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summarizes more current RI results and conclusions from additional investigative data that was obtained and/or
collected after the date of the draft RI report. All work has been conducted in substantial compliance with the National
Contingency Plan (NCP), promulgated pursuant to the Comprehensive Environmental Response, Compensation, and

Liability Act (CERCLA or Superfund), and the Arizona Water Quality Assurance Revolving Fund (WQARF).

NOTE: groundwater sample analytical reporting by HLA in the Phase I Groundwater Quality Investigation

(GQI) Report (September 19, 1990) did not differentiate between cis- and trans-1,2-Dichloroethene(DCE).
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Estes Landfill Remedial Investigation Report

EXECUTIVE SUMMARY
Introduction
This report presents the results of the Remedial Investigation (RI) portion of the RI/Feasibility Study (RI/FS) conducted
at the Estes Landfill (Estes). This report was modified by Environmental Science and Engineering, Inc. (ESE),
formerly known as QST Environmental, Inc. (QST), from the September 5, 1997 “Estes Landfill RI/FS RI Draft
Report” prepared by Harding Lawson Associates (HLA) for the City of Phoenix (City) and Bank One Arizona, N.A.,
(Bank One). This report was generated under the direction of ADEQ, and summarizes the investigations, results and
conclusions of previous RI performed at Estes by HLA and other consultants and contractors. In addition, this report
summarizes more current RI results and conclusions from additional investigative data that was obtained and/or
collected after the date of the draft RI report. All work has been conducted in substantial compliance with the National
Contingency Plan (NCP), promulgated pursuant to the Comprehensive Environmental Response, Compensation, and

Liability Act (CERCLA or Superfund), and the Arizona Water Quality Assurance Revolving Fund (WQARF).

Location

The Estes Landfill is presently located adjacent to and south of the Salt River between 40th and 45th Streets in Phoenix,
Arizona (Figure 1.1). The Estes Landfill study area is shown in Figure 1.2. The study area includes a network of
groundwater monitor wells that extends beyond the portion of the aquifer, which is impacted by the Site. The Estes
Landfill was privately owned and operated from the early 1950s until 1972, when it was permanently closed to landfill
operations. Neither the City nor Bank One operated the Landfill. The Bradley, or Fortieth Street Landfill, a newer
landfill which is also privately owned and operated, lies south of the Estes Landfill. The two are separated by a 50-foot

east/west utility easement.

Background

In 1978, 1979 and 1980, flooding along the Salt River caused substantial damage to both public and private property
along the river, including the Phoenix Sky Harbor International Airport. As a result, the City, in conjunction with local,
State and Federal flood control and transportation agencies, developed a program of river channelization and bank

stabilization. In order to complete the project, a large portion of the Estes Landfill that was located in the riverbed

Environmental Science & Engineering, Inc. ES-i



Estes Landfill Remedial Investigation Report

needed to be relocated. In 1982, the City acquired the Estes Landfill through eminent domain to complete this joint

project.

Between 1980 and 1982, groundwater contamination was discovered in two industrial water supply wells; one located
on the Bradley Landfill, and one located on the former Tanner property west of 40th Street. The primary contaminants
detected were 1,2-dichloroethene (1,2-DCE) and vinyl chloride (VC), which are degradation byproducts of the
industrial solvent trichloroethene (TCE). Lower concentrations of other volatile organic compounds (VOCs) and
metals were also detected. Groundwater sampling of eight monitor wells, four on the Estes Landfill and four on the
Bradley Landfill, conducted by the Arizona Department of Health Services (ADHS) through the mid 1980s, confirmed
the presence of groundwater contamination in the area. The greatest concentrations of VOCs were detected in monitor

well EW-E, located near a former liquid waste disposal pit on the Estes Landfill.

Since 1987, the City has conducted several phases of remedial investigation, with oversight from ADEQ. Since 1993,
Bank One has participated in the investigation. Technical activities have included: the drilling and installation of
numerous groundwater monitor wells and piezometers; the collection of hundreds of soil and groundwater samples and
thousands of water level measurements; the completion of soil gas surveys, geophysical surveys and several aquifer
tests; and the performance of both bench scale and pilot scale treatability tests. Two comprehensive Groundwater
Quality Investigation (GQI) reports as well as multiple technical and project related documents have been prepared for
the City and approved by ADEQ. This high level of technical activity and resulting data allowed for the development

of a detailed Site Conceptual Model (SCM) that was presented in the Draft RI report.

After the submittal of the September 5, 1997, RI Draft Report to the ADEQ, on February 25, 1999, ADEQ provided
written comments to the Draft RI report to the City based on a technical review of the draft document performed by
ADEQ and ESE. The major comments requested additional investigation to identify other potential sources of
VOCs within the former and current landfill, and to determine the lateral and vertical extent of impacted
groundwater. In addition, further assessment of the production of methane gas was also requested, along with

further evaluation of soil and groundwater components that would support the natural attenuation claim made in the
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Draft RI report. Based on the comments provided, ADEQ retained ESE to complete the additional RI activities to

address the major concerns and to finalize the RI report.

ESE’s modification of this report was based on multiple sources, including the City’s and HLA’s response to
comments provided in the February 25, 1999, letter, and additional information that was obtained from data
collected by ESE from the most recent RI field activity conducted from May through June 1999. Other activities
conducted as part of this investigation included: performing an ecological screening to determine if an ecological
assessment would be required; geophysical screening of the landfill; downhole geophysical logging of the deepest

groundwater monitoring well installed by ESE; and an evaluation of the integrity of the existing landfill cover.

The results of the 1999 investigation allowed ESE to refine the SCM in the draft RI. The Site Conceptual Model is a
detailed working hypothesis of the geology and hydrogeology and how these are interrelated with the fate and transport
of contaminants associated with past disposal practices at the Site. The major components of that SCM are described in

detail throughout the RI report. A summary is provided below.

Hydrogeology

The Site is underlain by 115 to 175 feet of heterogeneous alluvial sediments followed by several hundred feet of
consolidated sedimentary bedrock. The major hydrologic feature in the study area is the Salt River immediately
adjacent to the Site. The Salt River is normally dry, but during periods with above average precipitation, releases from
upstream reservoirs have caused flows to occur that have exceeded 100,000 cubic feet per second (cfs). These river

flows cause rapid recharge to the underlying aquifer.

Groundwater generally occurs under unconfined conditions, with localized exceptions. Groundwater flow is generally
west during no river flow and southwest during large river flow events. Water levels fluctuate between 25 and 65 feet
below ground surface (bgs) beneath the Site and are significantly impacted by river flow. These dynamic groundwater

conditions create a complex flow regime that alters the advective transport of groundwater contaminants.
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The alluvium beneath the Site contains sediments of similar composition with differing hydraulic properties, which
result from differences in the degree of sorting of the sediments. Therefore, for the purposes of this R, three distinct
alluvial hydrostratigraphic units have been designated, in descending order from surface, as units F1, F2, and F3. The
differences in sorting are related to variations in the fluvial depositional environments of the sediments. The F1 unit is
composed of cobbles, gravel, sand and some fines and, when saturated, is considered a highly permeable unconfined
alluvial aquifer above approximately 60 feet bgs. The hydraulic conductivity of unit F1 is calculated to be 2x10™
centimeters per second (cm/sec) (HLA, 1992c and HLA, 1992d). The F2 unit is also composed of cobbles, gravel, sand
and silt with some clay and is considered a semi-confined alluvial aquitard between approximately 60 to 90 feet bgs
with very low primary permeability. The hydraulic conductivity of unit F2 is calculated to be 1x107 cm/sec. The F3
unit is composed of the same fluvial material as units F1 and F2, but is considered a moderately permeable,
semi-confined alluvial aquifer between the base of unit F2 and the underlying sedimentary bedrock. The hydraulic

conductivity of unit F3 is calculated to be 2.5x10?% cm/sec (HLA, 1992c).

The sedimentary bedrock, also referred to as unit F4 in the SCM, is well-consolidated and appears to correlate with the
Tertiary Tempe Beds. The hydraulic conductivity of unit F4 is calculated to be 4x10 cm/sec (HLA, 1992c). Contacts

between the three alluvial units are gradational, whereas, the alluvial/bedrock contact is readily apparent. Unit F2 is not
continuous throughout the study area. Where unit F2 is absent, units F1 and F3 are considered to be one unconfined

alluvial aquifer.

Groundwater VOC Plumes

In the vicinity of the Site, two plumes of dissolved VOCs in groundwater have been identified through the
evaluation of groundwater quality data. One plume is located onsite and generally defined as the Estes Landfill
Site, as shown on the ADEQ WQARF Registry Map (Figure 1.2). The other plume is located to the south and

southwest of the Estes Landfill.
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The Site plume is suspected of originating from an onsite former liquid waste disposal pit (primary source).
Dissolved concentrations of VC, cis-1,2-DCE, TCE, and other VOCs in groundwater define this plume. The south

plume is defined by dissolved concentrations of TCE, 1,1-DCE, and other VOCs in the groundwater.

At the onsite source, releases of solvent waste such as TCE probably occurred. This waste TCE was likely mixed
with other liquid wastes including septage, greases, and waste oils. The precise quantities, character and nature of
the liquid wastes are unknown, although considerable historic evidence confirms solvent disposal in the source area.
The primary contaminant migration pathway included infiltration of the mixed wastes and solvents through the
bottom of the pit, and then percolation through the underlying unsaturated zone to the aquifer. The parent solvent,
TCE, has subsequently béen degraded to cis-1,2-DCE and VC. There are no indications of the existence of
DNAPLSs at the Site. Where detected, TCE makes up less than 1% of the total mass of contaminants.
Concentrations of dissolved cis-1,2-DCE are generally less than 0.1% of its respective solubility, and VC exists as a

gas at the pressures and temperatures found at the Site.

Landfill Soil Conditions

Metals in the form of Aresenic and Thallium were present in both the former landfill and the western and central
portions of the existing landfill that exceeded their appropriate action level. In addition, Lead was present in the
eastern portion of the existing landfill that also exceeded the SRL. Because these metals are present in subsurface
soils, direct human exposure is not a concern at this time. However, the potential of these metals to leachate into the
groundwater, and potential future exposure during site redevelopment are of concern. Consequently, further
evaluation on the potential risks to human health and the environment of these metals present in the subsurface soils

will have to be conducted in the form of a risk assessment.

Landfill Methane Production
Based on comparing methane results of all three rounds, there is no apparent trend of methane production. However, it
has been concluded that the highest concentrations of methane production are within the relocated portions of the

landfill. It has also been established that methane is not migrating west or east offsite. In addition, the presence of
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methane and methane production along the southern portion of the landfill is likely influenced by the presence of
the Bradley Landfill, which is also a source of methane. The current concentrations of methane could create
explosive conditions if low-lying areas or enclosed structure were present. However, because these types of site
conditions are not present explosion potential due to build up of methane is currently not an issue. Should future
site redevelopment be planned which includes the construction of enclosed structures, the potential of methane
creating an explosive condition would be an issue of concern. Consequently, methods to recover methane in

landfills should be evaluated during the performance of the FS.

Groundwater Chemistry

VC, TCE, cis-1,2-dichloroethene (cis-1,2-DCE) are signature chemicals for the Site, and accordingly, were used to
define the extent of impacts to groundwater. The lateral and vertical extent of contamination from the Site is relatively
stable as evidenced from nearly seven years of groundwater monitoring. The limiting factor in this contaminant

migration is the rate at which these dissolved phase breakdown products diffuse from unit F2.

The groundwater plume from the Site is stable and not migrating. A review of over seven years of groundwater
analytical data indicate that the western or downgradient lateral extent of the plume is defined by wells EW-1 and
EW-12. Concentrations of VC and cis-1,2-DCE in groundwater samples collected from both of these wells have
been very low to below detection, regardless of river flow conditions. To the south and southwest, the lateral extent
fluctuates a few hundred feet in response to river flow. However, the southern lateral extent is generally defined by
wells north of University Drive, in particular Wells BW-SD and EW-14. The northern/northwestern lateral extent is
characterized by groundwater data from Wells EW-9, EW-11, EW-22, and newly installed Wells EW-23 and EW-
24. Based on recent data from these wells, there appears to be a northwest migration component to the primary
signature compounds from the Estes Landfill. June 1999 concentrations of VC at Wells EW-22 (2.7 pg/l) and EW-

23 (12 pg/l), northwesternmost wells, were above the ADEQ AWQSs.

Based on inferred westerly to southwesterly groundwater flow in the area of the Estes Landfill, Wells EW-NE and

EW-3 are upgradient of the inferred source of VOC contaminants identified at the Site. No VOCs have been
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reported in groundwater samples at these wells, which were initially sampled in September 1988 and June 1989,
respectively. It can therefore be inferred that no VOC contaminants have migrated onto the Site from an upgradient
source. Based on inferred westerly to southwesterly groundwater flow indicated since groundwater monitoring
began at Estes Landfill, the Bradley Landfill is downgradient to cross-gradient of the Estes Landfill. Based on these
inferred groundwater flow conditions, it is not likely that any potential VOCs in groundwater from the Bradley

Landfill have migrated north onto the Estes Landfill boundary.

The vertical extent of groundwater contamination is generally limited to the alluvial hydrostratigraphic units F1, F2
and F3. Three wells have been completed in the bedrock and geologic coring was completed at a number of
locations. Both VC and cis-1,2-DCE have been detected in groundwater samples collected from the unit F4
monitoring well EW-15, located near the source area. Only cis-1,2-DCE was detected in the June 1999
groundwater sample collected at Well EW-26, also located near the source area, but screened approximately 100
feet deeper than EW-15. VC and cis-1,2-DCE have not been detected, or have been detected at concentrations less
than 1 ug/l, in groundwater samples collected from the downgradient F4 monitoring well EW-8. Given the
hydrogeologic characteristics of F4 and the lack of groundwater contamination at the downgradient location, the

vertical extent appears to be limited.

Contaminant concentrations in groundwater decline over time and with distance from the source area. Since the last
major river flow event in 1993, concentrations have declined up to two orders of magnitude at some locations. It
was noted that during large river flow events, groundwater concentrations of VC tend to spike near the source area.
This concentration spike is immediately followed by a rapid decline. These spikes do not appear to affect the lateral
extent of groundwater contamination over either the short or long term. From the source area to the western edge of
the landfill, approximately 1,700 feet, groundwater concentrations generally decline by about two orders of
magnitude. Groundwater concentrations of VC and DCE decline another order of magnitude to generally below

detection in an additional 1,600 feet from the western edge of the Site.
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The two primary mechanisms controlling the attenuation of VOCs at the Site are physical and biological. The main
physical attenuation mechanisms are dissolution and advection. Dissolution occurs primarily in F2 beneath the
source and results in the creation of highly contaminated groundwater. This highly contaminated groundwater
slowly migrates vertically to the more permeable adjacent units F1 and F3, where it can migrate laterally via
advective transport. During periods of river flow, rapid recharge causes hydraulic loading and upsets the
established equilibrium. This effect contributes to the observed VC and DCE concentration spikes at source area

wells during or immediately after a major river flow event.

An evaluation of concentration spikes over time indicates that the magnitude of the spikes is declining as a result of
the reduction in contaminant mass in unit F2. In addition, after a spike event occurs, the concentrations rapidly
decline to pre-spike levels or lower. The attenuation mechanism responsible for the rapid decline in concentrations
appears to be primarily related to the presence of a unique set of environmental conditions that creates a sequential
anaerobic/aerobic groundwater system. Strong evidence of the natural attenuation of TCE, cis-1,2-DCE, and VC

through biodegradation is present at the Site.

Natural attenuation of TCE, cis-1,2-DCE, and to a limited extent, VC, is occurring at the Site. The presence of
biologically-formed cis-1,2-DCE (daughter product of TCE) and VC (daughter product of the biodegradation of
DCE) suggests that microbial reductive dechlorination is occurring at the Estes Landfill. In addition, supporting data
have shown that appropriate geochemical conditions exist for reductive dechlorination to occur, especially near the

source area.

However, daughter products of vinyl chloride, such as ethane and ethene, while detected at the site, do not occur in
significant concentrations to suggest that vinyl chloride is being reductively dechlorinated, nor are the
concentrations of chloride and carbon dioxide (ultimate end products in the mineralization of VC) significantly
above background levels to indicate that VC mineralization is occuring. An alternative explanation for the lack of

VC accumulation in the system may be other biodegradation mechanisms, such as direct oxidation or cometabolism
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with a primary organic substrate. At this time, insufficient evidence is available to conclusively determine the exact

mechanism acting on VC to reduce concentrations over time.

Risk Assessment

Two risk assessments (RAs) have been completed. A Baseline RA was completed by the ADHS in 1995 and a Human
Health RA was completed by Harding Lawson Associates (HLA), also in 1995. The results of the two RAs were
similar in that they concluded that the media of concern was groundwater and the chemical of concern was VC. Both
RAs also concluded that there are no current public health risks associated with the Site, as there is no complete
exposure pathway for groundwater. The closest domestic supply wells are 1.5 miles north-northwest and 2 miles south-
southwest of the Site. Due to the relative stability of the detected VOC plume, neither of these wells is considered close
enough to be impacted by the Site. Differences in the RAs were primarily related to the hypothetical potential future
use of groundwater. ADHS’s RA included future onsite ingestion of groundwater, a pathway deemed to be incomplete
by United States Environmental Protection Agency [EPA] guidance in the characterization of future onsite risks (EPA,
1990). HLA did not consider that future onsite ingestion of groundwater is likely to occur. The differences in RA
approaches resulted in significantly different estimates of risk. In the ADHS RA, the greatest excess cancer risk was
2x107, associated with theoretical potable use of groundwater from a specific monitor well located onsite. In the HLA
RA, the greatest excess cancer risk, associated with potential potable use of offsite groundwater, was 1x10*. From the
date of this report both risk assessments have not been finalized. Prior to the completion of the FS, the draft RA
prepared by ADHS should be finalized. The final RA should not only address the most recent collected groundwater
data, it should also address the potential risks to human health and the environment of Arsenic, Thallium, and Lead

present in the subsurface soils that exceed ADEQ’s residential soil remediation levels (SRLs).

Community Involvement Activities

Community involvement at the Site began in the early 1980's, after the ADHS discovered contaminated groundwater in
wells downgradient of the Site. The Site and associated remedial activities have been discussed at public meetings
including: City Council meetings, meetings of the Phoenix Environmental Quality Commission, and meetings of the

Phoenix City Council's Environmental and Natural Resources Subcommittee. Copies of technical reports, including
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quarterly status reports and proposed technical tasks, have been submitted to the ADEQ for review and submission into
public files. An information repository was established at the Ocotillo Library and contains various technical
documents about investigative activities at the Site. The City also published a series of advertisements in local papers.
The City and ADEQ also prepared and mailed an informational fact sheet about the Site to neighbors, businesses, and

interested parties in February 1995,

Included as part of the RI is the Community Involvement Plan, Estes Land(fill State Superfund Site. The community
involvement plan was prepared in conjunction with ADEQ, the City, and Bank One to describe what community
involvement activities should occur regarding the Site. The plan is based upon a series of 20 community interviews,
which were jointly conducted by the City, its contractor, and ADEQ representatives. The plan discusses the historical
activities at the Site, objectives of the plan and issues of concern. The plan provides the framework for future
community involvement activities at the Site, including issuance of fact sheets and public notices, and timing of public

meetings.

Environmental Science & Engineering, Inc. ES-x






o

Estes Landfill Remedial Investigation Report

1.0 INTRODUCTION

This report has been modified by Environmental Science and Engineering, Inc. (ESE), formerly known as QST

Environemental, Inc. (QST), from the September 5, 1997 “Estes Landfill RI/FS Remedial Investigation (RI) Draft

Report” prepared by Harding Lawson Associates (HLA) for the City of Phoenix (City) and Bank One Arizona, N.A.

(Bank One). This report summarize the investigations, results and conclusions of previous Remedial Investigations

(RT) performed at the closed Estes Landfill (Estes) by HLA and other consultants and contractors. In addition, this

report summarizes more current Rl results and conclusions from additional investigative data that was obtained

and/or collected after the date of the draft report prepared by HLA.

This report is organized into the following sections:

. Sections 1.0
e Section 2.0
o Section 3.0
. Section 4.0
. Section 5.0
. Section 6.0
° Section 7.0
° Section 8.0
e Section 9.0
. Section 10.0

Introduction - provides Site description, ownership and use history, and a brief
summary of RI activities.

Site Conceptual Model (SCM) - describes the key elements of the SCM.

Physical Setting - discusses land use, hydrogeologic and environmental settings
and presents a general overview of groundwater use in the area.

Overview of RI and Feasibility Study (FS) activities - presents a synopsis of
previous technical activities conducted as part of the Site investigation.

Hydrogeology - includes a brief regional discussion followed by a detailed
analysis of the study area using supporting data.

Site Characterization and Nature and Extent of Contamination - discusses site
characterization activities and details the nature and extent of contamination.

Contaminant Fate and Transport - provides detailed Site information on the
effects of recharge, biodegradation of volatile organic compounds (VOCs), and
the effect of these on contaminant migration.

Assessment of Risk - presents a summary of the hazard identification, toxicity
assessment, exposure assessment, and risk characterization.

Community Involvement - presents a summary of community involvement
activities that have been conducted at the Site and outlines plans for continued
community involvement detailed in the Community Involvement Plan - Estes
Landfill State Superfund Site.

Summary and Conclusions - briefly summarizes the components of the R SCM
and provides conclusions from which the consideration of technologies and
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alternatives for groundwater remediation can be based.

o Section 11.0 References - presents a list of references cited throughout this report.
o Section 12.0 Glossary - presents definitions of various technical terms used throughout this
report.

During the completion of the RI, a number of interim or topical reports were generated, including quarterly reports
provided to the Arizona Department of Environmental Quality (ADEQ). Other RI documents include various types
of work plans, project specifications and guidance documents which describe how a particular phase of the
investigation or task would be conducted. A complete list of these documents is provided in Table 1.1 and copies of
these documents are available at ADEQ or the City. A repository for major project reports has also been established

by the City of Phoenix at the Ocotillo Public Library at 102 West Southern Avenue, Phoenix, Arizona.

1.1 Site Description

The Estes Landfill (Landfill) is located along the south bank of the Salt River (the River) between 40th and 45th
Streets in Phoenix, Arizona (Figure 1.1). The Landfill lies in Township 1 North, Range 4 East and occupies
portions of the southwest and southeast quarter sections of Section 18, Gila and Salt River Baseline and Meridian.
The Landfill presently occupies approximately 40 acres along the river in an area dominated by newer commercial
developments and older light industrial properties. The Landfill is bounded on the west by 40th Street, on the north
by the Salt River and the Phoenix Sky Harbor International Airport, on the south by the Waste Management
Regional Waste Transfer Station and the Bradley Landfill, and on the east by vacant land owned by the City and

State Route 153. The properties to the south are separated from the Landfill by a 50-foot east/west utility easement.

The Landfill is fenced on all four sides with gated access off 40th Street. The Landfill is covered with one to
several feet of native fill material, typically silt, sand and cobbles, and sparse vegetation. Other than the items
related to the environmental work being conducted, the Landfill is generally vacant. Several large diameter
concrete culvert pipe sections are located near the central portion of the Landfill. Two steel high voltage power line

towers located in the utility easement near the southeast and southwest corners of the Landfill, and the old Estes
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groundwater production well and associated wooden power poles are also found onsite. The structures related to the
environmental work include various groundwater monitor wells, an inactive air stripper used for pilot tests, Baker

tanks, and several permanent methane monitoring probes.

The Estes Landfill site (Site) was defined, by the Arizona Department of Environmental Quality (ADEQ) in April
1988, as the Estes Landfill Water Quality Assurance Revolving Fund (WQARF) Registry Site. The current
boundaries of the Site are shown on Figure 1.2, and were based on inferred distribution of dissolved contaminants in

groundwater that were identified as signature compounds to the Estes Landfill.

1.2 Ownership and Use History

The Estes Landfill property was owned by members of the Wilbur Calvin Estes family from approximately 1945
through 1965 except for two years (1957 to 1959) when the property was transferred to and owned by Lyle Stanley
Shawler. In 1965, the property was transferred to John Lattimore and Paul Van Leer. On June 1, 1966, legal title to
the property was acquired by The Valley National Bank of Arizona N.A., predecessor to Bank One Arizona, N.A.,
via a warranty deed that identified Valley National Bank "as trustee" of the Estate of Mr. Estes. In 1982, the
Landfill was acquired through the exercise of eminent domain by the City for the joint public purpose project

described below.

It is believed that the Landfill was operated almost continuously from 1953 to 1972. The Estes Landfill was used
by commercial trash haulers, septic tank effluent haulers, and other private users. At various times, other portions

of the Landfill were used for agricultural purposes, a hog feeding operation, and a scrap metal operation.

Landfill operations were inspected by the Maricopa County Health Department (MCHD) on a fairly continuous
basis between 1959 and 1972. The Estes Landfill was operated by Garbage Service Co. Inc., a refuse hauling and
landfill operating company of which Mr. Estes was the principal. According to records from the MCHD, the Estes

Landfill was officially closed in February 1972. Data collected from borings drilled along the northern boundary of
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the Landfill (Sergent et al., 1988 and HDR, 1982) indicated that refuse was encountered at depths up to 45 feet

below ground surface (bgs).

During its operation, the Landfill was occasionally referred to as the 40th Street Landfill, as was the adjacent

Bradley Landfill (discussed further below). During flooding of the Salt River in 1978, 1979, and 1980, flood waters
closed and damaged the east end of the south runway at the Sky Harbor International Airport. Also damaged during
the flood were several road crossings, bridges, and much public and private land. The Landfill was among some of

the private land that was inundated with surface water during these floods.

Under the direction of the Federal Aviation Administration (FAA), the City, in conjunction with the Arizona
Department of Transportation (ADOT), the Arizona Water Commission (AWC) (precursor to the Arizona
Department of Water Resources [ADWR]), the Maricopa County Flood Control District (MCFCD), the City of
Tempe, the United States Corps of Engineers, and private engineering consultants, proposed to channelize and
stabilize the banks of the Salt River in this area to eliminate future flood damage. At this time, the Arizona
legislature appropriated $1 million to help fund this effort. The FAA also provided funding. To complete this
channelization, the City agreed to obtain certain property located in the then existing Salt River bed. In 1981, a
portion of this property, including the Landfill, was acquired by the City through eminent domain. Acquisition was

completed in 1982.

In order to implement the flood control channelization project, it was necessary to remove approximately 30 acres
of the Estes Landfill from the riverbed. (The northern boundary of the Landfill now consists of the stabilized river
bank.) The channelization project was ultimately approved by the FAA, the United States Corps of Engineers, and
the Federal Emergency Management Agency as well as state and local agencies. In July 1981, the City and the
predecessor to ADEQ, Arizona Department of Health Services (ADHS), entered into a Memorandum of Under-
standing regarding the Estes Landfill relocation project. The relocation of the 30 acres of the Estes Landfill in the

river bed was conducted in 1982 under the guidance of ADHS. The material was relocated to the remaining 40
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acres of the Landfill. The environmental activities associated with the relocation were overseen by Henningson,
Durham & Richardson Engineers (HDR) under contract with the City. The 30 acres of refuse in the planned

alignment of the river channel was removed and screened to determine whether it contained hazardous constituents.

The screening activities consisted of site reconnaissance prior to excavation, a subgrade contamination investigation
initiated few days after refuse excavation began, and visual inspection and sampling (if required) of the excavated
material on a daily basis by HDR field engineers (HDR, 1982). The subgrade contamination investigation was
overseen by Western Technologies, Inc. (WTTI), and consisted of drilling test holes over the northern portion of the
Landfill which required excavation and removal. Using an expanded grid methodology, approximately ninety (90)
test holes were drilled in the area of the Landfill that is currently occupied by the Salt River (Figure 1.3). More than
306 soil samples were collected from the test holes, of which approximately 124 underwent Fingerprint Analysis
and Complete Profile. The Fingerprint analysis consisted of measurements of pH, flashpoint, cyanide content, and
explosivity. The Complete Profile consisted of EP toxicity testing, solvent screening, and miscellaneous analyses
(i.e., phenolic compounds, ammonia, and total solids). The results of the subgrade investigation (HDR, 1982)
indicated that none of the collected samples were determined to be hazardous. Also, the results of the solvent
screeningl did not show the presence of any solvents above the method detection limit for any of the soil samples
collected. However, the solvent scan did not include, cis-1,2-Dichloroethene or Vinyl Chloride. After screening, if

the refuse was determined to be nonhazardous, it was relocated onto the southern 40 acres.

During relocation, about 20 cubic yards of material were found to contain hazardous waste. These materials
consisted of several severely deteriorated 55-gallon drums in which the remaining contents and surrounding
contaminated soil met hazardous waste characteristics, as defined by Resource Conservation and Recovery Act
(RCRA). The contents of four drums were considered ignitable because the flashpoints of the contents were less
than 140 degrees Fahrenheit. The contents of five other containers were classified as toxicity characteristic wastes
because the EP-toxicity limits exceeded the hazardous waste limit for lead. Ultimately these materials were shipped

as hazardous waste under RCRA regulations to a United States Environmental Protection Agency (EPA)-permitted
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hazardous waste disposal facility in California (HDR, 1982). No other information was available on whether or not
confirmatory soil and groundwater samples were collected upon removal of the wastes. Consequently, there was no
documentation, which demonstrated that all hazardous materials had been removed, and that no residual hazardous
constituent concentrations remained in the subsurface soil that could serve as a potential on-going source of VOCs
in the soil and groundwater. The estimated original boundary of the Estes Landfill, the estimated extent of the
excavation in the Salt River bed, and the current boundaries of the Landfill are shown on Figure 1.3. The

boundaries of the Site, as defined by the ADEQ WQARF Registry, are shown on Figure 1.2.

Between 1980 and 1982, groundwater contamination by VOCs was discovered in two industrial supply wells
located near the Landfill. The first well, the Bradley production well (BW-P), was located on the adjoining Bradley
Landfill (also known as the Fortieth Street Landfill). The Bradley Landfill, south of the Estes Landfill and
separated by a 50-foot easment, was reportedly opened in 1972 and used mainly by commercial trash haulers (Graf,
1986). In 1974, the Bradley Landfill was purchased by Mr. John Bradley, who is the current owner and operator.
The western portion of the Bradley property was sold to Waste Management of Arizona and has been converted to a
waste transfer station. According to Bradley Landfill management (HLA, 1997), the western portion of the property
was not actively used as a landfill. The second impacted well was the Tanner production well (TW-P) located west

and southwest of the Bradley and Estes Landfills, respectively (Figure 1.3).

In 1987, in response to the observed groundwater contamination, the City developed a Phase I Groundwater Quality
Investigation (GQI) that was approved by the ADEQ, successor agency to the ADHS, and initiated by the City
under the newly created state WQARF program. To ensure that the work carried out by the City under the plan met
with agency approval, a Technical Committee (TC) was established to oversee the progress of the investigation.
The TC initially consisted of members of ADEQ, the ADWR, the City, and HLA. In 1993, Bank One joined the

TC.
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1.3 RI Activities

Prior to the development of the September 5, 1997, RI Draft Report, numerous investigations have been conducted
at the Site and multiple investigative techniques have been used to characterize the nature and extent of
contamination. Some of this information has been documented in other reports previously submitted to ADEQ

(Table 1.1).

The RI process was designed to provide a stepwise evaluation of the presence, magnitude and extent of groundwater
contamination and to assess potential source areas, both onsite and offsite. Early investigations established and
defined the presence of groundwater contamination by VOCs above federal Safe Drinking Water Act Maximum
Contaminant Levels (MCLs), those levels having since been adopted as Aquifer Water Quality Standards (AWQS)
in the State of Arizona. Vinyl chloride (VC) was detected above the AWQS of 2 micrograms per liter (ug/l) in
wells at and near the Site. Cis-1,2-dichloroethene (cis-1,2-DCE) and trichloroethene (TCE) were also detected in

the groundwater collected from select wells above the current AWQS of 70 and 5 1ag/l, respectively.

As part of the Site characterization, the environmental media evaluated have included soil, air and water. Surface
soils over the Landfill have been evaluated through a program of surface soil sampling and chemical analyses.
Twenty-two surface soil samples have been analyzed for VOCs, semi-volatile organic compounds (SVOCs),
pesticides, polychlorinated biphenyls (PCBs), and metals. Subsurface soils have been evaluated through lithologic
logging, surface geophysics, sampling and chemical and physical analyses. Numerous soil borings have been
conducted and test pits have been installed. In addition, two rounds of soil gas sampling for VOCs at over 83
locations across the Landfill have been conducted. Because the results of the soil gas sampling indicated
concentrations of VOCs were very low, ambient air monitoring was found unnecessary. Also, 34 permanent landfill

gas monitoring probes have been installed at 17 locations on and around the Landfill.

The hydrogeology has been evaluated through several methods including: drilling and geologic logging of drill

cuttings and continuous core samples at over 30 locations; downhole geophysical logging and permeability testing
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of core samples; construction of monitor and aquifer test wells; and completion of several short and long term
aquifer tests. In addition, data obtained through the collection and evaluation of more than 100 monthly rounds of
hydraulic head data, extensive groundwater modeling efforts, and the collection and analysis of nearly 700
groundwater samples have greatly contributed to the development of a site conceptual model (SCM), discussed in

detail in Section 2.0.

There are more than 60 wells installed by the City and other property owners in the vicinity of the Site. The study
area is generally defined by the monitor well network which extends beyond the area impacted by the Site and is
primarily contained within the boundaries of the Salt River on the north, 48th Street on the east, Interstate 10 (I-10)
on the south and the 1-10 bridge over the Salt River on the west. The current monitor well network is shown on
Figure 1.3. The quarterly groundwater sampling and monthly groundwater monitoring program has changed over
time to reflect changes in both the monitor well network and data needs. In general, groundwater quality samples
have been collected on a quarterly basis since September, 1988. Select groundwater samples have been analyzed
for VOCs, SVOCs, pesticides, metals, inorganics, radionuclides, coliforms, and dissolved gasses. The results of

these analyses are presented in the water quality database which is included in Appendix A.

Water-level or hydraulic head measurements have been collected on a monthly basis since the onset of quarterly
sampling. In addition, two Stevens Type F continuous water level recorders were installed to gather continuous
water-level measurements from various locations across the Site. In 1996, three transducer-type data loggers
(Trolls) were installed in select piezometers to continuously record hydraulic head variations between

hydrostratigraphic units. These results are presented in the water level database which is included in Appendix B.

Much of the work conducted as part of RI is described in further detail in major project reports, including Phase I
and Phase IT Groundwater Quality Investigation Reports, a Remedial Data Acquisition Report, and risk assessments
conducted by HLA and ADHS. The major findings of these reports are summarized in Section 4.0; a complete list

of project submittals appears in Table 1.1.
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Since 1993, activities at the Site have focused on further RI work to refine the SCM, complete site characterization
activities, and evaluate various remedial alternatives with an emphasis on the more innovative technologies such as
air sparging and intrinsic bioremediation. With the acquisition of additional data, the SCM has been further refined,
is an integral part of the site characterization, and can be used extensively in the evaluation of remedial alternatives.
During this time, the following tasks were completed to provide additional data:

Performed and evaluated a unit specific aquifer test;

Performed and evaluated unit specific continuous water levels;

Completed a three-dimensional groundwater flow model;

Conducted quarterly monitoring and reporting;

Analyzed soil samples for chemical, physical and biological properties including VOC analyses, detailed
lithologic logging, sieve analysis, vertical permeability testing, and microbial populations;

Performed groundwater sampling and testing for dissolved oxygen (DO), redox potential, carbon oxygen
demand (COD), biological oxygen demand (BOD), phosphate, nitrite, sulfate, ferrous and ferric iron
and the C1-C4 range hydrocarbons (ethene, ethane, and methane); and

Performed a laboratory bench scale biodegradation test to evaluate intrinsic biodegradation rates and the
potential effects of enhancement.

Also during this time, two risk assessments (RA) were prepared for the Site, one by ADHS (draft only) and the
other by HLA. In general, the results of both RAs indicate that VC in the groundwater is the primary chemical of
concern, that soil vapor and surface soils do not pose a health risk, and that the overall current public health risk

posed by contaminated groundwater at the Site is negligible due to the lack of receptors.

After the submittal of the September 5, 1997, RI Draft Report to the ADEQ, on February 25, 1999, ADEQ provided
written comments to the Draft RI report to the City based on a technical review of the draft document performed by
ADEQ and ESE. The major comments requested additional investigation to identify other potential sources of

VOC:s within the former and current Landfill, and to determine the lateral and vertical extent of impacted
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groundwater. In addition, further assessment of the production of methane gas was also requested, along with
further evaluation of soil and groundwater components that would support the natural attenuation claim made in the
Draft RI report. Based the comments provided, ADEQ retained ESE to complete the additional RI activities to

address the major concerns and to finalize the RI report.

ESE’s modification of this report is based on multiple sources, including the City’s and HLA’s response to
comments provided in the February 25, 1999, letter, and additional information that was obtained from data
collected by ESE from the most recent RI field activity conducted from May through June 1999. Other activities
conducted as part of this investigation included: performing an ecological screening to determine if an ecological
assessment would be required; geophysical screening of the Landfill; downhole geophysical logging of the deepest
groundwater monitoring well installed by ESE; and an evaluation of the integrity of the existing Landfill cover. The

results of this investigation are summarized in appropriate subsections of Sections 4.0 and 6.0.
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1.0 INTRODUCTION

This report has been modified by Environmental Science and Engineering, Inc. (ESE), formerly known as QST

Environemental, Inc. (QST), from the September 5, 1997 “Estes Landfill RI/FS Remedial Investigation (RI) Draft

Report” prepared by Harding Lawson Associates (HLA) for the City of Phoenix (City) and Bank One Arizona, N.A.

(Bank One). This report summarize the investigations, results and conclusions of previous Remedial Investigations

(RI) performed at the closed Estes Landfill (Estes) by HLA and other consultants and contractors. In addition, this

report summarizes more current RI results and conclusions from additional investigative data that was obtained

and/or collected after the date of the draft report prepared by HLA.

This report is organized into the following sections:

Sections 1.0

Section 2.0

Section 3.0

Section 4.0

Section 5.0

Section 6.0

Section 7.0

Section 8.0

Section 9.0

Section 10.0

Introduction - provides Site description, ownership and use history, and a brief
summary of RI activities. ' :

Site Conceptual Model (SCM) - describes the key elements of the SCM.

Physical Setting - discusses land use, hydrogeologic and environmental settings
and presents a general overview of groundwater use in the area.

Overview of RI and Feasibility Study (FS) activities - presents a synopsis of
previous technical activities conducted as part of the Site investigation.

Hydrogeology - includes a brief regional discussion followed by a detailed
analysis of the study area using supporting data.

Site Characterization and Nature and Extent of Contamination - discusses site
characterization activities and details the nature and extent of contamination.

Contaminant Fate and Transport - provides detailed Site information on the
effects of recharge, biodegradation of volatile organic compounds (VOCs), and
the effect of these on contaminant migration.

Assessment of Risk - presents a summary of the hazard identification, toxicity
assessment, exposure assessment, and risk characterization.

Community Involvement - presents a summary of community involvement
activities that have been conducted at the Site and outlines plans for continued
community invelvement detailed in the Community Involvement Plan - Estes
Landyfill State Superfund Site.

Summary and Conclusions - briefly summarizes the components of the RI SCM
and provides conclusions from which the consideration of technologies and
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alternatives for groundwater remediation can be based.

] Section 11.0 References - presents a list of references cited throughout this report.
o Section 12.0 Glossary - presents definitions of various technical terms used throughout this
report.

During the completion of the RI, a number of interim or topical reports were generated, including quarterly reports
provided to the Arizona Department of Environmental Quality (ADEQ). Other RI documents include various types
of work plans, project specifications and guidance documents which describe how a particular phase of the
investigation or task would be conducted. A complete list of these documents is provided in Table 1.1 and copies of
these documents are available at ADEQ or the City. A repository for major project reports has also been established

by the City of Phoenix at the Ocotillo Public Library at 102 West Southern Avenue, Phoenix, Arizona.

1.1 Site Description

The Estes Landfill (landfill) is located along the south bank of the Salt River (the River) between 40th and 45th
Streets in Phoenix, Arizona (Figure 1.1). The landfill lies in Township 1 North, Range 4 East and occupies portions
of the southwest and southeast quarter sections of Section 18, Gila and Salt River Baseline and Meridian. The
landfill presently occupies approximately 40 acres along the river in an area dominated by newer commercial
developments and older light industrial properties. The landfill is bounded on the west by 40th Street, on the north
by the Salt River and the Phoenix Sky Harbor International Airport, on the south by the Waste Management
Regional Waste Transfer Station and the Bradley Landfill, and on the east by vacant land owned by the City and

State Route 153. The properties to the south are separated from the landfill by a 50-foot east/west utility easement.

The landfill is fenced on all four sides with gated access off 40th Street. The Landfill is covered with one to several
feet of native fill material, typically silt, sand and cobbles, and sparse vegetation. Other than the items related to the
environmental work being conducted, the Landfill is generally vacant. Several large diameter concrete culvert pipe
sections are located near the central portion of the Landfill. Two steel high voltage power line towers located in the

utility easement near the southeast and southwest corners of the Landfill, and the old Estes-groundwater production
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well and associated wooden power poles are also found onsite. The structures related to the environmental work
include various groundwater monitor wells, an inactive air stripper used for pilot tests, Baker tanks, and several

permanent methane monitoring probes.

The Estes landfill site (Site) was defined, by the Arizona Department of Environmental Quality (ADEQ) in April
1988, as the Estes Landfill Water Quality Assurance Revolving Fund (WQARF) Registry Site. The current
boundaries of the Site are shown on Figure 1.2, and were based on inferred distribution of dissolved contaminants in

groundwater that were identified as signature compounds to the Estes Landfill.

1.2 Ownership and Use History

The Estes Landfill property was owned by members of the Wilbur Calvin Estes family from approximately 1945
through 1965 except for two years (1957 to 1959) when the property was transferred to and owned by Lyle Stanley
Shawler. In 1965, the property was transferred to John Lattimore and Paul Van Leer. On June 1, 1966, legal title to
the property was acquired by The Valley National Bank of Arizona N.A., predecessor to Bank One Arizona, N.A.,
via a warranty deed that identified Valley National Bank "as trustee" of the Estate of Mr. Estes. In 1982, the
Landfill was acquired through the exercise of eminent domain by the City for the joint public purpose project

described below.

It is believed that the Landfill was operated almost continuously from 1953 to 1972. The Estes Landfill was used
by commercial trash haulers, septic tank effluent haulers, and other private users. At various times, other portions

of the Landfill were used for agricultural purposes, a hog feeding operation, and a scrap metal operation.

Landfill operations were inspected by the Maricopa County Health Department (MCHD) on a fairly continuous
basis between 1959 and 1972. The Estes Landfill was operated by Garbage Service Co. Inc., a refuse hauling and
landfill operating company of which Mr. Estes was the principal. According to records from the MCHD, the Estes

Landfill was officially closed in February 1972, Data collected from borings drilled along the northern boundary of
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the Landfill (Sergent et al., 1988 and HDR, 1982) indicated that refuse was encountered at depths up to 45 feet

below ground surface (bgs).

During its operation, the Landfill was occasionally referred to as the 40th Street Landfill, as was the adjacent

Bradley Landfill (discussed further below). During flooding of the Salt River in 1978, 1979, and 1980, flood waters
closed and damaged the east end of the south runway at the Sky Harbor International Airport. Also damaged during
the flood were several road crossings, bridges, and much public and private land. The Landfill was among some of

the private land that was inundated with surface water during these floods.

Under the direction of the Federal Aviation Administration (FAA), the City, in conjunction with the Arizona
Department of Transportation (ADOT), the Arizona Water Commission (AWC) (precursor to the Arizona
Department of Water Resources [ADWR]), the Maricopa County Flood Control District (MCFCD), the City of
Tempe, the United States Corps of Engineers, and private engineering consultants, proposed to channelize and
stabilize the banks of the Salt River in this area to eliminate future flood damage. At this time, the Arizona
legislature appropriated $1 million to help fund this effort. The FAA also provided funding. To complete this
channelization, the City agreed to obtain certain property located in the then existing Salt River bed. In 1981, a
portion of this property, including the Landfill, was acquired by the City through eminent domain. Acquisition was

completed in 1982,

In order to implement the flood control channelization project, it was necessary to remove approximately 30 acres
of the Estes Landfill from the riverbed. (The northern boundary of the Landfill now consists of the stabilized river
bank.) The channelization project was ultimately approved by the FAA, the United States Corps of Engineers, and
the Federal Emergency Management Agency as well as state and local agencies. In July 1981, the City and the
predecessor to ADEQ, Arizona Department of Health Services (ADHS), entered into a Memorandum of Under-
standing regarding the Estes Landfill relocation project. The relocation of the 30 acres of the Estes Landfill in the

river bed was conducted in 1982 under the guidance of ADHS. The material was relocated to the remaining 40
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acres of the Landfill. The environmental activities associated with the relocation were overseen by Henningson,
Durham & Richardson Engineers (HDR) under contract with the City. The 30 acres of refuse in the planned

alignment of the river channel was removed and screened to determine whether it contained hazardous constituents.

The screening activities consisted of site reconnaissance prior to excavation, a subgrade contamination investigation
initiated few days after refuse excavation began, and visual inspection and sampling (if required) of the excavated
material on a daily basis by HDR field engineers (HDR, 1982). The subgrade contamination investigation was
overseen by Western Technologies, Inc. (WTI), and consisted of drilling test holes over the northern portion of the
landfill which required excavation and removal. Using an expanded grid methodology, approximately ninety (90)
test holes were drilled in the area of the landfill that is currently occupied by the Salt River (Figure 1.3). More than
306 soil samples were collected from the test holes, of which approximately 124 underwent Fingerprint Analysis
and Complete Profile. The Fingerprint analysis consisted of measurements of pH, flashpoint, cyanide content, and
explosivity. The Complete Profile consisted of EP toxicity testing, solvent screening, and miscellaneous analyses
(i.e., phenolic compounds, ammonia, and total solids). The results of the subgrade investigation (HDR, 1982)
indicated that none of the collected samples were determined to be hazardous. Also, the results of the solvent
screening did not show the presence of any solvents above the method detection limit for any of the soil samples
collected. However, the solvent scan did not include, cis-1,2-Dichloroethene or Vinyl Chloride. After screening, if

the refuse was determined to be nonhazardous, it was relocated onto the southern 40 acres.

During relocation, about 20 cubic yards of material were found to contain hazardous waste. These materials
consisted of several severely deteriorated 55-gallon drums in which the remaining contents and surrounding
contaminated soil met hazardous waste characteristics, as defined by Resource Conservation and Recovery Act
(RCRA). The contents of four drums were considered ignitable because the flashpoints of the contents were less
than 140 degrees Fahrenheit. The contents of five other containers were classified as toxicity characteristic wastes
because the EP-toxicity limits exceeded the hazardous waste limit for lead. Ultimately these materials were shipped

as hazardous waste under RCRA regulations to a United States Environmental Protection Agency (EPA)-permitted
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hazardous waste disposal facility in California (HDR, 1982). No other information was available on whether or not
confirmatory soil and groundwater samples were collected upon removal of the wastes. Consequently, there was no
documentation, which demonstrated that all hazardous materials had been removed, and that no residual hazardous
constituent concentrations remained in the subsurface soil that could serve as a potential on-going source of VOCs
in the soil and groundwater. The estimated original boundary of the Estes Landfill, the estimated extent of the
excavation in the Salt River bed, and the current boundaries of the Landfill are shown on Figure 1.3. The

boundaries of the Site, as defined by the ADEQ WQARF Registry, are shown on Figure 1.2.

Between 1980 and 1982, groundwater contamination by VOCs was discovered in two industrial supply wells
located near the Landfill. The first well, the Bradley production well (BW-P), was located on the adjoining Bradley
Landfill (also known as the Fortieth Street Landfill). The Bradley Landfill, south of the Estes Landfill and
separated by a 50-foot easment, was reportedly opened in 1972 and used mainly by commercial trash haulers (Graf,
1986). In 1974, the Bradley Landfill was purchased by Mr. John Bradley, who is the current owner and operator.
The western portion of the Bradley property was sold to Waste Management of Arizona and has been converted to a
waste transfer station. According to Bradley Landfill management (HLA, 1997), the western portion of the property
was not actively used as a landfill. The second impacted well was the Tanner production well (TW-P) located west

and southwest of the Bradley and Estes Landfills, respectively (Figure 1.3).

In 1987, in response to the observed groundwater contamination, the City developed a Phase I Groundwater Quality
Investigation (GQI) that was approved by the ADEQ), successor agency to the ADHS, and initiated by the City
under the newly created state WQARF program. To ensure that the work carried out by the City under the plan met
with agency approval, a Technical Committee (TC) was established to oversee the progress of the investigation.
The TC.initially consisted of members of ADEQ, the ADWR, the City, and HLA. In 1993, Bank One joined the

TC.
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1.3 RI Activities

Prior to the development of the September 5, 1997, RI Draft Report, numerous investigations have been conducted
at the Site and multiple investigative techniques have been used to characterize the nature and extent of
contamination. Some of this information has been documented in other reports previously submitted to ADEQ

(Table 1.1).

The RI process was designed to provide a stepwise evaluation of the presence, magnitude and extent of groundwater
contamination and to assess potential source areas, both onsite and offsite. Early investigations established and
defined the presence of groundwater contamination by VOCs above federal Safe Drinking Water Act Maximum
Contaminant Levels (MCLs), those levels having since been adopted as Aquifer Water Quality Standards (AWQS)
in the State of Arizona. Vinyl chloride (VC) was detected above the AWQS of 2 micrograms per liter (ug/1) in
wells at and near the Site. Cis-1,2-dichloroethene (cis-1,2-DCE) and trichloroethene (TCE) were also detected in

the groundwater collected from select wells above the current AWQS of 70 and 5 pg/l, respectively.

As part of the Site characterization, the environmental media evaluated have included soil, air and water. Surface
soils over the Landfill have been evaluated through a program of surface soil sampling and chemical analyses.
Twenty-two surface soil samples have been analyzed for VOCs, semi-volatile organic compounds (SVOCs),
pesticides, polychlorinated biphenyls (PCBs), and metals. Subsurface soils have been evaluated through lithologic
logging, surface geophysics, sampling and chemical and physical analyses. Numerous soil borings have been
conducted and test pits have been installed. In addition, two rounds of soil gas sampling for VOCs at over 383
locations across the Landfill have been conducted. Because the results of the soil gas sampling indicated
concentrations of VOCs were very low, ambient air monitoring was found unnecessary. Also, 34 permanent landfill

gas monitoring probes have been installed at 17 locations on and around the Landfill.

The hydrogeology has been evaluated through several methods including: drilling and geologic logging of drill

cuttings and continuous core samples at over 30 locations; downhole geophysical logging and permeability testing
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of core samples; construction of monitor and aquifer test wells; and completion of several short and long term
aquifer tests. In addition, data obtained through the collection and evaluation of more than 100 monthly rounds of
hydraulic head data, extensive groundwater modeling efforts, and the collection and analysis of nearly 700
groundwater samples have greatly contributed to the development of a site conceptual model (SCM), discussed in

detail in Section 2.0.

There are more than 60 wells installed by the City and other property owners in the vicinity of the Site. The study
area is generally defined by the monitor well network which extends beyond the area impacted by the Site and is
primarily contained within the boundaries of the Salt River on the north, 48th Street on the east, Interstate 10 (I-10)
on the south and the I-10 bridge over the Salt River on the west. The current monitor well network is shown on
Figure 1.2. The quarterly groundwater sampling and monthly groundwater monitoring program has changed over
time to reflect changes in both the monitor well network and data needs. In general, groundwater quality samples
have been collected on a quarterly basis since September, 1988. Select groundwater samples have been analyzed
for VOCs, SVOCs, pesticides, metals, inorganics, radionuclides, coliforms, and dissolved gasses. The results of

these analyses are presented in the water quality database which is included in Appendix A.

Water-level or hydraulic head measurements have been collected on a monthly basis since the onset of quarterly
sampling. In addition, two Stevens Type F continuous water level recorders were installed to gather continuous
water-level measurements from various locations across the Site. In 1996, three transducer-type data loggers
(Trolls) were installed in select piezometers to continuously record hydraulic head variations between

hydrostratigraphic units. These results are presented in the water level database which is included in Appendix B.

Much of the work conducted as part of Rl is described in further detail in major project reports, including Phase I
and Phase II Groundwater Quality Investigation Reports, a Remedial Data Acquisition Report, and risk assessments
conducted by HLA and ADHS. The major findings of these reports are summarized in Section 4.0; a complete list

of project submittals appears in Table 1.1.
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Since 1993, activities at the Site have focused on further RI work to refine the SCM, complete site characterization
activities, and evaluate various remedial alternatives with an emphasis on the more innovative technologies such as
air sparging and intrinsic bioremediation. With the acquisition of additional data, the SCM has been further refined,
is an integral part of the site characterization, and can be used extensively in the evaluation of remedial alternatives.
During this time, the following tasks were completed to provide additional data:

Performed and evaluated a unit specific aquifer test;

Performed and evaluated unit specific continuous water levels;

Completed a three-dimensional groundwater flow model;

Conducted quarterly monitoring and reporting;

Analyzed soil samples for chemical, physical and biological properties including VOC analyses, detailed
lithologic logging, sieve analysis, vertical permeability testing, and microbial populations;

Performed groundwater sampling and testing for dissolved oxygen (DO), redox potential, carbon oxygen
demand (COD), biological oxygen demand (BOD), phosphate, nitrite, sulfate, ferrous and ferric iron
and the C1-C4 range hydrocarbons (ethene, ethane, and methane); and

Performed a laboratory bench scale biodegradation test to evaluate intrinsic biodegradation rates and the
potential effects of enhancement.

Also during this time, two risk assessments (RA) were prepared for the Site, one by ADHS (draft only) and the
other by HLA. In general, the results of both RAs indicate that VC in the groundwater is the primary chemical of
concern, that soil vapor and surface soils do not pose a health risk, and that the overall current public health risk

posed by contaminated groundwater at the Site is negligible due to the lack of receptors.

After the submittal of the September 5, 1997, RI Draft Report to the ADEQ, on February 25, 1999, ADEQ provided
written comments to the Draft RI report to the City based on a technical review of the draft document performed by
ADEQ and ESE. The major comments requested additional investigation to identify other potential sources of

VOCs within the former and current landfill, and to determine the lateral and vertical extent of impacted
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groundwater. In addition, further assessment of the production of methane gas was also requested, along with
further evaluation of soil and groundwater components that would support the natural attenuation claim made in the
Draft RI report. Based the comments provided, ADEQ retained ESE to complete the additional RI activities to

address the major concerns and to finalize the RI report.

ESE’s modification of this report is based on the City’s and HLA's response to comments provided in the February
25, 1999, letter, and additional information that was obtained from data collected by ESE from the most recent RI
field activity conducted from May through June 1999. Other activities conducted as part of this investigation
included: performing an ecological screening to determine if an ecological assessment would be required;
geophysical screening of the landfill; downhole geophysical logging of the deepest groundwater monitoring well
installed by ESE; and an evaluation of the integrity of the existing landfill cover. The detail summary and result of

this investigation are summarized in appropriate subsections of Sections 4.0 and 6.0.
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20 SITE CONCEPTUAL MODEL
This section describes the major components of the SCM. This information is intended to facilitate understanding
of the more detailed site investigation data, found in the remaining sections of this report and in previous reports
(Table 1.1). This discussion will assist the reader in better understanding the major Site features which control
contaminant fate and transport. The presence of VOCs in groundwater is the primary concern at the Site. Key
interrelated elements of the SCM are: Landfill source(s) contributing to Site groundwater impact; hydrogeology,
and groundwater chemistry. These elements, the supporting data, and their significance are briefly described in

Section 2.1.

