 feet bgs (Geosyntec / Hargis, 2008b;
Rieck field notes 1/31/06).

Observations during the Phase | investigation led to the conclusion that “Liquids migrated
vertically downward from Pit 1 to the edge of the basalt” (Geosyntec / Hargis, 2007, p. 37). The liquids
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are inferred to have migrated downward over a limited lateral extent, and did not saturate a wide area
above the basalt. The Phase | Report also states (p. 39) that “Although organic liquids appear to have
reached the basalt beneath Pit 1, the pattern of soil VOC data suggests migration along fractures in
areas of higher permeability in quantities that limited the potential for significant pooling or
accumulation of liquids on top of the basalt.” The Phase | report also states (p. 39) that “no direct or
indirect evidence has been found that shows significant quantities of liquid waste directly contacted
Unit A groundwater in the vicinity of Pit 1”. However, given 1) the volumetric considerations for the
estimated 3.4 million gallons of liquid hazardous waste that were disposed (much of it into Pit 1) and 2)
the immediate proximity of the edge of the basalt flow and/or the presence of fractures and preferential
pathways through the basalt, this lack of lateral spread or significant pooling suggests that a significant
mass of DNAPL may have penetrated below the basalt layer.

The relatively low K, value for 1,1,1-TCA in soil indicates that 1,1,1-TCA is likely to move quickly
through soil and sediment. At the time of release (1979-1980) and up until groundwater extraction
began in 1996, the Unit A water table in the Pit 1 area was at or slightly above the base of the basalt
layer. Any DNAPL liquids moving through or around the edge of the basalt would have gone directly into
the saturated zone.

2.4.3  Analysis of Contaminant Concentrations in Source Area Wells. Chlorinated VOCs
generally have low solubility in water. Dissolved concentrations downgradient from a residual DNAPL
source can be significantly less than the effective solubility because of multiple factors that include
hydrodynamic dispersion, dilution, and degradation processes. Groundwater samples having dissolved
concentrations of chlorinated VOCs exceeding 1% of their effective maximum solubility are widely
accepted as indicating that the groundwater may be in contact with nearby DNAPL (US EPA, 2009b).
Depending on the mass of DNAPL that may be present, a residual source of pure phase liquid that does
not readily dissolve in water, even if finely dispersed in the aquifer material, can act as a very long term,
ongoing source of groundwater contamination.

The dissolved concentrations of each of the individual VOC contaminant compounds in samples
of Unit A groundwater historically have been assessed with regard to this 1% rule of thumb (Geosyntec /
Hargis, 2007). Although groundwater concentrations of a few of the compounds have approached 1% of
their respective solubility in some wells closest to the Pit 1 source area, no single VOC has clearly
exceeded this threshold. This has been interpreted as indicating that very little if any VOC
contamination is present as DNAPL in the saturated zone of Unit A.

With the exception of Freon 113, 1,1-DCE is the most abundant contaminant in groundwater at
the site. In almost every well where VOC contamination is present, 1,1-DCE has the highest
concentration. However, 1,1-DCE was not a primary chlorinated solvent disposed at the site; it is
primarily a degradation product of 1,1,1-TCA. No other compound in groundwater at the site has the
potential to generate a significant amount of 1,1-DCE.

2.4.4 Degradation of 1,1,1-TCA. 1,1,1-TCA is unique among the commonly encountered VOC
contaminants found in groundwater in its capacity for abiotic transformation. When dissolved under
conditions likely to be found in groundwater, 1,1,1-TCA is the only major chlorinated solvent that can
abiotically degrade within the one- to two-decade time span of general interest in site remediation
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(National Research Council, 2000). Biological reductive dechlorination of 1,1,1-TCA to 1,1-
dichloroethane (1,1-DCA) can occur under anaerobic conditions, as well as by abiotic processes, but the
generally aerobic conditions and far lower concentrations of 1,1-DCA relative to 1,1-DCE indicate that
degradation of 1,1,1-TCA by anaerobic biodegradation is not a primary pathway. Cis-1,2-DCE is not
reported at the site, and trans-1,2-DCE is reported only from wells MW-18UA and MW-19UA, where the
concentrations are very low (<10 pg/L). This suggests that anaerobic biodegradation of TCE, likewise, is
not an important process at the site. Abiotic transformation of 1,1,1-TCA to 1,1-DCE appears to be the
primary source of 1,1-DCE.

There are two major abiotic degradation pathways for 1,1,1-TCA to 1,1-DCE: hydrolysis and
dehydrohalogenation. As shown on Figure 32, they yield acetic acid or 1,1-DCE, respectively, through
the separate pathways (Vogel and McCarty, 19874, b; Jeffers et al.,1989; McCarty, 1996).

McCarty (1996) estimated that 80 percent of 1,1,1-TCA transformed by abiotic processes is
converted by hydrolysis to acetic acid, and 20 percent by dehydrohalogenation to 1,1-DCE.
Dehydrohalogenation occurs at about one-fifth the rate of hydrolysis (Vogel and other, 1987).

Abiotic Degradation of 1,1,1-TCA

1,1,1-TCA + water
CH3CCI3+ H,0

!

CH3CCI20H + H* + CI

+H,0
hydrolysis wdrohalogenation
80 % / 20%
Acetic Acid 1,1-DCE
CH3COOH + 2H * 2CI- CH, = CCl, + H,0

Figure 32. Abiotic degradation pathways for 1,1,1-TCA.

2.4.5 Back-Calculation of 1,1-DCE Concentrations to Parent 1,1,1-TCA Concentration. In cases
where degradation is occurring in the dissolved phase plume, daughter product concentrations can be
converted to equivalent parent product concentrations before comparing to the 1% effective solubility
threshold (EPA, 2009b, p.6). This is done by converting the daughter mass/volume concentration (e.g.
pg/L) to a molar concentration (e.g. moles/L), attributing that number of moles to the parent
compound, and then converting the parent molar concentration into the equivalent mass/volume
concentration for comparison to the 1% effective solubility threshold.

The summary of mass degradation reactions of 1,1,1-TCA from above (80% to acetic acid, 20% to 1,1-
DCE) is:
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hydrolysis
1meole1,1,1-TCA ———— 0.8 mole acetic acid (1)

dehydrohalo genation

1mole1,1,1-TCA 0.2 mole1,1- DCE (2)

Based on equation 2, we can infer the original concentration of 1,1,1-TCA if we know the measured
concentration of 1,1-DCE and assumed that it results entirely from the degradation of 1,1,1-TCA.

Derivation of the Conversion Factor for 1,1-DCE to 1,1,1-TCA:

0.2 mole1,1-DCE 95944311 DCE

19.4 51,1-DCE

1mole1,1,1 TC'A

1molel,11-TCA 13342911,1-TCA

1molel,1 DCE

~ 1mole 1,11TCA

19.4 5 1,1- DCE

x 1mole1,1,1-TCA

133429111-TCA 688 9111-TCA

19.451,1-DCE 1511-DCE

(3)

(4)

The conversion factor for calculating the parent 1,1,1-TCA concentration required to produce the

observed concentration of 1,1-DCE is 6.88 times the observed concentration (ug/L) of 1,1-DCE.

Applying the above information and conversion factor to the average of 6 recent valid sampling

events from Hassayampa wells MW-18UA and MW-19UA gives the following results:

Table 2. Computed concentrations of parent TCA as percent of published solubility

%
Measured Measured TCAD(f:?m Inferred Total so'”;'hty
Sample TCA DCE ] Parent TCA
Well . . Equivalent . Inferred
Date Concentration | Concentration . Concentration
(ug/L) (ug/L) Concentration (ng/L) Total
(ng/L) Parent
TCA
MW-18UA 10/05/10 19000 24000 165120 184120 14.3
MW-18UA 07/08/10 11000 23000 158240 169240 13.1
MW-18UA 04/14/10 14000 23000 158240 172240 13.4
MW-18UA 01/19/10 11000 24000 165120 176120 13.7
MW-18UA 10/07/09 Hold time exceeded
MW-18UA 07/08/09 10000 21000 144480 154480 12.0
MW-18UA 04/07/09 13000 29000 199520 212520 16.5
Average 13000 24000 165120 178120 13.8
MW-19UA 10/05/10 6200 17000 116960 123160 9.5
MW-19UA 09/07/10 11000 26000 178880 189880 14.7
MW-19UA 04/14/10 6200 19000 130720 136920 10.6
MW-19UA 01/19/10 Sample collection problem
MW-19UA 10/07/09 7000 5000 34400 41400 3.2
MW-19UA 07/08/09 3800 13000 89440 93240 7.2
MW-19UA 04/07/09 17000 22000 151360 168360 13.1
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Average 8533 17000 116960 125493 8.8

Using effective solubility value of 1,1,1-TCA of 1290 mg/L at 25 °C. Note that the measured
concentrations are from depth-specific PDBs placed at the bottom of the water column.The
concentrations of 1,1,1-TCA required to produce the measured concentrations of 1,1-DCE exceed 1% of
the effective solubility of 1,1,1-TCA in MW-19UA, and 10% of the effective solubility in MW-18UA. This
suggests that DNAPL 1,1,1-TCA may be present nearby in the saturated zone.

2.4.6  Solubility of Multiple Components in Groundwater. It should be noted that the 1,1,1-
TCA and 1,1-DCE discussed above are constituents of a multi-component mixture. For chemical
mixtures, the solubility of an individual chemical will be less than its pure phase solubility. The effective
solubility of each component can be estimated using Raoult’s Law and is equal to the mole fraction of
the component in the NAPL times its pure form solubility. However, if there is incomplete information
about the composition of the NAPL that was released, an alternative is to use the observed
concentrations of contaminants in groundwater, along with published values for their solubilities, to
calculate the mole fraction of that contaminant in groundwater (EPA, 2009b). The equation is:

, C;obs = observed groundwater concentration of component i (ug/L)
_ Z C{jbs Si = single-component solubility of component i (ug/L)
o 5 a = cumulative mole fraction of all contaminants observed
n=number of components in the groundwater sample

The calculation assumes that the degree of borehole dilution, dispersion, and degradation is identical for
each component evaluated. If the groundwater is not evaluated for all components present in the
DNAPL, or if any compounds are degrading in the aqueous phase, as shown above for 1,1,1-TCA, the
calculation will underestimate the likelihood of DNAPL presence (US EPA, 2009b).

Because significant, rapid abiotic degradation of 1,1,1-TCA begins when it dissolves in
groundwater, applying these calculations to estimate the reduced effective solubility of constituents in
the Pit 1 source area would result in questionable estimates. Nonetheless, it should be recognized that
the effective solubilities for the VOC contaminants in the source area are likely somewhat lower than
published values.

2.4.7 Degradation Rate and Half-Life of 1,1,1-TCA. Many abiotic transformations of
chlorinated VOCs occur at rates that are too slow to have significance in environmental restoration of
groundwater. 1,1,1-TCA is a notable exception. The associated first-order half-life of 1,1,1-TCA
dissolved in groundwater is on the order of 6 months to 2 years and is very sensitive to temperature
(National Research Council, 2000). Degradation rates for 1,1,1-TCA at 20 °C by hydrolysis have been
reported with half-lives on the order of 1 to 3 years (Jeffers et al., 1989; Vogel and McCarty, 1987
referenced in Parsons, 2004). The half-life of 1,1,1-TCA in groundwater at a temperature of 10 °C is
about 12 years, but decreases to about 2.5 years at 20 °C (Rittman et al., 1994, referenced in National
Research Council, 2000). Measured groundwater temperatures at the Hassayampa site often are close
25 °C, suggesting that degradation rate for TCA at the site is toward the shorter end of the range.
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The short half-life of 1,1,1-TCA dissolved in groundwater allows it to serve as a marker
compound for evaluating hydrologic processes controlling plume length. The fact that the parent
compound 1,1,1-TCA at Hassayampa is observed at significant concentrations only in wells in the
immediate vicinity of the Pit 1 source area, but that high concentrations of 1,1-DCE and other VOCs are
observed in more distant wells, indicates that detectable concentrations of 1,1,1-TCA have been
eliminated by degradation, rather than just dispersion, before groundwater reaches any of the
downgradient wells.

Assuming a half-life of 1 to 2 years for dissolved 1,1,1-TCA at Hassayampa, the fact that
significant concentrations of 1,1,1-TCA continue to be sustained in groundwater in source area wells
MW-18UA and MW-19UA is a strong line of evidence that an ongoing source of DNAPL phase TCA
continues to dissolve in the saturated zone in the source area. If no residual DNAPL source remained
from the release over 30 years ago, 1,1,1TCA would not be expected in measurable concentration.

2.4.8 1,4-Dioxane. The compound 1,4-dioxane is used as a stabilizer for chlorinated solvents,
particularly for 1,1,1-TCA, to which it is commonly added in concentrations of a few percent. Itis highly
soluble in water. Due to its low vapor pressure (low volatility) and very low partition coefficient
(adsorption potential), 1,4-dioxane is the most mobile of subsurface organic compounds (US EPA,
2006b). Once dissolved in groundwater, it remains in solution and is transported with the groundwater
flow. Once dissolved, it tends to be removed from a source area more rapidly and completely than
other VOCs. Considering the mobility of 1,4-dioxane in groundwater, the presence of 1,4-dioxane may
indicate an ongoing NAPL source in the saturated zone.

Although 1,4-dioxane is relatively unaffected by sorptive mechanisms in an aquifer, it can diffuse
into static pore water (the pore fraction that does not participate in fluid migration), creating the
appearance of retardation. Depending on the relative volume of static to migratory pore water, the
resulting mass of dioxane that can be stored in the static pore water can be significant (US EPA, 2006b).
As a result, a plume of dioxane can persist after the source has been removed or controlled.

Thus, by itself, the detection of 1,4-dioxane in MW-18UA, albeit at a low concentration (a
potentially biased-low result), in January 2011 is not conclusive evidence of residual DNAPL 1,1,1-TCA in
the saturated zone of the Pit 1 source area, 1,4-dioxane has been used to trace the source of residual
TCA in groundwater (Downey and Zbozinek, 2008). Its presence may be an indication of the continuing
dissolution of residual NAPL 1,1,1-TCA at the Hassayampa site, and warrants further investigation.

2.5 Downward Migration Potential. Water level elevation data from paired Unit A and Unit B
groundwater monitoring wells show that water levels in Unit B wells are higher than the top of the Unit
B lithologic zone, i.e. the Unit B groundwater is semi-confined by groundwater in the overlying Unit A.
However, the overall vertical hydraulic gradient at the site is downward from Unit A into Unit B. The
approximate magnitude of the overall downward vertical potential can be seen by comparing the
groundwater elevation contours for Unit A in Figure 2 with the contours for Unit B on Figure 3. The rate
of downward movement of groundwater from Unit A into Unit B is limited by the low vertical hydraulic
conductivity of Unit A and the confined water levels of Unit B groundwater that in part support the Unit
A groundwater.
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Groundwater extraction for hydraulic containment has lowered the Unit A water table across
much of the site, reducing but not eliminating the driving force for migration of contaminated Unit A
water into Unit B. In January 2011, groundwater elevation data in the immediate vicinity of the active
extraction wells (EW-3 and EW-4) showed a downward potential of about 5 feet. The downward vertical
potential beneath the most contaminated area of Unit A groundwater, in the vicinity of MW-18UA and
MW-19UA in the Pit 1 source area, was about 8 to 10 feet. The downward vertical gradient has
remained relatively stable since Unit A water levels stabilized in about 1998, 4 years after the start of
groundwater extraction.

A groundwater modeling evaluation of the potential for downward movement of groundwater
was conducted in 2008 (Geosyntec / Hargis, 2008). The report notes that water level data collected
from 1999 to 2003 from seven Unit A and Unit B well pairs located across the Site, exhibit similar water
level fluctuation patterns as predicted by the modeling effort. The evaluation concluded that that there
are no significant areas of higher vertical hydraulic conductivity values (higher Kv) or vertical conduits
where particles can preferentially migrate downward. It correctly notes that if such areas of higher
vertical conductivity were present, water levels in Unit A and Unit B would converge toward a similar
level.

The absence of detectable contaminant concentrations in all of the Unit B wells is cited in
numerous reports as a line of evidence that significant downward migration of contaminated Unit A
groundwater is not occurring(e.g. Geosyntec / Hargis, 2007) . However, it is very important to note that
all of the Unit B monitor wells have screened intervals of 30 to 40 feet or more in length. These screens
are excessively long for detecting contamination moving into Unit B by the acknowledged downward
vertical hydraulic gradient from Unit A. Because of the significant horizontal component of flow in Unit
B, contaminants are likely to be present at detectable concentrations in only the uppermost few feet of
Unit B beneath the source areas. Although the tops of the screened intervals are near the top of Unit B,
the high flow rates (5 to 7 gallons per minute) and volumes used for purging and sampling the Unit B
wells will produce flow-weighted samples biased toward any zones of higher conductivity (i.e., sandier
intervals) intersected by or even within a few feet below the screened interval. Together, the long
screened intervals and sampling protocol will tend to mix and dilute any contaminants in Unit B
groundwater, masking the contribution of contaminated Unit A groundwater to Unit B.

The Unit B wells should be sampled using depth-specific PDB samplers, discussed earlier, as an
effective method to determine if contaminated groundwater from Unit A is migrating into the upper
part of Unit B.

2.6 Groundwater Capture. The Phase | Report (Geosyntec / Hargis, 2007) contains a ground
water capture zone analysis in Appendix E. The analysis addressed both horizontal and vertical capture.
It concluded that “virtually all of the Unit A groundwater affected by VOCs” is captured by the pump and
treat system, with “a minor exception” being the area east of extraction well EW-04UA near well MW-
20UA, which has VOC concentrations significantly greater than the groundwater performance standards
of the ROD. The analysis concluded that, with a moderate increase in pumping from EW-04, complete
capture would be achieved.
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At the time of the capture zone analysis, monitor well MW-21UA had not been drilled and
therefore was not included. Unit A water table levels and contours in Figure 2 show that the water level
in well MW-21A, the southeastern-most well at the site, is anomalously low. The measurements point
elevation is reported to have been resurveyed, confirming the accuracy of the measured elevation.
Water table contour maps in recent periodic monitoring reports by Hargis/Geosyntec, based on water
levels in MW-21UA and other wells in the vicinity, show a groundwater divide between extraction well
EW-04UA and MW-21UA.

Figure 2, from the first quarter 2011 data, shows wells MW-12UA and MW-20UA very near the
crest of the inferred groundwater divide. InJanuary 2011, groundwater samples from wells MW-12UA
and MW-20UA had total VOC concentrations higher than any other wells except MW-18UA and MW-
19UA, in the Pit 1 source area. Capture of Unit A groundwater affected by VOCs in this area appears to
be marginal.

As noted above, the evaluation of the potential for downward movement of Unit A groundwater
into Unit B (Geosyntec / Hargis, 2008) concluded that that there are no significant areas of higher
vertical hydraulic conductivity values (higher Kv) or vertical conduits where particles can preferentially
migrate downward. However that evaluation was based on data from the paired Unit A and Unit B wells
and in particular, the MW-9UA/-9UB pair, noting their location is isolated from any effects of the
groundwater extraction system. With the exception of the MW-10UA/-UB pair, the Unit A/B well pairs
are generally in a south-southwest-trending line through the middle of the site. Little information is
available that might show convergence of the Unit A/B water levels in an east-west direction.

The anomalously low water level at MW-21UA may result from an area of higher horizontal
and/or vertical hydraulic conductivity in Unit A, or in Unit B, south and/or east of the site.
In January 2011, the downward vertical head potential at MW-9UA was 13.09 feet, and the potential at
MW-10UA/-10UB well pair, about 900 feet to the southeast and also beyond effects of the Unit A
extraction, was 5 feet lower at 8.87 feet. This apparent convergence of the Unit A/Unit B water levels to
the southeast may be an indication of such an area of higher conductivity.

Alternatively, the cause of the anomalously low water level in MW-21UA could be the design and
construction of the well itself. Cross sections based on the boring logs of MW-20UA and other wells that
have encountered the top of Unit B suggests that this contact, which is recognized at similar elevations
across the site, would project in at about 91 to 92 feet below the measuring point of MW-21UA. At
MW-20UA this contact was intersected at about 97 feet bgs (~821 feet elevation) and the borehole
backfilled with bentonite to isolate the two groundwater units before final completion. Because MW-
21UA was logged from air rotary cuttings, penetrating only a few feet into the uppermost sand of Unit B
may not have been apparent. If MW-21UA intersects the Unit A/B contact, the well itself may be slowly
draining Unit A water very locally into Unit B, resulting in an anomalously low Unit A water level.

Although samples from MW-21UA have not shown any detectable levels of VOCs, the reasons
for the anomalously low water level at MW-21 and the implications for groundwater migration and
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contaminant containment need to be better understood. Attempting to detect any downward vertical
flow in the well might be a reasonabile first step for further evaluation of the water level. At least one
additional well in Unit A is needed in the area to better delineate the inferred groundwater divide and
refine the extent of capture by the pump and treat system, and a well Unit B is needed in the vicinity of
MW-21UA to assess the downward vertical potential.

2.7 Conclusions and Recommendations. Soil vapor extraction during the last five years has been
very effective at diminishing the extent and magnitude of vapor phase contamination in the vadose
zone. This has greatly reduced vapor phase VOC sourcing to groundwater over most of the site.
Reduction in the vapor phase migration to groundwater and continued long-term monitoring are
allowing a much clearer picture of groundwater contaminant sources and transport pathways.

Although DNAPL has been directly detected only by NAPL-sensitive tape in the vadose zone
beneath the Pit 1, there are multiple lines of evidence from the groundwater data that a relatively small,
but significant, ongoing DNAPL contaminant source is present in the saturated zone. These observation
include:

e The continued presence of 1,1,1-TCA at substantial concentrations in wells MW-18UA and MW-
19UA. The fact the TCA is not observed with co-contaminants at significant concentration
outside the immediate source area, suggests that it degrades relatively quickly and is
eliminated within a relatively short groundwater travel distance. A probable half-life of less
than 1 to 2 years for dissolved-phase TCA released over 30 years ago suggests an ongoing NAPL
phase source in the saturated zone.

e The sustained high concentration and wide distribution of 1,1-DCE, which because of the near
absence of the 1,2-DCE isomers (particularly cis-1,2-DCE) and 1,1-DCA, is likely to result mainly
from degradation of 1,1,1-TCA rather than TCE.

e Back-calculation of the 1,1,1-TCE concentration necessary to generate the 1,1-DCE
concentrations observed in the source area exceeds by roughly an order of magnitude the 1%
of solubility rule generally used to infer the presence of DNAPL nearby.

e The observation that depth-specific PDB sampler profiles show greater VOC concentrations with
depth in the source area.

e The stable VOC concentrations in downgradient groundwater monitor wells (e.g. MW-04UA)
and extraction well EW-04UA, and the sustained high concentrations in source area monitor
wells (e.g. MW-18UA) despite removal of over 120,000 pounds of VOCs from the vadose zone
by SVE. This is consistent with steady-state dissolution of residual NAPL

e The reported presence of 1,4-dioxane in well MW-18UA, while not conclusive by itself, is
consistent with ongoing dissolution of DNAPL TCA.
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Both horizontal and vertical capture remains uncertain in the vicinity of MW-20UA.

e At least one additional well in Unit B, and one additional well in Unit A are recommended to
better resolve both the horizontal and vertical extent of capture in the southeastern portion of
the site. The extent of capture was acknowledged as uncertain in previous analyses.

The downward migration of contaminated Unit A groundwater into Unit B cannot be adequately
evaluated from the existing Unit B sampling procedures and monitoring data.

e Depth-specific PDB samplers should be deployed in the uppermost few feet of the screened
intervals of the Unit B wells.

The mechanisms causing the increased and highly varying groundwater concentration observed
immediately after groundwater monitor wells MW-18UA, MW-19UA, and MW-6UA were connected to
the SVE system are not adequately understood. Clearly, SVE has changed groundwater conditions in
these wells.

e Re-profiling of the vertical contaminant concentration gradients in wells MW-18UA, MW-19UA,
and MW-6UA is recommended.

VOC contaminant concentrations in well MW-12UA were originally attributed to vapor phase
contamination upgradient to MW-12UA. The original PDB profile was consistent with this hypothesis
(highest concentrations at the top of the water column). However, groundwater concentrations have
exceeded reasonable expectations, and other contaminant transport mechanisms may be reflected in
groundwater at MW-12UA.

e The vertical contaminant concentration gradient at well MW-12UA should be re-profiled to
provide current information on contaminant transport mechanisms.
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Attachment 1. Trend analysis results from MAROS for all wells for the period 6/30/06 through 1/31/11.

MK Conf MK
Well CoC Median Trend | MK Stat Trend

MW-01UA 1,1,1-TRICHLOROETHANE 0.0005 D -24 98.15%
MW-01UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.00057 NT 9 72.90%
MW-01UA 1,1-DICHLOROETHENE 0.013000001 = NT 0 46.87%
MW-01UA 1,2-DICHLOROPROPANE 0.0005 ND -14 87.30%
MW-01UA TETRACHLOROETHYLENE(PCE) 0.0034 NT 5 61.90%
MW-01UA TRICHLOROETHYLENE (TCE) 0.0005 S 0 46.87%
MW-03UA 1,1,1-TRICHLOROETHANE 0.0005 N/A 0 0.00%
MW-03UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0005 N/A 0 0.00%
MW-03UA 1,1-DICHLOROETHENE 0.0005 = N/A 0 0.00%
MW-03UA 1,2-DICHLOROPROPANE 0.0005 N/A 0 0.00%
MW-03UA TETRACHLOROETHYLENE(PCE) 0.0005 = N/A 0 0.00%
MW-03UA TRICHLOROETHYLENE (TCE) 0.0005 N/A 0 0.00%
MW-04UA 1,1,1-TRICHLOROETHANE 0.00043 D -43 99.00%
MW-04UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0092 NT -27 89.90%
MW-04UA 1,1-DICHLOROETHENE 0.0049 NT -22 84.75%
MW-04UA 1,2-DICHLOROPROPANE 0.0002275 D -56 99.90%
MW-04UA TETRACHLOROETHYLENE(PCE) 0.0005 -54 99.65%
MW-04UA TRICHLOROETHYLENE (TCE) 0.0005 -38 96.70%
MW-06UA 1,1,1-TRICHLOROETHANE 0.175000008 @ PI 37 94.70%
MW-06UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.63000003 ' PD -34 93.00%
MW-06UA 1,1-DICHLOROETHENE 0.450000021 S -27 87.65%
MW-06UA 1,2-DICHLOROPROPANE 0.00745 NT -13 70.25%
MW-06UA TETRACHLOROETHYLENE(PCE) 0.021000001 = NT -11 67.10%
MW-06UA TRICHLOROETHYLENE (TCE) 0.029500001 NT -13 70.25%
MW-07UA 1,1,1-TRICHLOROETHANE 0.0005 NT -14 75.80%
MW-07UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.019000001 &= NT -25 88.00%
MW-07UA 1,1-DICHLOROETHENE 0.0055 @ NT -25 88.00%
MW-07UA 1,2-DICHLOROPROPANE 0.00049 D -34 96.45%
MW-07UA TETRACHLOROETHYLENE(PCE) 0.0005 NT -5 57.70%
MW-07UA TRICHLOROETHYLENE (TCE) 0.0017 NT 1 50.00%
MW-11UA 1,1,1-TRICHLOROETHANE 0.0005 @ PD -17 92.20%
MW-11UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.031000001 @ NT 14 84.00%
MW-11UA 1,1-DICHLOROETHENE 0.002 NT 10 75.30%
MW-11UA 1,2-DICHLOROPROPANE 0.0005 ND -30 98.95%
MW-11UA TETRACHLOROETHYLENE(PCE) 0.0005 PD -17 92.20%
MW-11UA TRICHLOROETHYLENE (TCE) 0.0005 ND -21 96.40%
MW-12UA 1,1,1-TRICHLOROETHANE 0.0005 D -23 95.70%
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MK Conf MK
Well CoC Median Trend | MK Stat Trend