Groundwater contamination has been identified at the Site, and in the vicinity of the Site, through various
investigative techniques, but primarily through analysis of groundwater quality data. The major source of Site
groundwater contamination is the former liquid waste disposal pit (hereinafter referred to as "the source area"),
located in the south-central portion of the Estes Landfill (Figure 2.1). Due to the inconsistent nature of landfill
disposal practices, other minor sources of VOCs may be present within the Estes Landfill footprint. Releases of
solvents, such as TCE, apparently occurred at the source area. Aerial photographs indicate that this pit was operated
from 1966 to 1972. This is supported by the groundwater quality data collected from the monitor wells immediately
downgradient of the source area. Groundwater samples from these wells, EW-E, EW-6, EW-15, EW-PZ1, EW-PZ2
and EW-PZ3, have historically contained the highest concentrations of VOCs, of all of the wells located at the
Landfill. A block diagram which illustrates the major components of the SCM including hydrologic and geologic

features, the source area and other Site related features is included as Figure 2.1,

The depth and elevation of the pit are not precisely known, but may have extended to 40 feet or more bgs (qILA,
1990). Aerial photography analysis showed little visible solid waste in the pit. Releases of solvents likely occurred
from disposal of waste material by liquid waste haulers, which likely was intermixed with other liquid waste
commonly disposed of at the time, including septage, greases, and waste oils. The precise amount, character,

nature, and periods of original disposal are unknown, although considerable historic evidence confirms solvent
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disposal in the source area. The type of waste solvents released likely includes TCE, primarily as a spent product,
that was commingled in some mixture with the other wastes. The parent solvent, TCE, has subsequently been

degraded to cis-1,2-dichloroethene (cis-1,2-DCE) and VC.

The primary contaminant migration pathway at the Site was infiltration of the liquid wastes through the bottom of
the former disposal pit, which then percolated through the underlying unsaturated zone, to the aquifer. The majority
of the resulting contamination lies within the aquifer and not above the water table. Generation of additional
groundwater contamination through infiltration and percolation from the surface may be a factor, but is probably
negligible due to relatively low annual rainfall amounts and high evaporation rate in the Phoenix area. However,
significant rainfall events have been observed to influence water level elevations, as measured on continuous water
level recorders at the site. At the Site, potential VOC sources, other than the liquid disposal pit, may be present.
However, based on previous (HLA and Hargis) and recent (ESE) investigation data, no other substantial VOC

sources have been identified.

There are no indications of the existence of dense non-aqueous phase liquids (DNAPLS) in soils or groundwater at
or from the site. EPA guidance (EPA/600/R-92/030) suggests that dissolved concentrations within 10 percent (%)
of the solubility of the solvent indicate the presence of a DNAPL in the groundwater system. Thus, for TCE,
dissolved concentrations of approximately 1,100 milligrams per liter (mg/I) or 1,100,000 micrograms per liter (ueM
would indicate the presence of a DNAPL. Based upon the Site's observed data (highest TCE concentration of 120

ug/D, a source of the primary solvent no longer appears to exist within the soils or groundwater near the source area.

VOC groundwater contamination (plume) has been identified about one half mile to the south of the Site. This
south plume is characterized by concentrations of TCE in wells due south of the Site that typically exceed those of
wells at the Site. In general, wells due south of the site, but north of south plume, have had concentrations of TCE
that are at, or close to, laboratory reporting limits. In addition, groundwater elevation monitoring of wells at the Site
and in the area of the south plume indicate (local) groundwater flow to fluctuate between southwest and west,

between 45" and 40" Streets, and southwest to northwest, west of 40™ Street . Based on the inferred groundwater
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flow and historical TCE concentrations, it does not appear that this south plume is contributing to the TCE impact at
the Site. Conversely, it does not appear that Site TCE impact has migrated due south to the south TCE plume. It is

possible that TCE has migrated southwest of the site and has co-mingled with the south TCE plume, in an area west
of 40™ Street. This however, may never be verified or quantified based on the dynamics of groundwater flow in the

area.

Localized areas of groundwater contamination also exist south of the Site. These areas are defined by the presence
of VOCs that have not been detected at the Site, for example 1,1-dichloroethene (1,1-DCE), 1,1,1-trichloroethane
(1,1,1-TCA), various freon compounds and carbon tetrachloride (CCL,) (ADEQ 1997, HLA 1992b, HLA 1993c,

HLA 1994b, HLA 1995b, and HLA 1996d).

Based on inferred groundwater flow and limited investigative data, it is possible that the Bradley Landfill is
contributing to VOC concentrations reported in wells south, southwest and west of the Estes Landfill, such as Wells
BW-§, BW-W, EW-18, EW-14, and EW-4. However, there is no evidence that would indicate any contribution to
the Site VOC concentrations from the Bradley Landfill. This observation is based on inferred groundwater flow
directions, and VOC concentration trends, that indicate the Bradley Landfill to be down and cross hydraulic gradient

of the Estes Landfill.

The hydrogeology, in the area of the Site and vicinity, has been conceptualized as an alluvial system composed of
four hydrostratigraphic units (referred to as units F1, F2, F3, and F4) with a vertically downward hydraulic gradient
between the units. The generalized groundwater flow direction is to the west with the flow direction temporarily
shifting to south of west during and after recharge from river flow events. Following recharge, the gradient shifts
back to the west. The lateral extent of groundwater contamination originating from the Site is defined. While
contaminant distribution and transport is affected by river flows, the extent has remained stable over time. The
vertical extent of groundwater contamination beneath the source area has been identified to the sedimentary bedrock
(unit F4). West of the source area, where alluvial groundwater concentrations are still elevated, the bedrock is not

impacted, suggesting that impact to the bedrock is limited.
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In the twenty-five years since Landfill operations ceased, biological activity within the aquifer, as evidenced by
groundwater and soil gas sampling, has degraded the released solvents (TCE), creating VC and other “daughter”
products. For example, at monitor well EW-E, the overall mean concentration for TCE (through December 1996)
is 9.6 ;,g/1 whereas the mean concentrations for the daughter products for cis-1,2-DCE and VC are 581.9 g/l and
1,094.4 ,,g/1, respectively. This data indicates that the parent compound TCE accounts for 0.6% of the total volume
and the daughter products account for more than 99% of the total volume. Similarly, at monitor well EW-W, the
overall mean concentration for TCE is 1.3 ,g/l compared to 43.7 ;,g/1 for cis-1,2-DCE and 336.7 ,g/1 for VC. The
overall mean concentrations (through December 1996) for all VOCs for the majority of the Site wells are shown on

Figure 2.2.

1t is likely that the initial anaerobic biological transformation occurred principally in the vicinity of the source area,
with the majority of the contaminant transport occurring from this area. VC and cis-1,2-DCE were likely the
principal breakdown products transported from the source area. Elevated dissolved concentrations of VC and cis-
1,2-DCE remain in the groundwater in the low permeablity F2 unit near the original source area, and this

contamination is rapidly subject to additional biodegradation and attenuation.

2.1 Site Conceptual Model Matrix

The following pages present a matrix of the major elements of the SCM, originally generated by HLA and modified

here by ESE:
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MODEL ELEMENT

SUPPORTING DATA

SIGNIFICANCE

Landfill Source:

- Wastes, including

- Interviews with former operators, haulers, etc.

- Indicates the pit was major

solvents, discharged to - Historical aerial photographs. cause of VOC
pit source area located » Greatest groundwater concentrations of VOCs in contamination to
near southeast corner of wells immediately down-gradient. groundwater.
Site. + Outline of the former pit boundaries confirmed

through surface geophysics.

- No DNAPLs have been - DNAPLs not encountered during drilling or - DNAPLs are not part of the
detected at the Site. groundwater sampling. SCM.

- No significant "parent” - Contaminant concentrations are too low to - Free phase parent solvents
solvents remain present indicate presence of DNAPL. are not part of the SCM.
at the Site. - Vinyl chloride is a gas at standard temperature - Remedies will not be

and pressure. required for DNAPLs,
- Low concentrations of VOCs in soil gas at pit.
- Soil gas concentrations are very low to non-

detect across the entire Site.

- The highest levels of - Immediately downgradient wells and - Beneath the source area,
dissolved contamination piezometers completed in F2 have greatest VOC F2 acts as continuing
are present within the concentrations. "source" for groundwater
soil matrix directly - Soil gas concentrations too low to indicate VOC contamination to
beneath pit source area in source above the water table or in unit F1. units F1 and F3.

F2. - Groundwater contaminant concentrations vary Relatively higher levels of

more in units F1 and F3 than in unit F2. dissolved daughter

+ Contaminant concentrations increase in unit F3 products are probably
during river flow events. released to F1 and F3

- No VOCs present in surface or subsurface soils because of hydraulic
of unit F2 immediately downgradient of the pit, loading and changes in
showing limitations of unit F2 source area. equilibrium.

- Causes spikes in VOC

concentrations after river
flow events.
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MODEL ELEMENT SUPPORTING DATA SIGNIFICANCE

Groundwater Chemistry:

- VG, cis-1,2-DCE, and TCE | - VC and cis-1,2-DCE are the two VOCs with the + VC and cis-1,2-DCE are
are signature chemicals greatest onsite concentrations and are present in used to identify the extent
for Estes Landfill. lesser concentration in downgradient of the Estes Landfill

groundwater wells. groundwater
tamination.
- TCE is the parent product of cis-1,2-DCE and Corannagon
VG, and is present in groundwater at the - TCE has gerally been
Landfill at concentrations exceeding AWQSs characterized within the
Site boundaries

- Site extent of VC, - Downgradient wells EW-1 and EW-12 + Further contaminant
cis-1,2-DCE and TCE is consistently show very low levels (if any) of migration not expected.
stable. signature chemicals.

- Wells downgradient of EW-1 and EW-12 do not
contain signature chemicals VC and cis-1,2-
DCE.

- Presence of natural attenuation mechanisms
including biodegradation.

- Onsite concentrations vary with river flow, but
not enough to increase the lateral extent.

- No disposal occurred after 1972,

. - Independent plume
Plzlix;edcxai:;p:::;ﬁ of - Presence of TCE in groundwater from offsite impacts large area of
gli'te wells to the south and southwest. aquifer south and

) southwest of Site.

- VC and cis-1,2-DCE - VCand cis-1,2-DCE concentrations in - Linear recharge along river
concentrations vary with groundwater from wells closest to the river causes contaminant
river flow events. generally decline during river flow event. transport to shift to the

+ VC and cis-1,2-DCE concentrations in southwest. This trend is
groundwater from wells southwest of Estes reversed after flow has
generally increase during river flow events and stopped.

then rapidly decline, as seen in monitor wells
EW-18 and EW-14,

- Concentrations vary, but
not enough to extend
plume beyond observed
westernextent, which is
defined by EW-1 and
EW-12,
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MODEL ELEMENT SUPPORTING DATA SIGNIFICANCE
South TCE Plume:
- TCE is present due south, | - TCE generally very low or not present in + Sources other than Estes

and southwestof Site.

groundwater from onsite wells.

- TCE concentrations are greater in wells located

south and southwest of the Site.

- TCE present in groundwater from offsite wells

Landfill impact a large area
of groundwater south and
southwest of the Site.

- Impacts some offsite wells

that do not contain the Estes signature impacted by Estes Landfill.
chemical, VC.

Hydrogeology:

- Site is underlain by 115 - Structural and depositional history of Salt River | - Primary groundwater flow
to 175 feet of Valley. is through the alluvium.
heterogeneous alluvial » Lithologic logging of drill cuttings from over 30 | - Alluvium has high
sediments followed by borings. hydraulic conductivity.
several hundred feet of - Soil core samples from three Rotosonic™ - Due to heterogeneities
consolidated sedimentary borings. within the geologic
bedrock, - Analysis of multiple geotechnical samples from materials, preferential

several locations.

- Continuous core samples of the bedrock from

seven different locations.

- A geologic log of the 757-foot Central Arizona

Project (CAP) test hole across the river.

pathways may be present.

- Depth of contamination

limited by underlying
bedrock.

- Near the source area,
alluvium beneath the Site
has three distinct
hydrostratigraphic units,
designated as F1, F2 and
F3, with F2 acting as a

- Groundwater production from EW-RW1 is only

80 gallons per minute (gpm) when water level is
at or below F1/F2 interface, but increases to
>400 gpm when water level above F1/F2
interface.

- Unit F2 wells do not produce appreciable water.

- Creates a complex

groundwater flow system
with both vertical and
horizontal flow
components.

- The permeability of unit

localized aguitard. - Unit F2 has slightly higher percent fine grained F-2, where the highest
material than units F1 and F3. levels of dissolved
- Water levels in F2 and F3 respond more to contamination remain, is
barometric pressure changes indicating semi- one of the limiting factors
confined conditions. in contaminant migration.
+ Results from aquifer tests indicate that F3
responds like a semi-confined aquifer and that
leakage from F2 is very low.
- Vertical permeability testing of drive samples
from F2 and F3 show several orders of
magnitude difference.
- Flows in the adjacent Salt | «+ Groundwater level rises during river flow + River flow changes
River cause linear events, saturated thickness of
recharge to the aquifer on | - Greater and faster water level fluctuations in aquifer.
the north side of the Site. wells closest to the river. - River flow increases
- Shifts in groundwater flow directions from west hydraulic loading on F2.
to southwest during river flow events. - River flow alters
contaminant transport.
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MODEL ELEMENT SUPPORTING DATA SIGNIFICANCE

- Dissolved concentrations 11;110 indicattiogxl of DI\IIIAP lei)n Source ;uea. - Concentrations of most
of TCE, cis-1,2-DCE and um:: s stable as shown by quarterly VOCs will generally
VC in groundwater have monmoring. continue to decline over

been generally decreasing
over time at the site, with
the exceptions being
concentration spikes
attributable to Salt River
flow events. The
presence of cis-1,2-DCE
and vinyl chloride are a
substantial indicator that
reductive dechlorination
of TCE and DCE is
occurring at the site,
however, the sporadic
detection of the daughter
products of either
reductive dechlorination
or oxidation of vinyl
chloride (i.e., methane,
ethane and ethene) do
not conclusively support
the biodegradation of
vinyl chloride.

- TCE was the solvent most likely disposed of at
the source area and therefore, the probable
parent product.

- DCE detected at the site is mostly cis-1,2-DCE,
the biologically produced form, formed during
the reductive dechlorination of TCE.

- Cis-1,2-DCE and VC, daughter products of the
reductive dechlorination of TCE and DCE,
respectively, are significant components of the
constituents detected at the site.

- VC exists as a gas at standard pressure and
temperature and therefore could not have been
disposed of directly.

- DO and redox measurements indicate that
appropriate conditions exist for reductive
dechlorination to occur near the source area and
immediately downgradient of the source.

- Ethane, methane and ethene have been detected
at various locations across the site during
several monitoring rounds, but their presence
may be attributable to generation of normal
Landfill gasses and not to the biodegradation of
VC.

- Generally decreasing concentrations over time.

+ Lateral extent will not

- Mechanism in place that is

- Biodegradation of VC not

time.
increase.

actively degrading TCE
and daughter product, cis-
1,2-DCE.

conclusively established,
though may be occurring

on a location-specific basis
across the site.

- Large portion of natural
attenuation is due to
ongoing bioactivity.

- Water quality parameters indicate onsite
anaerobic reductive environment capable of
reducing remaining parent compounds (TCE
and cis-1,2-DCE) to daughter compounds (VC
and ethene).

- Water quality parameters indicate offsite aerobic
oxidation environment capable of oxidizing
remaining daughter compounds to ethene and
CO,.

- Concentrations always decline rapidly after
spike due to river flow event.

- Declines in concentrations across the Site and to
the west cannot be attributed to physical and
chemical reactions alone.

- Concentrations of inorganic constituents are
relatively stable, in contrast to the signature
VOCs, providing additional support to
biodegradation as the primary cause of VOC
reduction, not dilution.

- Reduces VOC

concentrations and
maintains plume stability.
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3.0 PHYSICAL SETTING

This section provides detailed information on the environmental setting of the Site including land use and zoning,
hydrogeology, climate and precipitation, topography and drainage, and overall ecology. The section also provides a

detailed discussion of episodic surface water flows in the Salt River and area groundwater use.

3.1 Land Use

During the 1950s and 1960s, several sand and gravel mining operations were located in the riverbed in the
proximity of the site. During the mining operations, large excavations were formed as the material was removed for
sorting or crushing. These excavations or pits were commonly infilled with various types of wastes from
construction debris to municipal and industrial waste. Sand and gravel operations have been documented in the
vicinity of the Site on both the Tanner and Bradley properties. Other nearby land uses during this period consisted

of cattle stock yards, agriculture, residential and the Phoenix Sky Harbor International Airport.

During the 1970s and early 1980s, agricultural and residential land uses surrounding the Site were replaced with
light and heavy industrial and commercial uses. Channelization of the Salt River near the site during 1981 and 1982
was conducted to mitigate the flooding of properties along its banks during future flooding events. This paved the
way for more commercial developments to be added in the area in the late 1980s and 1990s, including the larger
Hewson and Southbank commercial developments. Development continues today with a new
commercial/warehouse development on the former Tanner property located across 40th Street from the Site and
State Route 153 immediately east of the Site. Figure 3.1 is an aerial photograph from October 1996, showing the

Landfill and surrounding developments.

Current zoning for the Site area is primarily A-2 (heavy industrial) and A-1 (light industrial); however, a few
residences are still located in the area. The closest known residence is on Magnolia Street, just south of the Bradley
Landfill. While no residential zoning is present in the area, other residential type structures have been observed,
usually apartment type, combined with businesses. In addition to zoning, a noise restriction area is in effect around

the airport. This area is considered to be in the Sky Harbor flight path, thus prohibiting new residential use, While
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newer commercial developments have been built, there is still an abundance of older light industrial facilities, some
abandoned, in the area. In addition, the Bradley Landfill is still operating and a Waste Management waste transfer
station is located just south of the Estes Landfill on 40th Street. These factors, combined with noise from the

airport, make future residential land use an extremely unlikely scenario.

In recent years, there have been several plans proposed to develop multiple use recreational projects along the Salt
River by creating mixed use areas combined with park-like green belts along its banks. In Tempe, a Salt River
development project called Tempe Town Lake has been recently completed. Other plans are under consideration
for habitat restoration in the Salt River in Phoenix, as part of the Rio Solado Project, from the I-10 bridge over the
Salt River around 32nd Street west to 19th Avenue. Currently, there are no plans for development of the Salt River

within a mile of the landfill.

3.2 Hydrogeologic Setting

The Site is located in the Salt River Valley (SRV), an alluvial basin within the Basin and Range Physiographic
province of the United States. Generally, rocks of the SRV are divided into six units. These units can be further
subdivided into consolidated bedrock and unconsolidated alluvial basin fill. The bedrock units include crystalline
rocks composed of Tertiary granites and Precambrian metamorphic rocks, Tertiary extrusive volcanic rocks, and
Tertiary sedimentary rocks. The crystalline rocks comprise the mountains surrounding the SRV and form the
hydrologic boundary at the margins of the SRV. The sedimentary rocks were initially derived from the crystailine
rocks and deposited with the onset of the Basin and Range faulting. Volcanism produced extrusive volcanic rocks
that were interbedded with and frequently cap the later sedimentary rocks. The sedimentary bedrock and volcanic
rocks also outcrop at the margins of the basin and at localized bedrock highs. The remaining three units are
subdivisions of the alluvial basin fill and were deposited in conjunction with and following late stages of the Basin
and Range faulting. These unconsolidated to semiconsolidated alluvial deposits have particle sizes ranging from
clays to sand to boulders and form the present day alluvial sediments within the basin. The alluvium in the SRV has
been subdivided into the lower alluvial unit (LAU), middle alluvial unit (MAU), and the upper alluvial unit (UAU)

(US Bureau of Reclamation, 1976 and Brown and Pool, 1989). Where basin fill alluvium has been deposited,
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portions of some or all of the alluvial units may be present.

Aquifer characteristics vary substantially between the different alluvial units. The primary causes are changes in the
amount of cementation and the degree of sorting. Recharge to the aquifer occurs from many sources. Near the Site,
recharge is largely due to infiltration of surface water in the river channel into the alluvium which comprises the
river channel deposits. Infiltration along the river is evident by rapidly rising groundwater levels and changes in

groundwater flow directions.

Groundwater quality within the SRV basin varies significantly both areally and with depth. A long period of
sustained groundwater overdraft has altered the direction of groundwater flow and groundwater quality in many
areas. Due to its proximity to potential sources of contamination, and the typically higher permeability of the upper
alluvium, shallow groundwater degradation has occurred from a number of sources throughout the basin including
onsite industrial disposal, infiltration of nitrate-rich irrigation water, leaching from septic systems, improper use of

dry wells, leaking underground storage tanks, and landfills.

3.3 Topography

The Site lies at the eastern edge of the West Salt River Valley (WSRV). The WSRYV is characterized as a broad,
relatively flat alluvial basin that slopes gently to the west towards the outlet of the basin. Prior to urbanization, the
topographic gradient was approximately 20 to 30 feet per mile to the west. The Site is located adjacent to the east-
west trending Salt River, which, as the primary drainage for the entire WSRY, is a topographic low. Prior to
channelization, the river was characteristic of a braided ephemeral stream channel with elevations ranging between

1100 and 1130 feet above mean sea level (ms}) adjacent to the Site.

Currently, the base of the river is relatively flat with the exception of a low flow channel which occupies the
northern third of the channel across from the Estes Landfill. The elevation of the river bottom adjacent to the Site
ranges between 1105 to 1110 feet above msl. Areas north of the river slope gently to the southwest while areas

south of the river slope gently to the northwest. The closest topographic highs are:
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) Outcrops of Tertiary volcanics (Twin Butte and Bell Butte) located approximately two miles
southeast at an elevation of 1334 and 1369 feet above msl, respectively;

) Tempe Butte, consisting of Tertiary volcanic and sedimentary rocks, located approximately three
miles due east of the Site at an elevation of 1495 feet above msl; and,

. The Papago Buttes, consisting of Precambrian conglomeratic sandstone, located approximately
three miles northeast at elevations ranging from 1350 to 1745 feet above msl.
The Site has two predominant elevations, one associated with the original landfill and the other associated with the
relocated refuse. The original landfill slopes gently to the west and has an average elevation of 1120 to 1125 feet
above msl. The southem boundary, adjacent to a 50-foot wide utility easement and further south Bradley Landfill,
has been built up, and in some places reaches over 1130 feet above msl. Similarly, the south bank along the river is
slightly higher, averaging 1122 to 1123 feet above msl. Low points are also present on the Site, below 1117 feet

above msl, primarily where subsidence has occurred.

During the landfill relocation effort, approximately 30 acres of the original 70 acre Site were removed from the river
channel and relocated on top of the remaining portion of the landfill and on adjacent property east of the original
landfill. The relocated refuse lies at an elevation of between 1150 feet above msl and 1160 feet above msl, or
approximately 30 to 40 feet above the original landfill. The relocated refuse or mound has steep slopes at a 1:1
grade. The entire mound is fenced off separately from the rest of the landfill. Access to the top of the mound is
present at the northwest corner via a gated access road. A contour map utilizing a 1-foot contour interval is

included as Plate 1.
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3.4 Climate and Ecology

The Site is located within the Sonoran Desert Section of the Basin and Range Physiographic Province. The climate
is characterized as arid to semi-arid with the area receiving an average of just under eight inches of rain annually.
The majority of this rain falls during two periods; the summer monsoon season which typically extends from the
beginning of July through early September, and the winter rainy season which occurs during January and February.
While the amount of precipitation is divided fairly equally between these two seasons, the storm patterns are
significantly different. During the summer, tropical air from the Gulf of Mexico causes localized high intensity,
short duration thunderstorns frequently producing localized areas of flooding. During the winter months slow-
moving storms from the northwest bring precipitation events of lesser intensity, wider areal distribution and longer
duration than summer storms (Wickham and Corkhill, 1989). Summer daytime temperatures are hot with daytime
highs typically averaging more than 100 degrees Fahrenheit (°F) (Table 3.1). Winter daytime high temperatures

average between 60°F to 70°F.

Pan evaporation rates in the area are estimated to range between 70 and 75 inches per year, or more than nine times
the average annual precipitation (US Department of Commerce [USDC], 1968) (Linsey, et al., 1982). Because
rainfall events are generally infrequent, and rainfall amounts are small relative to evaporation, rainfall may not
contribute significantly to aquifer recharge. Most aquifer recharge from precipitation is considered to occur in the
major stream or wash channels. Because of the Site’s proximity to the Salt River and because several large storm
drains (Figure 3.1) discharge into the river near the Site, rainfall events can and do recharge: the aquifer in the area.
Occurrences of recharge to the aquifer after a rainfall event have been recorded on the continuous water level
recorders at the Site even in the absence of visible flow in the river. Storm water recharge is discussed further in the

next section.

This portion of the Sonoran Desert is characterized by sparse vegetation with creosote bush and mesquite the
predominate vegetation type in the desert lowlands. In several areas immediately adjacent to the Salt River, where
flow is more consistent either due to natural or man-made conditions, riparian plant communities are present. Most

of the Site has been altered, and vegetation onsite is minimal with limited amounts of grasses, weeds and the
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occasional bush and tree. There are no known endangered plant or animal species onsite and riparian areas do not

exist within the river bed adjacent to the Site.

3.5 Surface Water

Flow in the Salt River channel can have a significant effect on the regional and local groundwater system. Prior to
the river channelization in 1982, surface water flows from rain events and releases of water from upstream dams
had directly affected the Site because of landfill debris that was then buried beneath the river channel and in the
floodplain. With the removal of the Estes Landfill material buried beneath the stream channel and the streambank
protection completed in 1982, the impact of river flows on the Site is restricted to recharge which causes
groundwater levels to rise beneath the Site. Large water level rises have been associated only with substantial flow

in the river resulting from releases from upstream dams.

Surface water flow in the ephemeral Salt River occurs from releases from upstream dams which are operated by the

Salt River Project (SRP), and uncontrolled flows from Indian Bend Wash (IBW), canals and storm water drains.

The most significant features which affect surface water flow are the man-made reservoir dams on the Salt River
including Roosevelt, Horse Mesa, Morman Flat and Stewart Mountain, with Roosevelt being the largest of the four.
These four dams are used to store millions of acre-feet of water along the upper reaches of the Salt River. During

wetter years, when the reservoirs are at capacity, SRP will release more water to the lower stretches of the Salt
River. These releases will exceed the needs of downstream users, allowing water to run freely in the lower reaches
of the Salt past the Granite Reef Diversion Dam (GRD). The GRD, which is located approximately 18 miles
upstream from the Site, is normally used to divert water in the Salt River into the Arizona and Southern Canals.
Normally these releases from GRD are relatively short, although there have been periods, such as in 1993, when
flows have lasted as long as six months. Long term releases from GRD to the riverbed are not common and are

usually the result of abnormal weather conditions resulting in above average moisture to the upstream watershed.

Flow rates associated with these releases have approached 100,000 cubic feet per second (cfs). Because of
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additional inflows from storm drains along the river and from IBW, flow rates at the Mill Avenue Bridge,
approximately two miles east of the Site, have been estimated at 125,000 cfs or higher. These flows can last from
days to months and groundwater levels along the river respond within hours and can rise five feet or more in a
week. The monthly release volumes of surface water into the Salt River channel at the GRD for the period between

1965 and 1996 is provided in Table 3.2.

In general, releases from GRD greater than 2,000 cfs are required before surface water will reach the river adjacent
to the Site. On a monthly time frame this equates to about 118,000 acre feet per month. A review of the release
data indicate that flows of this volume have occurred only eleven times in the past 30 years and that these flow
events have generally been three months or less in duration. The largest flow event occurred in January, 1993 when
over 2 million acre-feet of water was released in one month. Part of this release was due to limited storage while
construction occurred on Roosevelt Dam, and future releases may be smaller and/or less frequent due to increased
capacity of the upstream reservoirs. Release data from GRD are presented visually with a corresponding

groundwater level response in the USGS-Tovrea Well (Figure 3.2).

The Verde River drains the central highland areas and empties into the Salt River below the major SRP dams and
just above GRD. While two reservoirs are present along the Verde River, their capacity is limited and thus flow
along the Verde River can be relatively unrestricted during high moisture years. Flows along the Verde River, as
high as 50,000 cfs, have been recorded. Therefore, significant flows in the lower reach of the Salt River can occur
even during periods when there are no releases from the Salt River reservoirs. Because of the large geographic area
which influences Verde and Salt River flow, the larger flows are typically seen in the winter or spring months, when

the precipitation events are of the more areally extensive type.

Smaller and more localized sources of water that can generate minor amounts of surface water flow adjacent to the
Site, and thus localized recharge, are IBW, the Old Cross Cut Canal and storm drains. The IBW is a north/south
oriented natural stream channel that has been converted to a flood control feature with a series of parks and

recreation areas, approximately four miles east of the Site. Flows in the IBW are intermittent and result from
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significant storms in Phoenix and Scottsdale. The confluence of IBW and the Salt River is approximately four miles
upstream of the Site. The Old Cross Cut Canal has an outlet to the Salt River approximately one mile upstream of
the Site. The Old Cross Cut Canal connects the Arizona Canal on the north and the Grand Canal on the south along
48th Street. The Old Cross Cut Canal also transports storm water runoff to the Grand Canal. When the Grand
Canal is at capacity, storm water may be discharged to the Salt River. There are also three large storm drains which
collect storm water from street drains and convey storm water to the river near the Site. Two large storm drains are
located on the south side of the river, one at 40th Street, and one just east of the Site. Another large drain is present
on the north side of the river roughly opposite the one on 40th Street. Except for IBW, all of the features can
convey relatively small quantities of water to the Salt River where the water recharges to the groundwater system.

Because all of these features produce water only during rainstorms, their input to the Salt River is minimal.

3.6 Groundwater Use

Groundwater use in the study area has been limited historically and has decreased in recent years. Based on review
of the ADWR Well Registry Report, there are no drinking water wells within 1.5 miles of the Site. The closest
wells to the Site with domestic use listed in ADWR records are ADWR Nos. 55-639522 and 55-639512, which are

registered to R.F. Kingston and G. Sorenson, respectively (see below).

Well Case Case
ADWR Depth | Diameter | Depth | Year
Name ID Location Registration (feet) | (inches) | (feet) |Installed
Kingston Kingston A(1-3) 12A 55-639522 60 12 80 1942
Sorenson Sorenson A(1-3) 25 55-639512 300 6 0 UN

UN - Unknown
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The Kingston well is located at Township 1 North, Range 3 East Section 12 Northeast Quarter, A(1-3) 12A, which
is southwest of 40th Street and Van Buren Street, approximately 1.5 miles north-northwest of the Estes Landfill.
The Sorenson\well is located at Township | North, Range 3 East Section 25, A(1-3) 25, which is located between
32nd and 40th Streets and between Broadway Road and Southern Avenue, approximately two miles south-
southwest of the Estes Landfill. Neither of these wells are considered close enough to be impacted by the

Estes/Bradley Landfills (HLA, 1995b).

Five industrial production wells are known to exist currently or have existed historically in the study area. These
wells are no longer used for water production. These are summarized below and their general locations are shown

on Figure 1.1. Specific locations of Wells TW-P, BW-P, TW-USGS, and EW-OE are presented on Figure 1.3:

Well Case Case

ADWR Depth | Diameter | Depth | Year
Name ID Location Registration | (feet) | (inches) | (feet) [Installed
Tanner production TW-P A(1-3) 13DDA 55-605122 291 16 280 1961
Bradley production BW-P A(1-4) 18CCA 55-800536 300 12 UN UN
Tovrea/USGS TW-USGS | A(1-4) 18DAD UN 200 20 UN 1951
Old Estes prod. EW-OE A(1-4) 18CAD UN 125 16 125 UN
SRP No. 18.6E-2.5N SRP A(1-4) 19ACC 55-608357 438 20 438 1951

UN - Unknown

The Tanner well, which was located on the former Tanner facility, was used as an industrial supply well to wash
sand and gravel when the facility was in operation. The Tanner facility ceased operation in 1991. The Tanner
facility also received potable water from the City of Phoenix. Reportedly, the well pumped an estimated 700 gpm
for approximately 8 hours per business day until 1991 when the facility closed. The yearly total pumpage in acre-
feet reported to ADWR for 1989, 1990 and 1991 was 363.1, 215.87 and zero, respectively. Reported pumpages
have been zero since that time. The well was formally abandoned by Weber Environmental, Inc. on September 28,
1994. The well was abandoned by removing the top 20 feet of casing and grouting the well from bottom to top with

neat cement.
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Previously, water from the Bradley well was used for dust suppression at the operating Bradley Landfill and for a
backup water source in case of fire. The well is located on the property boundary between Bradley and Waste
Management just south of the Site. Reportedly, this well was pumped at under 200 gpm for 20-minute periods, four
to five times each business day (approximately 20,000 gallons per day). The well was used to fill a 5,000 gallon
water truck. Usage during the summer was slightly higher. The total pumpages reported to ADWR for the years
1989 through 1994 were each 1.0 acre-feet per year. However, if one assumed an average of 20,000 gallons per
day, five days per week, 50 weeks per year, the calculated per year usage would be closer to 15 acre-feet. This well
was reportedly taken out of service in 1995. The total pumpage in acre-feet reported to ADWR in 1995 was zero

acre-feet. The Bradley facility also receives potable water from the City of Phoenix.

The Tovrea/USGS well is located about a half mile east of the Site. The well was apparently owned by the Tovrea
Meat Packing Company. Reportedly, the well was unused and capped after its installation in 1951. Using this well,
the US Geological Survey (USGS) recorded annual water level measurements from 1951 until 1986. In addition,
daily water level measurements were recorded at this well by the USGS from 1979 until 1986. It is unknown if the
well was ever used as a production well. The well is currently capped and used for water level monitoring for this

project.

The Old Estes well, located on the southern edge of the Site, was apparently installed in the 1950s or early 1960s.
No information is available on the operation of the well prior to the landfill closure, but it has not been used except
to monitor groundwater since the landfill closed in 1972, The well was likely used to irrigate onsite agriculture that
was visible in historical aerial photography. According to ADWR records, two drillers logs were filed for the well,
with one log reporting a total depth (TD) of 140 feet while the other indicating a TD of 400 feet. To verify the
completion of the well, the pumping equipment from the well was removed in 1989 and the well was video
surveyed. The results from the video survey indicated that the well had a TD of 125 feet and was millsknife slotted

from approximately 47 feet bgs to 116 feet bgs.
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The SRP well (No. 18.6E-2.5N) is an old production well located about one mile south of the Site that was used to
supplement irrigation water supplied by the Western Canal. Reportedly, this well is not being used. The yearly
total pumpage as reported to ADWR for 1989, 1990 and 1991 was 4.79, 18.38 and 0.05 acre-feet, respectively.

Between 1992 and 1995, total reported pumpage ranged from 3.40 to 5.22 acre-feet.

The Southbank Lake is a teardrop-shaped, man-made lake of approximately 18 acres located just south of the Salt
River approximately one-half mile west, and slightly south, of the Site (Figures 1.2 and 3.1). The Southbank Lake
was constructed as part of the Southbank Development. The lake was created sometime prior to 1987 by excavating
a large pit below the water table. In 1989, the bottom of the lake was measured at between 20 and 30 feet below the:
surface water level. Assuming that the level of the lake was roughly equivalent to the water table elevation, which
was approximately 1053 feet above ms| at that time, then the bottom of the lake would range in elevation from 1023

to 1033 feet above msl, which is 70 to 80 feet bgs.

There is no documented groundwater withdrawal from the lake; however, groundwater does evaporate from the
lake. Given that the lake surface is roughly 18 acres in area, and assuming a conservative evaporation rate of 70
inches per year, the total evaporation would equate to approximately 105 acre-feet per year. One hundred and five
acre-feet per year of evaporation is equivalent to a well pumping at a continuous rate of 65 gpm (HLA, 1996b). The
lake is also used to collect storm water runoff from the Southbank Development and so acts as a location of aquifer

recharge.

There are no documented domestic uses of groundwater in the study area. In addition, the only industrial use that
appeared in the past to have an impact on the Site was pumpage from the Tanner and Bradley production wells.
These groundwater uses are no longer applicable as the Tanner well has been abandoned and use from the Bradley
well has been discontinued. Information on wells registered with ADWR near the Site, as of 1996, is summarized in

Table 3.3.
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4.0 OVERVIEW OF RI AND FS ACTIVITIES
The Landfill has been the subject of a number of technical investigations since it was identified in 1982 as a
possible source of groundwater contamination. The City initiated a comprehensive groundwater quality
investigation in 1987 that involved a broad range of activities culminating in this report. These activities generated
substantial information about the operational history of the Site and the nature and amount of hazardous substances
disposed there, which is summarized in Section 1.0. This section summarizes the major components of the
technical investigation conducted by the City through 1998 (after 1993, in partnership with Bank One), and by the

ADEQ in May and June 1999.

4.1 Previous Activities and Initiation of Groundwater Quality Investigations (1981 to 1982)

In 1980 the ADHS discovered contaminants in the groundwater at an industrial well at the Bradley Landfill (ADHS,
1982a). In July 1981, the City and ADHS entered into a Memorandum of Understanding regarding relocation of a
portion of the Estes Landfill as part of the Salt River channelization and bank stabilization project. The relocation
of approximately 30 acres of landfill material was conducted in 1982 under the supervision of the ADHS. The
landfill material was relocated to the remaining Estes Landfill that was outside the channelization and bank
stabilization area. The excavation activities, which were overseen by HDR, are summarized in HDR's report, Salt
River Channelization and Landfill Relocation, Final Report, dated July 1982. Refuse underlying the 30 acres in the

newly aligned river channel was removed and screened to determine whether it contained hazardous constituents.

The screening activities consisted of site reconnaissance prior to excavation, a subgrade contamination investigation
initiated few days after refuse excavation began, and visual inspection and sampling (if required) of the excavated
material on a daily basis by HDR field engineers (HDR, 1982). The subgrade contamination investigation was
overseen by Western Technologies, Inc. (WTI), and consisted of drilling test holes over the northern portion of the
Landfill which required excavation and removal. Using an expanded grid methodology, approximately ninety (90)
test holes were drilled in the area of the Landfill that is currently occupied by the Salt River (Figure 1.3). More than
306 soil samples were collected from the test holes, of which approximately 124 underwent Fingerprint Analysis
and Complete Profile. The Fingerprint analysis consisted of measurements of pH, flashpoint, cyanide content, and

explosivity. The Complete Profile consisted of EP toxicity testing, solvent screening, and miscellaneous analyses
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(i.e., phenolic compounds, ammonia, and total solids). The results of the subgrade investigation (HDR, 1982)
indicated that none of the collected samples were determined to be hazardous. Also, the results of the solvent
screening did not show the presence of any solvents above the method detection limit for any of the soil samples

collected. However, the solvent scan did not include, cis-1,2-Dichloroethene or Viny! Chloride.

Once screened material was determined to be nonhazardous, it was relocated onto the remaining portion of the Estes
Landfill. Initial estimates of the quantity of refuse to be relocated were low, and approximately 415,000 cubic yards
of additional refuse required relocation. In order to accommodate the additional material, the City excavated a pit
immediately east of the existing landfill material, but within the area originally planned for refuse relocation (HDR,
1982). The records were unclear as to the exact size of the pit, but it was estimated to cover approximately 11 acres.
Material from the pit was used as clean fill in the channelization area and to cap the relocated refuse. During the
relocation, approximately 20 cubic yards of material were identified as containing hazardous constituents. These
materials consisted of several severely deteriorated 55-gallon drums in which the remaining contents and
surrounding contaminated soil met hazardous waste characteristics, as defined by Resource Conservation and
Recovery Act (RCRA). The contents of four drums were considered ignitable because the flashpoints of the
contents were less than 140 degrees Fahrenheit. The contents of five other containers were classified as toxicity
characteristic wastes because the EP-toxicity limits exceeded the hazardous waste limit for lead. Ultimately these
materials were shipped as hazardous waste under RCRA to an EPA-approved hazardous waste facility in California.
No intact barrels or drums were recovered. No other information was available on whether or not confirmatory soil
and groundwater samples were collected upon removal of the wastes. Consequently, there was no documentation,
which demonstrated that all hazardous materials had been removed, and no residual hazardous constituent
concentrations remain in the subsurface soil that could serve as a potential on-going source of VOCs in the soil and
groundwater. Based on these findings further source characterization of the former Landfill was completed (See
Section 6.2.5). The estimated original boundary of the Estes Landfill, the estimated extent of the excavation in the

Salt River bed, and the current estimated boundaries of the Landfill are shown on Figure 1.3.

In the Spring of 1982, the City installed four monitor wells on or near the Estes Landfill pursuant to an agreement

with ADHS (Figure 1.2). The wells, referred to herein as Estes East, Estes West, Estes NE, and Estes NW, are
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described in a report compiled by the ADHS Bureau of Waste Control in February, 1982, entitled Open Dump
Inventory of 40th Street Landfill (ADHS, 1982a). Additional data related to this investigation was released in a
second report by ADHS in June 1982, and titled Supplemental Data to the Uncontrolled Site of Estes Landlfill and
the Open Dump Inventory of 40th Street Landlfill (ADHS, 1982b). The supplemental data showed groundwater
samples taken from the wells that contained VC contaminant levels of up to 4,970 ;,g/l in the Estes East well and

3,060 ,,g/1 in the Estes West well. These results prompted continued ADHS investigation at the Site.

In the early 1980's, ADOT began evaluating the proposed alignment of a new freeway across the Salt River, State
Route 153. As part of the evaluation, Sergent, Hauskins and Beckwith (SH&B) was contracted by the ADOT to
conduct a study of the problems associated with relocating the eastern portion of the Bradley Landfill within the
proposed right-of-way of the planned highway (SH&B, 1988). The purpose of this study was to evaluate different
scenarios for the removal of wastes from the Bradley Landfill, as well as problems and costs associated with final
disposal of waste. Additionally, the study discussed engineering concerns for the various scenarios. As part of this
study, SH&B conducted a series of soil borings, pit excavations, aerial photograph analyses and soil gas sampling
for the Bradley Landfill and the northern boundary of the Estes Landfill. On the basis of data presented to ADOT
by SH&B, the alignment of State Route 153 was eventually moved eastward to avoid relocation of the eastern

portion of the Bradley Landfill.

A 1986 ADHS report (Graf, 1986) included available hydrogeologic information pertaining to the Estes Landfill as
well as historical water quality analyses from 1982, 1983, and 1984 from water samples obtained from area wells.
The ADHS report concluded that the Estes Landfill was likely a source of groundwater contamination. The ADHS
determined that it would be necessary to gather information on vertical and lateral extent of groundwater
contamination in the vicinity of the Bradley and Estes Landfills. The ADHS did not evaluate the nature and
location of any source areas, nor did it develop sufficient information to assess the need for or feasibility of any

remedial actions.

On September 24 and 25, 1986, ADEQ and U.S. EPA, Region IX collected samples of groundwater from wells at or

near the Estes and Bradley Landfills. The wells sampled included BW-SE, BW-S, BW-W, BW-NE, EW-NE,
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EW-W, EW-NW, EW-E, the former Tanner production well, and the Bradley production well (See Figures 1.1 and
1.3 for well locations). Sampling results showed elevated concentrations of vinyl chloride in monitor wells BW-W,
EW-E, EW-NW, EW-W, the Tanner production well, and the Bradley production well. These concentrations
ranged from 56 ,,g/1 to 1,436 ;,g/l in monitor wells BW-W and EW-NW, respectively. Analytical results of the
VOCs from this sampling event were determined to be usable for qualitative purposes only, because the holding

times were exceeded by several weeks. Therefore, these data were never included in a report.

4.1.1 Phase I Groundwater Quality Investigation (1989 to 1990)

The City retained the consulting firm of Dames & Moore to draft a work plan to conduct additional groundwater
quality investigations at the Estes Landfill. After review and comment by ADHS and ADWR, Dames & Moore
produced an October 17, 1986 report entitled Final Work Plan, Estes Landfill. The Final Work Plan detailed a
Phase I groundwater quality investigation, intended to identify the nature and extent of groundwater contamination
in the upper alluvial aquifer. The scope of work, which was reviewed and approved by ADHS, included an
evaluation of historical data consisting of aerial photography; a review of the suitability of existing wells for
monitoring; preparation of project planning documents; the installation of six new monitor wells (EW-1 through
EW-6) both onsite and offsite; quarterly groundwater sampling and monthly water level monitoring; and

preparation of the Phase I report.

The City thereafter sought bids from consulting firms to conduct the Phase I groundwater quality investigation.
HLA was selected from the consultant selection process. On July 1, 1987, the City and HLA entered into
Agreement No. 46267, which provided for HLA to begin evaluating the impact of the Estes Landfill on the upper

alluvial aquifer, as specified in the Final Work Plan prepared by Dames & Moore.

In accordance with the ADHS-approved work plan, six monitor wells were installed during January and February
1989. These new wells, along with the original four wells installed on Estes and select Bradley Landfill monitor
wells, were sampled during April, June, September, and December 1989. Groundwater quality investigation

activities were performed under ADEQ supervision.
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The HLA report, Estes Landfill, Groundwater Quality Investigation, Phoenix, Arizona (Phase I GQI), dated
September 19, 1990, presents the results of this phase of work conducted under ADEQ supervision. The results of
the Phase I GQI sampling effort confirmed the presence of groundwater contamination by VOCs, primarily VC and
1,2-DCE, above MCLs, and AWQS in onsite wells. VC and 1,2-DCE were thought to be degradation products of
other parent compounds such as TCE and possibly tetrachloroethene (PCE). Concentrations of some inorganic
compounds such as iron, manganese, and TDS were also detected at elevated levels in groundwater collected from

several wells (HLA, 1990).

A review of historical aerial photographs which illustrated Site activities from 1954 through 1972, (Appendix B of
HLA, 1990), was conducted during the Phase I GQI. These aerial photographs suggested the presence of a pit
source area near the southeast corner of the original Site from approximately 1966 through 1971. Corresponding
water quality data from wells located downgradient from this area supported the possibility that this pit was a

suspected source area. Subsequent investigation confirmed this suspicion.

Limited information pertaining to the vertical extent of groundwater contamination in the upper aquifer was
obtained from deeper monitor wells (EW-5 and EW-6). Monitor well EW-5 was located adjacent to the shallower
EW-W, and monitor well EW-6 was located adjacent to the shallower EW-E. Water levels from these shallow and
deep monitor wells indicated the presence of a downward vertical gradient. Water quality data, however, indicated
a decrease of contaminant concentrations with increasing depth. This was illustrated on Plate 36 of the Phase I GQI
(HLA, 1990), where the VC concentrations from EW-6 (170 ,,g/1) were nearly nineteen times lower than those from
EW-E (3,200 ,,g/1) during June 1989. A similar trend was noted at wells EW-5 and EW-W, where the VC
concentrations from EW-5 (20 ,,g/I) were sixty-five times less than those from EW-W (1,300 ,,g/I). The vertical
extent of contamination was not determined; however, a lower permeability unit was discovered during drilling of
the exploratory boring EW-3. A lithologic unit of lower hydraulic conductivity was encountered beneath the
eastern portion of the Site at approximately 140 feet bgs. It was believed that if this unit were continuous across the

site, it could limit the vertical and lateral extent of groundwater contamination beneath the Site.

The Phase I GQI indicated that the aquifer in the vicinity of the former Tanner production well had a relatively high
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hydraulic conductivity, characteristic of the regional upper alluvial unit. This well was capable of pumping several
hundred gallons per minute with only a few feet of drawdown. However, it wasn't until the Phase II investigation,
when an onsite aquifer test well (EW-RW1) was installed and tested, that the presence of a zone of low permeability

within the alluvium beneath the Site became apparent.

The northern lateral extent of groundwater contamination appeared to be defined by monitor well EW-2, in which
concentrations of VOC were not above analytical detection limits. Monitor well EW-2 is located just north of the
Site within the Salt River channel. To the south, the lateral extent appeared to be limited to the area between the

two Bradiey monitor wells, BW-W and BW-S.

June 1989 sampling results (Plate 36, HLA, 1990) showed levels of VC (2.3 ,g/I) and TCE (7.6 ug/D) that exceeded
their respective ADEQ AWQSs in monitor well EW-1. 1,2-DCE (9.2 ;,g/1) was also detected in monitor well EW-1
below the ADEQ AWQSs. Based on the concentrations of VC and TCE, this well appeared not to define the
downgradient extent of contaminant migration from the Site. Monitor well EW-1 is located approximately

1,600 feet west of 40th Street, near the northwest corner of the former Tanner property. As shown in the Water
Quality Database (Appendix A), VC was detected at monitor well EW-1 in only two of the four sampling rounds
conducted in 1989 and other detected contaminants had relatively low concentrations. VC was detected at 11 ;,g/1
and 2.3 ;,g/l in April and June, respectively (Plates 35 and 36, HLA, 1990) that exceeded ADEQ AWQSs. TCE was
detected in all four sampling rounds during 1989 at concentrations of 9 ,,g/l, 7.6 g/, 4.4 ;,g/l and 5.3 pg/1in April,
June, September, and December, respectively. Except for the sample collected during September 1989, all of the
TCE concentrations exceeded ADEQ AWQSs (5 ;,g/l). Concentrations of 1,2-DCE were detected at monitor well
EW-1 in each of the four sampling rounds during 1989. The 1,2-DCE detections were reported at 13 ,g/1, 9.2 48/,
5.1 yg/tand 3.5 g/ in April, June, September, and December, respectively (Plates 35, 36, 37 and 38, HLA 1990)
which were below ADEQ AWQSs. Other VOCs were also detected during these rounds of sampling which were

below respective ADEQ AWQSs or EPA Region IX Preliminary Remediation Goals (PRGs).

NOTE: groundwater sample analytical reporting in the Phase I GQI did not differentiate between cis- and

trans-1,2-DCE.
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The Phase I GQI report concluded that the presence of VC and 1,2-DCE were apparently the result of
biodegradation of the parent compound TCE. VC is a gas at standard temperature and pressure, so it would not
have been directly disposed of at the Site. Cis-1,2-DCE is not in common industrial use. This and other site
characterization data were presented in the Estes Landfill Groundwater Quality Investigation (HLA, 1990) draft

report, which was submitted to ADEQ for review and approval.

4.2 Phase II Groundwater Quality Investigation (1990 to 1992)
Under the oversight of ADEQ, the City commenced a Phase II GQI to continue the RT work begun under Phase I.
The primary objectives of the Phase II GQI were to further evaluate the lateral and vertical extent of groundwater
contamination at the Site. In addition, the approved Phase II GQI work plan included a preliminary evaluation of
potential remedial treatment options for extracted groundwater. Phase II activities included the following:

) Prepare and update project planning documents;

e Install downgradient monitor wells (EW-7 and EW-9 through EW-14) to further define the lateral
extent of groundwater contamination;

o Complete three exploratory borings with continuous coring for geologic logging, permeability
testing, and correlation of the lower fine-grained unit to the west;

. Install one deep monitor well in the lower fine-grained unit (EW-8) to further define the vertical
extent of groundwater contamination;

. Install an aquifer test well (EW-RW1) and perform long-term aquifer testing to evaluate hydraulic
properties of the aquifer;

. Perform bench-scale treatability studies on extracted groundwater using ultraviolet (UV)

peroxidation (UV/Perox), ozonation and enhanced bioremediation;

. Perform subsequent pilot testing on extracted groundwater using UV/Perox and ozonation;

. Conduct an onsite soil-gas survey;

. Continue groundwater sampling and water level monitoring;

. Review regulatory agency files regarding other potential sources of groundwater contamination in
the vicinity of the Site; and

o Evaluate the data and prepare a comprehensive report.

The results from the Phase II GQI were presented in a report by HLA titled Estes Landfill, Phase II Groundwater
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Quality Investigation, Draft Report dated December 24, 1992. The results of that report are summarized in the
following sections: 4.2.1 Hydrogeology, 4.2.2 Groundwater Chemistry, 4.2.3 Sources of Contamination, 4.2.4 Fate

and Transport, and 4.2.5 Pilot Testing,

4.2.1 Hydrogeology

Prior to conducting the Phase II GQI, the local alluvial sediments underlying the landfill were described as
undifferentiated and unconsolidated silt, sand, gravel and boulders. However, results from the Phase I GQI (HLA,
1992¢) identified three relatively distinct layers or facies within the alluvium underlying the Site. The shallow
alluvial facies beneath the Site was described as unconsolidated sand, gravel, cobbles, and boulders to an average
depth of 50 to 60 feet bgs and was designated as unit F1. The middle alluvium beneath the Site was described as a
30-to-40-foot thick sequence of unconsolidated to semiconsolidated gravel and cobbles supported in a clayey silt
matrix and was designated as unit F2. Unit F2 was also referred to as a clayey gravel lens. The areal extent of unit
F2 was shown to be present under much of the Site and possibly to the south and east of the Site. However, unit F2
was shown to pinch out to the west and northwest and was not present west of 40th Street or at monitor wells EW-9
or EW-NW. The deeper alluvial facies beneath the Site was described as unconsolidated sand, gravel and cobbles
that ranges from 15 to 60 feet thick and was designated as unit F3. This layered alluvial sequence was shown to be

underlain by a sedimentary bedrock of low permeability as described below.

A lower fine-grained sedimentary unit initially identified as the “red unit” in the Phase I GQI was further
investigated during this phase of work by continuous coring during the drilling of monitor wells EW-7, EW-8, and
EW-12. Core samples at the three locations ranged from reddish brown, moderately to well sorted, moderately
bedded, fine grained sandstone to a sandy conglomerate consisting of 3 millimeter (mm) to greater than 750 mm
angular to subangular granitic, metamorphic, and mudstone clasts supported in a fine to medium grained sandy
matrix. These data combined with information from the CAP test hole, drilled approximately 2,000 feet north of
EW-12, and the Tovrea well, drilled approximately 2,000 feet east of the southeastern boundary of the Site,
identified a sedimentary bedrock unit believed to correlate with the Tertiary Tempe Beds (HLA, 1992¢).

Subsequent to the Phase II GQJ, this sedimentary bedrock was identified as unit F4.
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During the Phase II GQI, an aquifer test/recovery well, EW-RW1 (Figure 1.3), was installed in the vicinity of the
major suspected source area on the Site. Aquifer testing at the Site was required to evaluate the hydraulic properties
of the aquifer in the vicinity of the major suspected source area. This evaluation was necessary to further evaluate
the hydraulic properties of the aquifer for refinement of the SCM and to begin evaluating remedial alternatives
including pump and treat (HLA, 1992¢). On the basis of the aquifer test data, hydraulic conductivities were
calculated to be approximately 1.8x10" centimeters per second (cm/sec) for unit F1 and approximately 7.2x107
cm/sec for unit F3. Insufficient data were available to calculate the hydraulic conductivity of unit F2, However,
based on its low water production, the hydraulic conductivity for unit F2 was believed to be orders of magnitude
less than that for units F1 and F3. Permeability tests on core samples were used to calculate a vertical hydraulic

conductivity of 4x10 cm/sec for the sedimentary bedrock.

The differences in the hydraulics of these multiple layers were found to alter the direction of groundwater flow
between the layers, thus creating a complex three dimensional hydraulic system with both vertical and horizontal
flow components. This layering effect was compounded by the presence of the sedimentary bedrock beneath the
alluvium. The vertical hydraulic conductivity of the sedimentary bedrock (Tempe Beds) was determined to be low
when compared with the sand and gravel layers of the alluvial units. This formation is significant in that it acts as a

hydraulic bedrock to limit the vertical migration of groundwater contamination.

During the Phase II investigation, HLA also determined that this layering may cause portions of the groundwater to
occur under semi-confined conditions and that a downward vertical gradient was present beneath the Site. HLA
also confirmed that sustained flows in the river from upstream releases would recharge to the aquifer, increasing the
downward vertical gradient and causing the horizontal direction of groundwater flow to shift from west to
southwest. Recharge events were also determined to cause temporary changes in organic and inorganic water

quality in groundwater from onsite and offsite wells.