MW-12UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.028000001 @ NT 2 52.70%
MW-12UA 1,1-DICHLOROETHENE 0.012500001 | 35 99.15%
MW-12UA 1,2-DICHLOROPROPANE 0.00032 ND -24 94.20%
MW-12UA TETRACHLOROETHYLENE(PCE) 0.0005 S -9 70.40%
MW-12UA TRICHLOROETHYLENE (TCE) 0.0005 NT 11 74.85%
MW-20UA 1,1,1-TRICHLOROETHANE 0.064000003 = N/A 0 0.00%
MW-20UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.040000002 @N/A 0 0.00%
MW-20UA 1,1-DICHLOROETHENE 0.050000002 = N/A 0 0.00%
MW-20UA 1,2-DICHLOROPROPANE 0.0042 N/A 0 0.00%
MW-20UA TETRACHLOROETHYLENE(PCE) 0.017000001 = N/A 0 0.00%
MW-20UA TRICHLOROETHYLENE (TCE) 0.016000001 = N/A 0 0.00%
MW-21UA 1,1,1-TRICHLOROETHANE 0.00205 N/A 0 0.00%
MW-21UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0013  N/A 0 0.00%
MW-21UA 1,1-DICHLOROETHENE 0.00079 ' N/A 0 0.00%
MW-21UA 1,2-DICHLOROPROPANE 9.6E-05 N/A 0 0.00%
MW-21UA TETRACHLOROETHYLENE(PCE) 0.00093 ' N/A 0 0.00%
MW-21UA TRICHLOROETHYLENE (TCE) 0.00033 N/A 0 0.00%
N-01-COARSE 1,1,1-TRICHLOROETHANE 0.0005 NT -8 80.10%
N-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0005 @ NT 1 50.00%
N-01-COARSE 1,1-DICHLOROETHENE 0.0005 @ NT -2 54.80%
N-01-COARSE 1,2-DICHLOROPROPANE 0.0005 NT -7 76.35%
N-01-COARSE TETRACHLOROETHYLENE(PCE) 0.0005 @ NT -7 76.35%
N-01-COARSE TRICHLOROETHYLENE (TCE) 0.0005 NT -7 76.35%
N-O1-FINE 1,1,1-TRICHLOROETHANE 0.650037531 N/A 0 0.00%
N-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.856500041 @ N/A 0 0.00%
N-01-FINE 1,1-DICHLOROETHENE 0.347600017 = N/A 0 0.00%
N-O1-FINE 1,2-DICHLOROPROPANE 0.031890002 = N/A 0 0.00%
N-01-FINE TETRACHLOROETHYLENE(PCE) 0.050125002 = N/A 0 0.00%
N-O1-FINE TRICHLOROETHYLENE (TCE) 0.055280003 = N/A 0 0.00%
N-02-COARSE 1,1,1-TRICHLOROETHANE 0.0005 -20 95.50%
N-02-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.045000002 -25 97.00%
N-02-COARSE 1,1-DICHLOROETHENE 0.0087 D -25 97.00%
N-02-COARSE 1,2-DICHLOROPROPANE 0.00056 = NT -12 79.90%
N-02-COARSE TETRACHLOROETHYLENE(PCE) 0.00054 D -32 99.35%
N-02-COARSE TRICHLOROETHYLENE (TCE) 0.0007 NT -16 87.50%
N-02-FINE 1,1,1-TRICHLOROETHANE 0.0005 D -28 99.35%
N-02-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.082000004 @ PD -19 91.80%
N-02-FINE 1,1-DICHLOROETHENE 0.032000002 S -13 82.10%
N-02-FINE 1,2-DICHLOROPROPANE 0.0019 NT -14 84.00%
N-02-FINE TETRACHLOROETHYLENE(PCE) 0.0014 PD -22 94.85%
N-02-FINE TRICHLOROETHYLENE (TCE) 0.003 NT -10 75.30%
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N-03-COARSE 1,1,1-TRICHLOROETHANE 0.0005 @ PD -18 93.40%
N-03-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.130000006 D -45 100.00%
N-03-COARSE 1,1-DICHLOROETHENE 0.014000001 -43 100.00%
N-03-COARSE 1,2-DICHLOROPROPANE 0.0005 -27 98.00%
N-03-COARSE TETRACHLOROETHYLENE(PCE) 0.00072 D -28 99.35%
N-03-COARSE TRICHLOROETHYLENE (TCE) 0.0011 PD -20 92.90%
N-03-FINE 1,1,1-TRICHLOROETHANE 0.0007 -28 98.35%
N-03-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.270000013 -29 97.35%
N-03-FINE 1,1-DICHLOROETHENE 0.038000002 PD -25 94.95%
N-03-FINE 1,2-DICHLOROPROPANE 0.0006 D -37 99.45%
N-03-FINE TETRACHLOROETHYLENE(PCE) 0.001345 PD -20 90.20%
N-03-FINE TRICHLOROETHYLENE (TCE) 0.00285 PD -24 94.20%
NE-01-COARSE 1,1,1-TRICHLOROETHANE 0.0005 NT 0 45.20%
NE-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0005 NT 2 54.80%
NE-01-COARSE 1,1-DICHLOROETHENE 0.0005 @ NT 2 54.80%
NE-01-COARSE 1,2-DICHLOROPROPANE 0.0005 NT -2 54.80%
NE-01-COARSE TETRACHLOROETHYLENE(PCE) 0.0005 @ NT 2 54.80%
NE-01-COARSE TRICHLOROETHYLENE (TCE) 0.0005 NT -2 54.80%
NE-01-FINE 1,1,1-TRICHLOROETHANE 0.00379 N/A 0 0.00%
NE-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.080500004 @ N/A 0 0.00%
NE-01-FINE 1,1-DICHLOROETHENE 0.043500002 = N/A 0 0.00%
NE-01-FINE 1,2-DICHLOROPROPANE 0.00089 N/A 0 0.00%
NE-01-FINE TETRACHLOROETHYLENE(PCE) 0.00119 = N/A 0 0.00%
NE-01-FINE TRICHLOROETHYLENE (TCE) 0.00257 = N/A 0 0.00%
NE-03-COARSE 1,1,1-TRICHLOROETHANE 0.002475 D -20 95.50%
NE-03-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.300000014 D -23 95.70%
NE-03-COARSE 1,1-DICHLOROETHENE 0.065000003 PD -21 94.00%
NE-03-COARSE 1,2-DICHLOROPROPANE 0.0005 D -28 98.35%
NE-03-COARSE TETRACHLOROETHYLENE(PCE) 0.0011 NT -16 87.50%
NE-03-COARSE TRICHLOROETHYLENE (TCE) 0.0018 PD -18 90.45%
NE-03-FINE 1,1,1-TRICHLOROETHANE 0.002 NT -15 89.20%
NE-03-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.760000036 D -26 97.50%
NE-03-FINE 1,1-DICHLOROETHENE 0.230000011 D -25 97.00%
NE-03-FINE 1,2-DICHLOROPROPANE 0.00145 D -26 97.50%
NE-03-FINE TETRACHLOROETHYLENE(PCE) 0.0042 NT -15 89.20%
NE-03-FINE TRICHLOROETHYLENE (TCE) 0.00565 @ PD -19 94.60%
NW-01-COARSE 1,1,1-TRICHLOROETHANE 0.0005 NT -12 83.20%
NW-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.019000001 @ NT -2 53.00%
NW-01-COARSE 1,1-DICHLOROETHENE 0.0081 S -7 67.60%
NW-01-COARSE 1,2-DICHLOROPROPANE 0.0005 PD -20 92.90%
NW-01-COARSE TETRACHLOROETHYLENE(PCE) 0.0005 @ NT -10 78.40%
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NW-01-COARSE TRICHLOROETHYLENE (TCE) 0.0005 NT -17 89.10%
NW-01-FINE 1,1,1-TRICHLOROETHANE 0.0005 D -23 95.70%
NW-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.042000002 @ NT -10 72.70%
NW-01-FINE 1,1-DICHLOROETHENE 0.016000001 S -15 82.75%
NW-01-FINE 1,2-DICHLOROPROPANE 0.00058 @ PD -20 90.20%
NW-01-FINE TETRACHLOROETHYLENE(PCE) 0.0005 @ PD -18 90.45%
NW-01-FINE TRICHLOROETHYLENE (TCE) 0.0011 NT -19 88.85%
NW-02-COARSE 1,1,1-TRICHLOROETHANE 0.0005 PD -19 91.80%
NW-02-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0025 NT -7 67.60%
NW-02-COARSE 1,1-DICHLOROETHENE 0.0015 NT -2 53.00%
NW-02-COARSE 1,2-DICHLOROPROPANE 0.0005 D -25 97.00%
NW-02-COARSE TETRACHLOROETHYLENE(PCE) 0.0005 @ NT -15 85.90%
NW-02-COARSE TRICHLOROETHYLENE (TCE) 0.0005 NT -14 84.00%
NW-02-FINE 1,1,1-TRICHLOROETHANE 0.0064 NT -4 75.80%
NW-02-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.016000001 -11 97.20%
NW-02-FINE 1,1-DICHLOROETHENE 0.013500001 -11 97.20%
NW-02-FINE 1,2-DICHLOROPROPANE 0.00165 D -11 97.20%
NW-02-FINE TETRACHLOROETHYLENE(PCE) 0.00146 PD -9 93.20%
NW-02-FINE TRICHLOROETHYLENE (TCE) 0.00315 PD -9 93.20%
P-01-COARSE 1,1,1-TRICHLOROETHANE 0.350000017 NT -6 88.30%
P-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.280000013 @ NT -6 88.30%
P-01-COARSE 1,1-DICHLOROETHENE 0.056000003 S -2 59.20%
P-01-COARSE 1,2-DICHLOROPROPANE 0.0064 NT -6 88.30%
P-01-COARSE TETRACHLOROETHYLENE(PCE) 0.032000002 NT -4 75.80%
P-01-COARSE TRICHLOROETHYLENE (TCE) 0.028000001 D -8 95.80%
P-01-FINE 1,1,1-TRICHLOROETHANE 2.1000001 @ NT 2 59.20%
P-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.480000023 @ NT 2 59.20%
P-01-FINE 1,1-DICHLOROETHENE 0.270000013 S 0 40.80%
P-01-FINE 1,2-DICHLOROPROPANE 0.071000003 NT 2 59.20%
P-01-FINE TETRACHLOROETHYLENE(PCE) 0.270000013 S 0 40.80%
P-01-FINE TRICHLOROETHYLENE (TCE) 0.120000006 = NT 2 59.20%
P-03-COARSE 1,1,1-TRICHLOROETHANE 0.000305 D -8 95.80%
P-03-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.042000002 @ S -2 59.20%
P-03-COARSE 1,1-DICHLOROETHENE 0.0058 D -8 95.80%
P-03-COARSE 1,2-DICHLOROPROPANE 0.00063 ' S 0 40.80%
P-03-COARSE TETRACHLOROETHYLENE(PCE) 0.0042 D -8 95.80%
P-03-COARSE TRICHLOROETHYLENE (TCE) 0.0024 S 0 40.80%
P-03-FINE 1,1,1-TRICHLOROETHANE 0.001675 ND -2 62.50%
P-03-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 1.500000071 S 0 40.80%
P-03-FINE 1,1-DICHLOROETHENE 0.140000007 @ S 0 40.80%
P-03-FINE 1,2-DICHLOROPROPANE 0.0039 NT -4 75.80%
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P-03-FINE TETRACHLOROETHYLENE(PCE) 0.0062 S -4 75.80%
P-03-FINE TRICHLOROETHYLENE (TCE) 0.0072 S -4 75.80%
SE-01-COARSE 1,1,1-TRICHLOROETHANE 0.0016 NT 6 88.30%
SE-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.012000001 D -8 95.80%
SE-01-COARSE 1,1-DICHLOROETHENE 0.0039 D -8 95.80%
SE-01-COARSE 1,2-DICHLOROPROPANE 9.25E-05 0 37.50%
SE-01-COARSE TETRACHLOROETHYLENE(PCE) 0.00089 NT 2 59.20%
SE-01-COARSE TRICHLOROETHYLENE (TCE) 0.00073 S -2 59.20%
SE-O1-FINE 1,1,1-TRICHLOROETHANE 0.000115 NT 2 62.50%
SE-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.014000001 D -8 95.80%
SE-O1-FINE 1,1-DICHLOROETHENE 0.004 D -8 95.80%
SE-O1-FINE 1,2-DICHLOROPROPANE 7E-05 S -2 62.50%
SE-O1-FINE TETRACHLOROETHYLENE(PCE) 0.00034 S -2 62.50%
SE-O1-FINE TRICHLOROETHYLENE (TCE) 0.00019 D -8 95.80%
SP-01-COARSE 1,1,1-TRICHLOROETHANE 0.064000003 PD -7 92.05%
SP-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.054000003 S -4 75.80%
SP-01-COARSE 1,1-DICHLOROETHENE 0.034000002 NT -6 88.30%
SP-01-COARSE 1,2-DICHLOROPROPANE 0.0016 ND -5 82.05%
SP-01-COARSE TETRACHLOROETHYLENE(PCE) 0.047000002 D -8 95.80%
SP-01-COARSE TRICHLOROETHYLENE (TCE) 0.099000005 D -10 99.20%
SP-01-FINE 1,1,1-TRICHLOROETHANE 0.340000016 S -2 59.20%
SP-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.42000002 S -6 88.30%
SP-01-FINE 1,1-DICHLOROETHENE 0.160000008 = S -4 75.80%
SP-01-FINE 1,2-DICHLOROPROPANE 0.00485 ND -5 82.05%
SP-01-FINE TETRACHLOROETHYLENE(PCE) 0.120000006 = S -6 88.30%
SP-01-FINE TRICHLOROETHYLENE (TCE) 0.620000029 D -8 95.80%
SP-02-COARSE 1,1,1-TRICHLOROETHANE 0.120000006 @PD -7 92.05%
SP-02-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.028000001 = NT -2 59.20%
SP-02-COARSE 1,1-DICHLOROETHENE 0.034000002 D -8 95.80%
SP-02-COARSE 1,2-DICHLOROPROPANE 0.0006 ND -3 67.50%
SP-02-COARSE TETRACHLOROETHYLENE(PCE) 0.038000002 D -10 99.20%
SP-02-COARSE TRICHLOROETHYLENE (TCE) 0.063000003 D -10 99.20%
SP-02-FINE 1,1,1-TRICHLOROETHANE 0.170000008 = NT 4 75.80%
SP-02-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.190000009 @S 0 40.80%
SP-02-FINE 1,1-DICHLOROETHENE 0.230000011 S -5 82.05%
SP-02-FINE 1,2-DICHLOROPROPANE 0.0029 ND -5 82.05%
SP-02-FINE TETRACHLOROETHYLENE(PCE) 0.081000004 S -6 88.30%
SP-02-FINE TRICHLOROETHYLENE (TCE) 0.240000011 D -8 95.80%
SP-03-COARSE 1,1,1-TRICHLOROETHANE 0.013000001 D -8 95.80%
SP-03-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0019 D -8 95.80%
SP-03-COARSE 1,1-DICHLOROETHENE 0.023000001 D -8 95.80%
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SP-03-COARSE 1,2-DICHLOROPROPANE 0.000165 ND -5 82.05%
SP-03-COARSE TETRACHLOROETHYLENE(PCE) 0.0059 D -8 95.80%
SP-03-COARSE TRICHLOROETHYLENE (TCE) 0.0059 D -10 99.20%
SP-03-FINE 1,1,1-TRICHLOROETHANE 0.015000001 D -8 95.80%
SP-03-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.012000001 D -8 95.80%
SP-03-FINE 1,1-DICHLOROETHENE 0.060000003 D -8 95.80%
SP-03-FINE 1,2-DICHLOROPROPANE 0.000205 ND -5 82.05%
SP-03-FINE TETRACHLOROETHYLENE(PCE) 0.013000001 D -8 95.80%
SP-03-FINE TRICHLOROETHYLENE (TCE) 0.039000002 D -10 99.20%
SP-04-COARSE 1,1,1-TRICHLOROETHANE 0.0019 S -6 88.30%
SP-04-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.01 D -8 95.80%
SP-04-COARSE 1,1-DICHLOROETHENE 0.014000001 D -10 99.20%
SP-04-COARSE 1,2-DICHLOROPROPANE 5E-05 | PD -7 92.05%
SP-04-COARSE TETRACHLOROETHYLENE(PCE) 0.0028 D -8 95.80%
SP-04-COARSE TRICHLOROETHYLENE (TCE) 0.012000001 D -8 95.80%
SP-04-FINE 1,1,1-TRICHLOROETHANE 0.00268 -6 88.30%
SP-04-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.012400001 @ NT -6 88.30%
SP-04-FINE 1,1-DICHLOROETHENE 0.023800001 = NT -6 88.30%
SP-04-FINE 1,2-DICHLOROPROPANE 0.00018 S -2 59.20%
SP-04-FINE TETRACHLOROETHYLENE(PCE) 0.00506 S -6 88.30%
SP-04-FINE TRICHLOROETHYLENE (TCE) 0.025600001 S -6 88.30%
SP-05-COARSE 1,1,1-TRICHLOROETHANE 0.024000001 S -6 88.30%
SP-05-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0013 S -6 88.30%
SP-05-COARSE 1,1-DICHLOROETHENE 0.003 S -2 62.50%
SP-05-COARSE 1,2-DICHLOROPROPANE 5E-05 ' ND -3 67.50%
SP-05-COARSE TETRACHLOROETHYLENE(PCE) 0.0041 NT 2 59.20%
SP-05-COARSE TRICHLOROETHYLENE (TCE) 0.0048 NT 0 40.80%
SP-05-FINE 1,1,1-TRICHLOROETHANE 0.012000001 -10 99.20%
SP-05-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.039000002 -8 95.80%
SP-05-FINE 1,1-DICHLOROETHENE 0.095000005 D -8 95.80%
SP-05-FINE 1,2-DICHLOROPROPANE 0.000475 ND -5 82.05%
SP-05-FINE TETRACHLOROETHYLENE(PCE) 0.016000001 D -10 99.20%
SP-05-FINE TRICHLOROETHYLENE (TCE) 0.120000006 @D -10 99.20%
SP-06-COARSE 1,1,1-TRICHLOROETHANE 0.014000001 @PD -7 92.05%
SP-06-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.00091 -4 75.80%
SP-06-COARSE 1,1-DICHLOROETHENE 001 D -10 99.20%
SP-06-COARSE 1,2-DICHLOROPROPANE 0.00013 ND -7 92.05%
SP-06-COARSE TETRACHLOROETHYLENE(PCE) 0.0076 S 0 40.80%
SP-06-COARSE TRICHLOROETHYLENE (TCE) 0.0042 S 0 40.80%
SP-06-FINE 1,1,1-TRICHLOROETHANE 0.017550001 D -13 99.20%
SP-06-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.000705 S -2 57.00%
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SP-06-FINE 1,1-DICHLOROETHENE 0.024000001 D -13 99.20%
SP-06-FINE 1,2-DICHLOROPROPANE 0.00036 ND -6 81.45%
SP-06-FINE TETRACHLOROETHYLENE(PCE) 0.0084 S -2 57.00%
SP-06-FINE TRICHLOROETHYLENE (TCE) 0.0042 S -3 64.00%
SP-07-COARSE 1,1,1-TRICHLOROETHANE 0.00026 D -10 99.20%
SP-07-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0064 D -8 95.80%
SP-07-COARSE 1,1-DICHLOROETHENE 0.0037 D -8 95.80%
SP-07-COARSE 1,2-DICHLOROPROPANE 5E-05 = ND -3 67.50%
SP-07-COARSE TETRACHLOROETHYLENE(PCE) 0.0016 S -6 88.30%
SP-07-COARSE TRICHLOROETHYLENE (TCE) 0.0037 D -10 99.20%
SP-07-FINE 1,1,1-TRICHLOROETHANE 0.0003 D -8 95.80%
SP-07-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.013000001 D -8 95.80%
SP-07-FINE 1,1-DICHLOROETHENE 0.0086 D -8 95.80%
SP-07-FINE 1,2-DICHLOROPROPANE 6E-05 = ND -7 92.05%
SP-07-FINE TETRACHLOROETHYLENE(PCE) 0.0042 D -8 95.80%
SP-07-FINE TRICHLOROETHYLENE (TCE) 0.0097 -8 95.80%
SP-08-COARSE 1,1,1-TRICHLOROETHANE 0.000855 ND -4 83.30%
SP-08-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.120000006 @D -8 95.80%
SP-08-COARSE 1,1-DICHLOROETHENE 0.019000001 S -6 88.30%
SP-08-COARSE 1,2-DICHLOROPROPANE 0.000855 ND -4 83.30%
SP-08-COARSE TETRACHLOROETHYLENE(PCE) 0.0023 NT -6 88.30%
SP-08-COARSE TRICHLOROETHYLENE (TCE) 0.0088 NT -6 88.30%
SP-08-FINE 1,1,1-TRICHLOROETHANE 0.0005825 D -6 95.80%
SP-08-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.300000014 D -10 99.20%
SP-08-FINE 1,1-DICHLOROETHENE 0.056000003 D -10 99.20%
SP-08-FINE 1,2-DICHLOROPROPANE 0.000235 ND -4 83.30%
SP-08-FINE TETRACHLOROETHYLENE(PCE) 0.0069 D -8 95.80%
SP-08-FINE TRICHLOROETHYLENE (TCE) 0.032000002 D -10 99.20%
V-02-COARSE 1,1,1-TRICHLOROETHANE 0.023000001 D -27 99.20%
V-02-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.120500006 D -37 100.00%
V-02-COARSE 1,1-DICHLOROETHENE 0.046500002 D -31 99.80%
V-02-COARSE 1,2-DICHLOROPROPANE 0.0025 D -20 97.80%
V-02-COARSE TETRACHLOROETHYLENE(PCE) 0.036500002 D -25 98.60%
V-02-COARSE TRICHLOROETHYLENE (TCE) 0.053500003 PD -19 94.60%
V-02-FINE 1,1,1-TRICHLOROETHANE 0.100000005 @ S -12 87.00%
V-02-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 1.600000076 D -25 99.55%
V-02-FINE 1,1-DICHLOROETHENE 0.490000023 D -21 98.30%
V-02-FINE 1,2-DICHLOROPROPANE 0.037500002 D -17 97.65%
V-02-FINE TETRACHLOROETHYLENE(PCE) 0.089000004 PD -14 91.00%
V-02-FINE TRICHLOROETHYLENE (TCE) 0.21000001 = NT -6 69.40%
V-08-COARSE 1,1,1-TRICHLOROETHANE 6E-05 = N/A 0 0.00%
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V-08-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0013 N/A 0 0.00%
V-08-COARSE 1,1-DICHLOROETHENE 0.00078 N/A 0 0.00%
V-08-COARSE 1,2-DICHLOROPROPANE 4.435E-05 N/A 0 0.00%
V-08-COARSE TETRACHLOROETHYLENE(PCE) 0.00018 N/A 0 0.00%
V-08-COARSE TRICHLOROETHYLENE (TCE) 0.00038 N/A 0 0.00%
V-08-FINE 1,1,1-TRICHLOROETHANE 0.0002 N/A 0 0.00%
V-08-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0023 N/A 0 0.00%
V-08-FINE 1,1-DICHLOROETHENE 0.0015 N/A 0 0.00%
V-08-FINE 1,2-DICHLOROPROPANE 5.5E-05 N/A 0 0.00%
V-08-FINE TETRACHLOROETHYLENE(PCE) 0.0003 N/A 0 0.00%
V-08-FINE TRICHLOROETHYLENE (TCE) 0.00066 = N/A 0 0.00%
V-09-COARSE 1,1,1-TRICHLOROETHANE 0.076500004 = N/A 0 0.00%
V-09-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.046500002 @ N/A 0 0.00%
V-09-COARSE 1,1-DICHLOROETHENE 0.019700001 = N/A 0 0.00%
V-09-COARSE 1,2-DICHLOROPROPANE 0.0047 N/A 0 0.00%
V-09-COARSE TETRACHLOROETHYLENE(PCE) 0.023000001 = N/A 0 0.00%
V-09-COARSE TRICHLOROETHYLENE (TCE) 0.00905 N/A 0 0.00%
V-09-FINE 1,1,1-TRICHLOROETHANE 0.339000016 = N/A 0 0.00%
V-09-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 1.030000049 N/A 0 0.00%
V-09-FINE 1,1-DICHLOROETHENE 0.504000024 = N/A 0 0.00%
V-09-FINE 1,2-DICHLOROPROPANE 0.019600001 = N/A 0 0.00%
V-09-FINE TETRACHLOROETHYLENE(PCE) 0.043500002 = N/A 0 0.00%
V-09-FINE TRICHLOROETHYLENE (TCE) 0.057900003 = N/A 0 0.00%
V-10-COARSE 1,1,1-TRICHLOROETHANE 0.580000028 = N/A 0 0.00%
V-10-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.510000024 @ N/A 0 0.00%
V-10-COARSE 1,1-DICHLOROETHENE 0.165500008 = N/A 0 0.00%
V-10-COARSE 1,2-DICHLOROPROPANE 0.020500001 = N/A 0 0.00%
V-10-COARSE TETRACHLOROETHYLENE(PCE) 0.098000005 = N/A 0 0.00%
V-10-COARSE TRICHLOROETHYLENE (TCE) 0.079000004 = N/A 0 0.00%
V-10-FINE 1,1,1-TRICHLOROETHANE 0.660000031 = N/A 0 0.00%
V-10-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.504900024 N/A 0 0.00%
V-10-FINE 1,1-DICHLOROETHENE 0.20740001 = N/A 0 0.00%
V-10-FINE 1,2-DICHLOROPROPANE 0.026100001 = N/A 0 0.00%
V-10-FINE TETRACHLOROETHYLENE(PCE) 0.087000004 = N/A 0 0.00%
V-10-FINE TRICHLOROETHYLENE (TCE) 0.077600004 = N/A 0 0.00%
V-11-COARSE 1,1,1-TRICHLOROETHANE 0.014000001 S -2 59.20%
V-11-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0029 NT 0 40.80%
V-11-COARSE 1,1-DICHLOROETHENE 0.0012 NT -2 59.20%
V-11-COARSE 1,2-DICHLOROPROPANE 0.00065 S -2 59.20%
V-11-COARSE TETRACHLOROETHYLENE(PCE) 0.0043 NT 6 88.30%
V-11-COARSE TRICHLOROETHYLENE (TCE) 0.0014 NT 2 59.20%
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V-11-FINE 1,1,1-TRICHLOROETHANE 2.300000109 NT 1 50.00%
V-11-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.755000036 @ NT 1 50.00%
V-11-FINE 1,1-DICHLOROETHENE 0.365000017 &= NT 1 50.00%
V-11-FINE 1,2-DICHLOROPROPANE 0.041500002 NT 1 50.00%
V-11-FINE TETRACHLOROETHYLENE(PCE) 0.140000007 S -2 57.00%
V-11-FINE TRICHLOROETHYLENE (TCE) 0.135000006 NT 1 50.00%
V-12-COARSE 1,1,1-TRICHLOROETHANE 0.00995 | 32 95.50%
V-12-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.0065 | 43 99.00%
V-12-COARSE 1,1-DICHLOROETHENE 0.0028 | 36 97.25%
V-12-COARSE 1,2-DICHLOROPROPANE 0.000605 @ NT 1 50.00%
V-12-COARSE TETRACHLOROETHYLENE(PCE) 0.0031 | 38 97.90%
V-12-COARSE TRICHLOROETHYLENE (TCE) 0.00145 NT 23 88.30%
V-12-FINE 1,1,1-TRICHLOROETHANE 0.545000026 @ PI 19 94.60%
V-12-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.22000001 @ PI 19 94.60%
V-12-FINE 1,1-DICHLOROETHENE 0.090000004 | 21 96.40%
V-12-FINE 1,2-DICHLOROPROPANE 0.028000001 = NT 14 87.30%
V-12-FINE TETRACHLOROETHYLENE(PCE) 0.052500002 NT 9 75.80%
V-12-FINE TRICHLOROETHYLENE (TCE) 0.050500002 @ PI 19 94.60%
V-13-COARSE 1,1,1-TRICHLOROETHANE 0.0005 @ NT -9 75.80%
V-13-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.170000008 D -26 97.50%
V-13-COARSE 1,1-DICHLOROETHENE 0.015000001 @PD -20 92.90%
V-13-COARSE 1,2-DICHLOROPROPANE 0.0005 @ PD -18 90.45%
V-13-COARSE TETRACHLOROETHYLENE(PCE) 0.0005 NT -6 66.80%
V-13-COARSE TRICHLOROETHYLENE (TCE) 0.0005 NT -9 75.80%
V-13-FINE 1,1,1-TRICHLOROETHANE 0.0005 NT -2 53.45%
V-13-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.200000009 @D -25 97.00%
V-13-FINE 1,1-DICHLOROETHENE 0.014000001 -16 87.50%
V-13-FINE 1,2-DICHLOROPROPANE 0.0005 NT -11 77.70%
V-13-FINE TETRACHLOROETHYLENE(PCE) 0.0007 NT 0 46.43%
V-13-FINE TRICHLOROETHYLENE (TCE) 0.0005 NT -2 53.45%
V-14-COARSE 1,1,1-TRICHLOROETHANE 0.0044 D -57 99.90%
V-14-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.650000031 D -87 100.00%
V-14-COARSE 1,1-DICHLOROETHENE 0.230000011 D -82 100.00%
V-14-COARSE 1,2-DICHLOROPROPANE 0.0018 D -73 100.00%
V-14-COARSE TETRACHLOROETHYLENE(PCE) 0.007 D -72 100.00%
V-14-COARSE TRICHLOROETHYLENE (TCE) 0.011000001 D -71 100.00%
V-14-FINE 1,1,1-TRICHLOROETHANE 0.002025 D -68 99.90%
V-14-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.64000003 D -120 100.00%
V-14-FINE 1,1-DICHLOROETHENE 0.290000014 D -111 100.00%
V-14-FINE 1,2-DICHLOROPROPANE 0.0017 D -84 100.00%
V-14-FINE TETRACHLOROETHYLENE(PCE) 0.0061 D -90 100.00%
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V-14-FINE TRICHLOROETHYLENE (TCE) 0.014000001 D -100 100.00%
V-15-COARSE 1,1,1-TRICHLOROETHANE 0.0035 PD -18 93.40%
V-15-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.590000028 D -40 99.95%
V-15-COARSE 1,1-DICHLOROETHENE 0.140000007 D -32 99.35%
V-15-COARSE 1,2-DICHLOROPROPANE 0.002 D -27 98.00%
V-15-COARSE TETRACHLOROETHYLENE(PCE) 0.0038 D -27 98.00%
V-15-COARSE TRICHLOROETHYLENE (TCE) 0.005 D -32 99.35%
V-15-FINE 1,1,1-TRICHLOROETHANE 0.002 D -24 96.35%
V-15-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.365000017 D -39 99.65%
V-15-FINE 1,1-DICHLOROETHENE 0.093000004 D -39 99.65%
V-15-FINE 1,2-DICHLOROPROPANE 0.001725 ND -35 99.15%
V-15-FINE TETRACHLOROETHYLENE(PCE) 0.00275 D -35 99.15%
V-15-FINE TRICHLOROETHYLENE (TCE) 0.0037 D -28 96.90%
V-16-COARSE 1,1,1-TRICHLOROETHANE 0.0025 D -27 98.00%
V-16-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.023000001 D -35 99.70%
V-16-COARSE 1,1-DICHLOROETHENE 0.0085 D -37 99.80%
V-16-COARSE 1,2-DICHLOROPROPANE 0.001 D -26 97.50%
V-16-COARSE TETRACHLOROETHYLENE(PCE) 0.001 D -33 99.50%
V-16-COARSE TRICHLOROETHYLENE (TCE) 0.001 D -35 99.70%
V-16-FINE 1,1,1-TRICHLOROETHANE 0.0005 @ PD -21 94.00%
V-16-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | 0.032000002 D -39 99.90%
V-16-FINE 1,1-DICHLOROETHENE 0.0074 D -37 99.80%
V-16-FINE 1,2-DICHLOROPROPANE 0.0005 D -23 95.70%
V-16-FINE TETRACHLOROETHYLENE(PCE) 0.0005 D -25 97.00%
V-16-FINE TRICHLOROETHYLENE (TCE) 0.00096 D -29 98.70%
VB-02-COARSE 1,1,1-TRICHLOROETHANE 0.0005 NT -3 59.40%
VB-02-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE 0.00125 NT -3 59.40%
VB-02-COARSE 1,1-DICHLOROETHENE 0.0006 NT -3 59.40%
VB-02-COARSE 1,2-DICHLOROPROPANE 0.0005 NT 2 54.80%
VB-02-COARSE TETRACHLOROETHYLENE(PCE) 0.0009 NT 1 50.00%
VB-02-COARSE TRICHLOROETHYLENE (TCE) 0.000525 NT 1 50.00%
VB-02-FINE 1,1,1-TRICHLOROETHANE 0.0004495 = N/A 0 0.00%
VB-02-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.045250002 @ N/A 0 0.00%
VB-02-FINE 1,1-DICHLOROETHENE 0.018950001 = N/A 0 0.00%
VB-02-FINE 1,2-DICHLOROPROPANE 0.00206 = N/A 0 0.00%
VB-02-FINE TETRACHLOROETHYLENE(PCE) 0.00086 N/A 0 0.00%
VB-02-FINE TRICHLOROETHYLENE (TCE) 0.00226 = N/A 0 0.00%
VP-18UA 1,1,1-TRICHLOROETHANE 23.50000112 D -83 100.00%
VP-18UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 32.00000152 -89 100.00%
VP-18UA 1,1-DICHLOROETHENE 16.50000078 -86 = 100.00%
VP-18UA 1,2-DICHLOROPROPANE 0.265000013 @ PD -34 93.00%
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VP-18UA TETRACHLOROETHYLENE(PCE) 0.780000037 | NT 13 70.25%
VP-18UA TRICHLOROETHYLENE (TCE) 1.350000064 D -48 98.40%
VP-19UA 1,1,1-TRICHLOROETHANE 22.50000107 D -70 99.90%
VP-19UA 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 18.50000088 @D -65 99.85%
VP-19UA 1,1-DICHLOROETHENE 12.00000057 @ D -62 99.80%
VP-19UA 1,2-DICHLOROPROPANE 0.825000039 ' D -54 99.20%
VP-19UA TETRACHLOROETHYLENE(PCE) 0.740000035 D -60 99.70%
VP-19UA TRICHLOROETHYLENE (TCE) 1.300000062 @D -56 99.40%
W-01-COARSE 1,1,1-TRICHLOROETHANE 0.051000002 S -4 58.00%
W-01-COARSE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.016500001 @ NT 8 68.10%
W-01-COARSE 1,1-DICHLOROETHENE 0.019000001 | NT 6 63.10%
W-01-COARSE 1,2-DICHLOROPROPANE 0.001155 NT 9 70.40%
W-01-COARSE TETRACHLOROETHYLENE(PCE) 0.011500001 @S -16 84.50%
W-01-COARSE TRICHLOROETHYLENE (TCE) 0.013500001 | NT -4 58.00%
W-01-FINE 1,1,1-TRICHLOROETHANE 0.057000003 | NT -3 64.00%
W-01-FINE 1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE = 0.059500003 @ NT -3 64.00%
W-01-FINE 1,1-DICHLOROETHENE 0.038000002 | NT -3 64.00%
W-01-FINE 1,2-DICHLOROPROPANE 0.00213 | NT -5 76.50%
W-01-FINE TETRACHLOROETHYLENE(PCE) 0.014400001 S -1 50.00%
W-01-FINE TRICHLOROETHYLENE (TCE) 0.022500001 S -3 64.00%

Decreasing 136 40.8%

Prob Decreas 30 9.0%

Prob Increas 4 1.2%

Increasing 6 1.8%

Stable 53 15.9%

No Trend 104 31.2%

Not Analyzed 72

Non-Detect 21

333 with
Total 426 Detects
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Attachment 1.

Calculation of mass present below basalt, assuming only vapor transfer to soil moisture and equilibrium
with soil organic carbon content, used the following equation.

m; = C\‘.j (I)] (I-Sj) f] Vv Rj and

R =1+ qujf +p-wKﬂ’-J (l—([)j)
! H(I—Sj)(;)j

The parameters are defined by:

m;j = mass in region j

Cw,j = mass of contaminant per unit volume of pore water in soil type j

Cv,j = mass of contaminant per unit volume of soil gas in soil type j

Cv,j = H Cw,j (Henry’s Law)

fj = fraction of the treatment volume occupied by soil type j (NOTE: fm+ fi= 1)
¢j = porosity of the soil in region j

Sj = water saturation in region j

ps,j = density of the solid matrix in region j

To estimate the mass that would be present if vapors at the concentrations observed prior to SVE below
the basalt, the maximum concentrations of soil gas observed before 2007 in MW-18UA and -19UA were
used. The porosity was assumed to vary from 0.4 to 0.55 with corresponding saturation of 0.5 to 0.7.
Soil solids were assumed to have a density of 2800 kg/cubic meter. The fraction of organic carbon was
assumed to be 0.005 to 0.01, which is very conservatively high for desert soils. Henry’s Law constants
and organic carbon partitioning coefficients for the primary contaminants are shown in the table below.
A weighted (based on observed soil gas composition in MW-18UA) Henry’s Law constant was used to
reflect the mix of compounds.

TCA 1,1DCE Freon 113 TCE PCE 1,2DCP
Weighted Value
Perce”tc‘;fntc"ta' VOC 3393073 1877654 428170237 2177481719 129156548  1.00666133
Henry's Law const 0.566 0.944 22 0.38 0.599 0.0333 9.805389798
Koc (ML/g) 155 0.944 372 152 303 50 85.13543136
Mass of
. density . Volume of We.lght contamln-ant Retardation ma.ss of .
porosity (ke/m’) Saturation Area (m?) fraction of per unit Factor contaminantin 3
& organic matter  volume of soil phases of soil (kg)
gas (kg/m’)
0.55 2800 0.7 2831.7 0.005 0.114  1.569478522 83.59713877
0.4 2800 0.5 2831.7 0.01 0.114  1.831315879 118.2348076
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Appendix B

Water Resources Analysis — Hassayampa Superfund Site

Land and Resource Use
Hydrogeological Setting

The Site lies within the drainage area of the ephemeral Hassayampa River, which is located half
a mile east of the Site, but outside of the 100-year floodplain. The Site is located in an alluvial-
filled basin, which has been influenced by the nearby river and the Arlington Mesa (Quaternary
basalt flows). A regional aquifer consisting of basin-fill deposits underlies the Site and comprises
the principal source of groundwater to wells in the area. The groundwater flow direction is
general to the south-southwest (Figure 1). Within three miles of the Site, approximately 350
people draw drinking water from private wells, and 2,800 acres of farmland are irrigated by
agricultural supply wells (Figure 2). The nearest downgradient potable supply well is on the
Hickman Egg Ranch which is located about 1-mile south of the hazardous waste area (Figure 3).

Current Land Use

Surrounding land use includes mostly desert (undeveloped) land with some cultivation
(approximately one-sixth of the total surrounding land use). Vegetation is sparse and includes
creosote and salt bushes. There are no residents living in the immediate vicinity of the Site,
although there were several landfill employees who worked in the non-hazardous portion of the
landfill until it was closed in 1997. In 2010, a new transfer station was established on a nearby
portion of the Maricopa County Landfill. Future residential land use of the landfill property is
considered unlikely. There has been some increase in residential development near the Site in
recent years. However, most of the residential development has been in the Town of Buckeye
located more than 5 miles to the north-east of the landfill site (Figure 4).

Water Resources
Overview of Regional Water Usage

Water resources are very valuable in this arid, southwest environment. In this regional area,
there are two main water providers within the vicinity of the Superfund Site. The Town of
Buckeye owns production wells and recharge systems, also known as constructed underground
storage facilities (USF) located east of the Hassayampa River (see Figure 5). The Water Utility
of Greater Tonopah and Hassayampa Utility Company (both owned by Global Water Resources)
owns production wells (see Figure 6) and plans to construct future recharge basins (or USFs)
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west of the Hassayampa River. Both the Town of Buckeye and Global Water Resources have a
large array of existing wells, as well as long range plans for expansion of their respective water
supply and recharge systems. In addition to these production wells (drinking water supply
wells), there are also privately-owned agricultural and industrial supply wells and privately-
owned drinking water wells within a 5-mile radius of the Site.

Regional Production Wells

The Town of Buckeye currently owns and operates three production wells within a 5-mile radius
of the Site (Figure 7). Future town developments may be located within a one-mile radius of the
Site, and these developments will rely upon nearby wells, which are yet to be drilled (Figure 8).
The Town of Buckeye does not currently operate any production wells within a 3-mile radius of
the Site. Global Water Resources owns three production wells within a five mile radius of the
Site (Figure 6).

Historical Use of Supply Wells Near Site

A 1985 Site Inspection Report identified several domestic water supply wells now owned by
Global Water Resources, including the Sunshine well, that are located a little more than a mile
downgradient from the Site (see Figure 3). The location of these wells, the well construction
details, and the results of 1985 groundwater sampling for nitrate are shown on the attached Table
1. Several additional agricultural and industrial supply wells are also located within a mile of the
Site on the Hickman Egg Farm (see Figure 3).

Potential Impact of Groundwater Well Pumping on Site

The potential impact of extensive pumping on the deeper Unit B aquifer (used for drinking water
and agricultural purposes) in the vicinity of the Site needs to be monitored. Extensive pumping
on the Unit B aquifer within close proximity of the Site could lower the potentiometric water
level of Unit B. The impact of pumping in the immediate vicinity of the Site could potentially
create a downward movement of contaminated groundwater from the upper Unit A aquifer into
the Unit B aquifer by the increased downward vertical gradient. Extensive pumping in very
close proximity of the Site could also potentially pull contamination in Unit A laterally away
from the Site beyond the property boundaries.

There are no known restrictions or institutional controls at this time in EPA’s Superfund
Administrative Record for the Site on the installation of new production wells within the vicinity
of the Site, nor on the pumping capacity of any newly installed wells. However, drilling permit
applications submitted to ADWR for wells within one mile of a Superfund site are sent to ADEQ
for review. In addition, the Town of Buckeye’s Draft Well Design Manual states that wells shall
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not be located within one mile of ADEQ’s or EPA’s estimated plume boundary for a Water
Quality Assurance Revolving Fund (WQARF) Registry Site, National Priority List Site, or
Department of Defense Site. This buffer would apply to wells that are installed by or for the
Town of Buckeye and to existing wells that are to be conveyed to the Town of Buckeye.
Furthermore, the Town of Buckeye Water Resources Director reserves the right to review the
location and design of any proposed wells which are within 2 miles of the Hassayampa Landfill.

In assessing the potential for a nearby well to affect the site, the capture zone for a production
well set entirely in Unit B pumping (Q) 350 gallons/minute (gpm) was computed. Wells near the
site (Hickman, Sunshine) have a capacity of approximately 300 gpm. The calculations assumed
a saturated thickness (b) of 150 feet (Montgomery & Associates, 1991, Results of Supplemental
Work for the Former Hazardous Waste Disposal Area at the Hassayampa Landfill, October
1991), an observed gradient (i) of 0.0032 feet/foot (Geosyntec, 2011), and a hydraulic
conductivity (K) of 20 feet/day (the geometric mean of a number of aquifer tests on Unit B
monitoring wells reported in Montgomery & Associates, 1991). The equations used included
one for the capture zone half-width (w):

W= Q/ (2Kib)
And one for the distance from the well to the downgradient stagnation point:

Distance (upgradient) = Q / (2nKib)

If a well is installed cross-gradient from the site, the capture zone would not intersect the site if it
is maintained at least the capture zone half-width away from the site. Using the values and
equation given above, this half-width is 3500 feet. This is similar to the mile buffer required by
the Town of Buckeye. If the well is installed upgradient of the site, it should be at least a
distance away from the site equal to the distance from the well to the stagnation point. Using the
value and the equation above, it would need to be 1000 feet away.

If the well is installed downgradient of the site, any contamination leaked into Unit B would
eventually migrate to the well. If it is assumed that 10 years of travel would allow enough time
to detect the migration and mitigate the contamination (e.g., through installation of well-head
treatment equipment), the velocity of the ground water can be used to estimate the distance the
well would have to be separated downgradient from the site. The formula is:

Distance (downgradient) = velocity/time and velocity=Ki/n where n = effective porosity

So, Distance (downgradient = Ki/(nt)

where n is assumed to be 0.25 and t = 3650 days (10 years) and

other parameters are same as above

The separation distance in this case would be 2000 feet. This assumes a uniform gradient, but in

reality, the gradient would steepen as the water moves closer to the well. In addition, dispersion
3
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will accelerate the movement of the leading edge of the plume. Therefore, a larger separation
distance would be prudent, at least a mile.

Regional Water Recharge Facilities

Hassayampa Ventures, LLC, currently operates a managed USF in the Hassayampa River
channel on the south side of the Central Arizona Project (CAP) Canal. Under a development
agreement with the Town of Buckeye, the Cipriani development has approval to construct the
Stone House Wash recharge (USF) facility at a location approximately 2 miles north of the Site.
Currently the closest Town of Buckeye recharge facility is located 6 miles north of the Site, at
the Tartesso Water Reclamation Facility (Figure 4). Global Water Resources previously owned
the Maricopa Combine recharge facility, a managed USF located in the Hassayampa River
channel. Hassayampa Ventures, LLC purchased the Maricopa Combine recharge facility and
currently operates it. The Hassayampa Ventures USF is in the Hassayampa River channel on the
south side of the Central Arizona Project Canal. Surface water flows in the channel from the
Hassayampa Ventures USF may extend south of Interstate 10 to within 5 miles of the Site.
Global Water Resources has proposed future recharge facilities associated with water
reclamation facilities to be located west of the Hassayampa River, but specific locations have not
been selected for these recharge facilities.

Potential Impact of Recharge on Site

Excessive recharge in the vicinity of the Site can also potentially have an adverse impact on the
control and capture of the contaminated wastes and groundwater located on the Site. If there is
significant recharge directly near the Site, the raised groundwater table could cause contact with
additional residual organic Non-Aqueous Phase Liquids (NAPL) contaminants currently residing
in the unsaturated soils (vadose zone). This contact could result in additional mobilization of
VOCs into groundwater. In this regional area, recharge has been known to cause groundwater
levels to rise by 20 feet or more. There are no known restrictions at this time on the amount of
allowable recharge within a close proximity of the Site. However, the Town of Buckeye’s Water
Resources Plan (Brown and Caldwell, 2011) includes recharge site feasibility criteria which
supports a buffer zone of 1 to 2 miles from the Hassayampa Landfill. The Town of Buckeye
Water Resources Department recommends a recharge facility buffer zone of 2 miles surrounding
the Hassayampa Landfill.

Future Use and Population Projections
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The current population of the Town of Buckeye is approximately 50,000; however build-out
projections for the town have been as high as 1.8 million residents (Figure 9). A recent water
resource sustainability model developed as part of the Town of Buckeye’s Water Resources Plan
(Brown and Caldwell, 2011) estimated that the Town of Buckeye could sustain a population of
970,000 based upon existing groundwater supplies and policies currently in-place for recharge,
reclaimed water reuse, and water conservation. Estimated projected needs for Global Water
Resources are not available. While the Town of Buckeye is located quite a distance from the
Hassayampa Superfund Site, depending on future expansion demands, production wells and/or
recharge facilities could be sited closer to the Site. In addition, there is potential for the Town of
Buckeye to annex areas owned by Global Water Resources in the future, if water demand should
require additional resources for the expanding Town of Buckeye. Currently, post the housing
recession of 2008-2011, such expansion seems unlikely.

Conclusions

There are two major water providers in the vicinity of the Site: the Town of Buckeye and Global
Water Resources. Both providers own production wells and recharge systems, also known as
USFs. The Town of Buckeye’s water resource area lies east of the Hassayampa River. Global
Water Resources owns production wells and plans to construct future recharge systems west of
the Hassayampa River. In addition, there are also privately-owned agricultural and industrial
supply wells and other privately-owned drinking water wells within a 5-mile radius of the Site.
The Hickman Egg Farm wells, the closest potable water supply, is approximately one-mile
downgradient of the Site. A mathematical analysis confirmed that a one-mile buffer zone
downgradient of the Site would be prudent for the installation of new production wells.
Although there are no known restrictions or ICs restricting the installation of new wells or on the
pumping capacity of wells near the Site, ADWR carefully reviews Notice of Intent (NOI) to
drill, in coordination with ADEQ, for the installation of new wells within one mile of the Site to
evaluate whether there could be any adverse impacts from the new nearby wells.



Table 1
Summary of Historical Nitrate Data from Regional Agricultural, Domestic,
and ADEQ Supply Wells Within a Five Mile Radius of the Site
Hassayampa Landfill Superfund Site
Maricopa County, Arizona

Appendix B

‘Well Location Elevation Nitrate
- . " ‘Well Depth .
Supply Well | Designation Latitude Tongioids Sample Date | (Feet above (Feet bgs) Concentrations
NGVD29) (in mg/L)
(NAD27) (NAD27)

A 33.376110 | -112.721940 | 5/16/1972 898 310 19.0

B 33.363890 | -112.719440 | 8/1/1965 870 202 26.0

C 33.355830 | -112.702500 | 8/1/1965 867 210 18.0

D 33.360000 [ -112.690280 [ 8/1/1965 869 240 20.0

E 33.362430 | -112.693440 | 3/5/1996 875 210 14.0

F 33.369820 | -112.685000 | 7/1/1996 888 1190 26.0

Agricultural G 33.376790 | -112.701780 | 3/26/1996 908 220 21.0
H 33.383890 | -112.708330 | 8/22/1983 928 946 19.0

i} 33.391940 | -112.711940 | 4/30/1974 945 1185 2.9

i 33.334170 | -112.719720 | 6/24/1981 823 236 6.6

K 33.333330 | -112.779440 | 6/24/1981 828 57 2.6

Iy 33.411660 | -112.691110 | 5/2/1979 980 1100 7|

M 33.383570 | -112.68433 3/7/1996 925 240 29.0

Sunshine 6/3/1976 -- -- 9.70

C-1-5 secddce 4/18/1977 - -- 2.30

Water -

9/26/1977 - -- 3.80

R 8/8/1979 - -- 2.70

’ 10/16/1979 -- -- 9.50
Cax\?&z;hea C-1-5 secl0acd R/27/1980 = — 310
Domestic 5/13/1982 - -- 14.60
8/8/1979 -- -- 15.10
10/16/1979 - -- 16.50
2/5/1980 -- -- 13.10
Bean Well C-1-5 secl1bbb =/27/1980 — — 16.90
5/12/1982 -- -- 21.80
9/14/1982 - -- 15.10

56869* 33.357131 | -112.642515| 2/19/1998 -- -- 23.0

56870 33.334058 | -112.710663 | 2/19/1998 -- -- 20

ADEQ 56872 33.334071 | -112.726817 | 1/15/1999 - -- 16.0
56873 33.342113 | -112.676949 | 1/15/1999 -- -- 14.0

56876 33.304995 | -112.781081 | 1/15/1999 -- -- 18.0

* Denotes outside 5 mile radius

-- Indicates no data available

Source of Data: Hassayampa Landfill Site Inspection Report, prepared by Charles G. Graf,
Hydrogeologist, Arizona Department of Health Services, May 1, 1985.
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I. Introduction

The Hassayampa Landfill Superfund Site (“Site”) is located in Maricopa County, Arizona. The
Site was listed on the National Priorities List (“NPL") on July 22, 1987. The United States
Environmental Protection Agency, Region IX (“EPA”) issued the Record of Decision (“ROD”)
on August 6, 1992. The sotil vapor performance standards in the ROD were met in 1998 and the
SVE system was turned off. In 2006, a study was undertaken to determine the cause of some
unexpected migration ot contaminants in the ground water. As part of this study, a new soil
vapor extraction system was installed and operated at the site. On the basis of the study, EPA
concluded that the soil vapor performance standards in the ROD were inadequate to protect
ground water. EPA is the lead agency for the Site and the Arizona Department of Environmental
Quality (ADEQ) is the support agency.

This Explanation of Significant Difference (“ESD”) revises the sotl vapor performance standards
in the ROD and modifies the treatment technologies for soil vapor extraction selected by EPA in
- the remedial action. This ESD was developed in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (“CERCLA") section 117(c),
as amended by the Superfund Amendments and Reauthorization Act of 1986 (“SARA"), the
National Oil and Hazardous Substances Contingency Plan (“NCP”), 40 CFR 300.435(c)(2)(i),
and “A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy
Selection Decision Documents,” July 1999. This ESD is based on information contained in the
Administrative Record for the Site. '

This ESD will become part of the Administrative Record File (40 CFR 300.825(a)(2)), and will
be available for review from 8:00am to 5:00pm Monday through Friday, excluding holidays, at
EPA Region IX Superfund Records Center, 95 Hawthorne St., San Francisco, CA. The
Administrative Record File is also available for review at the Buckeye Library, 310 North Sixth
Street, Buckeye, AZ (623-386-2778) from 9:00am to 7:00pm Monday through Friday. Selected
Hassayampa Landfill documents are available to review at the ADEQ Records Center, 1110
West Washington Street, Phoenix, Arizona (602-771-4380) from 8:30 am to 4:30 pm Monday
through Friday.



I1 Summary of Site History, Contamination Problems, and Selected Remedy

The Hassayampa Landfill Superfund site is geographically situated approximately forty miles
west of Phoenix and approximately three miles north of Arlington, in Maricopa County, Arizona.
The Hassayampa Landfill is a portion of a seventy-seven acre property owned by Maricopa
County, in which forty-seven acres were used for disposal of municipal and domestic solid waste,
including a ten-acre former Hazardous Waste Disposal Area located in the northeast section of
the landfill. For purposes of the ROD and this ESD, the “site” shall be defined as the 10-acre area
of the 47-acre municipal landfill where hazardous wastes are known to have been disposed, as
well as any areas where site-related contaminants have come to be located. The landfill lies
within the drainage area of the ephemeral Hassayampa River, which is located 3/4 mile east of
the landfill, but outside of the 100-year floodplain. Several water-bearing geologic units have
been identified beneath the site with a general groundwater flow of south-southwest.

There were no residents living in the immediate vicinity of the site when it was listed but there
has been an increase of residential developments near the site in recent years. Wells within three
miles of the site provide drinking water to approximately 350 people and irrigation for 2,800
acres of farmland. The nearest downgradient residential well is about 1,000 yards south of the
hazardous waste area.

Maricopa County began operating Hassayampa as a municipal landfill beginning in 1961. During
an eighteen month period from April 20, 1979 to October 28, 1980, hazardous wastes were
disposed in unlined pits in a 10 acre area in the northeast section of the landfill. This disposal
occurred under a manifest program operated by the Arizona Department of Health Services .
(ADHS) in response to an “extreme emergency” that resulted from an ADHS ban on the disposal
of industrial waste at City of Phoenix landfills. When landfills along the Salt River were closed
to industrial waste disposal due to flooding, industrial waste was transported and disposed of at,
the Hassayampa Landfill site. ADHS used a manifest system to screen and track industrial waste
deliveries to the landfill during this period. Under this program, a wide range of hazardous
wastes were approved by ADHS for disposal at the Hassayampa Landfill, including up to 3.28
million gallons of liquid wastes and 4,150 tons of solid wastes. Manifests were used to document
the volume and type of wastes and the names of the generators and transporters. The landfill pits
were subsequently covered with native soil and restored to grade at the end of the eighteen month
period. Disposal to the municipal landfill ceased in June, 1997.

A ROD for the Hassayampa Superfund site was signed on August 6, 1992 and detailed EPA’s
selected cleanup remedy. The selected remedy for the contaminated groundwater at the site set
forth by the ROD included: pumping the groundwater; treating the contaminated water using an
air stripping system; reinjecting the treated water back into the groundwater in the vicinity of the
site; and performing continued groundwater'monitoring to measure the ongoing effectiveness of
the remedy. EPA selected the federal and state MCLs as cleanup standards for the groundwater.
‘MCLs indicate the maximum level of a contaminant EPA considers safe in drinking water. For
those contaminants for which MCLs had not been established, proposed MCLs or Health Based
Guidance Levels (HBGLs) identified by the Arizona Department of Environmental Quality were
selected as groundwater cleanup levels. HBGLs were developed by the ADHS and represent

VS



human ingestion levels in water which are unlikely to result in adverse health effects during long-
term exposure.
i

The ROD also required the removal and treatment of contaminated vapor present in the soil
through the use of Soil Vapor Extraction (SVE) vents, and a treatment system that was
determined during the remedial design. The soil vapor cleanup standards were to be established
by the EPA through site-specific analytical modeling to be protective of groundwater quality.
Finally, the ROD called for a protective cover (landfill cap) meeting federal requirements to be
placed over the entire ten acre hazardous waste portion of the landfill. The cap system was
chosen to reduce infiltration of rainwater, thereby limiting continued movement of soil.
contaminants to groundwater and also improving the efficiency of the soil vapor extraction
system. The selected remedy also included the use of deed and access restrictions to control
future use of the property. The cap and deed and access restrictions were also chosen to prevent
-people from coming into contact with contaminated soil at the site.

Following issuance of the ROD, EPA commenced negotiations with over 89 potentially
responsible parties (“PRPs”) toward a proposéd_settlement agreement, called a Consent Decree,
under which the PRPs would implement the remedy selected in the ROD. Following the Consent
Decree, the Hassayampa Steering Committee PRPs have undertaken the majority of the work at
Hassayampa. A soil cap was constructed in 1994 to prevent erosion and infiltration of
contaminants into the groundwater. A pump and treat groundwater remediation system was
completed and has been in operation since March 1994. To date, this system has pumped and
cleaned over 25 million gallons of contaminated groundwater.

A soil vapor extraction system was constructed and began operation in 1996 and operated
intermittently until September 1998. During this period of time, it is estimated that the soil vapor
extraction system treated (using thermal oxidation methods) approximately 3,700 pounds of
VOCs. Site-‘speciﬁc modeling was performed on the site and it was determined that the soil
vapor performance standards were being met in accordance to the requirements of the ROD.

After termination of the SVE system in September, 1998, monitoring data indicated upward
trends in the size and concentration of the vadose zone vapor plume. In addition, there was an
unexpected upgradient migration of contaminants in groundwater. In March 2006, a new SVE
system was installed at the site removing soil vapors from above and below the basalt layer at the
site, which continues to operate to this date.

[11 Description of the Significant Difference and the Basis for that Difference

A. Revised Soil Vapor Performance Standards

The 1992 ROD requires that the soil vapor cleanup standards be protective ot groundwater
quality and established through site-specific analytical modeling. Due to the uncertainties of the
site conceptual model for the Hassayampa Landfill Superfund site and the wide range of
parameters that could affect the modeling, EPA now has determined that the soil vapor
performance standards should be derived in a different manner. As opposed to modeling that




relies upon estimating unknown parameters (e.g. thickness of basalt, lateral extent of migration
of vapors) the new performance standards are based on calculations using State regulatory
standards and Federal guidance for soil screening levels and converted to soil vapor levels at
equilibrium. The ROD also specifies that either a vapor phase carbon adsorption unit or a
catalytic oxidation system will be used for the soil vapor extraction system. Due to recent
developments in technology and economic factors, this ESD allows for use of a third type of soil
vapor extraction system technology that is more environmentally protective.

The regulatory standards that were mainly utilized were the Arizona Minimum Groundwater
Protection Levels (GPLs) for organic contaminants from the ADEQ document “A Screening
Method to Determine Soil Concentrations Protective of Groundwater Quality” [ADEQ, 1996].
However, because Arizona Minimum GPLs are not published for every VOC analyte targeted for
soil vapor performance goal development, soil vapor performance goals were calculated for
remaining compounds in accordance with the methods described by the soil screening guidance
tool developed by USEPA in 1996. This guidance provides a methodology to calculate site-
specific Soil Screening Levels (SSLs) [EPA, 1996]. The specific calculations used to derive the
new soil vapor performance standards are listed in Appendix I and the rev1sed soil vapor
standards for each analyte are listed in Appendix II.

B. New Soil Vapor Treatment Technology ,

The current 1992 ROD states that soil vapor extraction will use either vapor phase carbon
adsorption or a catalytic oxidation system. As part of a 2006 investigation of the unusual
migration of contaminants at the site, additional ground water and soil vapor monitoring wells
were installed above and below the basalt layer. Results from these new monitoring wells
included vapor concentrations beneath the basalt layer exceeded 900,000,000 ug/kg total VOCs.
In response to these extremely high vapor concentrations, a new SVE system was installed rather
than retrofitting the existing catalytic oxidation system. The new SVE treatment system changed
~ the oft-gas treatment to a cryogenic proprietary technology. The cryogenic SVE system is a /
compression / condensation technology that consists of three steps: an extraction / pressurization
step, a condensatton step, and a polishing step. '

Following extraction of the soil vapor by the blower, the extracted vapors are pressurized to
10 atm (the extraction / pressurization step). The vapor stream then is cooled to -40 degrees
Fahrenheit. At this combination of high pressure and low temperature, the majority of VOCs
change phase from vapor to the liquid phase (the condensation step). The vapor stream is then
polished using a regenerative adsorber and two 400-1b vapor-phase granular-activated carbon
(VGAC) vessels (the polishing step) prior to discharge to the atmosphere.

N

The cryogenic soil vapor compressor/condensation unit produces two primary recovered liquid
streams: an aqueous-based condensate (condensate) and an organic-based solvent waste liquid
(solvent waste). The solvent waste is stored in a 2,400-gallon pressure vessel and the condensate
is stored in two polyethylene tanks (one 1,500 gallon and one 500 gallon) located on the "

[



containment pad. Both the solvent waste and condensate are shipped in the same event using a
double hull tanker to an EPA approved disposal site. The granular activated carbon contained in
the two 400-1b polishing carbon vessels is periodically removed and replaced.

At some point in the future when extracted VOC vapor concentrations are further reduced, it will
become cost effective to change the off-gas treatment technology from the cryogenic system to
vapor-phase carbon. The cryogenic system is most effective when it is used to treat high
concentrations of VOCs while vapor-phase carbon is more practical at relatively lower
concentrations of VOCs. The use of vapor phase carbon oft-gas treatment technology is
identified in the ROD for the Site, so this future change in treatment technology for the vapor
will not require further changes to the remedy.

v Support Agency Comments

This ESD only revises the soil vapor performance standards in the Record of Decision (ROD) and
modifies the treatment technologies for soil vapor extraction selected by EPA in the remedial action.
As specitied in the ROD, soil vapor cleanup standards would be determined later through site-
specific analytical modeling. The soil vapor cleanup standards will be levels that are protective of
groundwater, quality, meaning that the migration of contaminants from the vadose zone to
groundwater will not result in groundwater contamination that exceeds the groundwater cleanup
standards. The soil vapor performance standards shall insure that the remedy continues to provide
adequate protection of human health and the environment.

Upon meeting the specified soil vapor performance standards, the soil vapor extraction system may
be shut down. If however, any groundwater contaminant concentrations increase and exceeds
groundwater cleanup standards, the soil vapor extraction system shall return to operating status. The
soil vapor extraction system will be operated as per the Soil Vapor Performance Standards
Verification Plan.

The support agency, ADEQ, participated in, and has been adequately informed during the
development of this ESD #1. ADEQ supports its conclusions.

V  Affirmation of the Statutory Determinations

Considering the changes that have been made to the selected remedy, EPA believes that the
revised remedy remains protective of human health and the environment, and is cost effective.
The revised remedy complies with federal and state requirements identified in the ROD as
applicable, relevant and appropriate requirements (“ARARs") and satisfies section 121 of
CERCLA.




Vi Public Participation Compliance

The public participation requirements set out in the NCP, 40 CFR 300.435(c)(2)(I) will be met by
publication of notice in the Arizona Republic that the ESD has been signed and that the contents

of the Administrative Record File are available. Such notice will include a brief description of
the ESD.

/2-23-07

Date

Superfund
U.S. EPA, Region |



APPENDIX I: REVISED SOIL VAPOR PERFORMANCE STANDARDS

Vapor Equivalent

. . Arizona Sit.e Soil Vapor

Volatile Organic GPLs' Speufic Performance
Compound (mg/kg) (:]SI/JE Standards’
gke) (ng/L)
Acetone - 76.260 1.04E+03
Benzene 0.71 - 8.07E+02
2-Butanone - 19.159 3.64E+02
Chlorobenzene - 33.010 1.43E+04
Dichlorofluoromethane - 2682.030 2.15E+07
1,2-Dichloroethane 0.21- - 6.13E+01
1,1-Dichloroethene 0.81 - 2.85E+03
1.2-Dichloroethene (cis) 4.9 : 4.81E+03
1,2-Dichloroethene (trans) 8.4 - 1.52E+04
1,2-Dichloropropane 0.28 - 1.87E+02
Methylene Chloride - 0.645 4.21E+02
Tetrachloroethene 1.3 - 2.74E+03
Toluene 400 - 3.31E+05
1,1,1-Trichloroethane 1.0 - 2.30E+03
Trichloroethene 0.61 - 7.80E+02
Trichlorofluoromethane - 1318.402 7.80E+06
Trichlorotrifluoroethane - 541710.152 3.86E+09
Vinyl Chloride - 0.492 2.08E+03
Xylene (total) 2200 -

1.14E+06

Notes:

(1) Arizona Department of Environimental Quality (ADEQ), 1996. A Screening Method to
Determine Soil Concentrations Protective of Groundwater Quality. September 1996

(2) United States Environmental Protection Agency (USEPA), 1996. Soil Screemng
Guidance: User's Guide Second Edition. July 1996.

(3) Calculated from soil
concentrations

'Pb

C, = =
v KocSocPs +0w
H. H

T(Or-6,)




APPENDIX II: TECHNICAL APPROACH FOR DEVELOPMENT OF REVISED
SOIL VAPOR PERFORMANCE STANDARDS

1.1 General

Prior to the construction and operation of the original SVE' system, soil vapor
performance standards were developed for the Site in 1994 using computer modeling.
Following shutdown of the original SVE system in accordance with the aforementioned
1994 soil vapor performance standards, VOC concentrations exhibited increasing trends
in soil vapor and in several Unit A groundwater monitoring wells, including upgradient
well MW-11UA. Further investigation performed in 2006 supported an updated Site
Conceptual Model (SCM) that identified dissolution of VOCs from soil vapor into
groundwater as a significant migration pathway to Unit A groundwéter. Considering the
updated SCM and the above noted trends, it can be concluded that the 1994 soil vapor
performance standards require updating.

1.2 Technical Approach

Site-specific groundwater performance standards have been established for the Site. The
standards are a combination of Federal or State Maximum Contamination Levels (MCLs).
and Health Based Guidance Levels (HBGLs) identified by ADEQ or ‘the Arizona
Department of Health Services (ADHS). This section describes the development of soil
vapor performance standards: for each VOC that has a groundwater performance
standard; this approach is based on the premise that the ultimate remedial objective the
SVE remedy component is to protect groundwater quality.

The updated 2009 soil vapor performance standards for these VOCs were developed
using a combination of the following:

e Regulatory standards; and

e Agency guidance that provides a process for calculating concentrations of
specific analytes that may be left in soil that would not result in an exceedance
of a target or specified groundwater concentration. For the application detailed
in this document, the target groundwater concentrations are the site-specific
groundwater performance standards (Table 3-1).



When available, the regulatory standards that were utilized were the Arizona Minimum
Groundwater Protection Levels (GPLs) for organic contaminants from the ADEQ
document “A Screening Method to Determine Soil Concentrations Protective of
Groundwater Quality”. However, because Arizona Minimum GPLs are not published for
every VOC analyte targeted for soil vapor performance goal development, soil vapor
performance standards were calculated for remaining compounds in accordance with the
methods described by the soil screening guidance tool developed by USEPA in 1996:
- This guidance provides a methodology to calculate site-specific Soil Screening Levels
(SSLs).

It should be noted that both the Arizona GPLs and the USEPA methods used to devélop
site-specific SSLs yield allowable total soil concentrations. Additional calculations were
performed to convert the soil concentrations to soil vapor concentrations atequilibrium
conditions, which are then presented as the updated 2009 soil vapor performance
standards for the Site.

The updated soil vapor performance standards will be used to guide operation of the SVE
system and provide a set of criteria from which to evaluate when shutdown of the system
is appropriate. Details regarding the development of the soil vapor performance
standards using the Arizona Minimum GPLs and USEPA SSL methodology are provided
in the following sections.

1.3 'Ariz'ona Groundwater Protection Levels

Where available, Minimum GPLs were used to derive soil vapor performance standards
for targeted VOC analytes. Minimum GPLs were obtained from the ADEQ document “A
Screening Method to Determine Soil Concentrations Protective of Groundwater Quality.”
In September 1994, the ADEQ’s Cleanup Standards Task Force developed a contaminant
fate-and-transport model to calculate potential impacts on groundwater quality due to
residual soil contamination. Based on this model, Minimum GPLs for organic
contaminants were developed using federal maximum contaminant levels (MCLS) as a
groundwater threshold.

Minimum GPLs were developed as conservative levels for groundwater protection.
Minimum GPLs represent soil concentrations protective of groundwater quality in a
“worst-case” situation, where the entire soil profile is contaminated from surface to just
above the groundwater surface. The input model parameters used to develop the
Minimum GPLs provide for very conservative protection levels. “If a pre-determined or
site-specific soil cleanup standard is not protective of groundwater quality, a Minimum
‘GPL can be used to ensure groundwater protection.”.



If an Arizona Minimum GPL was not published for VOC analytes targeted for soil vapor
performance goal development, a value was calculated using the USEPA Soil Screening
Guidance tool.

1.4 USEPA Soil Screening Levels

In July 1996, the USEPA developed the “Soil Screening Guidance: User’s Guide” to help
standardize the evaluation and cleanup of contaminated soils at sites and provide a
methodology to .calculate site-specitic SSLs. The guidance provides a step-by-step
methodology to calculate site-specific SSLs from specified groundwater performance
standards using a series of equations described in this section.

The methodology for developing SSLs for the mi gration to groundwater pathway is based
on rather conservative, simplified assumptions about the release and transport of
contaminants in the subsurface. The soil screening guidance tool uses a simple linear
equilibrium soil/water partition equation that relates concentrations of adsorbed soil
contaminants to soil leachate concentrations in the zone of contamination. It also uses a
water balance equation to calculate a Dilution Attenuation Factor (DAF) to account for
reduction of soil leachate concentrations due to localized mixing in an aquifer. An
estimated mixing zone depth (d) of 1.62 meters (Equation 1) is used along with other site-
specific variables to calculate the DAF value (Equation 2) from the mixing zone
equation. The mixing zone equation, derived from a water-balance relationship, was used
to calculate a site-specific DAF of 938 using site-specific aquifer and soil data.

The soil/water partition equation calculates SSLs corresponding to a target soil leachate
contaminant concentration, Cy. In this document, C,, values are the site-specific
. groundwater performance standards for each VOC analyte multiplied by the DAF
(Equation 3).

Table 3-2 lists the VOC analytes and the calculated SSLs in units of total soil
concentration. The step-by-step methodology used to calculate the SSL for an example
VOC (Acetone) is shown below.

Calcu‘lating Mixing Zone Depth (d)

(1)

where L,= Source,Length Parallel to Groundwater Flow = 15.24 m
d, = Aquifer Thickness = 10.7 m

I = Infiltration Rate = 0.0018-P? (where P = 0.217 m/yr) = 8.5 x 10” m/yr
K = Aquifer Hydraulic Conductivity = 238.3 m/yr '



i = Hydraulic Gradient = 3.15x10° m/m

From Equation 1,

@

_From Equation 2,

3)

where Site Specific Groundwater Performance Standard for Acetone = 700 pg/L
DAF =938 (from Equatlon 2)

From Equation 3,

g e < g,

R

Calculating Soil Screening Level for Acetone (SSL)




“)

where K, = Organic Carbon Partition Coefficient = .575 L/kg
foc = Fraction Organic .Carbon in Soil = 0.001 (unitless)

0w = Volumetric Water Content = 0.15 (unitless)

0, = Air-Filled Soil Porosity = 0.15 (unitless)

H¢ = Henry's Law Constant = .00159 (unitless)

pv = Dry Soil Bulk Density = 1.3 kg/LL

From Equation 4,

1.5 Q)dated-Soil Vapor Performance Standards

To derive the updated soil vapor performance standards, the soil concentrations
developed using Minimum GPLs and SSLs were expressed as equivalent soil vapor
concentrations at -equilibrium. The use of soil vapor performance standards is preferred
over soil-based values given the extensive existing soil vapor monitoring network
installed in the coarse-grained, fine-grained, and sub-basalt vadose zones of the Site.
Additionally, soil vapor data can be collected on a frequent basis and with greater ¢ase
than soil data, especially given the presence of the geomembrane liner over a majority of
the Site.

The soil concentrations derived from the Minimum GPLs and calculated SSLs were
- converted to equilibrium vapor concentrations using Equation 5. The methodology used
to calculate the equilibrium vapor concentration for acetone from the site-specific SSL
(calculated from Equation 4) is shown below. ' '

Calculétihg Soil Vapor Equivalent for Acetone (C,)

)




where C, = Soil Concentration (Acetone SSL) = 76.3 mg/kg or 7.63 x 10" ug/kg
0t = Total Porosity = 0.3 (unitless)

From Equation 5,

The resulting soil vapor concentrations, which constitute the updated soil vapor
performance standards, are summarized on Appendix 1.
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1.0 INTRODUCTION

1.1 PURPOSE

During fiscal years 2000 and 2001 independent reviews called Remediation System Evaluations
(RSEs) were conducted at 20 operating Fund-lead pump and treat (P&T) sites (i.e., those sites
with P&T systems funded and managed by Superfund and the States). Due to the opportunities
for system optimization that arose from those RSEs, U.S Environmental Protection Agency
(EPA) OSRTI has incorporated RSEs into a larger post-construction complete strategy for Fund-
lead remedies as documented in OSWER Directive No. 9283.1-25, Action Plan for Ground Water
Remedy Optimization. A strong interest in sustainability has also developed in the private sector
and within Federal, State, and Municipal governments. Consistent with this interest, OSRTI has
developed a Green Remediation Primer (http://cluin.org/greenremediation/) and now as a pilot
effort considers green remediation during independent evaluations.

The RSE process, developed by the US Army Corps of Engineers (USACE), involves a team of
expert hydrogeologists and engineers that are independent of the site, conducting a third-party
evaluation of the operating remedy. It is a broad evaluation that considers the goals of the
remedy, site conceptual model, available site data, performance considerations, protectiveness,
cost-effectiveness, closure strategy, and sustainability. The evaluation includes reviewing site
documents, potentially visiting the site for one day, and compiling a report that includes
recommendations in the following categories:

Protectiveness
Cost-effectiveness
Technical improvement
Site closure
Sustainability

The recommendations are intended to help the site team identify opportunities for improvements.
In many cases, further analysis of a recommendation, beyond that provided in this report, may be
needed prior to implementation of the recommendation. Note that the recommendations are
based on an independent evaluation, and represent the opinions of the evaluation team. These
recommendations do not constitute requirements for future action, but rather are provided for
consideration by the Region and other site stakeholders.

The Hassayampa Landfill Superfund Site was recommended for optimization by the EPA
Remedial Project Manager for the site. The site is located in extreme western Maricopa County,
Arizona, 10 miles west of Buckeye, Arizona, and is adjacent to the Hassayampa municipal waste
landfill owned by Maricopa County. This RSE addresses the remediation of soil and ground
water at the site and is conducted in conjunction with the 3" five-year review for the site. The
site is owned by Maricopa County, but the remediation is managed by the Hassayampa Steering
Committee (HSC) and its contractors under the oversight of the U.S. Environmental Protection
Agency, Region 9, and the Arizona Department of Environmental Quality.


http://cluin.org/greenremediation/�

1.2 TeAM COMPOSITION

The RSE team consists of the following individuals:

Name Affiliation Phone Email
Dave Becker USACE EM CX 402-697-2655 | Dave.J.Becker@usace.army.mil
Chuck Coyle USACE EM CX 402-697-2578 | Charles.G.Coyle@usace.army.mil
Hugh Rieck USACE EM CX 402-697-2660 | Hugh.J.Rieck@usace.army.mil
Andria Benner US EPA Region 9 415-972-3189 | Benner.Andria@epamail.epa.gov

1.3 DOCUMENTS REVIEWED

The RSE team largely relied on data in electronic form provided by the contractors to the HSC,
Geosyntec and Hargis and Associates. These documents are listed in Appendix H of the Five-
Year Review report. These data included a data base of sampling results (contaminant
concentrations and geochemical parameters) for ground water and vapor. The HSC also provided
additional information, including boring logs, cross-sections, and PowerPoint presentations
regarding contaminant extent, hydrogeological setting, water levels, and other parameters.

14 PERSONS CONTACTED

The following individuals associated with the site were present for the visit:

Name Affiliation
Jeff Menken Hargis and Associates
Mike Wiese Hargis and Associates
Mike Hall Hargis and Associates
Frank VanAlstine ITSI
Dave Bowers ITSI

15 BAsIC SITE INFORMATION AND SCOPE OF REVIEW

151 LOCATION

The Hassayampa Landfill Superfund Site is located in a rural, desert area of Maricopa County,
Arizona, about 40 miles west of Phoenix and 10 miles west of Buckeye. The site location is in the
southeast quarter of Section 3, Township 1 South, Range 5 West. The site is located within the
Hassayampa River drainage area but outside of the 100-year floodplain of the river. The drainage
area is bounded on the east by the White Tank Mountains, on the south by the Buckeye Hills, and
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on the west by the Palo Verde Hills. The surface topography of the area is generally flat;
however, approximately 0.5-mile south of the site, the plain is broken by the Arlington Mesa. The
elevation of the land surface at the site is approximately 910 to 915 feet above mean sea level.

The site is bordered immediately to the north and east by open desert. The municipal waste
landfill borders the site to the south and west and a county waste transfer station is also located
west-northwest of the site. Farther to the south, across the Salome Highway, Hickman’s Egg
Ranch produces eggs and a number of residences exist south of the facility. A number of
residences also exist approximately one mile west of the site. Extensive agricultural land use is
common east of the Hassayampa River and approximately 7 miles south of the site near the Gila
River.

152 SITE HISTORY, POTENTIAL SOURCES, AND RSE SCOPE

During an 18-month period from April, 1979 to October, 1980, hazardous wastes were accepted
at the site. Hazardous wastes were disposed at the site in a series of five unlined disposal pits
(Figure 1), each designated for a specific type of waste:

* Pit 1 was designated for organic and oil wastes.

* Pit 2 was designated for acids and acidic sludges.

* Pit 3 was designated for alkaline and metal sludges.

* Pit 4 was designated for pesticide and alkaline sludges.

* Special Pits Area contains isolated cells of low volume solid wastes, containerized
wastes, or waste not accepted for disposal in the other pits.

Two additional pits, Pit A and Pit B, were designated for disposal of hon-hazardous wastes. Pit A
was reserved for cesspool and septic tank wastes. The contents of Pit B are not completely
known, although it is believed to have received hydrate wastes (EPA, 2006).

Pit 1 appears to be the primary source of volatile organic compounds (VOCs). Additional source
materials may be present in Special Pits 1 and 2.

15.3 HYDROGEOLOGIC SETTING

The following description is largely extracted from the 2006 Five-Year Review Report (EPA,
2006), but updated based on more recent information. The Hassayampa area is very arid, with
annual precipitation averaging 6 to 8 inches per year. The Hassayampa River is located
approximately 0.5 mile east of the site; the river is an ephemeral river that flows only after a
heavy rain, except where return irrigation water discharges into the drainage channel.

The Arlington Mesa, a highly weathered late Pliocene to early Pleistocene volcanic vent, lies
approximately 1.5 miles south of the site and is the point of origin for a weathered basalt unit of
varying thickness that exists approximately 57 feet beneath most, but not all, of the site.
Evidence from investigations in 2006 indicates that the basalt unit does not extend under the
northern portion of the site.

The site is located in an alluvial-filled basin, which consists of sediments of variable

lithology. Regional hydrogeologic units at the site include, in order of increasing depth, recent
alluvial deposits, older basin-fill deposits, overlying the bedrock complex. The basin-fill deposits
have been classified into the upper, middle, and lower alluvium units. The upper alluvium unit,



the focus of most of the site investigations, has been subdivided, in order of increasing depth, into
an upper alluvial deposits unit, a basalt lava-flow unit, and Units A and B, which are the water-
bearing deposits. The upper alluvial deposits unit at the site is composed of an upper coarse-
grained zone (CGZ) and a deeper fine-grained zone (FGZ) that rests on the basalt. The CGZ is
composed of interbedded silty sand and gravelly sand, with carbonate cementation and caliche
layers. The FGZ is composed of silty, clayey fine sand and sandy silt and clay, with siltstone and
claystone interbeds. The CGZ extends from approximately the surface to 24 to 50 feet below
ground surface (bgs). The depth to the top of the FGZ at the site ranges from 24 to 60 feet bgs.
Thickness of the FGZ at the site ranges from 7 to 37 feet; the average thickness is about 28 feet.

The basalt unit at the site consists primarily of a black to dark gray, vesicular olivine basalt.
Vesicles range from 0.1 to 0.4 inches in diameter and are filled partially with calcite. Some
partially filled and completely filled fractures are noted in some logs for borings penetrating the
basalt. The upper surface of the basaltic unit is irregular, which is typical for basalt flows.
Thickness of the unit at the site ranges from 0 to 29 feet; average thickness is 17 feet. The depth
to the top of the basaltic unit, where it exists, ranges from 39 to 74 feet bgs and is quite variable.
The average depth to the bottom of the basalt is more consistent and is located at about 59 feet
bgs. Thickness of the basalt unit generally decreases to the north and northeast. Data from the
recent field investigations such as weathered basalt and the absence of basalt indicate that the site
is located near the terminus of the basalt flow.

The water bearing portions of the upper alluvial deposits at the site were subdivided into Unit A
and Unit B for characterization purposes; however, the regional extent of these units is uncertain.
The aquifer beneath the site is heterogeneous and anisotropic. Generally, the sediments in the
upper portion of the aquifer (Unit A, which is approximately 30 feet thick), are finer grained and
less permeable than the sediments directly beneath (Unit B). Unit A consists of interbedded clays
and silts; Unit B is defined by the first sandy layer and extends to the underlying Palo Verde clay.

The potentiometric surface of Unit B is above the top of Unit B but lower than the potentiometric
surface of Unit A. The horizontal hydraulic gradient is naturally toward the south-southeast with
a non-pumping gradient of 0.005 feet/feet (Geosyntec and Hargis and Associates, 2011a).
Although ground water flow is primarily horizontal, there is a downward vertical hydraulic
gradient. The water levels in Unit A are approximately 7-10 feet higher than the water levels in
the more permeable Unit B. Hydraulic conductivity values of 100 ft/day are estimated for Unit A
and with significantly higher values assumed for Unit B.

154 POTENTIAL RECEPTORS

The site is relatively remote and immediately surrounded by open desert or the municipal landfill.
There are no residents in close proximity to the site. There are no perennial surface water bodies
within the footprint of the site or contaminant plumes. There are two production wells on the
Hickman Egg Ranch property south of the site.

155 DESCRIPTION OF GROUND WATER PLUME

The ground water is contaminated by various VOCs. These include the following contaminants
of potential concern (COPCs) identified in the Record of Decision (ROD) for the site:

* 1, 1-dichloroethane
» Tetrachloroethene (PCE)



* Trichloroethene (TCE)

* 1, 1-dichloroethene (1,1-DCE)

* 1, 2-dichloropropane (1,2-DCP)
1,1, 1-trichloroethane (1,1,1-TCA)

* Trichlorotrifluoroethane (Freon 113)

* Trichlorofluoromethane (Freon 11)

* Cis-1, 2-dichloroethene (cis-1,2-DCE)
* Vinyl chloride (VC)

In addition, nitrate had been detected above the maximum contaminant level (MCL) in ground
water on the A and Unit Bs, but comparable nitrate levels are found regionally in this agricultural
area.

The ground water VOC plume in Unit A extends approximately 450 feet south and southeastward
from Pit 1 and is, at its maximum, approximately 500 feet wide. The primary contaminants in the
ground water include 1,1-DCE, 1,2-DCP, TCE, and PCE. 1,1,1-TCA and methylene chloride
were not detected above their respective MCLs outside of the immediate vicinity of Pit 1. Freon
113 is found throughout the plume, but no detection was above the performance standard set for
the site. Figure 2 shows the extent of contamination in Unit A ground water. No contaminant has
yet been detected above its MCL or other standard in Unit B.

The soil vapor contaminants primarily include 1,1-DCE, 1,1,1-TCA, TCE, PCE, 1,2-DCP and
Freon 113. Based on recent sampling, the soil vapor plume is largely confined to the vicinity of
Pit 1 and Special Pits 1 and 2, though relatively low-level soil gas concentrations of these
compounds are found throughout the site. Vapor detections above 100 ug/L total VOCs are
found off-site up to at least 350 feet to the northeast of Pit 1. Figure 3 shows the total VOCs in
soil gas samples from January, 2011.



20 SYSTEM DESCRIPTION

The soil vapor extraction (SVE) system consists of 17 extraction wells; extraction piping; a treatment
plant including condensation, and separation processes; and holding tanks for storage of recovered
product and aqueous condensate. The ground water extraction and treatment system consists of 2 active
extraction wells; extraction piping; a treatment plant including equalization and air stripping; and piping
for discharge of the treated water to the Unit B aquifer. In addition, a monitoring well network has been
established consisting of at least 28 permanent monitoring wells sampled at some point. Each component
is discussed in more detail below.

2.1 SoIL VAPOR EXTRACTION SYSTEM

There are 13 SVE wells that are screened in the FGZ, and only one that is screened in the CGZ.
There are 3 wells that extract soil vapor from the sub-basalt layer (MW-06UA, MW18UA and
MW19UA). All of the sub-basalt SVE wells were formerly ground water monitoring wells that have
been converted for use as SVE wells.

PVC piping is used to convey the soil vapor from the SVE well heads to the flexible piping line that leads
to the blowers and “GEQ” treatment system. There are numerous joints along the piping runs. Flexible,
Fernco couplers are used to connect some of the piping sections together.

Wooden blocks are used to keep the PVC piping elevated a few inches above the ground surface. At
many locations, there is visible sagging in the PVC piping, between the wooden blocks. There is at least
one location where a “T” joint has been installed, along a straight-run section of PVC piping, with a valve
to allow for condensate drainage.

2.1.1 SVE TREATMENT SYSTEM

A proprietary process (i.e., GEO treatment system) is used to condense vapors from the SVE system. The
GEO vapor compression / condensation system generates 2 main liquid waste streams; aqueous
condensate and recovered product. After passing thru the condensation process, the air moves thru vapor-
phase granular activated carbon (VPGAC). Recovered product is stored in a 2,400 gallon pressure vessel,
and the aqueous condensate is stored in two polyethylene tanks.

21.2 SVE MONITORING

The monitoring network for the soil vapor extraction system consists of 90 probes, including two set in
unconsolidated materials below the basalt. In addition, 6 ground water monitoring wells with well
screens extending above the water table are also sampled for soil vapor. At all but 8 locations, probes
have been installed in clusters with one screen in the shallow coarse-grained materials, and a deeper
screen set in the fine-grained materials above the basalt layer. Table 1 provides details on the well
construction and indicates wells that are routinely monitored.



Table 1. Wells Used for VVapor Extraction

Well
Size
Depth to Outside | Typical
Extraction Depth to Top Bottom of Diam Flow
Well Unit Screen (ft) Screen (ft) (in) (cfm)

N-01Fine Fine-Grained 44 69 1.9 -
NE-01 Fine Fine-Grained 39 64 1.9 -
NW-02 Eine Fine-Grained 49 69 1.9 -
P-1 Coarse Coarse-Grained 10 30 1.9 20
P-1 Fine Fine-Grained 39 59 1.9 5
SP-1 Fine Fine-Grained 43 63 1.9 10
SP-2 Fine Fine-Grained 48 63 1.9 8
V-08 Fine Fine-Grained 44 59 1.9 -
V-09 Fine Fine-Grained 44 69 1.9 10
V-10 Fine Fine-Grained 46 66 1.9 13
V-11 Fine Fine-Grained 44 64 1.9
V-12 Fine Fine-Grained 48 63 1.9
VB-02f Fine-Grained 40 50 2.4 -
W-01 Fine Fine-Grained 35 60 1.9 12
MW-06UA Sub-Basalt 62 95 4.5 10
MW-18UA Sub-Basalt 79 94 25
MW-19UA Sub-Basalt 80 95 25

- Not estimated

Probes that are included in the monitoring program are sampled at least annually (in January of each
year). A subset of nine probes are also sampled in July of each year, including VV-12 and V-14 clusters
(two each) and MW-04UA, MW-06UA, MW-07UA, VP-18UA, and VP-19UA. The soil vapor
monitoring program includes approximately 59 separate points and a total of 68 samples. All samples are
analyzed for VOCs by EPA method TO-15. Data are managed electronically in an Access database. A
version of the database was provided to the USACE EM CX that contained vapor data through the middle
of 2010.

Just recently, a new vacuum sensor was installed at the influent of the air / water separator. This gauge
will allow the operators to rapidly detect if there are any major breaks in the SVE system piping.

According to the Hargis representative, the GEO subcontractor comes out to check on the GEO
condensation system about every 2 weeks, but the schedule for their visits is apparently somewhat
irregular. Off-gas monitoring is performed biweekly (twice monthly) using a photo-ionization detector
(PID), “VOC Concentrations — measure and record VOC concentrations before, between, and after the
two 400-1b carbon canisters”. Typically, change-out of the VPGAC systems occurs every 90-100 days.



TABLE 2 Included in Current Date Installed Screened Interval — Screened Interval — Screened Interval —
Well Name Monitoring Program?* Fine Zone Coarse Zone Below Basalt
HW-B-2 No 12/8/1981 14 -20
HW-B-3 No 12/8/1981 18.5-23.7

N-1 No 4/14/1992 44 -69 10-35

N-2 Yes 4/15/1992 50 -65 10 -40

N-3 Yes 4/16/1992 52.3-67.3 10 -45
NE-1 No 4/9/1992 39 -64 7-32
NE-3 Yes 4/21/1992 51 -66 75-425
NW-1 Yes 10/26/1993 29 -59 7-22
NW-2 Yes 2 or 3/1995 48.7 -68.7 12 -42

P-1 Yes 6/2/1993 39 -59 10-30

P-3 Yes 5/23/1993 40.4 -55.4 9-29
Pz-1 No 6/3/1993 49.4 -51 14.4-16
Pz-2 No 6/4/1993 49.4 -51 14.4-16
PZz-3 No 6/3/1993 52.5-54.1 14.4-16
PZ-4 No 6/5/1993 49.4 -51 145-16.1
PZ-5 No 6/7/1993 54.3-55.9 23.1-24.7
PZ-6 No 6/7/1993 55.4 -55.9 22.3-239
Pz-7 No 6/8/1993 53.4 -55 22.9-245
Pz-8 No 5/28/1993 53.4 -55 22.9-245
SE-1 Yes 10/23/1993 43 -53 8-38
SP-1 Yes 5/21/1993 425-62.5 10 -30
SP-2 Yes 5/21/1993 47.5-62.5 11-41
SP-3 Yes 5/28/1993 46.2-71.2 11-36
SP-4 Yes 10/13/1993 46.5 -66.5 11.1-41.1
SP-5 Yes 10/19/1993 42.9 -62.9 10-35
SP-6 Yes 10/21/1993 46.2 -66.2 11-36
SP-7 Yes 10/22/1993 36.5-56.5 8-28
SP-8 Yes 10/14/1993 33.5-58.5 8-28

V-1 No 2 or 3/1995 42.9-57.9 8-33

V-2 Yes 2 or 3/1995 42.9-57.9 9-34

V-3 No 2 or 3/1995 42.5-57.5 11-36

V-4 No 2 or 3/1995 36.3 -66.3 9-29

V-5 No 2 or 3/1995 44.8 -59.8 7-37

V-6 No 2 or 3/1995 46.4-71.4 8.5-38.5

V-7 No 2 or 3/1995 43 -68 11-36

V-8 Yes 2 or 3/1995 43.8 -58.8 9-34

V-9 No 2 or 3/1995 43.5-68.5 10.5-35.5
V-10 No 11/13/2002 46 -65.5 7.7-31.7
V-11 Yes 11/13/2002 43.5-63.5 9.6 -34.6
V-12 Yes (Jan and July) 11/13/2002 48 -63 11.2-41.2
V-13 Yes 5/7/2004 49 -59 21 -41
V-14 Yes (Jan and July) 5/6/2004 48 -61.5 22 -42
V-15 Yes 5/7/2004 45 -55 17 -37
V-16 Yes 5/18/2004 35-50 12 -27
VB-1 No 5/24/1991 3.5-385
VB-2¢ No 5/24/1991 35-38.5
VB-2f No 5/24/1991 40 -50
VB-3 No 5/24/1991 3.5-385
VB-4 No 6/28/1991 35-38.5
MW-01UA Yes* 4/8/1988 75-95
Mw-04UA Yes* (Jan and July) 5/13/1988 63-95
MW-06UA Yes* (Jan and July) 11/21/1989 62-95
MW-07UA Yes* (Jan and July) 11/30/1989 67 - 100
MW-10UA Yes* 4/29/1991 64-94
MW-11UA Yes* 9/1/1993 68 — 98
MW-12UA Yes* 9/10/1993 60 -90
VP-18UA Yes (Jan and July) 2/17/2006 66.5-71.5
VP-19UA Yes (Jan and July) 2/15/2006 71-76
W-1 Yes 10/18/1993 34.8-59.8 8-28

* Ground water monitoring wells with screens above the water table that are sampled for vapor
1AIl well that are marked “Yes” are sampled at least annually, except those that are noted as “(Jan and July)” that are sampled semi-annually




2.2 GROUND WATER EXTRACTION AND TREATMENT SYSTEM

221 GROUND WATER EXTRACTION SYSTEM

The extraction system originally included 4 wells screened in the A-zone aquifer. Two of the extraction
wells have been shut down as part of an optimization effort by the site operators, leaving two active
extraction wells. Information about the wells is provided in table below. All of the extraction wells are
set in Unit A below the Basalt layer.

Table 3. Extraction and Injection Well Construction Details.

Depth to Depth to Pump
Extraction Date Casing Size | Top Screen Bottom of Size Approximate

Well Completed (in ID) (ft) Screen (ft) (HP) Yield
EW-01UA 11/12/1993 6.25 79* 114 1/3 Off
EW-02UA 11/16/1993 6.25 79 114 1/3 Off
EW-03UA 11/19/1993 6.25 66 101 1/3 0.6
EW-04UA 11/20/1993 6.25 67 102 1/3 2.4
IW-01UB 9/29/1993 6.25 113 274 N/A N/A

The extraction wells are connected to the treatment plant via 1 inch, buried, HDPE piping. Before
entering the treatment plant, the piping from each of the wells comes together within a sub-grade,
concrete terminating chamber that is a few feet away from the treatment plant building.

2.2.2 GROUND WATER TREATMENT SYSTEM

The ground water treatment plant building is approximately 190 square feet, and is equipped with an
evaporative cooler. The treatment system is depicted in Figure 4. The treatment system includes the
following:

A cylindrical, polyethylene equalization tank

A transfer pump to convey the water from the equalization tank the air stripper

A low-profile air stripper, Shallow Tray Model 2621

A 5 horsepower blower

Instrumentation &control, including a programmable logic control and data logger
Discharge pump to convey treated water to the injection well

It is apparent that the site team has performed some optimization of the system. System optimization by
the site team has resulted in significant improvements to the ground water treatment system, including the
following:

¢ reduction of the number of active extraction wells from 4 to 2
e reconfiguration of the blower intake piping, and replacement of the blower exhaust stack
e upgrade of some system controls / telemetry system



The ground water treatment system normally operates 24 hours per day, 7 days per week. The plant
operates largely unattended; however there is a telemetry system with a dial-out alarm. The Hargis
operations and maintenance (O&M) staff (usually two individuals), visit the site on a regular basis to
check on the treatment system, perform routine maintenance, and also to collect samples during
monitoring events.

2.2.3 REINJECTION SYSTEM

The treated water from the sump of the air stripper is pumped to the injection well, located 1500 feet west
of the treatment plant by the air stripper sump pump. The injection well is screened over 161 feet of the
Unit B aquifer.

2.3 GROUND WATER MONITORING PROGRAM
2.3.1 MONITORING AND EXTRACTION WELLS

There are 28 monitoring wells; 20 screened in Unit A and 8 screened in Unit B. Table 4 summarizes the
construction of these wells. The sampling frequency varies by well from quarterly to annually, as shown
in Table 4. A total of 71 samples are collected per year from ground water monitoring wells. The
extraction wells are sampled quarterly, with the exception of EW-1UA which is sampled semiannually.
The samples are analyzed for VOCs. Four wells, MW-08UA, -09UA, -10UA, and -11UA are also
sampled for inorganics and acrolein, acrylonitrile, and 2-chloroethyl vinyl ether by Maricopa County.
Monitoring well MW-15UB, located downgradient from injection well IW-01UB, is sampled annually for
other selected constituents.

Sampling for VOC:s is conducted using passive-diffusion bags (PDBs). Other samples are obtained by
low-flow sampling. VOCs are analyzed by EPA SW-846 method 8260B. The data are managed in an
Access database that was made available to the USACE EM CX containing data through the middle of
2010.

2.3.2 MONITORING FOR THE TREATMENT SYSTEMS

The influent to the ground water treatment system is monitored on a quarterly basis and the influent is
sampled on a monthly basis. Samples are obtained from sample taps and sent for off-site analysis for
VOCs by method 8260B. On an annual basis, effluent samples are also taken for analysis of

polychlorinated biphenyls (PCBs), semi-volatile organics, pesticides, select metals, and common ions.

The composition of the influent to the SVE treatment system is measured quarterly by method TO-15.

The effluent from the GEO unit and vapor-phase carbon canisters is reportedly monitored by photo-
ionization detector, though these data were not available for review.
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Table 4. Monitoring Well Details and Sampling Frequency.

BOREHOLE

DATE DIAMETER  DEPTH INSIDE SCREENED  SAMPLING
WELL COMPLETED _ (in) (feet) DIAM (in)  INTERVAL  FREQUENCY
MW-1UA  4/8/1988 7-7/8 95 4-1/4 75-95¢ Quarterly
MW-1UB  3/29/1988  7-7/8 153 4-1/4 110-153c  Quarterly
MW-2UA  4/22/1988  7-7/8 95 4-1/4 65-95¢ semi-Ann
MW-2UB  4/15/1988  7-7/8 130 4-1/4 103-130c  Semi-Ann
MW-3UA  5/5/1988 7-7/8 95 41/4 65.95¢ Quarterly
MW-3UB  4/29/1988  7-7/8 135 4-1/4 105.135¢  “emi-Ann
MW-4UA 5/13/1988 7-7/8 95 4-1/4 63-95¢ Quarterly
MW-4UB  5/19/1988  7-7/8 133 4-1/4 102-133¢  Quarterly
MW-5UA  5/25/1988  7-7/8 95 4-1/4 65-95¢ Annual
MW-6UA 11/21/1989  7-7/8 98 4-3/16 62-95¢ Quarterly
MW-6UB  4/13/1991  7-7/8 147 4-1/8 100-137g  Quarterly
MW-7UA 11/30/1989  7-7/8 101 4-3/16 67-100c Quarterly
MW-8UA  12/5/1989  7-7/8 112 4-3/16 78-111c semi-Ann
MW-QUA  4/25/1991  7-7/8 95 4-1/8 63-93d semi-Ann
MW-9UB  4/17/1991  7-7/8 148 4-1/8 105-1374  ~emi-Ann
MW-10UA  4/29/1991  7-7/8 95 4-1/8 64-94d Semi-Ann
MW-10UB  5/2/1991  7-7/8 147 4-1/8 106-1404  AY@!
MW-11UA  9/1/1993 7-7/8 100 4-1/8 68.98d Quarterly
MW-12UA  9/10/1993 7-7/8 91 4-1/8 60-90d Quarterly
MW-13UA  8/26/1993  7-7/8 112 4-1/8 go-1104  omPAM
MW-14UA  8/30/1993  7-7/8 95 4-1/8 64-94d semi-Ann
MW-15UB  9/18/1993  7-7/8 275 4-1/8 932744 AU
MW-16UA  5/20/2004 8 110 4-1/4b 63-94 Quarterly
MW-17UA  5/22/2004 8 110 4-1/4b 65-96 Quarterly
MW-18UA  2/17/2006  9-1/2 65 2 785035  Quarterly
MW-19UA  2/15/2006  9-1/2 91 2 80-95 Quarterly
MW-20UA  2/13/2006 8 55 ) 7196 Quarterly
MW-21UA  7/19/2008 8 97 4-1/4b 66.2-062  uarerly
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3.0 SYSTEM OBJECTIVES, PERFORMANCE, AND
CLOSURE CRITERIA

3.1 CURRENT SYSTEM OBJECTIVES AND CLOSURE CRITERIA

The 1992 Record of Decision (ROD) presented the selected remedial actions alternatives. Though the
remedial action objectives for the remedy are not clearly defined, the ROD is focused on prevention of:

e Contaminant migration via ground water to future receptors
e Continued migration of contaminant mass from the soil to the ground water
o Potential exposure to contaminated soil via future commercial or industrial use of the site

The cleanup goals for the ground water were set in the ROD as shown in Table 5:

Table 5. Ground Water Cleanup Goals

Compound Cleanup Goal (ug/L)
Benzene 5
Dichlorodifluoromethane 1400
1,1-dichloroethene 7
1,1-dichloroethane N/A
1,1,1-trichloroethane 200
1,2-dichloroethane 5
1,2-dichloroethene (cis/trans) 70/100
1,2-dichloropropane 5
Acetone 700
Chlorobenzene 100
Trichlorofluoromethane 2100
Trichlorotrifluoroethane (Freon 113) 210000
Methyl ethyl ketone (2-butanone) 170
Dichloromethane (methylene chloride) 5
Tetrachloroethene 5
Toluene 1000
Trihalomethanes 100
Trichloroethene 5
Chromium (total) 50
Xylenes (total) 10000
Vinyl chloride 2

The cleanup goals for soil vapor (ultimately for soil) were redefined in 2009 through an explanation of
significant difference (ESD, US EPA, 2009) as shown in Table 5. These soil vapor performance
standards were derived based on Arizona Groundwater Protection Levels from 1996 or site-specific
screening levels for protection of ground water. These values are derived considering leaching of
contaminant mass via infiltration.
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Table 6. Soil Vapor Performance Standards per 2009 ESD

Volatile Organic Arizona Site- Vapor Equivalent
Compound GPLs Specific Soil Vapor
(mg/kg) Screening | Performance

Levels Standards (ug/L)

(mg/kg)
Acetone - 76.260 - 1.04E+03
Benzene 0.71 - 8.07E+02
2-Butanone - 19.159 3.64E+02
Chlorobenzene - 33.01 1.43E+04
Dichlorofluoromethane - 2682.03 2.15E+07
1,2-Dichloroethane 0.21 - 6.13E+01
1,1-Dichloroethene 0.81 - 2.85E+03
1,2-Dichloroethene (cis) 4.9 - 4.81E+03
1,2-Dichloroethene 8.4 )
(trans) ) 1.52E+04
1,2-Dichloropropane 0.28 - 1.87E+02
Methylene Chloride . 0.645 4.2E+02
Tetrachloroethene 1.3 - 2.74E+03
Toluene 400 - 3.31E+05
1,1,1 -Trichloroethane 1 - 2.30E+03
Trichloroethene 0.61 . 7.80E+02
Trichlorofluoromethane - | 1318.402 7.80E+06
Trichlorotritluoroethane - | 541710.2 3.86E+09
Vinyl Chloride - 0.492 2.08E+03
Xylene (total) 2200 - 1.14E+06

If soil vapor performance standards are attained, soil vapor extraction can be terminated.