4.2.2  Groundwater Chemistry
In the vicinity of the Estes Landfill, VC and cis-1,2-DCE were the two VOCs detected at the greatest concentration

levels during Phase II. During the Phase I study, the cis and trans isomers of 1,2-DCE were not analytically

Environmental Science & Engineering, Inc. 4-9



Estes Landfill Remedial Investigation Report

distinguished, but were reported as total 1,2-DCE in the Phase I report. For the Phase II study, the analytical
laboratory was asked to report the concentrations of both the cis and trans isomers for 1,2-DCE. Based upon this
analysis, the predominant isomer was determined to be cis-1,2-DCE. For example, eight rounds of analytic results
from monitor well EW-E showed the percentage of cis-1,2-DCE to range from 93 to 100% of the total 1,2-DCE
present (Table 1, HLA, 1992e). Cis-1,2-DCE is not commercially available, and is a known degradation product

formed from the parent compound, TCE.

Groundwater beneath the Estes Landfill has also been impacted by inorganic contaminants, primarily metals.
Concentrations of arsenic and barjum were greater in groundwater samples collected from wells located on the
Landfill than in groundwater samples collected from upgradient and downgradient wells. Also, concentrations of
iron and manganese appeared to increase somewhat during periods of river flow. It did not appear that these metals

were migrating offsite, as offsite metals concentrations were all below the applicable AWQS.

4.2.3 Sources of Contamination

Potential source areas for VOCs in groundwater were identified at the Estes Landfill and south of the Estes Landfill
through various investigative techniques, but primarily through analysis of groundwater quality data. The major
identified onsite source area was the former liquid waste disposal pit located near what was then the southeast
corner of the Site. However, the distribution of the VOC concentration of soil gas results (HLA, 1992¢), while
showing elevated concentrations near the the former liquid waste disposal pit, also showed elevated VOC
concentrations in other areas of the current Landfill. Although VOCs in groundwater beneath the Landfill may have
some correlation on the distribution of VOC found in the soil gas results, the depth to groundwater, the types of
wastes, and soil conditions beneath the Landfill, would conclude that other potential sources of VOCs exist outside
of the liquid waste disposal pit. Based on these findings further source characterization of the Landfill was

completed in 1999 (See Section 6.2.5).

Groundwater data also demonstrated the presence of VOC groundwater contamination to the south of the Site, as
possibly a separate VOC plume. TCE was the primary constituent of this offsite contamination. Low levels of 1,1-

DCE also appeared to be present. The offsite contamination appears to be migrating west at areas due south of the
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Site, and then migrating more north of west, west of 40" Street. More discussion of groundwater VOC

concentrations, in the vicinity of the Site, is presented in 6.4.5.

4.2.4 Fate and Transport

The lateral extent of groundwater contamination in the vicinity of the Estes and Bradley Landfills appeared to have
been defined based on the groundwater sample VC and cis-1,2-DCE results of the Phase II investigation. Ten
rounds of quarterly monitoring were conducted during the Phase II GQI, spanning 1990, 1991 and the first two
quarters of 1992. Figures illustrating detected VOC concentrations for each round were included in Appendix C of

the Phase IT GQI report (HLA, 1992¢).

The downgradient extent of groundwater contamination appeared to be defined by monitor wells EW-1 and EW-12
to the west and southwest of the Site. Monitor well EW-1 is located approximately 1,600 feet west of 40th Street
near the northwest corner of the former Tanner property. Concentrations of cis-1,2-DCE (total 1,2-DCE prior to
September 1990) were reported in five out of ten rounds at monitor well EW-1. The detected concentrations ranged
from 1.1 ;,g/1 to 7.4 ,,g/l in September 1991 and March 1991, respectively. Detected concentrations of VC were
identified in two of the ten rounds of data, with VC reported at 7.4 ;,g/l in March 1991 and 0.40 ;,g/l in December

1991.

Monitor well EW-12 is located approximately 1,800 feet west of 40th Street and 700 feet south of monitor well
EW-1. Monitor well EW-12 was installed in early 1991 and VC was not detected in the six subsequent rounds of
monitoring. Detectable concentrations of cis-1,2,-DCE were reported in each of the six rounds of data and ranged
from 5.3 ;g/ in June 1991 to 0.42 4/l in June 1992. It should be noted that TCE was consistently reported at Well

EW-12 at concentrations that exceeded those reported at Well EW-1 during the same sampling events.

Figure 4.5 presents groundwater TCE concentrations and inferred groundwater flow direction for data collected in
December 1991. This data indicates groundwater flow of west to southwest, and significantly higher concentrations
of TCE at wells south and southwest of the Site compared to wells at the Site, and immediately west of the Site.

This appears to support the contention that a separate TCE groundwater contaminant plume is located south of the
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Site, and may be impacting Well EW-12. However, based on this data, it does not appear that this south TCE plume

is contributing to TCE concentrations reported at the Site.

The northern extent of groundwater contamination appeared to be defined by monitor wells EW-9 and EW-11 to the
northwest of the source area. Monitor wells EW-9 and EW-11 are located in the river bed, approximately 1,200 feet
and 2,400 feet, northwest of the source area. Concentrations of cis-1,2-DCE and VC were reported in groundwater
samples from monitor well EW-9 in four of the six rounds analyzed. The reported concentrations of cis-1,2-DCE
ranged from 3.3 ;,g/1 to 17 ;,g/l in March and September 1991, respectively. The detected concentrations of VC
ranged from 0.58 ,g/lto 11 g/l in December and March 1991, respectively. Five rounds of data were collected
from monitor well EW-11 and VC was only detected once at 0.99 g/l in June 1991. Cis-1,2-DCE was detected in
two of the five sampling rounds at EW-11. Detected concentrations of cis-1,2-DCE were reported at 2.0 g/l and

1.0 ,,g/l in June and September 1991, respectively.

To the southwest of the Site, groundwater contamination was shown to extend to monitor well EW-14, which is
located approximately 2,000 feet southwest of the source area along 40th Street. Groundwater data from this well
identified detectable concentrations of cis-1,2-DCE and VC in each of the six rounds analyzed. Detectable
concentrations of cis-1,2-DCE from groundwater data at monitor well EW-14, ranged from 5.9 ;,g/1 to 30 /1 in
March and June 1991, respectively. Detectable concentrations of VC, from groundwater data at monitor well EW-

14, ranged from 2.0 g/l to 15 ;,g/1 in December 1991 and both March and June 1992, respectively.

The vertical extent of groundwater contamination was further assessed by evaluating water quality data from
clustered wells. Clustered wells are wells completed in the same general location but at different depths. Water
quality data from these well clusters indicated that groundwater contamination decreased substantially with depth.
This was supported by data collected from the western portion of the Site where monitor wells EW-8, EW-5 and
EW-W are clustered. Concentrations of cis-1,2,-DCE were not detected and concentrations of VC were reported in
two groundwater samples from the deepest monitor well EW-8. This was illustrated in Figure C22 (Appendix C,
HLA, 1992¢) from June 1991, when the detected concentration of VC at EW-8 (5.5 ,,g/l) was 10 times lower than

the VC concentration at EW-5 (55 ,g/1) and 29 times lower than the VC concentration at EW-W (160 ,,g/l). A
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similar trend of decreasing concentrations with depth was seen at deep and shallow monitor wells EW-7 and EW-
14. At this location, VC was not detected in samples from the deeper well, EW-7, but was detected in each of the
six rounds from EW-14 at concentrations ranging from 2.0 ;,g/lto 15 ;,g/l. Concentrations of cis-1,2-DCE were
detected in each of the six sampling rounds at EW-14, but only in two of the sampling rounds from EW-7. The
decreasing concentrations with depth at this location were illustrated in Figures 42 and 43 of the Phase II GQI, when
the detected concentrations of cis-1,2-DCE from EW-7 (2.9 ,,g/1) were nearly 4 times lower than the concentrations

of cis-1,2-DCE from EW-14 (11 ,g/1).

4.2.5 Pilot Testing

Initial pilot bench scale testing of contaminated groundwater collected from an onsite monitor well was conducted
using three treatment methods: UV/Perox, ozonation and bioremediation. The results of bench scale testing
suggested that all three methods could be used to reduce concentrations of VOCs in groundwater to acceptable
levels. Therefore, field scale pilot testing of two treatment methods, UV/Perox and ozonation, was completed
during aquifer testing. Field scale testing of bioremediation was not performed due to excessive costs for setup of a

temporary facility.

Field scale pilot testing demonstrated that contaminated groundwater could be successfully treated for VOCs using
UV/Perox. Testing also revealed that pretreatment of contaminated groundwater was necessary when water levels
were elevated, due to greater than normal concentrations of metals in the groundwater. The field scale pilot testing
results for Ozonation of the contaminated groundwater produced lesser reductior‘ls of VOCs than the UV/Perox
(HLA, 1991e). Further detailed evaluation of these and other remedial technologies will be conducted during the

Feasibility Study.

4.3 Evolution of Potential Groundwater Containment/Pilot Treatment System (1991 to 1993)
Prior to completion of the Phase II GQI, the ADEQ requested that the City evaluate the potential for hydraulic

groundwater containment in the vicinity of the suspected source area. In response to ADEQ's request, the City
developed a work plan for the evaluation and development of a groundwater containment/pilot treatment system

(GWC/PTS). The conceptual GWC/PTS work plan (HLA, 1991a) was submitted to and approved by ADEQ. This
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work plan outlined 2 number of tasks associated with the completion of the Phase II GQI and development of the

GWC/PTS. Specific activities included the following:

o Complete Phase II GQI activities, as discussed above under Section 4.2 Phase II Groundwater
Quality Investigation;

° Preparation of a final GWC/PTS work plan (HLA, 1991c) for ADEQ review and approval,

. Development of a new Quality Assurance Project Plan covering activities planned for the Site
(HLA, 1992a);

) Preparation of a Groundwater Monitoring and Sampling Plan for ADEQ review and approval

(HLA, 1992b), preparation of analytical bid specifications and continuation of water level
monitoring and groundwater sampling activities;

. Installation of a second aquifer test/recovery well near the western well cluster (EW-RW2);
conduct of additional aquifer testing and groundwater treatability testing using air stripping; and
performance of air stripper air dispersion modeling to evaluate air stripper off gas treatment
options;

. Preparation of a National Pollution Discharge Elimination System (NPDES) and Poor Quality
Groundwater Withdrawal (PQGWWP) permits;

. Preparation of a Monitor Well Installation Work Plan for ADEQ review and approval (HLA,
1993a), preparation of drilling bid specifications and installation of four additional monitor wells
(EW-15 through EW-18) and six piezometers (EW-PZ1 through EW-PZ6) and one exploratory
boring EX-B1 designed to evaluate the depth of the F3/F4 interface; and

. Preparation of a Groundwater Modeling Work Plan for ADEQ review and approval (HLA, 1993),
and commencement of groundwater modeling activities.

4.3.1 Groundwater Monitoring

In accordance with the ADEQ approved work plan, quarterly groundwater monitoring and sampling was continued
under the GWC/PTS for the last two quarters of 1992 through the end of 1994. Prior to the start of this period, the
Salt River had sustained flow from January 1992 through early June 1992, which had elevated water levels and
shifted the general groundwater flow direction from west to southwest at the Landfill. In general, a southwesterly
groundwater flow direction at the Landfill was maintained by periodic river flows and flood flows that occurred
from July 1992 through the end of 1993 (HLA, 1992 and HLA, 1993). Water levels declined as the river flows

subsided in late 1993, and the overall groundwater flow direction shifted back to the west in 1994 (HLA, 1994).
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Following the .river flow events that lasted through much of 1993, concentrations of VC in groundwater from wells
near the source area reached a peak in December 1993 (HLA, 1994) and rapidly declined throughout 1994 (HLA,
1994 and HLA, 1995). For example, the concentrations of VC in unit F2 and F3 declined by approximately 92%
and 99% , respectively, from December 1993 through December 1994. Because of the declining water levels at the
Site in 1994, unit F1 was not saturated in September and December 1994, but concentrations of VC still showed a
reduction of 46% from December 1993 to June 1994 in unit F1. Concentrations of cis-1,2-DCE exhibited slightly
different trends, with concentrations peaking in unit F2 in March 1994, but still declining by 72% from March 1994
to December 1994. The concentrations of cis-1,2-DCE in unit F3 showed a decline of 89% from December 1993 to
September 1994 and then increased in December 1994 to 91% of the December 1993 concentration. The

concentrations of cis-1,2-DCE in unit F1 declined by 98% from December 1993 to June 1994.

Contaminant concentrations from groundwater samples at select monitor wells at the downgradient extent of the
contaminant plume showed minimal increases that lagged somewhat behind the source wells, probably due to the
increased travel time associated with distance from the source. For example, at monitor well EW-1, the VC
concentrations gradually increased from less than the method detection limit in March 1994 to 6.4 pg/l in December
1994. However, at monitor well EW-12, VC was not detected during the quarterly sampling associated with the
GWC/PTS, indicating that the lateral extent of VC was remaining stable. The concentration of cis-1,2-DCE
followed a similar trend to that of VC in the two downgradient monitor wells, At monitor well EW-1 the
concentration of cis-1,2-DCE peaked in December 1994 at 17 pug/l. At monitor well EW-12 the concentration of
cis-1,2-DCE ranged from a high concentration of 9.6 pg/l in December 1993 to a low of 1.8 ug/l in December 1994.
It should be noted that TCE was consistently reported at Well EW-12 at concentrations that exceeded those reported

at Well EW-1 during the same sampling events.
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43.2  Aquifer/Pilot Testing

Two additional aquifer tests were performed to further evaluate the hydraulic properties of the underlying
formation. After the second aquifer test/recovery well EW-RW?2 was installed, a three day aquifer test was
conducted in January, 1992, at a constant pumping rate of 410 gpm. Due to unexpected river flows, the test was
discontinued after 49.5 hours because of observed recharge effects from the flowing river. Results from this aquifer
test were similar to findings from previous aquifer testing which indicated that the lower sand and gravel unit F3
responded as a confined or semi-confined aquifer. The results also provided additional evidence of a lower

permeability unit corresponding to unit F2.

In May, 1992, a short term pump test was performed on aquifer test/recovery well EW-RW1. As noted above, river
flows early in 1992 caused recharge to the aquifer, which in turn caused water levels to rise beneath the Site. Based
on observations noted during the March 1992 groundwater sampling, the production capability of EW-RW1
appeared to have increased in response to the increased saturated thickness of the aquifer. The pump test revealed
that well EW-RW1 was now capable of producing over 400 gpm as compared with a maximum of 80 gpm during
June, 1991. The increased capacity of the well was attributed to the saturation of the lower portion of unit F1.
These results were significant in that they provided further evidence of the presence of vertical hydraulic

conductivity variations within the alluvium.

During the aquifer tests performed at EW-RW1 and EW-RW2, an air stripper was used to treat the effluent prior to
disposal into the sanitary sewer. The results from the aquifer tests and general effectiveness of the air stripper were
presented in the Phase I GQI. Also as part of the GWC/PTS, air dispersion modeling was performed to evaluate
whether the off gas from a permanent air stripper would need to be treated prior to discharge to the atmosphere.
Results from the modeling showed that concentrations of VC would be in excess of the annual Arizona Ambient Air
Quality Guidelines (AAAQG) limit of 0.012 micrograms per cubic meter (ug/m?®) at the Landfill boundary. On the

basis of air dispersion modeling, it was concluded that offgas treatment of air stripper emissions would be required.

43.3 Permitting

An application for a NPDES permit was submitted to ADEQ and EPA in November 1991. In the event that a
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groundwater pump and treat system was ever installed and operated, a NPDES permit would be necessary for
discharge of the treated groundwater to the Salt River. The draft NPDES permit, No. AZ-0023663, was approved

on July 25, 1994, by ADEQ), however, the final permit has not been issued by the EPA.

The extraction of poor quality groundwater in an Active Management Area requires a Poor Quality Groundwater
Withdrawal Permit from ADWR. A work plan outlining the PQGWWP for the Estes Landfill was submitted to the
ADWR Director on April 28, 1992. Following approval of the work plan, the Administrative and Hydrologic
Report, and Application for Permit to Withdrawal Poor Quality Groundwater within an Active Management Area
pursuant to A.R.S. 45-516, were prepared and submitted to ADWR in October, 1992. Approval of the PQGWWP

No. 59-537885 was granted on October 8, 1993 by ADWR.

43.4  Well Installation (1993)

A Revised Monitor Well Installation work plan (HLA, 1993a) was submitted to ADEQ on March 25, 1993, After
approval from the State, bid specifications were prepared and a driller was selected to perform the new well
installation. In the fall of 1993, six unit-specific piezometers, four groundwater monitor wells and one exploratory
boring were drilled. Unit-specific piezometers EW-PZ1 (unit F2), EW-PZ2 (unit F1), and EW-PZ3 (unit F3) were
completed near the source area wells EW-E and EW-6. Unit-specific piezometers EW-PZ5 (unit F3) and EW-PZ6
(unit F2) were completed near the western well cluster EW-W, EW-5 and EW-8. A third unit-specific well cluster
was created in the vicinity of monitor well EW-2, where piezometer EW-PZ4 (unit F1) and monitor well EW-16
(unit F2) were installed. The piezometers and well EW-16 were installed to evaluate unit specific chemical

concentrations, and whether unit specific flow directions existed that would effect contaminant transport.

At the four monitor well locations, including EW-16, boreholes were drilled until the underlying bedrock was
encountered, at which point the holes were continuously cored for geologic interpretation. Monitor well EW-15

was located near the eastern cluster and was completed as a bedrock (unit F4) well. Monitor wells EW-17 and
EW-18 were completed primarily to replace the Bradley monitor wells BW-WD and BW-SD, which were not
compatible with the other Estes monitoring wells. In addition, an exploratory boring was drilled on the north side of

the Tanner property to determine the depth to bedrock in this area.
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The results of this drilling program provided significant bedrock information including depth, type and hydraulic
properties. Additional geologic data on the heterogeneities of the alluvium were also obtained in part, through the
evaluation of sieve analysis (see Table 4.1). Subsequent water level monitoring confirmed the presence of a
downward vertical gradient between all the units. Water level data also suggested that groundwater flow directions
within the individual units can vary and that the flow direction in unit F1 was more sensitive to small recharge
events along the river. Geologic data for the alluvium and bedrock as well as water level data were later

incorporated into the groundwater flow model described below.

Unit-specific groundwater quality data indicated that; 1) Unit F2 near the source area contained the highest
concentrations of dissolved groundwater contamination from cis-1,2-DCE and VC; 2) The bedrock near the source
contained dissolved concentrations of VOCs but that this VOC contamination appeared to be localized near the
source; and, 3) units F1 and F2 at the northern well cluster did not contain cis-1,2-DCE or VC. Also, water quality
from monitor well EW-18 indicated that the Bradley monitor wells were not accurately representing groundwater

concentrations, especially under high water table conditions.

43.5 Groundwater Modeling

The development of the groundwater flow model at the Site was driven by multiple goals. The primary goal was to
better understand localized groundwater flow at the Site. The secondary goal was to evaluate larger scale
groundwater flow to aid in assessing offsite migration as well as migration of VOCs onto the Site and potential
commingling of contaminant plumes. A key element in the development of the groundwater model was gaining an
understanding of the local and regional hydrogeology. Development of the SCM was the first step in achieving this
goal and understanding the subsurface environment at the Site. Discussions of the SCM and its development were

presented in the modeling report (HLA, 1996¢) and were previously discussed in Section 2.0 of the RI.

Once the SCM was developed, the hydrogeology from the SCM was translated into discrete zones, represented as
squares and/or rectangles in two dimensions and cubes in three dimensions, to simulate the natural heterogeneity of

the system. The model domain covered an area of approximately 12.5 square miles around and including the Estes
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Landfill. The boundaries included Washington Street to the north, 56th Street to the east, Broadway Road to the
south and 16th Street to the west. Boundary conditions and model cell types were set to establish areas of no flow,
constant head, and head dependent flux. Specific cell parameters were then assigned and input including: starting
water-level elevations, model layer bottom elevations, horizontal and vertical hydraulic conductivities, aquifer

storativity, and, if applicable, recharge or pumping rates.

Upon completion of the initial model construction, the model calibration was initiated. Model calibration is the
process of modifying the values of the unknown model input parameters to achieve a more accurate match between
the model results and the known model input parameters for a defined simulation period. Calibration is conducted
in two stages. First, a steady state simulation was run and the unknown input parameters were adjusted to more
accurately match observed conditions to the model. Second, a transient simulation was run to more accurately

represent the dynamics of the hydrogeologic system and further adjust input parameters.

A transient calibration of the 3-D groundwater flow model covering the model domain was completed. The model
was shown to reasonably simulate the hydrogeologic system both areally, at a specific time, and temporally at
specific locations. Incorporation of the SCM characteristics into the model, combined with the overall strong
correlation between the model predicted and actual observed hydraulic head data, provide strong support for
elements of the SCM such as: layering of the alluvium, the limited extent of unit F2, semi-confined nature of unit
F3, the existence of a bedrock high in the vicinity of the source area, an increase in the transmissivity to the west of

the Site, and the ability of the sedimentary bedrock to act as a barrier to vertical migration of contaminants.

4.4 Remedial Data Acquisition (1993 to 1994)

After the collection and evaluation of additional data from monitor well drilling and sampling, aquifer testing and
initial groundwater modeling, the City and Bank One began to re-evaluate the effectiveness, appropriateness and
necessity of installing a groundwater containment system for the source area. In addition to advances in more
effective technologies, the results from the additional tasks indicated that the lateral extent of the groundwater
plume was relatively stable even after the Tanner production well had been off line for over two years. The

proposal was further complicated by the offsite groundwater TCE plume to the south and west which would have
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impacted containment efforts. Finally, the high river flows during 1993 provided the opportunity to evaluate its
impacts on a contaminant system. Preliminary modeling indicated that hydraulic containment may not have been
fully effective during periods of high river flow. While not ruling out hydraulic containment, a shift in emphasis to
long-term remedies for the Site began. The shift in emphasis resulted in a review of data needs to begin the

evaluation of long term remedies.

The City and Bank One completed and submitted the Revised Estes Landfill Work Plan - Remedial Data
Acquisition (RDA), dated January 20, 1994 and amended May 3, 1994. The work was performed after the Work
Plan was approved by ADEQ. The purpose of the RDA work was to obtain data to begin evaluating long-term
remedies. This included gathering additional Site information related to potential areas of contamination, further
defining the SCM, evaluating Landfill gas emissions and performing additional historical file reviews on both Estes
and Bradley. Specific tasks included:

Unit-specific aquifer testing;

A surface geophysical survey;

A Phase II soil gas survey,

Installation and sampling of permanent Landfill gas monitor probes; and

A review of historical data, files, reports and aerial photographs pertaining to both the Estes and Bradley
Landfills.

The field data were collected during the period from June through September 1994 and were summarized in the

RDA report dated April 5, 1995 (HLA, 1995b).

44.1 Neuman-Witherspoon Aquifer Test

A Neuman-Witherspoon (Ratio Method) aquifer test was conducted in the vicinity of the source area specifically to
calculate the vertical hydraulic conductivity within the suspected alluvial aquitard (unit F2) beneath the Site and
source area. This test is specifically designed to evaluate the potential leakage from an aquitard into an aquifer.
The test is conducted by pumping from the aquifer and measuring the response in either an overlying or underlying
aquitard. At Estes, the test was performed in the vicinity of the suspected source area using existing wells and

piezometers. Monitor well EW-6, which is completed in F3, was pumped at a rate of up to 10.9 gpm. During
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testing, water levels were monitored in the nearby piezometers and monitor wells.

After 24 hours of pumping, no discernible drawdown was observed in the unit F2 piezometer. Based on the results,
a value of 0.07 feet per day (fi/dy) or 2.5x10”° cm/sec was calculated for the average vertical hydraulic conductivity
for unit F2 in the vicinity of the source area, indicating that a complex aquifer/aquitard hydrologic system was

present.

Other findings from the aquifer test were related to the F4 unit. During testing, a relatively rapid and large water
level response was noted in monitor well EW-15, which is completed in unit F4. However, corresponding well
production data indicated a low hydraulic conductivity in unit F4 at this location. Because a large response was
observed in a well that is completed in a formation with low hydraulic conductivity, fracture flow was suspected.
This analysis was supported by the core sample data from this location, which indicated the presence of a weathered

breccia.

4.42  Surface Geophysics

Surface geophysical surveys were proposed to evaluate the vertical and lateral extent of landfilling at the Site and to
possibly correlate the depths of units F2 and F4 with known points and then map the units. Two geophysical
techniques were used: electromagnetic profiling and soundings (EM) and vertical electrical resistivity soundings
(VES). Both methods measure electrical properties of the earth. Test surveys were conducted to evaluate the
effectiveness of the techniques and for calibration. Due to a greater than expected degree of interference, only

minimal production surveys were performed.

The surveys were somewhat unsuccessful at interpreting the subsurface geology due to electromagnetic
interferences. Disposal area delineation was successful including mapping the source area boundaries. No drum
disposal areas were observed on the Landfill and there was no indication of refuse in the river bottom. Additional

results are discussed in Section 6.
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443 Soil and Landfill Gas Surveys

A Phase II soil gas survey was conducted as part of the RDA work plan. The purpose of the Phase II survey was to
evaluate areas of the Landfill that were not covered during the Phase I survey and to confirm some readings outside
of the original Landfill. As part of the survey, several areas sampled during Phase I were resampled during Phase II

for comparison.

The two main areas covered during the Phase II survey included the area beneath the relocated refuse and the
northern access road along the river. Resampled areas included select locations on the western portion of the Site

and the source area.

The results from the Phase II survey confirmed those results from Phase I that indicated elevated concentrations of
VOCs in soil gas across the Site. Concentrations of halogenated VOCs over the entire area surveyed were generally
less than 1 ;,g/l. The detection of VOCs in soil gas readings across the site would indicate that other potential VOC
sources (in addition to the liquid disposal pit) may exist within the Landfill boundary. Readings noted above
background in an area east of the source area outside of the original landfilled area were confirmed during Phase IT
and the concentrations appeared to increase with proximity to the Bradley Landfill. Based on these findings further

source characterization of the Landfill was completed (See Section 6.2.5).

In addition to the soil gas survey, landfill gas monitoring probes were installed to evaluate the production and
concentrations of methane. Twenty six permanent landfill gas monitoring probes were installed at 13 different
locations around the Landfill. At each location, two probes were installed at approximately 5 feet and 20 feet below

grade. Sampling of the probes was conducted following installation.

The results indicated that methane is present under the entire Site except the western end near 40th Street. The
concentrations of methane in the subsurface probes ranged from below detection to greater than 60% by volume.
The highest concentrations of methane were from the probes located in the relocated refuse and between the Estes

and Bradley Landfills. (no additional information was submitted on the pressure reading of the probes during this
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phase of methane monitoring). Although the level of methane may not produce explosive conditions, based on
current site layout, future site redevelopment, in which enclosed structures are constructed, could cause methane to
accumulate in these areas creating a potential explosion hazard. Methane results obtained from more recent gas

probe monitoring are discussed in Section 4.8.5.

44.4 Data Review

Additional activities conducted as part of the RDA work included a review of previous investigations relating to soil
and soil gas investigations on Estes and Bradley Landfills. The information evaluated included review of the
Bradley Landfill Aquifer Protection Permit (APP) file, Bradley historical aerial photographs, and geotechnical and

soil gas work at Estes and Bradley by SH&B for State Route 153,

The review of the Bradley APP file and historical aerial photographs indicated that discrepancies existed between
stated information and historical documentation with respect to the acceptance of liquid wastes at the Bradley
Landfill. In addition to the acceptance of calcium hydroxide sludge, records suggest that other liquid wastes were
accepted at the Bradley Landfill, including septic waste. Historical aerial photographs indicated that landfilling in
the northeastern corner of the Bradley site was occurring at the time that Estes closed. This is near the area where
soil gas readings were detected during the Phase II survey. Other information from the SH&B report helped to
correlate areas of refuse with the geophysical data and indicated similar soil gas readings on the eastern side of

Bradley.

An additional task included a review of an updated ADWR well inventory to locate nearby domestic wells. The
closest reported domestic wells were approximately 1.5 miles north-northwest and 2 miles south-southwest of the

Site. Neither of these wells was considered close enough to be impacted by the Site.

4.5 RI/FS/RAP Conceptual Work Plan
In October 1994, the City and Bank One completed a conceptual work plan to complete the RI/FS and prepare a

remedial action plan (RAP) (HLA, 1994b). The RI/FS/RAP conceptual work plan presented an overview of the
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work completed to date and proposed a series of actions designed to review and evaluate existing data, evaluate the

applicability of EPA guidance on presumptive remedies and early actions at the Site, identify additional data needs,

complete a Baseline Risk Assessment, prepare an RI report, conduct additional treatability studies and pilot testing,
prepare an FS report, prepare a RAP, and conduct continuing community involvement activities. This work plan

was submitted to ADEQ on October 27, 1994,

Major activities conducted under the RI/FS/RAP workplan included the following:

Support for ADHS in its preparation of a draft RA including performance of a surface soil sampling
program and completion of a study of background arsenic concentrations in groundwater;

Completion of a RI/FS Field Sampling Plan and analysis;
Continuation of quarterly groundwater sampling activities;
Analysis of natural attenuation and biodegradation at the Site;
Completion of an independent Human Health Risk Assessment; and

Completion of a Draft RI Report (9/5/97).

451 Risk Assessment

In support of the ADHS risk assessment at the Site, an evaluation of the existing data was performed to assess
additional data requirements. As part of this process, a surface soil sampling program was conducted in accordance
with an ADEQ approved Sampling and Analysis Plan (SAP). The results of this investigation were presented in the
Surface Soil Sampling report dated March 17, 1995 (HLA, 1995a) and are discussed in Section 6 of the RI. In
addition, a background study of arsenic concentrations in groundwater for the study area was performed. The
results of this investigation were presented in Characterization of Background Arsenic Groundwater Concentrations

for Use in the Estes Landfill Human Health Risk Assessment (HLA, 1995c).
Using the above referenced data, ADHS prepared a draft Baseline Risk Assessment for the Estes Landfill dated

August, 1995 (ADHS, 1995). The RA concluded that negligible health risks from potential inhalation of vapors

were associated with use of the Bradley Production well for dust control. Health risks were also negligible from
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fugitive dust at the Site. In addition, the RA concluded that there was no current risk from exposure to contaminants
in the groundwater because of the lack of private domestic wells in the area. It was, however, concluded that a
potential public health risk, from VC in the groundwater, could arise in the future, if contaminated groundwater

beneath the Site itself were used for drinking.

452 RI/FS Field Sampling Plan and Analysis

The Field Sampling Plan (FSP) (HLA, 1996a) was developed to answer specific questions related to the SCM, to
test working hypotheses related to the Site, and to gather data to be used in the analysis of potential remedial
technologies. Activities summarized in the FSP included pressure head monitoring, vertical profiling, drilling,
physical, chemical, and biological sampling, well instailation at three new soil boring locations, and continued

groundwater monitoring.

In accordance with the FSP, a hydrostratigraphic evaluation was conducted to provide additional information to
evaluate the degree to which unit F2 acts as an aquitard. The task consisted of a graphical analysis to compare
fluctuations in total hydraulic head between the different hydrostratigraphic units due to changes in barometric
pressure. The analysis was conducted at three existing well clusters (east cluster, west cluster and the northern
cluster). To complete this evaluation, total hydraulic head measurements were recorded from each of the three
alluvial hydrostratigraphic units (F1, F2 and F3) at each well cluster using electronic data loggers (Trolls™). The
Trolls were placed in each of the unit specific wells at a particular well cluster for a period of at least two weeks.

Changes in water levels were recorded electronically.

Results from each of the well clusters showed that a downward vertical gradient is present at each well cluster, and
that the magnitude of the water level response was greater in unit F2 and F3 wells than in unit F1 wells, which
implies confined or semi-confined conditions are present in each of these units. Data collected from this analysis
are consistent with previous data that suggest unit F3 behaves as a confined or semi-confined aquifer, thus
supporting the assumption that F2 is a confining layer. Further details are presented in Sections 5.0 and 6.0 of this

report.
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Groundwater sampling and monthly water-level measurements were continued on a quarterly basis from the
beginning of 1995 through December 1996. A complete list of the analytical results from sampling events dating as
far back as the fall of 1988 and up through December of 1996 are summarized in the Estes Groundwater Database
(Appendix A). In addition, the water-level data for the same period are summarized in the Water Level Database
(Appendix B). The new wells/piezometers (EW-PZ7, EW-PZ8, EW-PZ9, EW-PZ10, and EW-19) were sampled in
June, September, and December, 1996. More recent groundwater monitoring has included a number of additional
constituents that reveal the nature and extent of biological processes at the Site. These parameters included redox
potential, DO concentrations, COD, BOD, ferrous and ferric iron, orthophosphate, TOC and TKN. Additionally,
chemical analysis of VC degradation products (C1-C4 hydrocarbons) was conducted during the June, 1995 and
June, 1996 groundwater sampling events. These data have indicated that active degradation of chlorinated VOCs
may be occurring at the Site, in which case degradation would likely be responsible in a large extent to the overall
downward concentration trends observed at the Site. A detailed analysis of the degradation processes and their

effects on the fate and transport of contaminants is included in Section 7.0.

Spinner logging and depth specific sampling were conducted to provide vertical profiling data of contaminants both
within specific hydrostratigraphic units and across hydrostratigraphic units (HLA, 1996a). The vertical profiling
was conducted in June, 1996, and included spinner logging (downhole flowmeter which uses low inertia impeller to
measure vertical groundwater flow) and depth specific groundwater sampling (using a vacuum sampler) in monitor
wells EW-4, EW-5, EW-9, and EW-18 at the Site. Spinner logging indicated that a slight downward vertical
gradient was present in each of the wells, which is consistent with unit specific water-level information.
Concentrations of VOCs in depth specific groundwater samples generally did not vary substantially with depth.
Comparing the depth specific results for VC, monitor well EW-4 showed 14 ;,g/l at 70 feet and 17 g/l at 95 feet,
monitor well EW-5 showed identical concentrations of 1.5 g/ from 125 feet and 142 feet, monitor well EW-9
showed 130 ,,g/1 at 65 feet and 150,,¢/1 at 85 feet, and monitor well EW-18 showed the largest variation with

32 g/l at a depth of 70 feet and 69 g/l at a depth of 90 feet (HLA, 1996b). Overall, the vertical profiling data

support the concept of a downward vertical gradient. In addition, the lack of definite contaminant layering in the
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wells suggests that previous water quality data are representative of the portion of the aquifer that the wells are

screened in.

Additional information on physical characteristics of the alluvium were obtained at the Site during May and June,
1996, when soil borings B-1, B-2 and EW-19 were completed using the Rotosonic™ drilling method. This drilling
method produces a minimally disturbed soil core, which allows for detailed borehole logging, contributing to a
better understanding of the alluvial layering at the Site. Unit specific piezometers EW-PZ7 (F1) and EW-PZ8 (F2)
were installed in boring B-2, and unit specific piezometers EW-PZ9 (F2) and EW-PZ10 (F3) were installed in
boring B-1. Monitor well EW-19 (F3) was completed in the soil boring of the same name. Each boring was
advanced to the bedrock interface, thus collecting a complete record of the alluvial material at each location.
Review of the soil core from borings B-1 and B-2 indicated that the materials within each of the layers were
heterogeneous and that the contacts between units F1, F2, and F3 were somewhat gradational. In addition, vertical
permeability tests confirmed that samples collected from unit F2 had substantially lower permeability than those
collected from unit F3, on the order of three to five orders of magnitude and in agreement with previous aquifer

testing and the SCM (Table 4.2).

Samples of the aquifer material were collected for the purpose of evaluating the potential extent of VOC
contamination present in both the units F2 and F3. Direct drive samples and subsamples from the soil cores from
borings B-1 and B-2 were preserved in the field using laboratory specific methanol preservation techniques as
recommended by ADEQ and submitted for analysis of the presence of VOCs. These samples showed no detectable
concentrations of VC or cis-1,2-DCE suggesting that soils from both units F2 and F3, approximately 150 feet away
from the source area, are not a continuing source to groundwater contamination. Further detail of B-1 and B-2

results are presented in Section 6.0 and Table 6.6.

Soil samples from the new wells were also analyzed for total microbial population counts and types of microbes
(Table 4.2). However, a planned biodegradation study was not completed on soil samples collected from borings B-

1 and B-2, because little to no detectable concentrations of VOCs were identified in the associated samples
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submitted for chemical analysis. Instead, groundwater was collected on August 12, 1996 from piezometer EW-PZ1
for the purpose of conducting a biodegradation/natural attenuation study. Results of this study and other Site-
specific data indicate that biological degradation of VOCs is occurring both onsite and offsite, due to a combination
of reductive anaerobic onsite and oxidative aerobic offsite conditions. These results are supported by the laboratory
bench scale study. These results are also supported by site specific field data which demonstrate that: (1)
groundwater concentrations repeatedly and rapidly attenuate following a recharge induced rise in contaminant

concentrations and, (2) groundwater concentrations rapidly attenuate with increasing distance from the source area.

4.6 Estes Landfill RI/FS Remedial Investigation ﬁraft Report

On September 5, 1997, a RI Draft Report prepared by HLA for the City of Phoenix (City) and Bank One Arizona,
N.A. (Bank One) was submitted to ADEQ for review and approval. The draft report summarized findings from
investigations previously reported, and presented data from remedial investigations and quarterly groundwater

sampling events.

4.7 ADEQ’s Review and Comment of September 5, 1997 Draft RI Report

On February 25, 1999, ADEQ provided written comments to the Draft RI report to the City based on a technical
review of the draft document performed by ADEQ and ESE. The major comments requested additional
investigation to identify other potential sources of VOCs within the former and current Landfill, and to determine
the lateral and vertical extent of impacted groundwater. In addition, further assessment of the production of
methane gas was also requested, along with further evaluation of soil and groundwater components that would
support the natural attenuation claim made in the Draft RI report. The February 25, 1999, comment letter is

provided in Appendix C.

4.8 Additional Landfill Source Investigation and Groundwater Characterization (1999)
In accordance with the major comments provided in ADEQ’s February 25, 1999 letter, during the period from May
through June 1999 ESE supervised investigative field activities at Estes. All field activities and laboratory analyses

were performed following appropriate procedures in the April 30, 1999 Field Sampling Plan (FSP) and the June 7,
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1999 Quality Assurance Project Plan (QAPP) for the Estes Landfill, prepared by ESE and approved by ADEQ. The

general investigation activities included:

o  The collection of subsurface soil, and grab groundwater samples within the western and central portions of the
existing Landfill to identify other potential sources of VOC (other than the liquid disposal pit) and to determine
natural biodegradation potential in the Landfill soils.

e Installation of two groundwater monitoring wells (EW-24 and EW-25) within the Salt River Bed of the former
Landfill location.and collection of soil samples during drilling of the wells to determine if the former Landfill is
a source of VOC impacted groundwater,

o Installations of one groundwater well (EW-23) further west of EW-22 to determine the northwestern extent of
the migrating plume.

o Installation of one groundwater well (EW-26) within the vicinity of Well EW-15 to determine the vertical
extent of VOC contamination in Unit F4.

e  Monitoring of 13 existing and 4 new groundwater wells to determine bioactivity (natural attenuation)
parameters and current groundwater conditions.

e Monitoring of 34 permanent methane probes to determine current methane production within the current
Landfill.

* Performance of an ecological screening within and around the vicinity of the Landfill to determine if a full
ecological assessment is required,

e Evaluation of the integrity of the existing Landfill soil cover.

Copies of the Daily Trip Logs, Field Sampling Forms, and Field Equipment Daily Calibration Forms that were

maintained during this phase of the investigation are provided in Appendix D.

4.8.1  Source Investigation of Current Landfill (Western and Central Portions)
The following sections provide the rationale for the field investigation conducted on the western and central

portions of the current Landfill, and identifies each soil boring location and the methodology and frequency of
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sample collection. This part of the investigation consisted of drilling 21 soil borings (QST-B1 through QST-B21) to
depths ranging from 50 to 90 feet below the ground surface (bgs). The drilling was performed by Layne-

Christensen Company using an AP1000 air percussion-drilling rig.

ESE’s review of the draft RI data indicated that source characterization within the western and central portions of
the current Landfill had not been conducted, and soil gas survey results indicated the potential presence of other
VOC sources within the Landfill. Therefore, further source characterization of the Landfill was conducted. The
proposed sampling plan for the investigation consisted of a systematic grid sampling program designed to cover the
entire area of concern. The grid sampling system was established to ensure statistical representation of the soil
conditions. The sample location spacing was selected to reduce the uncertainty and increase confidence that the
amount of samples collected would be representative of site conditions. During the actual drilling, boring locations
within the grid deviated slightly from the proposed sampling plan based on results from the surface geophysical

survey. The rationale for the proposed soil boring locations was as follows:

Based on previous Landfill investigation experience and EPA Superfund site investigation summary documents, a
250" x 250' sampling grid was laid out on the central and western portion of the Landfill, beginning at the southeast
corner of the Landfill boundary. All grid areas that contained < 50% of the Landfill area were eliminated from

further investigation.

All grid areas contained on the previously investigated eastern part of the Landfill were eliminated from further
investigation, as were one grid area that contained the disposal pit, and a grid area that contained the location of

previous HLA soil borings B-1 and B-2.

One soil boring was drilled per grid area. In general, the soil boring was drilled within the approximate center of
each grid area, unless previous Phase I and II soil gas survey results (Table 6.8 - HLA, September 1997) indicated
the presence of VOCs > 1.0 pg/l. At those locations, the soil boring was drilled at the approximate location of soil

gas probe. If more than one soil gas survey point was contained within a grid area, the location that exhibited the
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higher VOC concentration was selected for investigation.

Based on the sampling rationale, a total of 21 soil borings (QST-B1 to QST-B21) were drilled within the central and
western portions of the Landfill, eight of which (QST-B14 to QST-B21) were placed on the portion of the current
Landfill that contains the relocated waste from the former Landfill. The locations of the soil borings are shown in

Figure 4.1.

Prior to implementation of field activities, all soil boring were physically located, marked, and surveyed by an
independent certified surveying subcontractor. After the soil boring locations had been marked, a Geophysical
Survey subcontractor screened the proposed eight soil boring locations (i.e., QST-B14 to B21) on the relocated
portion of the Landfill to determine waste depths and the presence of metal objects (e.g., containers) utilizing
electromagnetic and magnetic surface geophysical methods. Based on the results of the geophysical survey,
original soil boring locations in the FSP had to be moved. The results of the geophysical survey are presented in

Appendix E.

In addition to the surface geophysics, a private underground Line Locating subcontractor screened the remaining
thirteen soil boring locations, that have an average waste depth of 7 feet (Table 6.2 - HLA, September 1997),

utilizing a magnetometer to detect metal objects beneath the soil boring locations.

Based on site-specific data concerning the Landfill waste and groundwater depths, the eight soil borings placed on
the relocated waste were drilled to depths ranging from approximately 79 feet bgs in boring QST-B14, to
approximately 90 feet bgs in borings QST-B17, QST-B20, and QST-B21. Groundwater was encountered in each of
these borings except QST-B16, at depths ranging from 78 feet bgs in boring QST-B20 to 85 feet in boring QST-
B18Drilling began on May 3, 1999. The remaining 13 soil borings were drilled to depths ranging from 53 feet bgs
in boring QST-B10 to 89 feet in boring QST-B1. Groundwater was encountered at depths ranging from 50 feet bgs

in boring QST-B12 to approximately 75 feet bgs in boring QST-B4.
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4.8.1.1 Soil Boring Sampling and Analysis

The 8-inch diameter soil borings were advanced utilizing the dual wall percussion drilling system (Becker Rig)
following appropriate procedures in the FSP. The dual wall percussion drilling rig (Becker Rig) uses a drive
hammer mounted on top of the drill rig. The dual wall system allows advancement of an outer drive casing which
will seal off surrounding soils and lithology as the inner casing is advanced, preventing cross-contamination of
different water bearing zones. The dual wall drive casing consists of an inner and outer casing that either 5 or 10-
foot length, having an outside and inner diameter of approximately 10 inches and 8 inches, respectively. Drill
cuttings are removed by pumping compressed air through the center of the casing. The air then carries the cuttings
upwards and out of the casing into a cyclone, where it is discharged onto the ground or into awaiting containers.
Note: During the management of the cuttings, waste/soil cuttings from the Landfill cell and the native soil cuttings

were kept separate.

When the desired depth was reached, the soil cuttings were removed from the casing, thus allowing the sampler to
be lowered through the casing to the bottom of the boring. Prior to and between drilling of each well all drive

casings were decontaminated following appropriate procedures in the FSP.

A split-spoon sampler was used to collect soil samples at the surface, at 5 feet bgs, and at subsequent 10 foot
intervals until groundwater was encountered following appropriate procedures in the FSP., In addition, ESE s
geologist logged each soil boring and visually inspected the cuttings to determine the depth of landfilled waste and
when native soil was encountered. All logging was performed in accordance with ASTM D-2488 standard. In
addition, 10 % of the total amount of samples collected was submitted to a laboratory for confirmatory analysis
using ASTM D-2487. All collected soil samples (except for the surface soil samples) was field screened with a PID
and recorded in the field log book. At each boring, the sample that registered the highest reading on the PID and the

sample collected from the bottom of the borehole were submitted to DelMar Analytical laboratory for analysis.

A total of 42 soil samples was collected for analysis. However, due to the presence of cobbles and gravel, the

sample collected from Boring QST-B18 at 74 feet bgs had sufficient volume for VOC analysis only. In addition, in
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conforming to the data collection QA and data validation requirements, ESE collected duplicate soil samples and
field rinsate blanks at a 10 % frequency. Trip blanks were also carried in all coolers used to temporarily store and

transport the environmental samples. All of the collected soil samples were analyzed for the following parameters:

- VOCs - Test Method 8260

- Semi-VOCs (SVOCs) - Test Method 8270

- (Total) As, Ba, Cr, Cd, Pb, Ni, Cu, Sb, Mn, & TI - Test Method 6010
- (Total) Hg - Test Method 7471 (7470 for rinsate only)

- Organochlorine Pesticides - Test Method 8081

- Polychlorinated Biphenyls (PCBs) - Test Method 8082

- Organophosphorus Pesticides - Test Method 8141

- Chlorinated Herbicides - Test Method 8151

In addition, to evaluate biodegradation properties in the subsurface soils, soil samples collected from QST-B4 @ 25
and 49 feet bgs; QST-B7 @ 55 feet bgs; QST-B12 @ 34 and 50 feet bgs; and QST-B20 @ 76 feet bgs were retained

for analysis of total organic carbon (TOC) using the Walkley-Black Test Method.

4.8.1.2 Borehole Groundwater Grab Sampling and Analysis

After completion of each boring, sampling equipment was utilized to collect one grab groundwater sample (one per
soil boring), which was submitted to an ADHS approved State-Certified laboratory for analysis. The sampling
equipment consisted of a 4-inch diameter PVC slotted piping that was lowered into the center of the outer casing
until it rested on the bottom of the borehole. A bailer was then lowered into the casing and a casing volume of
water was removed. A disposable bailer was then lowered inside the PVC piping and a groundwater sample was

then collected and transferred into appropriate sample containers.

Based on number of borings that were drilled within the Landfill, a total of 21 grab groundwater samples were

collected for submittal to the analytical laboratory. In addition, in conforming to the data collection QA and data
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validation requirements, ESE collected 2 duplicate groundwater samples, and 2 field rinsate blanks (10 %
frequency) for a total of 25 environmental samples for analysis. These collected samples were analyzed for the

following parameters:

- VOCs - Test Method 8260

- Semi-VOCs (SVOCs) - Test Method 8270

- (Total) As, Ba, Cr, Cd, Pb, Ni, Cu, Sb, Mn, & Tl - Test Method 6010
- (Total) Hg - Test Method 7470

- Organochlorine Pesticides - Test Method 8081

- PCBs - Test Method 8082

- Organophosphorus Pesticides - Test Method 8141

- Chlorinated Herbicides - Test Method 8151

4.8.1.3 Soil and Groundwater Sampling Results

Review of boring logs generated as a results of the soil borings (Appendix F) within the Landfill indicates that soils
encountered in borings QST-B1 through QST-B13 were predominantly gravelly sand and sandy gravel, with
varying amounts of silt and clay. Bedrock was not encountered in any of these soil borings. Landfill debris was
encountered in several borings, at depths generally ranging from 10 to 25 feet bgs. The soil lithology correlates
with HLA’s hydrostratigraphic unit F1. The alluvial unit denoted as F2 by HLA may have been encountered in
borings QST-B2, QST-BS5, and QST-B8 at depths of approximately 65 feet 60 feet, and 57 feet, respectively. Soil
samples collected at these depths exhibited moderately greater amounts of silt and clay. Similar soils were
encountered in borings QST-B14 through QST-B21, which were drilled on the relocated part of the Landfill.
Landfill debris was more commonnly encountered in these borings, at depths ranging from 5 feet (boring QST-B15)
to as great as 75 feet bgs (QST-B21). Hydrostatigraphic unit F2 may have been encountered in borings QST-B15
and QST-B19 at depths of 60 feet and 70 feet bgs, respectively. A two dimensional cross-sectional diagram

depicting the wastes and soils encountered within the Landfill is provided in Figure 4.2,
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In general, the analytical results for organic compounds of the collected soil samples did not indicate the presence of
any significant sources of VOCs in the areas investigated. Although, this does not imply that VOC sources do not
exist, it does provide a higher level of confidence that the former liquid waste disposal pit is the primary source of
VOC within the Landfill. Other organic compounds detected in the collected soil samples were below their
respective ADEQ Soil Remediation Levels (SRLs). Total Metals were detected in all of the collected samples. In
particular, Arsenic and Thallium were detected, in some of the samples, at concentrations that may be of concern as
potential leachate and to future development of the Landfill. Detailed assessment and evaluation of the detected
organic and metal compounds are presented in Section 6.4.8. The assessment of the TOC results for the evaluation

of biodegration of VOCs in the soil is discussed in Section 7.0.

Figure 4.3 presents concentrations of VC and cis-1,2-DCE detected in the groundwater samples collected at Borings
Bl through B21. In general, the analytical results for organic compounds of the collected grab groundwater
samples confirmed the finding of the soil samples, that significant sources of VOCs in the areas investigated were
not present. Other organic compounds detected in the grab groundwater samples were below their respective
Aquifer Water Quality Standards (AWQSs). In terms of the results for Total Metals, the groundwater grab samples
indicated the presence of majority of the analyzed metals at concentrations exceeding AWQSs. However, because
the collection of the grab groundwater samples was for screening purposes only and was not collected from properly

installed wells, the detection of these metals that exceeds AWQSs cannot be used as valid data in the RI assessment.

4.8.2 Source Investigation of Former Landfill (Salt River Bed)

Because previous groundwater data indicates the presence of VOCs within wells downgradient to the former
Landfill (i.e., EW-11 and EW-22) which exceed ADEQs AWQSs, further investigation of the potential VOC
sources within the former Landfill was necessary. Usually, determining potential subsurface sources is completed
by placement of soil borings within the former Landfill. However, ESE was aware that the presence of cobbles
within the Salt River Bed would make collection of soil samples extremely difficult (if not impossible).
Consequently, ESE elected to install two groundwater monitoring wells (EW-24 and EW-25) within the former

Landfill in lieu of soil borings. The locations of the two wells (Figure 4.1), north and northwest of the current
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Landfill configuration, would provide critical data on whether or not the former Landfill area was contributing to
the impact of VOCs in groundwater. In addition, these wells would provide additional data points for determination

of upgradient and crossgradient VOC degradation conditions.

4.8.2,1 Well Drilling and Construction

Because groundwater has been documented to fluctuate between approximately 15 and 50 feet below ground
surface (bgs) at these areas, ESE advanced the well boring to an approximate maximum depth of 69 feet bgs. The
10-inch diameter borehole was advanced utilizing the Becker Rig dual wall percussion drilling system. The dual
wall system allowed the advancement of an outer drive casing which sealed off surrounding soils and lithology as
the inner casing was advanced. Because the purpose of these wells were to monitor potential residual contamination

from the former Landfill, the wells were screened across the upper alluvial unit F1, and possibly into F2/F3.

Both monitoring wells were constructed of 5-inch inter-diameter casing with screen intervals 30 feet in length, to
account for anticipated fluctuations in groundwater levels. The well screens used in the construction of these well
were 0.020 slot size with % inch spacing. The wells were developed and incorporated into the groundwater
monitoring event (See Section 4.8.5). Dedicated 4-inch diameter pumps were installed at each monitoring well.

Upon well completion, the elevation of the top of each well casing was surveyed by a licensed surveyor. The well

construction diagrams for Well EW-24 and EW-25 are provided in Appendix G.

4.8.2.2 Soil Sample Collection and Analysis

During drilling of the two wells ESE collected soil samples at each well location by driving a split-spoon sampler at
approximate 10-foot intervals beginning at 5 feet bgs. Two samples from each well; one that registered the highest
reading on the PID, and one immediate above the water table were retained and submitted DelMar Analytical for
analysis. In addition, ESE s geologist logged each soil boring per ASTM D-2488 and retain 10 % of all collected

samples for confirmatory analysis using ASTM D-2487.
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Based on field investigation activities a total of four soil samples were collected for analysis. Due to insufficient
volume of soil sample a duplicate soil sample could not be collected. However, 1 field rinsate blank was collected
and trip blanks were carried in the sample coolers. These collected samples were analyzed for the following

parameters.

. The 4 soils and 1 rinsate sample were analyzed for:
- VOCs - Test Method 8260
- Semi-VOCs (SVOCs) - Test Method 8270
- (Total) As, Ba, Cr, Cd, Pb, Ni, Cu, Sb, Mn, & Tl - Test Method 6010
- (Total) Hg - Test Method 7471 (7470 rinsate only)
- Organochlorine Pesticides - Test Method 8081
- Polychlorinated Biphenyls (PCBs) - Test Method 8082
- Organophosphorus Pesticides - Test Method 8141
- Chlorinated Herbicides - Test Method 8151

. The trip blanks were analyzed for: VOCs using Test Method 8260

4.8.2.3 Soil Sampling Results
Review of boring logs generated as a result of the installation of the groundwater wells (Appendix G) installed
indicates that soils encountered were silty to clayey sand from the ground surface to the deepest depth drilled of 62

feet bgs. Groundwater was encountered at approximately 35-40 feet bgs.

In general, the analytical results for organic compounds of the collected soil samples were all below their respective
method reporting limits. Although, this is an indication that no organic residues remain in the subsurface soil
beneath the Salt River Channel, this does not imply that VOC sources do not exist. Total Metals were detected in all
of the collected samples of which Arsenic and Thallium were detect in concentrations is some of the samples to be

of concern.
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4.8.3 Well Installation for Delineation of the Horizontal Extent of Groundwater Plume

The draft RI report prepared by HLA stated that an additional source to the north or west is causing or contributing
to VOC concentrations observed at wells north and northwest of the Landfill, specifically at wells EW-11 and EW-
22. VC concentrations at these wells have consistently exceeded the ADEQ AWQSs. However, evaluation of recent
data at these wells (June 1995 through June 1998) indicated an inferred west to northwest groundwater flow
component, along the general path of Wells EW-19, EW-9, EW-11 and EW-22. Based on these site conditions,
Wells EW-23, EW-24, and EW-25 were installed west-northwest, northwest and north of the Estes Landfill (Figure

4.1).

Well EW-23 was installed approximately 650 feet west of existing well EW-22. Wells EW-24 and EW-25 were
located in the current dry channel of the Salt River (see Section 4.8.2), within the former Landfill boundary.