3.2 TREATMENT PLANT OPERATION STANDARDS

Performance standards for the Ground Water Treatment Plant (GWTP) are shown in table 5. The GWTP
effluent is monitored monthly for VOCs, and the influent is monitored quarterly for VOCs. The influent
and effluent of the GWTP is also monitored annually for target compound list / target analyte list (TCL /
TAL) which includes the following analyses: VOCs, semi-VOCs, pesticides, PCBs and inorganics.
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4.0 FINDINGS

4.1 GENERAL FINDINGS

The observations provided below are not intended to imply a deficiency in the work of the system
designers, system operators, or site managers but are offered as constructive suggestions in the best
interest of the EPA and the public. These observations have the benefit of being formulated based upon
operational data unavailable to the original designers. Furthermore, it is likely that site conditions and
general knowledge of ground water remediation have changed over time.

4.2 SUBSURFACE PERFORMANCE AND RESPONSE

4.2.1 PLUME CAPTURE

Ground water extraction for plume containment is the primary remedial action for mass below the water
table. As discussed in Appendix A, there is substantial evidence for at least residual DNAPL near and/or
below the water table. As such, the ground water extraction portion of the remedy as currently configured
is likely to be needed essentially in perpetuity. Capture will be necessary in three dimensions. Over time,
the risk for failure, particularly for vertical loss of contaminant containment, increases. The consequence
of such loss of containment and release of contaminant to the more permeable Unit B would be
significant capital outlays for additional extraction components and an increase in operational costs. The
assessment of capture effectiveness presented below should not be viewed as a “steady state” evaluation,
but only a “snap-shot” in time.

The extraction system performance was evaluated based on several lines of evidence, including analysis
of the piezometric surface contour maps, concentration contours and trend analysis, and ground water flux
estimates compared to pumping rates. This is generally in accordance with EPA guidance in assessing
capture zones for ground water extraction systems (EPA, 2008).

The piezometric surface map for the Unit A provided in 2010 Annual Report (Hargis/Geosyntec, 2011a),
shows a substantial cone of depression surrounding active extraction wells EW-3UA and -4UA. The
capture zone width appears to be much wider than the current plume, although the pumping rate is quite
limited (<5 gal/min). Based on the available piezometric measurements in the Unit A, there is a divide
southeast of EW-4UA. The divide is defined by MW-12UA, MW-20UA, and MW-21UA, where levels
in MW-21UA are several feet lower than MW-20UA. MW-12UA and MW-20UA are contaminated at
relatively high levels, though the apparently downgradient MW-21 is uncontaminated. There is some
evidence, as discussed in Appendix A, that MW-21UA was overdrilled into the Unit B and may reflect a
water level intermediate between the two units. MW-21UA may be acting as a slight drain. Additional
investigation/modification of MW-21UA may be appropriate.

In assessing the capture of the plume based on the contaminant trends, the increase (and subsequent
decrease) in concentrations in MW-12UA over the past 5 years is most notable. The concentrations in
this well in 2009 increased by a factor approaching 100X above concentrations measured as recently as
2006, but have decreased by a factor of about 3X from the peak concentrations. The increase in this well
is not expected given that the hydraulic gradient appears to be from this well to EW-4UA, a direction
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perpendicular to the direction from the source area to MW-12UA. The increase is difficult to explain, as
discussed in Appendix A, by vapor transport following the cessation of vapor extraction in the late 1990s.

The pumping rate of less than 5 gal/min has created a capture zone over 1800 feet wide. Given the highly
silt-rich nature of the materials, this is difficult to explain. Using the observed capture zone width of at
least 1800 feet, an estimated non-pumping horizontal hydraulic gradient similar to that shown in the 1992
ROD (0.0053), a pumping rate of 5 gal/min, one can use Darcy’s Law to estimate the hydraulic
conductivity and compare that to the horizontal hydraulic conductivity expected for the silt-rich materials
observed in boreholes in the saturated Unit A. The equation would be:

K=Q/iA=5gal/min/(0.0053 * 1800 ft * 12 ft) = 0.67 cu ft/min / (110 sq ft)
= 0.006 ft/min or 0.003 cm/sec

This value is not consistent with a silt-rich material, which would be at least 2 orders of magnitude lower,
but is lower than the hydraulic conductivity estimated in Hargis/Geosyntec (2007). Regardless, the
relatively high pumping rate suggests a relatively large hydraulic conductivity, and the piezometric
measurements do support capture, except perhaps at MW-12UA and -20UA.

The large vertically downward gradient indicates some potential for leakage from the Unit A to the Unit
B. Hargis/Geosyntec (2007) inferred a high degree of horizontal/vertical anisotropy, with horizontal to
vertical hydraulic conductivity ratios of up to 100,000. There is no evidence for breakthrough of
contaminants to the Unit B, despite over 30 years of residence time for the contaminants. However, the
head differences are large (over 7 feet in a span of less than 15 feet vertically). As indicated in Appendix
A, past vertical profiling using passive-diffusion bag samplers suggests that contaminants are vertically
distributed in the Unit A. As such, there appears to be a significant potential for breakthrough at some
time in the future. A documented occurrence of breakthrough in a similar setting has been noted at the
Phoenix-Goodyear Airport Superfund Site in Goodyear, AZ.

The extraction system influent includes nitrate levels above the MCL of 10 mg/L. The treatment plant
does not treat nitrate and effluent containing nitrate concentrations of approximately 16 mg/L is injected
into the Unit B through the injection well IW-01UB. The source of the nitrate may be off-site, as
presumed in past site decisions, though recent data on the distribution of nitrate is equivocal on the
source.

4.2.2 SoiL VAPOR EXTRACTION EFFECTIVENESS

The soil vapor extraction system performance is difficult to assess without vacuum measurements at
current extraction rates. Based on pilot testing conducted prior to the restart of the vapor extraction
system, the estimated “radius of influence” was approximately 50 feet based on an extrapolated distance
to zero vacuum on a plot of vacuum vs. log of distance (Hargis/Geosyntec, 2007). Wells used for
extraction in the FGZ near Pit 1 are spaced approximately 50 apart. Wells used for extraction below the
basalt are more than 75 feet apart. The amount of air throughput at current extraction rates is not certain.
For the sub-basalt extraction wells MW-18UA, -19UA, and 6UA, the extraction rates would yield a pore
volume exchange rate of approximately 100 pore volume equivalents in a year, assuming no leakage of
vapors through the basalt. This is not a high rate of extraction. Even in other FGZ extraction wells above
the basalt, it is likely that a large amount of air is entering the well near the upper part of the screened
interval nearest the overlying coarse material. As such, the throughput of air in the predominant source
areas (Pit 1 and Special Pits) is not large enough for rapid remediation of the contaminant mass.
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Additional analysis of the concentration trends in various vapor probes and mass removal rates is
provided in Appendix A. The analysis has concluded that the restart of the SVE system has been highly
successful at collapsing the vapor plumes back to the likely source areas; however, the concentration
trends for wells in the vicinity of these source areas suggest that there is substantial remaining
contaminant mass in the source areas that will take a significant time to extract using the current SVE
system.

Two new sub-basalt wells have been proposed by the HSC adjacent to Pit 1 with two paired FGZ wells
above the basalt, but with deeper screened intervals than most existing extraction wells. These wells will
help with increasing air flow through the soils below Pit 1.

As discussed in Appendix K, the blowers are generally not working at their capacity, largely due to
downstream limitations of the treatment system. The piping network has been demonstrated to have
minor leakage, though a separation of the main header piping was observed in July 2010.

4.3 MONITORING PROGRAM EFFECTIVENESS

The monitoring programs for both soil vapor and ground water were qualitatively evaluated. The annual
sampling for the soil vapor probes is reasonable, though sampling frequency for the CGZ probes at
distance from the primary source areas (Pit 1, Special Pits Areas) could possibly be reduced to biennial.
The vapor plume in the fine-grained unit is not well defined to the southwest of the study area, but there
are no exposure pathways in that direction.

The ground water monitoring network includes 28 wells, including eight Unit B wells. Many of these
wells are sampled quarterly as discussed above. The network is reasonably complete, with the possible
exception of an upgradient Unit B monitoring well. The ground water velocities in the fine-grained unit
are likely very slow. Using the high hydraulic conductivity estimated in section 4.2, the contaminant
plume may migrate approximately 20 feet per year (note the plume only migrated about 300 — 400 feet in
15 years following disposal). At these slow transport rates, frequent sampling of the Unit A is not
warranted. The higher hydraulic conductivities of the Unit B and the potential breakthrough of
contamination from the Unit A support on-going monitoring at a modest frequency. Alternative strategies
for sampling were considered including:

- Interior of the A-Zone Plume,

0 Source area - sample semi-annually to assess impacts of soil remediation (MW-
06UA, -18UA, -19UA)

0 Other interior wells - sample annually to assess plume dynamics (MW-01UA, -4UA,
-07UA, -12UA, -14UA, -20UA)

- Plume Bounding Points,

o Downgradient wells — sample semi-annually to identify potential loss of capture of
the plume (MW-02UA, -03UA, -13UA, -21UA)

o0 Side-gradient wells — sample annually to assess lateral shift in plume (these changes
would likely be substantially slower than downgradient changes - MW-05UA, MW-
16UA)
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o Far downgradient wells — sample per requirements for landfill (semi-annually - MW-
08UA, -09UA, and -10UA), though note there are no monitoring wells downgradient
of the landfill to the east (the ground water appears to flow to the east in that part of
the site)

- Upgradient Points, sample biennially to characterize water quality entering the site (MW-
17UA, MW-11UA)

- Unit B wells

0 Near-source wells — sample quarterly to assess leakage into the Unit B (MW-04UB, -
06UB) where the A-Zone plume has been in-place the longest

o Downgradient wells — sample semi-annually to identify potential leakage from the A-
Zone via higher conductivity zones (MW-01UB, -02UB, 03UB).

o0 Far-downgradient wells — sample per permit requirements, presumably annually
(MW-09UB, -10UB, and -15UB)

If these sampling frequencies were adopted, the number of samples per year would be reduced from 71 to
45 samples per year (biennial samples counted as 0.5 samples per year) or 37%. All wells could be
monitored with PDBs to reduce cost. The profiling of Unit A water quality using PDBs has not been
conducted for more than five years, and, as such, the current vertical distribution of contaminants is not
known. It is difficult to assess the risk to the Unit B without these data. PDBs set in the uppermost
portion of the Unit B monitoring wells screened interval would also more likely identify any leakage from
the Unit A.

There are questions about the water levels observed in MW-21UA. The water levels are anomalously low
and intermediate between surrounding Unit A and Unit B water levels. Based on a review of notes taken
during drilling of this well, it appears the borehole in which the well was placed was overdrilled into the
uppermost portion of the Unit B. It is possible that the seal of the overdrilled portion of the borehole was
imperfect, allowing downward movement of water from the Unit A to the Unit B and a measured water
level that lower than the surrounding Unit A monitoring wells.

4.4 COMPONENT PERFORMANCE
441 SVE SYSTEM

4.4.1.1. SVE EXTRACTION WELLS
All of the sub-basalt SVE wells were formerly ground water monitoring wells that have been converted
for use as SVE wells. The limited screened interval and water table upwelling affects the performance of
these wells. These wells are slated to be replaced with true SVE wells as discussed above.

4.4.1.2. PIPING SYSTEM
PVC piping is used to convey the soil vapor from the SVE well heads to the flexible piping line that leads

to the blowers and GEO treatment system. There are numerous joints along the piping runs. Flexible
Fernco couplers are used to connect some of the piping sections together.
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Wooden blocks are used to keep the PVC piping elevated a few inches above the ground surface. At
many locations, there is visible sagging in the PVC piping, between the wooden blocks. There is at least
one location where a “T” joint has been installed, along a straight-run section of PVC piping, with a valve
to allow for condensate drainage. One of the difficulties in draining condensate is that the piping supports
(i.e., wooden blocks) are only about 4 inches above ground surface. The O&M staff has had to remove
few inches of dirt from the top of the landfill cover in order to make space to place collection pans under
the piping for collection of condensate.

There are ball valves at most of the SVE wellheads to allow adjustment of air flow rates from individual
wells. However, the ball valves for MW-18UA and MW-19UA were several feet from the wellheads,
near the concrete pad and piping manifold area that is just north of Pit 1. At the time of the site visit,
during the initial purge at MW-18 UA, the field crew noticed that there was a leak at the sample tap. As
soon as they noticed the problem, they replaced the sample tap. It is likely that this may have represented
a significant leak in the piping system. But this was corrected on the spot.

A small crack in the piping at the wellhead of P-01f was noted at the time of the site visit. The crack was
located on the PVC “T” connector, just upstream from the valve that is used to collect air samples. .

The piping configuration near most of the wellheads includes short sections where the piping diameter
constricts down to a smaller diameter. These short runs of one inch diameter piping are then followed by
an increase in piping diameter. The one inch sections were installed with pitot tube access ports to
facilitate airflow rate monitoring. One down-side to the constrictions in the piping, is that they increase
the pressure loss between the SVE wells & the piping manifold.

According to data from December 2010, the applied wellhead vacuum was running at just above 61
inches of water (about 2.2 psi). Assuming a limited degree of pressure drop between the blowers and the
wellheads, it is expected that the vacuum level at the blowers would be running near 71 inches of water
(about 2.5-2.6 psi).

4.4.1.3. EXTRACTION CONDENSATION SYSTEM

A proprietary process (i.e., GEO treatment system) is used to condense vapors from the SVE system.
There are 2 sets of positive displacement blowers and compressors configured in parallel, and mounted on
skids, under a steel-framed sun-shade. Just upstream from the blowers, there is an inlet filter, and an
air/water separator. One of the blowers is powered by a 30 HP Baldor motor and the other by a 25 HP
General Electric motor. Both compressors are powered by 10 HP Baldor motors.

The extracted air moves from the blowers to the compressors. The maximum intake rate for each
compressor is approx. 100 scfm, for a combined maximum rate of 200 scfm. Apparently, the compressor
intake rate limits the overall extraction rate of the GEO system. The air is then conveyed to the steel, blue,
vertical receiver tank. It appeared that the 2 air streams were combined before entering the receiver tank,
and that only one of the 2 receiver tanks was being used. The air stream then enters the aftercooler, where
the initial cooling begins. The air then moves into the condensing unit, where further cooling occurs.
Next, the airstream is routed into the GEO trailer where refrigerated heat exchangers are used for
condensation. There is also an additional condenser fan that is used to overcome high summer
temperatures (this may have been the fan that was located outside of the trailer, near the VPGAC vessels).
There was an open panel on the side of the trailer where cooling fins from one of the internal pieces of
equipment were visible (this may have been part of the refrigerated heat exchanger). There also appeared
to be a window-mount air conditioner on the back side of the trailer. Since the GEO system is considered
proprietary, the RSE team did not have permission to inspect any of the equipment inside of the trailer.
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The system also includes air-to-air heat exchangers. After exiting the GEO trailer, the air moves thru an
external regenerative Adsorption dryer / filter to remove residual organics & liquids before entering the
VPGAC units. Electrical power is conveyed to the GEO system via 3-phase, 480-volt and single-phase
220-volt service.

The GEO vapor compression / condensation system generates 2 main liquid waste streams; aqueous
condensate and recovered product. Recovered product is stored in a 2,400 gallon pressure vessel, and the
aqueous condensate is stored in polyethylene tanks (1500 gallon and 550 gallon). Recovered product is
hauled to an off-site disposal facility at intervals of 90 days or less.

4.4.1.4. OFF-GAS TREATMENT SYSTEM

After passing thru the condensation process, the air moves thru vapor-phase granular activated carbon
(VPGAC). There are two, 400 Ib, VPGAC vessels, configured in series.

4472 GROUND WATER TREATMENT SYSTEM

44.2.1. EXTRACTION AND INJECTION WELLS

The extraction wells at the site have limited capacity, generally due to the low hydraulic conductivity of
the Unit A. The aquifer at EW-04UA is apparently more productive and this well provides most of the
extracted water. Wells are maintained as needed, with rehabilitation needs based primarily on the
observed pumping rates. Well rehabilitation has not been needed often over the 15 years of operation.
Specific capacity is hot computed for the wells due to the difficulty in estimating the static water levels
given that the pumping system has been operating over 15 years. The most recent pump failure was a
sampling pump in MW-16UB, not an extraction pump. There has not been a problem with the injection
well.

4.4.2.2. EQUALIZATION TANK

The equalization tank is a cylindrical, polyethylene equalization tank with a capacity of approx. 200
gallons. The tank has a 3linch diameter, and is about 51 inches high, and has a cover-lid.

Ground water from the two active extraction wells is piped directly to the tank. The water level in the
tank appeared to range between about 33 and 16 inches from the bottom of the tank. A transfer pump
conveys the water from the equalization tank to the air stripper. The transfer pump is a Franklin
Electric1/2-HP, 304 stainless steel pump with a capacity of 20 gpm at 1750 rpm at 28 feet total dynamic
head.

The volume of the tank being used (i.e., between the high and low setting levels) is about 69.7 gallons.
Based on water-level measurements made while the tank was filling, and withdrawing, the flow rate of
water coming from the 2 extraction wells was about 3.2 gpm. This measured fill-rate appeared to be a bit
lower than the flow-rate shown on the meters from the extraction wells (0.6 + 2.9 = 3.5gpm), at the time
that the measurements were taken. This estimate was based on the assumption that 31 inches represents
the inside diameter of the tank (it is possible that the difference could be due to the difference between the
inside & outside diameter of the tank). It took about 15 minutes for the tank to draw down from the high
to the low water set level. The pumping rate of the discharge pump was estimated to be 7.85 gpm. It was
estimated that the fill cycle was about 21.5 minutes.
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4.4.2.3. AIR STRIPPER

The low-profile air stripper is a North East Environmental Products Shallow Tray Model 2621. A Baldor
5 horsepower blower is used to push air thru the stripper. There were 2, stacked trays, and the dimensions
of the trays were 2 ft by 6 ft.

Except for a loosely fitting mesh screen on the influent end of the blower piping, there was not a
particulate filter. The fact that the intake piping is inside of the building, and near the ceiling, probably
reduces intake of dust & dirt. However, it was noted that there were relatively large gaps in the mesh
screen, and much of the screen was coated with dust.

The transfer pump kicks on when the water in the equalization tank reaches a set level. The transfer
pump remains on for a period of only about 15 minutes. Because the flow rate from the transfer pump is
much higher than the flow rate from the extraction wells, it takes much longer for the equalization tank to
refill back to the set level that kicks on the transfer pump. During most of the fill cycle (over 21 minutes),
there is no water flowing thru the air stripper. However, the blower remains on regardless of whether or
not any water is flowing thru the stripper. Given that the fill cycle represents about 59 percent of the total
cycle time, this means that there is no water moving thru the stripper more than half of the time that the
blower is operating.

A Baldor %2 HP pump to is used to convey treated water from the sump of the air stripper to the injection
well. During the site visit, the flow rate shown on the meter for the discharge sump ranged from about
12-13 gpm.

Periodically the trays from the stripper are removed for cleaning. A solution of Aquaclear MGA
(modified granular acid) is prepared, and the trays are soaked overnight. The ground water is somewhat
corrosive, and the operators have noted that there is some evidence of early corrosion on the seal-pot of
the air stripper.

4.42.4. INSTRUMENTATION &CONTROL

The equalization tank is equipped with water level transmitters that will notify the programmable logic
controller (PLC) to shut down the system if either a high or low-water level condition is exceeded, and
also activate the Raco Verbatim auto-dialer. Equalization tank level transmitters also control the
operation of the transfer pump that conveys water to the air stripper.

The air stripper sump is also equipped with water level transmitters that control operation of the transfer
pump that conveys water to the injection well. There is also a high level alarm that that, if tripped, will
shut the system down, and activate the auto-dialer. There are also pressure sensors that are used to
determine if the blower is functioning. The pressure ports are located at the sump tank and the discharge
stack. If the PLC receives inadequate pressure readings, it will shut the system down, and activate the
auto-dialer. The system will also shut down in the event of a power failure, and require a manual restart.

There is also a data logger (SS2-X7) that records water levels in the wells, and the average flow for each
well for a specific, predetermined interval. The controls are appropriate for the treatment system and
offer a generally adequate degree of control, operator interface, and data management. Since there was
no mention of a remote restart capability for the GWTP in the 2010 O&M Manual, it was assumed that
the GWTP cannot be re-started remotely.
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According to the Hargis representative, power outages account for about 75%, or more, of the non-routine
downtime of the treatment systems. If the GWTP was equipped to allow for remote restart capability, this
could be useful for when power outages occur, and would allow for a decrease in system downtime.

4.4.25. DISCHARGE OF TREATED WATER

Treated water from the air stripper sump is pumped to the injection well by a Baldor 1/2 HP, 304 stainless
steel, 1725 rpm pump . The treated water is conveyed to the injection well (IW-1UB) using 3 inch HDPE
piping. The 3 inch piping is contained with a 10 inch PVVC carrier pipe, which is buried to a minimum
depth of 20 inches below ground surface. The elevation difference between the sump pump discharge
point, and the injection well discharge point is approx. 4.8 feet.

4.4.3 Cap

The landfill cap appears to be reasonably well maintained. Some regrading had been conducted by
Maricopa County to reduce run-on to the cap from the municipal waste landfill southwest of the site.
Erosion of the cap appears minimal, though some erosion that does not affect the cap has occurred outside
the site gate. The cap is largely unvegetated due to the arid location. The adequacy of the seals around the
many wells that penetrate the cap membrane has not been evaluated. Other observations have been
documented in the five-year review site inspection checklist in Appendix K.

4.5 COMPONENTS OR PROCESSES THAT ACCOUNT FOR MAJORITY OF
ANNUAL COSTS

The annual cost for the remedy is approximately $1.1 million, based on data for 2010 reported by the
HSC. The costs can be categorized as presented in Table 7.

Table 7. Breakdown of Operational Costs for 2010

Item Description Approximate Annual Cost
Project management and engineering support $234,000
Operator labor $72,000
Utilities
- Electricity $31,000
- Potable water (none) $-
- Natural gas (none) $-
- Telecommunications (estimated) <$1,000
Treatment process materials and chemicals $4,000
- Cleaning supplies, ground water treatment materials
Equipment Rental, Repairs, and Parts $192,000
Waste disposal $30,000
Monitoring and analytical $184,000
Reporting and Meetings $195,000
Regulatory Oversight $171,000
Total $1,114,000

As shown in Table 8 below, in 2004 and 2005, prior to the restart of the SVE system, the annual
operations costs were under $300,000 and nearly $630,000, respectively, based on information
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provided by the HSC. Costs have consistently been over $1,100,000 since the restart of the SVE
system.

Table 8. Historical Operational and Management Costs

Year Site Management Operation & Total Annual Costs
Maintenance

2004 $20,446 $237,463 $257,910

2005 $54,491 $572,735 $627,227

2006 $103,114 $1,044,862 $1,147,976

2007 $90,531 $926,236 $1,016,767

2008 $125,404 $1,244,174 $1,369,578

2009 $109,403 $1,114,972 $1,224,375

Power consumption data was available from Jan 2006 thru Aug 2008. A dramatic increase in power
usage occurred in Apr 2006, when the GEO system first came on line. The change in the level of power
consumption from before & after startup of the GEO system was used, as one line-of-evidence, to
estimate the power consumption for operation of the GEO system. An inventory of the power consuming
equipment was also prepared as another line-of-evidence, to estimate power consumption. The power
consumption figures below assume that the GWTP and the GEO systems are up and running 95 %, and
85% of the time, respectively.

Estimated Annual Power Consumption Annual Power Costs (assuming $0.10 / KWh)
GEO System GWTP Total

301,384 kWh 42,977 KWh 344,361 kWh | $34,436

45.1 UTILITIES

Electricity is provided by the Arizona Public Service (APS). The site is only about 7 miles east of the
Palo Verde nuclear generating station (PVNGS), so it is likely that nearly all of the power used at the site
is generated at PVNGS. Electrical power costs are in the area of about 10 cents per KWh.

452 NON-UTILITY CONSUMABLES AND DisPOSAL COSTS

Cleaning of the air stripper occurs relatively infrequently. Thus chemical costs for cleaning the air
stripper are relatively insignificant. Maintenance of the extraction wells and the injection well is also
infrequent. Rehabilitation of the wells has not been necessary, and use of rehabilitation chemicals has not
been necessary.

Costs for disposal of recovered solvent, and the agueous condensate, are believed to be the most
significant cost within the disposal category. During 2010, a total of 2,488 gallons of solvent, and 4,923
gallons of condensate were sent away for off-site disposal. Costs for off-site disposal of recovered
solvent, and the aqueous condensate is unknown.

The total quantity of VPGAC sent away for disposal or regeneration in 2010 was about 3,200 Ibs.
Typical costs for replacement of spent VPGAC is in the area of $2-3 per pound, including disposal.
Assuming $2.50 per pound, annual costs for disposal and replacement of VPGAC would be in the area of
$8,000.

453 LABOR
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Labor for O&M, and sampling activities by Hargis staff is believed to be close to one full-time equivalent
(FTE). But this does not include labor for O&M of the GEO system. Total labor costs for site O&M, and
sampling activities, is believed to be in the area of 1-1.5 FTE, which would equate to about $100,000-
$150,000 per year.

454 MONITORING AND CHEMICAL ANALYSIS

The Hargis staff conducts semi-annual soil vapor sampling rounds and quarterly ground water sampling
rounds as well as monthly effluent sampling. Analytical costs would likely include approximately $8,000
for ground water samples and probably about $15,000 for vapor analysis. The other monitoring costs
would be related to labor, materials, shipment, and validation.

4.6 APPROXIMATE ENVIRONMENTAL FOOTPRINTS ASSOCIATED WITH
REMEDY

A series of spreadsheets was used to calculate the footprints for energy, air emission, greenhouse gas, and

other environmental parameters for the OU2 remedy. Highlights of the analysis are summarized in Table

9.

Tab le 9. Environmental Footprints for Existing Remedial Systems

Annual Footprint
Energy Greenhouse Gas Criteria Pollutant*
Remedy Component (MMbtus) (metric ton CO2e) (metric ton)

SVE and GEO system 3,202 184.86 0.424
Ground water treatment 444 25.67 0.062
plant

Long-term monitoring 50 4.81 0.006
Total 3,696 215.34 0.492

MMbtus = millions of btus
* Refers only to emissions nitrogen oxides (NOXx), sulfur oxides (SOx), and particulate matter.
Reported values include greenhouse gas, NOx, and SOx offsets from purchasing renewable energy credits

Table 10 provides a more detailed breakdown of air emissions by remedy component using CO2e as an
indicator parameter.

Table 10. Breakdown of CO2 Emissions by Activity

Remedy Component Annual CO2e Emissions (metric ton) % of Total
On-site emissions” 200.18 92.96%
Transportation® 4.81 2.23%
Chemical and material production” 9.36 4.35%
Off-site services® 0.99 0.46%
Total 215.34 100%

! predominantly from the GEO system

2 transportation for personnel, chemicals, hazardous waste, and electricity transmission over utility lines
* production of treatment materials (e.g., process chemicals) and fuels (e.g., diesel)

® waste disposal (excluding waste transportation), laboratory analysis, etc.

Electrical power usage due to the GEO system contributes significantly to the energy and air emission

footprints calculated using SiteWise. However, the primary source of electricity is the Palo Verde nuclear
generating station (PVNGS), which does not generate significant greenhouse gas emissions. Of the CO2e
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emissions calculated using SiteWise, approximately 86 % of them are directly tied to the GEO system.
The remaining 14 % are tied to operation of the GWTP, operator transportation, and other activities.

4.6.1 WATER RESOURCES

The ground water extracted by the remedy is injected into the B-zone aquifer. However, some of the
water is lost due to evaporation during air stripping. Based on data logger readings from extraction wells
and the injection well, about 30% of the extracted water is lost during air stripping and thru the use of the
evaporative cooler. At the current extraction rate (3.5 gpm), and assuming the GWTP is up and running
95% of the time, this would result in a water loss of about 524,000 gallons per year. Therefore, the
remedy has an adverse effect on the local water resource due to the water loss. But the remedy also has a
beneficial effect, in that it removes VOCs, and restores water quality.

4.6.2 LAND AND ECOSYSTEMS

The GWTP and SVE systems have little or no effect on the local land and ecosystem use. The only effect
is the presence of the treatment buildings, equipment, noise from operation of equipment, and what
influence they may have over the long-term to redevelop the property for beneficial use.

4.6.3 MATERIALS USAGE AND WASTE DISPOSAL

Materials usage at the site is relatively minor because of the limited amount chemicals used. VPGAC
used to control emissions, downstream from the GEO system is the primary consideration.
Approximately 3,200 pounds of VPGAC are used each year. According to the 2010 O&M Manual
(Hargis and Associates, 2010; Volume 1), the vapor stream is routed thru “Granular Reactivated Carbon
(GRAC) vessels”. This implies that reactivated (rather than virgin) VPGAC is used. During 2010, a total
of 2,488 gallons of solvent, and 4,923 gallons of condensate were sent away for off-site disposal.

4.7 RECURRING PROBLEMS OR ISSUES

There have not been any substantive recurring problems at the site.

4.8 REGULATORY COMPLIANCE

The off-gas from the SVE treatment system is monitored using a PID. The PID data were not available
for this evaluation. The frequency of the change-out of the vapor-phase carbon has been increased to
prevent exceedances of the permit limits of 9 Ib/day of VOCs (6 Ib/day for hazardous air pollutants), but
the success of this approach could not be verified.

The influent of the ground water treatment plant is not treated for nitrate. The effluent does not meet the
MCL for nitrate. This has been accepted in the past based on a presumed off-site agricultural source of
nitrate.

4.9 SAFETY RECORD
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There have not been any lost-time accidents at the site during the site maintenance by the current
operators.
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5.0 RECOMMENDATIONS

Any cost estimates provided herein have levels of certainty comparable to those done for CERCLA
Feasibility Studies (-30%/+50%), and these cost estimates have been prepared in a manner generally
consistent with EPA 540-R-00-002, A Guide to Developing and Documenting Cost Estimates During the
Feasibility Study, July, 2000. The costs presented do not include potential costs associated with
community or public relations activities that may be conducted prior to field activities. The costs and
sustainability impacts of these recommendations are summarized in Tables 5-1 and 5-2.

5.1 RECOMMENDATIONS TO IMPROVE EFFECTIVENESS

5.1.1 MODIFICATIONS TO THE SOIL VAPOR EXTRACTION SYSTEM

The proposal by the HSC to install two new SVE well clusters near Pit 1 is appropriate. Also, the
addition of two wells set in the FGZ above the basalt and in/adjacent to Pit 1 with screened intervals
limited to the lower portion of the zone above the basalt, will also likely improve mass removal. It is
suggested that the new FGZ wells be installed in the pit, rather than adjacent to it. Wells installed
adjacent to Pit 1 (above and below the basalt layer), if all used as extraction wells, would potentially
reduce flow through portions of the target area, creating “stagnation zones.” This could be overcome by
passive, or even better, active air injection to create cross flow through the target treatment zone. The
determination of air permeability and evaluation of air travel times or velocities through the target
treatment zones would assist in making design and operational decisions. Travel times for air through all
parts of the target treatment volume of 1 day or less or a minimum air velocity of 0.01 cm/sec should be
achieved as recommended in the USACE Soil VVapor Extraction and Bioventing Engineer Manual
(USACE, 2002) and US EPA (2001). The cost for these wells is not estimated.

A similar improvement in mass recovery could be realized with deeper screens in the FGZ coupled with
air injection in the vicinity existing wells SP-1 and SP-2. This could be considered further after the
performance of the new wells at Pit 1 is evaluated.

The periodic (pulsed) extraction from the course-grained zone in the V-12, SP-01, and SP-02 clusters
would be useful to reduce concentrations and recover mass. The extraction and rebound periods would
depend on observed concentrations, but these wells would not be expected to need frequent or prolonged
extraction.

51.2 IMPROVED MONITORING OF GROUND WATER QUALITY

To assess the current vertical distribution of contamination in the Unit A and the potential future risk to
the Unit B, updated vertical profiling using PDBs should be conducted in the Unit A monitoring wells
near Pit 1, MW-12UA, and MW-20UA. In addition, the sampling of the Unit B monitoring wells should
involve the placement of PDBs in the uppermost permeable portion of the Unit B, where leakage would
first be detected should it occur.
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The condition of MW-21UA should be reassessed. It appears likely that the water level in this well is
affected due to overdrilling of the borehole into the Unit B. The well should be replaced with a well
drilled only within the Unit A. If it appears that the modification was not successful, MW-21UA should
be replaced. In addition, a paired Unit B well should be installed just northwest of MW-21UA.

5.2 RECOMMENDATIONS TO REDUCE COSTS

521 MoDIFY GROUND WATER MONITORING FREQUENCY TO REFLECT MIGRATION
RATES

Given the analysis presented in section 4.3, the reductions in the ground water monitoring program
suggested there should be implemented. Semi-annual sampling conducted in April and October may
reduce difficulty in sampling during the high temperatures of July. The resulting monitoring effort would
be reduced by approximately 37%. Assuming the ground water monitoring effort represents about a third
of the monitoring costs (the rest is for soil vapor monitoring), such a reduction would be about $23,000.

5.2.2 REDUCE REPORT AND MEETING FREQUENCY

In light of the recommendations in section 5.2.1, the frequency of operational reports could be reduced to
semi-annually, with a simple electronic memo transmitting the limited amount of data collected quarterly
(Unit B monitoring near Pit 1 in MW-06UA, -18UA, and -19UA). The technical meetings could be held
semi-annually instead of quarterly to reflect the reduced reporting frequency. If quarterly results suggest
a quick action should be implemented, the project team could convene via phone conference. This would
also reduce the carbon footprint of the project by reducing travel to meetings.

5.2.3 OPERATE THE SVE & GEO SYSTEM USING A SINGLE BLOWER

Review of the manufacturer’s performance curve indicates that the blowers are operating at far below
their capacity. The performance curve indicates that a single blower would be sufficient to maintain the
air extraction rate in the area of 200 cfm, and that the blower would be operate more efficiently at this
flow rate than it would at 100 cfm. Assuming a vacuum level of about 2.6 psi at the blowers, and an air
flow rate of 100 cfm per blower, the performance curve indicates that the total power consumption is
about 4 brake horse power (bhp) (2 bhp per blower). For the same vacuum level, a single blower
operating at 200 cfm, the performance curve indicates that the total power consumption would be about 3
bhp.

It was estimated that operation of the system with a single blower would reduce electrical power costs by
about $696 per year going forward. However, the piping and valves between the blower and the
compressors would have to be reconfigured so that the effluent from a single blower would be routed to
the 2 compressors. Costs for reconfiguring the piping are believed to be roughly in the area of $2000 to
$4000. Assuming $3000 for reconfiguring the piping and valves, the payback period would be 4.3 years.

5.2.4 REDUCE UNNECESSARY OPERATION OF THE AIR STRIPPER BLOWER
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The efficiency of the GWTP could be improved by changing the controls so that the blower does not
operate when there is no water flowing thru the air stripper. The controls would need to be modified so
that they were synchronized with the transfer pump. The blower could remain off for the majority of the
time when the transfer pump is off. The blower would be set to kick on at the same time that the transfer
pump kicks on. The blower would need to stay on for a few minutes after the transfer pump kicks off to
allow the last bit of water that is flowing thru the stripper to be treated. It should be possible to link this
programming scenario into a programmable logic controller (PLC).

It was estimated that reducing unnecessary operation of the blower would reduce electrical power costs
by about $1,400 per year going forward. It was assumed that this modification could be programmed
into the existing PLC, and that the only cost would be the labor for re-programming and wiring.
Assuming that this could be done for $1000, the payback period would be less than one year.

It was also noted that much of the capacity of the equalization tank is not being used. The above, blower
programming scenario could be further optimized by lowering the low-level set point, and increasing the
level of the high-level set point of the equalization tank, to utilize a greater volume of the tank. These
modifications would reduce the frequency at which the blower and the transfer pump would kick on, and
kick off; and may reduce ware & tear on the motors. These modifications would also extend the duration
of the draw-down cycle for the equalization tank, and the length of the period when the air stripper &
blower are operating.

5.3 RECOMMENDATIONS FOR TECHNICAL IMPROVEMENT

531 INSPECTION AND TESTING OF SVE PIPING

The SVE piping should be periodically tested to assess leakage and to identify potential points of
separation. Instead of pressure testing, consider the use of the system vacuum to assess leaks as a less
time-consuming approach. This could be implemented by operating the extraction blowers while
isolating portions of the system and monitoring vacuum loss over time. This would avoid having to use a
compressor and disconnecting the piping at the equipment pad. Only where the vacuum loss suggests
more than 5% dilution for the flow in that portion of the system, would further diagnosis be attempted.
The pressure sensor upstream of the air/water separator that is tied to the dial-out alarm system will
eliminate the need to do this testing more than once per 1-2 years.

The cracked tee at P-01-fine well head should be inspected for evidence of further cracking and leakage.

5.3.2 REPORT PID DATAFOR VPGAC MONITORING IN THE ANNUAL MONITORING
REPORT

Although PID monitoring is performed, this PID data was not available. The RSE team recommends that
an appendix be added to future, Annual Monitoring Reports, showing the PID data. A brief discussion of
the PID data should also be included in the Annual Monitoring Reports. Note that depending on the light
source, some of the predominant site contaminants may not be ionized by the PID (e.g., Freon 113).
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5.3.3 ADD GRAPHICAL FIGURES THAT TRACK VOC LEVELS FROM SVE WELLS IN
ANNUAL MONITORING REPORT

It is recommended that graphical depiction of VOC concentrations from SVE wells over time be prepared
and presented in the annual report. This would facilitate quick analysis of trends and possible
optimization opportunities.

5.34 MEASURE & REPORT DISSOLVED OXYGEN LEVELS IN GROUND WATER REPORT

No dissolved oxygen (DO) data could be located in any of the monitoring reports, or in the database. DO
is an important field parameter for low-flow sampling, and also important monitoring parameter for in-
situ bioremediation alternatives. DO is one of the key stabilization parameters used to determine when to
collect samples during low-flow sampling. During future ground water monitoring events, the RSE team
recommends that DO be measured and recorded as a stabilization parameter during low-flow sampling.

54 CONSIDERATIONS FOR GAINING SITE CLOSE OUT

54.1 CONSIDER AGGRESSIVE SOURCE AREA TREATMENT

As discussed in Appendix A, it is highly likely that substantial contaminant mass has migrated below the
basalt layer in the vicinity of Pit 1, and dense non-aqueous-phase liquid likely exists near and below the
current water table in this same area. The duration of the SVE effort has consistently been
underestimated and mass removal rates remain high.

A review of potentially applicable source area remediation technologies is provided in Appendix L.
Based on the conclusions of that review, in-situ thermal remediation, in-situ bioremediation, and multi-
phase extraction represent the technologies most likely to provide some degree of success for source
treatment. The advisability of applying any of these technologies depends on several factors. These
include the cost relative to continued operation of the SVE and pump and treats systems, the likelihood of
success (defined by elimination of the need for continued SVE and a substantial shortening of the time for
operating the pump and treat system), and avoided risks. Given that there are no current exposures or
alternative land use contemplated for the site, the advisability of implementing aggressive source
treatment depends on the avoided expected future remediation cost and the reduction in the risk of
unexpected future remedial costs. There is a real risk of future impacts to the Unit B that would require
additional expenditures for containment wells and piping as well as increased annual operational and
oversight costs. Note that once the Unit B is impacted, any pumping to contain the contamination would
only exacerbate the downward vertical gradient and promote further vertical migration, such that the
additional costs would likely be incurred for a very long time.

In-situ thermal remediation can be implemented in various forms applicable to the Hassayampa Landfill
site conditions. These include electrical resistivity heating (ERH), steam injection, and thermal
conduction heating (TCH). Unit costs for in-situ thermal treatment of VOCs are typically $80-150/cu yd.
For this site, the economy of scale related to the large volumes of soil and rock to be treated is offset the
presence of the basalt layer. A unit cost of $125/cu yd is assumed. The volume of soil to be treated is
uncertain, so a range of target volumes and associated costs have been evaluated. A reasonable scenario
is to assume a footprint in plan-view that is 2 times larger than the pit mapped dimensions and a treatment
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thickness of 100 feet. The deep treatment is needed to form a “hot floor” in the upper Unit B to prevent
downward displacement of contaminant mass from the Unit A. The thickness of the cap materials is not
included in the treatment thickness. These dimensions yield a treatment volume and cost:

Pit 1 is ~ 60 feet by 60 feet = 3600 sq ft. * 2 = 7200 sq ft * 100 ft = ~27,000 cu yd
27,000 cu yd * $125/cu yd = $3,330,000

If aggressive source treatment such as in-situ thermal treatment is implemented, future costs of the SVE
system would be avoided. As discussed in Appendix A, if there is no change to the current system, it is
likely that significant SVE operations will be required for many years. The GEO treatment unit would
likely be required for another five years, at which time the treatment process could be switched to vapor-
phase carbon. Based on the increase in annual operational costs once the SVE system was restarted
(anywhere from $400,000 to $700,000), it is assumed the avoided costs for the SVE system (including
operations, monitoring, reporting, etc.) would be $500,000 for five years. After that, the costs for SVE
system operations would decline from 500,000/year to $250,000 over seven years. This estimate is based
on the fact that treatment costs with carbon are much more sensitive to the influent concentrations, but
there are fixed costs that would be incurred regardless of the influent concentrations (e.g. equipment
maintenance, sampling, reporting). The net present value of a series of annual outlays ($500,000 per year
for 5 years, $400,000 for two years, $300,000 for three years, and $250,000 for two years) assuming a 7%
discount rate was computed to be just over $3,000,000. Note that it is possible (likely?) that the duration
of the SVE operation would need to be more than 12 additional years.

There would also be avoided costs for ground water extraction and treatment as there would be much less
mass remaining in the source area to sustain the plume. The impact would be felt far in the future,
probably more than 20 years, due to the slow ground water transport velocities even under pumping
conditions. A present-worth analysis would likely show very little avoided cost due to the large discount
rate and long time until the avoided costs would have be realized. Still, there would be some reduction in
the future environmental liability that would have to be shown by the HSC.

The risk of incurring additional remedial construction and operational costs should contamination migrate
to the Unit B is real. Based on a $750,000 construction/start-up cost for the existing ground water
treatment system as reported by the HSC, the added costs for a Unit B pumping system and associated
piping would be some fraction of that, perhaps more than half the cost, say $450,000, accounting for
inflation. The existing treatment system and injection well would not require major renovation to handle
the additional water, but the age of the system and greater flows would probably require increasing annual
0O&M, management, and agency oversight. In assessing the economics, it was assumed treatment of Unit
B water would begin in the tenth year. In addition, annual O&M monitoring costs were assumed to
increase by $100,000 per year due to the addition of the Unit B extraction system. These additional costs
are only assumed to continue into the twelfth year for the present worth analysis, but the added costs
would continue for a much longer time. As such the present worth of the estimated future costs of the
current system is underestimated.

Capital cost for the in-situ thermal treatment: $3,330,000.

Estimated present worth for continuing current SVE system and future treatment of Unit B: $3,600,000
(this is the cost that would be avoided by implementing in-situ thermal treatment)
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The farther into the future the contamination remains in the subsurface, the greater the risk that potential
human exposure points will develop near the site. Aggressive source treatment in the near term would
greatly reduce the potential impact of future nearby development and public relations issues. Recently, a
water purveyor is reportedly acquiring nearby production wells.

Overall, the avoided costs and risk costs are slightly greater than the conservative capital costs for the
most aggressive source treatment, in-situ thermal remediation. This suggests there are potential tangible
benefits to aggressive source treatment. The use of multi-phase extraction or bioremediation would
certainly have lower unit costs (see discussion for bioremediation), but would have somewhat lower
likelihood of success as defined above and would have a different timeline. The ability to substantially
reduce the contaminant mass present in the subsurface should be exercised to reduce future cost risk.

5.4.2 CONSIDER ENHANCED ANAEROBIC BIOREMEDIATION FOR SOURCE AREA
GROUND WATER TREATMENT

Most of the site contaminants are amenable to treatment by enhanced anaerobic bioremediation (EAB).
Of the contaminants shown on Figure 4 of the 2010 Annual report, the following are considered as
amenable to EAB: 1,1-DCE, TCE, PCE, 1,1,1-TCA, TCTFA (Freon 113), 1,2-DCA, and MC.
Dichloropropane has also been reported to be amenable to reductive dechlorination. Benzene is generally
considered to be more readily biodegradable under oxic conditions (i.e., aerobic, or nitrate reducing), than
under anaerobic conditions. Although there have been reports that the presence of Freon 113 can inhibit
reductive dechlorination of chloroethenes, it has also been shown that electron donor addition can
stimulate dechlorination of Freon 113 that is co-mingled with chloroethenes (Figgins et al., 2007).
Figgins, et al.(2007), also reported that, *“ Whether or not Freon based inhibition was occurring prior to
treatment, it is clear that where both Freon and TCE are present, addition of an electron donor can result
in efficient degradation of both classes of VOCs”. Thus, it appears that once the levels of Freon 113 have
been biodegraded to a sufficiently low concentration, that dechlorination of chloroethenes will usually
proceed.

Reductive dechlorination can be stimulated via injection of electron donor. After the most energetically
favorable electron acceptors (i.e., dissolved oxygen, nitrate, and ferric iron) have been depleted,
dechlorination reactions will usually proceed. Dechlorination of some of the lesser chlorinated
compounds (e.g., DCE and VC) can be difficult without the addition of bioaugmentation cultures.
However, dehalococoides (DHC)-containing bioaugmentation cultures are commercially available. There
are also commercially available bioaugmentation cultures that have been shown to prevent 1,1,1-TCA
from inhibiting dechlorination of chloroethenes. Although non-aqueous phase contaminants in source
area can limit the rate at which bioremediation could destroy mass due to solubility constraints, studies
have shown that the rate of DNAPL dissolution can be significantly increased through biodegradation
processes in the immediate vicinity of DNAPL.

One potential risk of EAB is that arsenic can be mobilized in the immediate vicinity of the area where
electron donor has been injected. It is believed that arsenic mobilization often occurs due to the reduction
of iron-containing minerals. If trace levels of arsenic are present in the ferric iron-containing minerals
within the aquifer matrix, then ferrous iron and arsenic would be released, as reduction of the minerals
occurs. It is unknown whether arsenic is present at a sufficiently high level in the ferric iron-containing
minerals within the aquifer matrix for this to be a concern for the Hassayampa site. There have been
cases where the increases in arsenic that were observed in the anaerobic zone, were later observed to
decrease with distance, as the ground water migrated into oxic zones, downgradient from the anaerobic
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zone. The main cost driver for implementing EAB would be installation of injection wells. One
alternative for the injection wells would be to configure them in a row, just upgradient from the Pit 1
source area. Under this scenario, the injected electron donor would be allowed to move passively
downgradient, thru the source area. For cost estimating purposes, it was assumed that 5 new injection
wells would need to be installed to a depth of about 100 ft bgs. Capital construction costs for installing
the injection wells were estimated to be about $117,000. Costs for electron donor are sensitive to volume
of the zone to be filled with electron donor solution. Assuming a 200 by 150 ft, with a thickness of 20 ft,
costs for electron donor would be near $25,000. Total costs (including design, construction, labor,
reporting, and project management) were estimated to be about $200,000.

Pilot-scale testing is usually performed prior to scale-up, to determine injection point spacing, dosage of
electron donor, and to verify that the site-specific geochemistry and combination of contaminants will not
inhibit dechlorination. A laboratory microcosm study is also recommended. The microcosm study would
be performed to determine what combinations of electron donors, and bicaugmentation cultures should be
considered for scale-up; and also to confirm that the site-specific combination of contaminants will not
inhibit dechlorination. The costs for a microcosm study and a pilot a scale test was estimated to be in the
area of $100,000.

55 SUGGESTED APPROACH TO IMPLEMENTING RECOMMENDATIONS

The RSE team has provided a number of recommendations that each have individual merit. Some of the
recommendations would be obviated by the implementation of others.

5.6 ADDITIONAL SUSTAINABILITY CONSIDERATIONS

5.6.1 SOLAR POWER POTENTIAL

The potential to power the ground water extraction and treatment system via a grid-tied fixed
solar array was evaluated using the RETscreen tool. The results of the analysis are provided in
Appendix A. A target capacity of 6 kW was established. The site offers excellent potential for
photovoltaics due to the latitude and days of sunshine. To achieve this, approximately 27 fixed
(non-movable) solar panels covering less than 1600 sq feet would be required. The cost for this
would be about $5500 with an estimated annual savings of about $1000 with a payback period of
about six years. This includes potential state tax credits and utility rebates. The cost for such a
system is small, even if the costs are underestimated by a significant fraction and would be a
reasonable investment for the long expected life of the ground water extraction and treatment
system. The cost of electricity may rise in the future, making the photovoltaic system even more
attractive.

The scenario considered is much less substantial than the solar array considered by the HSC in
2009 (Nationwide Environmental, 2009). That system evaluated an array covering 0.7 to 2.0
acres. The economics for the large system were not attractive.

5.6.2 WIND POWER POTENTIAL

Based on a review of wind power potential at the Hassayampa site, it was determined that the site was not
viable due to low average wind speed.
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Figure 1. Hassayampa Site Map with Well Locations and Disposal Features
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Figure 2. Ground Water Sampling Results, Unit A, January 2011.
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Figure 3. Soil Vapor Concentratio

ns, January 2011.
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Figure 4. Ground Water Treatment System Schematic.
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San Francisco, CA February 2011

Third Five-Year Review Underway

with support from the Arizona Department of Environmental Quality

(ADEQ), began work on the third Five-Year Review of the remedy for
the Hassayampa Landfill Superfund Site (Site). The Site is located ap-
proximately 40 miles west of Phoenix in Maricopa County.

I n January 2011, the U.S. Environmental Protection Agency (EPA),

The purpose of the Five-Year Review is to evaluate whether the Superfund
cleanup remedy for the Site continues to be protective of human health
and the environment. EPA requires these reviews every five years, if haz-
ardous waste materials are left on a site, as in the case of this closed landfill.

Two prior Five Year Reviews have been completed for this Site, one in 2001
and the second in 2006. These prior reviews found the remedy protective
of human health and the environment in the short term, because no current
exposures to Site contaminants are occurring. A third Five Year Review
Report will be produced in 2011 that documents the findings and conclu-
sions of this on-going review, including input received from the public.

Community Involvement in
Five Year Review

EPA encourages community involvement during the Five Year Review
process. If you have any issues or concerns about the Hassayampa Landfill
Superfund Site cleanup, and particularly if you have direct knowledge
regarding the operation and maintenance of the as-built remedy, EPA
would like to talk with you (please contact EPA's Community Involvement
Coordinator listed on the back).
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Site Background

The Hassayampa Landfill Superfund Site is a
10-acre portion of a seventy-seven acre municipal
landfill that is owned by Maricopa County. The
landfill was closed in June 1997. During an
18-month period beginning in April 1979, a 10-
acre portion was used for the disposal of hazard-
ous wastes, which eventually contaminated soil
and groundwater. This area was designated as the
Superfund Site when it was placed on the federal
National Priorities List (NPL) in July 1987.

In the 1980s prior to EPA’s involvement, the
Arizona Department of Health Services (ADHS)
discovered volatile organic compounds (VOCs)
in the groundwater in the landfill’s monitoring
wells. In 1992, EPA selected a Site remedy. The
remedy requires treatment of the contaminated
groundwater and soil vapor near the disposal pits
where liquid wastes were disposed.

The disposal pits had been previously covered
with native soil and restored to grade in 1980.
The Groundwater Remediation System (GRS),
utilizing air-stripping treatment, began opera-
tion in 1996. In 2006, the soil vapor extraction
(SVE) system was restarted using a proprietary
cryogenic technology combined with carbon
treatment of the contaminated vapors. In
December 2009, EPA modified the remedy to
provide cleanup standards for the soil vapor and
to document the use of a different soil vapor
treatment technology.

The Hassayampa Steering Committee (HSC),
comprised of the major parties that generated
the hazardous wastes disposed of at this Site, has
been responsible for the implementation, and
operations and maintenance of this groundwater
and soil vapor remedy under EPA and ADEQ
oversight.
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Hassayampa Landfill Five Year Review Questions

General Public:

Name:

Title/position:

Date:

10.

11.

What is your overall impression of the closed Superfund site?
Is the remedy (closed and capped landfill) functioning as expected?

Are you aware of any community concerns regarding the site or its operation and
maintenance?

Are you aware of any events, incidents, or activities at the site such as vandalism,
trespassing, or emergency responses from local authorities? If so, please give
details.

Do you think there may be any opportunities for future reuse? Do you have any
comments, suggestions or recommendations?

Do you have any comments, suggestions, or recommendations regarding the site’s
management or operation?

Are you familiar with the EPA or ADEQ web sites? Do you know where to find
information on the Hassayampa Landfill Superfund site?

Are you aware of the information repositories for the site? Have you ever used
them to find information for the site?

Have you contacted ADEQ or EPA in the past to inquire about the site? If so, did
you feel that your questions or concerns were answered to your satisfaction?

What is the best way for EPA or ADEQ to communicate with you about this site
in the future?

Is there anyone else that you think might be useful for us to talk with about the
site?



Hassayampa Landfill Superfund Site 2011 Five Year Review

Appendix G — Completed Technical Interview Forms



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: David Becker, Geologist

Organization/Company/Agency: US Army Corps of Engineers Environmental and Munitions
Center of Expertise

Address/Phone/E-Mail: 1616 Capitol Ave., Suite 9200, Omaha, NE 68102-9200, 402-697-
2655, dave.j.becker@usace.army.mil

Site Name: Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666
Date Interview Questionnaire Completed: 6/10/11

1. What is your current role as it relates to the site? What is your overall impression of
the work conducted at the site to date? (general sentiment)

Response: | provide technical support to US EPA Region 9 regarding the performance and
optimization potential for the site. In conducting a number of technical analyses regarding the
site, | believe the extraction systems at the site are generally functioning as intended, but are
likely to have to continue to operate in their current form for a very long time. There are risks
associated with long operating times, including the potential contaminant migration to Unit B.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: The remedy could be improved to accelerate attainment of site goals. There are a
number of minor improvements that would be prudent related to the treatment systems. The
discharge of nitrate above the MCL to Unit B may be a problem if it is shown that the nitrate
background concentrations in Unit B are lower than those in the injected water.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?

Response: The monitoring data generally shows a stable ground water plume with little if any
declines in concentrations that represent progress toward cleanup. Soil gas concentrations,
though substantially below those concentrations measured before re-start of the SVE system,
have stabilized, particularly near Pit 1. This also suggests that progress under current operating
conditions will be slow.



4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response: Yes, we have been in contact with EPA on a regular basis and | have made a couple
of site visits, including one of the inspection visits conducted in January, 2011. The results of
the site visits have been documented in the five-year review report.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: The operations of the SVE and ground water extraction systems have been
periodically optimized by the operators by adjusting the wells used for extraction (and in some
cases for passive air injection) and flow rates. Further significant optimization potential exists
that would speed cleanup, including more aggressive source treatment or at least enhancement of
vapor extraction below the basalt layer in the vicinity of Pit 1. Other optimization suggestions
are provided as an appendix to the five-year review report.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: No.

7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: Further details on the recommendations and conclusions we have made for the site
are provided in the data analyses and optimization appendices for the five-year review report.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Ben Costello, HSC Project Manager
Organization/Company/Agency: Nationwide Environmental Services, Inc.

Address/Phone/E-Mail: 320 South Boston Avenue, Suite 1803, Tulsa, Oklahoma 74103
918-582-3733, bcostello@nationwideenv.com

Site Name: Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666

Date Interview Questionnaire Completed: May 23, 2011

1. What is your current role as it relates to the site? What is your overall impression of the work
conducted at the site to date? (general sentiment)

Response: | am the Project Manager for the Hassayampa Steering Committee (HSC) the PRP group
responsible for implementing the remedial action at the Hassayampa Landfill Site.

To date, the work at the Hassayampa Site has successfully controlled any off-Site, down-gradient
migration of Site-related constituents. The remedy at the Hassayampa Site has been operated and
maintained in a manner that has been and remains protective of human health and the environment. In
2006, the HSC re-started and has operated almost continuously a portion of the SVE system to control,
at a minimum, VOC:s in the vadose zone soil gas. The work performed over the last 5-years to
optimize the SVE and groundwater recovery system (GRS) remedy components at the Hassayampa site
will be detailed later. Over 60-tons of VOCs have been removed from the Site and sent off-Site for
disposal. The HSC maintains very good relationships with its few Site neighbors.

2. Have any problems been encountered which required, or will require changes to this remedial
design or ROD?

Response: During the last 5-years, no problems have been encountered at the Site that would require
any changes to the remedial design. The GRS and SVE remedy components combined with security
fencing and patrols, the flexible membrane liner cap and an extensive robust soil vapor and groundwater
monitoring program have insured that the remedy at the Hassayampa Site remains protective of human
health and the environment.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?

Response: When operation of the SVE system ceased in 1998, the soil vapor monitoring data for the
vadose zone above the basalt layer beneath the Hassayampa Site indicated an upward trend in soil gas



VOC concentrations in the vicinity of the Pit 1 area of the Hassayampa Site. Largely based on these
data, a portion of the SVE system was restarted in March 2006. The restarted SVE system has more
than adequately controlled VOCs in the vadose zone soil gas and, possibly, has contributed to a
reduction in VOC concentrations in portions of the Site groundwater.

The monitoring data indicates that the concentrations of VOCs in groundwater within the upper aquifer
(Unit A) located just beneath the basalt layer have been trending upward in a number of monitoring and
ground water recovery wells within the capture zone of the ground water pump and treat system; VOC
concentrations at the monitoring points down-gradient of the capture zone of the ground water pump
and treat system have remained relatively constant.  These increasing data tends in the Unit A aquifer
are believed to be, primarily, a function of the increased VOC concentrations in the overlying vadose
zone. The HSC’s resumption of aggressive SVE operations has served to largely correct these trends.

The monitoring data indicates that the ground water quality of the lower aquifer (Unit B) located just
beneath the basalt layer and below Unit A has been and remains unaffected by Site-related constituents
both within the capture zone of the groundwater pump and treat system and at all monitoring points
down-gradient of the capture zone of the groundwater pump and treat system. To date, VOCs have not
been detected in groundwater samples collected from the lower (Unit B) aquifer.

No new chemicals of concern (COCs) have been identified in soil, soil gas or groundwater.

4. Have there been routine communications or activities (site visits, inspections, reporting
activities, etc.) conducted by your office regarding the site? If so please give purpose and results.

Response: | manage the overall operation and maintenance of the remedy at the Hassayampa Site as
well as the ongoing work to review and evaluate the current conceptual model for the Site. As a result,
I am responsible to insure that routine site inspections are performed, routine and non-routine
maintenance items are preformed, the Site is maintained in an operational status; and the routine
quarterly and annual reports are filed with both EPA and ADEQ. 1 frequently visit the site personally
to oversee operational and investigative work. | meet quarterly, at a minimum, with EPA and ADEQ
personnel and contractors face-to-face to provide updates of on-going work at the Site, review plans for
upcoming work and to review and discuss the results of every sampling event. | have had conference
calls and net-meetings with EPA and ADEQ personnel and contractors work on the 5-year review
process, to provide updates of on-going work at the Site, resolve issues and review plans for upcoming
work. | have frequent telephone conversations and correspond via e-mail and letters with EPA and
ADEQ personnel and contractors to provide updates of on-going work at the Site, work on 5-year
review issues, review plans for upcoming work and to review and discuss the results of every sampling
event.

The HSC’s contractors conduct: monthly site inspections in addition to responding to any alarm
conditions from the ground water pump & treat system and bi-weekly inspection of the SVE system;
quarterly ground water and soil vapor sampling ; and other Site—related inspection, maintenance and
monitoring activities on an as needed basis. All of the data from these visits and inspections are
conveyed to EPA in the routine quarterly reports or, if needed, separate incident reports.

The HSC has worked in concert with EPA to develop and obtain approval of a detailed work plan for



evaluating the conceptual model for the Hassayampa Site and to conduct a variety of tests and the
installation of 4 new wells (MW-18UA, MW-19UA, MW-20UA andMW-21UA). The development,
approval and implementation of these work efforts have resulted in frequent meetings and Site visits
with EPA and ADEQ personnel. The results of all of this work, both completed and on-going have
been provided to EPA in routine and special reports; including frequent telephone, and electronic mail
(e-mail) communication.

As needed, | have responded, via telephone conversations, correspondence and in-person meetings, to
inquiries from actual Site neighbors and potential Site neighbors (i.e. Hickman’s Family Farms and a
prospective tire shredding facility). When asked, the HSC has shared it knowledge of the local and
regional hydrogeology and its groundwater water level and water quality data bases with its neighbors.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: In 2004, the HSC changed O&M contractors. The new contractor has worked diligently to
optimize the groundwater pump and treat system. As a result, the efficiency and up-time of the
groundwater pump and treat system have improved and the need for call-out response to alarm or upset
conditions has decreased.

The HSC has been working with EPA and ADEQ to the maximize, to the extent practical, applicability
of efficacy of alternate groundwater sample acquisition techniques, such as passive diffusion bags. As
a result sampling efficiency and, therefore, cost efficiencies to obtain groundwater samples have
improved. The HSC believes that over time this will result in more consistent groundwater data.

On the soil vapor side, the HSC has successfully re-started and operated portions of the SVE system and
has extracted over 60-tons of VOCs from the vicinity of Pit 1. This re-start included a kick-off field
visit with EPA and ADEQ personnel to literally “flip the switch.” The new system is using select wells
from the prior SVE system, to focus the remediation where it is needed most, and is using a significantly
more effective off-gas treatment system. The new system, a condensate/compression unit, has
significantly better uptime than the previous off-gas treatment system (thermal adsorption) and is
removing larger quantities of residual mass.

6. Are you aware of any institutional controls, site access controls, new ordinances in place,
changes in actual or projected land use, complaints being filed or unusual activities at the site? If
so, please describe in detail.

Response: | am not aware of any changes in Site-related institutional controls, new ordinances in place,
complaints being filed or any unusual activities at the Site. In response to a series of break-ins in
mid-2008, the HSC instituted a nighttime security guard surveillance program that seems to have
successfully addressed the issue. There have not been any changes in actual or projected land use on or
adjacent to the Hassayampa Site. The Hickman’s Family Farms (HFF) egg production facility, to the
west of the Hassayampa Site, has undergone significant expansion and has installed a new Unit B
groundwater production well. The HSC performed an analysis of any possible effects of the new HFF
groundwater production well on the Hassayampa Site and concluded there would be no effect. These



results were reviewed with EPA and ADEQ, and both agencies concurred with the HSC’s analysis.
Maricopa County has built and operates a municipal solid waste (MSW) transfer facility approximately
% mile west of the Site. The MSW transfer station does not use groundwater, is not affected by the
Hassayampa Site and exerts no influence on the Hassayampa Site. A used tire shredding operation was
proposed to be located on a parcel approximately % to 1-mile west of the Hassayampa Site. Those
plans have not moved forward, and the HSC is not aware of any plans in the foreseeable future to build
the tire shredding operation.

7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: No. The project appears to be on track with the remedy proceeding as anticipated.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Charles Coyle, Environmental Engineer

Organization/Company/Agency: US Army Corps of Engineers Environmental and Munitions
Center of Expertise

Address/Phone/E-Mail: 1616 Capitol Ave., Suite 9200, Omaha, NE 68102-9200, 402-697-
2655, Charles.g.coyle@usace.army.mil

Site Name: Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666

Date Interview Questionnaire Completed: 6/17/11

1. What is your current role as it relates to the site? What is your overall impression of
the work conducted at the site to date? (general sentiment)

Response: Environmental engineer, providing assistance primarily with assessment of the
above-ground portion of the treatment system equipment. | also performed field oversight
during leak testing of the SVE piping system. Progress appears to have been made with shutting
down groundwater extraction wells that appear to have been unnecessary (2 of the 4 wells have
been shut down). Progress has also been made toward repairing obvious problems (e.g., major
leaks) in the SVE piping. The USACE recommendation (Dave Becker’s recommendation) to
install a vacuum gauge at the air / water separator for the SVE system has also been
implemented. USACE recommendations to perform leak testing for the SVE piping have also
been performed.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: It appears that there is still considerable contaminant mass remaining in the deep
vadose zone and in groundwater. Also, mass recovery rates from the SVE system remain quite
high, but that the rate of decline has leveled off - such that site remediation activities could drag
out for several years, unless efforts are directed toward addressing this issue. It also appears that
there may be a reluctance, on the part of the PRP representatives, to acknowledge the scale of
contaminant mass that appears to be present in the deep vadose zone and in groundwater.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?



Response: | haven’t reviewed the groundwater monitoring well data in detail. However, as
noted above, mass recovery rates from the SVE system remain quite high, and the rate of decline
appears to have leveled off - such that site remediation activities could drag out for several years,
unless efforts are directed toward addressing this issue.

4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response: USACE has been in contact with EPA on a regular basis. | participated in one site
visit (the inspection visit conducted in Jan, 2011. Observations resulting from this site visit have
been documented in the five-year review report.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: O&M efforts for the SVE system have improved, as evidenced by the repairs & leak
testing that have been performed on the system piping. The addition of the vacuum sensor at the
influent of the air / water separator will also help make it easier to determine when there are
problems with the piping system. There has been some optimization of the groundwater
treatment system (e.g., reduction of the number of extraction wells from 4 to 2).

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: No.

7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: Observations & recommendations from the USACE members of the project team
have been captured in an appendix to the five-year review report.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Wendy Flood, ADEQ Project Manager
Organization/Company/Agency: Arizona Department of Environmental Quality

Address/Phone/E-Mail: ADEQ, 1110 West Washington Street, Phoenix, Arizona 85007
602-771-4410, flood.wendy@azdeq.gov

Site Name: Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666

Date Interview Questionnaire Completed: 6/17/2011

1. What is your current role as it relates to the site? What is your overall impression of
the work conducted at the site to date? (general sentiment)

Response: | am the ADEQ project manager for the site. The State plays a supportive oversight
role. The work so far has gone well.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: A new soil vapor system was installed that differed from the selected remedy and
therefore an ESD was done. The soil rule was finalized in May 2007 so some levels may need to
be changed or reviewed regarding clean up standards. There is currently some discussion about
accelerated cleanup and optimizing the site so that may influence the remedial design.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?

Response: They show a decrease from when the system was restarted in 2006 to now. There was
a more substantial decrease in the beginning but as the years have gone by, the degree of
decrease has narrowed for the SVE. This could be to the amount of mass still in the soil as a
contributing factor. The GRS has been showing an upward concentration trend beneath the
basalt and other monitoring points have remained constant. A emerging contaminate is Nitrate
even though in the past it was thought to be similar to background concentrations. This may get a
second look in years to come. EPA is taking a closer look at 1,4 dixoane and sampling was
completed at the site for this compound. Acetone has shown up in sampling results a lot even
though it has been deemed lab error.


mailto:flood.wendy@azdeq.gov

Unit B has shown no contamination and that is the focus of the remedy however some of the
monitoring locations may need to be changed to get a better understanding of the water in this
unit.

4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response:

Yes. Quite a few site visits have taken place as the Project Manager roles at both agencies have
changed. There was also the observation of sampling events and some of the FYR activities. The
agency receives many documents from the HSC for review and comment, as well as the EPA.
The documents cover management of the site and report the findings. There are quarterly
meetings with the responsible parties and ADEQ/EPA, which prove to be helpful in keeping the
site on a forward moving path and keeping all parties in communication with one another.

There was a high level of communication from ADEQ supporting EPA regarding the break
though event of the air stripper that led to contaminated water injected into the Unit B aquifer.
The purpose of the communication was to determine the cause, get the issues resolved and take
necessary enforcement action due to the contamination impacting Unit B groundwater.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: There is a high level of O&M efforts which have enabled the systems to maintain a
high degree of up-time. There is more that could be done regarding O&M because there are
many unknowns; how certain procedures are done or followed, there are numerous documents
regarding O&M but no comprehensive plan to cover all aspects of the site. HSC is currently
working on a compressive plan that will help both the HSC, its contractor and the agencies get a
better handle on how the system is maintained and that all necessary reporting is completed.
There was a change to passive diffusion bags which has aided in efficiency of groundwater
sampling. O&M has increased and been more proactive since the breakthrough event in 2008.
Since that time, the Agencies are copied on more sampling result and the cleaning of the air
stripper has increased in frequency. Since that time, the agencies have also taken a closer look at
site activities, hence the request for an updated and comprehensive O&M manual.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response:

Yes. Even though the property should have a DEUR, there is restrictive covenant, fencing and a
cap that provide controls. The vandalism and thefts have gone down in the past years so the
security measures put in place have worked. There is also a Maricopa transfer station adjecnt to
the site and that increase in traffic may have also helped in the decrease for vandalism. The
transfer station has had no impact on access to the site.



7. Do you have any comments, suggestions, or recommendations regarding the site?

Response:

Yes. ADEQ believes that for such a small footprint with such a large amount of mass there
should and could be an accelerated clean up. Not just to decrease remediation time, but to
decrease overall project costs too. To have the clean up take as long as it has when projection at
the SVE restart were for a shorter time frame, makes one wonder if there is a good handle on the
contamination. So far, progress has been made in mass reduction, but there seems to be a plateau
and therefore optimization is needed. Due to the breakthrough event, ADEQ and EPA have been
requesting more documentation at the site, which HSC has been responsive in doing. ADEQ has
concerns with the eastern edge of the contaminate plume. Concentrations appear to be consistent,
but concerns still remain about an expanding plume or loss of capture.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Rob Hinchee, Principal Engineer
Organization/Company/Agency: Integrated Science and Technology
Address/Phone/E-Mail: rob@hinchee.org

Site Name: Hassayampa Landfill, Maricopa County, AZ

EPA ID No.: AZD980735666

Date Interview Questionnaire Completed: May 23, 2011

1. What is your current role as it relates to the site? What is your overall impression of the
work conducted at the site to date? (General sentiment)

Response:

I am a technical consultant to the Hassayampa Steering Committee (HSC) the PRP group
responsible for providing technical oversight and direction for the remedial action at the
Hassayampa Landfill Site. I have served in this role for the past 10 years.

To date, the work at the Hassayampa Site has been protective of both human health and the
environment. Groundwater remedial actions have prevented spreading or movement of the
plume in a way that would put drinking water users at risk and has largely prevented plume
migration off site. Vadose zone remedial actions including soil vapor extraction and capping of
the site has reduced migration to groundwater and removed substantial mass. Since remediation
was first initiated the HSC has made a diligent effort to optimize the remediation and modify
operations as new information has become available.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response:

No, the ROD and ongoing remedial actions continue to be protective of human health and the
environment.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?



Response:

Since the SVE system restart in 2006 the soil gas plume has been reduced and soil gas
concentrations have generally be declining or stable, substantial contaminant mass has been
removed. At present the system appears diffusion limited with significant mass removal
continuing. The groundwater remediation system appears to have stabilized the plume and is
removing some mass. The important observations are that groundwater contamination is not
threatening any drinking water supply and the plume is not growing.

The two chemicals of more recent interest are 1,4-dioxane and the nitrate. The monitoring to
date indicates that while 1,4-dioxane is present in unsaturated soils it is not in groundwater, and
the current conceptual model is that this is the result of the cap preventing infiltration. Nitrate
concentrations appear to be similar to background.

4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response:

Yes, but my role is not one of continuous involvement. | am periodically asked to review the site
data and progress and make recommendations. My most significant recommendation was for
restart of the SVE system in 2006 which was implemented. At present | have commented on and
made recommendations for process optimization which the HSC and their consultants are either
reviewing or implementing.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response:  Yes, since | have become involved the HSC has implemented an ongoing
optimization effort. The first clear evidence of this was restart of the SVE system in 2006. And
at present efforts are being made to insure groundwater plume capture and optimize the SVE
system through installation of new wells and alternating air flow.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: No, | am not aware of any changes. Important institutional controls remain such as
ownership and control of the site by Maricopa County one of the members of the HSC. Land use
in the area is very low density agricultural and residential; this is a relatively remote site far from
many receptors.

7. Do you have any comments, suggestions, or recommendations regarding the site?



Response: Yes, | believe the current remedial efforts need to continue and to be optimized as
required. Since HSC selected new contractors in 2006 this has happened in an efficient way.
Current efforts so long as periodic review and optimization occurs appear to be protective and
should result in the most cost effective cleanup.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Jeff Menken, Senior Hydrogeologist
Organization/Company/Agency: Hargis + Associates, Inc.

Address/Phone/E-Mail: 1640 South Stapley Drive, Mesa, AZ 85204/480-345-
0888/jmenken@hargis.com

Site Name:  Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666

Date Interview Questionnaire Completed:5/XX/11

1. What is your current role as it relates to the site? What is your overall impression of the
work conducted at the site to date? (General sentiment)

Response: | am a Hydrogeologist for Hargis + Associates, Inc. (Hargis), a contractor to
Hassayampa Steering committee (HSC). Hargis provides hydrogeologic expertise for the site
and performs routine operation and maintenance duties on the groundwater treatment system as
well as select portions of the soil vapor extraction system.

To date, the work at the Hassayampa Site has successfully controlled any off-Site, down-gradient
migration of Site-related constituents. Based on analyses of available data, vertical migration
potential of contaminants in groundwater is low. The remedy at the Hassayampa Site has been
operated and maintained in a manner that has been and remains protective of human health and
the environment. In 2006 the HSC re-started a portion of the SVE system and has worked over
the last 5-years to optimize both the SVE and groundwater recovery system (GRS) remedy
components.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: During the last 5-years, no problems have been encountered at the Site that would
require any changes to the remedial design. The GRS and SVE remedy components combined
with Site security measures, the flexible membrane liner cap and a robust monitoring program
have insured that the remedy at the Hassayampa Site remains protective of human health and the
environment.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?



Response: Since operation of the SVE system ceased in 1998, the soil vapor monitoring data for
the vadose zone above the basalt layer beneath the Hassayampa Site indicated an upward trend in
soil gas VOC concentrations in the vicinity of the Pit 1 area of the Hassayampa Site and the
overall size of the vapor plume. Largely based on these data, a portion of the SVE system was
restarted in March 2006. Since the re-start of the SVE system, the expanded soil vapor VOC
plume has been drawn back or captured and significant mass of VOCs have been removed from
the Pit 1 VOC source area (over 60-tons). While concentrations of soil vapor VOCs in vadose
zone areas outside of source areas have significantly declined over the past 5-years, more recent
declines in soil vapor VOC concentrations have been slower or somewhat limited in the source
area due to the residual VOC mass remaining in soil. Active vapor extraction is being conducted
in these areas which will result in eventual declines to soil vapor performance standards or
cleanup levels that were adopted by EPA as part of the 2009 ESD. As of the 1% Quarter of 2011,
soil vapor performance standards have been met almost entirely across the site and are only
exceeded at a few monitoring locations located in and adjacent to the Pit 1 area, the primary
VOC source for the Site.

The monitoring data indicate that the concentrations of VOCs in groundwater within the upper
aquifer (Unit A), located just beneath the basalt layer, are trending downward except in areas
directly adjacent to Pit 1. In that area, VOC concentrations have trended upward since
implementation of soil vapor extraction on those points. These increasing data trends are
interpreted to be caused by localized, vacuum-induced upwelling of the water table, resulting in
groundwater contact with higher concentrations in the overlying vadose zone. The HSC’s recent
decision to discontinue vapor extraction from these points and instead install two new soil vapor
extraction wells should correct these trends over time. All affected groundwater is within the
capture zone of the groundwater pump and treat system; VOC concentrations at the monitoring
points down-gradient of the capture zone of the groundwater pump and treat system have
remained relatively constant.

The monitoring data indicate that the groundwater quality of the lower aquifer (Unit B), located
just beneath the basalt layer and below Unit A, has been and remains unaffected by Site-related
constituents both within the capture zone of the groundwater pump and treat system and at all
monitoring points down-gradient of the capture zone of the groundwater pump and treat system.
To date, VOCs have not been detected in groundwater samples collected from the lower (Unit B)
aquifer.

No new chemicals of concern (COCs) have been identified in soil, soil gas or groundwater.
Nitrate is routinely detected in groundwater samples above the EPA MCL, however nitrate
concentrations in both Unit A and Unit B groundwater samples have historically been below
background concentrations of this chemical and for that reason nitrate is not considered a site-
related contaminant. Additional analyses have also been performed to identify if significant
concentrations of 1,4-dioxane are present in Site groundwater. 1,4-dioxane has only been
detected in one groundwater sample at very low concentrations. Since this compound would be
expected to be at significantly higher concentrations if it were present in groundwater (based on
concentrations of other VOCs) and at other sample locations, it is not considered to be a
significant contaminant in Site groundwater.



4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response: As a HSC contractor Hargis conducts: monthly site inspections in addition to
responding to any alarm conditions from the ground water pump & treat system and bi-weekly
inspection of the restarted SVE system; quarterly ground water and soil vapor sampling; and
other Site-related inspection, maintenance and monitoring activities on an as needed basis. All
of the data from these visits and inspections are conveyed to EPA in the routine quarterly reports
or separate incident reports, as needed.

Hargis has been meeting with EPA and ADEQ personnel via face-to-face meetings and
conference calls on a quarterly basis or more frequently as needed. During each of these events,
new data and information are presented and discussed.

Several non-routine studies have been conducted to further evaluate the conceptual model for the
Site in the last five-year period. These efforts have included: the installation of four new
groundwater monitor wells (MW-18UA, MW-19UA, MW-20UA, and MW-21UA), analyses to
determine vertical migration potential of contaminants in groundwater, additional capture
analyses to refine the estimated extent of capture achieved by the GRS, two Pilot Tests to verify
maintained capture of affected groundwater after shutting down two extraction wells (EW-01UA
and EW-02UA), and feasibility analyses of enhancements to the soil vapor treatment system.
The development, approval, and implementation of these work efforts have resulted in frequent
meetings and Site visits with EPA and ADEQ personnel. The results of all of this work, both
completed and on-going have been provided to EPA in routine and special reports; including
frequent telephone, and electronic mail (e-mail) communication.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: Optimization of the remedial systems is an ongoing process. Whenever a potential
improvement is identified, a review process is conducted to consider the efficacy of any changes.
In the last five year period the GRS has been modified to install additional safety interlocks to
further minimize risk of a breakthrough in the event of a malfunction and completed a minor
reconfiguration of the air stripper intake to minimize risk of downtime due to moisture
accumulation. As a result, the efficiency and up-time of the groundwater pump and treat system
have improved and the need for call-out response to alarm or upset conditions has decreased.

For soil vapor, the HSC has successfully re-started and operated portions of the SVE system and
has extracted over 60-tons of VOCs from the vicinity of Pit 1. This re-start included a kick-off
field visit with EPA and ADEQ personnel to literally “flip the switch” in 2006. The new system
has used select wells from the prior SVE system, to focus vapor extraction in areas of the Site
where VOCs remain, and is using a significantly more effective off-gas treatment system. For



the first two years of restarted SVE operation a larger number of wells were used for extraction
over a broader area to capture the diffuse VOC vapor plume. Based on the much improved soil
vapor monitoring data, the approach was revised in late 2007 to focus on extraction of residual
mass and extract from wells located in and immediately around the VOC source areas, an
approach which continues today with additional on-going refinement. Further, the HSC has
recently proposed installing two additional dual completion SVE wells in the VOC source area to
further focus and increase the performance of the SVE remedy with the ultimate objective of
reaching the approved soil vapor performance standards in that last few remaining areas of the
vadose zone. It is anticipated that the new SVE wells will be installed and operational in the 3™
Quarter of 2011. The new SVE off-gas treatment unit installed in 2006, a
condensate/compression unit, has demonstrated significantly better uptime than the previous off-
gas treatment system (thermal oxidation) and is removing much larger quantities of mass per
time. In summary the SVE restarted in 2006 has been demonstrated to control and capture
VOC:s that diffused over time from the primary source area and has acted to remove significant
quantities of residual mass. The extraction wells operated as part of the SVE system have been
continually modified in response to progress that has been made.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: | am not aware of any changes in Site-related institutional controls, new ordinances in
place, complaints being filed or any unusual activities at the Site. In response to a series of
break-ins in mid-2008, the HSC instituted a nighttime security guard surveillance program that
seems to have successfully addressed the issue. There have not been any changes in actual or
projected land use on the Hassayampa Site. The Hickman’s Family Farms (HFF) egg production
facility, to the west of the Hassayampa Site, has undergone significant expansion and has
installed a new Unit B groundwater production well. The HSC performed an analysis of any
possible effects of the new HFF groundwater production well on the Hassayampa Site and
concluded there would be no effect. These results were reviewed with EPA and ADEQ and both
agencies concurred with the HSC’s analysis. Maricopa County has built and operates a
municipal solid waste (MSW) transfer facility approximately % mile west of the Site. The MSW
transfer station does not use groundwater, is not affected by the Hassayampa Site and exerts no
influence on the Hassayampa Site. A used tire shredding operation was proposed to be located
on a parcel approximately % to 1-mile west of the Hassayampa Site. Those plans have not
moved forward, and we are not aware of any plans in the foreseeable future to build the tire
shredding operation.

7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: The project appears to be on track with the remedy proceeding as anticipated,
however current EPA requirements entail strict scheduling of all O&M activities. More leeway
from EPA to adjust scheduling of minor O&M activities (collection of water levels, inspections,
setting of PDBs, etc.) would result in increased efficiency and lower maintenance costs. Our
preferred procedure would be to provide approximate dates of all Site work but be allowed to
reschedule minor activities as needed (For example, if we get an alarm 1 or 2 days prior to a scheduled



site visit, we’d like to perform that work early instead of making a second trip) and inform EPA after the
fact.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Mike Reardon, Senior Engineer
Organization/Company/Agency: Geosyntec Consultants

Address/Phone/E-Mail: 2100 Main St, Suite 150, Huntington Beach, CA 92648
(714) 969-0800 MReardon@Geosyntec.com

Site Name:  Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666

Date Interview Questionnaire Completed: May 19, 2011

1. What is your current role as it relates to the site? What is your overall impression of the
work conducted at the site to date? (General sentiment)

Response: | am the Project Manager for Geosyntec Consultants, a contractor to the Hassayampa
Steering Committee (HSC) the PRP group responsible for implementing the remedial action at
the Hassayampa Landfill Site.

To date, the work at the Hassayampa Site has successfully controlled any off-Site or down-
gradient migration of Site-related constituents and has removed a substantial quantity of VOC
mass from the vadose zone. The remedy at the Hassayampa Site has been operated and
maintained in a manner that has been and remains protective of human health and the
environment. In 2006 the HSC re-started and over the last five-years has operated the SVE
system to draw back the VOC soil gas plume while making significant progress in removing
residual VOC mass from the primary vadose zone VOC source area. Additional details
regarding work performed over the last 5-years to optimize the SVE and groundwater recovery
system (GRS) remedy components at the Hassayampa site are provided later in this response.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: During the last 5-years, no problems have been encountered at the Site that would
require any changes to the remedial design. The GRS and SVE remedy components combined
with security fencing, the flexible membrane liner cap and a robust monitoring network and
sampling program for all units of the vadose zone and groundwater have insured that the remedy
at the Hassayampa Site remains protective of human health and the environment.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?



Response: Since operation of the SVE system ceased in 1998, the soil vapor monitoring data for
the vadose zone above the basalt layer beneath the Hassayampa Site indicated an upward trend in
soil gas VOC concentrations in the vicinity of the Pit 1 area of the Hassayampa Site and the
overall size of the vapor plume. Largely based on these data, a portion of the SVE system was
restarted in March 2006. Since the re-start of the SVE system, the expanded soil vapor VOC
plume has been drawn back or captured and significant mass of VOCs have been removed from
the Pit 1 VOC source area (over 60-tons). While concentrations of soil vapor VOCs in vadose
zone areas outside of source areas have significantly declined over the past 5-years, more recent
declines in soil vapor VOC concentrations have been slower or somewhat limited in the source
area due to the residual VOC mass remaining in soil. Active vapor extraction is being conducted
in these areas which will result in eventual declines to soil vapor performance standards or
cleanup levels that were adopted by EPA as part of the 2009 ESD. As of the 1% Quarter of 2011,
soil vapor performance standards have been met almost entirely across the site and are only
exceeded at a few monitoring locations located in and adjacent to the Pit 1 area, the primary
VOC source for the Site.

The monitoring data indicates that the concentrations of VOCs in ground water within the upper
aquifer (Unit A) located just beneath the basalt layer have been trending upward in a number of
monitoring and ground water recovery wells within the capture zone of the ground water pump
and treat system; VOC concentrations at the monitoring points down-gradient of the capture
zone of the ground water pump and treat system have remained relatively constant.  These
increasing data tends in the Unit A aquifer are believed to be, primarily, a function of the
increased VOC concentrations in the overlying vadose zone. Therefore, the HSC’s continuation
of SVE operations should also serve to correct these trends over a longer term period.

The monitoring data indicates that the ground water quality of the lower aquifer (Unit B) located
just beneath the basalt layer and below Unit A has been and remains unaffected by Site-related
constituents both within the capture zone of the ground water pump and treat system and at all
monitoring points down-gradient of the capture zone of the ground water pump and treat system.
To date, VOCs have not been detected in ground water samples collected from the lower (Unit
B) aquifer.

No new chemicals of concern (COCs) have been identified in soil, soil gas or ground water.
However, additional groundwater testing of 1,4-dioxane was conducted in 2010 on samples
collected from two wells located in the VOC source area and of the influent to the GRS. 1,4-
dioxane was not detected in the samples from the GRS influent and from one of the source area
wells and was detected at a very low concentration of 1.5 ug/l in the other source area well.
These data indicate 1,4-dioxane is not a groundwater COC for the Site and provides additional,
support for the conceptual site model developed in 2007 that identified a limited potential for
liquid VOC source impacts to groundwater.

4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.