The installation of EW-24 and EW-25 is detailed in previous Section 4.8.2.

4.8.3.1 Well Drilling and Construction

Well EW-23 was drilled to a total depth of 165 feet bgs on May 27, 1999. During drilling, soil samples were
collected at 10-foot intervals beginning at 10 feet bgs, to a depth of 80 feet, or the approximate depth at which
groundwater was encountered. Soil samples were collected using a split-spoon sampler, with the samples being

collected in pre-cleaned brass sleeves.

Well construction consisted of 5-inch diameter Schedule 80 PVC well casing and screen. The bottom of the well
was set at approximately 148 feet bgs, with the well screen extending from 118 to 148 feet bgs. The well was
completed in an airport traffic-rated steel vault flush to the ground surface. Well development consisted of surging
and bailing until fine sediment was removed to the satisfaction of the ESE supervisor. Following development, a
dedicated 4-inch diameter pump was installed in the well. Upon well completion, the elevation of the top of each

well casing was surveyed by a licensed surveyor. Complete well construction details are provided in Appendix G.
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4.8.3.2 Soil Sample Collection and Analysis
During drilling of EW-23 ESE attempted to collect soil samples by driving a split-spoon sampler at approximate 10-
foot intervals beginning at 5 feet bgs. Only one soil sample was retained for analysis of total organic carbon (TOC).

ESE’s geologist logged each soil boring per ASTM D-2488.

4.8.3.3 Soil Sampling Results

Review of boring logs generated as a result of the installation of the groundwater wells (Appendix G) installed
indicates that soils encountered consisted of silty sand to a depth of 20 feet bgs, clayey sand from 20 feet to 70 feet
bgs, silty sand from approximately 70 feet to 80 feet bgs, and clayey sand and gravel at 80 feet bgs. Groundwater
was encountered at approximately 83 feet bgs. Soil lithology was not logged below this depth. At approximately
163 feet bgs, weathered granite bedrock was encountered. Competent bedrock was encountered at approximately

165 feet bgs, and drilling was halted.

4.8.4 Well Installation for Delineation of the Vertical Extent of Groundwater Plume

Concentrations of VC reported at previously installed well EW-15 (screened in hydrostratigraphic Unit F4) indicate
that the vertical extent of VC in groundwater had not been fully determined. VOC concentrations in groundwater
samples collected at Well EW-15 have consistently exceeded respective AWQSs for VC and cis-1,2-DCE since
sampling was initiated at this well in December 1993. Based on these site conditions, well EW-26 was installed

approximately 45 feet east of well EW-15, and was screened within a deeper part of the aquifer.

4.8.4.1 Well Drilling and Construction

Because well EW-26 was drilled into bedrock, a combination of air rotary drilling methods was used. From the
ground surface to approximately 135 feet bgs (20 feet beyond the alluvium/bedrock interface), the air rotary rig was
equipped with a downhole casing hammer (ODEX system) to allow the continuous advancement of drill casing,

effectively sealing off the alluvial units from the underlying bedrock unit. The drill rig was then switch to an “open
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hole” air rotary drilling method for advancement through the bedrock.

Drilling of well EW-26 began on May 21, 1999. Groundwater was encouintered at a depth of approximately 52 feet
bgs. The top of the bedrock surface was encountered at a depth of approimately 115 feet bgs. At 135 feet bgs, the
drilling system was changed to an open hole method, and drilling continued to a depth of 180 feet bgs. At this
depth, drilling was halted énd the first of several discrete groundwater samples was collected (groundwater
sampling methodology is described in the following section). The target depth of 260 feet bgs was attained on May

28. The boring was extended to a depth of 275 feet bgs to clean out the borehole prior to well construction.

Based on the results of the discrete groundwater sampling, described in Section xx, well EW-26 was constructed to
a depth of 260 feet bgs, with 20 feet of 5-inch diameter Schedule 80 PVC well screen (0.020 slot) extending from
240 feet to 260 feet bgs, blank PVC well casing extending from 20 feet to 220 feet bgs, and steel well casing

extending approximately 3 feet above the ground surface.

4.8.4.2 Soil Sample Collection and Analysis

During drilling, soil samples were collected using a split-spoon sampler whenever the lithology would allow.
Otherwise, soil lithology was described based on cuttings from the cyclone. Undisturbed soil samples were
collected at depths of approximately 10, 20, 40, 50, 93, and 123 feet bgs. Two soil samples were retained for

analysis of total organic carbon (TOC). ESE’s geologist logged each soil boring per ASTM D-2488.

4.8.4.3 Downhole Geophyscial Survey
Upon completion of the boring for EW-26, ESE directed Southwest Geophysical Services, Inc., of Tempe, to
conduct an open hole survey. The methods used were Sonic, Spontaneous Potential (SP) and Electircal Resistivity

(short and long normal). Logs from the survey are presented as Appendix H.

4.8.4.4 Soil Sample Lithologic Description

Soils encountered included silty to gravelly sand, mixed with Landfill debris from the ground surface to 20 feet bgs;
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gravelly sand and sandy gravel from 20 to 62 feet bgs; cand layey to silty sand and gravel from 62 feet to 93 feet
bgs. At 93 feet, a well sorted sand was encountered, which appeared to be sand pack material from a previously
abandoned well. This continued to approximately 102 feet bgs. At approximately 102 feet bgs, the sand became
mixed with gray and red breccia fragments. The percentage of breccia fragments increased to a depth of
approximately 125 feet, at which depth more competent bedrock was encountered. Bedrock at this depth consisted
of gray, angular to subangular granitic clasts. The granitic clasts continued to a depth of approximately 265 feet

bgs. At 265 feet, drill cuttings from the cyclone appeared to be red sandstone.

According to HLA (draft Rl, 1997), similar bedrock consisting of a dark red-brown breccia containing foliated
granitic clasts was also encountered in well EW-15, located 45 feet west of well EW-26. Depth to the top of
bedrock in that well was approximately 115 to 120 feet bgs, which also correlates closely with the depth at which
bedrock was encountered in well EW-26. The lithology in well EW-26 supports HLA’s conclusion that this area
represents a localized bedrock high. The bedrock high appears to be a buried erosional remnant composed of

brecciated sediments of the Tertiary Age Camel’s Head Formation.

As previously noted, drill cuttings recovered from the cyclone below a depth of 265 feet appeared to consist of red
sandstone. It is likely that the rig drilled through a zone in the bedrock which contained few, if any, clasts. Above
this zone, the air rotary drilling methodology resulted in the red, silty to sandy breccia matrix being pulverized,

which thus explains the occurrence of only the fragmented clasts in the rig’s cyclone.

4.8.4.5 Borehole Groundwater Sample Collection
Groundwater samples were collected during the drilling of well EW-26 at discrete intervals within Unit F4.
Sampling was conducted using an inflatable packer in the open borehole, allowing isolation and purging of specific

depth intervals as described in the following paragraphs.

At a depth of 180 feet bgs, drilling was ceased and the drill bit was removed from the casing and a packer was

installed to a depth of 169.5 feet and inflated to seal off the well casing. After purging approximately 15 gallons,

Environmental Science & Engineering, Inc. 4-41



Estes Landfill Remedial Investigation Draft Report

the depth of water was measured in the borehole and deemed “dry”. ESE personnel waited 30 minutes for

groundwater to recover inside the casing before collecting groundwater sample EW-26-(GW/180).

The packer was then removed and drilling continued to a depth of 200 feet. On May 27, the drill bit was removed
and the packer was returned to the casing with the botom of the packer set at 190.5 feet. After bailing
approximately 35 gallons and waiting for recovery, sample EW-26-(GW/200) was collected. Additional samples
were collected using the same methodology at depths of 220 feet (sample EW-26-(GW/220), 240 feet (sample EW-
26-(GW/240), and 260 feet (sample EW-26-(GW/260). Upon collection, each groundwater sample was immediately
hand delivered to a certified analytical laboratory for same day, or next morning, analysis and reporting of VOCs.

Samples at 180 and 200 feet were analyzed via EPA Method 8021B, and samples at 220, 240 and 260 feet were

analyzed via EPA Method 2860.

4.8.4.6 Borehole Groundwater Sample Results

Concentrations of cis-1,2-DCE were reported in all five samples between 180 and 260 feet. In general, the
concentrations declined from 28 g/l to 8.4 pg/l. VC was only detected in the samples at 180 and 200 feet at
concentrations of 10 and 6.9 pg/l, respectively. TCE was detected in samples collected at 220 and 260 feet at
concencentrations of 1.4 and 0.82 pg/l, respectively. No other VOCs were detected in the sample collected at 260

feet.

4.8.5 Groundwater Monitoring and Sampling

Upon completion of Wells EW-23, EW-24, EW-25 and EW-26, groundwater monitoring and sampling was
performed in selected monitoring wells to evaluate VOC and inorganic/wet chemistry concentrations within the
plume and assess potential bioactivity. The rationale in selecting the existing wells for monitoring, was based on the
wells that best represented on-site groundwater characteristics and conditions. Consequently, wells that best
represented upgradient, downgradient, and source groundwater conditions, and wells that were screened in the
different hydrogeologic units (F1 to F4) were selected for monitoring. Based on this rationale, 17 wells are selected

for monitoring, as follows: EW-NE, EW-E, EW-PZ1, EW-1, EW-4, EW-W*, EW-8, EW-9, EW-11, EW-15, EW-
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19, EW-22, EW-18, and the four new wells EW-23 to EW-26. The locations of these wells are shown on Figures

1.3 and 4.1.

*Note: Well EW-W was mistakenly sampled in place of (scheduled) Well EW-5. This was an oversite, based on the
two wells proximity to each other, and the fact that neither well had any identification present at the welthead. This

deviation from the FSP does not significantly impact the evaluation or conclusions addressed in Section 6.0.

4.8.5.1 Monitoring and Sampling Procedures and Analysis

One round of groundwater monitoring was completed for the existing and newly installed wells at the site. Prior to
sample collection, the depth to water within each groundwater monitoring well was measured and recorded in the
field log book. After water level measurements were recorded for all of the wells, the monitoring wells were
purged, and appropriate field data measurements will be collected and recorded in the field log book. Groundwater
samples were then collected using dedicated pumps, with the exception of EW-PZ1. This well was sampled with a

portable submersible pump.

Based on the FSP, a subtotal of 17 groundwater well samples were collected. In addition, with the inclusion of 2
duplicate samples, and 2 rinsate samples (field QC sampling), a grand total of 21 water samples were submitted to

Del Mar Analytical to be analyzed for the following parameters:

. The 17 groundwater, 2 duplicate, and 2 rinsate samples will be analyzed for:
- VOCs - Test Method 8260
- Semi-VOCs (SVOCs) - Test Method 8270
- (Total & Dissolved) As, Ba, Cr, Cd, Fe, Pb, Ni, Cu, & Mn - Test Method 6010B
- (Total & Dissolved) Antimony - Test Method 7041
- (Total & Diésolved) Mercury - Test Method 7470
- (Total & Dissolved) Thallium - Test Method 7841

- Organochlorine Pesticides - Test Method 8081
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- PCB:s - Test Method 8082
- Organophosphorus Pesticides - Test Method 8141
- Chlorinated Herbicides - Test Method 8151
- Chloride, Nitrate, Nitrite, Nitrate/Nitrite as N, & Sulfate - Test Method 300.0
- Total and bicarbonate Alkalinity - Test Method SM2320B
- (Dissolved) Methane, Ethane, and Ethene - Test Method RSK SOP 175
- (Total & Dissolved) TOC - Test Method 415.1
- Sulfide - Test Method SM4500-S-C,D
- Carbon Dioxide - Test Method SM4500-CO2
- Iron II - Test Method 200.7
. The following parameters were directly measured in the field from a YSI logger during
purging after the water has stabilized: pH; Specific Conductance; Temperature;

Dissolved Oxygen; Turbidity; and ORP,

4.8.5.2 Groundwater Monitoring Results

June 1999 Groundwater level measurements indicated depths to groundwater ranging from 30.77 feet (below top of
casing - btoc) at EW-25, to 70.50 feet btoc at EW-23 (Appendix B). Inferred groundwater flow, using
measurements from predominantly shallow screened wells, indicated a general westerly flow, with a southern trend
at the east side of the Site, and a northern trend at the west side of the site (Figure 5.18). The estimated groundwater

gradient ranges from approximately 0.009 to 0.007, moving from east to west at the Site.

4.8.5.3 Groundwater Sampling Results

In general, only VOCs and metals were detected in the groundwater samples collected at the 21 wells sampled. The
VOCs detected at the highest concentrations were cis-1,2-DCE and VC. Cis-1,2-DCE was detected at
concentrations exceeding the ADEQ AWQSs at four of the 21 wells sampled. These four wells were EW-W, EW-
E, EW-PZ1 and EW-15, representing alluvial Unit F1 at the western cluster, and Units F1, F2 and F4 at the eastern

well cluster, respectively. VC was detected at concentrations exceeding the ADEQ AWQSs at 10 of the 21 wells
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sampled. These 10 wells were EW-E, EW-PZ1, EW-15, EW-W, EW-18, EW-9, EW-11, EW-4, EW-22 and EW-
23. TCE was only detected in 2 (EW-9 and EW-19) of the 21 wells sampled, and only one of these samples (EW-
19) was at a concentration that exceeded the ADEQ AWQS.

Of the metals detected, or;iy ma;-ganege and_;:hrémium were at concentrations exceeding tﬁe ADEQ AWQSs.
Dissolved chromium was detected at only one well (EW-26) at a concentration exceeding the ADEQ AWQS.
Dissolved manganese was detected at Wells EW-9, EW-24 and EW-25, at concentrations exceeding the ADEQ

AWQSs.

A detailed discussion of the detected analytes, and how they relate to the previous data, is presented in Section 6.0

4.8.,6 Methane Monitoring

Review of the methane data summary in the draft RI report indicated that the percent volume of methane found in
the monitoring probes are at concentrations that may be considered flammable (or explosive) at atmospheric
pressure and temperatures. This potential high level of methane may necessitate the need of a passive or active
perimeter methane control system, which will need to be evaluated during the remedy screening/selection process of
the Feasibility Study. Proper evaluation of the methane production rate within the Landfill required that current
methane data be obtained, which is compared to previous data to determine the trend of methane production rates
within the Landfill. Based on these findings, vapor samples were collected from the existing 17 methane gas probe

locations at the site (i.e., PP-1 to PP-17). The locations of the monitoring probes are shown on Figure 4.4.

4.8.6.1 Methane Sample Collection and Analysis

One round of methane readings/samples was collected from the existing 17 methane monitoring locations at the site.
Two methane probes were present at each monitoring location; the shallow probes are screened at 5 feet bgs, and
the deeper probes are screened from 17 to 20 feet bgs. Prior to taking the field readings and collecting the vapor
samples, temperature, barometric pressure, and wind direction were measured and recorded. A hand held

Combustible Gas Indicator (CGI), which was calibrated for methane on a daily basis, was used to take methane
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readings in each probe, which was recorded in the field log book. For field reading verification purposes, a vapor
sample was collected from the one of the two probes that registered the highest methane reading on the CGI, and

sent to the analytical laboratory for methane analysis using Test Method ASTM D1945 (Natural Gas Analysis).

4.8.6.2 Methane Sample Results

The results of the methane field readings as confirmed by laboratory analysis, indicates the level of methane ranged
from non detect to 68 % by volume, which is slightly higher than previous methane readings/results. The results
(like previous results) indicated that methane is present under the Landfill except the western end near 40th Street,
with the highest concentrations of methane from the probes located in the relocated refuse and between the Estes
and Bradley Landfills. Although methane concentrations were slightly higher during this sampling event no clear

production trend could be established.

4.8.6 Ecological Risk Screening

In May 1999, ESE performed an ecological risk screening evaluation at the Estes Landfill Site. The objectives of
the screening-level ecological risk assessment were to utilize currently available information and data regarding
ecological constituents of potential concern (ecoCOPCs), ecotox, and ecology to estimate the potential for
undesirable ecological effects and to provide a means of determining if a more detailed ecological risk assessment
was required. This screening-level ecological risk assessment was performed to evaluate the potential for adverse
effects to the ecological resources at the Estes Landfill due to the constituents present in soil and groundwater.
Results of the screening-level ecological risk assessment were used to:

o Determine if specific ecoCOPCs associated with the Estes Landfill pose potential adverse effects to
ecological receptors. The ecoCOPCs are listed on Table 7 of the Ecological Risk Screening report,
attached as Appendix J; |

¢ Determine if the potential risks from specific constituents are greater than the acceptable range; and

o Assist in the determination of whether a more thorough assessment is warranted.
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Based on the results of the screening, ecoCOPCs in soil and groundwater at the Estes Landfill do not pose a threat to
ecological receptors. Area soils do not pose a threat to invertebrates living in the soil, plants growing in the soil, or
terrestrial receptors (i.e. birds, mammals, and reptiles) ingesting soil. Risk analysis of food chain bioaccumulation
of ecoCOPCs at the Estes Landfill indicate no adverse effects to terrestrial ecological receptors of concern.
Groundwater does not pose a threat to amphibians, fish and other aquatic life that may inhabit the surface water of

Southbank Lake. Based on this analysis, a more detailed ecological risk assessment is not warranted.

The assessment was conducted using conservative assumptions with respect to the benchmark values and the
exposure factors. The derivation of ecological EQs for different constituents and different ecological species was
conducted using laboratory toxicity data that were available in the literature. A considerable amount of uncertainty
associated with inter- and intra species extrapolation exists when determining benchmark data. The concentrations
of ecoCOPCs in terrestrial plants and small mammals used in the exposure models were estimated from site-specific
data. Maximum or UCL 95 concentrations based on measured groundwater data down gradient of the site were
used as estimates of surface water concentrations in Southbank Lake. To balance such uncertainties, assumptions
tend to be conservative, which will overestimate rather than underestimate risks. Considering the conservative
nature of the assessment, it is concluded that there is little or no potential that any significant adverse effects will
occur at the Estes Landfill with respect to ecological receptors. Based on this analysis, a more thorough assessment

is not required. A copy of the Ecological Risk Screening report is included in Appendix J.

4.8.7  Integrity Investigation of Current Landfill

The assessment of the existing Landfill cap (protective surface material) will be a critical component of the remedial
alternatives screening stage. Consequently, the field investigation to determine the integrity of the CAP was
completed during the same time the soil boring investigation of the current Landfill (Section 4.8.1) was being

performed.

4.8.7.1 Soil Sample Collection and Analysis
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During soil boring activities, the field geologist provided by a subcontracted Geotechnical Engineering Firm
evaluated the material type, density, and thickness of the CAP during drilling of the 21 soil borings. The field
geologist logged the boring in the cover material, recorded visual classification of the soils and apparent thickness,
and obtained both bulk and undisturbed samples for testing in a certified laboratory to determine the CAPs
geotechnical properties. A split-spoon sampler attached to the drill rig was used to collect the soil samples that were
submitted for geotechnical analysis. The sampler was placed directly on the surface of the Landfill CAP at each soil
boring location, and driven through the entire thickness of the CAP, which had an average thickness of 2 feet. The

types of soil samples that were collected for analysis included both undisturbed (brass ring) and bulk samples.

Based on proposed field investigation activities, a total of 40 soil samples were collected and submitted to the

geotechnical analytical laboratory for the following parameters.

. All 40 soil samples were analyzed for the following parameters:
- Moisture Content and Dry Density - Test Method ASTM D2216
- Sieve Analysis - Test Methods ASTM C136 & D1140
- Plasticity Index - Test Method ASTM D4318
. 4 of the 40 soil samples were analyzed for the following parameters:
- Compression - Test Method ASTM D2434

Standard Proctor - Test Method ASTM D698

Flexible Wall Permeability Test - Test Method ASTM D5080

4.8.7.2 Soil Sample Results
At the time of this report, the geotechnical properties of the soil samples were not available, but will be included in

the FS report.
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5.0 HYDROGEOLOGY
Contaminant migration at the Site occurs largely via groundwater transport in the subsurface, making the hydrologic
properties a key element of the SCM. These hydrologic elements include the spatial distribution and magnitude of
hydraulic conductivity, the saturated thickness of the aquifer, groundwater gradients, and the interaction between

groundwater and surface water.

- Prior to the Site investigations, very little information was published regarding the hydrogeology in the immediate

vicinity of the Site. Although four monitor wells had been installed at the Site by the City in 1982, and two-well
clusters (a shallow and deep well) were installed at four locations within the adjacent Bradley Landfill, available boring
logs only indicated a well to poorly sorted mix of sand, gravel and cobbles from the ground surface to depth.
Additionally, while two basin-wide hydrogeologic reports had been completed prior to 1989, limited site-specific data
were available. Much of the data for these reports are typically obtained from the water supply wells associated with
agricultural areas that are not present in this portion of the basin. Through the collection and evaluation of data in a
phased approach, a detailed understanding of the hydrogeology in the study area and beneath the Site has been

developed.

5.1 Regional Geology

The SRV is an alluvial basin within the Basin and Range physiographic province of the United States. The mountains
that define the basin are composed primarily of igneous and metamorphic granites, gneisses, schists, quartzites and
metavolcanics. Lesser amounts of consolidated sedimentary rock occurs near the basin margins. The basin alluvial fill
is comprised of unconsolidated to semiconsolidated sedimentary deposits with grain sizes ranging in sizé from clays to |
boulders. Deposition of these alluvial sediments is the result of continued uplift of the highlands, subsidence of the
basin, and erosion after faulting had ceased (Brown and Pool, 1989). In general, rocks of the SRV are divided into six
groups including; (1) igneous and metamorphic crystalline rocks, (2) extrusive volcanic rocks, (3) consolidated
sedimentary rocks including a red arkosic conglomerate (also known as the Camels Head Formation), (4) a lower
alluvial unit (LAU), (5) a middle alluvial unit (MAU), and (6) an upper alluvial unit (UAU). Where basin fill has been

deposited, portions of some or all of the alluvial units may be present. The thickness of these alluvial units may range
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from zero to several thousand feet, depending on the specific location within the valley. The alluvium contains large

quantities of water at depths ranging from 18 feet bgs to nearly 500 feet bgs.

The SRYV is divided into the eastern and western SRV sub-basins. The Site is located on the eastern margin of the
WSRYV sub-basin. The WSRV extends from the Phoenix Mountains and Papago Buttes area on the east,‘ to the White
Tank Mountains on the west, which encompasses approximately 1,500 square miles (Brown and Pool, 1989). The
WSRY is composed of a thick sequence of alluvial sediments, which may be up to 12,000 feet deep near the center of
the basin. Bounding and underlying the basin are bedrock units which locally include sedimentary, metamorphic or

igneous rocks. A generalized depiction of the regional geology near the Site is provided in Figure 5.1.

5.1.1  Regional Bedrock Geology

A listing of the type and depth of bedrock encountered near the Site is provided in Table 5.1. Cross-sections through
the Site are shown in Figures 5.2 through 5.5. These cross-sections depict the depth to bedrock as generally shallowest
between monitor wells EW-6 and EW-19, deepening to the west, south and north. While the topography of the bedrock
varies beneath the Site, it does not appear to substantially impact local groundwater flow directions. The crystalline and
extrusive rocks generally comprise the surrounding mountains and form the hydrologic boundary, both laterally and

beneath the valley (Brown and Pool, 1989).

The Precambrian metarhyolite, exposed in the Papago Park area, are the oldest rocks in the vicinity of the Site, and are
thought to be at least 1,800 million years old. The metarhyolite is a blocky, heavily fractured, metamorphosed rhyolite,
gray to pink in color. The metarhyolite is locally intruded by the Tovrea Granite and the Camelback Granite. The
Tovrea Granite is a gray granite thought to be approximately 1,700 million years old. The Camelback Granite is a
prominent pink granite, which is thought to be approximately 1,400 million years old (Péws, et. al., 1986). Tovrea
Granite clasts are evident in core samples of a poorly lithified breccia collected from core samples from monitor well

EW-15.

Environmental Science & Engineering, Inc. 5-2



Estes Landfill Remedial Investigation Report

The granites are overlain by the Tertiary Camels Head Formation, which generally consists of breccia and fanglomerate
units. The Camels Head Formation is poorly bedded, and exhibits gradational contacts between layers in the unit. The
breccias are composed of angular and subangular granite and metarhyolite clasts, ranging up to 15 feet in diameter
(Péwé, et. al,, 1986). These large clasts are evident where exposed, such as those in the road cut along McDowell Road
near 56th Street. The angular nature and composition of the clasts indicates that the formation was probably locally

derived.

Overlying the Camels Head Formation are the Tertiary Tempe Beds, which consist of gray-pink to reddish purple
arkosic conglomerates, coarse to fine-grained sandstones and siltstones. Boundaries between the Tempe Beds are
typically sharp, but can be locally gradational. Geologic core samples from monitor well EW-8 showed a typical
Tempe Beds type sequence. The Tempe Beds are interbedded with and locally overlain by Tertiary volcanic rocks,
which are predominantly basaltic in character (Péwé, et. al., 1986). In an area called the Tempe Narrows,
approximately three miles east of the Site, the width of the Salt River is constricted and channeled through outcrops of
Tertiary sedimentary beds and volcanics (Figure 5.1). These same Tertiary volcanics can be seen in an outcrop further
to the southwest in an area approximately two miles southeast of the landfill. Basalt was also noted at a depth of
approximately 60 feet bgs in core samples collected by Thomas Hartig and Associates for the State Route 153 bridge

construction, just east of the Site.

5.1.2  Regional Alluvial Geology

The LAU overlies the consolidated sedimentary units and/or the older crystalline rocks and underlies the younger MAU
and/or UAU. Brown and Pool (1989) describe the LAU as consisting of playa, alluvial fan, fluvial and evaporite
deposits. The LAU is divided into upper and lower facies and consists of fine-grained (upper) and coarse-grained
(lower) facies. Reportedly, the fine-grained deposits may be massive or bedded and range in color from reddish brown
to grayish brown. The coarser deposits are generally brown to gray. The LAU does not appear to be present beneath

the Site.
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The MAU of the basin fill also consists of playa, fluvial and alluvial fan deposits somewhat similar to those of the
LAU. Reportedly, however, distribution of the fine-grained sediments of the MAU are much less extensive and more
irregular than in the LAU (Brown and Pool, 1989). The MAU ranges from less than 100 feet thick to more than 1000
feet thick in the east SRV and is composed of deposits of silt, siltstone, and silty sand and gravel. Thinning of the unit
occurs west of Mesa and Tempe and the MAU unit is generally absent near the margins of the basin. Current

information suggests that the MAU is not present in the area of the Estes Landfill.

The UAU of the basin fill consists mainly of channel and flood plain deposits comprised of silts, sands, gravels and
cobbles. Along the Salt River, the unit may contain more than 80 % unconsolidated sand and gravel (Brown and Pool,
1989), Within the unit, sediments generally consist of moderately to well rounded clasts of granite, gneiss, quartz and
quartzite that range in size from sand to boulders. Within the WSRYV, the UAU is thickest to the west of the Site,
ranging in thickness from less than 100 feet near the mountain fronts to nearly 400 feet near the confluence of the Salt
and Gila Rivers (Brown and Pool, 1989). Finer grained facies within the unit also occur and are probably the result of
low energy depositional environments associated with overbank flooding (Laney and Hahn, 1986). These finer grained

facies within the alluvium have been documented at Estes (i.e., unit F2) and are described in Section 5.3.

52 Local Geology

As was previously noted, the Site is characterized by a range of 115 to 175 feet of UAU sediments over sedimentary
bedrock (Tempe Beds or equivalent). The MAU and LAU do not appear to be present in the vicinity of the Site. The
following sections discuss the characteristics of the local bedrock and alluvial geology. The hydrologic properties of

the bedrock and alluvium are discussed in Sections 5.3, 5.4, and 5.5.

5.2.1 Local Bedrock Geology

Bedrock forms a hydrologic boundary beneath and in the vicinity of the Site. Bedrock has been encountered in several
bore holes drilled on and near the Site. The Tempe Beds have been noted in core samples from EW-16, EW-8, EW-17
and EW-7 at depths ranging from 115 to 175 feet bgs (Figure 1.3). A log for a CAP test well drilled by the U.S. Bureau

of Reclamation (USBR) on the Phoenix Sky Harbor International Airport property (located approximately 1,300 feet
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west of EW-22) appears to indicate a thick sequence of rocks, nearly 600 feet, consistent with Tempe Beds. The
interpretation of the well log for monitor well EW-3 also is consistent with Tempe Beds. More recently, samples
collected from borings B-1, B-2 and EW-19 also appear to be Tempe Beds or equivalent (HLA, 1996b). Core samples
collected from well EW-12 and exploratory boring EXB1A show moderately indurated sedimentary rocks that could be

interpreted as weathered Tempe Beds or Camels Head Formation.

The area around monitor well EW-15 appears to correlate with localized bedrock high. The core sample from monitor
well EW-15 consisted of breccia characterized by angular to subangular granitic clasts, within a fine grained matrix,
which crumbled into small fragments after recovery (HLA, 1995b). The geologic core samples collected from borings
to the west, north and south of this bedrock high point are generally composed of well lithified, minimally fractured
Tempe Beds (HLA, 1990, HLA, 1992¢, and HLA, 1995b). However, because this area appears to have been a remnant
bedrock high, the area must have been more resistant to weathering than the other low lying areas otherwise it would
have been eroded. Therefore, core samples from EW-15 are likely representative of a localized weathered surface

capping the ancestral bedrock high.

The core samples of sedimentary bedrock at the Site have generally consisted of well lithified fine-to medium-grained
siltstones and sandstones with the exception of the core samples from monitor wells EW-15, EW-12, and exploratory
boring EXB1A that showed either moderately indurated sedimentary rocks or a breccia (HLA, 1995b). Overall the
core samples were normally of excellent quality, with individual pieces being 3 to 36 inches in length. While the
composition and induration of the bedrock varies across the Site, the sedimentary Tempe Beds appear to be the
predominant bedrock type. This indicates that the Tempe Beds have remained relatively intact with isolated areas of
fracturing or weathering. The lack of fractures in much of the Tempe Beds samples suggest that migration through the
Tempe Beds is controlled by the bulk hydrologic properties of the rock, which are not conducive to groundwater flow

and thus limit contaminant transport.

522  Local Alluvial Geology

The alluvial sediments found at the Site including units F1, F2, and F3 appear to be representative of the UAU; the

Environmental Science & Engineering, Inc. 5-5



rf-"-— :\.‘\.

Estes Landfill Remedial Investigation Report

MAU and LAU appear to be absent. Further subdivision of the UAU alluvium is necessary due to significant variations

in hydraulic characteristics. These local variations are discussed in detail in Section 5.4.

The unconsolidated alluvium in the subsurface at the Site was deposited in a ﬂuvigl system by a river with substantial
sediment carrying capacity. This is evident by the well rounded gravel and cobbles which are observed at the surface
and in drill cuttings from Site borings completed as part of the RI (HLA, 1990, HLA, 1992¢, and HLA, 1995b), and
reported in other drill logs in the area. Fluvial depositional environments are characterized by deposits that generally
exhibit decreasing grain sizes in the downstream direction. This is due to the fact that the stream grade decreases as the
stream gets further from the mountainous upland source areas and, therefore, has a lower flow velocity. This gradually
decreasing flow velocity results in the settling out of sediment from the largest to smallest grain size moving

downstream.

Based on the large percentage of cobble-sized material in the subsurface at the Site, much of the deposition occurred
under a fairly high energy environment. In addition, the presence of coarse-grained clasts suspended in a finer-grained
matrix (matrix supported) indicates that deposition occurred during flooding conditions. Flood events typically rise and
recede very quickly. This tends to result in a sediment load that is very poorly sorted. As the flood rapidly decreases,
sediment of a wide range in grain sizes will settle in the same area. Another characteristic of fluvially deposited
sediments is that they often have a long sinuous shape, generally trending in the same direction as the stream which
deposited them. These sediments can be laterally discontinuous over very short distances. This can result in widely
variable, relatively closely spaced individual deposits with a wide range of grain sizes and degree of sorting. Variation

in the grain-size and degree of sorting can result in sediments with vastly different hydraulic properties.

The alluvial sediments at the Site clearly exhibit deposition under varying flow regimes, including flood conditions,
because the materials range from cobbles to coarse sand and gravels to fine grained silts and clays. The sediments are
poorly sorted with a wide range of grain size distribution, and create a heterogeneous alluvial sequence varying both
laterally and vertically. The results of sieve analyses for samples collected from selected monitor wells near the Site are

shown in Table 4.1. Soil samples submitted for sieve analysis were collected at various depths from five soil borings.
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The general makeup of the alluvium is classified as a poorly sorted, sandy gravel, as the fraction of fine grained
material (very fine sand, silt and clay smaller than No. 200 sieve size) is generally less than 15 %. While, the actual
percentages of material passing the No. 200 sieve size ranged from a minimum of 1.1 % in EW-RW?2 at 125 feetto a
maximum of 34.4 % in EW-16 at 130-135 feet (Table 4.1), thus illustrating a wide range of grain size distribution and
supporting the concept of heterogeneity and a poorly sorted composition, the typical range was more on the order of 5

to 10 %.

The distribution of particle sizes versus depth is graphically illustrated in Figure 5.6 for soil samples collected while
drilling monitor well EW-15. These data illustrate that the percentage of fines shows only minor variation with depth,
ranging from 3.9% to 9.9% of the sample volume. In the vicinity of monitor well EW-15, unit F2 is believed to extend
from 60 feet bgs to 90 feet bgs. On the basis of the depth of unit F2 and the distribution of fines (Table 4.1 and Figure

5.6) at EW-15, fines comprise 5% of unit F1, 9% of unit F2 and 7% of unit F3.

In addition to the percentage of fines, the degree of angularity and sorting can also affect the permeability of clastic
material. The angularity of the material is similar for all three units, ranging from subrounded to rounded. Because the
differences observed in hydraulic conductivities of the three alluvial units at the Site (illustrated in Figuré 5.7 and
discussed in detail below) are too large to be attributed to the percentage of fines alone, it was concluded that the degree
of sorting must be a significant factor affecting hydraulic conductivities of the three units at the Site. Therefore, the
resulting differences in the hydraulic conductivities within the alluvium formed the basis for the establishment of
individual hydrostratigraphic units. The term "hydrostratigraphic” has been used because the geologic and lithologic

characteristics are not significantly different, however the hydrologic properties are. These units are discussed below.

53 Hydrostratigraphy

On the basis of data collected during the R, the majority of the Site is underlain by four relatively distinct
hydrostratigraphic units. Three of these units occur within the alluvium (F1, F2, and F3). The fourth corresponds to the
hydrologic bedrock (Tempe Beds) (F4). A hydrostratigraphic unit is described as a body or rock or sediment with

similar hydraulic properties that allows grouping into aquifer or confining layers (Fetter, 1988). A cross-section
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showing estimated hydraulic conductivities for the different units across the Estes Landfill is presented as Figure 5.7.

53.1 Hydrostratigraphic Unit F1

Evaluation of the drilling logs from monitor wells drilled on Site indicate that unit F1 is a coarse grained mixture of
cobbles, gravel and sand with varying, but minor amounts of silt and clay. In general, unit F1 is believed to be
approximately 50 to 70 feet thick beneath the Site. When unit F1 is saturated, wells screened in the unit are capable of
producing large quantities of groundwater with only minimal drawdown. For example, during pumping in May 1991
(HLA, 1992¢), when an estimated 5 to 10 feet of unit F1 was saturated, well EW-RW1 produced 175 gpm for
approximately 150 minutes with only 2.25 feet of drawdown in the pumping well. Test data indicate a specific capacity
of approximately 77 gpm per foot of drawdown. During the May 1991 aquifer test, near well EW-RW1, unit F1

consisted of saturated material located above 56 feet bgs.

5.3.2 Hydrostratigraphic Unit F2

In general, unit F2 is relatively similar in composition to both units F1 and F3. The major difference in the units is that
unit F2 is more poorly sorted with a slightly higher percentage of clay and silt size material. These characteristics were
confirmed during the final phase of drilling when the Rotosonic™ drill method was utilized. This drilling method
allows for the collection of a continuous soil core so that even difficult to drill sediments near the Salt River can be
logged in detail. The boring logs from this phase of work were presented in the second quarter 1996 quarterly report
(HLA, 1996b). Data from sieve analyses and vertical permeabilities from this and previous phases of work, are

summarized in Table 4.1.

The soil core obtained during the Rotosonic™ drilling activities displayed the wide distribution of grain size and
sorting that was expected (HLA, 1996b). The presence of unit F2 was confirmed through visual inspection, grain size
analysis and permeability testing of core samples which indicated low hydraulic conductivity. The results of the

permeability testing are further discussed the Section 5.4.1.
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The most notable difference between unit F2 and the other units within the alluvium is unit F2's inability to produce
water during drilling and the different groundwater extraction rates from wells completed within these units. The low
water production capability of unit F2 was confirmed during an aquifer test conducted on EW-RW1 in June 1991
(HLA, 1992¢). At that time, the water level in EW-RW1 was at approximately 56 feet bgs, which places the water level
near the interface between units F1 and F2. Upon initiating pumping, the water level in the pumping well declined very
rapidly to a depth of approximately 95 feet bgs and the maximum pumping rate stabilized at approximately 80 gpm.
This depth is considered to be near the approximate base of unit F2. Because unit F2 was not capable of producing

appreciable water, the water level declined until unit F3 could sustain the groundwater withdrawal. The results of this

- test indicate an average specific capacity of approximately 2 gpm per foot of drawdown for units F2 and F3 combined.

Because the well is screened across units F1, F2, and F3, the specific capacity of unit F2 alone could not be calculated,
but is suspected to be much lower than the average specific capacity of 2 gpm per foot of drawdown for both units F2

and F3.

The F2 unit is believed to range from approximately five feet or less to approximately 25 to 30 feet in thickness beneath
the Site. The estimated lateral extent of unit F2 is based both on available drill hole data and the assumption that it was
formed under flood conditions. These deposits typically are oriented semi-parallel to the river channel (east to west)
and tend to be much longer than they are wide. Due to the subtle geologic differences between unit F2 and the other

units within the alluvium, the mechanism(s) that produced unit F2, and the likelihood that the contacts between units

F1, F2 and F3 are gradational, the F2 unit's lateral and vertical extent may be somewhat different from that

conceptualized. On the basis of the data, the geometry of unit F2 as depicted in the SCM appears to be an east-west
trending ellipsoidal unit which extends from somewhere east of monitor well EW-3 on the east end of the Site to
approximately monitor well EW-4 located on 40th Street. The northern boundary appears to be approximately the
southern part of the Salt River channel, extending south to approximately Magnolia Street. The thickness of unit F2 is
assumed to vary across the Site, with the maximum thickness of approximately 25 to 30 feet occurring in the vicinity of
the eastern and western well clusters. The overall conceptualized geometry of unit F2 is illustrated by a computer
generated thickness map shown on Figure 5.8 and in the SCM block diagram on Figure 2.1. Because the differences

between F1 and F3 are even more subtle than those of F2, F1 and F3 are considered to be a single hydrostratigraphic
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unit where F2 is not present.

5§3.3 Hydrostratigraphic Unit F3

On the basis of drill cuttings from various monitor wells, unit F3 is composed of gravel, sand and silt. It is very
difficult to directly demonstrate the variations in the degree of sorting between the various alluvial
hydrostratigraphic units. However, as previously stated, all three of the units are very similar in composition with
only subtle differences in the percentages of gravel, sand and fines. The subtle differences in the percentage of
various particle sizes (Table 4.1) are not large enough to account for the orders of magnitude differences seen in the
hydraulic conductivities of the three units, unless significant differences in the degree of sorting accompany these
subtle variations. On the basis of results from various sieve analyses (Table 4.1), the vertical permeability values
obtained from core samples from specific depths (Table 4.2), and data from the 1991 aquifer test (HLA, 1992b), the
degree of sorting and thus the hydraulic conductivity in unit F3 appears to be somewhat less that seen in unit F1, but
far better than that of unit F2. The aquifer test conducted during June 1991 and described below showed that unit F3
is capable of producing a maximum of approximately 80 gpm with a drawdown of approximately 10 feet. Assuming
little to no contribution from unit F2, this results in a specific capacity of approximately 8 gpm per foot of drawdown
for unit F3 near EW-RW1. Alluvial core samples from Rotosonic™ drilling revealed a presence of sandy zones
beginning at 93 feet bgs. This is evident in the boring logs from B-1, B-2, and EW-19 (HLA, 1996b) and correlates
with the upper portion of unit F3. This depth also agrees with earlier lithologic logs from drilling operations at EW-15

and EW-PZ3 (HLA, 1995b).

5.3.4  Hydrostratigraphic Unit F4 (Bedrock)

Unit F4 is the sedimentary bedrock beneath the Site that has been field identified at numerous locations both on and off
the Site. The depth to bedreck (unit F4) ranges from approximately 115 to 175 feet bgs. As previously discussed, the
characteristics of unit F4, based on geologic core samples include: a well-bedded siltstone to claystone; a well-
cemented, coarse-grained sandstone; and a moderately cemented conglomerate or breccia (Table 5.1). In general, unit
F4 is considered to be a part of the Tempe Beds formation which crop out on both the north and south sides of the Salt

River approximately three miles east of the Site. The water bearing and water transmitting capabilities of F4 are highly
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dependent on its degree of cementation and fracturing. Although VOC concentrations above applicable water quality
standards have been observed in the F4 monitor well (EW-15) at the eastern well cluster (Appendix A), the transport
path for the VOCs into F4 is thought to be related to localized weathering and/or fracturing in this area because F4 is an
aquitard to subsurface flow in the existing SCM. ESE’s investigation at Well EW-26 verified reduction of VOCs

vertically near EW-15, supporting F4 as an aquitard.

5.4 Aquifer Testing

Aquifer testing has been performed during the RI to evaluate and further refine the hydrologic characteristics of the
aquifer in the vicinity of the Site. Constant discharge aquifer pumping and recovery tests have been conducted
using wells EW-RW1, EW-RW2 and EW-6, and an aquifer response test was also conducted on the Bradley
Landfill industrial supply well BW-P. In addition, information on well responses has been supplemented by

monitoring drawdown in ;nany of the monitor wells during sampling.

In June 1991, Estes Landfill aquifer test/recovery well EW-RW1 (ADWR #55-529347) was pumped at a constant rate
of approximately 80 gpm for 120 hours (5 days). This pumping rate was the maximum rate sustainable by the well.
The static depth to water in the pumping well prior to initiation of the test was approximately 56 feet bgs. During the
1991 test, water levels were monitored in the pumping well and six surrounding observation wells ranging in distance
from 45 feet to 1,525 feet from the pumping well. Details on the construction of the observation wells and the

drawdown versus time in the various observation wells can be found in HLA (1991e).

The data obtained from the pumping well (EW-RW1) and the three closest observation wells were considered most
useful for quantitative analyses from the June 1991 aquifer test (HLA, 1991a). The remaining, more distant
observation wells had rapid but minor water-level declines in response to the pumping well. However, these qualitative
observations at the more distant observation wells support the characterization of unit F3 as a semi-confined system. In
general, the transmissivity values calculated for unit F3 by the various analytical methods utilized ranged from
approximately 1,300 feet squared per day (ft*/d) to 4,000 ft*/d. Assuming a saturated thickness for unit F3 of 20 feet

resulted in an estimated horizontal hydraulic conductivity of 65 to 200 f/d or 2.3 x10? to 7.1 x10% cm/sec. The

Environmental Science & Engineering, Inc. 5-11 ..



Estes Landfill Remedial Investigation Report

calculated transmissivities do not account for potential delayed yield from F2. With regard to unit F3, the early-time
drawdown data using the Theis non-equilibrium method provided the most representative value of hydraulic
conductivity. This is because leakage would not be as prevalent at earlier periods of time in the test and therefore these
data would be the least affected by potential leakage from unit F2. Using the Theis non-equilibrium analytical method,
a hydraulic conductivity of 785 ft/d (2.77 x10" cm/sec) was calculated for unit F3. Because of the absence of unit-
specific monitoring points at the time of this aquifer test, no estimates of conductivity and/or storitivity were made for

units F1 or F2.

In October 1991, a six hour aquifer response test was conducted utilizing the Bradley Landfill industrial water supply
well (BW-P, ADWR #55-800536). This test is referred to as an aquifer response test rather than an aquifer test because
of the short pumping time and uncertainties in the design of the pumping well. Although no reliable records exist, the
owner of the landfill, Mr. Ken Bradley, believes the well is 250 feet deep. A depth of at least 200 feet was verified in
the field using a steel tape. No information is available on the well construction or location(s) of perforations. Asa
result, the goal of this test was to collect data on the timing and magnitude of water-level changes in surrounding
monitor wells and to evaluate the zone of influence of a proposed groundwater recovery well with a similar pumping

rate (HLA, 1992g).

The results of the BW-P aquifer test were consistent with the conclusion from the June 1991 test on EW-RW1 in that
the deeper alluvial aquifer (unit F3) behaves like a semi-confined system (HLA, 1992g). The data from this test also
indicated that there is a lower permeability zone or layer above a depth of 100 feet bgs, similar to that observed in the
area of EW-RWI1. This was confirmed when EW-RW2 was drilled. Because of the short time frame of the test, the
lack of information on the construction of well BW-P and hydrostratigraphic complexities, a quantitative analysis of the

data was not performed. Further details on the results of this test can be found in HLA (1992g).

In January, 1992, Estes Landfill aquifer test/recovery well EW-RW2 (ADWR #55-533343) was pumped at a constant

rate of approximately 410 gpm as part of an aquifer test (HLA, 1992d). The test was originally scheduled to last for 72

hours but was discontinued after 49.5 hours because of net water-level rises caused by unexpected flow and recharge in
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the Salt River channel. The transient nature of the recharge made analysis, using it as a boundary effect,
mathematically incompatible with the analytical methods. Therefore, the test was discontinued when evidence of the
river recharge was seen in the observation wells. In the 18 hours prior to starting the test, water-level rises in response
to ﬂo.w in the river ranged from 0.6 feet in BW-WD, which is approximately 800 feet south of the river, to 1.15 feet in

EW-9, which is along the south bank of the river.

Results from the January 1992 aquifer test were similar to findings from previous aquifer testing at the landfill. The
lower sand and gravel (unit F3) responded to pumping as a confined or semi-confined aquifer (HLA, 1992d). Despite
an ongoing water-level rise of close to 1 ft/d due to river flows, the water level in EW-RW1, which is approximately
900 feet east of EW-RW2, declined 0.67 feet after 225 minutes of pumping in EW-RW2. As was identified in the tests
described above, a low permeability zone was identified, based on pumping well water-level information. Upon
initiating pumping, a rapid water-level decline, from approximately 65 to 100 feet bgs, was recorded in the pumping
well. This interval corresponds with the clayey gravel zone (unit F2) which produced very little water during the
drilling of EW-RW?2. A similar response, but in reverse (i.e., a rapid water-level rise), was observed when turning the
pump off during the recovery phase of the test. Other evidence of a lower permeability material in that zone included
the delayed and muted drawdown recorded in observation well EW-W relative to EW-5. Although EW-W is
approximately 45 feet closer to the pumping well than EW-5, the slower rate and decreased magnitude of drawdown
observed in EW-W is attributed to its screened interval being primarily in the clayey gravel zone and thus having

predominantly vertical flow (or leakage) down into unit F3, where EW-35 is screened.

An additional finding during this test was the ability of a well pumping from unit F3 to induce flow from the underlying
bedrock (unit F4). Although the drawdown and recovery response times in monitor well EW-8, which is completed
solely in unit F4, lagged compared to wells located in the overlying unconsolidated material, a relatively large total
drawdown (3.78 feet) was observed after 49.5 hours of pumping from EW-RW2. These data suggest that although the
volume per unit time of water from unit F4 into unit F3 is probably low because of the low vertical permeability of unit
F4, the assumed low storage capacity means relatively large head differences can be generated. However, under non-

stressed conditions the groundwater flux between units F3 and F4 is apparently negligible based on the negligible
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difference in hydraulic heads between EW-3, which is screened solely in unit F3, and EW-8, which is screened solely in
unit F4. Laboratory permeability tests conducted on core from a depth of 175 feet bgs in EW-8 indicated a vertical

hydraulic conductivity of 1.2 x10? ft/d or 4.2 x10”° cm/sec (HLA, 1992g).

Although the complex hydrogeologic system at the landfill is not amenable to typical 2-dimensional aquifer test
analytical methods due to the presence of the different hydrostratigraphic units, quantitative estimates of aquifer
properties of unit F3 were developed using various assumptions. In general, estimates for horizontal hydraulic
conductivity in unit F3 range from approximately 2.5 x10” cm/sec (70 ft/d) to almost 1.4 x10"' cm/sec (400 fv/d).
Using various methods, values were typicaily between 8.2 x10? cm/sec (230 ft/d) and 1.4 x10"' (400 ft/d). No physical
explanation for an increase in the hydraulic conductivity of unit F3 between EW-RW1 and EW-RW2 is proposed;
however, an increase in transmissivity is supported by the decreasing hydraulic gradient moving to the west across and

beyond the landfill. Additional details regarding the aquifer test and the data analysis are available in HLA (1992a).

In May, 1992, a short-term aquifer performance test was conducted using EW-RW1 as the pumping well (HLA,
1992g). The purpose of the test was to evaluate the aquifer response and well/aquifer pumping capacity during this
period of elevated groundwater levels due to river recharge and, in particular, to evaluate the response in unit F1 when

;pumping EW-RW1.

The planned pumping length was from 4 to 6 hours. However, because of a greater than expected pumping rate
(approximately 405 gpm), the test was limited to 2% hours because of limited onsite storage capacity for the pumped
water. An assumption of this test was that all of the well production except 80 gpm could be attributed to unit F1
during this test. This assumption was made because during the previous test unit F3 only was capable of producing 80
gpm. At the time of the test, the river was flowing and had sustained a continuous flow since January 8, 1992.

Regional water levels were rising at a rate of approximately 2 feet per month at the time of the aquifer test.

During the May 1992 aquifer test of EW-RW1, the quantitative analyses of the observation well data could not be

performed because of an inability to positively separate the contribution to the total pumping rate from unit F3 versus
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unit F1 (or unit F2). It was apparent when reviewing the drawdown hydrographs for monitor well EW-6, that the
response in unit F3 was different in the two tests. In the initial test, when no water was present in unit F1, monitor well
EW-6 had 5.4 feet of drawdown after pumping EW-RW1 at 80 gpm for 150 minutes. During the second test, when
approximately 22 feet of unit F1 was saturated, monitor well EW-6 had 2.3 feet of drawdown after pumping EW-RW1
at 405 gpm for 150 minutes. Because the maximum pumping rate during the second test was not limited by the
formation's ability to supply water but by the pump capacity, it is suspected that the decreased drawdown in unit F3 was

caused, in part, by less water being extracted from unit F3 (i.e., a lower stress).

During the ratio method aquifer test conducted on June 29 and 30, 1994, the static water level was approximately 47
feet bgs in the proposed pumping well EW-6 (HLA, 1995b). The field tasks included the collection of water levels
from the cluster of wells near EW-6 on a daily basis for a period of 6 days prior to the test start-up. The test was
conducted using the EW-6, EW-PZ1, EW-PZ2, EW-PZ3, and EW-15 well/piezometer cluster (Figure 2.1). The general
design of the test consisted of pumping water from the lower sand and gravel aquifer (unit F3) and monitoring the
pressure change in the form of a water-level decline in units F3, F1 (the upper sand and gravel aquifer), F2 (the
aquitard), and F4 (the underlying consolidated formation). A Hermit™ data logger system with pressure transducers
manufactured by In Situ was used to record the water-level information during the test. The pressure transducers were
installed in the pumping well EW-6 and in monitor wells EW-PZ1, EW-PZ2, EW-PZ3, EW-E, and EW-15, Water
levels were collected every minute for the first 30 minutes, every five minutes from 30 minutes to six hours, and every
15 minutes from six hours to 24 hours. During the test, measurements were also taken manually approximately every
30 minutes using an electronic sounder or steel tape. Approximately 14,400 gallons of water were pumped as part of

this test.

At an initial pumping rate of 9.2 gpm, well EW-6 had a pumping water level of approximately 76 feet bgs. After
approximately three hours of pumping, no response had been observed in the F2 well EW-PZ1. Therefore, the
pumping rate was increased to apbroximately 10.0 gpm. This additional 0.8 gpm of discharge resulted in an additional
6 feet of drawdown in the pumping well. Although designed to be a constant discharge test, the pumping rate was

increased in an effort to obtain data on the relationship between pumping in unit F3 and a response in unit F2. Aftera
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total of 17.5 hours of pumping, a measurable response had still not been observed in the F2 well EW-PZ1 and therefore
the pumping rate was further increased to approximately _10.9 gpm. This additional 0.9 gpm increased the drawdown in
the pumping well by approximately 7 feet and brought the pumping water-level to 88 feet. This water level was only
12 feet above the pump intake and, therefore, no further increases were performed. Only EW-PZ3, which is screened
across or just below the F2/F3 interface, responded to the pumping of EW-6. The data from EW-PZ1 (unit F2) and
EW-PZ2 (unit F1) resembled the diurnal changes observed in pre-test water-levels ’indicating that no noticeable

pressure response had reached them.

Using the available response data from EW-PZ3 after 24 hours of pumping (0.8 feet) and assuming a hypothetical
measurable response of 0.1 feet in EW-PZ]1, the test method calculations were used to derive an upper limit for the
vertical hydraulic conductivity of unit F2. Using an aquifer thickness of 20 feet, an aquitard thickness of 40 feet, the
horizontal hydraulic conductivity and specific storage for unit F3 were 100 f/d and 1 x10%, respectively. Assuming a
specific storage of 1 x10 to 1 x10* for the unit F2 aquitard, a range of 2.5 x10 cm/sec (0.007 ft/d) to 2.5 x10”° cm/sec
(0.07 ft/d) was calculated for the maximum vertical hydraulic conductivity of unit F2. These results show that the
hydraulic conductivity values for unit F2 are four to five times lower than those for unit F3, indicating that unit F2 is a

localized aquitard. Figure 5.7 illustrates a profile of estimated hydraulic conductivities.

An additional finding of significance from this test was the response of monitor well EW-15, which is screened in the
underlying consolidated formation, unit F4 (Figure 1.3). Upon initiating pumping in EW-6, the water level in EW-15,
located about 23 feet away, steadily declined for approximately 150 minutes before leveling off. At that time a total
water-level decline of approximately 2.6 feet had occurred. When the pumping rate in EW-6 was increased slightly, the
drawdown in EW-135 also increased almost immediately. This response is contrary to what would have been expected
based on the behavior of the other unit F4 monitor well EW-8, during a previous aquifer test at EW-RW2, as well as the
low pumping rate of EW-6. This response indicates a hydraulic connection between units F3 and F4 at this location, or

at least between EW-6 and EW-15.
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5.5 Hydraulic Properties

The hydrostratigraphy beneath the Site consists, in descending order, of a water table aquifer (unit F1), an alluvial
aquitard (unit F2), a semi-confined aquifer (unit F3), and a bedrock aquitard (unit F4). The defining of unit F2 as an
aquitard is based on its inability to produce water as described in Section 5.3. Where unit F2 is present, unit F3
becomes a partially or semi-confined aquifer. These designations are supported by the results of previous aquifer
testing and recent unit-specific monitoring of hydraulic head changes in wells compared to changes in barometric
pressure. A comparison of water levels in wells to barometric pressure change is shown on Figures 5.9 and 5.10. The
decline in water levels in the unit F2 and unit F3 monitor wells, due to an increase in barometric pressure, is
approximately three times that observed in the unit F1 well. These changes are consistent with expected changes in a

semi-confined aquifer versus an unconfined aquifer (Bear, 1972).

The hydraulic properties of the different hydrostratigraphic units have been estimated based on aquifer testing,
laboratory permeability testing on cores, groundwater flow model calibration, and experience with similar types of
materials. Based on the different water transmitting capabilities observed at the Site, the aquifer characteristics appear
to vary substantially within the alluvium and between the alluvium and bedrock material. A cross-section of onsite
hydraulic conductivity values for the four units is shown on Figure 5.7. Hydraulic conductivity values generated for the
study area through the groundwater modeling process are presented on Figures 25 through 29 in the groundwater

modeling report (HLA, 1996¢). A detailed discussion of hydraulic conductivities follows.

5.5.1 Hydraulic Conductivity

Regionally, well sorted zones of the alluvium are characterized as having the highest horizontal hydraulic conductivity
(KH) values. These can range from 6 x10? to 6 x10™ centimeters per second (cm/s)(Brown and Pool, 1989). However,
these estimates are based on relatively large-scale aquifer testing conducted on deep pumping wells with long screen

intervals in the central portion of the WSRV. These types of wells tend to mask the effects of thin or areally localized

- zones of low permeability or high permeability material. Based on aquifer tests conducted at wells EW-RW1 and EW-

RW?2, KH values of 1.4 x10"" cm/s and 2.6 x10 cm/s were calculated for F1 and F3, respectively (HLA, 1992d and

HLA 1992e). These aquifer tests were conducted under non-ideal conditions (eg., the river was flowing or the wells
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were screened across multiple units) and therefore the KH values are considered estimates. Nonetheless, these values
were utilized during the calibration of a groundwater flow model for the Site with a reasonable level of success,

indicating that the estimates are likely within an acceptable range.

Laboratory permeability testing on alluvial cores was conducted (Table 4.2). These tests provide values for vertical
hydraulic conductivity (KV). Based on the limited number of tests, poorly sorted zones of the alluvium, such as those
found in F2, have KV values ranging from 1 x10*to 1 x10® cm/s. Better sorted zones of alluvium, such as F3, have
KV values ranging from 1 x10” to 1 x10® cm/s. Because a reasonable estimate of KH values for alluvium is
approximately 10 to 100 times greater than KV (HLA, 1996c), well-sorted zones of alluvium at the Site could have KH
values which approach the 6 x10"' cm/s value mentioned above. These high KH values are supported by observations

during Site aquifer tests when over 400 gpm of water was produced from onsite wells with only minimal drawdown.

5.5.2  Aquifer Storage

Aquifer storage properties include specific yield (SY) for unconfined aquifers and specific storage (SS) for confined
aquifers. The storage values are defined differently because, when groundwater is pumped from an unconfined aquifer,
production causes an actual dewatering of the pores. In contrast, water pumped from a confined aquifer is released
through a decrease in hydrostatic pressure which causes the aquifer skeletal material to slightly contract and the water
molecules to slightly expand. SY is typically slightly less than the porosity of the sediment, as some water remains in

the pore space.

Reasonably accurate estimates for storage are important in estimating the number of pore volumes of groundwater
which may move through a volume of aquifer in some unit of time. Estimates for SY are commonly obtained from
grain size analysis of drill cuttings. The SY for unit F1 sediments is estimated to range from 0.15 to 0.25. Estimates for
SS are much more difficult to obtain. Sometimes, estimates can be made for storage coefficient (SC), which is equal to
SS multiplied by the aquifer thickness (making the dimensions for SC unitless). Values for SC can be obtained from
aquifer tests conducted on confined aquifers. This was not possible on the aquifer test conducted on well EW-RW1

because of the uncertain impact caused by leakage from F2 into F3 during the test into the fully screened well. For the
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groundwater flow model, estimates of SS for F2 were set at 1 x10™ per foot and 1 x10™® per foot for F3. These values

were obtained from published estimates based on material description (Domenico and Schwartz, 1990).

5.6 Groundwater Flow Conditions

Groundwater flow conditions are an important component of the SCM because they impact the movement and
distribution of contaminants. Site groundwater flow conditions have been monitored since the mid-1980s (HLA,
1996¢). Discerning Site groundwater flow conditions consists of determining the level of groundwater or water
level in at least three points, which in turn, provides the means for ascertaining the horizontal groundwater flow
direction and gradient. To evaluate vertical groundwater flow directions and gradients, water levels must be
measured in at least two wells in the same general vicinity that are completed to different depths. Vertical flow can
also be assessed by spinner logging as discussed in Section 4.4.3. Site specific water levels have been recorded in

various monitor wells on a monthly, weekly, daily, and continuous basis, dating back to 1982.

The following summarizes how groundwater flow conditions influence regional and Site water levels, horizontal
groundwater flow, and vertical groundwater flow. The interrelationships between groundwater flow conditions and

the fate and transport of contaminants are discussed in Chapter 7.

5.6.1 Water Table Elevations
This Section summarizes the factors that influence regional and local variations in the water table elevations or

depth to water.

5.6.1.1 Regional Water Table Elevations

Regional water-level data shows considerable variations in the water table elevations and the direction of
groundwater flow through the WSRV. The general trend is that flow is directed away from the basin margins
towards lower elevations and eventually to the basin outlet at the southwest corner of the basin where the Gila River
exits the basin (Brown and Pool, 1989). The water-level elevations are controlled by several factors including: the

elevation of the hydrologic bedrock, the thickness of the aquifer, variation in hydraulic properties of the sediments,
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and the net loss or gain of water to the system. The hydrologic bedrock acts to contain the water and retard the
downward migration or percolation of the groundwater. The thickness of the aquifer and the hydraulic properties
act to control the speed that water is transmitted through the aquifer and can locally flatten or steepen the gradient.
Recharge to the aquifer and discharge from the aquifer cause localized shifts from the overall regional trend of

groundwater flow.

The latter of these factors plays a significant role in the WSRYV, because of heavy aquifer pumpage to supply water
for agricultural needs. The heavy pumping related to agriculture varies seasonally and is strongly dependent on the
daytime high temperatures. Heavy pumping of the aquifer tends to alter the overall regional trend by creating areas
of localized groundwater sinks or depressions that locally divert groundwater flow into these low areas rather than
following the natural path out of the basin. Part of this affect is to induce a region-wide declining water table. The
overall rate of decline varies with proximity to the pumping centers, but a basin-wide decline is evident during
periods of low precipitation and during times of no river flow in the basin. The declining trends are offset by
recharge to the basin from storm events and releases to the Salt and Verde Rivers. The recharge events typically
mirror the seasonal weather patterns and are strongly dependent on precipitation at higher elevations that create
runoff and result in reservoir releases to the Salt and Verde Rivers. The combination of groundwater withdrawal
and recharge events result in alternating periods of declining and rising water tables. This is illustrated in Figure 3.2

where releases from Granite Reef Dam (GDR) are plotted against the hydrograph for the USGS Tovrea well.

5.6.1.2 Local Water Table Elevations

The local water table is ultimately controlled by the same hydrogeologic factors that control the region. However,
the Site’s proximity to the Salt River results in water levels that are more strongly influenced by flow events in the
Salt River. Water table conditions are locally affected by flow in the Salt River because the bottom of the river bed
is both highly permeable and above the top of the water table. Thus, water in the Salt River will percolate through
the bottom of the river and recharge the underlying aquifer. It should be noted that the normal or predominant
water flow condition of the Salt River is no water flow (no-flow) (Figure 3.2). During the no-flow scenario, Site

water levels reflect the regional declining trend. For example, well EW-OE showed a decline of 15.1 feet from
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January | to December 13, 1994, which equates to an average decline of 1.26 feet per month. Local water table
fluctuations are clearly illustrated on Figure 5.11, which is a hydrograph of water-level elevations versus time
collected from wells in the eastern well cluster. As shown on Figure 5.11, from the period between 1982 to the
middle of 1996, the greatest fluctuation in water table elevations occurred in response to river flows, primarily in
1992 and 1993. During the time from early 1991 to early 1993, water levels in monitor well EW-E rose nearly 41
feet from a low of 1059 ft above msl to about 1100 feet above msl. These water table rises correspond to

continuous and/or flood flow conditions in the Salt River.

Smaller magnitude flows of short duration and/or low flow may cause water levels to rise in monitor wells located
adjacent to the Salt River, but may not affect the water levels further south of the Site. Therefore, it can be said that
water level changes in response to river flow observed in the Site monitor wells are inversely proportional to the
distance the monitor well is located from the river. In other words, water levels observed in monitor wells located
farther from the Salt River are less likely to experience change during small magnitude flows. The differences in
response of water levels to large and small magnitude flows is illustrated by comparing the hydrograph of EW-9,
located just north of the Site boundary in the river channel, and EW-10, located approximately 2,000 feet south of
the river on Winslow Avenue (Figure 5.12). While the overall water level trend in monitor well EW-10 is similar to
the trend of monitor well EW-9, the magnitude of water level response in monitor well EW-10 is clearly less than
that of monitor well EW-9. In January 1991, the difference in elevation of the water table between EW-9 and
EW-10 was less than five feet. However, by April of the same year, the difference in elevation of the water table
between EW-9 and EW-10 was greater than 20 feet. In addition, there are clearly numerous small water level
fluctuations observed in monitor well EW-9 that are not apparent in monitor well EW-10. This is particularly
evident during 1993, where numerous spikes in the depth to water were recorded at monitor well EW-9, but are not
recorded in monitor well EW-10. Water level changes in monitor well EW-10 also lag behind those of monitor well
EW-9. This is particularly evident at the onset of a rising or declining cycle, such as recorded in the middle of
1991. Water levels measured in both monitor wells were within two feet of each other in August 1991. However,
water levels in monitor well EW-9 rose approximately five feet in November 1991 and three feet in December

1991, while during the same time water levels in monitor well EW-10 declined approximately one foot in
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November and then rose one foot during December.

5.6.2 Horizontal Groundwater Flow

Both regional and local groundwater flow directions are directly controlled by fluctuations in the water table
elevations. Consequently, as water table elevations rise or decline in response to water-level changes, the direction
of horizontal groundwater flow also changes. The direction of horizontal groundwater flow is determined by
groundwater elevations. Horizontal groundwater flow can be illustrated by drawing a line or contour between two
points that represents an equal groundwater elevation. A minimum of three points, or three monitor well
groundwater elevations, is required to draw a contour line. The direction of horizontal groundwater flow is

perpendicular to the contour line.

5.6.2.1 Regional Horizontal Groundwater Flow

Groundwater flow directions in the region are characteristically to the west in the vicinity of the river, to the
northwest south of the river and to the southwest north of the river. An example of the regional flow directions,
during an episode of no-flow, is illustrated on a study area groundwater contour map from February 1990 that was
presented in the Groundwater Modeling Report (HLA, 1996b, Figure 16). The regional gradient calculated from the

February 1990 contour map indicates a slope of approximately 17 feet per mile (ft/mi).

5.6.2.2 Local Horizontal Groundwater Flow

During normal or no-flow conditions and during low flow and/or short term flow conditions, the direction of
horizontal groundwater flow across the Site is similar to the regional flow near the river (i.e., to the west). March
1991 and June 1996 represent two periods of no-flow conditions. Maps illustrating groundwater elevations and
horizontal groundwater flow for these two periods of no-flow conditions are presented in Figures 5.13 and 5.14 (a &
b). The gradient or slope of the water table becomes steeper beneath the Site, because of the presence of the
bedrock high and the presence of the low permeability unit F2. For example, in March 1991 the gradient at the
eastern end of the study area was 14.9 f/mi, the gradient across the Site was 16.2 ft/mi and the gradient at the

western end of the Site was 7.1 ft/mi.
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During flow conditions of the Salt River, the horizontal groundwater flow direction over the Site shifts to the
southwest and the horizontal groundwater flow north of the Salt River shifts to the northwest. The differences in
horizontal groundwater flow north and south of the Salt River are due to linear river recharge. Because the no-flow
water table slope is approximately parallel to the trend of the river and the recharge ridge during times of sustained
river flow, the additive affect from the perpendicular flow results in shifting the slope of the water table to the
southwest on the south side of the river and to the northwest on the north side of the river. The mounding of the
water table was observed during the Salt River flow events of June 1992 and March 1993. As Figures 5.15 and 5.16
illustrate, this mounding of the water table creates a groundwater divide that results in groundwater flowing away
from the mound. The size of the water table mound is dependent upon the Salt River flow rate, the initial depth to
water, the duration of the river flow, and the amount of time elapse since the last flow. Similar to the no-flow
scenario, the horizontal gradient varies across the study area. For example, in June 1992 the gradients were
calculated as 8.8 ft/mi at the eastern end of the st;ldy area, 30.8 f/mi beneath the Site, and 11.9 ft/mi at the western

end of the Site.

Horizontal groundwater flow directions also vary between the different hydrostratigraphic units. These variations
were observed during the evaluation of specific water level data collected from specific hydrostratigraphic unit
monitor wells and piezometers. Horizontal groundwater flow in F1 appears to be influenced by small recharge
events and perhaps subflow in the river. The direction of horizontal groundwater flow in F1 is generally to the
southwest, even during extended normal or no-flow periods. In contrast, the F3 horizontal groundwater flow
direction is consistent with Site and regional horizontal groundwater flow which is to the west. Small recharge
events did not influence F3 horizontal groundwater flow direction. Data collected and reported in the quarterly
reports during 1994, 1995 and 1996 demonstrate the prominent southwest horizontal groundwater flow direction of
F1 and the west horizontal groundwater flow direction of F3 (HLA, 1994). An example of these trends are shown
on Figure 5.17. This figure also presents the horizontal groundwater flow in Unit F2 as west to slightly southwest.
It should be noted that these unit specific flow directions were calculated from three points and illustrate variability

in a very small portion of the Site.
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More recent groundwater elevation data from 1996 through 1999 indicate a generally west flow through Unit F1
and F3. As indicated on Figures 5.14a, Unit F1 flow for these periods is generally west with a south trend at the
eastern portions of the site, and north trend at the western portions of the site (Figure 5.18). Figures 5.14b show a

predominantly west flow in F3.

Water in the river bed infiltrates through the underlying strata and recharges the aquifer. Recharge rates of the
aquifer is a function of the distance or depth of the water table from the water in the river. Previous investigations
have estimated thé recharge rate of the aquifer by the Salt River to range from less than one foot per day (f/d) to
over 2 fi/d (Briggs and Werho, 1966). The SCM estimated that the recharge rate ranged from 0.5 f/d to 1.5 f/d
(HLA, 1996¢). The recharge rate of the aquifer by the Salt River is greater during periods of sustained flow.

Vertical groundwater flow is discussed below.

5.6.3 Vertical Groundwater Flow

Downward or vertical groundwater flow was noted during the early portions of the investigation (HLA, 1990 and
HLA, 1992¢). As a result, hydrostratigraphic unit specific piezometers were installed at three locations. Water
levels collected from units F1, F2 and F3 during the summer of 1996 using the Trolls demonstrate a downward
vertical gradient between each of the hydrostratigraphic units. Figure 5.19 shows the differences in water-level
elevations between the three units for a specific time period. This time period is representative of typical Site
conditions during no-flow river conditions. The figure illustrates that the water-level elevation in F1 is continually
higher than the water-level elevations in units F2 and F3. Because water moves from higher elevation to lower
elevation, there will be a tendency for groundwater to migrate downward at the Site. These small vertical gradients
are due in part to the hydraulic conductivity contrasts between the alluvial layers that results in the slow movement

of water through F2 and hydraulic loading that results from recharge and regional pumping centers.
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No piezometers have been installed in Unit F4. However, comparing groundwater elevation data from F3 well EW-
PZ3 and F4 Well EW-15, located approximately 30 feet apart, indicate a minimum 1.5 foot difference. This appears
to support a slight downward vertical movement from F3 to F4. This is further supported by the presence of VOCs

in groundwater samples collected at F4 Wells EW-15 and EW-26.
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6.0 SITE CHARACTERIZATION AND NATURE AND EXTENT OF CONTAMINATION
This section presents detailed results of the work conducted to characterize the nature and extent of contamination at the
Estes Landfill. The focus of the work was to identify impacted media, characterize the types of contaminants present at
the Site, and evaluate the extent of contamination within the various media. The Site characterization data provide a
basis for identifying the fate and transport of the contaminants, discussed in detail in Section 7.0, and ultimately will

assist in the evaluation of remedial options.

6.1 Surface Soils

Surface soils at the Site have been characterized to evaluate the potential for contaminants to be present at levels which
could pose an unacceptable risk to human health. A soil sampling plan, dated August 17, 1994, was developed in a
manner consistent with EPA’s Risk Assessment Guidance for Superfund, Vol. I (RAGS I) (EPA, 1989a). The soil
sampling plan was designed to obtain data sufficient to examine two potential release mechanisms: wind erosion of soil
particles and Landfill gas emissions. A grid developed for the surface soil sampling program is shown in Figure 6.1.

Soil sampling activities were completed on August 1994.

Surface soils at the Site were evaluated quantitatively for chlorinated pesticides, PCBs and SVOCs that may have been
applied during the period of agricultural use. Metals and VOCs were also evaluated as these constituents have been

detected in groundwater (HLA, 1995a).

The surface soil samples were collected from the center of one-acre subparcels and composited by the laboratory into
samples representing a five-acre parcel at the Site. These composite samples were analyzed for metals, organochlorine
pesticides, and PCBs. In addition, a discrete soil sample, from the center of one randomly selected subparcel, per five-

acre parcel, was selected for analysis of VOCs and SVOCs. A table detailing the analytical methods is provided below.
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Analyses Analytical Methods
Total Metals
antimony EPA Test Method 7041
arsenic EPA Test Method 7060
beryllium EPA Test Method 7091
barium, boron, copper, EPA Test Method 6010
manganese, and nickel
cadmium EPA Test Method 7131
chromium EPA Test Method 7191
lead EPA Test Method 7421
mercury EPA Test Method 7471
selenium EPA Test Method 7740
silver EPA Test Method 7761
thallium EPA Test Method 7841
SVOCs EPA Test Method 8270
VOCs EPA Test Method 8010/8020
Organochlorine pesticides and EPA Test Method 8080
PCBs

Soil samples were never analyzed for organophosphorus pesticides or chlorinated herbicides because the use of
these compounds is not as common as organochlorine pesticides. However, the latest subsurface soil sample results
did include these compound groups (See Section 6.2.5). Detailed information on sample locations, equipment and
procedures and QA/QC is provided in HLA's report titled Surface Soil Sampling, Estes Landfill, Phoenix, Arizona and

dated March 17, 1995 (HLA, 1995a). Detailed information of the analytical results are discussed below.

Concentrations of SVOCs were less than the method reporting limit except for one sample which contained 0.27 mg/kg
of bis(2-ethylhexyl) phthalate. This constituent is believed to be a laboratory contaminant. Detectable concentrations
of organochlorine pesticides included the following four compounds: Beta-BHC, 4,4-DDD, 4,4'-DDE, and 4,4'-DDT.
Beta-BHC was detected in two samples with the highest concentration reported at 0.038 mg/kg. Detectable
concentrations of 4,4'-DDD were also reported in two samples and the highest reported concentration was 0.06 mg/kg.

The only PCB detected was Aroclor 1254 reported in two samples at a concentration of 0.08 mg/kg.
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The composite soil sample results for the metals antimony, boron, mercury, selenium, and thallium were below the
method detection limits in each of the soil samples analyzed. Detected concentrations of arsenic ranged from

2.6 mg/kg to 4.3 mg/kg. Detected concentrations of barium ranged from 47.5 mg/kg to 126 mg/kg. Detected
concentrations of beryllium ranged from 0.25 mg/kg to a maximum of 0.38 mg/kg. Detected concentrations of
cadmium ranged from 0.06 mg/kg to 0.80 mg/kg. Detected concentrations of chromium ranged from 2.6 mg/kg to
9.7 mg/kg. Detected concentrations of copper ranged from 11.3 mg/kg to 258 mg/kg. Detected concentrations of
manganese ranged from 18.4 mg/kg to 269 mg/kg. Detected concentrations of nickel ranged from 8.1 mg/kg to
18.1 mg/kg. Detected concentrations of silver ranged from 0.03 mg/kg to 0.15 mg/kg. Detected éoncentrations of
lead ranged from 7.9 mg/kg to 109 mg/kg. The results are summarized in Table 6.1 (HLA, March 1995).
Background soil concentrations, average Arizona soil concentrations and ADEQ Soil Remediation Levels (SRLs)
are also included in Table 6.1. If SRLs were not available for particular compounds, HBGLs and then EPA Region

IX PRGs were compared.

Concentrations of detected organochlorine pesticides (excluding Beta-BHC), SVOCs, and PCBs were below their
respective SRLs. Examination of the SRLs, HBGLs and PRGs indicates that a screening level for Beta-BHC has
not been estabished. However, because Beta-BHC was detected in only two samples with the highest concentration
of 0.038 mg/kg, no further consideration of this compound appears necessary. The detected metals, with the
possible exception of copper and lead, were consistent with relevant background soil concentrations in Arizona
(HLA, 1995¢c and Earth Technology, 1991). In addition, all detected metals were well below their respective SRLs.

VOCs were not detected in surface soils at the Site.

6.2 Subsurface Soils

Subsurface soils have been evaluated in a number of ways by several different consultants.

6.2.1 HDR Soil Investigation
The earliest work in characterizing subsurface soils was conducted as part of the channelization and Landfill
relocation effort in 1982 (HDR, 1982). In conjunction with the relocation effort, during the period of March 1982,

ninety core holes were drilled and sampled in a grid over the area to be relocated to determine the types and
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quantities of materials to be relocated and to evaluate the presence of hazardous materials. More than 306 soil
samples were collected from the test holes of which, approximately 124 underwent Fingerprint Analysis and
Complete Profile. The Fingerprint analysis consisted of measurements of pH, flashpoint, cyanide content, and
explosivity. The Complete Profile consisted of EP toxicity testing, solvent screening, and miscellaneous analyses
(i.e., phenolic compounds, ammonia, and total solids). The results of the subgrade investigation (HDR, 1982)
indicated that none of the collected samples were determined to be hazardous. Also, the results of the solvent
screening did not show the presence of any solvents above the method detection limit for any of the soil samples
collected. However, the solvent scan did not include, cis-1, 2-Dichloroethene or Vinyl Chloride. Consequently the

presence of these compounds within the former Landfill could not be confirmed.

In addition to the test hole sampling, soils and landfill material removed from the riverbed were also screened for
hazardous constituents using field instruments and an onsite mobile laboratory during the relocation. Materials
suspected of being hazardous were segregated and tested. Approximately 20 cubic yards of such materials found to
contain non-organic hazardous waste were shipped under manifest to an approved offsite RCRA Permitted facility.
These materials consisted of several severely deteriorated 55-gallon drums in which the remaining contents and
surrounding contaminated soil met appropriate hazardous waste characteristics. The contents of four drums were
considered ignitable because the flashpoints of the contents were Jess than 140 degrees Fahrenheit. The contents of
five other containers were classified as toxicity characteristic wastes because the EP-toxicity limits exceeded the
hazardous waste limit for lead. The remaining non-hazardous materials were relocated on top of the remaining
Landfill and in the area immediately east of the original Landfill boundary. No other information was available on
whether or not confirmatory soil and groundwater samples were collected upon removal of the wastes.
Consequently, there was no documentation, which demonstrated that all hazardous materials had been removed, and
no residual hazardous constituent concentrations remain in the subsurface soil that could serve as a potential on-
going source of VOCs in the soil and groundwater. Based on these findings further source characterization of the

former Landfill (i.e., Salt River Bottom) was performed (See Section 6.2.5).
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622 SH&B Soil Investigation

Physical characterization of subsurface soils and refuse along the northern boundary of the Site and along the
eastern boundary of the Bradley Landfill was conducted by SH&B in 1987 for the East Papago-Hohokam-Sky
Harbor Freeways and in particular State Route 153 (SR-153). During this investigation soil borings were drilled,
test pits were excavated and gas monitor wells were installed (SH&B, 1987). The locations of the soil borings and

test pits are illustrated in Figure 6.2.

Several of the test borings and pits along the northern boundary of the Site revealed the presence of landfilled
material up to a depth of 45 feet. The majority of the material was classified as wood, glass, plastic, metal, paper
and other innocuous materials. Samples were field screened for the possible presence of hazardous constituents but
none were encountered. Landfilling appeared to be relatively continuous under the northern boundary of the Site.
No landfill refuse was encountered in the test pits or borings installed in the river bed in the area of the former Estes
Landfill, suggesting that materials were not left in place during the relocation effort. A summary of the materials
encountered is included in Table 6.2. Because, no soil samples were collected for chemistry analysis the actual
depth of potentially impact soil within the Landfill could not be determined. In addition, there is a concern that
impacted soil could potentially extend well below landfilled waste depths. Consequently, further characterization of

the subsurface waste and soils within the Landfill was conducted (See Section 6.2.5).

Based on the SH&B work, the material reported in the borings on the eastern end of Bradley consisted of domestic
refuse and construction debris. (Note: The Bradley Landfill has reported that only construction debris is accepted.

Also, soil gas data from the eastern end of Bradley indicated low concentrations of VOCs [SH&B, 19871.)

6.2.3 Hargis + Associates Soil Investigation

Additional analysis of subsurface soils was conducted by Bank One during May 1993. Bank One contracted with
Hargis + Associates to evaluate whether hazardous materials had been relocated during the Landfill relocation work
conducted in 1982. The area of investigation was the eastern portion of the relocated refuse (Figure 6.3). As part of
the Hargis + Associates investigation, a total of seven soil borings were drilled using hollow stem augers until

encountering native soil; encountering auger refusal; or detecting explosive concentrations of methane gas. Soil
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drive samples were collected at ten-foot intervals. The material encountered in the soil borings appeared to be
predominantly sands, gravels and cobbles with varying amounts of construction or household garbage such as glass,
wood, plastic, wire and rubber. Twelve soil samples were submitted for laboratory analysis of total metals, VOCs,
organochloride pesticides, PCBs, Toxicity Characteristic Leaching Procedure (TCLP) lead, and moisture. However,
organophosphorus pesticides and chlorinated herbicides were not performed as part of the analytical scan because
the use of these compounds is not as common as organochlorine pesticides. However, the latest subsurface soil

sample results did include these compound groups (See Section 6.2.5).

Of the samples submitted for analysis of VOCs, only low concentrations of 1,2- and 1,4-dichlorobenzene (DCB)
were identified. These compounds were identified in every sample except two and concentrations ranged from 0.04
mg/kg to 2.0 mg/kg. One sample contained leachable lead at 0.14 mg/l, well below the maximum allowable toxicity
characteristic concentration of 5.0 mg/l (40 CFR Part 261.24 (a)). Detectable concentrations of the organochlorine
pesticides 4,4'-DDT, 4,4'-DDE and 4,4'-DDD were reported at less than 1 mg/kg in select samples and the PCB
arochlor 1242 was detected at 0.03 mg/kg in one sample. No TCE was detected. Soil sample analytical data are

included in Tables 6.3 and 6.4.

Based on the field data and the laboratory analytical results discussed above, it appears that very low levels of
hazardous constituents were detected within the relocated refuse deposited east of the original Landfill boundary.
The refuse encountered in the soil borings was predominantly composed of whaf would be classified as construction
debris and typical household garbage. The following detected compounds were all below their respective ADEQ
residential SRLs of 1100 mg/kg for 1,2-DCB, 13 mg/kg for DDE and DDT, and 2.5 mg/kg for PCBs. However,
the total lead concentrations from samples EL-2 (10'-11") and EL-7 (40'-41") exceeded the residential SRL (400

mg/kg) but was below the non-residential SRL (2000 mg/kg).

6.2.4 HLA Drilling and Sampling
Lithologic logging of subsurface soils has been conducted since 1989, beginning with the installation of monitor
wells EW-1 through EW-6 (HLA, 1990), and has continued through 1996 with the installation of soil borings B-1,

B-2, and EW-19. Drilling methods utilized at the Site were unable to retrieve relatively undisturbed samples prior
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to 1996, when the Rotosonic™ drilling method was used. Monitor wells EW-1 through EW-14 and EW-RW1 were
drilled using an air rotary drill rig equipped with a pneumatic casing hammer. In this drilling method a rotary drill
bit is advanced as an outer casing is driven into the subsurface to keep the borehole open. Soil samples associated
with this drilling method were limited to grab samples of the drill cuttings that were lifted to surface with
compressed air and formation water. The disturbed drill cuttings collected from this drilling technique were used to

log the boreholes according to the Unified Soil Classification System.

In an effort to obtain more detailed lithologic data for the Site, additional measures were taken to retain a greater
percentage of fines in the grab samples from well EW-RW2. This well was drilled using a dual rotary drill rig that
utilized a conventional rotary drill bit advanced ahead of an outer casing, which is rotated and advanced with the
borehole. The drill cuttings were brought to the surface with compressed air that forced the cuttings up through the
annulus between the drill rods and the outer casing and out through a separation cyclone. To obtain more detailed
lithologic information a geologic sample bag holder was constructed from six-inch PVC casing and periodically
inserted beneath the cyclone to collect more representative grab samples from defined intervals. Through this
method, samples from fifteen intervals were selected for detailed sieve analysis to supplement the visual logging of

drill cuttings.

During the subsequent drilling of monitor wells EW-15 through EW-18 and piezometers EW-PZ1 through EW-
PZ6, continued efforts to obtain more detailed lithologic data were implemented. These wells were installed using
dual wall percussion hammer techniques where a dual wall drive pipe is driven into the formation and cuttings are
blown back up the inner pipe and out a separation cyclone with compressed air. Because this drilling method does
not utilize a rotary bit, a much coarser fraction of the sample is left intact and discharged out the cyclone at the
surface. Grab samples were also collected from the cyclone during this drilling method for visual classification.
Selected intervals were collected in 55-gallon drums, the water was decanted and samples were submitted for sieve
analysis, hydrometer testing, evaluation of Atterberg limits, and analysis of organic content. These geotechnical

parameters were evaluated on eight intervals from EW-15 and seven intervals from EW-16.
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The 1996 Rotosonic™ drilling method was utilized in an effort to obtain relatively undisturbed subsurface soil
samples. This drilling method utilized a specifically designed hydraulic powered drill head or oscillator which
generates adjustable high frequency vibrational forces to advance the drive pipe. The method allows for the
collection of a continuous core of alluvial material and provides the best mechanism to evaluate the physical and
chemical characteristics of soil within the aquifer. Two soil borings, B-1 and B-2, were drilled 375 feet west and

250 feet west of the source area, respectively (Figure 6.4).

Drive samples and subsamples obtained from the continuous core were collected during the drilling of borings B-1,
B-2, and EW-19 for geotechnical, chemical and/or biological analyses. In an effort to further define the
hydrostratigraphy, soil samples from borings B-1 at depths of 77, 80, and 90 feet bgs, B-2 at a depth of 54 feet bgs,
and EW-19 at depths of 70 and 85 feet bgs, were analyzed for vertical permeabilities and specific gravity. Bulk
samples from boring B-1 at the intervals 0-5 feet bgs, 6.5-11 feet bgs, 28-34 feet bgs, 46-51 feet bgs, 60-65 feet bgs,
75-80 feet bgs, 86-91 feet bgs, and 103-110 feet bgs were submitted for sieve ana_lysis, hydrometer testing, and
determination of specific gravity. In addition, drive samples from boring B-2 at depths of 5 feet bgs and 10 feet bgs
were analyzed for moisture density and triaxial shear. As part of the biodegradation bench scale pilot test, soil

samples were evaluated for the presence of microbial populations capable of biodegrading organic compounds.

Drive samples and subsamples from the continuous core were collected from units F2 and F3 using for physical,
biological, and chemical analyses. Results from the physical analyses indicated that unit F2 had vertical
permeabilities ranging from 1 x10 to 1 x10® cm/sec, whereas unit F3 had a vertical permeability of 1 x10? cm/sec
(Table 4.2). These results illustrate the contrasts in permeabilities between the different hydrostratigraphic units.
Results of the sieve analyses at soil boring B-1 showed diverse distribution of gravel, sands, and fines (Table 4.1).
The highest percentage of fines was present in the upper eleven feet where 44.8% of the upper five feet were
composed of fines and 39.0% of the interval from 6.5 feet to 11 feet were composed of fines. Below that, the
percentage of fines ranged from 6.6% to 17.7% in the 28 to 34 foot depth and the 60-65 foot depth, respectively.
These results indicate that the greatest percentages of fine-grained material is Jocated above the water table in unit

F1 and near the top of unit F2.
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The results of chemical analyses of the soil samples from borings B-1 and B-2 indicated that VOCs were reported at
concentrations below the residential SRLs. Review of the QA/QC data packages provided by Mckenzie
Laboratories indicated that the detections of these VOCs (except for Dibromochloromethane) may be due to
laboratory background contamination and that an “Out of Control Event Form” was generated for the detections
(Table 6.5). Based on this information, it must be concluded that Dibromochloromethane was the only VdC
detected in sample B-2-90 at a concentration below the residential SRLs. However, when comparing the reporting
limit for Vinyl Chloride (i.e., 0.05 mg/kg), which was not detected in any of the samples, to the nonresidential SRL
(i.e., 0.035 mg/kg) the reporting limit was too high. Consequently, no conclusion could be reached on the presence
of Vinyl Chloride in the soil boring locations. No VOC contaminations were found in water leachability tests,

during which the soil samples were saturated with water, and the water fraction was analyzed.

6.2.5 ESE Subsurface Soil Investigation of Former and Current Landfill

6.2.5.1 Investigation of Current Landfill

ESE’s review of the draft RI data indicated that source characterization within the western and central portions of
the current Landfill had not been conducted, and soil gas survey results indicated the potential presence of other
VOC sources within the Landfill. Therefore, further source characterization of the Landfill was conducted on May
1999, which consisted of drilling 21 soil borings; QST-B1 through QST-B21 (Figure 4.1) to depths ranging from 50
to 90 feet below the ground surface (bgs). The rationale, soil boring procedures, soil and groundwater grab sample

collection methods, and analytical requirements are summarized in Section 4.8.1,

The analytical results of the collected soil samples indicated the presence of VOCs in samples collected from QST-
B2 @ 8 and 65 feet bgs; QST-B14 @ 50 feet bgs; QST-B16 @ 26 feet bgs; QST-B17 @ 15 feet bgs; QST-B20 @
25 feet bgs; and QST-B21 @ 20 feet bgs. However, in all cases, the concentrations of the detected VOCs were well
below their respective residential SRLs. One of the more common VOCs detected in the soil samples that is also a
groundwater compound of interest was 1,4-DCB. Other groundwater compound of interest that was detected in the
soil samples was Chlorobenzene. SVOCs were detected in samples collected from QST-B11 @ 66 feet bgs; QST-
B14 @ 50 and 76 feet bgs; and QST-B16 @ 26 feet bgs, which were all below their respective residential SRLs.

PCB:s in the form of Aroclor 1242 were detected in samples collected from QST-B2 @ 8 feet bgs and QST-B15 @
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39 feet bgs. The concentration of Aroclor 1242 in QST-B2 (3,200 ug/kg) exceeded the residential SRL (2,500
ug/kg) but was below the nonresidential SRL. Other organic constituents were detected in only a few samples (i.e.,

organochlorine pesticides), which were below their respective residential SRLs.

Total Metals were detected in all of the collected samples. Of these detected metals, Arsenic exceeded
nonresidential SRLs in samples collected from QST-B3 @ 75 feet bgs; QST-B10 @ 50 feet bgs; and QST-15 @ 66
feet bgs. In addition, Thallium, which has no SRL or other regulatory action level, was detected in samples
collected from QST-B14 @ 76 feet bgs; QST-B15 @ 66 feet bgs; and QST-B16 @ 26 feet bgs. Lastly, Manganese
was detected in the sample collected from QST-B135 @ 66 feet bgs, which exceeded the residential SRL but was

below the nonresidential SRL.

Based on these results, no significant sources of VOCs were identified in the areas sampled within the Western and
Central portions of the Landfill. Although, this does not imply that VOC sources do not exist, it does provide a
higher level of confidence that the former liquid waste disposal pit is the primary source of VOC within the
Landfill. In terms of the detected metals, Arsenic and Thallium are considered compounds of interest in the Landfill
because they exceeded appropriate action levels and were detected at a frequency of greater than 5 %. The soil

sample results of the Landfill investigation is provided in Table 6.6.

The grab groundwater samples collected from the boreholes were used solely for screening purposes and cannot be
used as valid data for the RI and FS assessment. The analytical results for organic compounds of the collected grab
groundwater samples indicated the presence of VOCs in samples collected from Boring QST-B1 through QST-BS,
and QST-B12 through QST-B21. As anticipated, the VOC concentrations were significantly higher in groundwater
samples collected from the western portion of the Landfill than groundwater samples collected from the central
(relocated) portion. This elevation of VOC concentrations in the western portion of the Landfill was obviously due

to the existing groundwater plume.

In terms of the VOCs found in grab groundwater sample collected from the western Landfill soil borings (i.e.,

Boring QST-B1 through QST-B8) concentrations of VC that exceeded AWQSs in all of these collected samples.
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Concentrations of cis-1,2-DCE exceeded AWQSs in borings QST-B2, QST-BS, and QST-B6. All other detected
VOC in western boring groundwater samples were below their respective AWQSs. In addition, the VOCs detected
in all of the remaining boring groundwater samples were either non-detect or below their respective AWQSs.
Figure 4.3 provides a distribution of the predominant signature chemicals (i.e., VC & cis-1,2-DCE) in groundwater
grab samples (collected May 1999) directly beneath the Landfill. Review of this figure would confirm the finding
of the soil samples, that significant (other) sources of VOCs in the areas investigated were not present. Other

organic compounds detected in the grab groundwater samples were below their respective AWQSs.

In terms of the results for Total Metals, the groundwater grab samples indicated the presence of majority of the
analyzed metals at concentrations exceeding AWQSs. However, because the collection of the grab groundwater
samples was for screening purposes only and was not collected from properly installed wells, the detection of these
metals that exceeds AWQSs cannot be used as valid data in the RI assessment. The groundwater grab sample results
of the Landfill investigation is provided in Table 6.7. The laboratory reports for the collected soil and groundwater

grab samples are provided in Appendix K.

6.2.5.2 Investigation of Former Landfill

Because previous groundwater data indicated the presence of VOCs within wells downgradient to the former
Landfill (i.e., EW-11 and EW-22) which exceed ADEQ s AWQSs, further investigation of the potential VvoC
sources within the former Landfill was necessary. Usually, determining potential subsurface sources is completed
by placement of soil borings within the former Landfill. However, ESE was aware that the presence of cobbles
within the Salt River Bed would make collection of soil samples extremely difficult (if not impossible).
Consequently, ESE elected to install two groundwater monitoring wells (EW-24 and EW-25) within the former
Landfill in lien of soil borings. The locations of the two wells (Figure 4.1), north and northwest of the current
Landfill configuration, would provide critical data on whether or not the former Landfill area was contributing to
the impact of VOCs in groundwater. In addition, these wells would provide additional data points for determination
of upgradient and crossgradient VOC degradation conditions. The rationale, well installation and soil sample

collected procedures, and analytical requirements are summarized in Section 4.8.2.
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The analytical results for organic compounds of the collected soil samples were all below their respective method
reporting limits. In terms of the results for Total Metals Arsenic was detected samples collected from EW-24 @ 50
feet bgs and EW-25 @ 35 feet bgs at concentrations that exceeds the nonresidential SRLs. In addition, Thallium,

which has no SRL or other regulatory action level, was detected in the sample collected from EW-24 @ 50 feet bgs.

Based on these results, no significant sources of VOCs were identified in the areas sampled within the former
Landfill. Although, this does not imply that VOC sources do not exist, it does provide a higher level of confidence
that the former liquid waste disposal pit within the existing Landfill is the primary source of VOC. In terms of the
detected metals, Arsenic and Thallium are considered compounds of interest in the former Landfill because they
exceeded appropriate action levels and were detected at a frequency of greater than 5 %. The soil sample results of
the former Landfill investigation is provided in Table 6.6. The laboratory reports of the soil samples collected are

provided in Appendix K.

6.2.6 Surface Geophysical Survey

In 1992, Geophysical surveys were conducted at the surface in an effort of delineate the extent of the Landfill and
improve knowledge of the geologic structure beneath the Site (HLA, 1995b). Two geophysical techniques were
used: electro-magnetic profiling and sounding (EM) and vertical electrical resistivity soundings (VES). EM surveys
were performed using Geonics EM31-D and EM34-3 inductive terrain conductivity measuring systems. The VES
survey was conducted using a four-electrode Schlumberger DC resistivity array. Both methods measure the
electrical properties of earth materials. The locations for the surveys conducted as part of the study are illustrated

on Figure 6.7.

Two EM34-3 test profiles intersecting at monitor well EW-3 were conducted within the study area. The first profile
line began east of the Site at the southern boundary and extended 1,800 feet north through EW-3 and terminated
approximately 450 feet north of the southern bank of the river. The second profile line began 500 feet east of EW-3

and extended 2,800 feet west through EW-3, over the relocated refuse and terminating in the river.
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The analytical results for organic compounds of the collected soil samples were all below their respective method
reporting limits. In terms of the results for Total Metals Arsenic was detected samples collected from EW-24 @ 50
feet bgs and EW-25 @ 35 feet bgs at concentrations that exceeds the nonresidential SRLs. In addition, Thallium,

which has no SRL or other regulatory action level, was detected in the sample collected from EW-24 @ 50 feet bgs.

Based on these results, no significant sources of VOCs were identified in the areas sampled within the former
Landfill. Although, this does not imply that VOC sources do not exist, it does provide a higher level of confidence
that the former liquid waste disposal pit within the existing Landfill is the primary source of VOC. In terms of the
detected metals, Arsenic and Thallium are considered compounds of interest in the former Landfill because they
exceeded appropriate action levels and were detected at a frequency of greater than 5 %. The soil sample results of
the former Landfill investigation is provided in Table 6.6. The laboratory reports of the soil samples collected are

provided in Appendix K.

6.2.6  Surface Geophysical Survey

In 1992, Geophysical surveys were conducted at the surface in an effort of delineate the extent of the Landfill and
improve knowledge of the geologic structure beneath the Site (HLA, 1995b). Two geophysical techniques were
used: electro-magnetic profiling and sounding (EM) and vertical electrical resistivity soundings (VES). EM surveys
were performed using Geonics EM31-D and EM34-3 inductive terrain conductivity measuring systems. The VES
survey was conducted using a four-electrode Schlumberger DC resistivity array. Both methods measure the
electrical properties of earth materials. The locations for the surveys conducted as part of the study are illustrated

on Figure 6.7.

Two EM34-3 test profiles intersecting at monitor well EW-3 were conducted within the study area. The first profile
line began east of the Site at the southern boundary and extended 1,800 feet north through EW-3 and terminated
approximately 450 feet north of the southern bank of the river. The second profile line began 500 feet east of EW-3

and extended 2,800 feet west through EW-3, over the relocated refuse and terminating in the river.
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Results from the EM34-3 showed that the depth of landfilling could be partially delineated, but the results from the
131 foot coil spacing did not provide sufficient depth of investigation to clearly delineate the depth of landfilling or
underlying geology. The maximum depth of investigation of 50 feet with a 6 foot coil spacing implied that the
technique would provide data for 20 feet beneath the 30 foot high landfill mound. This technique would have been
useful for delineating the areas of deeper landfilling under the mound. However, this technique could not clearly
delineate the total depth of landfilling, and thus was not considered to be of a significant value to continue the

survey.

The EM31-D data coverage included one profile line along the road on the south bank of the river between the
Landfill and the Salt River. An area survey was conducted across the western portion of the Site between the main
entrance on the west and the fence surrounding the relocated refuse on the east. The area survey data were collected
along 24 north-south gridlines spaced at approximately 30-foot intervals. In addition, a reconnaissance survey was
completed at the location of the liquid waste disposal pit. The reconnaissance survey was used to map the

i
boundaries of the pit based on the differences in conductivity values.

The EM31-D survey conducted along the Salt River noted some high in-phase signal data for the areas near monitor
wells EW-2 and EW-9. As previously noted, the SH&B well logs noted wire in this area. It is possible that these
high in-phase readings are indicative of metal containing debris, which would correlate with wire that was noted by
SHé&B logs from this area. The measured conductivity values appear to be related to the depth of burial. The soil
borings conducted by SH&B in 1987 (SH&B, 1987) indicated depths of 13 feet to refuse near EW-16, and only 5
feet west of EW-9, This would indicate substantial refuse is buried under the road near the eastern end of the

relocated refuse at depth shallower than approximately 20 feet.

The gridded EM31-D survey conducted in the western portion of the Landfill also provided data on possible areas
of landfilled material, although the results are not conclusive. Based on HLA's previous experience at landfill sites,
the EM contour data suggest that landfilling activity has taken place area east of the main gate. The apparent
conductivity values for the EM contour map (HLA, 1995b) show lateral changes in conductivity that are due to one

or more of the following: variation in depth and volumes of landfilled materials, changes in soil type, or changes is
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soil moisture. The high conductivity values measured near the metal boundary fence along the Salt River mask the
underlying conductivity variations due to landfilled material. The effect that metal fences have on the results was
shown by elevated conductivity and in-phase signal along the north and south perimeter fences which bound the

survey area.

The EM31-D successfully identified the buried pit area, and indicated that some landfilling had taken place west of
the mound. The reconnaissance survey of the waste disposal pit area located a strong resistivity contrast between
the presumed fill material and the surrounding soils. Location of this feature is clearly defined along its east-west
extent, but delineation of the feature in a north-south direction proved difficult due to the presence of the power

lines and fences (see Figure 6.17).

One vertical electrical resistivity soundings (VES) profile was performed at a location 50 feet east of monitor well
EW-3 in a north-south orientation (Figure 6.7). For this survey, three sets of potential elecfrodes were utilized, with
spacings of 1.64, 13.12, and 32.81 feet from the center point of the survey. This results in overlap of the data
coverage as depth of measurement is a function of both current electrode spacing and cottage electrode spacing.
VES measurements were made using a Bison Instruments Model 2390 signal averaging resistivity system. Current
electrodes consisted of copper-clad steel stakes driven into the ground. Voltage readings were made using

nonpolarizing copper-clad sulfate electrodes.

VES results are typically presented as columnar sections showing the layered earth resistivity values. Resistivity
values range from 33 to 546 ohm-m for the upper 40-foot thick layer (alluvium composed of dry sandy gravel) and
2 ohm-m in the 18-foot thick lower layer (highly conductive material that may be sand and gravels saturated with
water having high ionic content or saturated clays). Below the depth of 58 feet is material having resistivity of 22.5
ohm-m (moist to saturated gravelly sand with low to moderate silt and clay content). No other contrasting layers
were identified below 58 feet, which indicates that the Tempe Beds have insufficient electrical conductivity contrast
from the soils above to present a target for surface geophysics. Downhole geophysical logs completed by Welenco

on January 11, 1989 at well EW-3, also show that the Tempe Beds have little resistivity contrast (resistivity increase
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from 25 to 40 ohm-m) from the overlying formation. Based on the results, no further VES soundings were
performed.

Overall, the geophysical data collected indicate that refuse is likely buried under the western portion of the Site.
Refuse also appears to be buried under the berm road along the Salt River from the area just east of EW-16 to the
area just west of EW-9. The majority of the northern boundary of the Site appears to be underlain by refuse. The
data do not indicate the presence of drum disposal. The survey conducted over the relocated refuse identified an
area of deeper refuse burial that was noted in the aerial photographs. The survey data also confirmed that refuse
was not present in the river at the two locations surveyed. The survey was most useful in accurately locating the

east and west boundaries of the buried waste disposal pit that is the primary source area.

6.3 Soil Gas

The primary objective of soil gas sampling was to identify possible areas of subsurface soil impacted by VOCs.
Two soil gas surveys were performed at the Site. A Phase I study was conducted in 1991 and a Phase II study in
1994, The secondary objective of the Phase II study was to evaluate potential landfill gas emissions. The
discussions of soil gas are subdivided into three parts, the Phase I results, the Phase II results, and results of the
landfill gas investigation. Overall, soil gas sampling indicated very low concentrations of VOCs in soil gas across

the entire Site.
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6.3.1 Phase I Soil Gas Study

A soil gas study was conducted in March 1991, the results of which were presented in the Source Verification/Soil
Gas Survey (HLA, 1991b). The preliminary survey concentrated on two main portions of the Site, including the
source area located along the southern boundary, and the western portion of the Site. The Phase I soil gas sample
locations are shown on Figure 6.5. There were 16 soil gas sampling locations (SG-1 and SG-3 through SG-17) in
the vicinity of the suspected source area. Sample locations in this area were selected by using a 100 x 100-foot grid
style pattern. Sampling was conducted at the approximate corners of the grid. An additional 16 soil gas sampling
locations were located on the western portion of the Site (SG-2 and SG-19 through SG-33). These locations were
also selected using a grid pattern; however, the spacing was slightly more irregular and closer to 200 x 200 feet. No
sampling was performed on the relocated portion of the Estes Landfill or along the northern Site boundary, adjacent

to the river during this preliminary survey.

Three soil gas sample locations were selected along 40th Street just west of the Estes Landfill (SG-34 through SG-
36). These locations were selected to evaluate VOC concentrations in soil gas downgradient and offsite. Two
additional sampling locations (SG-18 and SG-37) were selected near the southeast limits of the original Estes
Landfill boundary and east of the source area. These final two locations were selected hydraulically upgradient,
based on the groundwater flow direction, from the source area because of detections of both halogenated and

aromatic VOCs detected at the northeast corner of the Bradley Landfill (SH&B, 1987).

Soil gas vertical profiles were conducted at the first two locations (SG-1 near the eastern well cluster and SG-2 near
the western well cluster) at depths of 5, 10, 15 and 20 feet bgs. Analysis of vertical contaminant distribution
profiling was conducted to evaluate whether significant differences in chemical concentrations were observed with
depth. Soil gas results from the first two points of this survey indicated concentrations increased between depths of
5 and 10 feet bgs, but remained relatively stable below 10 feet. Therefore, the remaining soil gas samples were
collected at 10 feet bgs. The list of target chemicals was based on groundwater quality data. Using EPA Test
Method 601, soil gas samples were analyzed in an onsite mobile lab for VC, cis-1,2-DCE, 1,1-DCE, TCE, 1,2-DCB,

PCE, benzene and chlorobenzene. Two duplicate samples were submitted to a stationary laboratory for analysis of
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the full snite of 601 compounds. Only one additional 601 compound was present in the two duplicate samples; 1,4-

DCB at 1.30 g/l and 3.32 ng/l.

While all analytes of interest were detected in at least one sample, the overall concentrations of the analytes were
very low. Concentrations of VOCs ranged from less than the detection limit of 0.01 (<0.01) ug/l to 21.60 ug/l.
Concentrations of TCE, cis-1,2-DCE, and VC ranged from <0.01 n.g/l to 10.60 ng/l. Specifically, concentrations
for TCE were very low and only four locations had concentrations above the trace level established at 0.1 ug/l, and
the greatest concentration detected was 0.35 g/l at the northwest corner of the relocated refuse mound (Figure 6.8).
Concentrations of cis-1,2-DCE were also low, with only five locations exceeding 1.0 ug/l. The greatest
concentration of cis-1,2-DCE was 8.36 g/l near the source area (Figure 6.9). Concentrations of VC were only
slightly higher than the cis-1,2-DCE concentrations with 13 locations exceeding 1 ug/l (Figure 6.10). The greatest
VC concentration, 10.1 ug/l, was also detected near the source area. Chlorobenzene had the greatest detected soil
gas concentration at 21.6 ug/l (Figure 6.11). The results for cis-1,2-DCE, VC and chlorobenzene were generally
outlined in two different areas on the Landfill. One area was the source area, and the other was on the west central
portion of the Site. Soil gas results from samples collected along 40th Street were all below analytical detection
limits. Analytical results are presented in Table 6.8. The detection of VOCs in soil gas reading across the site
indicated that other potential VOC sources (in addition to the liquid disposal pit) may exist within the Landfill
boundary. However, based on the results of ESE’s subsurface soil investigation of the current Landfill (Section
6.2.5), no other significant sources of VOCs were identified. Although, this does not imply that VOC sources do not
exist, it does provide a higher level of confidence that the former liquid waste disposal pit is the primary source of

VOC within the Landfill.
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6.3.2  Phase II Soil Gas Study

In August 1994, a Phase II soil gas study was conducted to evaluate areas not sampled during the Phase I study.
Detailed results were presented in the Remedial Data Acquisition report (HLA, 1995b). A total of 46 soil gas
locations were sampled and analyzed for a select suite of halogenated and aromatic VOCs (Figure 6.6). Phase II
soil gas sample locations included the area of relocated refuse. Twenty soil gas probes were driven to between 25
and 30 feet bgs on a grid spacing of approximately 200 x 200 feet on top of the relocated refuse (SG-122 through
SG-141). Elsewhere soil gas samples were collected from approximately 10 feet bgs on the original portions of the

Site.

Another area evaluated during the Phase II survey was the northern area, between the relocated refuse and the Salt
River, because refuse was reportedly present in this area (SH&B, 1987). Twelve soil gas points were surveyed, one
approximately every 100 feet along the existing access road adjacent to the river (SG-110 through SG-121).
Additionally, eight Phase I soil gas locations were resampled during the Phase II investigation for possible
correlation purposes and to verify soil gas readings noted east of the source area during the earlier survey (SG-101
through SG-108). Six sampling points above and beyond the original scope of work were added near the source

area and to the east of the pit (SG-107A, SG-107B, SG-108A, SG-109, SG-109A and SG-109B).

The concentrations of halogenated VOCs over the entire area surveyed were very low and generally less than 1.0
ug/l. The results for carbon tetrachloride, chloroform, 1,2-dichloroethane (1,2-DCA), Freon 11, Freon 113,
methylene chloride, PCE and 1,1,1-TCA were each below detection. The concentrations of TCE were low and less
than 1 g/l except for sample SG-120, located near the northeast comner of the northern access road, where a
concentration of 5 1g/l was detected (Figure 6.12). The greatest concentrations of total 1,2-DCE and VC were 2.0
ug/1, on the western portion of the Site near the northwest corner of the relocated refuse and near the source area
(Figures 6.13 and 6.14, respectively). These concentrations were lower than those reported during the Phase I
survey. The majority of the VC concentrations were less than 0.02 p.g/l and the majority of the total 1,2-DCE

concentrations were less than 0.5 ug/l.
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Concentrations of the aromatic VOCs including benzene, toluene, ethylbenzene and xylenes (BTEX),
chlorobenzene, and the dichlorobenzenes were also detected in several locations. While these concentrations were
slightly higher than the halogenated constituents, only chlorobenzene and the dichlorobenzenes have been routinely
detected in groundwater. Concentrations of chlorobenzene ranged from below detection to less than 3 pg/l across

the original Landfill and from below detection to 59 ng/l beneath the relocated refuse (Figure 6.15).

During Phase I, two soil gas samples, collected several hundred feet east of the source area, showed detectable
concentrations of cis-1,2-DCE and VC (Figures 6.9 and 6.10). This location, east of the source area, was further
evaluated during the Phase II investigation. The results from the Phase II sampling in this area (SG-108) showed
soil gas detections east of the source area and outside of the original Estes Landfill. Additional samples collected
further south and east (SG-108A and SG-109, -109A, and -109B) indicated that concentrations were greater in the

samples collected closer to the Bradley Landfill for several compounds, including TCE, PCE, total xylenes, and VC.

The greatest concentrations of soil gas constituents reported were for methane. Concentrations of methane ranged
from less than 1,000 xg/l to 190,000 ..g/l, suggesting that methane production is occurring at the Site despite the

age of the Landfill. Analytical results are presented in Table 6.8.