Response: | manage the SVE aspect of operation and maintenance of the remedy at the
Hassayampa Site as well as the ongoing work to review and evaluate the current conceptual
model for the Site. As a result, I am responsible for having the routine site inspections and
routine and non-routine maintenance items on the SVE system performed. The SVE remedy has
maintained consistent operational status over the past year as documented in the routine quarterly
and annual reports filed with both EPA and ADEQ.

Collectively, the contractors for the HSC conduct monthly site inspections in addition to
responding to any alarm conditions from the ground water pump & treat system and bi-weekly
inspection and O&M of the SVE system; quarterly ground water and semi-annual soil vapor
sampling, and other site-related inspection, maintenance and monitoring activities on an as
needed basis. Data from these visits and inspections are conveyed to EPA in the routine
quarterly reports or separate incident reports, as needed.

In addition to routine reporting, over the past 5-yrs we have also been meeting with EPA and
ADEQ personnel via face-to-face meetings and conference calls on a quarterly basis or more
frequently as needed. At each meeting presentations are given to the agencies on the work
completed and data collected each quarter.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: In 2004, the HSC changed O&M contractors. The new contractor has worked
diligently to optimize the ground water pump and treat system. As a result, the efficiency and
up-time of the ground water pump and treat system have improved and the need for call-out
response to alarm or upset conditions has decreased.

The HSC has been working with EPA and ADEQ to the maximize, to the extent practical,
applicability of efficacy of alternate ground water sample acquisition techniques, such as passive
diffusion bags. As a result sampling efficiency and, therefore, cost efficiencies to obtain ground
water samples have improved. The HSC believes that over time this will result in more
consistent ground water data.

For soil vapor, the HSC has successfully re-started and operated portions of the SVE system and
has extracted over 60-tons of VOCs from the vicinity of Pit 1. This re-start included a kick-off
field visit with EPA and ADEQ personnel to literally “flip the switch” in 2006. The new system
has used select wells from the prior SVE system, to focus vapor extraction in areas of the Site
where VOCs remain, and is using a significantly more effective off-gas treatment system. For
the first two years of restarted SVE operation a larger number of wells were used for extraction
over a broader area to capture the diffuse VOC vapor plume. Based on the much improved soil
vapor monitoring data, the approach was revised in late 2007 to focus on extraction of residual
mass and extract from wells located in and immediately around the VOC source areas, an
approach which continues today with additional on-going refinement. Further, the HSC has
recently proposed installing two additional dual completion SVE wells in the VOC source area to



further focus and increase the performance of the SVE remedy with the ultimate objective of
reaching the approved soil vapor performance standards in that last few remaining areas of the
vadose zone. It is anticipated that the new SVE wells will be installed and operational in the 3™
Quarter of 2011. The new SVE off-gas treatment unit installed in 2006, a
condensate/compression unit, has demonstrated significantly better uptime than the previous off-
gas treatment system (thermal oxidation) and is removing much larger quantities of mass per
time. In summary the SVE restarted in 2006 has been demonstrated to control and capture
VOCs that diffused over time from the primary source area and has acted to remove significant
quantities of residual mass. The extraction wells operated as part of the SVE system have been
continually modified in response to progress that has been made.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: | am not aware of any changes in Site-related institutional controls, new ordinances in
place, complaints being filed or any unusual activities at the Site. In response to a series of
break-ins in mid-2008, the HSC instituted a nighttime security guard surveillance program that
seems to have successfully addressed the issue. There have not been any changes in actual or
projected land use on the Hassayampa Site. The Hickman’s Family Farms (HFF) egg production
facility, to the west of the Hassayampa Site, has undergone significant expansion and has
installed a new Unit B groundwater production well. The HSC performed an analysis of any
possible effects of the new HFF groundwater production well on the Hassayampa Site and
concluded there would be no effect. These results were reviewed with EPA and ADEQ and both
agencies concurred with the HSC’s analysis. Maricopa County has built and operates a
municipal solid waste (MSW) transfer facility approximately ¥ mile west of the Site. The MSW
transfer station does not use groundwater, is not affected by the Hassayampa Site and exerts no
influence on the Hassayampa Site. A used tire shredding operation was proposed to be located
on a parcel approximately % to 1-mile west of the Hassayampa Site. Those plans have not
moved forward and the HSC is not aware of any plans in the foreseeable future to build the tire
shredding operation.

7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: No. The Site has been adequately characterized, has a sufficiently robust monitoring
network and the remedy components have eliminated or are controlling potential threats to
human health and the environment. The project appears to be on track with the remedy
proceeding as anticipated.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Hugh Rieck, Geologist

Organization/Company/Agency: US Army Corps of Engineers Environmental and Munitions
Center of Expertise

Address/Phone/E-Mail: 1616 Capitol Ave., Suite 9200, Omaha, NE 68102-9200, 402-697-
2660, hugh.j.rieck@usace.army.mil

Site Name: Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666
Date Interview Questionnaire Completed: 6/17/11

1. What is your current role as it relates to the site? What is your overall impression of
the work conducted at the site to date? (general sentiment)

Response: 1 am an Army Corps of Engineers team member providing technical support to US
EPA Region 9 in evaluating remedy performance and optimization potential for the site. While
employed by the Arizona Department of Environmental Quality from 2001 to 2006, | provided
oversight and technical support on the site to the State. Trends evident in site ground water data
in 2001 clearly indicated that SVE should be resumed at the site without delay, and prompted a
strong written recommendation from ADEQ to EPA in November 2001 to that effect. Soil vapor
had never been adequately characterized; however, it was apparent that the increasing VOC
concentrations and cross-gradient and upgradient spread of contamination in ground water were
at least in part a result of the uncontrolled spread of soil vapor. Ground water and soil vapor
monitoring and other data gathered between 2001 and 2006 compelled acceptance of a
significantly revised conceptual site model that led to resumption of soil vapor extraction.

Efforts since then have led to significant improvements in VOC contaminant containment and
mass removal, and improvement in characterization of the persistent residual sources of VOC
contaminants. As currently implemented, the ground water containment and soil vapor
extraction systems at the site are generally functioning as intended. However, data suggest that a
substantial mass of VOC contaminants remains, and that this residual source and associated
environmental liabilities will take many years to remediate under the current remedial
operations.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: More aggressive remedial technologies not included in the current ROD could be
implemented to accelerate site clean-up. Several modifications to the current remedy, and



suggestions to improve performance of the treatment systems, are identified in the five year
review report and appendices.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?

Response: Operation of the SVE system since 2006 has substantially reduced the extent and
concentrations of VOC contaminants in soil vapor outside the immediate source areas. In the
source areas, soil vapor concentrations appear to have stabilized at elevated levels. Despite the
very large mass of VOC contaminants removed in the extracted soil vapor, ground water
monitoring data within and downgradient from the source area generally show a persistent
ground water plume, with little if any consistent decline in concentrations. The stable VOC
concentrations in soil gas and ground water suggest that a steady-state equilibrium between mass
removal rates and transfer to dissolved and vapor phases from residual source material has been
approached. Under such conditions, achieving clean-up goals may be slow.

4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response: Yes. During the past year, the USACE team and has been in contact with EPA on a
regular basis. | have made one multi-day site visit as part of the Five-Year Review site
inspection in January, 2011, and have participated in five technical meetings with EPA and
others. The results of these site visits and meetings are incorporated into the five-year review
report.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: The operations of the SVE and ground water extraction systems have been
periodically optimized by the operators by adjusting the wells used for extraction (and in some
cases for passive air injection) and flow rates. Further significant optimization potential exists
that would speed cleanup, including more aggressive source treatment or at least enhancement of
vapor extraction below the basalt layer in the vicinity of Pit 1. Other optimization suggestions
are provided as an appendix to the five-year review report.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: No.



7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: Further details on the conclusions and recommendations for the site are provided in
the data analyses and optimization appendices of the five-year review report.



Hassayampa 2011 Five-Year Review Technical Interview Questionnaire

Interviewee/Title: Frank Van Alstine, Project Manager

Organization/Company/Agency: Innovative Technical Solutions, Environmental Protection
Agency Oversight Consultant

Address/Phone/E-Mail: 1501 West Fountainhead Parkway, Suite 350 Tempe, AZ 85282, 480-
706-6488 Ext. 3389, fvanalstine@itsi.com

Site Name: Hassayampa Landfill, Maricopa County, AZ
EPA ID No.: AZD980735666
Date Interview Questionnaire Completed: 6/21/11

1. What is your current role as it relates to the site? What is your overall impression of
the work conducted at the site to date? (general sentiment)

Response: | provide oversight and technical support to US EPA Region 9 regarding the
performance and optimization potential for the Site. | believe that the Hassayampa Steering
Committee (HSC) has successfully controlled off-site and/or downgradient migration of the
contaminants of concern as named in the ROD. The HSC has removed a significant mass of
contaminants in both the vadose zone and in the groundwater. However, a significant amount of
contaminants remain on-site, which will likely take longer to remove than the HSC anticipates.

2. Have any problems been encountered which required, or will require changes to this
remedial design or ROD?

Response: The remedy could be improved to accelerate attainment of site cleanup goals. There
are improvements that would be prudent related to the treatment systems. There seems to be
strong resistance on the HSC’s part regarding the initial investment in large capital costs that
would accelerate the site clean-up and in turn shorten the life span of the cleanup and ultimately
the overall cleanup costs.

3. What does the monitoring data show? Are there any trends that show contaminant
levels are decreasing? Have any new or emerging COCs been identified? If so, have
they impacted the effectiveness of the remedy?

Response: The monitoring data shows that the groundwater plume has remained fairly
consistent since at least 2006 with no significant downward trends. However, the vapor
contaminant cloud in the vadose zone has shrunken down to “hot spots™ at the Pit 1 and the
Special Pits area.


mailto:fvanalstine@itsi.com

4. Have there been routine communications or activities (site visits, inspections,
reporting activities, etc) conducted by your office regarding the site? If so please give
purpose and results.

Response: Yes, ITSI has provided oversight during the annual O&M of the groundwater
remediation system (GRS) unit, sampling of the vapor and groundwater monitor wells, oversight
of the soil vapor extraction (SVE) pressure testing and other site inspections. The results and
recommendations from these site visits have been documented in several technical
memorandums and in the current five-year review report.

5. Would you say that O&M and/or sampling efforts have been optimized? Please
describe how improved efficiency has or has not occurred.

Response: Operation of the remedial systems in their current configuration has been, for the
most part, optimized. However, improvements to the system can always be made. In addition,
alternative treatment technologies can also shorten the clean-up time of the Site contaminants of
concern. Other optimization suggestions are provided as an appendix to the five-year review
report.

6. Are you aware of any institutional controls, site access controls, new ordinances in
place, changes in actual or projected land use, complaints being filed or unusual
activities at the site? If so, please describe in detail.

Response: No.

7. Do you have any comments, suggestions, or recommendations regarding the site?

Response: Overall, | feel that the HSC is doing a good job maintaining the Site and controlling
off-site migration of the contaminants of concern. However, based on current analytical data it
appears that remediation of the Site will take longer than anticipated.



Hassayampa Landfill Superfund Site 2011 Five Year Review

Appendix H - List of Documents Reviewed



List of Documents Reviewed for the 2011 Five-Year Review

Date Document Title
1996-04-24 Groundwater Performance Standards Verification Plan
1996-08-29 Soil Vapor Performance Standards Verification Plan
2001-09-28 First Five Year Review Report
2005-07-14 Hassayampa Phase | Work Plan
2005-12-08 Hassayampa Revised Phase | Work Plan
2006-03-10 HSC 2005 HSC Annual Groundwater Monitoring Report
2006-05-11 HSC 1st Quarter 2006 Progress Report
2006-06-30 HSC 2nd Quarter 2006 Progress Report
2006-09-22 Second Five Year Review Report
2006-10-05 HSC 3rd Quarter 2006 Progress Report
2007-10-03 HSC 2006 Annual Groundwater Monitoring Report, Revision 1.0
2007-04-23 HSC 1st Quarter 2007 Progress Report
2007-07-07 HSC 2nd Quarter 2007 Progress Report
2007-10-05 HSC 3rd Quarter 2007 Progress Report
2007-10-17 Hassayampa Final Phase | Report
2008-03-16 HSC 2007 Annual Groundwater Monitoring Report
2008-04-07 HSC 1st Quarter 2008 Progress Report
2008-07-07 HSC 2nd Quarter 2008 Progress Report
2008-10-07 HSC 3rd Quarter 2008 Progress Report
2008-12-19 Groundwater Remediation System Optimization Report (HSC)
2009-01-16 HSC 2008 Annual Groundwater Monitoring Report
2009-01-23 Restarted Soil VVapor Extraction System Optimization and Closure Protocols (Geosyntech)
2009-02-17 EPA Approval of Continuation of SVE Pilot Test (EPA Letter)
2009-04-09 HSC 1st Quarter 2009 Progress Report
2009-06-02 Hassyampa Site Review of Solar Power Incentives in Arizona (HSC Letter)
2009-06-03 Proposed Site Pilot Test: 6-Month Shutdown of Extraction Wells EW-0!IUA and EW-02UA
2009-07-07 HSC 2nd Quarter 2009 Progress Report
2009-10-02 Summary of Soil Vapor Extraction Remedy Component (HSC Letter)
2009-10-09 HSC 3rd Quarter 2009 Progress Report
2010-01-27 HSC 2009 Annual Groundwater Monitoring Report
2010-03-29 Hassayampa GRS Optimization 6-Month Pilot Test Results & Request for Approval
2010-04-09 HSC 1st Quarter 2010 Progress Report
2010-07-12 HSC 2nd Quarter 2010 Progress Report
2010-10-08 HSC 3rd Quarter 2010 Progress Report
2011-01-31 HSC 2010 Annual Groundwater Monitoring Report
1992-07-10 Record of Decision Hassayampa Landfill Superfund Site
2009-12-23 Explanation of Significant Difference (ESD #1) to Record of Decision Hassayampa Landfill
1992-08-02 EPA Record of Decision Hassayampa Landfill Superfund Site
2008-04-01 Safety, Health, and Emergency Response Plan (Hargis and Associates)
2010-12-14 Consolidated Operations and Maintenance Manual VVolume |
2010-12-14 Consolidated Operations and Maintenance Manual Volume 11
2010-12-14 Consolidated Operations and Maintenance Manual Volume 11
2010-03-29 Draft Soil Vapor Performance Standards Verification Plan
2005-03-25 Estimation of Pneumatic Properties at Hassayampa Superfund Site
2010-06-22 Hassayampa Quality Assurance Project Plan
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Date: September 28, 2011

Subject: Hassayampa Landfill Superfund Site Remediation ARARs Evaluation
Contract/TO: EP-S9-08-03/002 ITSI DCN: 07163.0003.0055

1.0 INTRODUCTION

Remedial actions performed under the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) must be evaluated for meeting the applicable or relevant and appropriate
requirements (ARARS) under federal and state environmental laws. The identification of ARARS
provides a regulatory basis for conducting remedial actions. The ARARs for the Hassayampa
Landfill Superfund Site (the Site) are presented in this technical memorandum as part of the five
year review process (FYR). The FYR for the site is being conducted to meet the statutory mandate
established under CERCLA Section 121.

Section 121 of CERCLA requires that remedial actions resulting in any hazardous substances,
pollutants, or contaminants remaining at the site be subject to a FYR. Additionally the National Oil
and Hazardous Substances Pollution Contingency Plan (NCP) states “remedial actions that result in
any hazardous substances, pollutants, or contaminants remaining at the site above levels that allow
for unlimited use and unrestricted exposure be reviewed every five years to ensure protection of
human health and the environment.” The purpose of performing an ARARs review as part of the
FYR is to determine if the exposure assumptions, toxicity data, cleanup levels, and remedial actions
are still valid and to identify any additional information which has come to light that would call into
question the protectiveness of the remedy. As such, this technical memorandum (tech memo) lists
the initial set of ARARs used in development of the current remedies for the Site and any changes to
the initial ARARSs; identifies additional or new ARARSs that may apply to current remedial actions;
and identifies ARARs that may no longer be applicable to the Site.

When evaluating a regulation for a remedial action under CERCLA, it must first be determined if the
law is applicable. If it is not applicable, then a determination is made as to whether it is relevant and
appropriate. Only the substantive portions of a law or regulation are to be considered as potential
ARARs. Administrative requirements such as record keeping and permitting are not considered
ARARs. Once a requirement is determined to be an ARAR for a site, any remedial action selected
for that site must be in compliance with that requirement unless EPA requests and receives a waiver
to that specific rule or standard.
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ARARS consist of two sets of requirements: those that are applicable and those that are relevant and
appropriate.

Applicable

Applicable requirements are those substantive, mandatory environmental regulations or standards
that are developed under federal or state laws that specifically address contaminants or hazardous
substances and remedial actions at the site. Even if a requirement is not legally applicable, it may be
relevant and appropriate.

Relevant and Appropriate

Relevant and appropriate requirements are those substantive environmental regulations or standards
that are promulgated under federal or state laws that do not completely address site conditions, but
would involve problems or situations similar to those encountered at CERCLA sites. In some cases,
only a portion of a requirement is both relevant and appropriate. If a requirement is not both
relevant and appropriate, it is not an ARAR.

To Be Considered Criteria

Conditions may occur where ARARs may not be sufficient to protect human health or the
environment. Should these conditions exist, non-promulgated standards, criteria, guidance, and
advisories must be evaluated along with the selected ARARSs to help provide protective target
cleanup levels and to develop CERCLA remedies. These types of standards are commonly referred
to as “To Be Considered” (TBC) requirements and are not legally binding.

2.0  DISCUSSION of HASSAYAMPA LANDFILL ARARs

ARARs are divided into three categories:

o Chemical-specific ARARs: Chemical-specific ARARs are usually either health- or risk-
based numerical values or methodologies that establish the acceptable amount or
concentration of a chemical that may remain in or be discharged to the environment.
Regulatory health-based concentration limits in impacted media are typically set for each
regulated constituent. If a chemical is subject to more than one regulatory limit, the most
stringent will apply.

e Location-specific ARARs: Location-specific ARARs are those requirements that relate to
the geographical or physical location of the site or remedial action rather than the nature of
the contaminants or the proposed cleanup. These ARARSs are designed to protect and
preserve the physical environment (e.g., flood plains, endangered species and their habitat,
cultural resources), and minimize physical hazards.

o Action-specific ARARs: Action-specific ARARs are activity- or technology-based, and
control the specific processes or remedial activities being performed. Action-specific
ARARSs typically set performance or design standards that relate to the on-site handling,
treatment, and disposal of waste materials.

The discussion below is limited to those ARARs that are deemed applicable or relevant and
appropriate to the current groundwater treatment and soil venting treatment actions at the




DRAFT Technical Memorandum (continued) ITSI
Hassayampa Landfill Superfund Site ARARs Evaluation

Hassayampa Landfill. The ARARS for each category are identified as applicable in the tables
discussed in the following subsections.

2.1  Review of Existing ARARs Established in ROD

Table 1 summarizes the ARARs that were identified in the Hassayampa Landfill 1992 Record of
Decision (ROD). These ARARs were evaluated for relevance based on current site remedial
activities. Most of them remain applicable or relevant and appropriate.

2.2 Identification and Analysis of Potential Laws, Rules or Regulations for ARAR
Consideration

As part of the Five-year Review process an analysis was performed to determine whether there are
any newly promulgated or modified laws, rules or regulations that could affect the protectiveness of
the remedy selected for the Site.

Arizona Aquifer Water Quality Standards (AWQSs), AAC R18-11-406

Arizona AWQSs establish water quality standards for aquifers that are classified for drinking water
protected use. AWQSs would be the applicable standard for any contaminant where the AWQS
standard is more stringent than the associated federal Maximum Contaminant Limit (MCL) under
the Clean Water Act (CWA), or where AWQS regulates a contaminant that does not have a federal
MCL.

EPA’s 1992 ROD identified and evaluated 22 groundwater contaminants for consideration as
chemical specific ARARs. The identified cleanup standards were based on applicable MCLs. Five
of the groundwater contaminants did not have MCLs. Therefore, the ROD selected cleanup
standards based on the Arizona Health Based Guidance levels (HBGLs), which were identified as
TBCs. These five contaminants with HBGLSs as cleanup standards are: dichlordifluoromethane,
acetone, Freon 11, Freon 113, and methyl ethyl ketone. HBGLSs are no longer used as cleanup
standards in Arizona.

The 22 identified contaminants of concern were compared to both the MCLs and the AWQSs for
groundwater. The MCL standards and AWQS standards are the same for each of the identified
contaminants of concern. However, the AWQSs do not have established cleanup standards for the
five additional contaminants listed above with ROD cleanup standards based on HBGLs. Therefore,
the AWQS is not necessary to maintain the protectiveness of the remedy.

National Ambient Air Quality Standards (NAAQSs), 42 USC 7401

Title | of the Clean Air Act (CAA) requires EPA to publish NAAQSs or acceptable levels for criteria
pollutants. EPA requires each state to submit a State Implementation Plan (SIP) showing how
NAAQSs will be achieved or maintained. Air emissions generated from Site remedial activities will
be subject to the substantive provisions of the NAAQSs. These requirements may be applicable,
relevant and appropriate to the Site because they regulate air emissions from treatment systems, such
as the air stripper for the groundwater treatment system and the cryogenic treatment system and
carbon polishing unit for the soil vapor cryogenic treatment system. The CAA was included as an
applicable ARAR in the 1992 ROD. No newly promulgated or modified provisions of the CAA or
the SIP have been identified that call into question the protectiveness of the remedy.
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Arizona Revised Statutes (ARS) 45-696, Subsection I.

The Arizona Revised Statutes establishes rules for well drilling under the State of Arizona’s water
law. This statute states that a new well will not be approved that will likely cause the migration of
contaminated groundwater from a remedial action site to another well resulting in unreasonably
increasing damage to the owner of the well or persons using water from the well. This statute
requires the Arizona Department of Water Resources (ADWR) to review all Notices of Intent (NOI)
to drill within a one mile radius of the Site before approval to prevent installation of a new well that
could impact the on-going remedial action. ADWR coordinates with the Arizona Department of
Environmental Quality (ADEQ), who in turn coordinates with EPA, on this review.

The provision is implemented by ADWR at appropriate sites and does not require action by EPA to
ensure its implementation. This provision applies to installation of a well near the remedial site, but
does not affect protectiveness of the selected remedy.

3.0 RECOMMENDATIONS

This analysis of newly promulgated or modified requirements has not identified any ARARS or
potential ARARs that impact the protectiveness of the selected remedy.

40 REFERENCES

Environmental Protection Agency, 1992, Record of Decision, Hassayampa Landfill Superfund Site,
July.

ATTACHMENTS

Table 1: Applicable or Relevant and Appropriate Requirements Evaluation
Table 2: Potential Applicable or Relevant and Appropriate Requirements




TABLE 1
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS EVALUATION

Affect on

Amendment Date

Requirement | Citation Document Description : Comments
Protectiveness
Chemical-
Specific
The groundwater cleanup 40 CFR 141.161-July
standards that are used at the Site | 2007
40 Code of The updated to assess groundwater remediation
Federal drinking water effectiveness. The ADEQ Health-
EPA Maximum . . . . standards do not | Based Guidance Levels (HBGLS)
. Regulations Establishes National Primary . .
Contaminant 1992 ROD o affect the previously considered are no
(CFR), Drinking Water Standards : : .
Level (MCL) Chapter 1 Part protectiveness of | longer applicable. The Aquifer
141 P ' the remedy at the | Water Quality Standards are the
' Site. current Arizona regulations
applicable to the groundwater
remedial actions (See Table 2)
Location-Specific
16 United Prohibits federal actions from There have beer_1 No endangered or threatened 16 USC 1531 -NC
States Code o - . no changes to this - P
Endangered (USC) 1531 et modifying critical habitats or law that affect species have been identified at the
Species 1992 ROD jeopardizing the continued existence . Site. This requirement will only
seq., 50 CFR protectiveness of . .
Act Part 200 and of protected, endangered, or the selected be applicable if endangered
Part 402 threatened species. remedy species are found at the Site.
No archeological artifacts, human | 16 USC 469.36 — 1996
remains, or funerary objects were | amended reporting
National _ 16 USC 469, Prohibits destruction of The change in the Q|scovered at the S!te. However requirement
Archeological and - R law does not affect | if archeological artifacts, human
o 36, CFR Part 1992 ROD archeological and historical : . ;
Historical 65 resources by federal agencies protectiveness of | remains, or funerary objects are
Preservation Act y g ' the selected discovered during remedial
remedy. activities this requirement would
be applicable.
. . . The Site is not in the 100-year Exec. Order 11988 -NC
National Requires federal agencies to evaluate There have b floodplain of the H
Environmental actions it takes in floodplains to ere have been codplain of the Hassayampa
. 40 CFR 6 . . no changes to this | River, but may still be within the
Policy Act . avoid adverse impacts to - .
Appendix A, - L law that affect floodplain of the river. If any
(NEPA) . 1992 ROD floodplains. If facilities are . .
. (Executive - . protectiveness of | buildings or structures are placed
Floodplain constructed within a floodplain, L - -
Order 11988) the selected within the floodplain of the river,
Management measures must be taken to ensure . .
) remedy. this requirement would be
Procedures flood protection.

applicable.
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Affect on

Amendment Date

Requirement | Citation Document Description : Comments
Protectiveness
There have been | No activity is expected in the 16 USC 661 — 1958
This act requires coordination with no changes to this | vicinity of the Hassayampa River, | 40 CFR 6.302 - June,
Fish and Wildlife | 16 USC 661; 1992 ROD the U.S. Fish and Wildlife Service law that affect and the remedial action does not 1985
Coordination Act | 40 CFR 6.302 prior to any action that would alter a | protectiveness of | impact the river or its habitat.
body of water. the selected This requirement may not be a
remedy. current ARAR.
Executive There have been The landfill lies within the Exec. Order 91-06 of the
Order No. 91- Requires the Arizona Department of | no changes to this drainage of the Hassavampa governor’s office of
Protection of 06 of the Environmental Quality (ADEQ) to law that affect ainage ot the Hassayamp Arizona— NC
L , 1992 ROD ; . N . River, which is a riparian area
Riparian Areas governor’s consider protection of riparian areas protectiveness of . .
- - - ! according to Executive Order 91-
office of in its decision-making. the selected 06
Arizona remedy. '
Action-Specific
RCRA TSDF The chanaes in the 40 CFR Subparts AA and
standards for g Air strippers used at the site are BB, Oct., 2006
. 40 CFR . I~ law does not affect o
control of volatile Air Emission standards for process . classified as process vents. The
. Subparts AA 1992 ROD . protectiveness of o
organic vents and equipment leaks. standard also covers emissions
and BB the selected ;
compounds from equipment leaks.

(VOCs)

remedy.
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APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS EVALUATION

Affect on

Amendment Date

Requirement | Citation Document Description : Comments
Protectiveness
The original ROD ARARS stated MCAPCD Rule 210 -
that rule 210 requires VOC June, 2007
emission controls for remediation | MCAPCD Rule 320 —
sites where uncontrolled VOC air | July, 2003
emissions would exceed 3 pounds | MCAPCD Rule 330 —
Maricopa per day. The air emission June, 1996
Count prules Maricopa County legal emissions Maricopa County. | controls must have an overall
Control of VOCs | 210 3>2/O and requirements for gaseous website shows efficiency of at least 90%.
and daseous 330’, Ariz,ona 1992 ROD contaminants and VOC emission rules as amended. | Although these standards were
contgminants Rev,ise q limits in accordance with the Cannot compare to | stated in the original ARARS
Statutes (ARS) provisions of the Clean Air Act and rule as written in | discussion, Rule 210 does not
49-479 ARS 49-479. 1992. discuss emission standards. Rule
210 outlines the Title V
permitting process, which is not
applicable to Comprehensive
Environmental Response,
Compensation, and Liability Act
(CERCLA) remedial actions.
The policy identifies a need to EPA OSWER Directive
control VOC emissions from sites | 9355.0-28 - NC
There have been
: that exceed 15 pounds per day of
Control of L . . no changes to this ook
. . The directive provides guidance on total VOCs from air strippers and
emissions from air | EPA OSWER L . non-promulgated .
. o control of emissions from air other vented extraction systems.
strippers Directive 1992 ROD . : law that affect L X
- strippers at superfund sites. . Although this is a TBC regulation,
exceeding 3 9355.0-28 protectiveness of -
emissions from the vented
pounds/hour the selected -
remedy re_medlatlon systems do not and
' will not exceed 15 pounds per
day.
The original ARARs state that air | 40 CFR 264, Subpart X —
The change in the | stripping towers and soil vapor Sept., 2005
RCRA standards 40 CER 264 Treatment of hazardous waste units | law does not affect | extraction (SVE) units may be
for miscellaneous Subpart X ’ 1992 ROD not regulated elsewhere under protectiveness of | considered miscellaneous units.

units

RCRA.

the selected
remedy.

The statute, however, does not
specifically identify them as
miscellaneous units.




TABLE 1
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS EVALUATION

Requirement | Citation Document Description Affegt on Comments Amendment Date
Protectiveness
Updates to 42 USC 7401 — June
NAAQS do not 2010
have an effect on
the protectiveness Changes were made to
of the selected NAAQS in 2006, 2008
remedy as and 2010. Some may not
currently apply to the site. The
The law defines EPA’s tlt:g pel\?ginotfegﬁn:rne Only the substantive portions of iﬂlr:‘irzgiloox? dpedal'\[ﬁovgf fo or
Clean Air Act 42 USC 7401 1992 ROD responsibility to protect and improve . Title 1 and Title 111 may apply to he pri .Ilutants do
the nation’s air quality. gOﬂStrUCtIOI’I_OI’ CERCLA remedial actions. the primary pollut
ust-generating not apply to the site,
activities, However the standards
protectiveness for PM10 and PM 2.5
should be may apply for dust
evaluated in light generating activities such
of the SIP’s as drilling or excavating.
revised particulate
matter standards.
There have been 49 ARS 480 - NC
Instal_lation . . no changes that The substantive portion of the rule
permits to make 49 ARS 480 1992 ROD Addresses machinery alterations that affect is applicable for soil and

alterations to
machinery

may cause pollution.

protectiveness of
the selected
remedy.

groundwater treatment facilities.




TABLE 1
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS EVALUATION

Requirement | Citation Document Description Pr(f'\cggtﬁf/g:ess Comments Amendment Date
The June 2011 40 CFR 268, Subpart D —
amendment June ,2011
changes some of
the treatment
standards for
selected K, P and | Any wastes generated at the
Land Disposal _ U wastes. Hassg)_/ampa Site_that can be
Restrictions 40 CFR 268, 1992 ROD Establishes treatment standards for Howe\_/er current | classified as restrlctgd hazardous
(LDRs) Subpart D LDR wastes. Qperatlons_ atthe | waste Wpuld be gubject to the _
site do not include | substantive requirements of this
land disposal of | standard.
wastes so this
change does not
affect
protectiveness of
the remedy.
Requirements for .
capping and cap 40 CFR Landfill closure and post-closure I-zg\t]ve d%iznr?gtlgfzzgt LZ%?rlgr?]%ft:gfep;psg,]fg;lferig?re 40 CFR 265.310, Jan.,
maintenance of 265.310 and 1992 ROD care requirements for hazardous rotectiveness of | the hazardous waste portion of the 1992 and 265.117, July,
Hazardous Waste 265.117 waste landfills. P h q df'||p 2006
TSD Eacilities the remedy. Hassayampa Landfill.
Underground The change in the Although no permit is required for | 40 CFR 144-147 —
injection of 40 CER 144- Standards and requirements for law does not affect re-injection of treated Dec., 2010 - Applies to
treated 147 1992 ROD injection of treated groundwater into . groundwater on CERCLA sites, CO2 injection.
protectiveness of

groundwater (UIC
Permit)

an aquifer.

the remedy.

the substantive requirements of
the UIC program would apply.




TABLE 1
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS EVALUATION

Affect on

Amendment Date

Requirement | Citation Document Description : Comments
Protectiveness
Arizona Aquifer CERCLA remedial actions are 49 A.R.S 241-250 and
Protection Permit exempt from the permitting AAC R18-9-101 to R18-
(APP) requirements, but the substantive | 9-403 — Nov. 2005.
requirements of the APP program
would applicable. The main
substantive requirement is that the
The chanae in the site cannot cause or contribute to
49 AR.S 241- law does I‘?O'[ affect | 2 violation of an aquifer water
250, and AAC 1992 ROD Standards and requirements for rotectiveness of quality standard (AWQS). If an
R18-9-101 to discharges to an aquifer P AWQS is already exceeded at the
the selected . :
R18-9-403 time discharges began then the
remedy. .
discharges cannot cause a further
degradation of water quality
relative the pollutant. Since
AWQSs were in effect at the time
of the 1992 ROD, protectiveness
has not changed. (AWQSs have
the same standards as MCLSs)
Generation of contaminated drill 40 CFR, Part 260 —
cuttings during well installation October, 1998
will be subject to RCRA
RCRA Hazardous The change in the hazarcjous vya_ste requwemepts_ if
_ law does not affect | the soil exhibits a characteristic of
Waste 40 CFR, Part Hazardous remediation waste . ;
1992 ROD - protectiveness of | hazardous waste, or is
Management 260 management requirements. . A
the selected contaminated with listed
System.
remedy. hazardous wastes above
established hazardous waste
concentration levels. (RCRA
Contained-in Policy).
Revisions do not 40 CFR 265,
Groundwater 40 CFR 265, RQRA Groundwater monitoring affect The groundwater monitoring Subpart F - NC
L 1992 ROD requirements for owner operators of protectiveness of | requirements are relevant and
Monitoring Subpart F

disposal facilities and landfills.

the selected
remedy.

appropriate.




TABLE 1

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS EVALUATION

Affect on

Amendment Date

Requirement | Citation Document Description : Comments
Protectiveness
Soil, groundwater, or other 40 CFR 264.170 —
hazardous materials may be 264.179 — July, 2006
. containerized for a period of time
RCRA standards for storage, Revisions do not during well installation,
Use and 40 CFR . affect o .
handling, and management of - groundwater monitoring or site
management of 264.170 — 1992 ROD . . protectiveness of L
: containers containing hazardous remediation. The RCRA
containers 264.179 the selected - S
waste. requirements for containerization
remedy. X
may be applicable, or at least
relevant and appropriate, for
contaminated media.
NOTES:

AAC - Arizona Administrative Code
AWQS — Aquifer Water Quality Standards
CFR - Code of Federal Regulations

EPA — U.S. Environmental Protection Agency

MCL — Maximum Contaminant Level
SVE - soil vapor extraction
USC — United States Code

ADEQ - Arizona Department of Environmental Quality

COC - Contaminant of Concern

HBGL — Health-Based Guidance Levels

NEPA — National Environmental Policy Act

TSDF — treatment, storage, and disposal facility
VOC - volatile organic compound

ARS — Arizona Revised Statutes
CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act

CWA — Clean Water Act

LDR — Land Disposal Requirement
RCRA — Resource Conservation and Recovery Act

This Table reflects re-evaluation of the original 1992 ARARs List.




TABLE 2
POTENTIAL LAWS, RULES OR REGULATIONS FOR ARAR CONSIDERATION

Requirement

Citation

Description

Preliminary
Determination

Comments

Date Enacted/
Date Amendment

Chemical-Specific

Arizona Aquifer
Water Quality
Standards
(AWQSs)

Arizona
Administrative
Code (AAC)
R18-11-406

Establishes water quality standards for aquifers
that are classified for drinking water protected
use. AWQSs would be the applicable standard
for any contaminant where the AWQS standard
is more stringent than the associated Maximum
Contaminant Limit (MCL) standard, or where it
regulates a contaminant that does not have an
MCL.

Not Applicable

The AWQS standards are not
applicable. AWQSs would be
the applicable standard for any
contaminant where the AWQS
standard is more stringent than
the associated Maximum
Contaminant Limit (MCL)
standard, or where it regulates a
contaminant that does not have
an MCL. There are no newly
identified COCs at the Site, so
not necessary to maintain
protectiveness.

(AAC) R18-11-406
Enacted- Jan. 1990
Amended - May, 1994

Clean Water Act

40 CFR Part
100 — 149

The primary purpose of the Clean Water Act is
to restore and maintain the quality of surface
water by restricting discharges of all designated
pollutants.

Not Applicable

Potential discharges of
contaminants from the
Hassayampa Landfill that
impacts the Hassayampa River
would be subject to these
requirements. However, the
river is quite a distance from the
landfill, so not necessary to
maintain protectiveness.

40 CFR Part 100-149
Enacted - 1972
Amended — Dec. 1994

Location-Specific

National Historic
Preservation Act
(NHPA)

16 USC 470

Requires action to be taken to locate, identify,
evaluate, and protect cultural resources.

Not Applicable

No cultural resources were
discovered at the Site. However,
if cultural resources are
identified at the Site, this
requirement will be applicable.
Not needed now to maintain
protectiveness.

16 USC-470
Enacted — Oct. 1966
Amended - Dec., 2006




TABLE 2

POTENTIAL LAWS, RULES OR REGULATIONS FOR ARAR CONSIDERATION

Date Enacted/

. o . Preliminary
Requirement Citation Description Determination Comments Date Amendment
Action-Specific
42 USC 7401
Substantive provisions of this Enacted — 1990
requirement will apply to air Amended — Jung, 2010
emissions generated during site
National Ambient Title | of the CAA requires EPA to pub_lish remedial activi?ies or processes. | The standards are continuing to be
Air Quality NAAQSs or acceptab_le levels for criteria _ _ The CAA was included as an updated, althqugh some may not
Standards 42 USC 7401 pollutants. EPA requires each state to _submlt a Applicable AR_AR_under the 1992 ROD, apply tq the site. The_Jur_we 2010
(NAAQSS) State Implementation Plan (SIP) showing how which includes these NAAQS updat(_e is for sulfur dioxide. Most of
NAAQSs will be achieved or maintained. standards. Further evaluation is | the primary pollutants do not apply
needed if these amendments are | to the site, However the standards
necessary for maintaining the for PM10 and PM 2.5 may apply for
protectiveness of the remedy. dust generating activities such as
drilling or excavating.
With the landfill cover in place, | 40 CFR Part 258.61
the post-closure care Enacted — Oct. 1991
requirements for solid waste Amended - NC
. landfills are relevant and
iglr:gf}ll\llacsigsure ;’g;_glR Part Regulations establish post- closure care Relevant and appropriate, However the

Requirements

requirements of solid waste landfills.

Appropriate

maintenance requirements in the
updated O&M Plan meet the
substantive requirements of this
ARAR, so not necessary for
maintaining protectiveness.

NOTES:

AAC - Arizona Administrative Code
AWQS — Aquifer Water Quality Standard

CWA — Clean Water Act

TDSF — treatment, storage, and disposal facility

ADEQ - Arizona Department of Environmental Quality
CFR — Code of Federal Regulations

MCL — Maximum Contaminant Limit

USC — United States Code

ARS — Arizona Revised Statutes

COCs — Contaminants of Concern
RCRA — Resource Conservation and Recovery Act

Note: House Bill HB 2484 proposed in 2007 would have amended ARS 45-596. But have not been able to confirm if it was passed. The

language looks like the same language in the current statute.
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Technical Memorandum

To: Andria Benner, Remedial Project Manager, United States Environmental
Protection Agency, Region 9

From: Innovative Technical Solutions, Inc.

Date: September 8, 2011

Subject: Nitrates in Groundwater Evaluation, Hassayampa Superfund Site,
Maricopa County, Arizona

Contract/TO: EP-S9-08-03/0002 ITSI Project No: 07163.0003/0054

1.0 INTRODUCTION ANDBACKGROUND

Innovative Technical Solutions, Inc. (ITSI) has prepared this Technical Memorandum
summarizing the historical and current findings related to the presence of nitrate in the
groundwater at and in the vicinity of the Hassayampa Landfill Superfund Site (Site), Maricopa
County, Arizona on behalf of the United States Environmental Protection Agency (EPA) Region
9. ITSI conducted these activities under Remedial Action Contract (RAC) number EP-S9-08-03,
Task Order 0003.

1.1 SITELOCATION

The Site is a ten-acre former hazardous waste disposal area located within a large, closed
sanitary landfill that was operated by Maricopa County. It is located west of Phoenix in
Maricopa County, approximately ten miles west of Buckeye, Arizona.

The Site is located in a rural area, primarily used for agricultural purposes from the northeast to
the south-southwest, with desert areas from the northeast to the southeast of the Site. The
groundwater flow direction is generally from north-northeast to south-southwest in the regional
area. (See Figure 1, Map Showing Agricultural Land Use and Regional Groundwater Flow
Direction in the Vicinity of the Hassayampa Superfund Site).

1.2 SITE HISTORY

Landfill operations began at the Maricopa County Landfill in 1961, and disposal of municipal
wastes ceased in June 1997. The disposal of liquid and solid hazardous wastes in the ten-acre
hazardous waste disposal area only occurred during an 18-month period from April 1979 to

Global Infrastructure Environmental Design-Build
1501 West Fountainhead Parkway, Suite 350 (480) 706-6488
Tempe, AZ 85282 fax (480) 704-2952
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October 1980. The disposal pits were covered with native soil and restored to grade in 1980.
However, these disposal practices resulted in contamination of both the underlying soils and
groundwater. It is this hazardous waste disposal area that was designated as a Superfund Site on
the National Priorities List (NPL) in July 1987. The Site was discovered and investigated in the
early and mid-1980s after the Arizona Department of Health Services (ADHS) discovered
volatile organic compounds (VOCs) in groundwater monitoring wells that were installed at the
landfill.

In 1992, EPA signed a Record of Decision (ROD) for the Site that selected a Site remedy
requiring treatment of the contaminated groundwater and of the contaminated soil vapor near the
disposal pits where liquid wastes were disposed. Although nitrate was identified in the
groundwater at and near the Site at the time of the ROD, it was not identified as a contaminant of
concern (COC). The ROD identified the following VOCs as the primary COCs: trichloroethene
(TCE), 1,1-dichloroethene (1,1-DCE), 1,2-dichloroethene (1,2-DCE), tetrachloroethene (PCE),
1,1,1-trichloroethane (1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), 1,2-dichloropropane (1,2-
DCP), trichlorotrifluoroethane (Freon 113), trichlorofluoromethane (Freon 11), and toluene.

During the intervening years, the Hassayampa Steering Committee (HSC) has been responsible
for the implementation, and operation and maintenance (O&M) of the remedy. As part of the
on-going O&M of the remedies, the HSC is responsible for monitoring the groundwater at the
Site in both an upper unit (Unit A) and a lower unit (Unit B). These two units are separated in
most of the hazardous waste disposal area by an underlying basalt layer at an approximate depth
of 60 feet below ground surface (bgs).

Ongoing remediation activities at the Site include a soil vapor extraction (SVE) and treatment
system for the contaminated soil vapor and a groundwater remediation system (GRS). The SVE
system includes SVE wells, a SVE treatment system, and associated equipment to treat extracted
soil vapor. The GRS consists of two groundwater extraction wells (previously four wells)
screened in Unit A, an air stripper and associated equipment to remove VOCs from the extracted
groundwater, and one injection well screened in Unit B. Since the GRS treats only VOCs and
not inorganics, analyte concentrations for nitrate are detected in the effluent at concentrations
similar to those detected in the influent (13 mg/L to 15 mg/L).
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2.0 NITRATESIN GROUNDWATER

The following subsections discuss historical and current nitrate contamination at and around the
Site.

2.1 HISTORICAL REGIONAL NITRATE CONTAMINATION IN AGRICULTURAL
WELLS

Historically, from the 1970s to the present, nitrate has been detected in the groundwater at
concentrations greater than the federal maximum contaminant limit (MCL) of 10 mg/L in large
areas of the western Salt River Valley, located within a five-mile radius north and east of the
Site. Nitrate contamination due to agricultural use has been documented in these rural areas
since the 1970s. (See Figure 2, Location of Regional Groundwater Agricultural and ADEQ
Supply Wells with Historical Detections of Nitrate and Table 1, Summary of Historical Nitrate
Data from Regional Agricultural, Domestic, and ADE Q Supply Wells Within a Five-Mile Radius
of the Sité). Several nitrate studies have been completed during the 1980s and 1990s on the
distribution of nitrate in the vicinity of the Site, as described below.

In 1997, in order to better manage groundwater in the West Salt River Valley affected by
nitrates, statistical analyses were conducted to establish the best statistical method to better
estimate nitrate concentrations. A study, conducted by A.E. Long, James G. Brown, and D.J.
Gellenbeck (Long et al, 1997), used groundwater data from 1975-1977, 1980-1985, and 1986-
1990 to analyze spatial and temporal variations in nitrate concentrations in groundwater. These
analyses were used to produce maps of the West Salt River Valley representing the nitrate
distribution in groundwater. The study noted nitrate concentrations exceeded the MCL in the
Buckeye Valley in a 300 square kilometer (km?) area during the period of 1980-1985 and in a
220 km” area from 1986 through 1990. The study stated that the decrease in nitrate
concentrations over time was due to recharge from the Gila River in the early 1980s or an artifact
of the different data distributions associated with each data set.

In 1994, the U.S. Geological Survey (USGS), in cooperation with the Arizona Department of
Environmental Quality (ADEQ), conducted a study to gain a better understanding of nitrate in
groundwater in the Western Salt River Valley near Phoenix, Arizona (Gellenbeck, D.J., 1994).
Four sources of nitrates that were studied included dairies and feedlots, sewage-treatment plants,
areas of agricultural activities, and areas of naturally occurring nitrate. To identify nitrate
sources, end members representing the four studied sources were analyzed for chemical and
isotopic constituents and then compared with compositions in groundwater. Identification
techniques were successful for some nitrate sources. However, because of the high levels of
naturally occurring nitrate in the Western Salt River Valley (in which the Site is located), the
source of the nitrate was difficult to differentiate between man-made and naturally-occurring
sources. The study concluded that much of the groundwater in the study area was affected by
nitrate from natural sources (Gellenbeck, D.J., 1994).
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Two additional maps were reviewed to acquire additional nitrate and groundwater flow
information in the vicinity of the Site. The first map, Hydrogeology of the Western Part of the
Salt River Valley Area, Maricopa County, Arizona, by James G. Brown and D.R. Pool, included
Figure 14 that presented fluoride and nitrate concentrations in water from selected wells from
1980 to 1985. This figure presents nitrate concentrations from wells located east of the site
ranging from 2.7 mg/L to 27 mg/L, but generally over 20 mg/L. (See Figure 3, Location of
Regional Wells with Fluoride and Nitrate, 1980-1985).

The second map, Maps Showing Groundwater Conditions in the Hassayampa Sub-Basin of the
Phoenix Active Management Area, Maricopa and Yavapai County, Arizona, 1982, by M.R.
Long, does not focus on the high nitrate concentrations, but rather on specific conductance and
the high fluoride concentrations found in the sub-basin. The map also indicated a southerly
groundwater flow direction in the vicinity of the Site based on 1982 conditions.

Historical regional nitrate data show that a wide range of nitrate concentrations above the federal
MCL (ranging from 10 mg/L to 50 mg/L) have been detected both at and near the Site, as well as
in more distant water supply wells. (See Figure 2, Location of Regional Groundwater
Agricultural Wells and ADEQ Supply Wells with Historical Detections of Nitrate, and Table 1,
Summary of Historical Nitrate Data in Regional Agricultural, Domestic, and ADEQ Supply
Wells within a Five-Mile Radius of the Site).

22  HISTORICAL REGIONAL NITRATE CONTAMINATION INDOMESTIC
WATER SUPPLY WELLS

During the mid-1980s, when the Site was initially investigated and proposed for the NPL, an
inventory of domestic water supply wells within the vicinity of the Site was prepared. The
nitrate data from three domestic supply wells located a significant distance from the Site, Bean
Well, Sunrise Water Company Well, and Caratachea Well, were compiled for the period of 1976
to 1982. (See Figure 4, Location of Regional Groundwater Domestic Supply Wells with
Historical Detections of Nitrate). Nitrate concentrations were detected above the federal MCL
from 13.1 mg/L in 1980 in the Bean Well and Caratachea Well to 21.8 mg/L in 1982 in the Bean
Well. (See Table 1, Summary of Historical Nitrate Data in Regional Agricultural, Domestic,
and ADEQ Supply Wells Within a Five-Mile Radius of the Site). Consequently, the wide-spread
nitrate contamination in the regional area had already created impacts in the vicinity of the Site
prior to or at the time of the original disposal of liquid and solid wastes at the Site.

23 CURRENT REGIONAL NITRATE CONTAMINATION

Comparing historical aerial photographs, the regional agricultural use has had minimal or no
major changes since the 1960s and 1970s. While nitrate data were collected and studied during
the 1980s and 1990s (primarily by the USGS), minimal current regional nitrate data were located
for the period of this five year review (2006 to present).
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24  HISTORICALSITE NITRATE CONTAMINATION

In February 1991, Volume I/ of the Remedial Investigation (R/) Report, prepared by Errol L.
Montgomery, identified manifests from both Sperry Rand and F & B Manufacturing Co. that
reported disposal of nitric acid and/or nitrate at the Site. (See Attachment A, Summary of
Hazardous Waste Manifests by Bureau of Waste Control, 1980).

In October 1991, Errol L. Montgomery discussed nitrate at the Site in an investigative report,
Results of Supplemental Work for the Former Hazardous Waste Disposal Area at the
Hassayampa Landfill. The report summarized that the nitrate data from Unit A and Unit B at the
Site is at agricultural background levels, as follows:

"Nitrate is the only common inorganic constituent analyzed for which concentrations
detected for monitor wells exceeded an EPA primary maximum contaminant level (MCL) for
drinking water. The EPA MCL for nitrate (as nitrogen) is 10.0 milligrams per liter (mg/l).
For the paired Unit A and Unit B monitor wells, concentrations of nitrate detected in
groundwater samples obtained during the first half of 1991 were larger for the Unit B well
than the Unit A well at five of the seven paired sites. For the entire monitor well network,
concentrations of nitrate ranged from 2.2 to 38 mg/I for the 10 Unit A wells and ranged from
9.7 to 25 my/I for the seven Unit B wells, average concentration was 11 mg/I for Unit A wells
and 16 mg/l for Unit B wells. The Landfill lies in an area that is transitional in water quality
from the intensely cultivated areas north and east from the Landfill to desert areas west from
the Landfill. The nitrate concentrations detected for the Unit A and Unit B monitor wells are
not unusual for nitrate in groundwater in the area, and are not believed to result from
hazardous waste disposed at the hazardous waste area. "

The historical Site data show that a wide range of nitrate concentrations above the federal MCL
(ranging from 10 mg/L to 30 mg/L) have been detected in both Unit A and Unit B in the
immediate Hassayampa Superfund Site monitoring well network.

In October 2007, the Phase I Report, prepared by Geosyntec and Hargis and Associates on behalf
of the HSC, stated that “Reportedly, cesspool and septic tank wastes were disposed of in Pit A,”
another possible source of nitrate at the Site.

Unit A

During the period of 1988 to 1992, most of the Unit A groundwater monitoring wells located in
the immediate proximity to the disposal pits (MW-01UA through MW-07UA) were sampled at
least annually for nitrate. During this period, two on-site wells (MW-06UA and MW-07UA) had
nitrate concentrations below the MCL, while nitrate was detected above the MCL (ranging from
2.4 mg/L to 38.2 mg/L) in the remaining wells in and near the disposal pits. Samples collected
during the period of 1988 to 2004 from some wells located side-gradient to the disposal pits in
the immediate vicinity of the Site (MW-05UA, -12UA, -16UA) detected higher concentrations of
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nitrate (ranging from 7.5 mg/L to 49 mg/L) than those immediately on-site. Historically, the
further downgradient monitoring wells located along the Buckeye-Salome Highway (MW-
08UA, -09UA, -10UA), sampled for nitrate during the period of 1988 to the present, have had
nitrate concentrations ranging from 2.5 mg/L to 67 mg/L, with concentrations consistently below
the MCL (ranging from 3.5 mg/L to 8.30 mg/L) only in MW-09UA.

Unit B

Historically, the Unit B groundwater wells (MW-01UB, -02UB, -03UB, -04UB, -06UB, -09UB,
-10UB, -15UB) have also contained nitrate. The nitrate generally exceeded the MCL (up to 16.3
mg/L in MW-03UB) in Unit B wells located near the disposal pits (MW-01UB through MW-
04UB, and MW-06UB) during the period of 1988 to 1992, when routine nitrate sampling was
conducted for most of these wells. Similar to the results from the Unit A monitoring wells
located further downgradient along the Buckeye-Salome Highway, the Unit B groundwater
monitoring wells in similar locations have had nitrate concentrations exceeding the MCL.
Historically, Unit B groundwater monitoring wells (MW-09UB and MW-10UB) that were
sampled in 1991-1992 had nitrate concentrations ranging from 19 mg/L to 27 mg/L.

25 CURRENTSITENITRATE CONTAMINATION

During the current five-year review period (2006 to present), sampling and analysis for nitrate
has been conducted of both the Unit A and Unit B groundwater monitoring wells and the effluent
that is discharged from the GRS. However, only a limited number of the wells in the
Hassayampa monitoring well network have been sampled for nitrate in recent years. While all
the site wells were sampled for nitrate during the 1988 through 1992 period, currently only four
monitoring wells in Unit A and one monitoring well in Unit B have continuously been sampled
for nitrate, in addition to the GRS effluent. A review of the 2070 Annual Monitoring Report
prepared by Hargis and Associates and Geosyntec was conducted to assess current nitrate
concentrations in groundwater. (See Figure 5, Location of Unit A Groundwater Monitoring
Wells at the Hassayampa Superfund Site, and Figure 6, Location of Unit B Groundwater
Monitoring Wells at the Hassayampa Superfund Site).

Unit A

The 2070 Annual Monitoring Report presented nitrate concentration data in Unit A at the Site for
one upgradient monitoring well, MW-11U, and three downgradient monitoring wells, MW-
08UA, MW-09UA, and MW-10UA. Water quality results reported in the 2070 Annual
Monitoring Report were from April and October 2009 and April and October 2010. MW-11UA
is located outside the influence of wastes in the former hazardous waste disposal area and has
been sampled for nitrate from 1993 to the present. The results for 2009 and 2010 identified
nitrate below the federal MCL of 10 mg/L at a range of 3.5 mg/L to 4.1 mg/L. (See Figure 7A,
Unit A Nitrate Hydrographs for Each Unit A Well, MW-01UA-MW-06UA). Similar to nitrate
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data collected in the 1990s and earlier 2000s, 2009, and 2010, nitrate concentrations in
downgradient Unit A monitoring wells along the Buckeye-Salome Highway generally were
above the MCL. The 2009-2010 concentrations ranged from 16 mg/L to 18 mg/L in MW-08UA,
5.1 mg/L to 7.4 mg/L in MW-09UA, and 28 mg/L to 30 mg/L in MW-10UA. (See Figure 7B,
Unit A Nitrate Hydrographs for Each Unit A Well, MW-07UA-MW-13UA). During 2009 and
2010, current concentrations of nitrate in the on-site Unit A wells located closer to the disposal
pits (MW-01UA, -02UA, -03UA, -04UA, -06UA, -07UA, and -14UA) are unknown, as these
wells have not been sampled for nitrate since 1992. Only one well sampled in the immediate
disposal area during the Five-Year Review period, Unit A well MW-19UA, detected nitrate
above the MCL at 15 mg/L. The Unit A nitrate data are presented as Table 2, Summary of
Historical and Current Nitrate Data for Unit A and Unit B Monitoring Wells for the
Hassayampa Landfill Superfund Site.

Unit B

More recently, only downgradient well MW-15UB located directly downgradient from the
injection well (IW-01UB) has been routinely sampled (1993 to the present) for nitrate. The
nitrate concentrations in this well have gradually increased from a low of 4.1 mg/L in 1993 to 11
mg/L in 2006, the beginning date for this Five-Year Review. During the period of 2006 through
2010, the nitrate in MW-15UB has exceeded the MCL, in concentrations ranging from 11 mg/L
to 12 mg/L. (See Figure 6, Location of Unit B Groundwater Monitoring Wells at the
Hassayampa Superfund Site and Table 2, Summary of Historical and Current Nitrate Data for
Unit A and Unit B Monitoring Wells for the Hassayampa Landfill Superfund Site). The
analytical laboratory results for samples of the air stripper treatment system effluent show nitrate
concentrations of 16 mg/L in both October 2009 and October 2010, exceeding the federal MCL
of 10 mg/L. The effluent nitrate concentrations in the treated groundwater that is reinjected at
the Site have ranged from 15 mg/L to 17 mg/L since 1996. (See Figure 8, Unit B - Composite
Hydrograph of Nitrate in Unit B Monitoring Wells and Figure 9, Unit B— Nitrate Hydrographs
for Each Unit B Well).

The screen intervals in the Unit B injection well (IW-01UB) and in MW-15UB are both
approximately 160 feet bgs, most likely resulting in significant dilution of the nitrate
concentrations. MW-15UB is the only Unit B monitoring well that was sampled and analyzed
for nitrate in 2009 and 2010. There are seven other Unit B monitoring wells that could be
sampled for nitrate, but they were not sampled in 2010. Additional nitrate sampling and data
evaluation are needed to document that groundwater nitrate concentrations are similar to
historical and current background levels and continue to attenuate in the aquifer.

26 POTENTIAL MIGRATION OF NITRATE

Groundwater in Unit A travels quite slowly, approximately a few tens of feet per year.
Groundwater velocities in Unit B are higher, perhaps ten times faster (approximately 200 feet per
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year). (See Appendix D, RSE Optimization, Section 4.2.2 (page 15) and Section 4.3 (page 16).)

It should be noted that the small volume of water with untreated nitrate that is being injected into
Unit B represents a very small portion of the flow through Unit B near the Site and would also
represent a very small fraction of the water pumped by a production well. For example, the 3.5-4
gallons per minute would represent approximately 0.5 percent of the total water produced by a
production well pumping 350 gallons per minute and any excess nitrate in that 3.5-4 gallons per
minute would be diluted by a factor of approximately 100X. In the short term, the nitrate present
in both the Unit A and Unit B aquifers at the Site is moving at such a slow or diluted rate that it
does not pose a risk to public health or welfare. The nearest downgradient receptors are the
Hickman Egg Farm wells located approximately one mile downgradient. In addition, due to the
very wide screen interval on the injection well, the nitrate is being widely dispersed and diluted
in Unit B. If one assumes there is no dilution (which is not the case), it would take an estimated
20 years for the contamination to reach these wells. However, the continued reinjection of
untreated nitrate may be an issue in the future for long-term protectiveness in the downgradient
potable water supply wells.

Page 8 of 14



Nitrates in Groundwater Evaluation Technical Memorandum (continued) ITSI
Hassayampa Superfund Site

3.0 ADMINISTRATIVE RECORD ON NITRATE

31 1992 RECORD OF DECISION

At the time of the EPA 1992 ROD, nitrate was identified at and in the vicinity of the Site at
concentrations above the federal MCL. However, based on the conclusions of the 1991 RI
Report and subsequent investigation reports prepared by Errol L. Montgomery, the 1992 ROD
concluded that because of the evidence of widespread nitrate contamination in the regional area
due to agricultural use: “chemicals that were judged to be present at background concentrations
were eliminated from further evaluation”. Thus, nitrate was not included as a COC in the ROD.

3.2 2001 FIRST FIVE-YEAR REVIEW

The 2001 First Five-Year Review Report did not identify or discuss the nitrate data for the Site,
although the attached hydrographs indicate that nitrate was detected at levels above the federal
MCL during the preceding five-year review period of 1996 through 2001.

3.3 2006 SECOND FIVE-YEAR REVIEW

The Second Five-Year Review Report prepared for the EPA by CH2M HILL (CH2M HILL,
2006) included a technical memorandum that discussed the Applicable or Relevant and
Appropriate Requirements (ARARs) Evaluation for the Site (Appendix F of the Five-Year
Review, ARARs Review). The memorandum noted that the EPA approved reinjection of the
treated water from the GRS with nitrate concentrations above the federal MCL of 10 mg/L into
Unit B. It specifically stated:

“As stated at section 104(a) (3), CERCLA remedial actions do not provide direct remediation
for naturally occurring substances where the substances are naturally found. Furthermore,
assuming that the nitrates are not naturally occurring, because they may be the result of
agricultural discharges, re-injection of Unit A groundwater to Unit B does not further
degrade the quality of the aquifer and meets the requirements of Underground Injection
Control (UIC) Program under Part C of the Safe Drinking Water Act”

The CH2M HILL technical memorandum made the following observations regarding Arizona
aquifer protection program requirements:

" The Arizona Aquifer Protection Permit Program (AAC, Title 18, Chapter 9, Article 1) was
reviewed with regard to the re-injection of treated groundwater in the drinking water aquifer
at the site. This program is composed of several permits required for compliance, but
CERCLA response actions generally are not subject to procedural permit requirements, as
stated at 42 USC Section 9621(¢). Therefore, the permit program is not an ARAR or TBC.
However, the site is required to comply with the substantive requirements of the program.
The review of action-specific ARARS indicates that the injected water from the Groundwater
Remediation System (GRS) does not meet MCLs for nitrates. Re-injection was approved by
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EPA because investigations conducted by Hassayampa Steering Committee (HSC) during the
Remedial Investigation (Rl) indicated that nitrate concentrations in Unit B exceeded those in
the Unit A groundwater at five of seven paired wells sampled at the time. Reportedly, nitrate
concentrations, detected in Unit A and B monitoring wells, are not unusual in groundwater
in the Hassayampa regional area, and were not considered to be the result of waste disposal

)

operations at the site.’

The memorandum concluded that:

“The general groundwater quality should not prohibit injecting Unit A groundwater into
Unit B. Laboratory results indicate that chloride, sulfate, nitrate, and total dissolved solids
in Unit B were higher than most of the sampled locations in Unit A. Injecting Unit A
groundwater into Unit B would not further degrade groundwater at the point of compliance
and therefore complies with the substantive requirements of the Arizona Aquifer Protection

Permit Program.”

The Second Five-Year Review did not make any recommendations for any further actions.
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40 RECOMMENDATIONS

To document the nitrate findings for this and future Five-Year Reviews, additional and more
frequent sampling is recommended for nitrate at the Site. Currently there is insufficient data to
make a determination as to whether there is or is not a negative impact on water quality in both
Unit A and Unit B due to releases of nitrate from the Site.

Nitrate Sampling

Increased sampling of more wells in both Unit A and Unit B is recommended to provide
sufficient current data to document that the groundwater quality is not being impacted by nitrate
released from the Site. The wells to be considered for sampling are the following:

e Unit A: MW-01UA through MW-14UA, MW-16UA through MW-19UA, and MW-21
UA

e Unit B: MW-01UB, -02UB, -03UB, -04UB, -06UB, -09UB, -10UB, and -15UB

In particular, sampling for nitrate should be expanded to include all wells in Unit A and Unit B at
a minimum every five years to support the Five-Year Review process. In addition, to develop a
sufficient database, a subset of selected wells should be sampled from each Unit annually.
Samples also should be collected from the Unit A upgradient well at the Site, and the effluent on
an annual basis. To document that there is no negative impact to the drinking water aquifer (Unit
B), it is also recommended that a Unit B upgradient well be installed.

Isotopic Analysis

Although the monitoring data indicate that the Site may be one of several sources of nitrate,
isotopic analysis is recommended to confirm or refute this finding. The nitrogen (8'°N-NOs)
and oxygen (8'°0-NO3) isotopic compositions of nitrate could be used to identify the sources of
nitrate in groundwater at the Site. Several potential sources likely exist at the Site: waste nitric
acid from the landfill, cesspool and septic wastes, and natural nitrate (decomposed vegetation or
nitrogen fixed by bacteria associated with desert legumes). These sources likely have different
isotopic compositions (8'°N and §'*0), which will render isotope a useful tool in tracing the
sources of the nitrate.

Upon evaluation of the isotopic compositions, nitrate sampling may be recommended at
additional selected monitoring wells at the Site. The purpose of this increased monitoring would
be to document that the nitrate conditions are not changing at the Site and to enable a
determination of the impact of any nitrate contributions from the Site to Unit A and Unit B,
including the impact of reinjection of GRS treated water on the Unit B drinking water aquifer.
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50 CONCLUSIONS

Based on a review of recent nitrate data during the period of 2006 to the present, the Site nitrate
conditions are similar to prior findings — nitrate continues to be present at the Site at levels above
the federal MCLs. There also is continuing nitrate contamination in the regional aquifer due to
widespread agricultural use. However, almost 20 years later, based on the limited quantity and
frequency of nitrate sampling now conducted, the current data suggests that nitrate is also
coming from the Site, not just from an outside regional source. The upgradient Unit A monitor
well at the Site contains nitrate at levels below the federal MCL or drinking water standard of 10
mg/L. Nitrate samples collected from the on-Site wells and downgradient wells show nitrate at
the same concentrations above the MCL (13 mg/L-15 mg/L). The source of the increasing Unit
B nitrate contamination in the vicinity of the Site appears to be the reinjection of the effluent
injected into the Unit B aquifer that has not been treated for nitrate. Nitrate concentrations in a
downgradient Unit B monitoring well (MW-15UB) have slightly increased from 10 mg/L in
2005 to 11 mg/L and 12 mg/L in 2007 through 2010. Previously, during the period of 1993 to
2004, the nitrate concentrations in MW-15UB were below the MCL. This may not be an issue in
the short-term because of the slow groundwater flow. However, it may be an issue in the future
for long-term protectiveness in downgradient potable water supply wells.

Page 12 of 14



Nitrates in Groundwater Evaluation Technical Memorandum (continued) ITSI
Hassayampa Superfund Site

6.0 REFERENCES

Brown, James G. and D.R. Pool, 1989. Hydrogeology of the Western Part of the Salt River
Valley Area, Maricopa County, Arizona. U.S. Geological Survey Water-Resources
Investigations Report 88-4202.

CH2M HILL, 2006. Second 5-Year Review Report for Hassayampa Landfill Superfund Site,
Maricopa County, Arizona. September.

Errol L. Montgomery & Associates, Inc., 1991. Final RI Report, Volumes I and II, February 7.

Gellenbeck, D.J., 1994. Isotopic Compositions and Sources of Nitrate in Ground Water from
Western Salt River Valley, Arizona. U.S. Geological Survey, Water-Resources Investigations
Report 94-4063.

Graf, Charles G., 1985. Hassayampa Landfill Site Inspection Report, May 1.

Hargis and Associates and Geosyntec consultants, 2007. Phase I Report, Hassayampa Superfund
Site, Maricopa County, Arizona. October.

Hargis and Associates and Geosyntec consultants, 2011. 2010 Annual Monitoring Report,
Hassayampa Landfill EPA Superfund Site, Maricopa County, Arizona. January.

Long, A.E., James G. Brown, and D.J. Gellenbeck, 1997. Statistical Analysis of Nitrate in
Ground Water, West Salt River Valley, Arizona. U.S. Geological Survey, Water-Resources
Investigations Report 97-4185 and Arizona Department of Environmental Quality Open-File
Report 97-16.

Long, M. R., 1983. Maps Showing Groundwater Conditions in the Hassayampa Sub-Basin of
the Phoenix Active Management Area, Maricopa and Yavapai Counties, Arizona—1982.
Department of Water Resources Hydrologic Series Report Number 10. June.

Tables

Table 1 Summary of Historical Nitrate Data from Regional Agricultural, Domestic, and ADEQ
Supply Wells Within a Five Mile Radius of the Site

Table 2 Summary of Historical and Current Nitrate Data for Unit A and Unit B Monitoring
Wells for the Hassayampa Landfill Superfund Site

Page 13 of 14



Nitrates in Groundwater Evaluation Technical Memorandum (continued) ITSI
Hassayampa Superfund Site

Figures

Figure 1 Map Showing Agricultural Land Use and Regional Groundwater Flow Direction in the
Vicinity of the Hassayampa Superfund Site

Figure 2 Location of Regional Groundwater Agricultural and ADEQ Supply Wells with
Historical Detections of Nitrate

Figure 3 Location of Regional Wells with Fluoride and Nitrate, 1980-1985

Figure 4 Location of Regional Groundwater Domestic Supply Wells with Historical Detections
of Nitrate

Figure 5 Location of Unit A Groundwater Monitoring Wells at the Hassayampa Superfund Site
Figure 6 Location of Unit B Groundwater Monitoring Wells at the Hassayampa Superfund Site
Figure 7A Unit A Nitrate Hydrographs for Each Unit A Well, MW-01UA-MW-06UA

Figure 7B Unit A Nitrate Hydrographs for Each Unit A Well, MW-07UA-MW-12UA

Figure 7C Unit A Nitrate Hydrographs for Each Unit A Well, MW-13UA-MW-19UA

Figure 8§ Unit B - Composite Hydrograph of Nitrate in Unit B Monitoring Wells

Figure 9 Unit B - Nitrate Hydrographs for Each Unit B Well

Attachments

Attachment A Hazardous Waste Manifest by Bureau of Waste Control, F&B Manufacturing
Company and Sperry-Rand Flight Systems

Page 14 of 14



Table 1 - Summary of Historical Nitrate Data from Regional Agricultural and Domestic Supply Wells Within a Five-

Mile Radius of the Site

Hassayampa Landfill Superfund Site

Maricopa County, Arizona

Elevation Nitrate
Supply Well Designation (IIJ\?X;; 2d7§ I(J;lfli;;%e Sample Date  (Feet above ‘E[F?:Lt])lfgst)h Concentrations
NGVD29) (in mg/I)
A 33.3761 -112.7219 05/16/1972 898 310 19.0
B 33.3639 -112.7194 08/01/1965 870 202 26.0
C 33.3558 -112.7025 08/01/1965 867 210 18.0
D 33.3600 -112.6903 08/01/1965 869 240 20.0
E 33.3624 -112.6934 03/05/1996 875 210 14.0
F 33.3698 -112.6850 07/01/1996 888 1190 26.0
Agricultural G 33.3768 -112.7018 03/26/1996 908 220 21.0
H 33.3839 -112.7083 08/22/1983 928 946 19.0
I 33.3919 -112.7119 04/30/1974 945 1185 2.9
J 33.3342 -112.7197 06/24/1981 823 236 6.6
K 33.3333 -112.7794 06/24/1981 828 57 2.6
L 33.4117 -112.6911 05/02/1979 980 1100 7.1
M 33.3836 -112.6843 03/07/1996 925 240 29.0
Sunshine 06/03/1976 - - 9.70
Water C-1-5 secddcc 04/18/1977 - - 230
09/26/1977 - - 3.80
Domestic R Caratachea (1)(8)//’(1)213;3 . . gzg
 well C-1-5 seclOacd 08/27/1980 - - 13.10
05/13/1982 - - 14.60
08/08/1979 _ - 15.10
10/16/1979 - - 16.50
Bean Well C-1-5 secl1bbb 02/05/1980 - - 13.10
08/27/1980 - - 16.90
05/12/1982 - - 21.80
09/14/1982 - - 15.10
56869* 33.357131  -112.642515 02/19/1998 - - 23.00
56870 33.334058  -112.710663 02/19/1998 - - 20.00
ADEQ 56872 33.334071  -112.726817 01/15/1999 - - 16.0
56873 33342113 -112.676949 01/15/1999 - - 14.0
56876 33.304995  -112.781081 01/15/1999 - - 18.0

Notes:

* Denotes outside 5 mile radius
-- Indicates no data available
bgs = below ground surface

mg/I. = milligrams per liter
NAD27 = North American Datum of 1927
NGVD29 = National Geodetic Vertical Datum of 1929
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site

Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)

4/8/1988 6.90
5/31/1988 4.80
9/20/1988 11.20
12/6/1988 3.61
8/24/1989 4.50
3/8/1990 2.70

MW-01UA 6/7/1990 4.90
6/7/1990 4.80
3/22/1991 2.40
6/19/1991 3.40
9/25/1991 4.40
12/4/1991 5.00
4/10/1992 4.90
4/25/1988 16.00
6/9/1988 14.80
9/13/1988 11.80
9/20/1988 9.70
12/5/1988 8.41
8/23/1989 6.90

Zone A Wells MW-02UA 3/6/1990 6.90

6/6/1990 6.60
3/21/1991 6.00
6/18/1991 5.60
9/25/1991 5.70
12/5/1991 4.80
4/9/1992 5.30
5/5/1988 38.20
6/1/1988 33.50
9/13/1988 16.30
12/5/1988 21.50
8/23/1989 12.00
3/6/1990 19.50

MW-03UA 6/6/1990 16.00
3/21/1991 16.00
6/18/1991 15.00
9/25/1991 18.00
12/5/1991 13.20
4/9/1992 28.00
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site

Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)
5/13/1988 8.30
6/22/1988 7.10
9/14/1988 8.80
12/5/1988 7.88
8/24/1989 7.50
3/6/1990 8.20
MW-04UA 6/6/1990 8.70
3/21/1991 9.90
6/19/1991 9.50
9/24/1991 20.10
12/5/1991 9.00
4/9/1992 11.50
5/26/1988 8.80
6/30/1988 7.50
9/13/1988 17.80
12/5/1988 13.90
8/23/1989 12.10
3/7/1990 12.90
MW-05UA 6/7/1990 14.20
Zone A Wells 3/22/1991 15.00
6/19/1991 15.00
9/25/1991 14.00
12/4/1991 11.80
4/9/1992 12.60
11/28/1989 6.50
11/28/1989 5.80
3/7/1990 4.60
6/7/1990 4.60
MW-06UA 3/21/1991 4.10
6/19/1991 3.80
9/24/1991 2.10
12/5/1991 3.40
4/9/1992 3.60
2/7/1990 7.20
3/7/1990 7.50
6/7/1990 7.30
MW-07UA 3/22/1991 7.30
6/19/1991 7.30
9/24/1991 7.10
12/5/1991 6.70

NAXXT NTITTA
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site

Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)
mhurea 4/9/1992 6.90
2/8/1990 4.70
3/7/1990 4.10
MW-08UA 6/7/1990 420
3/20/1991 4.10
6/19/1991 4.20
9/25/1991 4.30
12/4/1991 4.30
4/10/1992 4.30
9/2/1994 4.50
10/26/1994 4.10
6/5/1996 6.20
7/10/1997 4.60
11/18/1998 8.40
6/3/1999 6.90
5/16/2000 11.00
10/19/2000 9.80
MW-08UA 10/23/2003 12.00
Zone A Wells 4/21/2004 13.00
10/27/2004 13.00
4/28/2005 14.00
10/27/2005 15.00
4/25/2006 16.00
10/24/2006 18.00
4/24/2007 21.00
10/9/2007 20.00
10/21/2008 19.00
4/8/2009 18.00
10/8/2009 16.00
10/6/2010 16.00
5/7/1991 8.10
6/19/1991 7.60
9/25/1991 6.80
12/5/1991 6.00
MW-09UA 4/10/1992 6.30
9/2/1994 5.30
10/26/1994 4.40
6/5/1996 5.50
7/10/1997 4.40
11/18/1998 5.30
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site

Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)
6/3/1999 3.50
2/29/2000 4.70
5/16/2000 5.50
10/19/2000 5.00
10/22/2003 5.00
4/21/2004 5.20
10/27/2004 4.60
MW-09UA 4/28/2005 5.10
10/27/2005 5.60
4/28/2006 5.30
10/24/2006 5.30
4/24/2007 5.30
10/9/2007 5.80
10/21/2008 8.30
4/8/2009 6.90
10/8/2009 7.40
10/6/2010 5.10
Zone A Wells 5/14/1991 38.00
6/19/1991 36.00
9/25/1991 67.00
12/5/1991 40.00
4/10/1992 38.00
9/2/1994 37.00
10/25/1994 37.00
6/5/1996 34.00
7/9/1997 33.00
11/18/1998 38.00
MW-10UA 6/2/1999 18.00
5/16/2000 41.00
10/19/2000 32.00
10/22/2003 33.00
4/21/2004 33.00
10/27/2004 30.00
4/28/2005 33.00
10/27/2005 33.00
4/25/2006 30.00
10/24/2006 31.00
4/24/2007 30.00
10/9/2007 27.00
10/21/2008 32.00

NAXXT 1INTTA
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site

Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)
IviIVvV=1UuU AN 4/8/2009 29‘00
10/8/2009 28.00
10/6/2010 30.00
9/13/1993 6.90
9/2/1994 3.70
10/26/1994 3.60
6/5/1996 4.10
7/9/1997 3.50
11/18/1998 430
6/2/1999 2.50
5/16/2000 470
11/15/2000 4.00
10/22/2003 3.70
4/21/2004 410
MW-11UA 10/26/2004 4.00
Zone A Wells 4/28/2005 410
10/27/2005 420
4/25/2006 410
10/24/2006 420
4/23/2007 4.00
10/9/2007 3.90
10/21/2008 3.70
4/8/2009 410
10/8/2009 4.10
10/6/2010 3.50
MW-12UA 9/15/1993 20.60
MW-13UA 9/8/1993 12.90
MW-14UA 9/14/1993 8.40
MW-16UA 7/29/2004 49.00
MW-17UA 7/29/2004 3.60
MW-18UA 2/23/2006 8.50
MW-19UA 2/23/2006 15.00
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site
Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)

4/27/1988 11.10

6/14/1988 12.70

9/14/1988 15.60

12/6/1988 12.40

8/23/1989 8.66

3/6/1990 9.60

MW-01UB 6/6/1990 11.00
3/20/1991 10.00

6/18/1991 9.70

9/24/1991 12.00

12/4/1991 11.50

4/9/1992 9.60

4/18/1988 13.90

6/1/1988 16.10

9/13/1988 17.80

12/6/1988 1.30

8/23/1989 12.80

3/6/1990 12.60

MW-02UB 6/6/1990 16.00
Zone B Wells 3/21/1991 11.00
6/18/1991 12.00

9/25/1991 11.00

12/5/1991 7.80

4/9/1992 11.00

4/29/1988 12.50

6/16/1988 15.40

9/13/1988 16.30

12/6/1988 12.80

8/23/1989 12.10

MW-03UB 6/6/1990 13.00
3/21/1991 13.00

6/18/1991 12.00

9/25/1991 13.00

12/5/1991 12.40

4/9/1992 15.20

5/19/1988 11.50

6/28/1988 9.40

MW-04UB 9/14/1988 14.80
12/6/1988 12.50

8/24/1989 13.20
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Table 2 - Summary of Historical and Current Nitrate Data for Unit A and Unit B
Monitoring Wells for the Hassayampa Landfill Superfund Site

Hassayampa Landfill Superfund Site
Maricopa County, Arizona

Nitrate Concentration

Zone Well ID Date Sampled (in mg/L)

3/6/1990 13.10

6/6/1990 16.00

3/21/1991 13.00

MW-04UB 6/19/1991 13.00
9/24/1991 13.00

12/5/1991 10.00

4/9/1992 12.60

4/23/1991 15.00

6/19/1991 15.00

MW-06UB 9/24/1991 16.00
12/5/1991 14.00

4/9/1992 14.00

5/2/1991 25.00

6/19/1991 25.00

MW-09UB 9/24/1991 27.00
12/5/1991 25.00

Zone B Wells 4/10/1992 25.00
5/22/1991 22.00

6/19/1991 22.00

MW-10UB 9/25/1991 19.00
12/5/1991 20.00

4/10/1992 22.00

9/28/1993 4.20

4/26/2002 8.90

4/24/2003 9.30

4/24/2003 9.10

4/22/2004 9.90

MW-15UB 4/27/2005 10.00
4/25/2006 11.00

4/24/2007 12.00

4/9/2008 12.00

4/8/2009 12.00

4/19/2010 11.00

Notes:
mg/L = milligrams per liter
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HASSAYAMPA LANDFILL DISPOSAL SITE: PIT 3 (METALLIC AND ALKALINE SLUDGES) (PAGE 4)

GENERATOR

WASTE TYPE

- COMPONENTS

CONCENTRATION VOLUME

LUKE AIR FORCE BASE

MAACO AUTO PAINTING

MCGRAW-EDISON, INTERNATIONAL METAL.

PRODUCTS DIVISION

MEGADYNE CORPORATION

MOGUL CORPORATION
NATIONAL CAN CORPORATION

DAN J. OBELE
_PERRY REHABILITATION CENTER

POWERINE OIL COMPANY
RAMADA ENERGY SYSTEMS
RINCHEM

ROGERS CORPORATION

SHERWIN-WILLIAMS COMPANY

SOUTHWEST DISTRIBUTING COMPANY

SPERRY-RAND FLIGHT SYSTEMS

TIERNEY CASTING DIVISION

TIERNEY MANUFACTURING COMPANY

Source: EPA RI Report, Appendix III, Manifest Data, F & B Manufacturing Company disposed of nitric
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4

2,8

2.7
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2.5
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acid in Pit 2 (Acids) at the Hassayapa Landfill Superfund Site during the period of 1979-1980



APPENDIX II1

HASSAYAMPA LANDFILL DISPOSAL SITE: PIT 2 (ACIDS).

GENERATOR

WASTE TYPE

COMPONENTS CONCENTRATION  VOLUME

ATRESEARCH MANUFACTURING
COMPANY OF ARIZONA

ANOCAD PLATING
ARIZONA HARD CHROME

ARIZONA PRECISION METALS

CHEVROW AsPHALT, U.S.A.

DIGITAL EQUIPMENT CORPORATION

DEPARTWENT OF PUBLIC SAFETY

F & B MANUFACTURING COMPANY

FISHER HEAT TREATING, INC.
GOULD, INC.

HONEYWELL INFORMATION SYSTEMS

INTEL CORPORATION
17T CAMMOM ELECTRIC

Source: EPA RI Report, Appendix III, Manifest Data, F & B Manufacturing Company disposed of nitric

1
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D
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Five-Year Review Site Inspection Checklist

I. SITE INFORMATION

Site name: Date of inspection:

Hassayampa Landfill SF Site January 11-13, 2011

Location and Region: EPA ID:

Maricopa County, AZ Region IX AZD980735666

Agency, office, or company leading the five-year Weather/temperature:

review: Clear; dry; light variable winds; highs ~70 °F
US EPA Region I1X

Remedy Includes: (Check all that apply)

v Landfill cover/containment Monitored natural attenuation
v Access controls v Groundwater containment
v’ Institutional controls Vertical barrier walls

v’ Groundwater pump and treatment
Surface water collection and treatment
v/ Other: Soil Vapor Extraction and Treatment

Inspection team roster — Andria Benner, RPM, EPA Region 9; Hugh Rieck, Geologist, USACE EM
CX, Charles Coyle, Env. Engineer, USACE EM CX, and Dave Becker,
Geologist, USACE EM CX

Site map in body of report

Il. INTERVIEWS (Check all that apply)

1. O&M site manager Ben Costello & Jeff Menken Site Manager, O & M 01/11/2011
Name Title Date

Interviewed ¢ at site ¢ at office ¢ by phone Phone no.
Problems, suggestions; ¢ Report attached

2. O&M staff Mike Wiese Geologist 01/11-13/2011
Name Title Date
Interviewed at site Phone no.
Problems, suggestions; ¢ Report attached
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Local regulatory authorities and response agencies (i.e., State and Tribal offices, emergency response
office, police department, office of public health or environmental health, zoning office, recorder of
deeds, or other city and county offices, etc.) Fill in all that apply.

Agency __Arizona Department of Environmental Quality

Contact  Wendy Flood Project Manager

01/11-2011

Name Title
Problems; suggestions; ¢ Report attached

Date Phone no.

Agency
Contact

Name Title
Problems; suggestions; ¢ Report attached

Date Phone no.

Agency
Contact

Name Title
Problems; suggestions; ¢ Report attached

Date Phone no.

Agency
Contact

Name Title
Problems; suggestions; ¢ Report attached

Date Phone no.

Other interviews (optional) ¢ Report attached.
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[11. ON-SITE DOCUMENTS & RECORDS VERIFIED (Check all that apply)

1. O&M Documents
O&M manual ¢ Readily available v Up to date 4 N/A
As-built drawings ¢ Readily available v Up to date d N/A
Maintenance logs ¢ Readily available v Up to date d N/A

2. Site-Specific Health and Safety Plan v Readily available v Up to date 4 N/A
Remarks Safety, Health, and Emergency Response Plan date 2008

3. O&M and OSHA Training Records d Readily available d Up to date v N/A
Remarks _Personnel training records kept off-site

4. Permits and Service Agreements
v" Air discharge permit ¢ Readily available v Up to date N/A
d Effluent discharge d Readily available d Up to date v N/A
d Waste disposal, POTW d Readily available d Up to date v N/A
d Other permits d Readily available d Up to date v N/A
Remark _Maricopa County air discharge permit is for SVE treatment; de minimis source (<3 lbs/day);
outside Maricopa County non-attainment area; due to renew in April 2011
Remark An evaluation of ARARs, Appendix F of the Second 5-Year Review, states that with regard to
nitrate, re-injection of treated Unit A groundwater meets the requirements of the UIC Program under Part
C of the Safe Drinking Water Act. CERCLA response actions are exempt from requirements of the
Arizona Aquifer Protection Permit Program, as long as the actions comply with the substantive
requirements of the Program. (see nitrate evaluation section of report?)

5. Gas Generation Records ¢ Readily available ¢ Up to date v N/A

6. Settlement Monument Records d Readily available ¢ Up to date v N/A

7. Groundwater Monitoring Records Readily available v Up to date d N/A
Remarks_Kept off-site in electronic database.

8. Leachate Extraction Records ¢ Readily available ¢ Up to date v N/A

9. Discharge Compliance Records
v Air d Readily available v Up to date N/A
v Water (effluent) d Readily available v Up to date N/A
Remarks _Records for SVE and groundwater treatment discharge are kept in electronic database

10. Daily Access/Security Logs v" Readily available v Up to date N/A

Remarks .
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IV. O&M COSTS

1. O&M Organization
¢ State in-house ¢ Contractor for State
d PRP in-house v’ Contractor for PRP
¢ Federal Facility in-housed Contractor for Federal Facility
[] Other___
2. O&M Cost Records
d Readily available d Up to date
v Funding mechanism/agreement in place
Original O&M cost estimate d Breakdown attached

Total annual cost by year for review period if available

From To ¢ Breakdown attached
Date Date Total cost

From To ¢ Breakdown attached
Date Date Total cost

From To ¢ Breakdown attached
Date Date Total cost

From To ¢ Breakdown attached
Date Date Total cost

From To ¢ Breakdown attached
Date Date Total cost

3. Unanticipated or Unusually High O&M Costs During Review Period

Describe costs and reasons:

V. ACCESS AND INSTITUTIONAL CONTROLS v Applicable ¢ N/A

A. Fencing

1. Fencing damaged v Location shown on site map v/ Gates secured ¢ N/A

Remarks _ Fence was in good condition and well maintained; fence line shown on report maps.
Typical fencing is shown on photos 20 and 21.

B. Other Access Restrictions

1. Signs and other security measures ¢ Location shown on site map d N/A

Remarks _Signs identifying the site as a Superfund Site are posted at prominent locations and at regular
intervals along fence. Signs providing contact information are posted conspicuously near main gate.
Roving security quard patrols perimeter at irreqular intervals every few hours throughout the night.
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C. Institutional Controls (ICs)

1. Implementation and enforcement
Site conditions imply ICs not properly implemented dYes v No € N/A
Site conditions imply ICs not being fully enforced dYes v No €N/A

Type of monitoring (e.g., self-reporting, drive by) Self-reporting, drive-by inspections
Frequency __ Approximately every hour, but at irreqular intervals throughout the night.
Responsible party/agency _Maricopa County contract security (Shared with adjacent transfer station).