While soil gas concenﬁations were generally low in both surveys, those measured during the Phase If Soil Gas
Study were less than those reported during the Phase I survey. The difference in concentrations may be the result of
different depths to groundwater at the time of sampling events. The depth to water was approximately 15 feet
shallower during the Phase II survey then during the Phase I investigation. Low soil gas concentrations were found
at the source area, the western portion of the Landfill, near the northwest corner of the relocated refuse, and areas
below the relocated refuse. The detection of VOCs in soil gas reading across the site would indicate that other
potential VOC sources (in addition to the liquid disposal pit) may exist within the Landfill boundary. However,
based on the results of ESE’s subsurface soil investigation of the current Landfill (Section 6.2.5), no other
significant sources of VOCs were identified. Although, this does not imply that VOC sources do not exist, it does
provide a higher level of confidence that the former liquid waste disposal pit is the primary source of VOC within

the Landfill.

Environmental Science & Engineering, Inc. 6-19



Estes Landfill Remedial Investigation Report

6.3.3 Landfill Gas Monitoring

In September 1994, HLA monitored the installation and sampling of 26 shallow and deep permanent landfill gas
monitoring probes located at 13 different locations around the Estes Landfill (HLA, 1995b). Installation of
permanent landfill gas monitoring probes was completed to provide a method for measuring methane and other
atmospheric gasses including carbon dioxide, oxygen, and nitrogen. The locations of the permanent probes, PP-1
through PP-13, are shown on Figure 6.16. Landfill gas monitoring was conducted on September 1 and 2, 1994.
Landfill gas samples were collected in precleaned Summa™ canisters provided by the laboratory. Additional details
regarding the installation and sampling of the permanent probes were presented in HLA's Remedial Data

Acquisition report (HLA, 1995b).

Concentrations of methane were detected in Landfill gas samples from 23 of the 26 locations. Detected
concentrations ranged from less than 5% to greater than 60% by volume in shallow and deep subsurface probe
samples. The greatest methane concentrations were reported for samples collected from the eastern portion of the
relocated refuse (PP-12 and PP-13). Methane was below detection limits in samples collected from the western-
most probes (PP-1 and PP-2), indicating that methane is not migrating offsite under 40th Street, and that there is no
buried refuse at that location. The presence of methane and methane production along the southern portion of the
Landfill is likely influenced by the presence of the Bradley Landfill, which is also a source of methane. Subsurface
concentrations of methane ranging from approximately 10% to 45% were detected along the river bank. However,
lateral migration of methane in this area would likely occur as diffusion out of the river bank. There are no
structures at the Site where Landfill gas can accumulate to cause a potential explosion hazard. However, should
future site redevelopment include the construction of enclosed structures, methane build up in these structures could

create an explosive condition.

During June 1995, three deep permanent gas probes were sampled and analyzed for VOCs using EPA Test Method
TO-14. These probes included PP-4, located near the western well cluster, PP-6, located near the source area, and
PP-7, located approximately 800 feet hydraulically upgradient from the source area (Figure 4.4). Results indicated

VOC concentrations (Table 6.9) were very similar to those reported during the Phase II soil gas survey. Detected
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compounds included BTEX, chlorobenzene, 1,1-DCA, total 1,2-DCE and VC. Concentrations of halogenated
VOCs were very low and generally less than 1.0 ng/l. The greatest detected aromatic VOC concentration was

chlorobenzene at 69 ng/1 in the soil gas sample from PP-6 located near the source area.

To evaluate offsite migration of methane west of the relocated refuse, HLA installed eight additional shallow and
deep permanent Landfill gas monitoring probes at four different locations east of the existing Site (PP-14 through
PP-17) on City owned property. These probes were sampled in July 1995. Again, Landfill gas samples were
collected in precleaned Summa™ canisters provided by the laboratory. Installation and sampling details were
presented in the Third Quarter 1995 Quarterly Report (HLA, 1995d). The locations of these probes were shown on
Figure 6.16. Methane was below detection levels in all eight samples, indicating that methane is not migrating
offsite to the east. The results of the methane monitoring conducted in 1994 and 1995 are summarized in Table

6.10.

On July 23, 1997, HLA perform methane monitoring on all 34 shallow and deep Landfill gas probes. When
collecting the methane samples, HLA followed the same procedures as above. In general the result of the methane
concentration were lower than previous monitoring results with methane detected in 16 of the 34 probes in
concentration that ranged from 0.6 to 23.7 % by volume. Like previous results the greatest methane concentrations
were reported for samples collected from the eastern portion of the relocated refuse (PP-12 and PP-13). Methane
was below detection limits in samples collected from the western-most probes (PP-1 and PP-2), indicating that
methane is not migrating offsite under 40th Street, and that there is no buried refuse at that location. In addition,
methane was not detected in probes PP-14 through PP-17, indicating that methane is not migrating offsite to the

east. The results of the methane monitoring conducted in July 1997 are summarized in Table 6.11.

In May 1999, ESE performed methane monitoring on all 34 shallow and deep Landfill gas probes. The rational,
sample collection procedure, and analytical requirements for the methane monitoring performed by ESE are
summarized in Section 4.8.5. In general the result of the methane concentration were much higher than the 1997
monitoring results, but was similar to the 1994/95 results. In this round of monitoring Methane was detected in 19

of the 34 probes in concentration that ranged from 1 to 68 % by volume. Like all of the previous results the greatest
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methane concentrations were reported for samples collected from the eastern portion of the relocated refuse (PP-13).
Methane was below detection limits in samples collected from the western-most probes (PP-1 and PP-2), indicating,
again that methane is not migrating offsite under 40th Street, and that there is no buried refuse at that location. In
addition, methane was not detected in probes PP-14 through PP-17, indicating that methane is not migrating offsite
to the east. The results of the methane monitoring conducted in May 1999 are summarized in Table 6.12. The

laboratory report of the methane results collected during this round of sampling is presented in Appendix K.

In order to compare the trend of methane production, all three rounds of methane results were compared together
(Table 6.13). Although the concentration of methane did vary from one sampling round to another no clear trend could
be established except that methane appeared to have the highest concentrations within the relocated portions of the
Landfill. In addition, it has been established that methane is not migrating west or east offsite. In addition, as
previously stated by HLA, the presence of methane and methane production along the southern portion of the
Landfill is likely influenced by the presence of the Bradley Landfill, which is also a source of methane. The current
concentrations of methane could create explosive conditions if low lying areas or enclosed structure were present.
However, because these types of site conditions are not present explosion potential due to build up of methane is
currently not an issue. Should future site redevelopment be planned which includes the construction of enclosed

structures, the potential of methane creating an explosive condition would be an issue of concern.

6.4 Groundwater

Groundwater samples collected from wells located in the vicinity of the Site were analyzed for specific chemical
compounds to evaluate Site groundwater quality. Thirty-one rounds of groundwater samples were collected during
the period September 1988 through December 1996. The results of these groundwater samples are presented in

Appendix A.

6.4.1  Monitor Well Network
The Site monitor wells were installed in six phases. The first phase was overseen by ADHS and consisted of four wells
(EW-NE, EW-E, EW-W and EW-NW) installed in 1982. These wells provide nearly 15 years of water quality history

for the Site. Because of their unusual design a brief description of these wells is provided. The wells were constructed
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with a 4-inch diameter PVC casing screened from 80 to 100 feet bgs, and an outer 8-inch diameter steel casing slotted
from 20 to 100 feet bgs. The annular space between the two casings is filled with pea gravel. This design indicates that
the groundwater sampled from these wells is potentially from multiple hydrostratigraphic units. Therefore, the water

quality results are used to represent average groundwater conditions.

Phases 2 through 5 of the monitor well installation program were overseen by HLA. The second well installation

phase, which included monitor wells EW-1 through EW-6, was conducted in 1988 and 1989 (HLA, 1990). The third
phase, which included monitor wells EW-7 through EW-14 and the aquifer test/recovery well EW-RW1, was

conducted in late 1990 and early 1991 (HLA, 1992g). A second aquifer test/recovery well (EW-RW2) was installed in |
late 1991 (HLA, 1992g). Phase 4 included monitor wells EW-15 through EW-18 and piezometers EW-PZ1 through
EW-PZ6 and was conducted in late 1993 (HLA, 1994b). Phase 5 included the installation of monitor well EW-19 and
piezometers EW-PZ7 through EW-PZ10 during early 1996. Monitor well EW-22, was installed in mid-1994 by Earth

Technology as part of a separate investigation.

Phase 6 was conducted by ESE, under contract to the ADEQ, and included the installation of monitor wells EW-23
through EW-26. Further details of the Phase 6 well installations are presented in Section 4.8 of this report. All of the

well completion specifications are provided on Table 6.14. The location of all of the wells are shown on Figure 1.3.

The Site monitor wells, excluding the piezometers and Well EW-2, are equipped with dedicated electric submersible
pumps and a sampling tee to facilitate the collection of groundwater VOCs for analysis, while minimizing
volatilization. The sampling tee also eliminates back pressure on the pump, thus reducing agitation of the groundwater.
The sampling and analysis procedures have been detailed in two Quality Assurance Project Plans (QAPPs) (Dames &
Moore, 1986 and HLA, 1992a) and various Sampling and Analysis Plans (SAPs) (HLA, 1991a, 1992b, and 1996a)
which have been prepared, submitted and approved by ADEQ. The following summarizes wells used to characterize
groundwater conditions during the course of the Remedial Investigation. '

Estes wells:

EW-1 through EW-19

EW-22
EW-23 through EW-26 (installed May, 1999)
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EW-PZ1 through EW-PZ10
EW-NE, EW-E, EW-W and EW-NW
EW-RW1 and EW-RW2
EW-OE

Bradley wells:
BW-NES (shallow) and BW-NED (deep)
BW-SES (shallow) and BW-SED (deep)
BW-SS (shallow) and BW-SD (deep)
BW-WS (shallow) and BW-WD (deep)
BW-P (production)

Tanner wells:
TW-1 through TW-5
TW-P (production)

Southbank wells:
. SB-1 through SB-7

Arizona Design Center wells:
ADC-1 through ADC-4

Thomas-Hartig wells:
TH-1, TH-8, TH-12 and TH-24

Tovrea/USGS well:
TW-USGS

6.4.2 Groundwater Sampling Program
In order to establish a baseline of data for groundwater at the Site, the four original wells (EW-E, EW-W, EW-NE,
and EW-NW), three Bradley wells (BW-WD, BW-SD, and BW-NED), and the Tanner production well (TW-P)
were sampled in September 1988, prior to installation of the second phase of Estes wells (EW-1 through EW-6).
These groundwater samples were each analyzed for VOCs and SVOCs by EPA Methods 624 and 625.
Additionally, these groundwater samples were analyzed for metals (antimony, arsenic, barium beryllium boron
cadmium, total chromium, copper, iron lead manganese, mercury, nickel, selenium, silver, thallium, and zinc) major
ions (calcium magnesium, potassium, sodium, ammonia, chloride, fluoride, nitrate, bicarbonate, carbonate, total

cyanide, and TKN), and indicators (pH and total dissolved solids).
Following installation of the second phase of Estes wells in late 1988 and early 1989, routine quarterly monitoring
was initiated (first quarter 1989). An evaluation of the VOC results from these sampling rounds indicated that VOC

analyses by EPA Methods 601 and 602 could be used to identify detected compounds and a lower detection limit
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would result. This change in method was approved by the ADEQ, and similar gas chromatograph methods are still
being used at the Site. The ADEQ also approved the elimination of SVOCs from the sampling program, due to the
lack of SVOCs in groundwater. Bis(2-ethylhexyl)phthalate, commonly associated with PVC wells, was the only
SVOC detected. During the first two sampling events of 1989, radionuclides were also sampled at the onsite
monitor wells. These parameters were also eliminated from the sampling program with ADEQ approval, because
they were not detected. Based on the review of aerial photographs that contained evidence of active agriculture at
the Site, pesticides and PCBs were analyzed for the onsite wells during the second quarter of 1989. Analysis of
pesticides and PCBs were also eliminated from the sampling program with ADEQ approval because no pesticides or
PCBs were detected. Groundwater samples were never analyzed for organophosphorus pesticides or chlorinated
herbicides because the use of these compounds is not as common as organochlorine pesticides. However, the latest

groundwater monitoring results did include these compound groups.

The phase one and two Estes wells and the background wells were routinely monitored from 1989 through 1991 for
VOCs, metals, general inorganics, and indicators as outlim;.d above. The third phase of wells (EW-7 though EW-
14) were added to this routine after their installation in 1991. In 1992, a Groundwater Monitoring and Sampling
Plan, Estes Landfill, Phoenix, Arizona (HLA, 1992b) was approved by ADEQ and implemented at the Site.
Changes to the list of analytes was minimal and included the elimination of inorganic compounds cyanide and total
Kjeldahl nitrogen, and the addition of the inorganic compounds total alkalinity and hydroxide alkalinity. Other
changes to the sampling routine included limiting the analysis to VOCs for five of the Estes wells (EW-1, EW-5,
EW-6, EW-10, and EW-13), the Bradley wells (BW-P, BW-WD, and BW-SD), and other offsite wells (TW-P, TW-
1, TW-4, SB-4, and SB-6). The wells EW-1, EW-2, EW-OE, EW-RW1, and EW-RW?2 were set up for sampling on

an annual basis.

Installation of the fourth phase of Estes wells (EW-15 through EW-18 and EW-PZ1 through EW-PZ6) was
completed in late 1993. These wells were sampled for VOCs, metals, and general inorganic compounds for three
consecutive rounds (fourth quarter 1993 through second quarter 1994). After that period, the analyte list for these

wells was limited to VOCs because a sufficient amount of metals and general inorganic data had been collected.
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ADEQ approved a modification in the number of wells sampled and a modification in the suite of analytes in a letter
dated October 20, 1995. This change limited the list of wells for quarterly sampling to EW-NW, EW-1, EW-4, EW-
9, EW-11, EW-14, EW-17 and EW-18 for analysis of VOCs by EPA Method 601 and 602, which was subsequently
been replaced by EPA Method 8021. This list is supplemented by biannual sampling of wells and piezometers
located in the eastern and western well clusters for VOCs and annual sampling to include metals and major ions.
Following installation of wells EW-19, EW-22 and EW-PZ7 through EW-PZ10, EW-22 was added to the quarterly
monitoring program and the remainder of the wells were slated for four consecutive quarters, followed by biannual

sampling for VOCs and annual sampling for metals and major ions.

The sampling rounds from June 1995 and June 1996 were also supplemented with constituents that reveal the nature
and extent of biological processes at the Site. These parameters included redox potential, DO concentrations, COD,

BOD, ferrous and ferric iron, orthophosphate, TOC, TKN, and the C1 through C4 hydrocarbons.

Details of the June 1999 sampling round is presented in Section 4.8.3 of this report.

643 QA/QC Program
The collection of field quality assurance/quality control (QA/QC) samples, laboratory QA/QC, and data validation

were conducted to ensure reliable the RI data quality.

6.4.3.1 HLA’s Groundwater Sample QA/QC Program

In order to assess whether the analytical methods were introducing systematic error into the program, analytical data
generated from the 13 rounds of groundwater sampling were validated according to accuracy, precision, and
completeness of both the analytical laboratory and field sample collection programs. The groundwater samples
collected were analyzed over time by four different laboratories: Enseco, Vista, Analytical Technologies, Inc., and
Hazelton Environmental Services. Seven of the 13 rounds were selected for rigorous validation to assess laboratory
and field sampling performances at different times during the RI. The seven rounds selected included four of the

more recent rounds, consisting of the period October 1995 through June 1996, and at least one round from each
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different laboratory. Data qualifiers were assigned to these data based on the EPA Contract Laboratory Program

(CLP) procedures (EPA, 1994).

A data quality control review was conducted for each of the remaining rounds. Appropriate data qualifiers were
assigned to the generated groundwater quality data. Ten percent of the data for arsenic were qualified separately for

the purposes of the risk assessment.

The groundwater analytical data collected were evaluated by the above procedures. Field data forms were routinely
reviewed for the measurement of all field parameter and well discharge characteristics. Laboratory data forms were
also routinely reviewed for the completion of required measurements including parameter results, limits of
detection, method detection limits, and dilution factors. The representativeness and comparability of data were

evaluated in relation to historical results and to QC measurements of precision, accuracy, and blank concentrations.

Based on this evaluation, each analytical result was classified as unqualified, qualified, or rejected. Data that were
unqualified were complete, representative, and comparable. No systematic errors from field and/or laboratory
procedures were identified in the collection, handling, or reporting of unqualified data. Data that were qualified
were considered acceptable with specific minor exceptions. These exceptions were provided with the data as a
qualifier represented by a letter. These data qualifiers are as follows:

J The analyte was positively identified; the associated numerical value is the approximate
concentration of the analyte in the groundwater sample.

N The analysis indicated the presence of an analyte for which there was presumptive evidence to
make a “tentative identification”.

NJ The analysis indicated the presence of an analyte that was “tentatively identified” and the
associated numerical value represents its approximate concentration.

ul The analyte was not detected above the reported sample quantitation limit. However, the reported
quantitation limit is approximate and may or may not represent the actual limit of quantitation
necessary to accurately and precisely measure the analyte in the groundwater sample,

D The groundwater sample itself was diluted because an analyte was suspected to be at a
concentration that was greater than the upper calibration range of the measuring instrument.

B The analyte was detected in the blank. Therefore, the analytical result for that analyte may not be

representative of the concentration in the groundwater sample.
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Data that were rejected, represented by the letter “R”, had serious deficiencies in the ability to analyze the
groundwater sample and meet QC criteria. The presence or absence of the analyte could not be verified.
Approximately 0.1% of the groundwater quality data collected were rejected as a result of quality control problems.
Most of these rejected data were related to the compound of 2-chloroethyl vinyl ether. This compound is not

present at the Site,

Both unqualified and qualified groundwater analytical data were used to determine the groundwater conditions of
the Study Area. Rejected groundwater analytical data were not used. The data validation documentation conducted

by HLA is provided in Appendix L.

6.4.3.2 ESE’s RI QA/QC Program

During the performance of the RI field activities and laboratory analysis, appropriate QA/QC programs were
implemented in the field and within the laboratory in accordance with the June 7, 1999 QAPP. Upon receipt of the
laboratory data packages, ESE conducted data validation and QA/QC evaluation on approximately 50 % of the data
according to accuracy, sensitivity, representativeness, precision, comparability and completeness criteria. In
addition, ESE also evaluated performance evaluation (PE) samples that were submitted blind to the laboratory with
an known concentration of certain analytes. Data qualifiers (See Section 6.4.3.1) will be assigned once all of the

data has been evaluated, which will be presented as an addendum to this report.

The soil and groundwater analytical data collected were evaluated by the above procedures. Field data forms were
reviewed for the measurement of all field parameters and procedures. Laboratory data forms were also reviewed for
the completion of required measurements including parameter results, limits of detection, method detection limits,

and dilution factors.

Based on this evaluation, each analytical result was classified as unqualified, qualified, or rejected. Data that were
unqualified were complete, representative, and comparable. Appendix M provides the results of the data evaluation

performed for 50 % of the soil and groundwater samples collected during the period from May to June 1999.
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Generally all data evaluated (50 %) were properly preserved, collected, met appropriate holding times, and did not

have detectable analytes in any associated blanks (i.e. trip and method blanks). In addition, all samples were

analyzed with appropriate standard analytical methods required in the June 7, 1999, QAPP. Consequently, majority

of the data evaluated meets the representativeness and comparability criteria. In terms of accuracy, sensitivity, and

percision, data evaluation found the following:

Soeil Samples

In terms of Accuracy (Appendix M-1), the following samples and corresponding analytical group exceeded

applicable acceptance limits.

QST-B2-S/8 for SVOCs and PCBs — In both cases the surrogate standard recovery was diluted out due to
matrix effects for PCBs and insufficient sample volume for SVOCs. In terms of the PCB results, because this
occurrence is not associated with laboratory QA/QC problems, any analyte positively identified in these groups
will be qualified as approximate concentrations, The SVOCs results will be invalid.

QST-B8-5/35, QST-B7-5/55, and QST-B7-8/37 for VOCs — In all cases the surrogate standard recovery was
just below the lower limit of the acceptance limit, due to matrix effects. Because this occurrence is not
associated with laboratory QA/QC problems, any analyte positively identified in these groups will be qualified
as approximate concentrations.

EW-25-8/35 and EW-25-5/45 for Organophosphorous Pesticides (OPP) — In both cases the surrogate standard
recovery was below the lower limit of the acceptance limit. No explanation was provided by the laboratory.
Consequently, the results for this analytical group will be considered invalid until the analytical laboratory can
provide an appropriate explanation.

QST-B5-5/20 for Organochlorine Pesticides (OCP) and PCBs — In both cases the surrogate standard recovery
was diluted out due to insufficient sample volume. Consequently, these results will be invalid.

QST-B14-5/50 for VOCs, SVOCs, OCPs, and PCBs - In all cases the surrogate standard recovery was just
below the lower limit of the acceptance limit, due to matrix effects. Because these occurrences are not
associated with laboratory QA/QC problems, any analyte positively identified in these groups will be qualified

as approximate concentrations.
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e QST-B15-5/39 for OCPs - In this case the surrogate standard recovery was just below the lower limit of the
acceptance limit, due to matrix effects. Because this occurrence was not associated with laboratory QA/QC
problems, any analyte positively identified in this groups will be qualified as approximate concentrations.

s QST-B17-58/15, QST-B17-S/65, QST-B16-5/26, QST-B16-S/30 (Duplicate), and QST-B16-S/75 for SVOCs -
In all cases the laboratory control sample recovery for Pyrene was below the lower limit of the acceptance limit.
This means that a “biased low” is present for any reported Pyrene results, which will be quantified.

e QST-B17-8/15, QST-B16-5/26, and QST-B16-5/30 (Duplicate) for OCP and PCBs — In all cases the surrogate
standard recovery was diluted out due to matrix effects. Because this occurrence is not associated with
laboratory QA/QC problems, any analyte positively identified in these groups will be qualified as approximate

concentrations.

In terms of Sensitivity (Appendix M-1), all soil samples collected for VOC analysis was notated because, the
method detection limit for Vinyl Chloride (i.e., 0.25 mg/kg) was higher than ADEQ’s Residential SRL of 0.016
mg/kg. ESE has contacted the laboratory to try to lower the detection limit, which will be provided in a later
addendum to this report. However, ESE believes that the SRL for Vinyl Chloride may be too low for this analytical
and any other standard analytical method for VOCs in soils. For sample QST-B14-S/50, dilution of the sample due
to matrix effects raised the method reporting limit for Arsenic (20 mg/kg) above the residential/non-residential SRL
of 10 mg/kg. ESE has contacted the laboratory to try to lower the detection limit, which will be provided in a later

addendum to this report.

The percision result (Appendix M-2) of sample QST-B16-5/26 and its corresponding duplicate (QST-B16-5/30)
showed that the relative percent difference (RPD) for 4,4-DDE, Chlorobenzene, Naphthalene, Fluoranthene,
Copper, Lead, and Nickle exceeded the overall RPD goal of 30 %. Although, this is a very common occurrence
within soil samples since an exact duplicate cannot be collected using normal sampling means, any of these

parameter positively identified will be qualified as approximate concentrations.

In terms of Representativeness (Appendix M-3), review of split spoon sampler rinsate blanks QST-B33-GW/65 and

QST-B50-GW/45 detected the following VOCs, in both cases: Bromodichloromethane, Chloroform, and

Environmental Science & Engineering, Inc. 6-30



O

Estes Landfill Remedial Investigation Report

Dibromochloromethane. Because, these constituents were not detected in corresponding samples, cross-

contamination was not in suspect. Results of all evaluated trip and method blanks were all below their respective

method reporting limits.

All evaluated sample met the Comparability criteria (Appendix M-5).

Groundwater Samples

In terms of Accuracy (Appendix M-6), the following samples and corresponding analytical group exceeded

applicable acceptance limits.

Method Blank for Batch PIF00940 to PIF00943 for PCBs and OPPs — In both cases the surrogate standard
recovery for the method blank was below the lower limit of the acceptance limit. In terms of the PCB results,
because the individual sample surrogates are acceptable no further action needs to be taken. In terrms of the
OPP results, this analytical group will be considered invalid until the analytical laboratory can provide an
appropriate explanation.

Method Blanks for Batches PIF01002 to PIF01219 for OPP — In all cases the surrogate standard recovery was
just below the lower limit of the acceptance limit. No explanation was provided by the laboratory.
Consequently, the results for these analytical groups will be considered invalid until the analytical laboratory
can provide an appropriate explanation.

Method Blanks for Batches PIF01002 to PIF01041 for Chlorinated Herbicides — In all cases the surrogate
standard recovery was just below the lower limit of the acceptance limit. No explanation was provided by the
laboratory. _Conscquently, the results for these analytical groups will be considered invalid until the analytical
laboratory can provide an appropriate explanation.

EW-33-GW and EW-PZ1-GW for OPP - In all cases the surrogate standard recovery was just below the lower
limit of the acceptance limit. No explanation was provided by the laboratory. Consequently, the results for
these analytical groups will be considered invalid until the analytical laboratory can provide an appropriate

explanation.
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In terms of Sensitivity (Appendix M-5), all groundwater collected for VOC, SVOC, OCP, and PCB analysis was
notated because, the method detection limit for the following parameters:

e  Methylene Chloride (10 ug/l)

e  Bis(2-ethylhexyl)phthalate (100 ug/l)

e  Aldrin (0.10 ug/l)

e Dieldrin (0.10 ug/l)

¢ Toxaphene (4.0 ug/l) and

e All Aroclors (1 ug/l)

were higher than their respective AWQSs or PRG. ESE has contacted the laboratory to try to lower the detection
limits of these compounds, which will be provided in a later addendum to this report. However, ESE believes that
the action levels for some of these constituents may be too low for this analytical and any other standard analytical

soil method.

The Percision result (Appendix M-6) of sample EW-5-GW and its corresponding duplicate (EW-31-GW) showed
that the RPD for Carbon Dioxide and Total Kjeldahl Nitrogen (TKN) exceeded the overall RPD goal of 30 %. The
Percision result (Appendix M-6) of sample EW-15-GW and its corresponding duplicate (EW-33-GW) showed that
the RPD for Carbon Dioxide and Dissolved Ethene exceeded the overall RPD goal of 30 % (Dissolved Ethene was
exceeded by a large magnitude). Although, this is a very common occurrence within groundwater samples since an
exact duplicate cannot be collected using normal sampling means, any Carbon Dioxide positively identified in the
original sample will be qualified as approximate concentrations. Further evaluation will be performed for Dissolved

Ethene to determine the validity of the data.

In terms of Representativeness (Appendix M-7), review of groundwater sampling rinsate blanks EW-30-GW, EW-
32-GW, and EW-35-GW, detected the following VOCs, in all cases: Bromodichloromethane, Chloroform, and
Dibromochloromethane. Because, these constituents were not detected in corresponding samples, cross-
contamination was not in suspect. Results of all evaluated trip and method blanks were all below their respective

method reporting limits.
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All evaluated samples met the Comparability criteria (Appendix M-8).

In terms of the PE sample evaluation (Appendix M-9), the laboratory results for spiked analytes in methods 8082,
8081A, and 8141A were well outside the performance acceptance limits. These occurrences will be further

evaluated with the laboratory and the results will be summarized in a later addendum to this report.

6.4.4 Data Analysis

Site groundwater quality was evaluated by comparing analytical results of groundwater samples collected from
different wells and comparing analytical results of groundwater samples collected at different times from the same
well. As a result of the evaluation, the vertical and horizontal extent of chemical compounds in the groundwater
were determined, the sources of the chemical compounds were identified, and the fate and transport of the chemical

compounds were assessed. Fate and transport of the chemical compounds are discussed in detail in Section 7.0

Previous investigations conducted at the Site indicated that the Estes Landfill accepted a variety of wastes. In
addition, reviews of historical aerial photographs suggested that portions of the Site were used sporadically for
agriculture and that stockyards had been located upgradient of the Site. Therefore, initial groundwater samples
collected from Site wells were analyzed for a wide variety of chemical compounds, including VOCs, SVOCs,
inorganic compounds including metals, pesticides and PCBs. Because SVOCs, pesticides and PCBs were not
detected, groundwater samples were subsequently not analyzed for these compounds. Through December 1996,
groundwater samples have been analyzed for a substantial number of VOCs, inorganic compounds, and metals.

Discussions of groundwater sampling methodologies and analytical methods are presented in sections 4.0 and 6.4.
The data generated from each of the 31 groundwater sampling rounds were assessed. The assessments concluded

that the primary contaminants detected in the groundwater samples were VOCs. Select metals and nitrate were also

detected, but less frequently and at low concentrations.

Environmental Science & Engineering, Inc. 6-33



@

Estes Landfill Remedial Investigation Report

Analytical results of groundwater samples collected from sampling events, that were not inferred to be influenced
by significant groundwater recharge events, were compared with one another to establish chemical compound
concentration trends. The rationale for comparing samping event data was based on an evaluation of groundwater

elevation data for each event, that would indicate recharge during higher elevation data.

The trend evaluations concluded that VOC concentrations in the groundwater have declined since 1982. Chemical
concentration graphs of VC, cis-12,-DCE, and TCE detected in the groundwater samples collected from well EW-E
demonstrate this decline (Figures 6.18 and 6.19). In contrast, metals and nitrate concentrations remain relatively
consistent over time. The relative consistency of the inorganic water quality suggests that declines in VOC levels

are not due to dilution. Groundwater quality trends are described in detail in Section 7.0.

The groundwater data were further evaluated to identify chemical compounds that may be indicative of Site
conditions, and thus, aid in recognizing potential onsite and offsite sources. Specific chemical compounds that
characterize Site conditions are those that were detected more frequently and at greater concentrations than other
chemical compounds. Concentrations of these specific chemical compounds were used to characterize Site

groundwater conditions and to determine fate and transport.

Finally, the groundwater analytical data assessments concluded that specific VOCs were detected at greater
concentrations in the groundwater samples collected from offsite wells than those collected from onsite wells. The

differences in VOC concentrations indicate the presence of offsite source areas.

Landfill soil conditions (former and existing) were evaluated by comparing analytical results of soil samples
collected from different soil borings and comparing analytical results with the residential/nonresidential SRLs. Asa
result of the evaluation, no additional significant VOC sources were identified. However, metals in the form of
Arsenic and Thallium, were present in both areas investigated that exceeded their appropriate action level.

Consequently, further evaluation on the potential risk to human health and the environment of these metals present

in the subsurface soils will have to be conducted.
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6.4.4.1 Compounds of Interest

A general statistical analysis of the groundwater data was conducted to facilitate the identification of specific
chemical compounds in the groundwater that were the result of onsite and offsite activities. The general statistical
summary subjected the groundwater data to distinct, non-biased criteria. A chemical compound was identified as a

Compound of Interest if that particular chemical compound met all of the following distinct, non-biased criteria;

o The chemical compound was detected at a concentration that exceeded the ADEQ AWQS or other regulatory
standards;

e The chemical compound was detected that has no ADEQ AWQS or other regulatory standards; and

e  The chemical compound was an analyte for a minimum of 20 rounds of groundwater sample analyses and the

chemical compound was detected at least once during those 20 rounds (five percent).

As demonstrated in Tables 6.15 and 6.16, the Groundwater Compounds of Interest that met the criteria presented
above are as follows:

VOCs
Vinyl Chloride (VC)
trans-1,2-Dichloroethene (trans-1,2-DCE)
cis-1,2-Dichloroethene (cis-1,2-DCE)
Trichloroethene (TCE)
1,2-Dichlorobenzene (1,2-DCB)
Chlorobenzene
1,1-Dichloroethene (1,1-DCE)
1,4-Dichlorobenzene (1,4-DCB)
Tetrachloroethene (PCE)
Benzene
1,2-Dichloroethane (1,2-DCA)
Chloroform
SVOCs
Bis(2-ethylhexyl)phthalate
Inorganics
Arsenic
Barium
Chromium
Cadmium
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Lead
Manganese

Nitrate as N

Groundwater quality data for the 20 Compounds of Interest are extensive. In addition, the amount of groundwater
data available for a particular well varies, as wells were installed at different times. Construction dates of wells

installed for this RI and other investigations are presented in Table 6.14.

In following the same statistical criteria, the Landfill soil Compounds of Interest that met the criteria are as follows:

Arsenic (Former and Current Landfill)
Lead (Eastern Portion of Current Landfill)
Thallium (Former and Current Landfill)

6.45 VOCsin Groundwater

The following section describes the distribution of VOC in groundwater in accordance with previous and recent
(June 1999) groundwater data collected. The laboratory reports for the June 1999 round of sampling is provided in
Appendix K. Of the 12 VOC Compounds of Interest, VC, cis-1,2-DCE, and TCE were detected in more than 50
percent of the groundwater samples analyzed (Table 6.15). VC and cis-1,2-DCE had both the highest maximum
concentrations and the highest mean concentrations. In addition, VC and TCE has the lowest AWQSs of the VOC
Compounds of Interest, which correlates to the higher toxicity value of these compounds. Therefore, VC, TCE, and
cis-1,2-DCE are considered signature chemicals for the onsite source area and thus, are the primary focus of this

groundwater quality discussion.

As discussed in earlier sections of this report, an offsite source of TCE has been identified south of the Site. This
offsite source accounts for the high number of detections. In general, the highest reported TCE concentrations are
from offsite wells located southwest of the Site. TCE has been detected in select onsite wells at concentrations

generally less than 10 pg/l, with the exception of EW-19 which has had reported concentrations ranging between 11
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and 25 pg/l that exceeds AWQS of 5 ug/l. Because offsite TCE sources are also present, the discussion of TCE is

divided into offsite and onsite sources.

As noted in previous sections of this report, hydrostratigraphic units F1, F2, and F3 play an important role in the
movement of groundwater, and thus, the migration of VOCs. The hydraulic conductivities of these units are
especially important in the vicinity of the source area (Figure 5.7). Unit F2, which is an east-west trending
ellipsoidal unit that roughly extends from well EW-3 on the east to well EW-4 on the west, is the least permeable of
the three alluvial hydrostratigraphic units. The differences between units F1 and F3 are subtle, and, accordingly, are

considered to be one unit where unit F2 is not present.

To evaluate what effect, if any, the lower permeability of unit F2 has on the horizontal and vertical migration of the
VOCs, eastern and western cluster wells were installed in the different hydrostratigraphic units (Figure 2.1 and 5.7).
Eastern cluster wells EW-PZ2, EW-PZ1, EW-PZ3, EW-6, and EW-15, were installed in hydrostratigraphic units F1,
F2, F3, F3, and F4, respectively, in the vicinity of the former source area. Western cluster wells EW-PZ6, EW-PZS,
EW-5, and EW-8 were installed in hydrostratigraphic units F1, F2, F3, and F4, respectively, downgradient of the
pit. Wells EW-PZ7, EW-PZ8, EW-PZ9, and EW-PZ10 were installed downgradient of the eastern cluster wells in
hydrostratigraphic units F1, F2, F2, and F3, respectively, during 1996. Long term groundwater data is not available

for these four new wells.

6.4.5.1 Distribution of VC

VC makes up the greatest percentage of potential risk to human health (see Section 8.0). The general trend depicted
by recent monitoring well and soil boring (groundwater) indicates that the greatest concentrations of VC were
located in the vicinity of the source area and just downgradient (west) of the source area. The greatest VC
concentrations were detected in the groundwater samples collected from wells EW-PZ1 (unit F2) and EW-PZ3/EW-
6 (unit F3). Only one set of groundwater samples were collected from wells EW-PZ1 and EW-PZ3 in December
1993 shortly after the wells were installed. Subsequent data indicated that the greatest VC concentrations were

detected in groundwater samples collected from well EW-PZ1 located in unit F2.
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Horizontal Extent of VC

In general, VC concentrations decrease downgradient and cross-gradient from the source area, (Figure 6.20a and
6.20b). Annual mean VC concentrations are greater in the groundwater samples collected from wells located closer
to the source area than those located farther away from the source area. Upgradient from the source area, VC was
not detected in the groundwater samples collected from wells EW-PZ4, EW-16, EW-2, EW-NE, EW-3, and EW-25

(6/99).

Comparing VC concentrations at wells along the inferred groundwater flow path (west), from dates representative
of relatively low groundwater elevations, indicates a decrease of VC concentrations away from the Estes Landfill.
In March 1992, Wells EW-E, EW-W, EW-4 and EW-1 (screened in shallow alluvium, F1/F2) had reported VC
concentrations of 210, 9.2, 2.5 and <0.2 pg/l, respectively. In December 1996, these wells had reported VC
concentrations of 38, 110, 7 and <0.5 pg/l, respectively. A similar distribution of VC concentrations is indicated in
the June 1999 data (Table 6.17), with concentrations at 38, 230, 2.2 and <2.0 pg/l, respectively. Based on these
observations, and data from other wells screened in the shallow alluvium, it would appear that VC concentrations
have generally decreased in the area of the eastern well cluster. However, VC appears to be more evenly distributed
between the east and west well clusters, based on data from 1996 through 1999, Well EW-4 is located
approximately 900 feet west-southwest of the western well cluster. Therefore, the VC concentrations in the

groundwater decreased approximately two orders of magnitude within 900 feet downgradient from the source area.

Further downgradient, west and southwest of the Landfill, VC concentrations have been below laboratory reporting
limits since June 1995, at Well EW-1, and since the intitial sampling at Well EW-2, in March 1991. Therefore,

wells EW-1 and EW-12 define the lateral downgradient extent of VC in groundwater.

As of June 1995, the southern extent of the VC plume appears to be defined by Wells BW-SD and EW-14, based on
data from these wells that did not indicate dectable concentrations of VC. Prior to this date, the southern extent

appeared to fluctuate somewhere between wells BW-SD and EW-10/EW-13. VC was not detected in the majority
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of the groundwater samples collected from wells located south of the Site, cross-gradient from the source area

(Figure 6.20a and 6.20b).

VC was not detected in thg groundwater samples collected from wells EW-10 and EW-13 during 1991 through
1996 (these wells were not sampled after 1996). These wells are located 2,400 feet and 2,000 feet south-southwest,
respectively, of the source area. VC was not detected in the groundwater samples collected from well EW-17
except for the groundwater sample collected during October 1995 (Appendix A). Well EW-17 is located

approximately 1,200 feet southwest of the source area and 700 feet directly north of well EW-13.

VC was not detected in the groundwater samples collected from well BW-SD, except for the groundwater samples
collected during June and September 1992 and during March and December 1993. Well BW-SD is located
approximately 700 feet south-southwest of the source area on the south side of the Bradley Landfill. These data
indicate that decreases in VC concentrations may have been as much as four orders of magnitude between the
source area and approximately 700 feet cross-gradient to the south-southwest. During the 1992 and 1993 river flow
events, the southern and southwestern lateral extent shifted to the south by an additional 400 feet. During these

periods, the southern and southwestern lateral extent was defined by wells EW-17 and SB-4.

VC was detected in the groundwater sample from well BW-SES during December 1992, at a concentration of 1.0
ug/l. Well BW-SES is located approximately 1,100 feet southeast of the source area. Based on the inferred

groundwater flow, this relatively low concentration may be anomalous or from a source other than Estes Landfill.

Distribution of the VC plume, cross-gradient and downgradient, north and northwest of the source area appears to
be more complex and dynamic than distribution to the west, southwest or south of the source area (Figure 6.20a and
6.20b). Comparing VC concentrations at wells to the west/northwest (downgradient/cross-gradient), from dates
representative of relatively low groundwater elevations indicates a change in the distribution of VC concentrations
away from the inferred primary source area. In June 1992, Wells EW-E, EW-9, EW-NW and EW-11 (screened in

shallow alluvium, F1/F2) had reported VC concentrations of 370, <0.2, <0.2 and <0.2 pg/l, respectively. In
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December 1996, these wells, in addition to Well EW-22, had reported VC concentrations of 38, 100, 190,30 and 19
pe/l, respectively. Similar distribution of VC concentrations is indicated in the data from 1997. Comparison of
these data appears to support 8 northwest flow component, at Jeast for the more recent data. In addition,
groundwater elevation and analytical data from June 1999 indicates 2 potential northwest flow component to the
groundwater in alluvial hydrostratigaphic units (See Tables 6.17 & 6.18). This trend is presented in the data from
EW-W, EW-9, EW-11, and EW-23, with respective VC concentrations of 230, 51, 12 and 12 pg/l, respectively,

across a distance of approximately 2300 feet.

In general, the VC concentrations in the groundwater samples collected from southern cross-gradient wells were less
than those in the groundwater samples collected from the northwestern cross-gradient wells (Figure 6.20a and
6.20b). There appears to be a general trend of decreasing concentrations along the northwest path of EW-W, EW-9.
EW-11, and EW-23. This is further reinforced by an inferred northwest flow component, most apparent in
groundwater elevation data from F3 wells (Table 6.18), and may account for the observed distribution of higher VC

concentrations.

Vertical Extent of VC

As discussed previously, VC concentrations were greater in the groundwater samples collected from eastern cluster
well EW-PZ1, installed in hydrostratigraphic unit F2, than in those collected from wells EW-PZ2, EW-PZ3, EW-6,
and EW-15, installed in units F1, F3, and F4 (Figure 6.21). The eastern cluster wells are located in the vicinity of
the source area. Two exceptions were noted regarding PZ1. During initial sampling of the wells in December 1993,
the results from EW-PZ3 (unit F3) (10,000 pg/l) were higher than those from EW-PZ1 (unit F2) (8,100 ng/b.
However, the VC concentration detected in groundwater samples from well EW-6, also installed in unit F3, were
only 7,600 pg/l. Also, during the June 1999 sampling event VC concentrations (Table 6.17) at EW-15 (100 pg/)

were higher than PZ1 (45 pg/).

In general, VC concentrations in the groundwater samples collected from well EW-PZ1 declined from 8,100 pg/l in

December 1993 to 45 pg/lin June 1999. The high concentrations observed in 1993 are related to the high river
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flows during that year and are attributed to hydraulic loading on unit F2. VC concentrations in the groundwater
samples collected from well EW-PZ3 declined from 10,000 pg/l in December 1993 to 33 ug/l in December 1996.
In groundwater samples collected from well EW-PZ2, installed in unit F1, VC concentrations appeared to fluctuate
with groundwater elevations, but generally declined from December 1993 to December 1995. Groundwater samples

were not collected subsequent to December 1995 from well EW-PZ2 because the well was dry.

Wells EW-6 and EW-15, were installed in units F3 and F4, respectively. Groundwater samples collected from
Well EW-6 ranged in VC concentration from a high of 7600 pg/l in December 1993 to a low of 54 pg/l in
December 1996, these high and low values correspond with high and low groundwater elevation data. VC
concentrations in the groundwater samples collected from well EW-15 declined from 1,700 pg/l in December 1993
to 100 pg/l in June 1999. However during the period from June 1994 to June 1996, VC concentrations were
relatively consistent at this well. Newly installed Well EW-26, screened from 240 to 260 feet in Unit F4, was
sampled in June 1999. VC was not detected in this well at a concentration exceeding the laboratory reporting limit

(Table 6.17).

In contrast to the eastern cluster wells, the highest VC concentrations in the groundwater samples collected from the
western cluster wells were detected in well EW-PZ6, installed in hydrostratigraphic unit F1. In general, VC
concentrations in the groundwater samples collected from EW-PZ6 fluctuated with groundwater levels. The lowest
and highest VC concentrations, at 98 pg/l and 870 pg/l, were reported in June and December 1995, respectively.
Groundwater samples collected from Well EW-PZ5, installed in unit F2, declined from 340 pg/l in February 1995
to 21 pg/l in June 1999. The two remaining wells in the western cluster, Wells EW-5 and EW-8, were installed in
units F3 and F4, respectively. Groundwater samples collected from Well EW-5 also fluctuated with the
groundwater levels, but have remained below 100 pg/l since December 1993. With the exception of the initial
sampling in June 1991, VC concentrations have not exceeded the ADEQ AWQSs in the groundwater samples
collected from Well EW-8. In fact, VC has not been detected in the groundwater samples collected from well EW-8

since September 1992, with the exception of 0.4 pg/l in June 1997.
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VC has been detected in groundwater samples collected from Well EW-15, screened to a depth of 160 feet, at
concentrations as high as 1700 pg/] (initial sampling December 1993). However, based on depth-specific
groundwater sampling activities performed during the installation of Well EW-26 (Table 6.19), and the intial
sampling of EW-26 (Table 6.17), the vertical extent of VC doesn’t appear to exceed below a depth of approximately
220 feet in this area. In addition, the characteristics of unit F4, coupled with the relative lack of detectable VC in
groundwater samples from well EW-8, also located in unit F4 but downgradient, reinforce the contention that the

vertical extent of VC is limited.

6.4.5.2 Distribution of cis-1,2-DCE
Cis-1,2-DCE is a degradation product of TCE. As such, cis-1,2-DCE concentrations detected in the groundwater
samples collected from wells located in the vicinity of the Site were used to aid in identifying the extent of

groundwater contamination from the source area.

The highest concentrations of cis 1,2 DCE were predominantly detected in the groundwater samples collected from
the wells located in the vicinity of the source area (EW-E, EW-PZ1, EW-6 and EW-15). The greatest concentration
of cis-1,2-DCE was detected in the groundwater samples collected from the unit F2 well EW-PZ1, at a
concentration of 8300 pg/l. The cis-1,2-DCE concentrations decreased to 240 pg/1 in the groundwater sample
collected from Well EW-PZ1 in June 1999 (Table 6.17), however, this was the highest concentration reported

during that sampling event.

Horizontal Extent of cis-1,2-DCE

Cis-1,2-DCE concentrations are greatest in the groundwater samples collected from wells located in the source area,
and decrease downgradient and cross-gradient from the source area (Figure 6.22a and 6.22b). Cis-1,2-DCE has not
been detected in the groundwater samples collected from the wells EW-PZ4, EW-16, EW-2, EW-NE, EW-3, and

newly installed Wells EW-24 and 25 (Table 6.17), located upgradient and north of the source area.
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Downgradient from the source area, cis-1,2-DCE concentrations were less in the groundwater samples collected
from well EW-4 than those collected from wells located in the vicinity of the source area. The highest cis-1,2-DCE
concentration in the groundwater samples collected from well EW-4 was 130 pg/l in March 1994. The cis-1,2-DCE
concentrations in the groundwater samples collected from well EW-4 have been below the ADEQ AWQS of 70 pg/’
since December 1994. Further downgradient, the cis-1,2-DCE concentrations have not exceeded 17 pg/l at Well
EW-1, and have been below laboratory reporting limits since December 1997. Similarly cis-1,2-DCE
concentrations have not exceeded 17 pg/l at Well EW-12, and have been below 2.0 pg/l since April 1996. In
general, wells EW-1 and EW-12 define the lateral downgradient extent of cis-1,2-DCE. These are the same wells

that define the lateral downgradient extent of VC.

Cis-1,2-DCE concentrations were less in the groundwater samples collected from cross-gradient wells located
northwest and south of the Site than those located in the vicinity of the source area (Figure 6.22a and 6.22b).
Cis-1,2-DCE concentrations of groundwater samples collected from cross-gradient wells EW-9, EW-NW, EW-11,
EW-22, and EW-23 located northwest of the Site, and from cross-gradient wells BW-SES, BW-SD, EW-17, EW-13,
and EW-10, located south of the Site demonstrate this occurrence. The highest cis-1,2-DCE concentrations in the
groundwater samples collected from wells EW-9, EW-NW, EW-11, EW-22 and EW-23 (sampled initially in June
1999) were 74 pg/l, 69 pg/l, 16 pg/l, 10 pg/l, and 6.7 pg/l, respectively. The highest cis-1,2-DCE concentrations in
the groundwater samples collected from wells BW-SES, BW-SD, EW-17, EW-13, and EW-10 were 4.5 pg/l, 92
ng/l, 2.9 pg/l, 1.6 ug/l, and 0.87 pg/l, respectively. Wells BW-SD and EW-17 generally define the southern extent
of ¢is-1,2-DCE in groundwater from Estes. However, the results may be affected by the Bradley Landfill. Trace
concentrations, annual averages of less then 1 pg/l, in groundwater samples from well EW-13 do not appear to be
associated with the Site. These concentrations do not appear to be impacted by river flow events and therefore, are

likely related to other sources.

In general, concentrations of cis-1,2-DCE in the groundwater samples collected from the five southern
cross-gradient wells were less than those detected in the groundwater samples collected from the five northwestern

cross-gradient wells. There appears to be a general trend of decreasing concentrations along the northwest path of
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EW-19, EW-9. EW-11, EW-22 and EW-23. This is further reinforced by an inferred northwest flow component,
most apparent in groundwater elevation data from F3 wells, and may account for the observed distribution of higher

cis 1,2 DCE concentrations.

Vertical Extent of cis-1,2-DCE

Concentrations of cis-1,2-DCE concentrations were consistently greater in the groundwater samples coliected from
eastern cluster well EW-PZ1, installed in F2, than from eastern cluster wells EW-PZ2 (F1), EW-6 (F3) and EW-PZ3
(F3), and EW-15 (F4). The highest reported cis-1,2-DCE concentrations for these wells were 8300 pg/l, 380 pg/l,

6700 pg/l, 460 pg/l, and 1100 pg/l, respectively.

In general, cis-1,2-DCE concentrations in the groundwater samples collected from well EW-PZ1 declined from
8,300 pg/l in March 1994 to 240 pg/l in June 1999 (Table 6.17). The high concentrations observed in 1994 are
probably related to the high river flows during late 1993 and may be attributed to hydraulic loading on unit F2.
Groundwater samples collected from Well EW-6 ranged in cis-1,2-DCE concentration from a high of 6700 pg/l in
September 1992 to a low of 46 pg/l in December 1996, these high and low values correspond with high and low
groundwater elevation data. Cis-1,2-DCE concentrations in the groundwater samples collected from well EW-15
declined from 1,100 pg/l in December 1993 to 120 pg/l in June 1999. Newly installed Well EW-26, screened from
240 to 260 feet in Unit F4, was sampled in June 1999. Cis-1,2-DCE was detected in this well at a concentration of
15 pg/l (Table 6.17). In addition, depth specific sampling , conducted during installation of Well EW-26 (Table
6.19), indicated concentrations of 28 pg/l, 20 pg/l, 22 pg/l, 8.0 pg/l, 8.4 ug/l, at depths of 180, 200, 220, 240 and

260 feet, respectively.

The greatest cis-1,2-DCE concentrations in the groundwater samples collected from western cluster wells, in
contrast to the eastern cluster wells, were detected in well EW-5, installed in unit F3 (Figure 6.23). Cis-1,2-DCE
concentrations in the groundwater samples collected from well EW-5 ranged from 490 pg/l in June 1991 to 10 pg/l
in December 1996. Groundwater samples collected from well EW-PZ5, installed in unit F2, ranged from 64 ug/l in

December 1994 to 9.4 pg/l in June 1998. The greatest cis-1,2-DCE concentrations in western cluster wells EW-PZ6
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and EW-8, installed in units F1 and F4, were 32 pg/l in December 1995 and 0.76 pg/l in June 1991, respectively.
With the exception of 0.65 pg/l in June 1997, concentrations of cis-1,2-DCE have been below laboratory detection

limits in groundwater samples collected from EW-8 (unit F4) since 1993.

Cis-1,2-DCE has been detected in groundwater samples collected from Well EW-15, screened to a depth of 160
feet, at concentrations as high as 1100 pg/l (initial sampling December 1993). However, based on depth-specific
groundwater sampling activities performed during the installation of Well EW-26, and groundwater samples at EW-
15 and EW-26 in June 1999 (Tables 6.17 & 6.18), cis-1,2-DCE concentrations appear to decrease from 120 pg/l at
approximately 160 feet to 15 pg/l at approximately 260 feet. In addition, the characteristics of unit F4, coupled with
the relative lack of detectable VC in groundwater samples from well EW-8, also located in unit F4 but

downgradient, reinforce the contention that the vertical extent of VC is limited.

6.4.5.3 Distribution of TCE

The greatest and most consistent TCE concentrations were detected in the groundwater samples collected from
wells located south and southwest of the Site. Figures 6.24a and 6.24b and 6.25 present the relative TCE
concentrations detected in the groundwater samples collected from select wells in the study area. These figures
show that TCE is not generally present or present at low concentrations at the Site, where the degradation products,
cis-1,2-DCE and VC are present. Figure 6.25 also shows that TCE is present in areas primarily southwest of the
Site where cis-1,2-DCE and VC are not present. The data indicate that one or more TCE source(s) are located

southwest of the Site.

TCE from Offsite Sources

The analytical data indicate that the occurrence of TCE in groundwater samples collected from offsite wells is the
result of an offsite source or sources located south and/or southeast of the Site. This TCE contamination appears to
impact certain wells also impacted by VC and cis-1,2-DCE from Estes. However, because the concentrations of
TCE generally increase downgradient from the Site, its presence in groundwater does not appear to be related to the

Site.
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The greatest offsite TCE concentration detected in any of the groundwater samples in the study area wells was 93
pg/l collected from well SB-6 during December, 1991 (Appendix A). Well SB-6 is located over 3,000 feet
southwest of the source area (Figure 6.24a and 6.24b). TCE concentrations in the groundwater samples collected
from this well ranged from 93 pg/l in December 1991 to 24 ug/l in March 1993. TCE concentrations were 40 pg/l
in June 1995 (last round of sample data). Elevated TCE concentrations were also detected in the groundwater
samples collected from offsite wells SB-4, EW-10, and EW-13. The highest TCE concentrations of the
groundwater samples collected from these three wells were 38 pg/l (September 1993), 72 pg/l (March 1991) and 86
pg/l (December 1992), respectively. These wells are located at the southern end of the study area. TCE

concentrations appear to decrease at these well along the predominantly western groundwater flow path.

North and northeast of wells SB-4, EW-10, and EW-13, towards the Site, TCE concentrations decreased

(Figure 6.25). For example, TCE concentrations in the groundwater samples collected from wells EW-17, located
directly north of EW-13, ranged from 11 pg/l in December 1993 to 3.5 pg/l in December 1996. Well BW-WD,
located north of EW-17, and thus even closer to the Site than EW-17, had TCE concentrations that ranged from 7.3
pg/l in June 1991 to <1.0 pg/l in September 1994. The horizontal decrease of TCE concentrations from the

southern study area perimeter wells to the Site, indicate that there is at least one offsite source area.

Onsite TCE

As noted previously, isolated occurrences of TCE have been detected in groundwater samples from onsite monitor
wells. These concentrations are generally low. For the eastern cluster wells, the greatest concentration of TCE was
in the groundwater samples collected from well EW-PZ1, installed in unit F2 (Figure 6.26). TCE concentrations in
the groundwater samples collected from this well ranged from 120 pg/l in March 1994 to < 10 pg/l in June 1999
(Table 6.17). TCE concentrations in groundwater samples collected from the two eastern cluster wells installed in
unit F3 were lower than those collected from well EW-PZ1. The greatest TCE concentrations in the groundwater
samples collected from wells EW-6 and EW-PZ3 were 22 pg/l in June 1991 and 13 pg/l in December 1994,

respectively. TCE was not detected in the groundwater samples collected from well EW-PZ2, installed in unit F1.
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The TCE concentrations in well EW-15, installed in unit F4, have varied between 3.2 pug/l and 1.6 pg/l. In many
cases TCE was not detected at EW-15, however, the reporting limits generally ranged from 5.0 to 10.0. The
groundwater samples collected at Well EW-26 in June 1999 did not indicate concentrations of TCE, above the
laboratory reporting limit of 2.0. However, TCE concentrations of 1.4 pg/l and 0.82ug/l were detected in the

groundwater samples collected at depths of 220 and 260 feet, respectively, during the installation of EW-26.

The greatest TCE concentrations in the groundwater samples collected from the western cluster wells were detected
in the groundwater samples collected from well EW-5. Well EW-5 was screened in unit F3. TCE concentrations in
the groundwater samples collected from well EW-5 declined from 16 pg/l in June 1991 to 1.2 pg/l in December

1996. TCE was only detected once in all the groundwater samples collected from well EW-PZ5, installed in unit F2
(Appendix A). TCE was not detected in the groundwater samples collected from wells EW-PZ6 or EW-8, installed

in units F1 and F4, respectively.

Northwest of the eastern well cluster, and north of the western well cluster, TCE has been detected at concentrations
as high as 25 pug/l at EW-19 in June 1996 and 8.6 pg/l at EW-9 in December 1996. TCE concentrations of generally

less than 1.0 pg/l have been detected at Wells EW-NW, EW-11, and EW-22, though on a relatively infrequent basis.

The vertical extent of TCE is limited. Near the source, TCE occurs primarily in unit F2. Detections of TCE in units
F3 and F4 are intermittent over time. Downgradient from the source area, TCE is present at low concentrations in
unit F3 but the concentrations have declined over time. TCE is not present in unit F4 downgradient from the source

area.

6.4.5.4 Distribution of Other VOCs

Other VOCs were detected in the groundwater samples collected from study area wells. As mentioned previously,
VOC Compounds of Interest include 1,2-DCB, chlorobenzene, 1,1-DCE, 1,4-DCB, PCE, benzene, and 1,2-DCA, as
well as VC, cis-1,2-DCE, and TCE, described above. Excluding VC, cis-1,2-DCE, and TCE, the detected mean

concentrations for the remaining VOC Compounds of Interest were below their corresponding AWQS (Table 6.15).
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Therefore, the remaining VOC Compounds of Interest were lumped into other VOCs and are not considered an

important part of the SCM.

The most frequently detected other VOC Compounds of Interest were 1,2-DCB, chlorobenzene, 1,1-DCE, and 1,4-
DCB (Table 6.15). The compounds 1,2-DCB, chlorobenzene and 1,4-DCB were detected in groundwater samples
from onsite and offsite wells. The compound 1,1-DCE was primarily detected in groundwater samples collected
from offsite wells to the south and southwest. Figures 6.26 and 6.27 present the annual mean concentrations of 1,2-
DCB, chlorobenzene, 1,1-DCE, 1,4-DCB, PCE, benzene, and 1,2-DCA that were added together for each year and

designated as the annual means for other VOCs.

The lateral extent of other VOCs associated with the Estes Landfill has not been determined because of the presence
of other sources in the study area. While annual mean concentrations of other VOCs decrease laterally in
groundwater samples collected from wells located downgradient and cross-gradient from the source area, the

individual constituents can vary.

The greatest concentrations of other VOCs were detected in the groundwater samples collected from wells EW-PZ1,
EW-PZ2, EW-PZ3, and EW-6 (Figure 6.27). These eastern cluster wells were installed in hydrostratigraphic units

F2, F1, F3, and F3, respectively.

The vertical extent of the other VOCs near the source area is limited to the alluvial hydrostratigraphic units F1, F2
and F3. This is similar to the vertical extent of VC and cis-1,2-DCE. While low concentrations occur in
groundwater samples collected from the unit F4 well EW-15, they have not been detected in the groundwater
samples from the unit F4 well EW-8 since 1994. Prior to 1994, the annual mean concentrations for other VOCs

were all less than 1 pg/l.

6.4.6 VOC Assessment
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Based on inferred westerly to southwesterly groundwater flow in the area of the Estes Landfill, Wells EW-NE and
EW-3 are upgradient of the inferred source of VOC contaminants identified at the Site. No VOCs have been
reported in groundwater samples at these wells, which were initially sampled in September 1988 and June 1989,
respectively. It can therefore be inferred that no VOC contaminants have migrated onto the Site from an upgradient

source.

Based on inferred westerly to southwesterly groundwater flow indicated since groundwater monitoring began at
Estes Landfill, the Bradley Landfill is downgradient to cross-gradient of the Estes Landfill. Based on these inferred
groundwater flow conditions, it is not likely that any potential VOCs in groundwater from the Bradley Landfill have
migrated north onto the Estes Landfill boundary.

Groundwater quality assessments verify the SCM element (discussed in Section 2.0) that the extent of groundwater
contamination, as indicated by VOC concentrations, is generally stable at the Site. The stabilization of VOC
contamination is the result of an ongoing natural attenuation process, represented by the decline of VC and cis-1,2-
DCE concentrations over time and with distance from the source area. The occurrence of natural attenuation is

discussed in detail in Section 7.0.

Short-term changes in the groundwater contamination equilibrium occur during Salt River flow events. River flow
events, discussed in Section 5.5, cause the water table to rise, and temporarily change the direction of groundwater
flow. In general, groundwater flow will shift to the southwest from the west in direct proportion to the volume and
length of the river flow event. The shift in groundwater flow direction results in the increase of VOC concentrations
in groundwater samples collected from the wells located south and southwest of the Site and the decrease of VOC
concentrations in groundwater samples collected from wells located along and near the Salt River. From the period
1989 to 1996, three river flow events significant enough in volume and duration to cause changes to VOC
groundwater quality have occurred. These events were during 1992, 1993, and 1995. Water quality data collected
during the 1993 river flow event, which was the largest, were used to demonstrate groundwater conditions during a

flow event. The change of VOC concentrations is apparent when comparing relative concentrations of VOCs,
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represented by pie diagrams, during a flow event (March 1993) and a non-flow period (June 1996), as presented in

Figures 6.28 and 6.29, respectively.

A comparison of analytical results of groundwater samples collected from the eastern cluster wells identified that
VOC concentrations were generally higher in the groundwater samples collected from the unit F2 well EW-PZ1.
The higher concentrations of VOCs in unit F2 are due to the lower permeability of unit F2 that restricts migration of

VOCs and causes unit F2 to act as a source.

During a rise in the water table due to flow conditions in the Salt River, VOC concentration increase in the
groundwater samples collected from wells screened in the F2 and F3 hydrostratigraphic units. Increased hydraulic
head or hydraulic loading caused by rising water levels enhances the potential for VOCs to migrate vertically. The
hydraulic loading on unit F2 also alters the equilibrium between the units, driving the VOCs within unit F2
downward to unit F3. The downward vertical migration of VOCs were observed by the increase of VOC
concentrations in groundwater samples collected from wells EW-6/EW-PZ3 and EW-15, completed in
hydrostratigraphic units F3 and F4, respectively. Greater VOC concentrations were also observed in unit F1 during
1993 as compared with more recent data. No data are available on groundwater concentrations in unit F1 prior to
1993. Therefore, trends in water quality in unit F1 prior to 1993 cannot be assessed. VOC concentrations decreased
in the groundwater samples collected from the wells screened in units F1, F2, and F3 when water levels declined. A

more detailed analyses of the fate and transport of VOCs are discussed in Section 7.0.

VOC concentrations in the groundwater samples collected from western cluster wells also demonstrate the low
permeability effect of the unit F2. Unlike the eastern cluster wells, a comparison of analytical results of
groundwater samples collected from the western cluster wells identified that VOC concentrations were not higher in
the groundwater samples collected from the well installed in unit F2. The greatest concentrations of VOCs were
detected in well EW-PZ6, screened in hydrostratigraphic unit F1. Even though unit F2 in the vicinity of the source
area may be a residual source of VOCs, the horizontal migration of these VOCs through unit F2 is restricted by the

low permeability of unit F2. Therefore, VOCs will migrate further in unit F1 than in unit F2, hence the greater
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VOC concentration in the groundwater samples collected from EW-PZ6. This phenomenon is demonstrated further
upgradient in well EW-PZ7, screened in unit F1, and in well EW-PZ8, screened in unit F2. VOC concentrations
were greater in the groundwater samples collected from well EW-PZ7 than in those collected from well EW-PZS.
VOC concentrations increase in the groundwater samples collected from the western cluster wells during flow
conditions in the Sait River. VOC concentrations increased the most in the groundwater samples collected from
well EW-PZ6, screened in unit F1, and in well EW-5, installed in unit F3. The VOC increases observed in

groundwater samples collected from the western well cluster during flow conditions are likely due to the advective

transport of contaminants that have migrated into units F1 and F3 from F2.

A review of the spatial distribution and concentration of the signature compounds detected in the groundwater
samples collected from Site and offsite wells indicated the presence of onsite and offsite sources of these VOCs
(Figures 6.28 and 6.29). The signature compounds originating from the Site have been identified as VC, TCE, and
cis-1,2-DCE. Based on the dispersion pattern of the signature compounds, TCE delineates a separate plume to the

south of the Site.

6.4.7  Metals and Other Inorganics in Groundwater

The Compounds of Interest include the inorganics, arsenic, barium, chromium, manganese, and cadmium and
nitrate as N. Arsenic and barium were detected in more than 50 percent of groundwater samples analyzed for
metals (Table 6.16). Both chromium and cadmium were only detected in six percent of the groundwater samples
analyzed for metals. Nitrate as N was detected in over 70 percent of the samples analyzed for nitrate as N.
Analytical results of the June 1999 groundwater sampling (Table 6.20a and 6.20b) detected the presence of

manganese exceeding AWQSs in seven of the nineteen wells samples.

Overall inorganic concentrations have not varied significantly over time (Appendix A). These inorganic
compounds may be due to natural geologic conditions and the degradation of solid waste, grass and tree trimmings,
sludges from waste water treatment systems, and fertilizer use. Concentrations of major ions and TDS in the study

area groundwater are also discussed.
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To create a manageable data subset for metals and nitrate as N, the arithmetic mean, or statistical average,
concentration of each compound detected in the groundwater samples collected from each well was calculated. This
averaging of the data is similar to the averaging performed with the VOC analytical results, except that the
concentrations of a particular compound detected in the groundwater samples were averaged to create one mean
result per compound per well over time. For example, concentrations of arsenic detected in the groundwater
samples collected from well EW-E from 1989 through 1996 were averaged to obtain the total mean arsenic
concentration of 0.0059 mg/l. This averaging was repeated for each metal and for nitrate as N, for each well. Ifa
specific metal or nitrate as N was not detected in the groundwater samples collected from a particular well, the
letters “ND” were used for the mean, thus indicating that the compound was not detected. If groundwater samples
were not collected from a particular well, or a specific metal or nitrate as N was not part of the analyte list for
groundwater sample analyses, the letters “NA” were used for the mean, meaning not analyzed. Figures 6.30 and
6.31 present the results, by well, of the mean concentration for each metal. The mean concentrations for nitrate as N
by well are shown on Figures 6.32 and 6.33. The presentation of the groundwater quality data in this manner is
appropriate because the standard deviation of each mean for each metal and nitrate as N for each well is much less

than each mean.

The spatial distribution of the overall mean concentrations of arsenic, barium, cadmium, and chromium are
presented in Figures 6.30 and 6.31. These figures demonstrate that arsenic was the most frequently detected metal.
The greatest arsenic mean was 0.0549 mg/l, as detected in the groundwater samples collected from well EW-E. The
greatest barium mean was 2.6117 mg/l, as detected in the groundwater samples collected from well EW-18. The
greatest cadmium and chromium means were 0.0063 mg/l and 0.0116 mg/l, respectively, as detected in the
groundwater samples collected from well EW-13 and EW-17. With the exception of arsenic, the greatest metal

concentrations were offsite.

The mean metal concentrations indicate that, in general, metal concentrations were similar in upgradient and

downgradient wells. For example, mean concentrations detected in groundwater samples collected from the
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upgradient well EW-NE and the downgradient well EW-1 for arsenic, barium and chromium were 0.0059 and

0.0047 mg/l, 0.0715 and 0.0770 mg/l and 0.0061 and 0.0062 mg/l, respectively.

Metal concentrations in the groundwater samples collected from the eastern and western cluster wells were used to
evaluate onsite groundwater quality. Generally, the highest metal concentrations were detected in the groundwater
samples collected from the wells located in hydrostratigraphic units F1 and F2 (Figure 6.32). The greatest arsenic
mean concentration was 0.0213 mg/l, as detected in the groundwater samples collected from well EW-PZ5 (Figure
6.32). Well EW-PZ5 was screened in unit F2 and is part of the western cluster wells. The greatest barium mean
concentration was 0.4924 mg/l, as detected in the groundwater samples collected from well EW-PZ6. Well EW-
PZ6 is also part of the western cluster wells and was screened in unit F1. Cadmium was only detected in wells EW-
PZ1, EW-6, and EW-8, installed in units F2, F3, and F4, respectively. The cadmium means as detected in the
groundwater samples collected from these wells were 0.0006 mg/l, 0.0018 mg/l, and 0.0026 mg/l. Chromium was
detected in wells EW-PZ1, EW-PZ2, and EW-8. Well EW-PZ2 was screened in unit F1. Chromium means for
these three wells were 0.0041 mg/l, 0.0062 mg/l, and 0.0841, respectively. The higher mean concentration of
chromium in groundwater samples collected from EW-8 is thought to be naturally occurring because chromium is

generally very low or not detected elsewhere on the Landfill.

The groundwater quality data indicate that metals, namely arsenic, barium, chromium, and cadmium were present
both onsite and offsite. Metal concentrations were similar in groundwater samples collected from upgradient and
downgradient wells. In addition, the greatest concentrations of barium, chromium and cadmium were detected in

groundwater from offsite wells. Therefore, the Site is not a significant source of these metals in groundwater.

Arsenic was present in groundwater samples collected from onsite and offsite wells and the greatest concentration
was reported for groundwater samples collected from well EW-E. Because arsenic is a naturally occurring metal in
groundwater within the SRV, a background arsenic study was performed as part of the risk assessment (see Section
8.0). Based on the results of the background arsenic study, offsite concentrations of arsenic in groundwater were

within the background concentrations for the area.
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Figures 6.33 and 6.34 show the spatial distribution of the major ions as Stiff diagrams, and TDS and nitrate as N. A
Stiff diagram is a graphical method of illustrating the concentrations of the sodium (Na), potassium (K), calcium
(Ca), magnesium (Mg), chloride (CI), bicarbonate (CO3, HCO3) and sulfate (SO4) ions. Concentrations of sodium,
calcium, and magnesium cations were plotted to the left of a vertical axis and concentrations of chloride,
bicarbonate, and sulfate were plotted to the right of the same vertical axis. Ion concentrations were reported in
milliequivalents per liter (me/l), which was obtained by dividing the ion concentration in mg/l by the weight of the
ion. Overall changes in inorganic water quality can be observed by comparing the relative shapes of the various

Stiff diagrams.

The Stiff diagrams show that the groundwater type in the study area was primarily sodium chloride to sodium
bicarbonate, and primarily sodium bicarbonate beneath the Site (Figures 6.32 and 6.33). Nitrate as N means ranged
from 0.05 mg/], as detected in the groundwater samples collected from well EW-PZ6, to 10.15 mg/l, as detected in
the groundwater samples collected from well EW-10. Elevated concentrations of nitrate are common in the
groundwater of Arizona, particularly in areas that were used for agriculture. The greatest concentrations of nitrate
as N were detected in the groundwater samples collected from offsite wells located on the southern and southeastern
portions of the study area. The nitrate concentrations may due to past land uses of agriculture and stockyards or
from older septic systems. TDS means ranged from 338 mg/l, as detected in the groundwater samples collected

from well EW-8, to 915 mg/l, as detected in the groundwater samples collected from well EW-PZ6.

Significant variations in inorganic water quality were not observed. TDS concentrations were generally highest in
groundwater samples collected from wells located south and southwest of the Site. Nitrate concentrations were
observed to decline across the Site and then increase again downgradient. Onsite, groundwater samples collected
from the F4 well EW-8 had the lowest TDS, at a mean concentration of 338 mg/l while the greatest TDS

concentrations were detected in groundwater samples from the unit F1 wells EW-PZ2 and EW-PZ6.

6.4.8 Metals in Former and Existing Landfill Soils
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Metals in the form of Aresenic and Thallium were present in both areas investigated that exceeded their appropriate
action level. In addition, Lead was present in the eastern portion of the existing Landfill. Because these metals
were in subsurface soils, direct human exposure is not a concern at this time. However, the potential of these metals
to leach into the groundwater and potential future exposure during site redevelopment is of concern. Consequently,
further evaluation on the potential risks to human health and the environment of these metals present in the
subsurface soils will have to be conducted in the form of a risk assessment. The leachability potential of the metals

to groundwater should also be evaluated using ADEQ’s groundwater protection levels.
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7.0 CONTAMINANT FATE AND TRANSPORT

This section describes the mechanisms involved in fate and transport of groundwater contaminants at the Site. The
contaminants most frequently identified in the study area groundwater are halogenated VOCs, and to a lesser degree
metals and nitrates. The mechanisms involved in fate and transport of contaminants are the same mechanisms that
control natural attenuation of contaminants. There are two main types of processes that control the fate and
transport and natural attenuation of contaminants. These include physical and biological processes in the aquifer
that act to reduce contaminant concentrations and limit the extent of migration of contaminants. Chemical
transformations can also contribute to the attenuation of contaminants. However, direct measurement in an aquifer
is difficult and chemical processes are thought to represent only a small portion of the total contaminant attenuation

at the Site.

7.1 Description of Natural Processes

The primary physical processes that affect the distribution of a contaminant in groundwater include advection,
dispersion, sorption, volatilization, and dissolution from residual contaminants located in a source area. Advection and
dispersion will reduce the chemical concentrations in groundwater, but will not cause a net loss in the mass of
chemicals in the aquifer system. Sorption will tend to reduce the dissolved chemical concentration and limit the
migration of the aqueous phase, but will not result in a loss of contaminant mass from the aquifer. Volatilization is also
a partitioning process of the chemical from the aqueous phase to the vapor phase. Although volatilization actually
removes chemical mass from the aquifer, it has not historically been thought of as a significant attenuation mechanism.
Dissolution is the process of residual chemicals located in a source area dissolving into the aqueous phase of the
aquifer. Chemicals may be held in the soil matrix above or below the water table at residual saturation (residuals) or at
saturation. Seasonal fluctuations in the water table can dissolve contamination from previously unsaturated aquifer
material. Dissolution, dispersion and advective transport are three of the more significant physical processes that

control the magnitude and extent of contamination at the Site.
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Aerobic and anaerobic biological processes, which are present at the Site, account for both chemical concentration
reduction and loss of chemical mass from an aquifer. Aerobic biodegradation relies on dissolved oxygen as the
electron acceptor used by the microorganisms. Although aerobic biodegradation takes place at relatively higher rates
than anaerobic processes, it is often limited by the available supply of oxygen to the chemical plume. Anaerobic
processes refer to a variety of biodegradation mechanisms that use nitrate, sulfate, iron, and carbon dioxide as terminal

electron acceptors by the microorganisms.

7.2 Physical Processes

As previously noted, there are several types of physical processes that affect contaminant fate and transport at the
Site. The physical processes that have been characterized at the Site include advection, dispersion, sorption,
volatilization and dissolution. Because the effects of these processes are sometimes additive, it can be difficult to
quantify the cause and effect relationships between a particular process and the observed result. Therefore, the
physical processes related to fate and transport effects at the Site are discussed in terms of observed trends at select

locations. These observed trends can then be extrapolated over similar areas.

7.2.1  Advective Transport

Advective transport results in the movement of contaminants at the same rate and in the same direction as the
average linear velocity of the groundwater. The two major flow regimes at the Site, no flow and flow, result in
advection in two primary directions at varying velocities, depending on the hydrologic properties of the aquifer and
the horizontal gradients. The predominant flow regime at the Site is no river flow conditions that result in a
westerly flow direction. The secondary regime is river flow conditions that result in a southwesterly flow direction.
The predominant advective pathways are best established by comparing the groundwater quality and flow directions
from a period of westerly groundwater flow conditions to that from a period of southwesterly groundwater flow

conditions. This was briefly discussed in Section 6.4.6.

The June 1996 quarterly sampling event represents a period of relative long term stability from dynamic recharge
conditions (primarily river flow). During this period the generalized groundwater flow direction is west (Figure

5.14a and b). For this same period the relative distribution of VOC Compounds of Interest, subdivided into the four
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categories of VC, cis-1,2-DCE, TCE and other VOCs, are shown on Figure 6.29. Advective transport during this
period clearly follows the general groundwater flow direction, with a generally westerly component of migration.
This is illustrated in Figure 6.29, where the total concentration of VOCs is greatest near the source with elevated
concentrations extending along a westerly centerline. For example, the total VOCs were 513 pg/l in groundwater
near the source at monitor well EW-E. The next highest total VOC concentrations were 379 ug/l in groundwater at

monitor well EW-W, which is located approximately 920 feet west of monitor well EW-E.

In comparison, the March 1993 sampling round corresponds to a period of flow in the river, During this period, the
advective transport results in migration of contaminants along a southwesterly centerline that trends similar to
groundwater flow for this period (Figures 5.16 and 6.28). In this example, the total VOC concentration in
groundwater near the source was 5,440 pg/] at monitor well EW-E, with the next highest groundwater concentration
at 928 ug/l from well BW-WD, 840 feet to the southwest. In contrast to the no flow scenario, the March 1993

groundwater concentrations to the west of the source area were only 72.4 pg/l at monitor well EW-W.

In general, a trend similar to that described above, where the greatest concentrations are at the source and
concentrations decline away from the source, exists at the Site. However, it should be noted that some of the
individual compounds, particularly VC, do not always follow the same trend with higher concentrations at the
source and declining away from the source. This is illustrated in Figure 6.29 with 160 pg/l of VC at monitor well
EW-E and 240 pg/l of VC at monitor well EW-W. This is caused by degradation of cis-1,2-DCE to VC and is not

related to advective transport. The degradation process is discussed below in Section 7.4.

On the basis of the relative distribution of VOCs and the groundwater flow directions in the March 1993 and June
1996 data, there is a shift of approximately 30 degrees between the two primary advective transportation pathways
created under flow and no flow conditions. Similar trends of the greatest VOC concentrations following the
prevailing groundwater flow directions are repeatedly illustrated in the quarterly sampling data (HLA, 1992g,

Appendix C).
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7.2.2  Dispersion

Dispersion is the process by which chemical constituents in groundwater are spread and mixed within the formation
water by diffusion and mixing caused by microscopic variations within and between the pores. Dispersion is caused
by differences in the velocity that water travels at the pore volume and differences in the rate at which water travels
through different strata in the flow path. Dispersion causes dilution of contaminants both longitudinally and
laterally to the groundwater flow direction. There is no loss of contaminant mass through dispersive processes, and
the dilution occurs by spreading the contaminant over a larger area. Thus dispersion is in part responsible for lateral

or cross-gradient migration of contaminants in groundwater.

On the basis of the relatively uniform composition (gravel, sand and silt), but heterogeneous nature of the alluvium
at the Site, lateral dispersion is believed to have a braided appearance that results when groundwater flow is
disrupted as it moves through the sediments. Lateral dispersion at the Site is relatively low, because of the overall
high groundwater flow velocity, noted in Section 5.0, that results from the generally coarse-grained nature of the

alluvium at the Site.

The cross-gradient extent of groundwater contamination varies because of the shifting groundwater flow directions.
The cross-gradient extent is estimated in the north-south direction because the predominant groundwater flow direction
is to the west. Using VC, the apparent cross-gradient extent of contamination, at its maximum point, appears to be from
EW-22 to EW-14 (Figure 6.20a and 6.20b). This is a north-south distance of approximately 2,000 feet. This cross-
gradient extent is larger than that predicted from hydraulic modeling and potential contaminant transport scenarios in

which the source area is the only source of VC.

7.2.3  Sorption
Sorption is the process by which chemicals are sorbed onto the surface of sediments. This process results because
the surfaces of solids, especially clays and organic soil material, have an electrical charge due to isomorphous

replacement, broken bonds, or lattice imperfections. The electrical charge is imbalanced, and may be satisfied by
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adsorbing a charged ion. HVOCs characteristically have a high affinity to organic material, and can be adsorbed to

the surface of organic material in an effort to achieve an ionic balance.

Sorption is caused by the partitioning of dissolved consitiuents onto immobile soil grains. Organic carbon in the
soil matrix typically provides most of the sorption sites. As a result of this sorption, VOC migration is slower than
the groundwater pore velocity. In general, the larger the soil organic carbon content (foc), the slower the VOC
transport rate. A retardation factor, R, may be calculated for each constituent of concern using the following

formula:
R = 1 + pbfnckac
7]

where :

R = retardation factor

p, = soil bulk density

J.. =fraction organic carbon in soil

k,. = organic carbon partition coefficient
@ =soil porosity

Using site-specific fpc values, retardation factors have been calculated for the signature VOCs at the site. Site-
specific R values for TCE, cis-1,2-DCE and VC are calculated to be 3.05, 1.74 and 1.04, respectively. These

calculations, as well as contaminant transport velocity calculations are given in Appendix N of this document.

Based on the nature of sediments at the Site, which are relatively low in amount of organic material and the absence
of VOC:s detected in the soil, it appears that sorption plays a relatively small role in the distribution of VOCs at the
Site, with the possible exception of unit F2 beneath the source area. Sediments at the Site are typically coarse
grained with very little fines as demonstrated in the sieve analyses that have been performed on various samples
(Table 4.1). The percentage of clay at the Site is very low. In addition, groundwater sampling conducted for TOC
at the Site showed relatively low concentrations of TOC. The concentrations of TOC ranged from less than the
detection limit to 19.1 pg/l in groundwater samples collected from monitor well EW-15 (Table 7.1). Analyses of
soils for VOCs at the Site, conducted during the Rotosonic™ drilling, did not identify detectable concentrations of
VC, cis-1,2-DCE, or TCE from borings B-1 and B-2. The presence of contaminants in unit F2 beneath the source

area is likely the result of sorption to some degree along with the other physical characteristics of the material.
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7.2.4  Volatilization

Volatilization refers to mass transfer from liquid and soil to the gaseous phase. Thus, depending on the nature of
contamination at different sites, chemicals in the soil gas may be derived from the presence of nonaqueous phase
liquids (NAPL), dissolved chemicals, or adsorbed chemicals. Chemical properties affecting volatilization include
vapor pressure and solubility. Other factors influencing volatilization rates are: concentration in soil, soil moisture
content, soil air movement, sorptive and diffusive characteristics of the soil, soil temperature, and bulk properties of
the soil such as organic-carbon content, porosity, density, and clay content. As there are no NAPLs observed at the

Site, volatilization can only occur from dissolved or adsorbed chemicals,

The rate of VOC volatilization at the Site is low. This is illustrated by the Phase I and Phase II soil gas
investigations conducted as part of the RI. During the Phase I investigation, the greatest VC concentration in soil
gas was reported in the vicinity of the source area at a concentration of 10.1 pg/1 (Figure 6.10). In comparison, the
greatest concentration of VC from the Phase II soil gas investigation was 2 pg/l (Figure 6.14). This concentration
was reported at two locations, near the former source area and at the northwest corner of the relocated refuse
mound. Soil gas results for cis-1,2-DCE showed the greatest concentrations during the Phase I to be 8.36 g/l
(Figure 6.9) and during the Phase II to be 2 pg/l (Figure 6.13). These concentrations of cis-1,2-DCE were reported
in the vicinity of the source area in both the Phase I and Phase II, and also at the northwest corner of the relocated
refuse mound in the Phase II. The soil gas investigations showed the greatest concentrations of TCE to be 0.35 pg/i
(Figure 6.8) and 5 pg/1 (Figure 6.12) in the Phase I and Phase II investigations, respectively. The TCE
concentration in the Phase I investigation was recorded at the northwest corner of the relocated refuse and in the
Phase II along the northern boundary of the Site near the original eastern landfill boundary. There were no VOCs

detected in soil gas along 40th Street in the Phase I soil gas investigation.
The overall low concentrations of VOCs in the soil gas, suggest that there are not areas with residual DNAPL or

abundant adsorbed chemicals in the vadose zone and support the conclusion that volatilization from both soils and

groundwater plays a minor role in the distribution of contaminants at the Site.
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7.2.5 Dissolution

Dissolution is the process by which soluble organic components dissolve in groundwater or dissolve in infiltration
water and form a groundwater contaminant plume. The highest concentrations of dissolved contaminants at the Site
are present in the groundwater from beneath the source area in unit F2. This suggests that unit F2, beneath the
source area, acts as a source for dissolution of cis-1,2-DCE and VC into the groundwater. Supporting data for unit
F2 acting as a cis-1,2-DCE and VC source include: the soil gas data that indicates soil gas concentrations are too
low to provide a significant source in unit F1, the lack of VOCs in surface and subsurface soils down gradient of the
source area, source monitor wells and piezometers completed in unit F2 have the greatest VOC concentrations,
groundwater contaminant concentrations vary more in units F1 and F3 than in unit F2, and a sharp increase in cis-

1,2-DCE and VC concentrations is observed in the alluvium during a river flow event.

The existence of DNAPL in unit F2 is not apparent. Typically, groundwater concentrations must be on the order of
one percent of the compounds solubility to indicate the presence of DNAPL. The solubility values for TCE,
cis-1,2-DCE and VC in water at 25 degrees Celsius are 1,100 mg/l, 3,500 mg/l and 1,100 mg/], respectively
(Montgomery and Welkom, 1990). VC would not exist as a DNAPL because it is a gas at the temperatures and
pressures encountered in the subsurface at the Site. The greatest single groundwater concentration for cis-1,2-DCE
was 12,000 pg/l or 12 mg/l (Appendix A). This concentration is 0.33% of the solubility for cis-1,2-DCE. As of
December 1996, the greatest cis-1,2-DCE contamination was 300 pg/l. The greatest single reported onsite
concentration of TCE was 120 pg/l, which represents approximately 0.01% of the solubility for TCE. As of
December 1996, the greatest onsite TCE concentration was 21 pg/l. These concentrations are not indicative of the

presence of DNAPLs.

As noted previously in the groundwater quality section, the analytical data clearly show that concentrations of TCE,
cis-1,2-DCE and VC are generally greater in unit F2 than unit F3 in the vicinity of the source. In addition, the
concentrations for unit F3 are consistently greater than those from unit F1. Evidence for the magnitude of
contaminant contribution from unit F2 is illustrated by comparing the combined totals for the parent and daughter

products (TCE + cis-1,2-DCE + VC) for units F1 (EW-PZ2), F2 (EW-PZ1), and F3 (EW-PZ3. These
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concentrations are dominantly daughter products and the percentage of TCE constitutes less than 2% of the total
concentration. The magnitude of the total VOC concentrations in unit F2, versus units F1 and F3, are indicative of

continued dissolution of daughter products from unit F2 into the groundwater,

Contaminant concentrations in the vicinity of the source area show a marked increase during a river flow event
followed by a rapid decline. The concentration increases or spikes are most dramatic in units F2 and F3 (Appendix
A) and appear to be the result of dissolution from unit F2. Because the unit specific piezometers were not installed
until 1993, which was at the end of a large flow event, the impact and trends resuiting from flow are best illustrated
in wells with a longer history of data. With minor exceptions, the contaminant concentrations are typically higher in
unit F2 than unit F3 in the vicinity of the source area (Appendix A), providing further support that unit F2 is the
principal area of continued dissolution. The contaminant increases, with respect to water-level rises that result from
river flow, are evident, for example, when examining data from EW-E and suggest that dissolution of VOCs
increases when water levels rise (Appendix A). Inorganic water quality does not vary significantly in response to

river flows.

The contaminant concentration increases, particularly in units F2 and F3, are believed to occur from hydraulic
loading caused from the rapid water-level rises that accompany river flow. The rising water-levels exert additional
stress on the lower permeability F2 unit, causing an increased downward vertical gradient that disrupts the physical
equilibrium. Unit F1 contaminant concentrations in the vicinity of the source area also show increases, associated
with water-level rising, but the increases are smaller in magnitude than those in units F2 and F3. The mechanisms
by which water-level rises produce concentration increases in unit F1 are believed to primarily be related to the
equilibrium imbalance created by the loading of unit F2. The general trend of contaminant spikes that are
associated with water-level rises are graphically illustrated in Figure 7.1. In this figure, the annual mean
concentrations for VC and cis-1,2-DCE concentrations from EW-W and EW-6 are plotted with the mean water
levels from EW-E and EW-6. This figure illustrates the concentration increases that are observed near the source
area when water levels rise. In this example, VC concentrations are initially decreasing, then increase in 1992 and

1993 in response recharge induced by river flow and the resulting water level rises. This is followed by a decrease
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in 1994, a slight increase in 1995 again in response to river flow, and finally decrease again in 1996, The
concentrations of cis-1,2-DCE follow a similar trend to VC, except that the cis-1,2-DCE peaks slightly ahead of the
VC at EW-6. The time difference between peaks is probably a function of the degradation process where by
cis-1,2-DCE is degraded to VC. These concentration trends over time also indicate that the magnitude of the peaks

is declining with time.

The dissolution of contaminants, primarily from unit F2, is responsible for the cis-1,2-DCE and VC concentrations
observed in groundwater at the source area. Dissolution of cis-1,2-DCE and VC at the source area appears to
temporarily increase during times of increased water levels that result from river flow. However, the process of
dissolution appears to be restricted to the vicinity of the source area. Therefore, contaminant concentrations away
from the source are primarily controlled by the physical process of advective transport and dispersion. These
processes are apparent in the general trends for some of the individual wells that are illustrated in Figures 7.1
through 7.4. When the data from wells in the vicinity of the source are compared to downgradient data, some
differences in the responses are apparent. For example, Figure 7.2 includes data from wells EW-W, EW-1, and

EwW-4,

As previously illustrated, concentrations in the source wells follow a trend where dissolution increases as the water
levels rise. That is concentration spikes result from water-level rises at the source area. Conversely, the
concentrations in the wells to the west of the source area (EW-W, EW-4 and EW-1) are controlled by advective
transport and dispersion that show a decline in concentrations when water levels rise and the flow direction shifts.
This decline is followed by a concentration increase that coincides with the water-level declines. The inverse
relationship between downgradient contaminant concentrations and water levels, results from the shift in
groundwater flow direction which is the same as the contaminant transport direction. Therefore, when the river
flows, the wells to the west are no longer downgradient of the source area. In addition, wells to the southwest of the
source area (BW-W/EW-18, EW-14 and BW-S) show contaminant concentration increases that coincide with water-

level rises, because the groundwater flow and contaminant transport directions shift to the southwest (Figure 7.3).
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The data in this figure used the combined results for BW-W and EW-18, because EW-18 was installed to replace

EW-W, which is no longer sampled.

Figure 7.4 indicates concentration trends for wells EW-9, EW-11, and EW-NW located to the northwest of the Site.
Groundwater samples collected from these wells and well EW-22, historically contain concentrations of signature
Site VOCs (cis-1,2-DCE and VC). In addition, groundwater samples collected from EW-23 (installed in May 1999)
also contain these VOCs, which generally decrease with distance downgradient from the site along a northwestern
flow path (Figure 7.5). Historical water level data have indicated a northwest flow component from the site towards
these wells. Concentrations of signature Site VOCs decrease when water-levels rise and the flow direction shifts to
the southwest, suggesting that advective transport is the primary physical process controlling cis-1,2-DCE and VC

concentrations at the wells. This is followed by concentration increases when water levels decline,

7.3 Bioactivity - Introduction

Biotic transformations are caused by microorganisms and are generally the most important transformation
mechanisms in groundwater systems (Wiedemeier et al., 1996). The biotransformation of chlorinated aliphatic
hydrocarbons (CAH) has been documented to occur in the laboratory and in the field via three main mechanisms:
reductive dechlorination, primary substrate (direct) oxidation, and cometabolism. These mechanisms can work

alone or in combination.

Reductive dechlorination is the most widely studied and documented of these mechanisms. The document entitled
Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water (Wiedemeier et al.,
1998) states that, while reductive dechlorination is an important process, oxidation and cometabolism also
contribute to the biodegradation of CAH. Numerous publications have documented successful field and laboratory
studies involving direct oxidation (e.g., Bradley and Chapelle, 1998; 1997) and cometabolism (e.g., Vancheeswaran
et al., 1999; Sutfin, 1996; Hopkins and McCarty, 1995; Semprini and McCarty, 1992). The three mechanisms of

CAH biodegradation identified above are discussed in detail in the following sections.
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7.3.1  Reductive Dechlorination

Reductive dechlorination refers to the process by which ubiquitous aquifer microorganisms acquire metabolic
energy by utilizing the CAH and various inorganic compounds as electron acceptors (respiration) and available
organic molecules as electron donors (food source) in a biologically mediated redox reaction. The process of
reductive dechlorination begins after aerobic respiration has depleted the oxygen in the aquifer (oxygen is the
preferred electron acceptor, as the most metabolic energy is derived by microorganisms through its utilization).
Reduction subsequently proceeds anaerobically as the microorganisms utilize nitrate, manganese, iron, sulfate and
carbon dioxide (methanogenic conditions) for respiration (Bradley and Chapelle, 1997). In this process of
anaerobic respiration, the CAH are dechlorinated in a sequential manner by the stepwise transfer of two electrons
from the donor to the CAH, forming intermediate daughter products (Sewall and Gibson, 1997). This process may
proceed to complete mineralization of the parent product, e.g., PCE, (resulting in carbon dioxide [CO,], water and
chloride), or the reaction may terminate at the formation of an intermediate daughter product (e.g., DCE). The
causes of termination may be, among others: a limitation in the electron donor or acceptor supply in the aquifer;
changes in microbial population densities or metabolism of organisms within the active microbial consortium; or a

change in redox or other environmental conditions (Gossett and Zinder, 1997).

With respect to the CAH detected at the Estes Landfill Site, reductive dechlorination of parent products (such as
TCE) may proceed through a series of oxidation/reduction reactions, to the general intermediate daughter products

shown below:

PCE — TCE — DCE — VC — ethene — ethane — CO,

All of the chlorinated ethenes may be degraded by reductive dechlorination, though the rate of transformation
typically decreases with decreased chlorination (Wiedemeier et al., 1996). Consequently, dechlorination of TCE to
DCE can occur under mild to moderate reducing conditions whereas dechlorination of DCE to VC generally

requires more strongly reducing conditions (Semprini et al., 1995). If, as discussed above, complete mineralization
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of the CAH does not occur, intermediates such as DCE may be potentially mineralized via direct oxidation (see
discussion below) in a process of sequential anaerobic/aerobic biodegradation, may cometabolize, or may

accumulate in the system, unable to be utilized for metabolism by the existing microbial consortium.

Evidence of reductive dechlorination has been observed at the site. DCE detected at the site occurs most
predominately in the biologically produced form of cis 1,2-DCE, an indication of the reductive dechlorination of
parent product (TCE). Further evidence of reductive dechlorination is the detection of the daughter product vinyl

chloride in the majority of monitoring wells sampled at the site.

In an effort to assess the degree to which reductive dechlorination is occurring at the Site, certain geochemical

parameters indicative of the process were measured, as described in detail below.

An examination of the parameters used to assess natural attenuation indicates that this unique set of environmental
conditions currently exists at the Site. Figure 7.5 shows a typical prevailing westerly groundwater flow direction
and displays the spatial relationship between wells EW-NE (upgradient), EW-PZ1 (source area), EW-4
(downgradient), and EW-1 (further downgradient). The chemical and biochemical parameters evaluated for these
four wells and several additional wells are plotted on Figure 7.6. A comparison of the key parameters redox, DO,
nitrate, methane, and ethene concentrations for these wells indicates that the groundwater environment near the
source area is anoxic (which would promote reductive processes). Downgradient, in the vicinity of EW-4, the

groundwater enters an aerobic zone (which would promote oxidative processes).

A preliminary screening of the June 1999 groundwater sampling results for evidence of reductive dechlorination
was conducted as described in EPA s Technical Protocol for Evaluating Natural Attenuation of Chlorinated
Solvents in Ground Water (Weidemeier et al., 1998). The screening process utilizes indicator parameters, including
natural electron acceptors, to recognize geochemical environments where reductive dechlorination is possible. This

method relies on the fact that reductive dechlorination will cause predictable changes in groundwater chemistry
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(Weidemeier et al., 1998). It is important to recognize that this analysis does not factor in any transformation

mechanisms besides reductive dechlorination (Weidemeier et al., 1998).

Seven wells sampled during June 1999 indicative of background, source area downgradient and leading edges of the
plume were evaluated using the EPA screening protocol. These wells are: EW-NE, EW-PZ1, EW-E, EW-4, EW-9,
EW-1 and EW-22. Indicator parameters evaluated and their associated weighting factors are provided in Table 7.2.
The results of this analysis are presented in Table 7.3. Six wells located within or close to the core of the plume
were rated as having inadequate or limited evidence of reductive dechlorination. The seventh well, EW-NE was
utilized for purposes of comparison as an upgradient (background) well. Wells EW-1 and EW-22, located near the
leading edge of the plume were noted as having inadequate and limited evidence, respectively for reductive
dechlorination, which would be expected because the greatest geochemical changes associated with reductive
dechlorination would be observed in the core of the plume. Conversely, “source” wells EW-PZ1 and EW-E and

downgradient wells EW-4 and EW-9 were shown to exhibit limited evidence of reductive dechlorination.

This is graphically illustrated on Figure 7.6, where geochemical and biochemical indicators are plotted from four of the
above wells along one groundwater flow path. This plot includes data from June 1995, and displays data from an
upgradient well (EW-NE), a source area well (EW-PZ1), and two downgradient wells (EW-4, EW-1). These data
graphically support the previously discussed development of a reducing anaerobic zone (the source area) where a
decreasing redox is accompanied by decreasing DO and coincides with increasing methane concentrations. In addition
to the presence of the anaerobic zone, this plot displays the three primary indicators that are indicative of
biodegradation. These include a sharp decline in the supply of election acceptors (DO and nitrate) in the source area, an
increase in degradation by-products (methane and ethene), and a sharp decline in contaminant concentrations (cis-1,2-

DCE and VC) downgradient.
Methane concentrations may increase along the plume centerline as biodegradation is occurring, The presence of
methane in groundwater is indicative of strongly reducing (i.e., methanogenic) conditions (Weidemeier et al., 1998).

Methane was detected in 11 of the 16 wells analyzed. Detections ranged from 4.5 to 240 ug/L. VC oxidizes at
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methane concentrations less than 500 pg/L. However, at concentrations of methane greater than 500 pg/L, VC,

which is the daughter product of DCE, may accumulate (Weidemeier et al., 1998).

The presence of an iron reducing environment at the Site is indicated by the increase in dissolved iron concentrations at
the source area. Groundwater samples from the upgradient monitor well EW-NE indicate a dissolved iron
concentrations of 0.58 parts per million (ppm). Near the source area, dissolved iron concentrations increase to 7.81 at
well EW-PZ2. This increase in dissolved iron indicates that iron reducing conditions are present. The presence of these
iron reducing conditions, coupled with the presence of the VC degradation product ethene, suggest limited VC

mineralization at the source area.

Although manganese is not one of the indicator parameters included in EPA's Preliminary Screening Protocol,
manganese is a potential electron acceptor under anaerobic conditions (Weidemeier et al., 1998). Dissolved
manganese, which is an indicator for reductive dechlorination, was detected at greater than twice the background

concentration in 11 of the 16 wells.

7.3.2 Direct Oxidation (Metabolism)

In the process of direct oxidation, microorganisms utilize the CAH as the electron donors in a seriés of redox
reactions. Unlike reductive dechlorination, the CAH are oxidized (i.e., used as the primary growth substrate by the
microbial consortium) instead of reduced. Compounds such as cis-DCE and VC may be directly metabolized by
subsurface microorganisms, again resulting in the formation of intermediate daughter products (e.g., ethene) or
complete destruction via mineralization to carbon dioxide, water and chloride. The lesser chlorinated CAH species
(e.g., DCE and VC) are more reduced and therefore are generally more susceptible to oxidation by direct
metabolism. This is the opposite of reductive dechlorination, where the more chlorinated CAH (e.g., PCE and TCE)
are more susceptible to degradation (Wiedemeier, 1998). It is important to note that this process may be either
aerobic or anaerobic. For example, direct oxidation of cis-1,2-DCE has been shown to occur either aerobically
(Bradley and Chapelle, 1998, Sewall and Gibson, 1997) or anaerobically during the reduction of manganese and

naturally occurring organic matter (Bradley, Chapelle and Lovley, 1998; Bradley, Lanmeyer and Dinicola, 1998).
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C

Several studies have indicated that DCE and VC can be oxidized in iron reducing and methanogenic conditions in

addition to aerobic conditions (Bradley and Chapelle, 1997, 1996; Klier et al., 1998).

Although reductive dechlorination daughter products of TCE and DCE biodegradation (e.g., DCE and VC) have
been detected in groundwater at the site, if reductive dechlorination were the sole mechanism affecting the
attenuation of CAH at the site, more frequent detections of these and other daughter products (e.g., ethene and
ethane) would be expected. Additionally, if reductive dechlorination at the site terminated at the production of
DCE, a build-up of DCE in the aquifer would be observed, assuming no other mechanism acted upon this
compound to reduce its concentration. Other mechanisms potentially contributing to concentration reductions at the
site are: dilution, dispersion, abiotic transformations, and cometabolic biodegradation. However, observed CAH
concentration reductions can not be completely attributed to either rainwater infiltration or dispersion , and abiotic
transformations likely contribute little to the overall mass reduction that has been at the Site. The absence of
daughter compounds accumulating in the aquifer is therefore conspicuous, and suggests that mechanisms other than

reductive dechlorination are acting upon DCE and possibly VC to reduce their concentrations.

A plausible explanation for the apparent lack of daughter products normally expected with reductive dechlorination
(e.g., ethane, ethene) is the direct oxidation of DCE and VC to carbon dioxide, water and chloride. As noted
previously, this metabolism of DCE or VC may occur in either aerobic or anaerobic conditions. The redox potential
of the site during the June1999 groundwater sampling round was oxidizing to moderately reducing, i.e., suitable
conditions for VC or DCE oxidation. Increased concentrations of carbon dioxide and chloride, two of the ultimate
end products of the mineralization of DCE and VC, would provide direct evidence that direct oxidation is occurring
at this site. However, the background concentration variability of these two analytes at the site is significant enough
to mask any change in concentration potentially produced by direct oxidation . Therefore, while appropriate
conditions exist at the site to support direct oxidation of DCE and VC, it is not possible to determine conclusively

whether this biomechanism is or is not acting on the plume.
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Nonetheless, due to the decrease in DCE and VC concentrations, and the general absence of ethane and ethene

across the site, there is a strong possibility that direct oxidation of DCE and VC may be occurring.

7.3.3 Cometabolism

While CAH are most readily biodegraded by reductive dechlorination, under certain circumstances they may also be
degraded through cometabolism. Cometabolism occurs when an enzyme or cofactor, produced by a microorganism
as part of their normal metabolism, degrades the CAH. The microorganism obtains no direct benefit from the
transformation. The presence of these enzymes results in the hydroxylation, oxidation, denitration, deamination,
hydrolysis, acylation or cleavage of the cometabolized organic compound, depending upon the structure and
composition of the compound (Alexander, 1994). For example, enzymes (e.g., toluene monooxygenase and
dioxygenase, or methane monooxygenase) produced by microorganisms during the utilization of toluene and
methane as the primary substrate serve as a catalyst for transformation of the CAH molecule, producing a daughter
product. Degradation of CAH such as TCE, cis-DCE and VC may occur during cometabolism of other organic
substrates (e.g., toluene or methane) or naturally occurring organic matter, producing intermediate daughter
products and may ultimately result in the production of carbon dioxide and water (mineralization). TCE, DCE, and
VC may be degraded through cometabolism under both aerobic and anaerobic conditions (Vogel, 1994). DCE may

be used in cometabolism under anaerobic conditions (McCarty and Semprini, 1994).

Therefore, cometabolism represents a third mechanism potentially responsible for the attenuation of CAH at the site.
As with direct oxidation, carbon dioxide and chloride data may be examined for concentration increases attributable
to cometabolism. As additional verification, concomitant decreases in organic compound concentrations
(anthropogenic or naturally occurring; e.g. toluene or methane) should be observed. As is the case for direct
oxidation, cometabolism is difficult to prove or disprove at the site. Only methane has been identified as a potential
primary substrate at the site. Intermediate products (e.g., epoxides) are not included in the list of VOC analytes,
and, therefore, would go undetected in groundwater samples collected at the site. Byproducts of cometabolism
(with mineralization ultimately producing carbon dioxide, water and chloride) may not be significantly above the

background concentrations detected in the aquifer.
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7.4 Declining Concentration Trends

As noted in Section 6.4 concentrations decline over time and with distance from the source area. Graphs illustrating
declining concentration spikes for VC, cis-1,2-DCE and TCE in groundwater samples over time are presented on
Figure 7.6. The figure illustrates that the concentrations of VC, cis-1,2-DCE and TCE in groundwater samples were
higher in the early 1980's than they are today despite the occurrence of concentration spikes as recently as 1995. This

concentration decline over time is expected because the mass of contaminants is continually being reduced.

An examination of the data from EW-E for TCE, 1,2-DCE and VC indicates that chemical concentrations have
consistently decreased by approximately 98% (TCE), 90% (1,2-DCE), and 90% (VC) during the selected time intervals
(Figure 7.6). When a river flow event occurs, the chemical concentrations usually spike. However, the chemical

concentrations will decrease to levels at or below those that existed prior to the river flow event.

The same declining chemical concentration trends for groundwater samples from well EW-E were observed at well
EW-4 and well EW-1. Although the chemical concentrations are approximately one order (EW-4) to two orders (EW-
1) of magnitude lower than EW-E, a similar significant decrease was observed at EW-4 (92% VC; 95% 1,2-DCE) and

EW-1 (97% VC; 99% 1,2-DCE).

In addition to concentrations decreasing with time, concentrations also decrease with increasing distance from the
source area. For example, the VC concentrations in the groundwater samples collected during June 1995 showed a
decrease of approximately 96% over 1,900 feet from EW-E (1,700 ug/l) to EW-4 (61 pg/l). During this same period,
VC concentrations in groundwater samples were reduced an additional 99% over approximately 1,700 feet from EW-4
(61 pg/l) to EW-1 (<0.5 pg/l). The concentration declines with distance combined with various bioactivity parameters

are illustrated on Figure 7.6.

The groundwater environment at EW-4 and EW-1 is progressively more aerobic as evidenced by the increasing

redox and DO concentrations and the decrease in methane and ethene. These aerobic environmental conditions are

conducive to the aerobic degradation of 1,2-DCE and VC, which results in the absence of detectable concentrations
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of 1,2-DCE and VC (<0.50) at EW-1. Furthermore, the DO concentrations in groundwater at EW-1 (2.36 ppm,
June 1995) indicate that acrobic microorganisms may be available to oxidize VC. The evaluation of groundwater
data at wells EW-E, EW-4, and EW-1 indicates that chemical mass removal mechanisms exist in the aquifer and these
mechanisms are sufficient to reduce chemical concentration (TCE; 1,2-DCE; VC) spikes associated with river flow

events by 90% or greater.

Evaluations of these analytical results suggest the following general observations:

) General decrease in contaminant concentration over time;

. The sample data, show moderate to strong reducing immediately downgradient of the source area

and less reducing or aerobic conditions in fringe areas;

. DCE detected at the site occurs in the biologically produced form of cis-1,2-DCE, an indication of

reductive dechlorination

. Nitrate and sulfate are generally present at only low concentrations within the plume, and will

therefore not significantly inhibit reductive pathways; and

. Based on EPA protocol, evidence of reductive dechlorination exists within portions of the site,

particularly near the source area.

7.5 Summary

A temporal reduction in dissolved TCE concentrations has been observed at the site. Daughter products of TCE,
including 1,2-DCE and VC, have been detected at the site. In addition, DCE detected at the site occurs as the
biologically produced form, cis 1,2-DCE, generated from the biodegradation of TCE. There has been no apparent

accumulation of cis-DCE, or of its reductive dechlorination daughter products, such as VC and ethene. A plausible
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(‘* mechanism accounting for these conditions is biotransformation by means other than reductive dechlorination, such

as direct oxidation of DCE to carbon dioxide.

The following conclusions can be made regarding evidence for biotransformation pathways that may be active at the

Estes Landfill Site:
. Using EPA protocol as a guideline, limited evidence of reductive dechlorination does exist at the
site; and
. Other biotransformation mechanisms, such as direct oxidation or cometabolism, are likely

occurring at this site, and provide a plausible explanation for the lack of accumulation of daughter
products such as DCE and VC, in conjunction with the continuing decrease in parent compound

concentrations.
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8.0 ASSESSMENT OF RISK
This section provides a summary of the Human Health Risk Assessment (RA) (HLA, 1995e). The RA document is
included in Appendix O of this report. The purpose of the RA was to assess the nature and extent of potential
human health risks associated with current conditions and future uses of the Site and adjacent areas. The RA was
prepared in a manner consistent with EPA's Risk Assessment Guidance for Superfund, Volume I (EPA, 1989a).
The Arizona Department of Health Services (ADHS) has also conducted a baseline risk assessment for the Site,

which is briefly discussed in Section 8.4.3.

The RA followed a four-step process: hazard identification, toxicity assessment, exposure assessment, and risk

characterization. Each of these steps, as applied to the Site, is discussed in the sections that follow.

8.1 Hazard Identification

This section describes the selection of chemicals (chemicals of concern [COCs]) evaluated for defined exposure

- areas at the Site (i.e., onsite and adjacent offsite areas). Hazard identification identifies those chemicals of concern

that may pose a risk to human health. The hazard identification process evaluates the available data concerning the
toxicity of contaminants found in the environmental media onsite and offsite by media and location (e.g., onsite or

offsite). Locations and media evaluated include:

N Onsite Soils

. Onsite Soil Gas

. Onsite Groundwater
. Offsite Groundwater

The selection of chemicals of concem (COCs) for each of the media: soils, soil gas, onsite groundwater, and offsite
groundwater was based on comparison of the site investigation data to several criteria. Data for chemical constituents
in each environmental medium were compared to EPA Region IX Preliminary Remediation Goals (PRGs) to eliminate

those candidate COCs that, even though detected, would not present a significant risk. Further, chemicals that were not

. detected at all among all samples, ranging from as low as 10 samples to over 500 samples, were also eliminated. In

(-
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some cases, a candidate COC might have exceeded the corresponding PRG, but was eliminated because the frequency
of detection (also called % detection in the tables) based on as many as 500 samples was less than 5 percent. In such
case, the exposure risk/hazard constituted by the Site is de minimis, and the candidate COC was eliminated from further
evaluation. A few candidate COCs, for instance parachlorophenyl methyl sulfide, were eliminated based on the lack of
a toxicity factor for either risk or hazard. In that case, the risk/hazard that might be contributed by such a chemical must
be included as part of the uncertainty of the risk assessment. For groundwater data, consideration of maximum

contaminant limits (MCLs), as appropriate regulatory criteria, were also considered in eliminating candidate COCs.

As discussed in Section 6.2.1, surface soils at the Site were evaluated for chlorinated pesticides, PCBs, SVOCs,
VOCs, and metals (see Table 6.2 for analytical results). The concentrations of chemicals detected in onsite surficial
soils were compared to EPA Region IX PRGs (EPA, 1995b) for industrial soils (Table 1 of Appendix O). A risk-
based PRG, as defined by EPA, is a concentration of a chemical in media (i.e., soil, water, or air) that would not
result in adverse noncarcinogenic health effects or a cancer risk greater than 1 x 10" (one in one-million) under a set
of defined (default) exposure assumptions. EPA Region IX has published PRGs based on conservative exposure
assumptions associated with either residential or industrial uses of a property. The concentration of chemicals
detected were all well below EPA Region IX PRGs. Therefore none of these chemicals was identified as COCs in

Site soils.

Onsite soil gas samples were collected during two phases. The results of soil gas sampling, summarized in Table
6.8, indicated low concentrations of several VOCs. Chemicals of concern in onsite soil gas were identified as those
chemicals detected at a frequency of 5% or greater (Table 2 of Appendix O). EPA Region IX guidance suggests
that chemicals present in less than 5% of the samples from any one media or area can be eliminated from further
assessment (EPA, 1989b). This methodology was used because there are no PRGs or other standards for soil gas
samples. On this basis, soil gas COCs included benzene, chlorobenzene, 1,2-DCB, 1,3/1,4-DCB, 1,1-DCA, 1,1-

DCE, total 1,2-DCE, ethylbenzene, Freon 11, Freon 113, toluene, PCE, 1,1,1-TCA, TCE, VC, and total xylenes.