Contact Ben Costello Site Manager 01/11/2011
Name Title Date Phone no.
Reporting is up-to-date Incident reports only vYes dNo dN/A
Reports are verified by the lead agency vYes dNo dN/A
Specific requirements in deed or decision documents have been met v Yes dNo [
N/A
Violations have been reported v Yes ¢ No N/A

Other problems or suggestions:

Remarks Deed and Access are recorded as required by the Consent Decree. Equipment building has
telemetry alarm system.

2. Adequacy v ICs are adequate ICs are inadequate d N/A
D. General
1. Vandalism/trespassing ¢ Location shown on site map v No vandalism evident

Remarks _Three or four incidents of forced entry over 14-month period; copper wiring stolen. Damage is
promptly repaired.

2. Land use changes on site v N/A
Remarks No changes in land use on site.

3. Land use changes off site (1 N/A

Remarks Maricopa County Solid Waste transfer station was built to the west and northwest adjacent to
the site within the last five years. Photo 30 shows entrance to transfer station.

Hickman Egg Ranch approximately ¥ mile to the south and southwest (generally down gradient) from
the site has expanded operations and constructed approximately 10 new very large commercial hen
houses. Evaporative cooling of these structures relies on groundwater from Hickman wells. Photo 28
shows some of the features at the chicken ranch.

Approximately ten small, single-family residences have been built along 339" Avenue within a mile or
so west and southwest of the site. Photo 29 shows these homes.

VI. GENERAL SITE CONDITIONS

A. Roads v  Applicable 1 N/A

1. Roads damaged v Location shown on site map v" Roads adequate g N/A
Remarks Access roads are packed dirt and/or gravel surface in good condition,
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B. Other Site Conditions

Remarks

VII. LANDFILL COVERS Applicable ¢ N/A

A. Landfill Surface

1. Settlement (Low spots) v Location shown on site map v Settlement not evident
Areal extent Depth

Remarks _Landfill cover is in good condition, though vegetation is very sparse. Surface drainage off
the site cover is to the southeast. Some erosion was noted off-site outside the site fence north of the main
gate, but this does not affect the integrity of the site cap. Drainage control off the closed municipal
landfill adjacent to the south and west has been substantially re-contoured in the last year or so to direct
any runoff away from and around the hazardous waste site. See Photos 1 and 16.

2. Cracks d Location shown on site map v" Cracking not evident
Lengths Widths Depths
Remarks

3. Erosion d Location shown on site map v' Erosion not evident
Avreal extent Depth

Remarks _The drainage channel at the downgradient edge of the site has protective rip-rap to retard any
headward erosion by surface run-off as it leaves the site.

4, Holes ¢ Location shown on site map v" Holes not evident
Avreal extent Depth
Remarks
5. Vegetative Cover ¢ Grass ¢ Cover properly established v" No signs of stress

¢ Trees/Shrubs (indicate size and locations on a diagram)

Remarks_Vegetation is very sparse on the cover due to the very arid environment.

6. Alternative Cover (armored rock, concrete, etc.) ¢ N/A

Remarks_As noted in #3, above, rock rip-rap has been place to dissipate enerqy where runoff would
leave the cap
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7. Bulges d Location shown on site map v' Bulges not evident
Areal extent Height
Remarks

8. Wet Areas/Water Damage v" Wet areas/water damage not evident
¢ Wet areas ¢ Location shown on site map Areal extent
[J Ponding ¢ Location shown on site map Areal extent
d Seeps d Location shown on site map Areal extent
d Soft subgrade d Location shown on site map Areal extent
Remarks

9. Slope Instability ¢ Slides ¢ Location shown on site map v No evidence of slope instability
Avreal extent
Remarks

B. Benches d Applicable v N/A
(Horizontally constructed mounds of earth placed across a steep landfill side slope to interrupt the slope
in order to slow down the velocity of surface runoff and intercept and convey the runoff to a lined
channel.)

1. Flows Bypass Bench ¢ Location shown on site map v N/A or okay
Remarks

2. Bench Breached d Location shown on site map v N/A or okay
Remarks

3. Bench Overtopped d Location shown on site map v N/A or okay
Remarks

C. Letdown Channels ¢ Applicable v N/A
(Channel lined with erosion control mats, riprap, grout bags, or gabions that descend down the steep side
slope of the cover and will allow the runoff water collected by the benches to move off of the landfill
cover without creating erosion gullies.)

1. Settlement ¢ Location shown on site map v No evidence of settlement
Avreal extent Depth
Remarks

2. Material Degradation ¢ Location shown on site map v No evidence of degradation
Material type Areal extent
Remarks

3. Erosion ¢ Location shown on site map v" No evidence of erosion
Areal extent Depth
Remarks
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4, Undercutting d Location shown on site map v No evidence of undercutting
Areal extent Depth
Remarks

5. Obstructions  Type v No obstructions
¢ Location shown on site map Areal extent
Size
Remarks

6. Excessive Vegetative Growth Type
v No evidence of excessive growth
v Vegetation in channels does not obstruct flow
¢ Location shown on site map Areal extent
Remarks

D. Cover Penetrations v  Applicable ¢ N/A

1. Gas Vents ¢ Active ¢ Passive
d Properly secured/locked ¢ Functioning ¢ Routinely sampled d Good condition
d Evidence of leakage at penetration d Needs Maintenance
v N/A
Remarks

2. Gas Monitoring Probes
v Properly secured/locked v Functioning v Routinely sampled v Good condition
d Evidence of leakage at penetration ¢ Needs Maintenance N/A

Remarks _The above ground portion of the PVC casing pipe of soil gas monitoring well P-1 had visible
crack. See photo 19. No evidence of leakage at the cover penetration was observed.

3. Monitoring Wells (within surface area of landfill)
v Properly secured/locked v* Functioning  v* Routinely sampled v Good condition
d Evidence of leakage at penetration d Needs Maintenance d N/A
Remarks_ Photos 22 and 23 show typical monitoring well completions.

4. Leachate Extraction Wells
¢ Properly secured/locked ¢ Functioning ¢ Routinely sampled ¢ Good condition
¢ Evidence of leakage at penetration ¢ Needs Maintenance v N/A
Remarks

5. Settlement Monuments ¢ Located ¢ Routinely surveyed v N/A
Remarks
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E. Gas Collection and Treatment

d Applicable [ N/A

1. Gas Treatment Facilities
¢ Flaring ¢ Thermal destruction v Collection for reuse
v" Good condition ¢ Needs Maintenance
Remarks Old thermal oxidation treatment system equipment previously in use has not been operational
since 1998. It remains on site, but is not in working condition and may be salvaged or recycled. The old
thermal oxidizer is visible on photo 1. The condensation system currently in use is in good condition.

2. Gas Collection Wells, Manifolds and Piping
v Good condition ¢ Needs Maintenance
Remarks Piping for the SVE system has had leaks but repairs were implemented during site visits.
Photos 16-18 show various aspects of the SVE piping and extraction wells. Painting of the above-grade
polyvinyl chloride SVE piping was planned (and has since been completed) to reduce degradation due to
exposure to ultraviolet rays in sunlight. Future maintenance is likely to be required from time to time.
As noted in D.2., above, the above ground portion of the PVC casing pipe of soil gas monitoring well P-
1 had a visible crack that needed repair. Crack is shown in photo 19.

3. Gas Monitoring Facilities (e.g., gas monitoring of adjacent homes or buildings)

¢ Good condition ¢ Needs Maintenance v N/A
Remarks

F. Cover Drainage Layer

d Applicable v" N/A

1. Outlet Pipes Inspected d Functioning d N/A
Remarks

2. Outlet Rock Inspected v'Functioning g N/A
Remarks

G. Detention/Sedimentation Ponds

d Applicable v' N/A

1. Siltation Areal extent

Depth

4 N/A

¢ Siltation not evident
Remarks

Erosion Avreal extent Depth
¢ Erosion not evident
Remarks

Outlet Works
Remarks

¢ Functioning ¢ N/A

Dam ¢ Functioning ¢ N/A
Remarks
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H. Retaining Walls d Applicable v N/A
1. Deformations d Location shown on site map d Deformation not evident
Horizontal displacement Vertical displacement
Rotational displacement
Remarks
2. Degradation d Location shown on site map d Degradation not evident
Remarks
I. Perimeter Ditches/Off-Site Discharge [ Applicable v N/A
1. Siltation ¢ Location shown on site map ¢ Siltation not evident
Areal extent Depth
Remarks
2. Vegetative Growth d Location shown on site map N/A
d Vegetation does not impede flow
Areal extent Type
Remarks
3. Erosion ¢ Location shown on site map 1 Erosion not evident
Avreal extent Depth
Remarks
4, Discharge Structure d Functioning [ N/A
Remarks

VIIl. VERTICAL BARRIER WALLS ¢ Applicable v" N/A

1. Settlement ¢ Location shown on site map d Settlement not evident
Avreal extent Depth
Remarks

2. Performance Monitoring Type of monitoring
¢ Performance not monitored
Frequency d Evidence of breaching
Head differential
Remarks
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IX. GROUNDWATER/SURFACE WATER REMEDIES v Applicable ¢ N/A

A. Groundwater Extraction Wells, Pumps, and Pipelines v Applicable N/A
1. Pumps, Wellhead Plumbing, and Electrical
v Good condition v" All required wells properly operating ¢ Needs Maintenance ¢ N/A

Remarks Groundwater well vaults are kept locked. Wells are properly registered and permanently
labeled. See photo 24.

2. Extraction System Pipelines, Valves, Valve Boxes, and Other Appurtenances
v Good condition ¢ Needs Maintenance
Remarks
3. Spare Parts and Equipment
d Readily available d Good condition ¢ Requires upgrade d Needs to be provided

Remarks _Groundwater monitor and extraction wells have required very little maintenance; replacement
parts are brought to the site as needed.

B. Surface Water Collection Structures, Pumps, and Pipelines d Applicable v N/A

1. Collection Structures, Pumps, and Electrical
d Good condition ¢ Needs Maintenance
Remarks

2. Surface Water Collection System Pipelines, Valves, Valve Boxes, and Other Appurtenances
¢ Good condition ¢ Needs Maintenance
Remarks

3. Spare Parts and Equipment
d Readily available ¢ Good condition ¢ Requires upgrade ¢ Needs to be provided
Remarks
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C. Treatment System v Applicable [ N/A
1. Treatment Train (Check components that apply)
¢ Metals removal ¢ Oil/water separation ¢ Bioremediation
v" Air stripping ¢ Carbon adsorbers
d Filters
¢ Additive (e.g., chelation agent, flocculent)
¢ Others
v Good condition ¢ Needs Maintenance

v Sampling ports properly marked and functional

v’ Sampling/maintenance log displayed and up to date
v Equipment properly identified

d Quantity of groundwater treated annually
d Quantity of surface water treated annually

Remarks The filter sock on the air intake to the air stripper was torn in places, but this has a minor
impact on the operation of the unit. Minor corrosion noted on base of tray aerator. Groundwater
extraction volume, and SVE and air stripper performance data reported monthly, and in quarterly and
annual reports. Ground water treatment equipment is shown in photos 4-9. Soil vapor extraction
treatment system is shown in photos 10-15.

2. Electrical Enclosures and Panels (properly rated and functional)
d N/A v Good condition ¢ Needs Maintenance
Remarks
3. Tanks, Vaults, Storage Vessels
d N/A v Good condition v Proper secondary containment ¢ Needs Maintenance

Remarks The Phase | Report has Containment and secondary containment design parameters. Photos
14 and 15 show the condensate tank and recovered solvent storage tank.

4, Discharge Structure and Appurtenances
d N/A v Good condition d Needs Maintenance
Remarks
5. Treatment Building(s)
d N/A v Good condition (esp. roof and doorways) ¢ Needs repair

v’ Chemicals and equipment properly stored
Remarks_Treatment building is shown in photo 2.

6. Monitoring Wells (pump and treatment remedy)
v Properly secured/locked v Functioning  v" Routinely sampled v" Good condition
v" All required wells located ¢ Needs Maintenance g N/A
Remarks Typical monitoring well completions are shown in photos 22 and 23.

D. Monitoring Data v Applicable ¢ N/A

1. Monitoring Data
v Is routinely submitted on time v Is of acceptable quality
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2. Monitoring data suggest:
v" Groundwater plume is effectively contained v Contaminant concentrations are declining

Remarks Available water table elevation data suggest that the southeast margin of the contaminant
plume may be only marginally contained. Contaminant concentrations in many peripheral groundwater
monitoring wells are declining, but concentrations in monitor wells in the immediate source area, and in
extraction well EW-4 do not show declining trends over the five-year review period.. Photos 25-27
show some of the sampling being conducted during the time of the site inspection.

D. Monitored Natural Attenuation ¢ Applicable T N/A

1. Monitoring Wells (natural attenuation remedy)
d Properly secured/locked d Functioning ¢ Routinely sampled d Good condition
d All required wells located d Needs Maintenance v N/A
Remarks

X. OTHER REMEDIES

If there are remedies applied at the site which are not covered above, attach an inspection sheet describing
the physical nature and condition of any facility associated with the remedy. An example would be soil
vapor extraction.

XI. OVERALL OBSERVATIONS

A Implementation of the Remedy

Describe issues and observations relating to whether the remedy is effective and functioning as designed.
Begin with a brief statement of what the remedy is to accomplish (i.e., to contain contaminant plume,
minimize infiltration and gas emission, etc.).

The remedy is generally effective and functioning as designed. The current remedy is designed to
provide hydraulic containment, extraction, and treatment of contaminated groundwater, and to remove
VOC contaminant mass by SVE. Available data indicate that all contaminated groundwater is being
captured by the groundwater extraction system, and well over 100,000 Ibs of vapor phase VOC mass has
been removed from the unsaturated zone during the five year review period,.

B. Adequacy of O&M

Describe issues and observations related to the implementation and scope of O&M procedures. In
particular, discuss their relationship to the current and long-term protectiveness of the remedy.

O&M procedures are generally sound and adequately implemented. A draft revised O&M manual
consolidating all relevant information about procedures and equipment has been submitted.
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Early Indicators of Potential Remedy Problems

Describe issues and observations such as unexpected changes in the cost or scope of O&M or a high
frequency of unscheduled repairs, that suggest that the protectiveness of the remedy may be
compromised in the future.

Analysis of long term monitoring data for both soil gas and groundwater over the five-year review period
and before suggest that a stable, steady state condition between contaminant mass removal by SVE and
contaminant release into vapor and dissolved phases has been approached in the immediate source area
(Pit 1). The sustained elevated contaminant concentrations in extracted soil vapor and groundwater,
despite the very large amount of mass removed by SVE, and other indications from in-depth evaluation
of the data suggest that significant residual VOC contaminant mass may remain in the unsaturated zone
above the water table, and very possibly in the saturated zone below the water table. This has important
implications for the projected time and costs that will be required to attain the clean-up goals for both the
soil vapor and groundwater media under the current conceptual site model and remedial operations.

Further evaluation and refined delineation of the extent of groundwater capture near the southeast margin
of the contaminant plume is anticipated. The possibility of acquiring additional data bearing on the
adequacy of vertical capture also has been identified.

Opportunities for Optimization

Describe possible opportunities for optimization in monitoring tasks or the operation of the remedy.

Contaminant mass removal by soil vapor extraction in the immediate vicinity of the main chlorinated
solvent source area (Pit 1) could be substantially enhanced by the planned installation of properly
designed SVE wells. Opportunities for optimization are identified elsewhere.
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PHOTOGRAPHS FROM SITE INSPECTION, JANUARY 2011

Photo 1. Site looking to north from municipal waste landfill.

Photo 2. Treatment Plant building.
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Photo 5. Blower for ground water aerator.
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Photo 6. Torn screen over air intake for aerator.




Photo 7. Corrosion at base of aerator.
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Photo 11. Soil vapor extraction particulate filter and air/water separator.
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Photo 12. Low-pressure switch on air/water separator to shut system down in case of low
pressure as would occur if piping separation occurs.




t of chiller system for GEO unit.
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Photo 13. Par
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Photo 15. Solvent tank and vapor-phase carbon vessels.
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Photo 16. SVE piping.




Photo 17. SVE piping with Fernco coupling.

Photo 18. SVE piping with drip leg to catch and drain condensgtion.
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Photo 19. Crack in tee on vapor well P-1 fine.

Phto 20. Site fencingnear gate, with signage.
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Photo 21. Typical site fencing, north of gate. An erosion gully near fence but outside cap.
¥




Photo 24. Extraction well vault for EW-03UA.




Photo 25. Well sampling by passive diffusion bags.
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Photo 26. Sampling Unit A monitoring well with Hydrasleeve.




Photo 28. Hickman Chicken Ranch southwest of site.




Photo 29. Homes along 339" Ave. west of the site.

Photo 30. Transfer station located west of site.
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SOURCE AREA ANALYSIS

Applicable Source Treatment Technologies for Releases at the
Hassayampa Landfill Superfund Site

Maricopa County, Arizona
March 2011
1. Introduction and Objectives.

a. Objectives of the Study. This assessment is intended to canvass and
discuss technologies potentially applicable to remediation of contaminant source areas at
the Hassayampa Landfill Superfund Site. This assessment is similar to the initial remedy
technology screening phase conducted under a CERCLA Feasibility Study (FS).
However, it is not intended to function as a thorough development of alternatives that
would be done to complete a FS. The technologies are assessed as to their applicability
to the contaminants of concern at the Hassayampa site, the impact of site hydrogeology
on the likely effectiveness of the technology, and the likelihood of achieving overall
source treatment. Cost is not considered here as a screening criteria, but would be
considered for selected alternatives carried forward under a fully developed FS.

b. Principal Contaminants to be Considered. The contaminants of greatest
concern at the Hassayampa site are 1,1-dichloroethene (DCE), 1,2-dichloroethane
(DCA), tetrachloroethene (PCE), trichloroethene (TCE), 1,1,1-trichloroethane (TCA),
1,2-dichloropropane (DCP), and methylene chloride. There are a number of other
contaminants of concern at the site, including various chlorofluorocarbons (i.e, Freons),
benzene, and toluene, but these seven represent the contaminants that most significantly
exceed Maximum Contaminant Levels (MCLSs) in ground water.

c. Known Release Sites at the Hassayampa Landfill. Locations of the
releases of contaminants must be known to properly apply source treatment technologies.
Pit 1 is the primary release location, but at least one of the Special Pit locations may also
be a release point. The treatment area would also be affected by the subsurface
hydrogeology. Migration of high concentrations of contaminants along the top of or
through the basalt layer underlying most of the site has also impacted distribution of
significant contaminant mass in the subsurface. High concentrations of volatile organic
compounds (VOCs) are still evident in soil vapor samples collected from the fine-grained
zones above and below the basalt layer. Non-aqueous-phase liquids (NAPLSs) are
potentially present in both the unsaturated and saturated materials at the site. The
presence of NAPL below the basalt is subject to debate, but the potential will be
considered in assessing applicable technologies.

d. Current (Baseline) Remedy. The source area is currently being address

by a soil vapor extraction (SVE) system. This system, operated for less than two years in
the mid-1990s and restarted in 2006, addresses contaminants in the soils, both coarse and
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fine-grained, above the basalt, and unsaturated soils below the basalt. The SVE system
has been successful at removing a significant amount of contaminant mass, over 119,000
pounds of total VOCs as of December 2010; and mass removal rates are still over 40
Ib/day, after more than four years of operation. Shallow contaminated ground water is
extracted at several locations at the leading edge of the plume, approximately 500-600
feet south of the source area. Extracted water is treated by air stripping and reinjected
into a deeper aquifer via a well located west (cross-gradient) of the site.

2. Potentially Applicable Technologies. An effort has been made to develop a list of
technologies that could be applicable to chlorinated organics and other site contaminants.
This list includes technologies that remove (for above-ground or off-site treatment),
chemically treat (in-situ), or bioremediate contaminants.

a. Excavation. Excavation is a traditional action for rapidly addressing
contaminated soil with a high likelihood of success. Excavation of materials below the
water table may require dewatering with appropriate treatment or disposal of the water.
Excavated materials would require ex-situ treatment or disposal in an approved facility.
Ex-situ treatment options for excavated soil are not considered in this white paper.

b. Deep Soil Mixing. The use of mechanical equipment to disrupt the
stratification of site soils may improve the contact between any amendments and the
contaminated soil. The mechanical equipment may be large rotating augers or
conventional backhoes. Such equipment is available and capable of reaching tens of feet
below the surface. This technology may be used in conjunction with other technologies
described below.

c. In-Situ Chemical Oxidation or Reduction. The use of strong chemical
oxidants or reductants may be applicable to many of the site contaminants. Reactions
between reagents added to the subsurface and the contaminants result in destruction of
the contaminant and creation of relatively innocuous end products. Key considerations
are the reactivity between the oxidant/reductant and the contaminant and the ability for
the amendment to persist long enough to contact the contaminant through advection and
diffusion under site conditions. A number of oxidants are relatively short-lived
(Interstate Technology and Regulatory Council [ITRC], 2005). Reductants (other than
zero-valent iron, discussed below), have not been widely applied. Dithionite has been
injected into the subsurface to treat chlorinated hydrocarbons (e.g., the Department of
Energy’s Hanford Reservation and Ft Lewis, WA). The reductant reduces ferric iron
present in the soil and creates a reactive zone meant to passively treat contaminated water
(DOE, 2000).

d. Alkaline Hydrolysis. Chlorinated ethanes are susceptible to chemical
hydrolysis and destruction and the kinetics of the hydrolysis are pH and temperature
dependent. Higher pH values result in faster hydrolysis. The use of strong bases to effect
hydrolysis of halogenated contaminants has been demonstrated in the laboratory (Jeffers,
1989 cited in Washington, 1995). Alkaline hydrolysis has been successfully applied at
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full scale to soil contaminated by explosives compounds at the VVolunteer Army
Ammunition Plant, but full-scale application to other compounds are not known.

e. Zero-Valent Iron. The presence of elemental iron in saturated soils has
been shown to create conditions suitable for destruction of a wide variety of chlorinated
compounds. Generally, the iron results in the exhaustion of various electron acceptors
and the hydrogenolysis of the contaminant through the replacement of a halogen atom by
a hydrogen atom in the contaminant structure. The iron is introduced as particles of
various sizes; from sand-sized granular iron to micro- or nano-scale. The iron particles
may be coated with other metals that function as catalysts to reduce the reaction half-
lives. The granular iron has been typically used in iron and sand filled trenches to create
passive barriers for treatment of contaminated ground water (Powell et al., 1998). The
nano- and micro-scale iron has been placed through injection as water-based solutions
into native materials, typically with some type of chemical dispersant or surfactant to
prevent coagulation of the particles. These ultra-fine particles are expected to be placed
through advective transport through the larger pores in the materials, and some workers
had envisioned the passive migration of the particles as colloids. Other applications have
involved pneumatic or hydraulic fracturing (Gavaskar et al., 2005, Chang, et al., 2010).

f. Engineered Bioremediation. Many common chlorinated ethenes, some ethanes,
and some freons can generally be bioremediated through anaerobic reductive
dechlorination, involving the reduction of the chlorinated organic and oxidation of a
carbon source (food) by bacteria. The energy yield through this process is less than the
reduction of other common oxidized compounds often present in the subsurface,
including (from most to least energy yield) dissolved oxygen, nitrate, ferric iron, and
sulfate. These other electron acceptors, as they are called, will be preferred and most
must be largely depleted, at least on a very local level, for the reduction of the chlorinated
compound to occur.

Some chlorinated contaminants, particularly chlorinated ethenes, may be degraded by
aerobic co-metabolism where the metabolism of a hydrocarbon promotes the expression
of an enzyme such as a monooxygenase that fortuitously reacts with and destroys the
chlorinated compound without an energy gain to the microorganism (Wiedemeier et al.,
1998). Some less chlorinated hydrocarbons may be destroyed aerobically, possibly
including vinyl chloride (Begley et al, 2009). One article hypothesized the aerobic
degradation of high concentrations of 1,2-DCA and vinyl chloride (Davis et al., 2009).
The degradation of benzene and toluene occurs most readily under aerobic conditions,
but can also occur under anaerobic conditions, though at markedly slower degradation
rates.

If appropriate geochemical conditions to promote reductive processes do not exist
naturally, the addition of a carbon source, such as a solution of lactate or vegetable oil,
may promote the creation of suitably reducing conditions to result in the destruction of
the contaminants. For treatment of unsaturated soils, gaseous amendments would be
preferred, with compounds such as propane or hydrogen gas serving as the electron
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donor. Nitrogen gas is included to increase the volume of gaseous amendment mixture
and to help displace oxygen.

In addition, bacteria capable of destroying the chlorinated compounds need to be present,
such as Dehalococcoides. At some sites, the dechlorination is not complete due to a lack
of these bacteria, and cultures of the appropriate bacteria must be added following
creation of the reducing conditions. Inoculation with bacteria would be more difficult in
the unsaturated soils. In cases of mixed contaminants, the presence of some
contaminants may inhibit degradation of others. The presence of freons has been found
to inhibit or delay anaerobic TCE degradation at a site in California (Figgins, et al.,
2007). If co-metabolism is desired, aerobic conditions must be maintained through the
addition of aerated water, air or some other oxygen source along with the hydrocarbon
co-metabolite. This has been done using in-situ sparging with an air/methane mix at
various sites (e.g., Savannah River Site [Hazen, 2009]).

g. Multi-Phase Extraction. Multi-phase extraction (MPE) involves the
simultaneous removal of liquids and gases from the subsurface to remove volatile
contaminant mass. There are several configurations of MPE, including dual-phase
extraction (separate pumps and discharge conduits are used for liquids and gases, also
known as vacuum-enhanced pumping) and two-phase extraction (a single vacuum pump
lifts both liquids and gases via the same piping in a well, also known as “slurping”).
MPE has been designated as a presumptive remedy for sites with chlorinated organics in
soil and ground water (US EPA, 1997). The application of a low to high vacuum
increases the head gradient driving liquids into the well with a less drastic drop in the
water table in soils with low to moderate permeability. This also induces air flow
through soils that are dewatered to remove residual contaminants in the “smear zone.”
MPE is best applied to soils with modest permeability (i.e., 10E-3 to 10E-5 cm/sec).
Removed fluids are separated (only necessary with two-phase extraction) and treated as
appropriate. The technology has been widely applied to sites with non-aqueous phase
liquids (US Army Corps of Engineers [USACE], 1999).

h. In-Situ Air Sparging. In-situ air sparging (IAS) involves the injection of
air at some depth below the water table. Above-ground compressors are required to
deliver the air via vertical, or in some cases horizontal, wells. The passage of air via
channels from the sparging well to the water table allows the exchange (stripping) of
volatile contaminants with high Henry’s Law constants from the ground water. The
vapors that pass into the vadose zone are often collected using soil vapor extraction,
brought to the surface and treated, as necessary. Contaminant mass removal from the
saturated zone depends on the relatively slow rate of liquid diffusion from areas between
air channels. Closely spaced air channels result in good mass removal; whereas widely
distributed air channels result in slow and incomplete contaminant removal.
Furthermore, in heterogeneous stratified materials, the air channels may be diverted
laterally a significant distance before air can displace water from the pores in overlying
materials. Water in smaller pores are more difficult to displace, so silt and clay layers
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with such small pores may act as barriers to air channels. Such barriers may shield large
volumes of the target treatment zone from air passage and mass removal (USACE, 2008).

i. In-Situ Thermal. The application of heat to contaminated soil and water
results in higher vapor pressures for most organic contaminants and is accompanied by
changes in the solubility, viscosity, surface tension, and density of non-aqueous phase
liquids. The heating typically creates steam due the boiling of soil moisture/ground
water. This steam acts to strip many contaminants from the soil. It also affects the rate at
which hydrolysis of chlorinated ethanes occurs in the subsurface (Beyke et al, 2006).
Rates of bioremediation may be significantly enhanced at elevated temperatures due to
faster kinetics for reactions at higher temperatures and/or the enhancement of activity by
robust thermophilic bacteria. Soil heating is more tolerant of soil heterogeneity than most
other in-situ technologies due to the fact that it depends on differences in thermal
conductivity values, that for earth materials have a much smaller range than permeability.
Thermal treatment of fine-grained soils can be much more effective than other
technologies as a result. Heat may be introduced through electrical resistivity heating
(passing currents between electrodes placed into the soils to be treated), thermal
conduction heating (heat propagates through conduction from heaters placed in wells), or
steam injection. The vapors generated by the process are typically collected via vapor
extraction wells and treated through condensation, separation, and thermal treatment
and/or carbon adsorption. Liquids, including non-aqueous phases, may also be collected
for appropriate treatment and/or disposal. The technologies have been widely applied to
source areas with substantial amounts of contaminant mass. Treatment duration is
typically measured in months. Depending on the duration of heating, the maximum
temperatures achieved, and the adequacy of the definition of the target treatment area,
high removal percentages and reductions in mass flux from the contaminant source areas
are possible (USACE, 2009; Kingston et al., 2010). In-situ thermal treatment represents
the most robust in-situ technology for treatment of many organic contaminants.

j. Surfactant Flushing. The mobility of non-aqueous phase liquids may be
enhanced through the introduction of surfactants or solvents (e.g., alcohols). The
addition of these amendments results in the creation of mobile micelles of separate phase
liquid, enhancement of the solubility of the organic compounds, or causes changes in
surface tension properties that significantly increase the mobility of non-aqueous liquids.
Amendments are added through infiltration galleries or wells. The amendments and
contaminants are extracted using ground water extraction via wells. The removed liquids
are treated to recover or treat the organics, and, in some cases, to recover the amendments
for reuse. The addition of these chemicals may allow vertical migration of dense non-
aqueous phase liquids due to the changes in mobility. The technology has been applied at
the pilot scale at a number of sites. Full-scale applications have been few (Roote, 1997;
Roote, 1998).

k. Monitored Natural Attenuation (MNA). There are a number of natural

processes that will limit, to some extent, the migration of dissolved contaminants
emanating from a source area. These processes may be destructive, such as
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biodegradation or abiotic transformations (e.g., hydrolysis); retarding, such as sorption;
or dispersive. As a remedial “technology,” monitored natural attenuation involves the
assessment of hydrogeologic and geochemical conditions and the on-going monitoring of
contaminant concentrations and extent to assess the efficacy of these natural processes to
control and shrink the plume. MNA is typically applied to the dissolved ground water
plume following removal or isolation of the source of contaminants (USEPA, 1999). Itis
not normally considered a source-area treatment approach. Natural flux of ground water
through a source area will gradually dissolve mass from the source zone, but diffusion
from less permeable zones or “dead-end” pore spaces will perpetuate the plume for a long
period of time. Natural attenuation may be effective at maintaining a stable to shrinking
plume following source treatment (above and/or below the water table) using any
technologies discussed above that are deemed appropriate for the specific site conditions
and contaminants.

3. Screening of Applicable Technologies Relative to Site Conditions and
Contaminants

a. Excavation. The excavation of contaminated soil from source areas above
the basalt layer at depths of 50-60 feet is technically feasible but costly. The presence
of gravelly soils in the upper coarse interval would not restrict excavation, but large
cobbles/boulders would require special equipment or other measures, if present, as would
caliche layers.

Assuming cut slopes at 1:1 and a basal excavation width of 100 feet, over 50,000 cubic
yards of material would be excavated from Pit 1 alone. Not all of the material would be
contaminated, though most of it would be. On-going soil vapor extraction has reduced
the concentrations of contaminants in the soil above the basalt. The treatment and
disposal requirements for the excavated would have to be determined. Vapor controls
would likely be required.

The presence of contamination as NAPL within and below the basalt has not been
verified, but seems highly likely given the high aqueous and soil gas concentration in
monitoring wells below the basalt. The basalt would present a significant obstacle to
deeper excavation. Blasting would almost certainly be required, and the fracturing and
disturbance may allow additional migration of contaminants to the sub-basalt alluvium.
Excavation of an additional 20 feet would require extra long-reach equipment or clam-
shell methods with higher costs and lower production rates. Excavation below the water
table may require dewatering or other measures to limit inflow of ground water.
Likelihood of success in achieving desired source treatment is relatively high for soils
above the basalt, but failure risk is almost certain below the top of the basalt. This
technology should not be considered further as a stand-alone technology.

b. Deep Soil Mixing. This technology has potential applicability to the site

for soils above the basalt. This technology would be used only in conjunction with other
technologies, including in-situ bioremediation, in-situ chemical oxidation/reduction, zero-
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valent iron, and in-situ thermal remediation. (As an example of its application, see the
project report on deep soil mixing with zero-valent iron and clay at
http://www.engr.colostate.edu/CCH/Brochure-ZVI1-Clay%202011-07.pdf). The geologic
conditions at the Hassayampa site may be suitable for use of this technology, but cobbles,
boulders, and caliche layers would potentially prevent it’s use particularly in the upper
coarse interval. The basalt would present a hard limit to the depth of mixing. Likelihood
of success in achieving desired source treatment is moderate when used with other
technologies above the basalt. It would not be applicable within or below the basalt
layer.

c. In-Situ Chemical Oxidation or Reduction. The screening of the candidate
chemical oxidants was based on the guidance prepared by the Interstate Technology and
Regulatory Council (ITRC, 2005) and US EPA (US EPA, 2006). The applicability of in-
situ chemical oxidation (ISCO) to site contaminants is summarized in Table 1. The mix
of compounds at the site limits the potential applicability of ISCO. Based on available
literature, activated persulfate may be the most robust of the oxidants and has the
advantage of being persistent. Heat, iron, or alkaline activation would likely be required.
As with any ISCO method, multiple applications would be required to address the source
area mass. The native site soils probably have low oxidant demand, reducing the
necessary dosage. Bench-scale testing would be recommended to verify effectiveness of
activated persulfate with the site contaminants and to determine site soil oxidant demand.
Pilot scale testing may also be necessary to determine injection point spacing, and to
assess potential concentration rebound behavior. Based on these results, ISCO appears to
have potential applicability to the site. There is, at best, a moderate likelihood of
success. Failure risk is due to the potentially incomplete contact between oxidant and
contaminants in the heterogeneous site soils.

Table 1. Applicability of Oxidants to Site Contaminants (- no information)

Contaminant | Permanganate | Fentons | Persulfate | Activated | Ozone | Peroxone
Persulfate
TCE E E G E E E
PCE E E G E E E
1,1 DCE E E G E E E
1,11 TCA P P-G - P-G P P-G
1,2 DCA N P - P-G N N
1,2 DCP P P - G P P
Methylene P G - G P P-G
Chloride
Freon - - - P-G - -

d. Alkaline Hydrolysis. The applicability of alkaline hydrolysis technology
to site contaminants is variable. Hydrolysis of 1,1-DCE, TCE, PCE, and methylene

chloride under alkaline (or neutral) conditions is very limited, though it may be

applicable to 1,1,1-TCA,1,2-DCA and 1,2-DCP (Washington, 1995; Wolf and Jeffers,
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1990). Salocks and Kaley (2003) indicates that Freon 113 is not likely to undergo
hydrolysis in the environment. Likelihood of success in achieving the desired source
treatment with alkaline hydrolysis for all site contaminants, based on existing data, is
low, though the technology could potentially be included in a composite remedy with
other technologies.

e. Zero-Valent Iron. According to Powell et al. (1998), most of the site
contaminants are potentially treatable by zero-valent iron (ZV1). Placement of granular
iron into the saturated zone would not be practical using standard trenching equipment
(long-reach backhoes or clamshell) due to the presence of the basalt layer. Placement of
granular ZV1 through hydraulic fracturing would be possible, however (e.g., Geosierra
technology). The fractures would be created by hydraulic pressure and a slurry of iron
and sand proppant would be injected to create the treatment wall. The vertical extent of
the ZVI-filled fracture would have to correspond to the full cross-section of the
contaminant plume leaving the source area (or at the downgradient edge of the plume,
though that is not an objective addressed here). There are risks with such fracturing
given the nature of the source area hydrogeology. Fracturing may allow release of NAPL
from low permeability zones, allowing them to migrate downward. Furthermore, the
vertical fractures themselves may become conduits for contaminated water to migrate
downward into the B zone. This is a particularly important consideration given the
significant downward hydraulic gradients, even with the ground water extraction from the
A zone. Assessment of the amount of iron and the number of fractures in series to reduce
concentrations or mass flux to an acceptable level would need to be conducted.

The injection of micro- or nano-scale iron has been attempted at other sites for treatment
of similar contaminant, including the Phoenix-Goodyear Airport-North Superfund site.
The injection of these materials without induced fracturing has been largely unsuccessful
in similarly heterogeneous material.

ZV1 can be applied to both saturated and unsaturated soil through in-situ soil mixing.
This would be required to address contaminants in the vadose zone soils above the basalt.
This would not be applicable to dewatered soils below the basalt due to the barrier posed
by the basalt.

The likelihood of success for this technology is low to moderate, provided that control of
contaminant flux is the primary objective. There are risks of significant negative
consequences with this technology

f. Engineered Bioremediation. Most of the site contaminants are amenable
to treatment by anaerobic bioremediation. Any non-aqueous phase contaminants in
source area may limit the rate at which bioremediation could destroy mass due to
solubility constraints. Studies have shown that in cases where DNAPL is present, the rate
of DNAPL dissolution can be significantly increased through biologic processes in the
immediate vicinity of the DNAPL. Bioremediation of the soils above the water table
would be addressed by gaseous amendments. Furthermore, the contact between injected
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amendments and the contaminant may be hindered due to the low permeability and
heterogeneous nature of the materials hosting most of the remaining mass. In-situ soil
mixing may improve the contact, but would not be applicable to the unsaturated and
saturated soils below the basalt layer. Freon may temporarily inhibit biodegradation of
the chlorinated ethenes at the site until Freon concentrations are reduced (Figgins, et al.,
2007). Pilot-scale testing may be necessary to determine injection point spacing and
dosage of a carbon source amendment. Bioremediation may also be applicable if used in
conjunction with other source area treatment technologies, such as in-situ thermal,
particularly as a “polishing” step. The likelihood of success in achieving the desired
source treatment is at least moderate, limited primarily by the ability to distribute
amendments in the heterogeneous subsurface.

g. Multi-Phase Extraction. MPE appears to be a potentially applicable
technology for the contaminants and hydrogeologic conditions at the site, particularly
below the basalt (SVE would be continued above the basalt). Pilot testing would be
required for design of full-scale source area treatment. In particular, the pilot testing
should identify the degree to which pores can be drained to allow airflow through the
soils to promote volatilization. Though substantial contaminant mass removal may be
achievable, residual concentrations may remain high. This technology may need to be
coupled with other technologies to achieve lower concentrations. The existing SVE and
ground water treatment systems may be adaptable to treatment of the extracted fluids
from multi-phase extraction. The air stripper has excess capacity that could be used for
this purpose. Likelihood of success achieving the desired source treatment is moderate.

h. In-Situ Air Sparging. Air sparging would be used primarily as an
enhancement to the existing SVE system at the source area to assist in extracting mass
from the capillary fringe and the saturated zone. Based on the heterogeneous nature of
the saturated soils near the source area, it is unlikely that adequate air channel distribution
would be achievable. Air sparging may not adequately address saturated soils containing
non-aqueous phase liquids due to solubility and diffusion limitations in areas even
slightly distant from air channels. Air sparging does not appear to be an applicable
technology at the Hassayampa site if NAPL is present, and the likelihood of success even
if NAPL is not present below the water table is low to moderate.

i. In-Situ Thermal. The conditions and contaminants at the Hassayampa site
are appropriate for application of in-situ thermal technologies. Care would be needed to
avoid the potential mobilization of non-aqueous phase liquids during heating. This is
typically done through the initiation of heating at and below the base of the target
treatment zone. This would probably involve heating initially at the base of the A zone.
Ground water flux through the site is relatively low, so heat loss due to advective ground
water transport should be relatively minor. The soils at the site would be amenable to the
use of electrical resistivity heating. Due to the high electrical resistivity of basalt, any
contaminant mass residing in the basalt would have to be addressed through conduction
of heat from above or below, or through the alternative use of thermal conduction
heating. Given the high mass flux using SVE technology, any treatment system used in
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conjunction with in-situ thermal methods would have to be quite robust to handle high
contaminant loading. Careful characterization to define the target treatment zone would
be appropriate to minimize risk and remediation cost. Existing PVC monitoring wells in
the immediate vicinity of Pit 1 and other possible source areas requiring treatment would
need to be replaced with steel wells. The site would need a temporary cover to assure
control of vapors. Risk of failure to achieve desired source treatment is low.

j. Surfactant / Co-Solvent Flushing. This technology may be applicable to
the site, though contact between contaminant and introduced solutions will likely be
difficult to achieve due to subsurface heterogeneity and low permeability, particularly in
the vadose zone. Recovery of any solutions injected in the upper soils would be difficult
due to the presence of the basalt layer that would inhibit migration to the water table,
though the solutions may well follow similar paths as the contaminants when they were
originally released. Ground water concentrations would likely significantly increase due
to the mobilization of contaminant from above the water table. The presence of the
solution may allow significant migration of contaminant downward to the B zone without
adequate controls. Additional recovery wells would certainly be required adjacent to the
treatment areas. Bench and/or pilot testing would be needed to demonstrate applicability
to site soils and contaminants and for selection of the appropriate amendments and design
of the treatment processes. Risk of failure to achieve desired source treatment is
moderate to high.

k. Monitored Natural Attenuation (MNA). As previously discussed, MNA
is not normally considered a source-area treatment approach. If the contaminants are
present as NAPL, even at residual (immobile) saturations, in the source area, these
residuals can cause ground water to exceed MCLs for an almost indefinite period
(National Research Council, 2004). Source mass above the water table can also leach
contaminants or allow vapor-phase transport to the water table. Source zone treatment
may, however, reduce mass transfer at the source to the extent that natural processes are
effective at controlling the migration of the plume without other active downgradient
remediation such that receptors are not impacted or that concentration limits are achieved
at compliance points. The use of MNA for source control at the Hassayampa site without
further source treatment at this time is unlikely to allow the maintenance of a stable or
shrinking plume, and is not considered further. Note that none of the other technologies
discussed above will result in the complete removal of the source mass.
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4. Recommendations. Table 1 summarizes the potentially applicable technologies
for source treatment and the qualitative assessment of the likelihood of success for each.

Table 1. Potentially Applicable Technologies for Source Treatment, Hassayampa

Landfill Superfund Site.

Technology

Qualitative Likelihood of Success

Excavation

High above the basalt, negligible below it,
not recommended

In-Situ Soil Mixing

High above the basalt, negligible below it
To be combined with other technologies.

In-Situ Chemical Oxidation

Low to Moderate (moderate for persulfate)

Alkaline Hydrolysis

Low (some site contaminants can be
treated, most can not)

Zero-Valent Iron

Low to Moderate for saturated zone, Low
for unsaturated soils, though could be used
with In-Situ Mixing for shallow soils

In-Situ Bioremediation

Moderate

Multi-phase Extraction Moderate
In-Situ Air Sparging Low to Moderate, used only with SVE
In-Situ Thermal High

In-Situ Flushing

Low to Moderate

Monitored Natural Attenuation

Not recommended. May be applicable
following aggressive source treatment.

The promising technologies are, in order of increasing likelihood of success, are in-situ
bioremediation, multi-phase extraction, and in-situ thermal. The costs are likely to be
lowest with in-situ bioremediation and highest with in-situ thermal remediation.

5. Optimization Analysis. The three recommended technologies identified above
will be carried forward for further consideration in a separate optimization analysis for
the Hassayampa Landfill Superfund Site. Additional details regarding the feasibility of
these recommended technologies may be found as part of the 2011 Five-Year Review for

the Site.
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