Since it is highly unlikely that a potable water well would ever be drilled on the Estes Landfill (EPA, 1989a and
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1991a), COCs were not evaluated for onsite groundwater. However, COCs for potable use of offsite groundwater
were evaluated, as there is a theoretical exposure pathway associated with future potable use of groundwater offsite.
Because the identification of COCs in offsite groundwater (e.g., downgradient) is highly dependent on whether the
chemicals were detected in onsite wells, chemicals detected in onsite groundwater were evaluated specifically to
assist in the identification of COCs for offsite groundwater. For a complete description of the selection process for
COCs in groundwater, see Section 3.4 in Appendix O. Using COCs for offsite groundwater is a conservative
estimation. Groundwater near the Salt River bed is generally unsuitable for potable use due to natural factors. In

addition, other sources of groundwater contamination have been identified offsite.

Well location information and monitoring data collected during Site investigations conducted from September, 1988
to September, 1994 were evaluated for selecting COCs in offsite groundwater. A complete listing of the data is
included in Appendix A. COC selection criteria for VOCs and metals in groundwater are presented in Tables 3 and

4, respectively, of Appendix O.

8.2 Toxicity Assessment

This section presents the toxicity assessment for the COCs evaluated in this RA. Toxicity assessment includes
identification of the types of potential toxicities associated with each COCs (e.g., cancer and/or noncancer toxicity)
and the chemical-specific dose-response relationships. The dose-response relationship characterizes the relationship

between the dose of a chemical and the probability of an adverse health effect in an exposed population.

For evaluating the potential for noncancer hazard, the chemical-specific EPA reference dose (RfD) was used. The

RfD is identified as a dose level that is not expected to result in adverse noncancer health effects in persons exposed
for a lifetime, even among the most sensitive members of the population. Therefore, if the predicted chemical dose
for a receptor divided by the RfD (the hazard index [HI]) is less than 1.0, there is not a potential for an adverse

noncancer effect for that receptor.

€ancer risks for exposure to carcinogens are defined in terms of probabilities. The probabilities identify the

Environmental Science & Engineering, Inc. 8-3



Estes Landfill Remedial Investigation Report

likelihood of a carcinogenic response in an individual receiving a specific dose of a particular chemical (based on
mathematical modeling of the animal or human data). These probabilities are expressed in terms of the slope factor
(SF). The SF represents the probability of a carcinogenic response (per unit dose). The SF, multiplied by the

predicted chemical dose, provides an estimate of the upperbound incremental potential cancer risk.

Consistent with EPA guidance (1989a), the primary source for toxicity criteria for the COCs at the Site included the
online EPA database IRIS (EPA, 1996a), and the Health Effects Assessment Summary Tables [HEAST] (EPA,

1995a). Toxicity criteria for the COCs are presented in Table 6 of Appendix O.

83 Exposure Assessment

Exposure assessment is the estimation of the timing (frequency and duration), route, and magnitude of the dose
experienced by a population exposed to the COCs. Populations of persons that could potentially be exposed to
contaminated environmental media at and from the Site are identified in the exposure assessment. Relevant routes of
exposure and the methods used to estimate these exposures are also described. The Conceptual Site Model (CSM)
for the Site is shown on Table 8.1. All the complete exposure pathways indicated on the figure are evaluated in the

risk assessment. Description of pathways and receptor populations is included in the following paragraphs.

8.3.1 Potential Exposure Scenarios
Both onsite and offsite exposed receptor scenarios were evaluated. The exposure scenarios were identified on the
basis of relevant environmental transport media, locations of potential human contact, and routes of exposure

necessary for a complete exposure pathway.
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8.3.1.1 Past Potential Offsite Exposure

One of the offsite receptors evaluated in the RA was a hypothetical worker at the Bradley Landfill, where a
production well was used in the past for non-potable uses. VOCs were detected in groundwater from the Bradley
Landfill production well. The water was not used as a drinking water source at the facility. The Bradley Landfill is
connected to the City of Phoenix water supply and also receives bottled water. In the past, water from the Bradley
Landfill well could be pumped into a 5,000 gallon water truck and sprayed on roads at the landfill to suppress dust.
Workers at the Bradley Landfill could potentially be exposed to VOCs volatilizing from the use of the groundwater.

However, as noted in the RA, this well has not been used since the RA was initiated.

8.3.1.2 Current Potential Onsite Exposure
The Site is currently vacant. Site access is restricted by a metal fence and a locked gate entrance. Therefore,
individuals are not likely to trespass onto the Site. Accordingly, it was assumed that there are no current or potential

onsite receptors.

8.3.1.3 Potential Future Onsite Exposure

The Site is currently within the buffer zone of the Phoenix Sky Harbor International Airport. It is unlikely that the
land use restrictions associated with the airport buffer zone will be lifted. It is more likely that the need for the
buffer zone will continue. Airport land use restrictions prevent the development of the Site as a commercial or
industrial facility with buildings. The Site has limited industrial or commercial future uses that would not involve
enclosed structures. Materials storage area land near the Site may be converted to a green belt, as discussed in
Section 3.1 concerning land use. The most highly exposed individual in the potential land use scenarios would be a
hypothetical full-time outdoor worker at the Site. Accordingly, a future onsite worker scenario was evaluated in the

RA.

8.3.1.4 Potential Future Offsite Exposure
Current zoning for the area is primarily A-2 (heavy industrial) and A-1 (light industrial), with no residential zoning.

Therefore, a future receptor in the form of an offsite worker exposed to industrial use of groundwater containing,
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the signature chemicals that may migrate from the Site was evaluated, in accordance with EPA guidance (EPA,
1989a). Although it is unlikely, there is potential for installation of an offsite well by current or future businesses,

with consumption of water from the well. Accordingly, future exposure to offsite groundwater was evaluated.

8.3.2 Exposure Pathways for Environmental Media

The discussion in this section elaborates on the conceptual site model (CSM) presented on Table 8.1.

8.3.2.1 Soil

As explained in Section 8.1 on Hazard Identification, none of the chemicals detected in onsite surface soils were
selected as COCs, based on comparison with background soil concentrations or comparison with EPA Region IX
PRGs for industrial land use (EPA, 1995b). Therefore, exposure to onsite soils was not evaluated as an exposure

pathway.,

8.3.2.2 Air

The primary constituents detected in groundwater at the Site are VOCs. Although not found, VOCs may also be
present in solid waste and subsurface soils. These chemicals may volatilize from water, soil, and solid waste and
migrate through solid waste and soil as vapor. Biodegradation of solid waste at a landfill results in the production of
gases such as methane and carbon dioxide. Although these gases themselves are nontoxic, the presence of the gases
may produce a convective flow that may increase emissions of VOCs from Site soils. As discussed in Section 8.4,
the health risks associated with vapor emissions onsite were negligible, and therefore characterization of offsite

exposures to airborne chemicals (which would be considerably less) was deemed unnecessary.

8.3.2.3 Groundwater

Because the Site is a former landfill, and because municipal drinking water is readily and more cheaply available, it
is unreasonable to assume a groundwater production well will be installed at the Site. Therefore, onsite use of
groundwater was not evaluated in the RA. EPA guidance agrees that it is unreasonable to assume that a well would
be installed at a former landfill. Specifically, EPA (1989a) states that "in a few situations it may not be reasonable

to assume that water will be drawn directly beneath a specific source (e.g., a waste management unit such as a
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landfill) in the future." Another EPA guidance document (EPA, 1991a), specific to conducting RI/FS studies at
landfill sites, also suggests that hypothetical future exposure to groundwater would not normally be evaluated in a
RA, as this pathway is highly unlikely. Also, the Groundwater Management Act of 1980 restricts the use of

groundwater in an Active Management Area (AMA). The Site is located in the Phoenix AMA.

Potential future offsite exposures to groundwater were evaluated in the RA.

8.3.3 Dose Estimates

For purposes of risk assessment, dose (intake) is defined as the amount of chemical taken into the body per unit
time. The dose may be received through inhalation, ingestion, and skin absorption. For environmental decision
making, toxicity standards based on administered dose rate (intake rate) are used. For noncarcinogenic effects, the
exposure scenario intake rate (dose rate) is averaged over the period of exposure and is referred to as the average

daily dose (ADD). For carcinogenic effects, the intake rate is averaged over a lifetime and is referred to as the

- lifetime average daily dose (LADD). The exposure concentrations are incorporated into the dose (rate) equations to

yield a dose estimate.

The following dose equation was used from EPA guidance (EPA, 1989a) to assess uptake for each complete exposure

pathway considered in this assessment:

ADD = CxIRxEFxED
BWx AT
Where:
ADD = Average daily dose (mg/kg-day)
C = Chemical concentration in environmental medium (mg/m® or mg/l)
IR = Intake rate (m*/day or mg/l)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (days)

For noncarcinogenic effects, AT = ED x 365 days/year
For carcinogenic effects, AT = 70 years x 365 days/year (The dose calculated is a Lifetime Average Daily
Dose [LADD] in mg/kg-day, rather than an ADD.)
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The specific dose equations for all applicable exposure routes are presented in Section 5.3 of Appendix O. Exposure
parameter values (e.g., intake rates, erc.) for each receptor and exposure pathway are summarized in Tables 7 and 8 of

Appendix O.

8.3.3.1 Deterministic Dose Estimates

The deterministic evaluation employed single point estimates for each of the input parameters to develop single
point dose estimates for each scenario. Doses were calculated by using exposure parameters associated with
reasonable maximum exposure (RME) and average exposure scenarios (EPA, 1989a). This approach provides a
conservative measure of the range of potential risks. An RME, as defined by EPA, is the "highest exposure that is
reasonably expected to occur” and is estimated by using upperbound values (90" or 95" percentile values or 95%
upper confidence limit values) of human exposure factors (EPA, 1989a). An average exposure scenario provides a
conservative estimate of the central tendency for exposure at the Site by using average or median values for human
exposure factors. A table of the det_‘ault exposure parameters used for the RME and the average exposure scenarios

may be found in Attachment D of Appendix O, Spreadsheets for Dose Estimates and Risk Characterization.

8.3.3.2 Probabilistic Dose Estimates

A probabilistic dose estimate was developed to reduce uncertainty in the dose estimate for future ingestion of offsite
groundwater. Chemicals that contributed most significantly to potential health risk at the Site (i.e., greater than 95%
probability) were identified through the deterministic risk evaluation. Based on the results of the deterministic
evaluation, arsenic and VC were further evaluated using a probabilistic analysis, which provides a statistical

estimate of uncertainties in the dose and risk estimates.

For the probabilistic analysis, risk probability distributions were developed for key exposure parameters (Table 13
of Appendix O). These include groundwater exposure concentrations, groundwater ingestion rate, exposure

duration (job tenure), and body weight. Distributions were developed by using data presented in EPA's Exposure
Factors Handbook (EPA, 1990) to ensure consistency with EPA guidance. Many of these distributions have been

applied to regulatory risk assessments and have been published elsewhere (Roseberry and Burmaster, 1992;
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Copeland et al., 1993, and 1994; and Finley et al., 1994).

8.3.4 Environmental Media Concentrations
This section describes the choices of concentrations for risk assessment for each of the environmental media

evaluated.

8.3.4.1 Groundwater Concentrations

Data obtained from monitor wells downgradient and cross gradient to the Site, were used to conservatively estimate
potential future concentrations of chemicals in groundwater. The monitor wells evaluated (bolded on Figure 8.1)
were grouped to estimate representative exposure concentrations based on EPA guidance, which states, "it generally

should be assumed that water could be drawn from anywhere in the aquifer" (EPA, 1989a).

Wells within the boundary of the Bradley Landfill were not included in the groundwater ingestion scenario because,
as described above, it is inappropriate to assume that a groundwater production well would be installed at a landfill.
Wells in the Salt River were also not included in the determination of representative exposure concentrations, as it
is unlikely that groundwater would be drawn from below the river bed. In addition, ADWR regulations require land

owner approval to install a well. Therefore, the State would be required to approve the installation of a well within

the river bottom.

Groundwater characterization data obtained from 1988 to 1994 were used to estimate the mean concentration and
95% upper confidence limit (95% UCL) concentration, for each chemical of concern. The mean and 95% UCL
concentrations were employed to evaluate the average, and RME exposure concentrations, respectively (Table 9 of

Appendix O).

For the probabilistic analysis, arithmetic mean concentrations were initially calculated for each individual well that
was included in the grouped well analysis. For each chemical, a discrete probability distribution of the

groundwater concentration was developed from the arithmetic mean concentrations for each well in the immediate
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offsite area (Gilbert, 1987). This approach to characterizing a representative exposure concentration is more

accurate than assuming a default normal or lognormal data distribution (Gilbert, 1987).

The risk estimates were based on historic groundwater quality for the entire period of record since the Phase | GQI
through 1994. However, the data show decreases in contaminant concentrations over time through natural
attenuation. Therefore, the RA probably overestimated potential future risks posed by the groundwater, whose

contaminant concentration, have decreased over time.

8.3.4.2 Air Exposure Concentrations

A potential future onsite worker was assumed to be exposed through inhalation of on-site air containing VOCs.
Conservative environmental fate and transport modeling was used to estimate potential concentrations of COCs in
onsite air (Table 10 of Appendix O) (Attachment B of Appendix O). The mean and 95% UCL soil vapor
concentration, for each chemical, was input into an EPA approved equation for estimating average and RME vapor
emissions (EPA, 1988a). Exposure concentrations in air were developed from chemical-specific vapor emissions
using an EPA-approved air dispersion equation (EPA, 1988a). Potential risks from air exposures are expected to
decline over time as contaminant levels decrease in the future. However, the air exposure scenario conservatively

assumed that onsite concentrations would continue at current levels.

84 Risk Characterization

Risk characterization provides an evaluation of the potential health risks posed by the chemicals of concern.
Noncancer hazard and cancer risk were evaluated for each exposure scenario by using a deterministic analysis.
Additionally, cancer risk associated with VC and arsenic in offsite groundwater was evaluated using a probabilistic
analysis. Spreadsheets for the deterministic assessment are presented in Attachment D of Appendix O. Model

output for the probabilistic assessment are presented in Attachment E of Appendix O.

8.4.1 Noncancer Hazard

A hazard quotient is calculated for noncancer hazards to evaluate each chemical individually, for each exposure
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pathway. The hazard quotient is the average daily chemical dose divided by the EPA reference (i.e., acceptable)
dose. The hazard quotients are then added for all chemicals and all relevant pathways for each scenario evaluated.
The sum of hazard quotients is referred to as the HI. If only one chemical is considered, the hazard quotient equals
the HI. If the HI total is less than 1.0, there are no noncancer hazards for any potential receptor, including the most

sensitive members of the population.

8.4.1.1 Potential Future Onsite Worker

Inhalation of vapors released from soil gas into the atmosphere was considered the only route of exposure to
chemicals for the hypothetical future onsite worker. The estimated RME and average HIs associated with this
pathway were 0.07 and 0.02, respectively (Table 14 and Attachment B of Appendix O). These values are 14 and 41
fold lower respectively than the acceptable HI of 1.0. Accordingly, adverse noncancer health effects for a full-time
worker at the Site are unlikely. Because there are no noncancer hazards associated with the hypothetical full-time
worker, the Site would not present a noncancer hazard for intermittent use associated with recreational or

commercial use.

8.4.1.2 Potential Future Offsite Worker
The hypothetical future offsite worker was assumed to work offsite, but within the adjacent downgradient area
shown on Figure 8.1 (shaded area). It was assumed that the worker consumed untreated groundwater contained

anywhere within the evaluated area, but not from a well within the Estes or Bradley landfills.

The noncancer HI associated with ingestion of groundwater for the potential future offsite receptor was 1.4 for the
RME and 0.7 for the average exposure (Table 16 of Appendix O). These values were based on the RfD for
manganese that was applicable at the time the RA was prepared. The EPA has since revised the RfD for
manganese. As a result of application of the EPA revised RfD, the corrected HI associated with ingestion of
groundwater is 0.5 for the RME. Accordingly, there is not a potential for a noncancer hazard associated with the

potable use of offsite groundwater.
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84.2 Cancer Risk

Incremental cancer risks from exposure to an environmental contaminant is defined as the risk above the expected
(background) cancer incidence. The normal rate of cancers for the large United States population is roughly one in
three, or 333,000 cancers per million persons over a lifetime, nominally 70 years. HLA estimated the predicted
incremental cancer risk from three hypothetical scenarios by using deterministic statistical methods (EPA, 1989a).
Additionally, a probabilistic risk characterization was conducted for arsenic and VC in offsite groundwater to more
accurately characterize risks associated with these two chemicals, which contribute to over 95% of the risk. Per
EPA guidance, total incremental cancer risk associated with each scenario is expressed with one significant digit.

Discussions of the incremental cancer risks for each evaluated scenario are presented below.

8.4.2.1 Potential Future Onsite Worker

The potential future onsite worker assumes eight hours per day and five days per week for a total of 25 years.
Inhalation of vapors released from soil gas emitted the atmosphere was identified as the only potential route of
exposure for the hypothetical onsite worker. The estimated RME and average cancer risks associated with this
pathway were 1 x 10 (one in one-hundred thousand) and 8 x 107 (eight in ten-million), respectively (Table 17 and
Attachment B of Appendix O). These values are within the acceptable range for cancer risk for a nonresidential Site
in the State of Arizona and under EPA risk policies. Further, the average risk is over an order of magnitude lower
than the RME risk, and it is likely that the incremental exposure will be averaged (and mitigated) by the variation of
work location over the open, undeveloped land. Accordingly, there is not significant cancer risk for a full-time
worker at the Site. Because there is not a significant cancer risk associated with the hypothetical fuil time worker
over a duration of 25 years onsite, the Site would not present a hazard for intermittent use associated with

recreational or commercial use.

8.4.2.2 Potential Future Offsite Worker
The potential future offsite worker was assumed to work within the adjacent downgradient area shown on Figure 8.1

(shaded area). The worker was assumed to consume untreated groundwater contained anywhere within the
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evaluated area but not within the Estes or Bradley landfills. This was a health-conservative assumption because the
Safe Drinking Water Act would require most employers to treat the water to comply with MCLs. Because there is
currently no potable use of groundwater within the area, this exposure pathway is incomplete for a current exposure
scenario. In the deterministic assessment, used to identify relative contributions of COCs to total risk, VC
contributed to 79% and arsenic to 18% of the total cancer risk in the RME scenario (Table 19 of Appendix O).
(Note: based on a quantitative evaluation of background arsenic in groundwater, arsenic may not be a Site-related
chemical.) Other Site and non-Site related VOCs contributed the remaining 3% of the total cancer risk in the RME

scenario.

ADEQ and EPA support the probabilistic approach to risk assessment in that, when adequate data are available, it is
believed to provide a more complete characterization of potential risk. Additionally, the probabilistic assessment
provides risk characterization information in an optimal format for use by risk managers. In the probabilistic
analysis, intended for use in risk management decision making for the Site, the incremental cancer risks were 7 x 10
§ (seven in one million) for the 50th percentile individual, 6 x 10 for the 90th percentile individual, and 1 x 10~ for
the 95th percentile individual (Table 20 of Appendix O). The upper limit of acceptable risk for risk management in
the state of Arizona for a receptor at a non residential Site is 1 x 10 for the 95th percentile individual (ADEQ,
1995). Both the 1995 ADEQ Cleanup Policy and the subsequent 1997 ADEQ SRL:s reference risk management
decisions based on a risk range of 1 x 10*to 1 x 10 Accordingly, potential use of offsite groundwater as drinking

water would not pose an unacceptable risk.

8.4.3 ADHS Risk Assessment
As noted in the introduction to Section 8.0, ADHS also has conducted a RA for this Site. Although the RAs
prepared by ADHS and HLA are similar in many respects, there are some differences in the assumption, particularly

with respect to the potential consumption of groundwater. These differences are summarized below.

1. ADHS calculated a risk estimate for future onsite ingestion of groundwater (a pathway deemed to be

incomplete under EPA guidance) in the characterization of future onsite risks. Based upon this EPA guidance, HLA

Environmental Science & Engineering, Inc. 8-13



Estes Landfill Remedial Investigation Report

determined that this risk was not likely to ever occur and did not evaluate future onsite ingestion of groundwater.

2. The ADHS exposure unit consisted of each individual well. HLA collectively considered all appropriate

offsite wells to evaluate a representative exposure unit concentration in accordance with EPA guidance (1989a).

3. HLA characterized future offsite exposure to groundwater via ingestion by using statistical distributions for
body weight, water consumption, and exposure duration. ADHS estimated exposure using EPA upper-bound
default exposure factors. Such practice results in risk estimates that lie above the 99th percentile risk (Burmaster, D.
E. and R.H. Harris, 1993, The Magnitude of Compounding Conservatisms in Superfund Risk Assessments, Risk

Analysis, Vol. 13, No. 2, p. 131-134

The differences in RA approaches resulted in significantly different estimates of hypothetical future risk. In the
ADHS risk assessment, the highest calculated excess cancer risk was 2 x 10?, based upon assumed potable use of
groundwater from a specific monitor well located onsite. In the HLA risk assessment, the highest risk, associated
with potable use of offsite groundwater was, 1 x 10*. While the ADEQ result represents a conservative, upper-
bound risk, the HLA probabilistic evaluation represents the range of more likely exposures associated with potable

use of the groundwater.

The HLA RA is consistent with EPA’s risk assessment guidance. This evaluation is based on using a probabilistic
(e.g. Monte Carlo) simulation risk assessment approach rather than a deterministic approach*. The risks calculated
by both HLA and ADHS must be considered upper bound maximum potential risks. Given that groundwater
contaminant levels are decreasing, that the areal extent of the plume is not increasing, and that the restrictions State
and Federal law place on drilling new groundwater production wells and using the groundwater without treatment, it

is unlikely that the calculated upper-bound risks will ever apply to the Site.

* Note: The USEPA document referenced in the Estes risk assessment was “Guiding Principles for Monte
Carlo Analysis (EPA/630/R-97/001). Since that time, that document has been integrated into Part E of the Risk
Assessment Guidance for Superfund (USEPA, 1998. Supplemental Guidance to RAGS: The Use of Probabilistic
Analysis in Risk Assessment, Part E. Office of Solid Waste and Emergency Response, February).
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9.0 COMMUNITY INVOLVEMENT PLAN
This section provides a summary of the established process to respond to issues of community concern, detailed in
the recently completed Community Involvement Plan - Estes Landfill State Superfund Site (the Plan). The Plan was
prepared to assist the City, Bank One and ADEQ in disseminating information about the Site to the local
community. Generally, the Plan discusses Site history, physical description, findings from the ongoing Site

investigation and key issues of concern to the local community.

9.1 Historical Summary
The community surrounding the Estes Landfill has evolved from residential and small farm properties in the 1930's
and 1940's to light industrial by 1970. Since 1970, the properties near the Site are almost exclusively light

industrial and commercial in character.

Public involvement with activities with regard to the Site date to 1980, when ADHS discovered groundwater
contamination in wells downgradient of the Site. Since that time issues regarding the Site and the partial Site
relocation have been discussed during numerous City Council meetings and Arizona State Legislative sessions. The
Site has also been discussed at meetings of the Phoenix Environmental Quality Commission and the Phoenix City
Council Environmental and Natural Resources Subcommittee. Because the Site is on the WQARF Priority List, it is
subject to annual public notice and comment with respect to funding priorities. Copies of numerous technical
reports, quarterly status reports and proposed Site activities have been filed with and are publicly available from
ADEQ. An information repository for technical documents and informational material has been established at the

City of Phoenix Ocotillo Public Library.

The City has conducted several specific efforts to enhance community involvement in the Site activities. In 1991,
the City published advertisements in local newspapers requesting information about the Estes and Bradley Landfills.
An informational mailing list was created in 1993 and an informational fact sheet was jointly produced with ADEQ

for distribution to the local community in February, 1995.
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Representatives of the City and ADEQ conducted interviews with 20 local community members and local officials
in September, 1995. These interviews identified several general categories of common interest to the local

community:

Economic issues - interviewee concerns included total costs and cost effectiveness of Site related cleanup activities;

Redevelopment - interviewees generally expressed interest in seeing the Site redeveloped following cleanup efforts,
possibly as part of the Rio Salado project;

Bradley Landfill - interviewees expressed concerns regarding the appearance of the landfill; and,

Technical - interviewees were briefed on Site technical issues and challenges and seemed to understand the complex
hydrogeologic conditions.

Other Site specific issues were discussed with participants, and generally the fact sheet distribution was judged to be

the most effective method of communicating future Site activities to the local community.

9.2 Community Involvement Plan
The primary objective of the Plan is to provide a framework to facilitate an ongoing dialogue with the surrounding
community. To achieve this goal the Plan includes the following elements:

Maintenance of a Site mailing list;

Preparation and distribution of bilingual fact sheets;

Maintenance of an information repository;

Public meetings and workshops;

Assistance with responding to information requests from the general public; and

Briefing of public officials.

A copy of the Plan is provided as Appendix P to this report. Also included in Appendix P is a copy of a fact sheet
distributed in Spring 1995. A schedule of proposed Community Involvement activities is included as Table 8-1 of

the Plan. This schedule establishes public comment periods, and status of various planned activities.
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10.0 SUMMARY AND CONCLUSIONS

This section briefly summarizes the major components of the SCM and provides conclusions from which the
consideration of technologies and alternatives for groundwater remediation can be based. Characterization of the
various environmental media at the Site has been extensive. Based on that characterization data, the media of
interest is groundwater and the chemicals of interest are VOCs, specifically vinyl chloride, cis-1,2-DCE and TCE.
Key interrelated elements of the SCM are: complex hydrogeology; onsite and offsite sources; and groundwater

chemistry.

HYDROGEOLOGY

The Site is underlain by 115 to 175 feet of heterogeneous alluvial sediments that overlies several hundred feet of
consolidated sedimentary bedrock. These alluvial sediments consist of varying amounts of silt, sand, gravel, and
cobbles. In general, alluvial sediments along the Salt River have high hydraulic conductivities upwards of several
hundred feet/day or 10! cm/sec. Detailed geologic characterizations indicate that the alluvial sediments near the
source and beneath the Site have three distinct hydrostratigraphic units, designated F1, F2 and F3. Units F1 and F3
are considered sand and gravel aquifers with K values ranging between 10" and 10?2 cm/sec. Unit F2 acts as a
localized aquitard and has a K value on the order of 107 cm/sec . Where F2 is absent, the alluvium is considered a
single aquifer. The bedrock (unit F4) is composed of consolidated sedimentary material ranging from a well bedded
sandstone/siltstone to a matrix supported conglomerate. Geologic core samples collected at the Site indicate that the
sedimentary bedrock correlates with the local Tertiary Tempe Beds formation. The K values for this formation are

also very low, estimated at 10" cm/sec.

Groundwater is encountered beneath the Site at depths ranging from 25 to 65 feet bg. The Salt River has the
greatest hydrologic impact on groundwater conditions beneath the Site. During periods of no river flow, which is
the dominant flow regime, groundwater flow is to the west and water levels generally decline. During periods of
river flow, groundwater flow will shift to the southwest and water levels rise. The degree to which the groundwater
flow direction shifts and the magnitude of the water level rise is dependent on the amount of flow in the river and

the duration.
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Groundwater gradients vary areally and with changing river conditions. The horizontal groundwater gradient is
steepest across the middle of the Site, flattening to the east and west. The change in gradient is the result of a
thinning of the saturated thickness and thus a decrease in the transmissivity of the aquifer near the middle of the
Site. The steepest horizontal gradient is about 50 feet per mile and the gentlest is about 10 feet per mile. Horizontal
gradients do not vary significantly during river flows. Vertical gradients are also present at the Site. A small
downward vertical gradient is present and ranges from negligible to 1 to 2 feet under low water table conditions and

up to 4 feet during high water table conditions.

GROUNDWATER VOC PLUMES

In the vicinity of the Site, two plumes of dissolved VOCs in groundwater have been identified through the
evaluation of groundwater quality data. One plume is located onsite and generally defined as the Estes Landfill
Site, as shown on the ADEQ WQARF Registry Map (Figure 1.2). The other plume is located to the south and

southwest of the Estes Landfill.

The Site plume is suspected of originating from an onsite former liquid waste disposal pit (primary source).
Dissolved concentrations of VC, cis-1,2-DCE, TCE, and other VOCs in groundwater define this plume. The south

plume is defined by dissovled concentrations of TCE, 1,1-DCE, and other VOCs in the groundwater.

At the onsite source, releases of solvent waste such as TCE probably occurred. This waste TCE was likely mixed
with other liquid wastes including septage, greases, and waste oils. The precise quantities, character and nature of
the liquid wastes are unknown, although considerable historic evidence confirms solvent disposal in the source area.
The primary contaminant migration pathway included infiltration of the mixed wastes and solvents through the
bottom of the pit, and then percolation through the underlying unsaMted zone to the aquifer. The parent solvent,
TCE, has subsequently been degraded to cis-1,2-DCE and VC. There are no indications of the existence of
DNAPLSs at the Site. Where detected, TCE makes up less than 1% of the total mass of contaminants.

Concentrations of dissolved cis-1,2-DCE are generally less than 0.1% of its respective solubility, and VC exists as a

Environmental Science & Engineering, Inc. 10-2



Estes Landfill Remedial Investigation Report

gas at the pressures and temperatures found at the Site,

LANDFILL SOIL CONDITIONS

Metals in the form of Aresenic and Thallium were present in both the former landfiil and the western and central
portions of the existing landfill that exceeded their appropriate action level. In addition, Lead was present in the
eastern portion of the existing landfill that also exceeded the SRL. Because these metals are present in subsurface
soils, direct human exposure is not a concern at this time. However, the potential of these metals to leachate into the
groundwater, and potential future exposure during site redevelopment are of concern. Consequently, further
evaluation on the potential risks to human health and the environment of these metals present in the subsurface soils

will have to be conducted in the form of a risk assessment.

LANDFILL METHANE PRODUCTION

Based on comparing methane results of all three rounds, there is no apparent trend of methane production. However, it
has been concluded that the highest concentrations of methane production are within the relocated portions of the
landfill. It has also been established that methane is not migrating west or east offsite. In addition, the presence of
methane and methane production along the southern portion of the landfill is likely influenced by the presence of
the Bradley Landfill, which is also a source of methane. The current concentrations of methane could create
explosive conditions if low-lying areas or enclosed structure were present. However, because these types of site
conditions are not present explosion potential due to build up of methane is currently not an issue. Should future
site redevelopment be planned which includes the construction of enclosed structures, the potential of methane
creating an explosive condition would be an issue of concern. Consequently, methods to recover methane in

landfills should be evaluated during the performance of the FS.

GROUNDWATER CHEMISTRY
Vinyl chloride, cis-1,2-DCE, and TCE have been identified as signature chemicals that are unique to the Estes
Landfill to identify groundwater impacted by the Site. VC and cis-1,2-DCE are the two VOCs with the greatest

concentrations in groundwater samples collected from onsite wells and are present in lesser concentrations in
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groundwater samples from downgradient and cross-gradient wells. In addition, VC and TCE have the two lowest
AWQSs of the VOC Compounds of Interest, which correlates to the higher toxicity value of these compounds. VC,

cis-1,2-DCE, and TCE are used to identify the extent of groundwater contamination from the Site.

The groundwater plume from the Site is stable and not migrating. A review of over seven years of groundwater
analytical data indicate that the western or downgradient lateral extent of the plume is defined by wells EW-1 and
EW-12. Concentrations of VC and cis-1,2-DCE in groundwater samples collected from both of these wells have
been very low to below detection, regardless of river flow conditions. To the south and southwest, the lateral extent
fluctuates a few hundred feet in response to river flow. However, the southern lateral extent is generally defined by
wells north of University Drive, in particular Wells BW-SD and EW-14. The northern/northwestern lateral extent is
characterized by groundwater data from Wells EW-9, EW-11, EW-22, and newly installed Wells EW-23 and EW-
24. Based on recent data from these wells, there appears to be a northwest migration component to the primary
signature compounds from the Estes Landfill. June 1999 concentrations of VC at Wells EW-22 (2.7 pg/I) and EW-

23 (12 pg/l), northwesternmost wells, were above the ADEQ AWQSs.

Based on inferred westerly to southwesterly groundwater flow in the area of the Estes Landfill, Wells EW-NE and
EW-3 are upgradient of the inferred source of VOC contaminants identified at the Site. No VOCs have been
reported in groundwater samples at these wells, which were initially sampled in September 1988 and June 1989,
respectively. It can therefore be inferred that no VOC contaminants have migrated onto the Site from an upgradient
source. Based on inferred westerly to southwesterly groundwater flow indicated since groundwater monitoring
began at Estes Landfill, the Bradley Landfill is downgradient to cross-gradient of the Estes Landfill. Based on these
inferred groundwater flow conditions, it is not likely that any potential VOCs in groundwater from the Bradley

Landfill have migrated north onto the Estes Landfill boundary.

The vertical extent of groundwater contamination is generally limited to the alluvial hydrostratigraphic units F1, F2
and F3. Three wells have been completed in the bedrock and geologic coring was completed at a number of

locations. Both VC and cis-1,2-DCE have been detected in groundwater samples collected from the unit F4
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monitoring well EW-15, located near the source area. Only cis-1,2-DCE was detected in the June 1999
groundwater sample collected at Well EW-26, also located near the source area, but screened approximately 100
feet deeper than EW-15. VC and cis-1,2-DCE have not been detected, or have been detected at concentrations less
than 1 ug/l, in groundwater samples collected from the downgradient F4 monitoring well EW-8. Given the
hydrogeologic characteristics of F4 and the lack of groundwater contamination at the downgradient location, the

vertical extent appears to be limited.

Contaminant concentrations in groundwater decline over time and with distance from the source area. Since the last
major river flow event in 1993, concentrations have declined up to two orders of magnitude at some locations. It
was noted that during large river flow events, groundwater concentrations of VC tend to spike near the source area.
This concentration spike is immediately followed by a rapid decline. These spikes do not appear to affect the lateral
extent of groundwater contamination over either the short or long term. From the source area to the western edge of
the landfill, approximately 1,700 feet, groundwater concentrations generally decline by about two orders of
magnitude. Groundwater concentrations of VC and DCE decline another order of magnitude to generally below

detection in an additional 1,600 feet from the western edge of the Site.

The two primary mechanisms controlling the attenuation of VOCs at the Site are physical and biological. The main
physical attenuation mechanisms are dissolution and advection. Dissolution occurs primarily in F2 beneath the
source and results in the creation of highly contaminated groundwater. This highly contaminated groundwater
slowly migrates vertically to the more permeable adjacent units F1 and F3, where it can migrate laterally via
advective transport. During periods of river flow, rapid recharge causes hydraulic loading and upsets the
established equilibrium. This effect contributes to the observed VC and DCE concentration spikes at source area

wells during or immediately after a major river flow event.

An evaluation of concentration spikes over time indicates that the magnitude of the spikes is declining as a result of
the reduction in contaminant mass in unit F2. In addition, after a spike event occurs, the concentrations rapidly

decline to pre-spike levels or lower. The attenuation mechanism responsible for the rapid decline in concentrations
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appears to be primarily related to the presence of a unique set of environmental conditions that creates a sequential
anaerobic/aerobic groundwater system. Strong evidence of the natural attenuation of TCE, cis-1,2-DCE, and VC

through biodegradation is present at the Site.

Natural attenuation of TCE, cis-1,2-DCE, and to a limited extent, VC, is occurring at the Site. The presence of
biologically-formed cis-1,2-DCE (daughter product of TCE) and VC (daughter product of the biodegradation of
DCE) suggests that microbial reductive dechlorination is occurring at the Estes Landfill. In addition, supporting data
have shown that appropriate geochemical conditions exist for reductive dechlorination to occur, especially near the

source area.

However, daughter products of viny! chloride, such as ethane and ethene, while detected at the site, do not occur in
significant concentrations to suggest that vinyl chloride is being reductively dechlorinated, nor are the
concentrations of chloride and carbon dioxide (ultimate end products in the mineralization of VC) significantly
above background levels to indicate that VC mineralization is occuring. An alternative explanation for the lack of
VC accumulation in the system may be other biodegradation mechanisms, such as direct oxidation or cometabolism
with a primary organic substrate. At this time, insufficient evidence is available to conclusively determine the exact

mechanism acting on VC to reduce concentrations over time.
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F

g/l
1,1,1-TCA
1,1-DCE
1,2-DCE
Absorption,

ADEQ
ADHS
ADOT
Adsorption.

Adsorptive or Absorptive
Capacity.

Advection.

ADWR

AG

Air Stripping.

Alkalinity.

Alluvial.

Alluvium.

Anion.
Annulus.

Aquifer Test.

Aquifer.

Aquitard.

Artificial Recharge.
AWC

AWQS

Bank One

Basalt.

Bedrock.

120  GLOSSARY

percent

degrees Fahrenheit

micrograms perliter

1,1,1-trichloroethane

1,1-dichloroethene

1,2-dichloroethene

The assimilation of gas, liquid, or solute into the internal structure of another
substance.

Arizona Department of Environmental Quality

Arizona Department of Health Services

Arizona Department of Transportation

The assimilation of gas, liquid, or solute onto the surface of another substance.
In some cases, such as the assimilation of soil, both adsorption and absorption
may occur. The term sorption is used when adsorption and absorption are not
distinguished.

The capacity of soil and rock to remove dissolved chemicals from water.

The process by which solutes are transported by the bulk motion of the flowing
groundwater.

Arizona Department of Water Resources

Attorney General

A mass transfer process in which a substance in solution, usually water, is
transferred to a gas, usually air.

Relating to the capacity of solutes in water and soluble salts in soil to neutralize
acids. Quantitatively, alkalinity is expressed as an equivalent amount of calcium
carbonate, even though several other soluble species contribute.

Pertaining to or composed of alluvium or deposited by a stream or running
water.

A general term for clay, silt, sand, gravel, or similar unconsolidated material
deposited during comparatively recent geologic time by a stream or other body
of running water as a sorted or semisorted sediment in the bed of the stream or
on its floodplain or delta, or as a cone or fan at the base of a mountain slope.

A negatively charged ion, for example, chloride or sulfate.

The space between the drill string or casing and the wall of the borehole or outer
casing.

A test in which measured quantities of water are withdrawn from or added to a
well. The resulting changes in head in the aquifer both during and after the
period of discharge or addition are measured to calculate the hydraulic
properties of the aquifer. '

A formation, group of formations, or part of a formation that contains sufficient
saturated permeable material to yield economical quantities of water to wells
and springs.

A saturated, but poorly permeable bed, formation, or group of formations that
does not yield water freely to a well or spring. However, an aquitard may
transmit appreciable water to or from adjacent aquifers.

Recharge at a rate greater than natural, resulting from deliberate actions of man.
Arizona Water Commission

Aquifer Water Quality Standards

Bank One Arizona, N.A.

A general term for dark-colored iron-rich and magnesium-rich igneous rocks,
commonly extrusive, but locally intrusive.

A general term for the rock, usually solid, that underlies soil or other
unconsolidated material.
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Bentonite.

bgs
BOD
Braided Stream.

Caliche.

CAP
Capillary Fringe.

Cation Exchange.

Cation.

CCL,

CERCLA

cfs

Chemicals of concern
Chemicals of interest
cis-1,2-DCE

City

CLP

cm/sec

cocC

COoD

Coefficient of Storage.

Colluvium-Alluvium.

Cone of Depression.

Confined Aquifer.

Contamination.

Continuous or Flood Flow

Darcy's Law.

Density.

Discharge Area.

Dispersion.

A colloidal clay, largely made up of the mineral sodium montmorillonite, a
hydrated aluminum silicate. Bentonite is widely used as a drilling fluid additive.
below ground surface

biological oxygen demand

A stream that divides into or follows an interlacing or tangled network of several
small branching and reuniting shallow channels separated from each other by
branch islands or channel bars, resembling in plan the strands of a complex
braid.

Soil or alluvium that has been cemented into a rock-like condition by chemical
precipitates. The most common cementing material is calcium carbonate.
Central Arizona Project

The zone at the bottom of the vadose zone where groundwater is drawn upward
by capillary force.

Ton exchange process in which cations in solution are exchanged for other
cations from an ion exchanger. Cation exchange occurs in groundwater under
natural conditions and it is also used as a water treatment process.

An ion having a positive charge, for example, calcium or sodium.

carbon tetrachloride

Comprehensive Environmental Response, Compensation & Liability Act

cubic feet per second

cis-1,2-dichloroethene

The City of Phoenix

contract laboratory program

centimeters per second

Chemicals of concern

carbon oxygen demand

The volume of water an aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in head.

Sediments consisting of mixtures of sand, gravel, silt, and clay which have been
deposited by processes such as landslides (colluvium) or streams (alluvium).

A depression in the groundwater table or potentiometric surface that has the
shape of an inverted cone and develops around a well from which water is being
withdrawn. It defines the area of influence of a well.

A formation in which the groundwater is isolated from the atmosphere at the
point of discharge by impermeable geologic formations; confined ground water
is generally subject to pressure greater than atmospheric.

The degradation of natural water quality as a result of man's activities. There is
no implication of any specific limits, since the degree of permissible
contamination depends upon the intended end use, or uses, of the water.

Those periods when flow in the river is continuous for more than a week,
usually due to releases from upstream dams. These events typically result in
significant water level rises in groundwater wells along the river as well as a
shift in the gradient and direction of groundwater flow.Corrosion. The act or
process of dissolving or wearing away metals.

An empirical relation, describing the rate of laminar (viscous) flow of fluids
through porous solids.

A property of matter measured as mass per unit volume usually expressed in
pounds per gallon (Ib/gal), pounds per cubic foot (Ib/ft3), and kilograms per
cubic meter (kg/m3).

An area in which groundwater is flowing toward the ground surface and may
escape as a spring into a surface water body or may escape by evaporation and
transpiration. Pumping wells are man-made discharge areas.

The spreading and mixing of chemical constituents in groundwater caused by
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Dissolution.
DNAPL

DO

Drainage Basin.
Drawdown.

Drilling Fluid.

Effective Size.
EPA
Evaporation.
Exempt well.
Extrusive Rocks.

Fault,

Field Capacity.

Floodplain.

Flow Lines.

FS
f/dy

Gas Chromatography.

gpm
GQI

Graded.

Gravel Pack.

GRD

Groundwater Flow.

Groundwater.

Grout.

diffusion and mixing due to microscopic variations in velocities within and
between pores.

The process of dissolving; solvation.

dense non-aqueous phase liquids

dissolved oxygen

The land area from which surface runoff drains into a stream channel or system
of channels, or to a lake, reservoir, or other body of water.

The distance between the static water level and the surface of the cone of
depression.

A water- or air-based fluid used in well drilling operations to remove cuttings
from the hole, to clean and cool the bit, to reduce friction between the drill string
and the sides of the hole, and to seal the borehole.

The 90-percent-retained size of a sediment as determined from a grain-size
analysis; therefore, 10 percent of the sediment is finer and 90 percent is coarser.
US Environmental Protection Agency

The process by which fluids change from the liquid to the vapor state.

A well having a pump with a maximum capacity of not more than thirty-five
gallons per minute which is used to withdraw groundwater pursuant to ARS-45-
454.

Igneous rocks formed from magma that flows out on the Earth's surface. These
rocks cool rapidly, producing a fine crystalline structure.

A fracture or a zone of fractures along which there has been displacement of the
rocks or soil relative to one another,

The amount of water held in the soil after the excess gravitational water has
drained away and after the rate of downward movement of water has materially
decreased.

The surface or strip of relatively smooth land adjacent to a river channel,
constructed by the present river and covered with water when the river
overflows its banks. It is built of alluvium carried by the river during floods and
deposited in the sluggish water beyond the influence of the swiftest current.
Lines indicating the direction followed by groundwater toward points of
discharge. Flow lines are perpendicular to equipotential lines.

Feasibility Study

feet per day

A process by which different gases can be separated from a mixture. The
separation is accomplished by passing the gaseous mixture through a column
containing liquid film. The different gases separate by way of successive
sorption and desorption at different rates and leave the column in approximate
order of decreasing boiling point.

gallons per minute

groundwater quality investigation

An engineering term pertaining to a soil or an unconsolidated sediment
consisting of particles of several or many sizes or having a uniform or equable
distribution of particles from coarse to fine.

Gravel that is placed in the annulus of the well between the borehole wall and
the well screen to prevent formation material from entering the screen.

Granite Reef Diversion Dam

The movement of water through openings in soil and rock in the saturated zone
in response to differences in hydraulic head, temperature, or chemical
concentration.

The subsurface water that occurs beneath the water table in soils and rocks that
are saturated.

A fluid mixture of Portland cement and water of a consistency that can be forced
through a pipe and placed as required. Various additives, such as sand,
bentonite, and hydrated lime, may be included in the mixture to meet certain
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Grouting.

GWC/PTS
Hazard Quotient
HDR

Head Loss.
Head.
Heterogeneous.
HI

HLA

Hydraulic Conductivity.

Hydraulic Gradient.
Hydrogeology.

Hydrostratigraphic Unit

I-10
IBW
Igneous Rocks.

Infiltration.
Interference.

Intrusive Rocks.
Ton.

Isotropic.
Laminar Flow.

LAU
Leachate.

LUST

MAU

MCFCD

MCHD

MCL

Metamorphic Rocks.

mg/l
mm
Monitor Well.

requirements. Bentonite and water are sometimes used for grout. Neat cement
grout is a mixture of water and Portland cement without additives.

The operation by which grout is placed between the casing and the sides of the
well bore to a predetermined height above the bottom of the well. This secures
the casing in place and excludes water and other fluids from the well bore.
groundwater containment/pilot treatment system

Average daily chemical dose divided by the EPA reference (acceptable) dose.
Henningson, Durham & Richardson Engineers

The part of head energy which is lost because of friction as water flows,
Energy contained in a water mass, produced by elevation, pressure, or velocity.
Nonuniform in structure or composition throughout,

Sum of hazard quotients. If only one chemical is considered, the hazard
quotient equals the HI.

Harding Lawson Associates

The rate of flow of groundwater under a unit hydraulic gradient at the prevailing
temperature (ft/day). In the International System, the units are m3/day/m2/or
m/day.

The rate of change in total head per unit of distance of flow in a given direction.
The study of interrelationships between groundwater and geologic materials and
processes.

A formation, part of a formation, or group of formations in which there are
similar hydrologic characteristics allowing for grouping into aquifers or
confining layers.

Interstate 10

Indian Bend Wash

Rocks that solidified from molten or partly molten material, that is, from a
magma,

The flow of water downward through the soil surface into the ground.

The condition occurring when the area of influence of a water well comes into
contact with or overlaps that of a neighboring well, as when two wells are
pumping from the same aquifer or are located near each other.

Those igneous rocks formed from magma injected beneath the Earth's surface.
Generally these rocks have large crystals caused by slow cooling.

An element or compound that has gained or lost an electron, so that it is no
longer neutral electrically, but carries a charge.

Refers to a medium whose properties are the same in all directions.

Water flow in which the stream lines remain distinct and in which the flow
direction at every point remains unchanged with time. It is characteristic of the
movement of groundwater,

lower allluvial unit

The liquid that is derived from water which has percolated through waste
materials and has dissolved the soluble components of the waste.

Leaking Underground Storage Tank

middle alluvial unit

Maricopa County Flood Control District

Maricopa County Health Department

Maximum Contaminant Level

Any rock derived from pre-existing rocks by mineralogical, chemical, and/or
structural changes, essentially in the solid state, in response to marked changes
in temperature, pressure, shearing stress, and chemical environment, generally at
depth in the Earth's crust.

milligram per liter

millimeters

A well which is used to measure groundwater levels and obtain groundwater
samples.
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msl
NAPL
NCP
No-Flow

Nongraded.
NPDES
Observation Well.
Partial Penetration.
PCB

Percolate.
Permeability.

pH.

Piezometer.

Porosity.

Potentiometric Surface.

ppm

PRG

PRP
PRQWWP
Pumping Test.
QA/QC

RA

Radius of Influence.
RCRA
RDA

Recharge Area.

Recharge.
Relative Permeability.

Residual Drawdown.

RI

mean sea level
non-aqueous phase liquid
National Contingency Plan
No-flow river conditions are those that occur after a transitional period and are
characteristic of those times when the river flow has no discernible impact on
the regional or local groundwater system. During the period of time from when
the landfill was constructed until present, this appears to be the most prevalent
condition. This prevalence is expected to continue with the recent completion of
the enlarged Roosevelt Dam and the subsequent increase storage potential of
Roosevelt Lake.
An engineering term pertaining to a soil or an unconsolidated sediment
consisting of particles of essentially the same size or having a range of sizes with
some intermediate size missing,
National Pollution Discharge Elimination System
A well drilled in a selected location for the purpose of observing parameters
such as water levels and pressure changes.
When the intake portion of the well is less than the full thickness of the aquifer.
polychlorinated biphenyls
The act of water seeping or filtering through the soil without a definite channel.
The property or capacity of a porous rock, sediment, or soil for transmitting a
fluid; it is a measure of the relative ease of fluid flow under pressure gradients.
Hydraulic conductivity is proportional to permeability. Permeability is
measured in units of area.
A measure of the acidity or alkalinity of a solution, numerically equal to 7 for
neutral solutions, increasing with increasing alkalinity and decreasing with
increasing acidity. (Originally stood for the words potential of hydrogen and is
equal to the negative logarithm of the hydrogen ion concentration.)
Device for measuring pressures in the groundwater from which water-level
elevations can be calculated.
Related to the interstitial volume of bulk matter, It is the fraction of bulk
volume not occupied by solid granular matter.
An imaginary surface representing the total head of groundwater in a confined
aquifer that is defined by the level to which water will rise in a well.
parts per million
Preliminary Remediation Goal
Potentially Responsible Parties
Poor quality groundwater withdrawal permit
A test that is conducted to measure aquifer or well characteristics. Frequently
used synonomously with aquifer test.
Quality Assurance/Quality Control
risk assessment
The radial distance from the center of a pumping well to the point where there is
no lowering of the water table or potentiometric surface (the edge of the cone of
depression).
Resource Conservation & Recovery Act
remedial data acquisition

The portion of the land surface through which water seeps into the ground by
infiltration or from another aquifer to recharge a particular aquifer.
The addition of water to the zone of saturation; also, the amount of water added.
Measure of the ease with which one liquid (e.g. oil) can move through soil or
rock in the presence of another liquid (e.g. water) in variable proportions.
The difference between the original static water level and the depth to water ata
given instant during the recovery period after the pump has been shut off ina
pumping well.
Remedial Investigation
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RME
Runoff.
Safe Yield.

Sandstone.

SAP
SCM
Sedimentary Rocks.

Semi-Volatile Organic
Compound.

SH&B
Slurry.

Specific Capacity.
Specific Gravity.

Specific Retention.

Specific Storage
Specific Yield.

SRP
SRV
Static Water Level.

Storage Coefficient.

Stratigraphy.
SvVOC

TC

TCE

TD

the river

the Site

the source area
TOC
Tortuosity.

Total Dissolved Solids
(TDS).

trans-1,2-DCE
Transmissivity.

Reasonable Maximum Exposure

That part of precipitation flowing to surface streams.
The amount of water which can be withdrawn from a groundwater basin on an
annual basis without producing excessive drawdowns or other undesirable
results. Cannot exceed mean annual recharge.
A sedimentary rock composed of abundant rounded or angular fragments of
sand which may be set in a fine-grained matrix (silt or clay) and more or less
firmly united by a cementing material.
Sampling and Analysis Plan
site conceptual model
Rocks resulting from the consolidation of loose sediment that has accumulated
in layers.
Any organic compound that cannot be effectively purged from a water solution
by an inert gas. In particular, any chemical analyzed by EPA Methods No. 625
and No. 8270 are defined as semi-volatile.
Sergent, Hauskins & Beckwith
A thin mixture of liquid, especially water, and any of several finely divided
substances, such as cement or clay particles.
The rate of discharge of a water well per unit of drawdown, commonly
expressed in gpm/ft or m3/day/m. It varies with duration of discharge.
The weight of a particular volume of any substance compared to the weight of
an equal volume of water at a reference temperature.
The ratio of the volume of water that a given body of rock or soil will hold
against the pull of gravity to the volume of the body itself. It is usually
expressed as a percentage.
The amount of water released from or taken into storage per unit volume of
porous medium per unit change of head.
The ratio of the volume of water that a given mass of saturated rock or soil will
yield by gravity to the volume of that mass. This ratio is stated as a percentage.
Salt River Project
Salt River Valley
The level of water in a well that is not being affected by withdrawal of
groundwater.
The volume of water an aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in head. By definition, it is a
dimensionless term. It is equal to the product of specific storage and aquifer
thickness.
The study of rock strata, especially of their distribution, deposition, and age.
semi-volatile organic compounds
Technical Committee
tricholoroethene
total depth
The Salt River
The Estes Landfill
the liquid waste disposal pit
total organic carbon
Sinuosity of the actual flow path in porous medium; it is the ratio of the length
of the flow path divided by the length of the sample.
A term that expresses the quantity of dissolved material in a sample of water,
either the residue on evaporation, dried at 3560F (1800C), or, for many waters
that contain more than about 1,000 mg/l, the sum of the dissolved chemical
constituents.
trans-1,2-dichloroethene
The rate at which water is transmitted through a unit width of an aquifer under a
unit hydraulic gradient. Transmissivity values are given in gallons per day
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Transpiration.

Trolls
Turbulent Flow.

UAU

Unconfined Aquifer.

Unsaturated Zone.

usDC

USGS

uv
UV/Perox
Vadose Zone.

vC
Viscosity.

vOC
Volatile Organic

Compound (VOC).

Water Table.

Weathering.

Well Development.

Well Screen.
Well Yield.

WQARF
WSRV

through a vertical section of an aquifer one foot wide and extendfng the full
saturated height of an aquifer under a hydraulic gradient of one in the English
Engineering system (gpd/ft); in the International System, transmissivity is given
in cubic meters per day through a vertical section of an aquifer one meter wide
and extending the full saturated height of an aquifer under a hydraulic gradient
of one (m2/d).

The process by which water absorbed by plants, usually through the roots, is
evaporated into the atmosphere from the plant surface.

transducer-type data loggers

Fluid flow in which the flow lines are confused and heterogeneously mixed. It
is typical of flow in surface-water bodies.

upper alluvial unit

An aquifer where the water table is exposed to the atmosphere through openings
in the overlying materials.

An underground area containing water in the gas phase under atmospheric
pressure, water temporarily or permanently under less than atmospheric
pressure, and air or other gases.

US Department of Commerce

US Geological Survey

Ultraviolet

Ultraviolet Peroxidation

The zone containing water under pressure less than that of the atmosphere,
including soil water, intermediate vadose water, and capillary water. This zone
is limited above by the land surface and below by the surface of the zone of
saturation, that is, the water table.

vinyl chloride

The property of a substance to offer internal resistance to flow. Specifically, the
ratio of the shear stress to the rate of shear strain.

volatile organic compounds

Any compound that can be purged from a water solution with an inert gas. The
compounds than can by analyzed by EPA Method 624 are considered to be
VOCs. As a useful guide, any organic liquid compound with a vapor pressure of
the order of or greater than the vapor pressure of water may be considered to be
a VOC.

The surface between the vadose zone and the groundwater; that surface of a
body of unconfined groundwater at which the pressure is equal to that of the
atmosphere.

The in situ physical disintegration and chemical decompesition of rock materials
at or near the Earth s surface.

Process by which obstructions such as silt and fine sand are removed from the
surrounding aquifer prior to pumping. The use of brushes, compressed air, and
water surging cleans the well screen and surrounding aquifer and allows water to
enter the well more readily.

A filtering device that allows water to enter a water well.

The volume of water discharged from a well in gallons per minute or cubic
meters per day.

Arizona Water Quality Assurance Fund

Western Salt River Valley
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EXPLANATION

— 5— Represents estimated thickness of F2 In feet
F2 extort and thickness information based on borehole data and site conceptual model.
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